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1.0 INTRODUCTION 

On behalf of the former Desert Petroleum (B&C Gas Mini Mart), Golder Associates, Inc. (Golder) 
has prepared this pilot test report to provide an update regarding the ongoing remedial action at the 
former B&C site at 2008 1st Street, Livermore, California (Figure 1).  Golder is conducting a pilot test 
consistent with a remediation plan1 and subsequent addendum2 submitted to the Alameda County 
Environmental Health Services (ACEHS).  The remedial action was approved by ACEHS on July 13, 
2007 and their letter is included in Appendix A. 

The remedial action activities included the following: 

• Install seven dual-completion ozone sparging wells (“A” and “B” screens), two 
deeper sparging wells (“C” screen), and one soil vapor extraction (SVE) well;  

• Perform an ozone bench-scale test; 

• Perform a one month pilot test by injecting air and ozone into the upper and 
lower screens of one of the dual-completion wells and monitoring the 
surrounding sparge wells; and, 

• Evaluate the pilot test data and prepare a report including the design basis and 
remedial implementation plan for ozone/air sparging in the source zone. 

Golder installed the sparge and SVE wells on August 20 through 24, 2007 and performed baseline 
groundwater monitoring on September 10, 2007.  Following delays attributed to negotiating the 
equipment lease and contractor availability, the ozone sparging system was installed on November 6 
through 13, 2007 and the pilot test commenced on November 14, 2007. 

Golder estimated that the source zone extends from the tank pit to the northwest under the Groth 
Brothers showroom (Figure 2) and is approximately 250 feet long, 30 to 120 feet wide and generally 
confined to the lower coarse grained unit with the majority of the impacted sediments located at 
depths of 36 to 48 feet below ground surface (bgs).3  Golder designed the sparge well screen intervals 
to coincide with the depth range of the source zone and consistent with comments and directives from 
the ACEHS, to provide down gradient (off site) vertical migration monitoring.   

Since June of 2007, depths to groundwater have dropped more than 10 feet and groundwater is 
currently deeper than it’s been in the last 15 years.  Over the last 10 years (February 1997 to June 
2007) depths to groundwater in the on site groundwater monitoring wells MW-1, MW-2, and MW-3 
have ranged from 16.97 to 37.64 feet below ground surface (bgs), however, during the baseline 
monitoring, depths to groundwater ranged from 42.50 to 43.55 feet bgs.  The most recent depth to 
groundwater was greater than 46 feet on November 26, 2007.  The ozone sparging system was 
designed to address the source zone present at depths between 36 and 48 feet bgs.  This depth range 
has been saturated over more than the last 10 years; however, the majority of this depth range is 
currently unsaturated. (see well MW-2 hydrograph below).  Due to the large drop in the water table 
most of the “A” sparge well screens are above the water table and there is less than 1.5 feet of 

                                                      

1 Golder Associates, Inc., Source Zone Remediation Plan, August 11, 2006. 
2 Golder Associates, Inc., Revised Source Zone Remediation Plan Addendum, June 28, 2007. 
3 Golder Associates Inc., Field Investigation for Source Zone Remediation, June 6, 2006. 
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groundwater above the “B” sparge well screens.  The shallow groundwater table limits the potential 
zone of influence of sparging and much of the pilot test monitoring is not possible because the 
inactive sparge point screens planned as monitoring points are dry or lack sufficient water for sample 
collection. 

Well MW-2 Hydrograph
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Golder has prepared this report to document activities performed to date and to propose alternative 
remedial approaches considering the current conditions.  Primarily, Golder recommends adjusting our 
approach to include soil vapor extraction to take advantage of the opportunity to extract vapors 
through the now-unsaturated source zone.  The following sections include descriptions of the sparge 
and SVE well installations, pilot test activities, and conclusions and recommendations. 
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2.0 SPARGE AND SVE WELL INSTALLATION 

On August 20 through 24, 2007 Golder drilled and installed six dual-completion sparge wells, two 
deeper screened sparge wells, and a soil vapor extraction (SVE) well.  The locations of the sparge and 
SVE wells are shown on Figure 2.  Golder subcontracted with WDC Exploration and Wells (WDC) 
to drill and install the wells using hollow-stem auger drilling methods.  The following sections 
include descriptions of the well installation activities. 

Golder’s remediation plan addendum included installing five on- or near-site, dual-completion sparge 
wells; one onsite, one in the sidewalk, and three at the edge of L Street between the water line and the 
gutter (Figure 2).  Due to access constraints Golder eliminated one of the three wells in the street and 
relocated the wells onto the sidewalk.  Before drilling began on August 20, 2007, the City of 
Livermore (City) notified Golder that there was a 4-inch diameter polyvinyl chloride (PVC) irrigation 
line buried immediately below the edge of the concrete gutter at the asphalt/concrete joint.  This 
irrigation water line does not appear on the utility map previously provided by the City.4  Due to the 
risk of drilling between the irrigation line and the water line, Golder adjusted the sparge well 
locations approximately 5 to 7 feet to the east and onto the sidewalk (Figure 2).  One of the three 
sparge wells planned to be installed in the street would then be approximately only 5 feet from SP-1 
(A, B) and was therefore not installed because it would be too close to SP-1. 

2.1 Prefield Activities 

Before well installation, Golder acquired approval for this work from the ACEHS (Appendix A), an 
access agreement for the Groth Brother’s Property, well permits from Zone 7 (Appendix B), and an 
encroachment permit from the City (Appendix B).  Golder reviewed the City’s utility map, called 
Underground Service Alert (USA), and hired a utility locator to assess for the presence of subsurface 
utilities at the drilling locations.  Golder also prepared a site-specific health and safety plan for the 
well installation and pilot study. 

2.2 Sparge Well Installation 

On August 20 through 24, 2007, Golder’s subcontracted driller, WDC installed six, dual-completion 
sparge wells, SP-1 (A, B) through SP-6 (A, B) and two deeper sparge wells, SP-5C and SP-6C, as 
shown on Figure 2.  A summary of the sparge well construction details is included in Table 1a.  For 
reference, the groundwater monitoring well construction details are included in Table 1b.  In general, 
the A and B sparge well screens were installed across the source zone at depths between 36 and 48 
feet bgs to sparge into or monitor the source zone and the C screens were installed at approximately 
54 feet to assess vertical migration. 

WDC constructed the sparge wells in borings drilled with nominal 8-inch diameter hollow-stem 
augers.  Due to equipment problems, WDC was not able to continuous-core the lower parts of the 
borings as planned.  WDC collected samples at about 5-foot intervals and these soil samples were 
logged by a Golder field geologist under the supervision of a register professional geologist.  Soil 
samples were collected for chemical analysis as discussed in Section 2.4 and for a bench-scale ozone 
oxidation test as described in Section 3.0. 

Boring logs and well construction details are included in Appendix C.  Typically, in the onsite 
drilling locations, Golder observed finer-grained materials from about 15 to 45 feet bgs followed by 

                                                      

4 Golder Associates, Inc., Revised Source Zone Remediation Plan Addendum, June 28, 2007. 
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gravelly sand to the total depths explored (49 feet bgs).  In the offsite drilling locations, Golder 
logged silty sand and sand from 15 to 47 feet bgs following by sandy gravel to the total depths 
explored (54 feet bgs). 

The sparge wells were constructed with 1.5-foot long, 25-micron, porous polyvinylidene fluoride 
(PVDF) sparge points connected to schedule 80 PVC well casing.  The “B” screens were placed at 
approximately 46.5 to 48 feet bgs and the “A” screens were placed at approximately 40.5 to 42 feet 
bgs.  WDC installed filter packs to approximately 1-foot above the screens followed by a continuous 
bentonite seal from 3 to 3.5 feet thick.  The sparge points were installed using stainless steel 
centralizers to maintain the sparge points and casing materials in positions away from the boring 
sidewalls to improve the seal between the two sparge points in the dual completion wells.  
Approximately one to two gallons of clean potable water were placed on top of the well seals to 
hydrate the bentonite.  The bentonite was then allowed to hydrate a minimum of 30 minutes before 
constructing the upper sparge point or grouting the remaining well annulus.  The remaining well 
annulus was sealed with bentonite grout and capped at grade with concrete.  The sparge wells were 
completed in 18-inch traffic-rated well boxes installed in concrete. 

2.3 SVE Well Installation 

SVE well SVE-1 was installed near the southern end of the former USTs near the soil sample (T1S) 
collected during the UST removal in 1996 that contained 8,500 milligrams per kilogram (mg/kg) of 
TPHg.  Additional assessment and remediation, if warranted at this location, was requested by 
ACEHS.5  Golder could not confirm the routing of the fuel conveyance lines from the existing USTs 
and therefore moved this SVE well approximately 17 feet to the west to avoid potentially breaking a 
fuel line and causing a fuel release.  The location of SVE-1 is shown on Figure 2.  The lithology 
logged by Golder included gravel to approximately 7 feet bgs, gravelly sand from approximately 7 to 
17 feet, followed by silt to the total depth explored.  Golder collected soil samples at 5-foot intervals, 
beginning at 10 feet bgs, for chemical analysis as described in the following section.  The SVE well 
was constructed with 0.040-inch factory slotted PVC well screen from 25 to 15 feet, a 6x16 medium 
aquarium sand filter to 13 feet bgs, a 2-foot thick bentonite seal, and finished with cement grout.  The 
boring log and well construction detail are included in Appendix C.  This SVE well was completed in 
an 8-inch traffic-rated vault box. 

2.4 Soil Sampling and Analysis 

Consistent with the remediation plan and addendum, Golder selected one soil sample from each 
sparge well boring and samples at 5-foot increments from the SVE well at depths from 10 to 25 feet 
bgs for chemical analysis.  Golder selected the sparge well boring soil samples on the basis of field 
observations and head space volatile organic compound (VOC) measurements with a photoionization 
detector (PID) (see boring logs in Appendix C).  Soil samples were collected using a modified 
California split-spoon sampler in 6-inch stainless steel sleeves.  Golder covered the ends of the 
sleeves with teflon tape and plastic end caps and immediately labeled and placed the samples in a 
chilled ice chest.  Golder submitted the samples to Kiff Analytical, LLC of Davis, California (Kiff) 
for analysis accompanied by completed chain of custody documentation.  Kiff analyzed the soil 
samples for total petroleum hydrocarbons as gasoline (TPHg); benzene, toluene, ethylbenzene, and 
total xylenes (BTEX); and methyl-tert-butyl ether (MTBE) by US EPA Method 8260B. 

                                                      

5 Letter from ACEHS to B&C Gas Mini Mart and Desert Petroleum, March 26, 2007. 
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Sample results are summarized in Table 2 and the certified analytical reports are included in 
Appendix D.  In the sparge wells, the highest TPHg concentrations in soil were detected in SP-1 at 40 
feet bgs (260 milligrams per kilogram (mg/kg)) and SP-5 at 45 feet bgs (290 mg/kg).  The remaining 
sparge well soil samples contained from 2.8 to 71 mg/kg TPHg.  The SVE well soil samples were 
non-detect at 10 through 20 feet and contained only 6.6 mg/kg TPHg at 25 feet bgs. 
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3.0 BENCH-SCALE TREATABILITY TESTING 

Golder collected representative soil samples for bench-scale treatability testing during the sparge well 
installation.  Golder collected soil from SP-1 at depths of 15 to 25 feet bgs (un-impacted soil) and 30 
to 45 feet (impacted soil) on August 22, 2007.  Golder collected 5 gallons of groundwater from MW-
1 on August 21, 2007 also for the treatability testing.  Golder delivered the soil and groundwater 
samples to Prima Environmental, Inc. of Sacramento, California (PRIMA). 

PRIMA performed bench-scale treatability testing to evaluate the ability of ozone (O3) to destroy 
petroleum hydrocarbons.  PRIMA’s bench testing report is included in Appendix E.  The petroleum 
hydrocarbons assessed during the testing included gasoline range organics (GRO; analogous to 
TPHg), BTEX (benzene, toluene, ethylbenzene, and xylenes), and fuel oxygenates (MTBE, TBA, 
TAME, ETBE and DIPE).  PRIMA performed batch tests to assess hydrocarbon removal, estimate 
the ozone demand of soil and groundwater, evaluate potential secondary groundwater effects of 
treatment, and assess attenuation of hexavalent chromium and bromate formed during treatment. 

The bench testing demonstrated that GRO, benzene, ethylbenzene, xylenes and MTBE were 
destroyed by ozone.  Greater than 98% of most petroleum hydrocarbons were removed through the 
application of 420 milligrams (mg) of ozone (an amount approximately equal to the measured ozone 
demand).  Complete removal was achieved with 2,200 mg of ozone.  Some petroleum hydrocarbons 
were volatilized, but in general the amount was less than 3% of the initial mass present. 

Treatment with ozone did not affect most water quality parameters except for bromate and Cr(VI).  
Up to 0.16 mg/L bromate and up to 0.45 mg/L Cr(VI) was formed.  In both cases, the amount 
generated was proportional to the amount of ozone applied, with higher concentrations seen with 
higher amount of ozone.  Both bromate and Cr(VI) readily attenuated (typically within 7 days) in 
tests simulating the treatment zone and downgradient conditions. 

The ozone demand of soil was 990 to 1,110 mg O3/kg soil while the demand of groundwater was 182 
to 207 mg O3/L groundwater.  

Based on the results of bench testing, PRIMA recommends that ozone be considered for use at this 
site.  Ozone effectively destroyed COCs, and although Cr(VI) and bromate were formed, they readily 
attenuated once ozonation ceased. 
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4.0 PILOT TEST 

Golder performed baseline groundwater sampling, installed the ozone sparging system, and 
implemented the ozone sparging pilot test.  These activities are described in the following sections. 

4.1 Baseline Groundwater Sampling 

Golder performed the baseline groundwater sampling event on September 10 through 12, 2007 
beginning with depth to water (DTW) measurements.  DTW measurements are summarized in 
Table 3 and the field sheets from this monitoring event are included in Appendix F.  The DTWs in the 
“B” screens ranged from 42.50 to 43.55 feet bgs.  As shown in Table 1, the bottom of the screen 
intervals for the “A” screens ranged from 41 to 42.5; therefore, the DTWs measured in the “A” 
screens (38.36 feet bgs in SP-4A to 40.60 feet bgs in SP-2A) may have been stagnant water 
remaining in the sparge wells and filter packs after the groundwater table dropped.  Golder’s field 
geologist was only able to sample one of the “A” screens (SP-4A). 

Golder performed the groundwater monitoring consistent with the procedures included in the 
remediation plan and submitted the samples accompanied by completed chain-of-custody forms to 
Kiff.  Kiff analyzed the samples for the following analyses:  

• VOCs by US EPA Method 8260B; 

• Total petroleum hydrocarbons as gasoline (TPHg) by US EPA Method 8015 or 
8260B  

• Benzene, toluene, ethylbenzene, and total xylenes (BTEX) by US EPA Method 
8260B; and,  

• MTBE by US EPA Method 8260B. 

To assess baseline concentrations of potential oxidation by-products one sample from SP-4B was also 
submitted to McCampbell Analytical, Inc. of Pittsburg, California (McCampbell) for the following 
analyses: 

• Bromide, bromate, chromium, and hexachrome by US EPA Methods 300.1, 
200.8 and E218.6; 

• Mono-, di-, and tri-chloroacetic acid isomers by EPA Method 552.2; and, 

• Formaldehyde by EPA Method 8315A. 

The petroleum hydrocarbons and VOC results are summarized in Table 3 and the oxidation by-
products analytical results are summarized in Table 4.  The certified analytical results are included in 
Appendix D.   

4.2 Shallow Soil Vapor Probe Sampling  

Golder collected soil vapor samples from shallow (5 feet bgs) soil vapor probes SV-MW-2 and SV-
MIP-8 (Figure 2) on November 19, 2007.  Golder collected these samples to assess whether or not the 
declining water table impacted the soil vapor concentrations of petroleum hydrocarbons in 
comparison to the sampling and analysis performed during the source zone investigation.6  Field notes 
                                                      

6 Field Investigation for Source Zone Remediation, Golder Associates Inc., June 6, 2006. 
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and soil vapor sampling procedures are included in Appendix G.  Golder submitted the soil vapor 
samples to Air Toxics, Ltd of Folsom, California (ATL) for analysis.  ATL analyzed the vapor 
samples for the following parameters: 

• TPH-g by US EPA method TO-3; 

• BTEX, MTBE, and the leak detection compound isopropanol (at a reporting limit 
of less than 10 µg/L) by modified US EPA Method TO-15; and, 

• Oxygen, carbon dioxide, and methane by modified ASTM D-1946. 

The locations of these shallow soil vapor probes are shown on Figure 2.  The sample results are 
summarized in Tables 5 and 6 and the analytical reports are included in Appendix D.  Golder has 
compiled the latest residential soil vapor ESLs7 at the bottom of the table.  In general the results are 
consistent with the sampling event performed in April 2006 during the source zone investigation with 
the exception of TPHg in SV-MW-2.  In April 2006 the sample from SV-MW-2 contained 930 
micrograms per cubic meter (ug/m3) and in November 2007 the sample from SV-MW-2 contained 
15,000 ug/m3 TPHg.  The TPHg concentration detected in SV-MW-2 in November 2007 exceeds the 
revised 2007 TPHg ESL of 10,000 ug/m3.  The 2005 ESL for TPHg was 26,000 ug/m3.  None of the 
other soil vapor results exceed the 2007 ESLs. 

4.3 Ozone Sparging System Installation 

On November 6 through November 13, 2007, Golder’s subcontractor, Sequoia Construction and 
Development, Inc. (Sequoia) installed the ozone sparging system.  Sequoia excavated trenches and 
installed 2-inch diameter electrical conduits from the equipment enclosure to each of the onsite dual-
completion sparge wells as shown on Figure 2.  Sequoia then pulled two sections of ½-inch outside 
diameter by 3/8-inch inside diameter Teflon tubing through each conduit to connect each of the 
sparge wells to the ozone sparge system.  Each section of conveyance tubing was installed as a 
continuous piece without any connector fitting between the enclosure and the well vaults.  At the well 
vault for SP-1A and SP-1B, the Teflon tubing was connected to a well head assembly with a Kynar 
compression fitting.  Each well head assembly includes a union and a silicon-filled stainless steel 
pressure gauge. 

On November 13, 2007, Calcon Environmental (Calcon) delivered a HiPro 2500 ozone sparging 
system to the site and it was placed behind the service station building as shown on Figure 2.  Sequoia 
then connected 240-volt, single-phase, 60 amp electrical service to the system. 

4.4 Startup and Pilot Testing 

On November 14, 2007, Calcon trained Golder personnel in the operation of the ozone sparging 
system and Golder began the pilot test by sparging air into SP-1B.  Golder operated the ozone 
sparging system with air only to assess the breakout pressure and performed variable pressure/flow 
rate testing to assess flow characteristics.  Pilot test monitoring data is included in Appendix H.  As 
described above, due to the falling water table, there was approximately 1.5 feet of water above the 
                                                      

7 Screening For Environmental Concerns at Sites with Contaminated Soil and Groundwater, 
California Regional Water Quality Control Board, San Francisco Bay Region, INTERIM FINAL – 
November 2007. 
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SP-1B sparge well screen.  Upon changing the sparge pressure, the flow rate would stabilize very 
quickly.  In addition, Golder noted that after sparging continued for approximately 10 minutes, the 
flow rate would increase indicating that the water had been pushed away from the sparge well or a 
preferential pathway with little resistance to flow had developed.  Pressure and flow rate readings 
were taken from the instrumentation included with the ozone sparging system; air pressure transducer 
transmitted to the programmable logic controller (PLC) and a mass flow meter also transmitted to the 
PLC. 

Golder was not able to collect groundwater samples to perform the planned field monitoring due to 
the lack of water in the sparge wells surrounding SP-1 (A, B).  Golder periodically collected soil 
vapor samples from the surrounding sparge wells in tedlar bags and measured VOCs with a 
photoionization detector (PID) and oxygen with a GasTech multigas meter.  During the pilot testing 
on November 14, Golder measured a slight increase in VOCs in SP-2B following the initiation of 
sparging and a slight increase in oxygen; however, the baseline oxygen reading was higher than that 
measured at the beginning of the test (Appendix H).  Golder did not collect soil vapor samples for 
field monitoring from SVE-1 due to its distance from SP-1 (A, B); the low concentration of petroleum 
hydrocarbons in soil samples from SVE-1, and the apparently low permeability soils encountered 
below 17 feet bgs at SVE-1. 

Golder returned to the site on November 19, 2007 and performed additional pilot testing and 
incorporated groundwater monitoring wells near SP-1B to collect groundwater field measurements.  
Vapor monitoring data was collected in MW-1, MW-2, and the sparge wells surrounding SP-1B 
(Appendix H).  Golder also collected field groundwater quality data at MW-2.  Golder programmed 
the ozone sparging system to provide ozone at 25% of maximum production to SP-1B at a pressure of 
3 pounds per square inch (psi) and a resulting flow rate of 1.3 standard cubic feet per minute (scfm).  
This was the minimum turn-down of the ozone sparge system to continue to produce flow to the 
sparge well. 

On November 19, 2007 an increase in the groundwater elevation was measured in SP-2B, which is 
approximately 10 feet away from SP-1B.  In addition, VOC concentrations measured with the PID 
appeared to decrease in the head space above the groundwater in MW-1 and MW-2 during sparging 
and the oxygen levels also increased.  MW-1 and MW-2 are approximately 15 feet away from SP-1B.  
Golder shut off the ozone sparging system and measured the groundwater recharge rate in SP-1B.  
Within approximately 1 hour, the DTW in SP-1B returned to its pre-test measurement. 

Based upon the data collected during the pilot testing, Golder programmed the ozone sparging system 
to operate for 10 minutes with 100% ozone generation and rest for one hour to allow the groundwater 
at SP-1B to recharge.  Golder returned to the site on November 26, 2007 to perform vapor monitoring 
in the sparge wells surrounding SP-1B (Appendix H).  The PID readings were consistent with 
baseline readings.  Most notably, however, the oxygen concentration in SP-4A was 30.7% indicating 
potential influence from the ozone sparging resulting in increased oxygen levels in the subsurface 
since ozone degrades to oxygen (typical atmospheric air contains 20.9% oxygen). 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

Golder installed ozone sparge wells and an SVE well; collected soil samples, baseline groundwater 
samples, and shallow soil vapor samples; and performed pilot testing with an ozone sparging system.  
Based on this work as described above, Golder concludes the following: 

• Soil sample results from boring SVE-1 (Table 2) indicate that the petroleum 
hydrocarbon impact at the south end of the USTs is not extensive or has 
attenuated and no further assessment in this area is warranted. 

• Soil vapor sampling at the Groth Property indicates that even with the decline in 
the water table, the soil vapor concentrations do not exceed residential ESLs. 

• The decline in the water table is limiting the ability to monitor the ozone sparging 
test since groundwater samples cannot be collected from the sparge wells 
surrounding the test well (SP-1B). 

• The decline in the water table is limiting the effectiveness of sparging because 
the amount of air flow that can be applied to the saturated zone must be 
minimized because the thin layer of groundwater located above the sparge screen 
is easily pushed aside creating preferential pathways.  Minimizing the air flow 
reduces the radius of influence and potential mass transfer rates. 

• The decline in the water table is limiting the ability of ozone sparging to provide 
ozone to the source zone since this technology was chosen for 
implementation/pilot testing on the basis of treating a saturated source zone.  
There may be other technologies such as SVE or multi-phase extraction (MPE) 
that will be more effective when the source zone is unsaturated. 

Golder recommends discontinuing the ozone sparging pilot test until water levels are above the 
source zone (36 feet bgs).  The timing of the water table fluctuations is unknown; however, over the 
history of site monitoring there has been 10-foot water level fluctuations within a quarter (fourth 
quarter 1994 to first quarter 1995).  Golder recommends performing SVE and MPE pilot testing at the 
onsite wells MW-2 and MW-3 to assess the implementation of these technologies while the water 
table is below the source zone.  Both of these wells are 4-inch diameter and screened from 30 to 60 
feet bgs.  Golder does not recommend installing new wells at this time because of the uncertainties 
associated with future groundwater table fluctuations.  SVE may provide more rapid mass removal 
while the source zone is unsaturated.  A work plan and implementation schedule will be provided to 
ACEHS.  Because of the potentially rapid changes in water levels at the site, we anticipate initiating 
SVE and MPE pilot testing within the next 1 to 2 months. 
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6.0 LIMITATIONS 

No investigation is thorough enough to exclude the presence of unidentified hazardous materials at a 
given site.  Therefore, Golder’s results and conclusions should not be construed as a guarantee of the 
absence of such materials, but merely as the result of services performed within the scope, limitations, 
and cost of the work done. 

Any opinions and/or recommendations presented apply to site conditions existing at the time of 
performance of the services.  Golder is unable to report on or accurately predict events that may affect 
the site following performance of our services, whether occurring naturally or caused by external 
forces.  Golder assumes no responsibility for conditions that we have not assessed, or conditions not 
generally recognized as environmentally unacceptable at the time our services were performed.  
Where the scope of services was limited to observations made during site reconnaissance, interviews, 
and/or review of readily available reports and literature, any conclusions and /or recommendations are 
necessarily based largely on information supplied by others, the accuracy or sufficiency of which may 
not have been independently reviewed by Golder. 

Golder’s professional opinions are based in part on the interpretation of data from discrete sampling 
locations that may not represent actual conditions between such sampling locations.   

Naturally occurring toxic substances, toxicity of substances common in current habitable 
environments, or contaminant concentrations which are not of current environmental concern may not 
be reflected in this document if such was not an express concern of our client or previously reported 
by others. 

Golder is not responsible for the impact of changes in applicable environmental standards, practices, 
or regulations following performance of services.  

Services were performed in accordance with our agreement and understanding with our client, which 
may not be fully disclosed in this document.  Opinions and/or recommendations are intended for the 
client, purpose, site, location, time frame, and project parameters indicated. 

This report was prepared solely for the use of the client, and should be reviewed in its entirety; 
Golder is not responsible for subsequent separation, detachment, or partial use of this document.  Any 
reliance on this report by a third party shall be at such party’s sole risk. 
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Table 1a
Sparge Well Construction Details

2008 1st Street, Livermore, California

T.D. T.D. Borehole Casing Casing Screen Sand  Seal Screened Sand Pack
Well Drilling Date Boring Well Diameter Material Diameter Size Pack Seal Interval Interval Interval
No. Method Completed (ft.-bgs) (ft.-bgs) (inches) (PVC) (inches) and Type Material Material (ft-bgs) (ft.-bgs) (ft.-bgs)

SP-1A HSA 8/22/2007 48.5 42.0 8.25 SCH 80 1
1.5 in.x 18 in., 25 micron 

porous PVDF
#0/30

Bentonite
 Chips

36.5-39.5 40.5-42.0 39.5-42.0

SP-1B HSA 8/22/2007 48.5 48.5 8.25 SCH 80 1
1.5 in.x 18 in., 25 micron 

porous PVDF
#0/30

Bentonite
 Chips

42.0-45.5 47-48.5 45.5-48.5

SP-2A HSA 8/21/2007 48.5 42.5 8.25 SCH 80 1
1.5 in.x 18 in., 25 micron 

porous PVDF
#0/30

Bentonite
 Chips

37.0-40.0 41.0 - 42.5 40.0-42.5

SP-2B HSA 8/21/2007 48.5 48.5 8.25 SCH 80 1
1.5 in.x 18 in., 25 micron 

porous PVDF
#0/30

Bentonite
 Chips

42.5-46.0 47.0-48.5 46.0-48.5

SP-3A HSA 8/24/2007 49.0 42.0 8.25 SCH 80 1
1.5 in.x 18 in., 25 micron 

porous PVDF
#0/30

Bentonite
 Chips

36.5 - 39.5 40.5-42.0 39.5-42.0

SP-3B HSA 8/24/2007 49.0 48.0 8.25 SCH 80 1
1.5 in.x 18 in., 25 micron 

porous PVDF
#0/30

Bentonite
 Chips

42.0-45.5 46.5-48.0 45.5-48.0

SP-4A HSA 8/22/2007 49.0 42.0 8.25 SCH 80 1
1.5 in.x 18 in., 25 micron 

porous PVDF
#0/30

Bentonite
 Chips

36.5-39.5 40.5-42.0 39.5-42.0

SP-4B HSA 8/22/2007 49.0 49.0 8.25 SCH 80 1
1.5 in.x 18 in., 25 micron 

porous PVDF
#0/30

Bentonite
 Chips

42.0-45.5 47.5-49.0 45.5-49.0

SP-5A HSA 8/21/2007 51.0 41.0 8.25 SCH 80 1
1.5 in.x 18 in., 25 micron 

porous PVDF
#0/30

Bentonite
 Chips

35.5-38.5 39.5-41.0 38.5-41.0

SP-5B HSA 8/21/2007 51.0 48.0 8.25 SCH 80 1
1.5 in.x 18 in., 25 micron 

porous PVDF
#0/30

Bentonite
 Chips

41.0-45.5 46.5-48.0 45.5-48.0

SP-5C HSA 8/21/2007 54.0 54.0 8.25 SCH 80 1
1.5 in.x 18 in., 25 micron 

porous PVDF
#0/30

Bentonite
 Chips

48.5-51.5 52.5-54.0 51.5-54.0

SP-6A HSA 8/23/2007 54.0 42.0 8.25 SCH 80 1
1.5 in.x 18 in., 25 micron 

porous PVDF
#0/30

Bentonite
 Chips

36.5-39.5 40.5-42.0 39.5-42.0

SP-6B HSA 8/23/2007 54.0 49.0 8.25 SCH 80 1
1.5 in.x 18 in., 25 micron 

porous PVDF
#0/30

Bentonite
 Chips

42.0-44.0 47.5-49.0 44.0-49.0

SP-6C HSA 8/24/2007 56.0 54.0 8.25 SCH 80 1
1.5 in.x 18 in., 25 micron 

porous PVDF
#0/30

Bentonite
 Chips

48.5-51.5 52.5-54.0 51.5-54.0

Notes:

HAS = Hollow-Stem Auger

T.D. = total depth

ft.-bgs = feet below ground surface

PVDF = polyvinylidene fluoride (Kynar)



Table 1b
Single-Screen Monitoring Well Construction Details

2008 1st Street, Livermore, California

T.D. T.D. Borehole Casing Casing Screen Sand Screened Sand Pack
Well Drilling Date Boring Well Diameter Material Diameter Size Pack Interval Interval
No. Method Installed (ft.-bgs) (ft.-bgs) (inches) (PVC) (inches) (inches) Material (ft.-bgs) (ft.-bgs)

MW-1 HSA Sep-88 77 77 8 PVC 2 0.020 #3 sand 27 - 77 25 - 77

MW-2 HSA Jun-94 60 60 10 PVC 4 0.020 #2/20 sand 30 - 60 27 - 60

MW-3 HSA Jun-94 60 60 10 PVC 4 0.020 #2/20 sand 30 - 60 27 - 60

MW-4 HSA Jun-94 60 60 10 PVC 4 0.020 #2/20 sand 30 - 60 27 - 60

MW-5 HSA Oct-95 42 40 10 PVC 4 0.020 #2 sand 15 - 40 12 - 40

MW-6 HSA Oct-95 42 40 10 PVC 4 0.020 #2 sand 15 - 40 12 - 40

MW-7 HSA Jun-99 62 49 8 PVC 2 0.020 #3 sand 29-49 27-51

MW-8 HSA Jun-99 62 54 8 PVC 2 0.020 #3 sand 34-54 32-54

MW-9 HSA Jun-99 45 45 8 PVC 2 0.020 #3 sand 25-45 23-45

MW-10 HSA Jun-99 55 53.5 8 PVC 2 0.020 #3 sand 33.5-53.5 23-55

MW-11 HSA Jun-99 50 49 8 PVC 2 0.020 #3 sand 29-49 27-49

MW-12 HSA Jun-99 45 43.5 8 PVC 2 0.020 #3 sand 23.5-43.5 21-45

MW-13 HSA Jul-99 55 55 8 PVC 2 0.020 #3 sand 35-55 32-55

D-1 HSA Jun-99 125 125 8 PVC 2 0.020 #3 sand 110-125 104-125

D-2 HSA Jun-99 115 114 8 PVC 2 0.020 #3 sand 99-114 94-114

(MS)MW-1 HSA Apr-89 62 60 NA PVC 2 NA NA 30-60 NA

Notes:
HSA = Hollow-Stem Auger
T.D. = total depth
ft.-bgs = feet below ground surface
NA = not available
Well construction information for wells MW-2 through MW-6 collected from Remediation Service Int'l boring logs.
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Sample USEPA Method 8260B
Sample Depth Sample TPH Ethyl-
ID (ft bgs) Date Gasoline Benzene Toluene benzene Xylenes MTBE
SP-1 40 8/22/2007 260 <0.050 0.056 4.7 18 <0.050
SP-2 43 8/20/2007 71 <0.025 <0.025 0.72 2.0 <0.025
SP-3 35 8/24/2007 4.4 <0.0050 <0.0050 0.019 <0.0050 <0.0050
SP-5 45 8/20/2007 290 0.070 0.059 4.5 3.5 <0.040
SP-6 35 8/24/2007 2.8 0.058 <0.0050 0.070 0.015 0.052
SVE-1 10 8/24/2007 <1.0 <0.0050 <0.0050 <0.0050 <0.0050 0.0083
SVE-1 15 8/24/2007 <1.0 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
SVE-1 20 8/24/2007 <1.0 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
SVE-1 25 8/24/2007 6.6 0.028 <0.0050 0.16 0.099 1.6

NOTES:

Laboratory analyses performed according to USEPA method 8260B

TPH - Total Petroleum Hydrocarbons

MTBE - Methyl tertiary -butyl ether

NA - Not Analyzed

ND - Not detected at specified detection limits; for raised detection limits, higher value is given in table.

ft bgs - Feet below ground surface

     Table 2
Summary of Petroleum Hydrocarbons in Soil

2008 1st Street, Livermore, California

Units: micrograms per liter (mg/kg)



Sample DTW TPH Ethyl-
Sample Date (ft bgs) Gasoline Benzene Toluene benzene Xylenes MTBE Vinyl Chloride cis-1,2 DCE PCE Other VOCs
SP-1A 9/11/2007 40.47 NA NA NA NA NA NA NA NA NA
SP-1B 9/12/2007 43.37 1,200 62 6.2 54 100 37 <0.50 7.9 <0.50
SP-2A 9/11/2007 40.60 NA NA NA NA NA NA NA NA NA
SP-2B 9/12/2007 43.55 1,500 130 6.3 57 77 8.8 1.3 20 <0.50
SP-3A 9/11/2007 39.72 NA NA NA NA NA NA NA NA NA
SP-3B 9/12/2007 42.57 140 5.6 0.68 <0.50 <0.50 25 <0.50 3.1 <0.50
SP-4A 9/11/2007 38.36 340 14 1.3 4.3 16 27 <0.50 5.1 <0.50
SP-4B 9/11/2007 42.92 700 24 3.1 22 55 17 NA 12 0.81
SP-5A 9/11/2007 NA NA NA NA NA NA NA NA NA NA
SP-5B 9/11/2007 42.88 3,000 97 5.6 78 51 250 4.3 8.9 <0.50
SP-5C 9/11/2007 43.37 530 8.3 1.6 9.4 11 21 0.53 3.7 <0.50
SP-6A 9/11/2007 NA NA NA NA NA NA NA NA NA NA
SP-6B 9/12/2007 42.50 930 23 2.2 53 72 26 <0.50 2.2 <0.50

SP-6C 9/12/2007 42.61 390 9.2 1.5 16 28 7.6 <0.50 7.9 1.3
trans-1,2-DCE = 0.62
TCE = 0.65

NOTES:

Laboratory analyses performed according to USEPA method 8260B

DTW - Depth to water

ft bgs - Feet below ground surface

TPH - Total Petroleum Hydrocarbons

MTBE - Methyl tertiary -butyl ether

NA - Not Analyzed - well dry

ND - Not detected at specified detection limits; for raised detection limits, higher value is given in table.

DCE - Dichloroethene

TCE - Trichloroethene

PCE - Tetrachloroethene

VOC - Volatile Organic Compounds

Units: micrograms per liter (ug/l)

Summary of Petroleum Hydrocarbons and VOCs in Groundwater
     Table 3

VOCs

2008 1st Street, Livermore, California



Sample Sample Formald-
ID Date Cr6+ Bromide Bromate DBAA DCAA MBAA MCAA TCAA Total HAAs ehyde Chromium
SP-4B 9/12/2007 <0.2 810 <5 <0.5 <0.5 <0.5 <1.0 <0.5 <3.0 <5.0 2.4

NOTES:

DBAA - Dibromoacetic acid

DCAA - Dichloroacetic acid

MBAA - Monobromoacetic acid

MCAA - Monochloroacetic acid

TCAA - Trichloroacetic acid

HAAs - Haloacetic acids

Haloacetic Acids

     Table 4
Summary of Potential Oxidation By Products

2008 1st Street, Livermore, California

Units: micrograms per liter (ug/l)



SV-MW-2 4/25/2006 930 5.1 11 <5.0 9.6 <5.0 <4.0 <11
SV-MW-2 11/19/2007 15,000 13 6.5 64 71 12 <4.0 <11
SV-MIP-8 4/25/2006 2,200 8.6 210 9.1 30 11 <4.4 26
SV-MIP-8 11/19/2007 1,800 <3.4 12 7.0 12 <4.6 <3.8 97
ESL (Residential)* 10,000 84 63,000 210000 21000 9400 NA

NOTES:
TPHg - Total Petroleum Hydrocarbons as gasoline
MtBE - Methyl tert-butyl ether
* - California Regional Water Quality Control Board, Screening for Environmental Concerns at
      Sites with Contaminated Soil and Groundwater , Interim-Final November 2007.
NA - Not Available, 2-Propanol is used for leak detection and does not have an ESL

BenzeneTPHg TolueneSample ID
Sample

Date

     Table 5
Summary of Petroleum Hydrocarbons in Soil Vapor

2008 1st Street, Livermore, California

Units: micrograms per cubic meter (�g/m 3 )
Ethyl-

benzene
2-PropanolMtBEo-Xylenem,p-Xylene



Sample Sample Carbon
ID Date Oxygen Methane Dioxide

SV-MW-2 4/25/2006 18 0.001 2.4
SV-MW-2 11/19/2007 19 <0.00022 1.9
SV-MIP-8 4/25/2006 17 0.004 3
SV-MIP-8 11/19/2007 21 <0.00021 0.83

NOTES:
% is percent by volume

     Table 6
Summary of Atmospheric Gases in Soil Vapor

2008 1st Street, Livermore, California

Units: percent (%)
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APPENDIX A 
ACEHS Letter 











 

 

APPENDIX B 
Encroachment and Well Permits 











































 

 

APPENDIX C 
Boring Logs and Well Construction Details 



#0/30 Sand
Screen (Typ.)

Porous PVDF,
25 Micron Pore
Size,
1.5"ODx18"L w/
3/8" FNPT
tapped hole, w/
viton o-ring

WELL DIAGRAM

SANDY CLAY (CL), dark yellowish brown (10YR 3/4),
60% fines, 20% fine sand, 10% medium to coarse sand,
10% gravel to 2" diameter, moist, strong odor
@40': Sample SP-1 (40')
40' to 48': Impacted soil sample taken for bench test from
extracted cores. (continued)
GRAVELLY SAND (SP), yellowish brown (10YR 5/4), 5%
fines, 70% fine to coarse sand, 25% gravel to 3" diameter,
dense, wet, moderate to strong odor

Bottom of borehole at 48.0 feet.

CL

SP

Centralizer
@46.5'

Bentonite Chips

340 12 50
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Two
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LITHOLOGIC DESCRIPTION

WELL NUMBER SP-1 (A-B)Golder Assoicates
2580 Wyandotte St., Ste G
Mountain View, CA 94043
Telephone:  650-386-3828
Fax:  650-386-3815
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GP
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WELL DIAGRAM

12

6
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12

8
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45

22
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15
4
6

12
30
30

SANDY GRAVEL (GP), dark yellowish brown (10YR 3/4),
<5% fines, 30% fine sand, 10% medium to coarse sand,
60% gravel to 0.75" diameter, medium dense, damp, no
odor

Punch through 4" concrete, hand auger to 3'

CLAYEY GRAVEL (GC), dark yellowish brown (10YR 3/4),
20% medium plasticity fines, 15% fine sand, 10% medium
to coarse sand, 55% gravel to 1" diameter, dense, dry to
damp

1046

GRAVELLY CLAY (CL), dark yellowish brown (10YR 3/4),
65% medium plasticity fines, 15% fine to coarse sand,
20% gravel to 1.5" diameter, firm, damp to moist

GRAVELLY SAND (SP), mottled (green, red, orange,
brown), 5% fines, 45% fine sand, 20% medium to coarse
sand, 30% gravel to 1.5" diameter, medium dense, moist

SILT (ML), very dark grayish brown (10YR 3/2), mottled
green, 95% medium to high plasticity fines, 5% fine sand,
trace gravel to 0.5", stiff, moist, moderate odor, slight
sheen

SANDY CLAY (CL), dark yellowish brown (10YR 3/4),
60% fines, 20% fine sand, 10% medium to coarse sand,
10% gravel to 2" diameter, medium dense, moist,
moderate odor

GRAVELLY SAND (SP), yellowish brown (10YR 5/4), <5%
fines, 70% fine sand, 10% medium to coarse sand, 20%
gravel to 1" diameter, loose, dry to damp6

ML

41.7

25.2

0.0

0.1

0.0

0.0

0.0

CL

GP

10
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15

SP

GC

CL

SP
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13

Logged from cuttings: GRAVEL (GP), yellowish brown (10
YR 5/4), gravel to 3" diameter, loose, dry

Golder Assoicates
2580 Wyandotte St., Ste G
Mountain View, CA 94043
Telephone:  650-386-3828
Fax:  650-386-3815
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PROJECT NUMBER 053-7020

1" SCH 80 PVC

37.0

27.0

24.0

17.0

12.0

7.0

3.0

0.5

Bentonite Chips

DRILLING METHOD 8.25" Hollow Stem Auger

DEPTH TO WATER (ft-bgs) 43.6
GROUND WATER ELEVATION (ft) 442.5

GROUT TYPE/QUANTITY Type I/II Portland Cement

SCREEN TYPE/SLOT Porous PVDF / 25 Micron Pore Size
LOCATION Livermore, CA

TOP OF CASING (ft) 486
GROUND ELEVATION (ft) ~487
SAMPLING METHOD Continuous Core

LOGGED BY DSF
REMARKS Drilled to 48' bgs using hollow stem auger.  Split spoon sample every 5' from 5 to 40' bgs. Continuous core: 40 to 45' bgs. Flush 18" box.

GRAVEL PACK TYPE #0/30 Sand

CASING TYPE/DIAMETER SCH 80 PVC / 1"

Logo



#0/30 Sand
Porous PVDF,
25 Micron Pore
Size,
1.5"ODx18"L w/
3/8" FNPT
tapped hole, w/
viton o-ring
Bentonite Chips
Centralizer @
47'
#0/30 Sand
Screen (Typ.)

48.0

45.0

WELL DIAGRAM

SANDY CLAY (CL), dark yellowish brown (10YR 3/4),
60% fines, 20% fine sand, 10% medium to coarse sand,
10% gravel to 2" diameter, medium dense, moist,
moderate odor (continued)
@43': Sample SP-2 (43')

GRAVELLY SAND (SP), mottled (green, blue, orange,
brown), 5% fines, 75% fine to coarse sand, 20% gravel to
2.5" diameter, dense, moist to wet, strong odor

Bottom of borehole at 48.0 feet.
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4.0

31.0

37.0

Type I/II
Portland
Cement

1" SCH 80 PVC

Bentonite Chips

TOP OF CASING (ft) 486

Air knife/vacuum to 4'
Logged from cuttings: GRAVEL (GP), yellowish brown (10
YR 5/4), gravel to 3" diameter, loose, dry

GRAVEL PACK TYPE #0/30 Sand

WELL DIAGRAM

LOGGED BY DSF

SAMPLING METHOD Split Spoon
GROUND ELEVATION (ft) ~487

No samples extracted.  See SP-1(A-B) boring log for
lithology.

SANDY SILT (ML), very dark grayish brown (10YR 3/2)
with some black mottling, 90% high plasticity fines, 10%
fine sand, stiff, moist, moderate to strong odor

@35': Sample SP-3 (35')

SANDY CLAY (CL), dark yellowish brown (10YR 3/4),
60% fines, 20% fine sand, 10% medium to coarse sand,
10% gravel to 2" diameter, moist, moderate odor

GP

ML

CL50

5030.7 18

12

REMARKS Drilled to 49' using hollow stem auger. Split spoon sample every 5' from 35 to 45' bgs. Flush 18" traffic vault box completion.
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DRILLING METHOD 8.25" Hollow Stem Auger SCREEN TYPE/SLOT Porous PVDF / 25 Micron Pore Size
CASING TYPE/DIAMETER SCH 80 PVC / 1"

GROUT TYPE/QUANTITY Type I/II Portland Cement

GROUND WATER ELEVATION (ft) 443.4
DEPTH TO WATER (ft-bgs) 42.6
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Screen (Typ.)

Centralizer @
46.5'

WELL DIAGRAM

SANDY CLAY (CL), dark yellowish brown (10YR 3/4),
60% fines, 20% fine sand, 10% medium to coarse sand,
10% gravel to 2" diameter, moist, moderate odor
(continued)
GRAVELLY SAND (SP), yellowish brown (10YR 5/4), 5%
fines, 70% fine to coarse sand, 25% gravel to 3" diameter,
dense, wet, moderate odor

Bottom of borehole at 49.0 feet.

CL

SP

Sand backfill

12 50

43.0

49.0

#0/30 Sand
Two
centralizers@
40.5'
Porous PVDF,
25 Micron Pore
Size,
1.5"ODx18"L w/
3/8" FNPT
tapped hole, w/
viton o-ring
Bentonite Chips
#0/30 Sand

DATE STARTED 8/24/07
DATE COMPLETED 8/24/07
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SCREEN TYPE/SLOT Porous PVDF / 25 Micron Pore Size
GRAVEL PACK TYPE #0/30 Sand

REMARKS Drilled to total depth of 49 ft using hollow stem auger. No samples taken (see below). Flush 18" traffic vault box completion
LOGGED BY DSF

SAMPLING METHOD Split Spoon
GROUND ELEVATION (ft) ~487
TOP OF CASING (ft) 486

PROJECT NUMBER 053-7020

DRILLING METHOD 8.25" Hollow Stem Auger
CASING TYPE/DIAMETER SCH 80 PVC / 1"

GROUT TYPE/QUANTITY Type I/II Portland Cement

GROUND WATER ELEVATION (ft) 443.1
DEPTH TO WATER (ft-bgs) 42.9

Punch through 4" of concrete, hand auger to 4'
Logged from cuttings: GRAVEL (GP), yellowish brown (10
YR 5/4), gravel to 3" diameter, loose, dry

LOCATION Livermore, CA

No samples extracted due to equipment malfunction on
the drill rig and City of Livermore traffic control laws.  For
lithology, see SP-1(A-B) boring log.
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Bentonite Chips

No samples extracted due to equipment malfunction on
the drill rig and City of Livermore traffic control laws.  For
lithology, see SP-1(A-B) boring log. (continued)

Bottom of borehole at 49.0 feet.
49.0

#0/30 Sand

Porous PVDF,
25 Micron Pore
Size,
1.5"ODx18"L w/
3/8" FNPT
tapped hole, w/
viton o-ring

Centralizer @
47.5'
#0/30 Sand
Screen (Typ.)

Two
centralizers @
40.5'
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SM

SAND (SP), mottled (green, orange, brown), 60% fine
sand, 40% medium to coarse sand, trace gravel to 0.5"
diameter, dense, wet, moderate to strong odor

SP

GC

GP

GP

18

GRAVEL PACK TYPE #0/30 Sand

18

18

18

6

0

1630

515

98.7

0.0

@30': Dark greenish gray (Gley 4/10G), some mottling
(orange, green, brown), moderate odor

0.0

WELL DIAGRAM

CASING TYPE/DIAMETER SCH 80 PVC / 1"
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PROJECT NUMBER 053-7020

DEPTH TO WATER (ft-bgs) 42.9

LITHOLOGIC DESCRIPTION

GROUT TYPE/QUANTITY Type I/II Portland Cement

WELL NUMBER SP-5 (A-B)

SCREEN TYPE/SLOT Porous PVDF / 25 Micron Pore SizeDRILLING METHOD 8.25" Hollow Stem Auger
LOCATION Livermore, CA

TOP OF CASING (ft) 485
GROUND ELEVATION (ft) ~486
SAMPLING METHOD Split Spoon

LOGGED BY DSF
REMARKS Drilled to 51 ft bgs using hollow stem auger.  Split spoon sample every 5' from 5 to 50 ft bgs. Flush 18" traffic vault box completion.

GROUND WATER ELEVATION (ft) 442.1

@25': Moist, no odor

@20': Trace gravel to 0.5" diameter, no odor

SILTY SAND (SM), yellowish brown (10YR 5/4), some
mottling (orange, red, brown), 30% fines, 70% fine sand,
loose, damp, no odor

CLAYEY GRAVEL (GC), dark brown (10YR 3/3), 20%
high plasticity fines, 15% fine sand, 10% medium to
coarse sand, 55% gravel to 2" diameter, dense, dry to
damp, no odor

No recovery, logged from cuttings: SANDY GRAVEL (GP),
yellowish brown (10YR 5/4), 5% fines, 35% fine sand,
60% gravel to 2.5" diameter, dense, dry, no odor

Logged from cuttings: Heaving SANDY GRAVEL (GP)
Punch through asphalt (~4"), hand auger to 3'
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51.0

39.5'
#0/30 Sand
Porous PVDF,
25 Micron Pore
Size,
1.5"ODx18"L w/
3/8" FNPT
tapped hole, w/
viton o-ring
Bentonite Chips
Centralizer @
46.5'
#0/30 Sand
Screen (Typ.)
Sand backfill

16
50

19
50

WELL DIAGRAM

SAND (SP), mottled (green, orange, brown), 60% fine
sand, 40% medium to coarse sand, trace gravel to 0.5"
diameter, dense, wet, moderate to strong odor (continued)
@40': 10% gravel, very strong odor from cuttings

@45': Sample SP-5 (45')

SANDY GRAVEL (GP), mottled (green, orange, brown),
40% fine to coarse sand, 60% gravel to 2" diameter,
dense, wet, strong odor

Bottom of borehole at 51.0 feet.
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LOCATION Livermore, CA

15
22
10

10
17
45

50

0.5

7.0

32.0

Type I/II
Portland
Cement

1" SCH 80 PVC

12

Punch through asphalt (4"), hand auger to 3'

WELL DIAGRAM

REMARKS  No samples between 15 and 35' bgs. Split spoon sample every 5' from 5 to 15' and 35 to 54' bgs. Flush 18" traffic vault box.
LOGGED BY DSF

SAMPLING METHOD Split Spoon
GROUND ELEVATION (ft) ~486
TOP OF CASING (ft) 485

SANDY GRAVEL (GP), yellowish brown (10YR 5/4), 5%
fines, 35% fine sand, 60% gravel to 2.5", dense, dry

No samples extracted.  See SP-5(A-B) boring log for
lithology

SAND (SP), mottled (green, orange, brown), 60% fine
sand, 40% medium to coarse sand, trace gravel, dense,
moist to wet, moderate to strong odor

GP

SP

GRAVEL PACK TYPE #0/30 Sand

0.0

168

316

6

18

Logo

DRILLING METHOD 8.25" Hollow Stem Auger

DATE STARTED 8/21/07
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Mountain View, CA 94043
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GROUND WATER ELEVATION (ft) 441.6
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CASING TYPE/DIAMETER SCH 80 PVC / 1"
SCREEN TYPE/SLOT Porous PVDF / 25 Micron Pore Size
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12
50

50

50

47.0

54.0

Bentonite Chips

Centralizer @
52.5'
#0/30 Sand

6

WELL DIAGRAM

Porous PVDF,
25 Micron Pore
Size,
1.5"ODx18"L w/
3/8" FNPT
tapped hole, w/
viton o-ring

SAND (SP), mottled (green, orange, brown), 60% fine
sand, 40% medium to coarse sand, trace gravel, dense,
moist to wet, moderate to strong odor (continued)
@40': Increasing gravel, very strong odor

SANDY GRAVEL (GP), mottled (green, orange, brown),
40% fine to coarse sand, 60% gravel to 2" diameter,
dense, wet, strong odor

Bottom of borehole at 54.0 feet.
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LITHOLOGIC DESCRIPTION
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GROUND WATER ELEVATION (ft) 441.5

SAMPLING METHOD Split Spoon
GROUND ELEVATION (ft) ~485
TOP OF CASING (ft) 484

LOCATION Livermore, CA
DRILLING METHOD 8.25" Hollow Stem Auger SCREEN TYPE/SLOT Porous PVDF / 25 Micron Pore Size
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GROUT TYPE/QUANTITY Type I/II Portland Cement
GRAVEL PACK TYPE #0/30 Sand

DEPTH TO WATER (ft-bgs) 42.5

PROJECT NUMBER 053-7020

CASING TYPE/DIAMETER SCH 80 PVC / 1"

Type I/II
Portland
Cement

1" SCH 80 PVC

Bentonite Chips

LOGGED BY DSF
REMARKS Borehole drilled to 54' bgs with hollow stem auger. Hole collapsed to 46' bgs. Re-drill hole to 49' bgs. No samples taken. Flush 18" box.

No samples extracted due to malfunction in drill rig
equipment.  See SP-6(C) boring log for lithology.

LITHOLOGIC DESCRIPTION
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Borehole collapsed to 46' bgs. Hole was re-drilled to 49'
bgs.

Bottom of borehole at 54.0 feet.

Screen (Typ.)

54.0

#0/30 Sand
Two
centralizers @
40.5'
Porous PVDF,
25 Micron Pore
Size,
1.5"ODx18"L w/
3/8" FNPT
tapped hole, w/
viton o-ring
Bentonite Chips

No samples extracted due to malfunction in drill rig
equipment.  See SP-6(C) boring log for lithology.
(continued)

Centralizer
@47.5'

Original
borehole drilled
to 54'. Hole
collapsed to 46'
and was
re-drilled to 49'.

#0/30 Sand
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Golder Assoicates
2580 Wyandotte St., Ste G
Mountain View, CA 94043
Telephone:  650-386-3828
Fax:  650-386-3815

LITHOLOGIC DESCRIPTION
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GRAVEL PACK TYPE #0/30 Sand

7.0
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34.5

Type I/II
Portland
Cement

1" SCH 80 PVC

Air knife/vacuum to 5', 4" of asphalt, 6" of concrete

WELL DIAGRAM

0.8

SM

Logged from cuttings: Heaving SANDY GRAVEL (GP),
yellowish brown, trace fines, some fine sand, gravel to 2"
diameter, dense dry

Logged from cuttings: CLAYEY GRAVEL (GC), dark
brown, some fines, gravel to 2" diameter, dense, dry

Logged from cuttings: SILTY SAND (SM), yellowish
brown, mottled (red, orange, brown), some fiines, mostly
fine sand, loose, damp

SILTY SAND (SM), yellowish brown (10YR 5/4), 30%
fines, 70% fine sand, loose, damp, moderate odor

SAND (SP), mottled (green, orange, brown), 60% fine
sand, 40% medium to coarse, sand, trace gravel to 0.5"
diameter, dense, wet, moderate odor
@35': Sample SP-6 (35')

GC

SM

SP

GP

DATE COMPLETED 8/24/07

REMARKS Drilled to 56' bgs with hollow stem auger. Split spoon sample every 5' from 33.5 to 56' bgs. Flush 18" traffic vault box.
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DEPTH TO WATER (ft-bgs) 42.6

LITHOLOGIC DESCRIPTION

GROUND WATER ELEVATION (ft) 441.4

GROUT TYPE/QUANTITY Type I/II Portland Cement

CASING TYPE/DIAMETER SCH 80 PVC / 1"
DRILLING METHOD 8.25" Hollow Stem Auger
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TOP OF CASING (ft) 484

WELL NUMBER SP-6 (C)

GROUND ELEVATION (ft) ~485
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SAMPLING METHOD Split Spoon
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PROJECT NAME B&C Gas Mini Mart Sparge Well Installation

LOGGED BY DSF

SCREEN TYPE/SLOT Porous PVDF / 25 Micron Pore Size
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Bentonite Chips

Centralizer@
52.5'
#0/30 Sand
Porous PVDF,
25 Micron Pore
Size,
1.5"ODx18"L w/
3/8" FNPT
tapped hole, w/
viton o-ring
Sand backfill

50

WELL DIAGRAM

SAND (SP), mottled (green, orange, brown), 60% fine
sand, 40% medium to coarse, sand, trace gravel to 0.5"
diameter, dense, wet, moderate odor (continued)

SANDY GRAVEL (GP), mottled (green, orange, brown),
40% fine to coarse sand, 60% gravel to 2" diameter,
dense, wet, moderate odor

Bottom of borehole at 56.0 feet.
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Mountain View, CA 94043
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Type I/II
Portland
Cement
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Bentonite chips
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6X16 Medium
Aquarium Sand

12
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4

0.5

2" diameter
SCH 40 PVC
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WELL DIAGRAM

Punch through 4" of concrete

2" diameter,
0.040" factory
slotted PVC

ML

SP

GP

Bottom of borehole at 25.0 feet.

SANDY SILT (ML), very dark grayish brown (10YR 3/2),
90% high plasticity fines, 10% fine sand, stiff, damp, slight
odor
@20': Sample SVE-1 (20')

@25': Sample SVE-1 (25')

@15': Sample SVE-1 (15')

GRAVELLY SAND (SP), dark yellowish brown (10YR 3/4),
5% fines, 55% fine sand, 10% medium to coarse sand,
30% gravel to 1" diameter, pieces of red brick fill, loose,
dry
@10': Sample SVE-1 (10')

Logged from cuttings: GRAVEL (GP), yellowish brown (10
YR 5/4), gravel to 3" diameter, loose, dry
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GROUT TYPE/QUANTITY Type I/II Portland Cement
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CASING TYPE/DIAMETER SCH 40 PVC / 2"
SCREEN TYPE/SLOT 2" diameter factory slotted PVC / 0.040DRILLING METHOD 8.25" Hollow Stem Auger

LOCATION Livermore, CA

TOP OF CASING (ft) 486
GROUND ELEVATION (ft) ~487
SAMPLING METHOD Split Spoon

GROUND WATER ELEVATION (ft)LOGGED BY DSF

LITHOLOGIC DESCRIPTION

WELL NUMBER SVE-1

DEPTH TO WATER (ft-bgs)

GRAVEL PACK TYPE 6X16 Medium Aquarium Sand
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REMARKS Drilled to 25 ft bgs with hollow stem auger. Split spoon sample every 5' from 10 to 25 ft bgs. Flush 8" traffic vault box completion.
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Punch through 3" of concrete. Hand auger to 3' due to
heaving pea gravel

13.0

Strong odor

GP

GP
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0.5
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WELL DIAGRAM

SANDY GRAVEL (GP), dark yellowish brown (10YR 3/4),
<5% fines, 35% fine sand, 10% medium to coarse sand,
55% gravel to 0.75" diameter, medium dense, no odor

GRAVELLY SAND (SP), yellowish brown (10YR 5/4), <5%
fines, 55% fine sand, 10% medium to coarse sand, 35%
gravel to 1" diameter, medium dense, dry
15' to 25': Clean soil sample taken for bench test from
extracted cores.

CLAYEY GRAVEL (GC), dark yellowish brown (10YR 3/4),
20% medium plasticity fines, 15% fine sand, 10% medium
to coarse sand, 55% gravel to 1" diameter, dense, dry to
damp

GRAVELLY CLAY (CL), dark yellowish brown (10YR 3/4),
65% medium plasticity fines, 15% fine to coarse sand,
20% gravel to 1.5" diameter, stiff, damp to moist

SANDY SILT(ML), very dark grayish brown (10YR 3/2),
some mottling (green, orange, brown), 90% high plasticity
fines, 10% fine sand, stiff, moist, moderate odor
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CL

0.0

Logged from cuttings: GRAVEL (GP), yellowish brown (10
YR 5/4), gravel to 3" diameter, loose, dry

Golder Assoicates
2580 Wyandotte St., Ste G
Mountain View, CA 94043
Telephone:  650-386-3828
Fax:  650-386-3815
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LITHOLOGIC DESCRIPTION

Bentonite Chips

1" SCH 80 PVC

Type I/II
Portland
Cement

37.0

29.0

22.0

CASING TYPE/DIAMETER SCH 80 PVC / 1"

PROJECT NUMBER 053-7020

DEPTH TO WATER (ft-bgs) 43.4
GROUT TYPE/QUANTITY Type I/II Portland Cement

SCREEN TYPE/SLOT Porous PVDF / 25 Micron Pore SizeDRILLING METHOD 8.25" Hollow Stem Auger
LOCATION Livermore, CA

TOP OF CASING (ft) 486
GROUND ELEVATION (ft) ~487
SAMPLING METHOD Split Spoon

LOGGED BY DSF
REMARKS Drilled to 48 ft bgs using hollow stem auger.  Split spoon sample every 5' from 5 to 45 ft bgs. Flush 18" traffic vault box completion.

GRAVEL PACK TYPE #0/30 Sand

GROUND WATER ELEVATION (ft) 442.6
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Air Toxics Ltd. Introduces the Electronic Report

Thank you for choosing Air Toxics Ltd. To better serve our customers, we are providing your report by 
e-mail. This document is provided in Portable Document Format which can be viewed with Acrobat Reader 
by Adobe.

This electronic report includes the following:
• Work order Summary;
• Laboratory Narrative;
• Results; and
• Chain of Custody (copy).

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630

(916) 985-1000 .FAX (916) 985-1020
Hours 8:00 A.M to 6:00 P.M. Pacific



AN ENVIRONMENTAL ANALYTICAL LABORATORY

Ms. Cheryl Hayhurst
Golder Associates, Inc.
1009 Enterprise Way
Suite 350
Roseville, CA  95661

WORK ORDER #: 0711410A

CLIENT: BILL TO: 

PHONE:

Ms. Cheryl Hayhurst
Golder Associates, Inc.
1009 Enterprise Way
Suite 350
Roseville, CA  95661

916-786-2424

916-786-2434

11/20/2007
DATE COMPLETED: 12/05/2007

P.O. #  

PROJECT # 053-7466-100 BNC Gas Mini Mart

Work Order Summary

FAX:

DATE RECEIVED: CONTACT: Kyle Vagadori

NAMEFRACTION # TEST VAC./PRES.
RECEIPT

01A SV-MW-2 Modified TO-15 3.0 "Hg
02A SV-MIP-8 Modified TO-15 1.5 "Hg
03A Lab Blank Modified TO-15 NA
04A CCV Modified TO-15 NA
05A LCS Modified TO-15 NA

CERTIFIED BY:

Laboratory Director

DATE:

Name of Accrediting Agency: NELAP/Florida Department of Health, Scope of Application: Clean Air Act, 
Accreditation number: E87680, Effective date: 07/01/07, Expiration date: 06/30/08

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630
(916) 985-1000 . (800) 985-5955 . FAX (916) 985-1020

                                                                                                                                                12/05/07

Page  1 of 9

This report shall not be reproduced, except in full, without the written approval of Air Toxics Ltd.

Air Toxics Ltd. certifies that the test results contained in this report meet all requirements of the NELAC standards

Certfication numbers:  CA NELAP - 02110CA, LA NELAP/LELAP- AI 30763, NJ NELAP - CA004
NY NELAP - 11291, UT NELAP - 9166389892



LABORATORY NARRATIVE
Modified TO-15

Golder Associates, Inc.
Workorder# 0711410A

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Two  1  Liter  Summa  Canister  samples  were  received  on  November  20,  2007.  The  laboratory  performed
analysis  via  modified  EPA  Method  TO-15  using  GC/MS  in  the  full  scan  mode.  The  method  involves
concentrating  up  to  0.2  liters  of  air.  The  concentrated  aliquot  is  then  flash  vaporized  and  swept  through  a
water  management  system  to  remove  water  vapor.  Following  dehumidification,  the  sample  passes  directly
into  the  GC/MS  for  analysis.  

This  workorder  was  independently  validated  prior  to  submittal  using  'USEPA  National  Functional  Guidelines' 
as  generally  applied  to  the  analysis  of  volatile  organic  compounds  in  air.   A  rules-based,  logic  driven,
independent  validation  engine  was  employed  to  assess  completeness,  evaluate  pass/fail  of  relevant  project 
quality  control  requirements  and  verification  of  all  quantified  amounts.  

Method  modifications  taken  to  run  these  samples  are  summarized  in  the  table  below.   Specific  project
requirements  may  over-ride  the  ATL  modifications.

Requirement ATL  ModificationsTO-15
Daily CCV +- 30% Difference </= 30% Difference with two allowed out up to </=40%.; 

flag and narrate outliers

Sample collection media Summa canister ATL recommends use of summa canisters to insure data 
defensibility, but will report results from Tedlar bags at 
client request

Method Detection Limit Follow 40CFR Pt.136 
App. B

The MDL met all relevant requirements in Method TO-15 
(statistical MDL less than the LOQ). The concentration of 
the spiked replicate may have exceeded 10X the calculated 
MDL in some cases

Receiving Notes

There were no receiving discrepancies.

There  were  no  analytical  discrepancies.

Analytical Notes

Eight  qualifiers  may  have  been  used  on  the  data  analysis  sheets  and  indicates  as  follows:  
       B  -  Compound  present  in  laboratory  blank  greater  than  reporting  limit  (background  subtraction  not
performed).
        J  -   Estimated  value.
        E  -  Exceeds  instrument  calibration  range.
        S  -  Saturated  peak.
        Q  -  Exceeds  quality  control  limits.

Definition of Data Qualifying Flags

Page  2 of 9



AN ENVIRONMENTAL ANALYTICAL LABORATORY

        U  -  Compound  analyzed  for  but  not  detected  above  the  reporting  limit.
        UJ-  Non-detected  compound  associated  with  low  bias  in  the  CCV
        N  -  The  identification  is  based  on  presumptive  evidence.

File  extensions  may  have  been  used  on  the  data  analysis  sheets  and  indicates  
as  follows:  
  a-File  was  requantified
  b-File  was  quantified  by  a  second  column  and  detector
  r1-File  was  requantified  for  the  purpose  of  reissue

Page  3 of 9



MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: SV-MW-2

Lab ID#: 0711410A-01A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.1 4.0 3.6 13Benzene
1.1 1.7 4.2 6.5Toluene
1.1 15 4.9 64Ethyl Benzene
1.1 16 4.9 71m,p-Xylene
1.1 2.9 4.9 12o-Xylene

Client Sample ID: SV-MIP-8

Lab ID#: 0711410A-02A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

4.3 40 10 972-Propanol
1.1 3.2 4.0 12Toluene
1.1 1.6 4.6 7.0Ethyl Benzene
1.1 2.9 4.6 12m,p-Xylene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: SV-MW-2

Lab ID#: 0711410A-01A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1120316File Name:
Dil. Factor: 2.24

Date of Collection:  11/19/07
Date of Analysis:  12/3/07 07:05 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

4.5 Not Detected 11 Not Detected2-Propanol
1.1 Not Detected 4.0 Not DetectedMethyl tert-butyl ether
1.1 4.0 3.6 13Benzene
1.1 1.7 4.2 6.5Toluene
1.1 15 4.9 64Ethyl Benzene
1.1 16 4.9 71m,p-Xylene
1.1 2.9 4.9 12o-Xylene

Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

101 70-130Toluene-d8
114 70-1301,2-Dichloroethane-d4
108 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: SV-MIP-8

Lab ID#: 0711410A-02A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1120317File Name:
Dil. Factor: 2.13

Date of Collection:  11/19/07
Date of Analysis:  12/3/07 07:55 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

4.3 40 10 972-Propanol
1.1 Not Detected 3.8 Not DetectedMethyl tert-butyl ether
1.1 Not Detected 3.4 Not DetectedBenzene
1.1 3.2 4.0 12Toluene
1.1 1.6 4.6 7.0Ethyl Benzene
1.1 2.9 4.6 12m,p-Xylene
1.1 Not Detected 4.6 Not Detectedo-Xylene

Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

100 70-130Toluene-d8
108 70-1301,2-Dichloroethane-d4
108 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: Lab Blank

Lab ID#: 0711410A-03A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1120305File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  12/3/07 11:43 AM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

2.0 Not Detected 4.9 Not Detected2-Propanol
0.50 Not Detected 1.8 Not DetectedMethyl tert-butyl ether
0.50 Not Detected 1.6 Not DetectedBenzene
0.50 Not Detected 1.9 Not DetectedToluene
0.50 Not Detected 2.2 Not DetectedEthyl Benzene
0.50 Not Detected 2.2 Not Detectedm,p-Xylene
0.50 Not Detected 2.2 Not Detectedo-Xylene

Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

99 70-130Toluene-d8
110 70-1301,2-Dichloroethane-d4
109 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: CCV

Lab ID#: 0711410A-04A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1120302File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  12/3/07 09:22 AM

%RecoveryCompound

1172-Propanol
88Methyl tert-butyl ether
97Benzene
98Toluene
96Ethyl Benzene
98m,p-Xylene
100o-Xylene

Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

101 70-130Toluene-d8
104 70-1301,2-Dichloroethane-d4
110 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: LCS

Lab ID#: 0711410A-05A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1120303File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  12/3/07 10:04 AM

%RecoveryCompound

802-Propanol
104Methyl tert-butyl ether
106Benzene
110Toluene
106Ethyl Benzene
107m,p-Xylene
109o-Xylene

Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

99 70-130Toluene-d8
108 70-1301,2-Dichloroethane-d4
93 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Air Toxics Ltd. Introduces the Electronic Report

Thank you for choosing Air Toxics Ltd. To better serve our customers, we are providing your report by 
e-mail. This document is provided in Portable Document Format which can be viewed with Acrobat Reader 
by Adobe.

This electronic report includes the following:
• Work order Summary;
• Laboratory Narrative;
• Results; and
• Chain of Custody (copy).

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630

(916) 985-1000 .FAX (916) 985-1020
Hours 8:00 A.M to 6:00 P.M. Pacific



AN ENVIRONMENTAL ANALYTICAL LABORATORY

Ms. Cheryl Hayhurst
Golder Associates, Inc.
1009 Enterprise Way
Suite 350
Roseville, CA  95661

WORK ORDER #: 0711410B

CLIENT: BILL TO: 

PHONE:

Ms. Cheryl Hayhurst
Golder Associates, Inc.
1009 Enterprise Way
Suite 350
Roseville, CA  95661

916-786-2424

916-786-2434

11/20/2007
DATE COMPLETED: 12/05/2007

P.O. #  

PROJECT # 053-7466-100 BNC Gas Mini Mart

Work Order Summary

FAX:

DATE RECEIVED: CONTACT: Kyle Vagadori

NAMEFRACTION # TEST VAC./PRES.
RECEIPT

01A SV-MW-2 Modified TO-3 3.0 "Hg
02A SV-MIP-8 Modified TO-3 1.5 "Hg
03A Lab Blank Modified TO-3 NA
04A LCS Modified TO-3 NA

CERTIFIED BY:

Laboratory Director

DATE:

Name of Accrediting Agency: NELAP/Florida Department of Health, Scope of Application: Clean Air Act, 
Accreditation number: E87680, Effective date: 07/01/07, Expiration date: 06/30/08

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630
(916) 985-1000 . (800) 985-5955 . FAX (916) 985-1020

                                                                                                                                                12/05/07
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This report shall not be reproduced, except in full, without the written approval of Air Toxics Ltd.

Air Toxics Ltd. certifies that the test results contained in this report meet all requirements of the NELAC standards

Certfication numbers:  CA NELAP - 02110CA, LA NELAP/LELAP- AI 30763, NJ NELAP - CA004
NY NELAP - 11291, UT NELAP - 9166389892



LABORATORY NARRATIVE
Modified TO-3

Golder Associates, Inc.
Workorder# 0711410B

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Two  1  Liter  Summa  Canister  samples  were  received  on  November  20,  2007.  The  laboratory  performed
analysis  for  volatile  organic  compounds  in  air  via  modified  EPA  Method  TO-3  using  gas  chromatography 
with  flame  ionization  detection.   The  method  involves  concentrating  up  to  200  mL  of  sample.   The
concentrated  aliquot  is  then  dry  purged  to  remove  water  vapor  prior  to  entering  the  chromatographic  system.
The  TPH  (Gasoline  Range)  results  are  calculated  using  the  response  factor  of  Gasoline.   A  molecular  weight
of  100  is  used  to  convert  the  TPH  (Gasoline  Range)  ppmv  result  to  ug/L.   See  the  data  sheets  for  the
reporting  limits  for  each  compound.

Method  modifications  taken  to  run  these  samples  include:

Requirement ATL  ModificationsTO-3
Daily Calibration Standard 
Frequency

Prior to sample analysis 
and every 4 - 6 hrs

Prior to sample analysis and after the analytical batch </= 
20 samples

Initial Calibration Calculation 4-point calibration 
using a linear 
regression model

5-point calibration using average Response Factor

Initial Calibration Frequency Weekly When daily calibration standard recovery is outside 75 - 
125 %, or upon significant changes to procedure or 
instrumentation

Moisture Control Nafion system Sorbent system

Minimum Detection Limit (MDL) Calculated using the 
equation DL = A+3.3S, 
where A is intercept of 
calibration line and S is 
the standard deviation 
of at least 3 reps of low 
level standard

40 CFR Pt.  136 App.  B

Preparation of Standards Levels achieved 
through dilution of gas 
mixture

Levels achieved through loading various volumes of the 
gas mixture

Receiving Notes

There were no receiving discrepancies.

There  were  no  analytical  discrepancies.

Analytical Notes

Seven  qualifiers  may  have  been  used  on  the  data  analysis  sheets  and  indicate  as  follows:
B  -   Compound  present  in  laboratory  blank  greater  than  reporting  limit.

Definition of Data Qualifying Flags

Page  2 of 8



AN ENVIRONMENTAL ANALYTICAL LABORATORY

J  -   Estimated  value.
E  -   Exceeds  instrument  calibration  range.
S  -   Saturated  peak.
Q  -   Exceeds  quality  control  limits.
U  -   Compound  analyzed  for  but  not  detected  above  the  detection  limit.
M  -   Reported  value  may  be  biased  due  to  apparent  matrix  interferences.

File  extensions  may  have  been  used  on  the  data  analysis  sheets  and  indicates  
as  follows:  
  a-File  was  requantified
  b-File  was  quantified  by  a  second  column  and  detector
  r1-File  was  requantified  for  the  purpose  of  reissue
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MODIFIED EPA METHOD TO-3 GC/FID
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: SV-MW-2

Lab ID#: 0711410B-01A

(uG/L)(ppmv)(uG/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.056 0.23 3.6 15TPH (Gasoline Range)

Client Sample ID: SV-MIP-8

Lab ID#: 0711410B-02A

(uG/L)(ppmv)(uG/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.053 0.22 0.44 1.8TPH (Gasoline Range)
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: SV-MW-2

Lab ID#: 0711410B-01A

MODIFIED EPA METHOD TO-3 GC/FID

6112116File Name:
Dil. Factor: 2.24

Date of Collection:  11/19/07
Date of Analysis:  11/21/07 02:21 PM

(uG/L)(ppmv)(uG/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.056 0.23 3.6 15TPH (Gasoline Range)

Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

104 75-150Fluorobenzene (FID)
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: SV-MIP-8

Lab ID#: 0711410B-02A

MODIFIED EPA METHOD TO-3 GC/FID

6112115File Name:
Dil. Factor: 2.13

Date of Collection:  11/19/07
Date of Analysis:  11/21/07 01:54 PM

(uG/L)(ppmv)(uG/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.053 0.22 0.44 1.8TPH (Gasoline Range)

Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

89 75-150Fluorobenzene (FID)
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: Lab Blank

Lab ID#: 0711410B-03A

MODIFIED EPA METHOD TO-3 GC/FID

6112104File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  11/21/07 02:01 AM

(uG/L)(ppmv)(uG/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.025 0.10 Not Detected Not DetectedTPH (Gasoline Range)

Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

96 75-150Fluorobenzene (FID)
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: LCS

Lab ID#: 0711410B-04A

MODIFIED EPA METHOD TO-3 GC/FID

6112117File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  11/21/07 02:58 PM

%RecoveryCompound

86TPH (Gasoline Range)

Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

100 75-150Fluorobenzene (FID)
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Air Toxics Ltd. Introduces the Electronic Report

Thank you for choosing Air Toxics Ltd. To better serve our customers, we are providing your report by 
e-mail. This document is provided in Portable Document Format which can be viewed with Acrobat Reader 
by Adobe.

This electronic report includes the following:
• Work order Summary;
• Laboratory Narrative;
• Results; and
• Chain of Custody (copy).

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630

(916) 985-1000 .FAX (916) 985-1020
Hours 8:00 A.M to 6:00 P.M. Pacific



AN ENVIRONMENTAL ANALYTICAL LABORATORY

Ms. Cheryl Hayhurst
Golder Associates, Inc.
1009 Enterprise Way
Suite 350
Roseville, CA  95661

WORK ORDER #: 0711410C

CLIENT: BILL TO: 

PHONE:

Ms. Cheryl Hayhurst
Golder Associates, Inc.
1009 Enterprise Way
Suite 350
Roseville, CA  95661

916-786-2424

916-786-2434

11/20/2007
DATE COMPLETED: 12/05/2007

P.O. #  

PROJECT # 053-7466-100 BNC Gas Mini Mart

Work Order Summary

FAX:

DATE RECEIVED: CONTACT: Kyle Vagadori

NAMEFRACTION # TEST VAC./PRES.
RECEIPT

01A SV-MW-2 Modified ASTM D-1946 3.0 "Hg
02A SV-MIP-8 Modified ASTM D-1946 1.5 "Hg
03A Lab Blank Modified ASTM D-1946 NA
04A LCS Modified ASTM D-1946 NA
04B LCS Modified ASTM D-1946 NA

CERTIFIED BY:

Laboratory Director

DATE:

Name of Accrediting Agency: NELAP/Florida Department of Health, Scope of Application: Clean Air Act, 
Accreditation number: E87680, Effective date: 07/01/07, Expiration date: 06/30/08

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630
(916) 985-1000 . (800) 985-5955 . FAX (916) 985-1020

                                                                                                                                                12/05/07
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This report shall not be reproduced, except in full, without the written approval of Air Toxics Ltd.

Air Toxics Ltd. certifies that the test results contained in this report meet all requirements of the NELAC standards

Certfication numbers:  CA NELAP - 02110CA, LA NELAP/LELAP- AI 30763, NJ NELAP - CA004
NY NELAP - 11291, UT NELAP - 9166389892



LABORATORY NARRATIVE
Modified ASTM D-1946
Golder Associates, Inc.
Workorder# 0711410C

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Two  1  Liter  Summa  Canister  samples  were  received  on  November  20,  2007.  The  laboratory  performed
analysis  via  Modified  ASTM  Method  D-1946  for  Methane  and  fixed  gases  in  air  using  GC/FID  or
GC/TCD.   The  method  involves  direct  injection  of  1.0  mL  of  sample.  

On  the  analytical  column  employed  for  this  analysis,  Oxygen  coelutes  with  Argon.  The  corresponding  peak  is
quantitated  as  Oxygen.

Method  modifications  taken  to  run  these  samples  are  summarized  in  the  table  below.   Specific  project
requirements  may  over-ride  the  ATL  modifications.

Requirement ATL  ModificationsASTM D-1946
Calibration A single point 

calibration is performed 
using a reference 
standard closely 
matching the 
composition of the 
unknown.

A 3-point calibration curve is performed. Quantitation is 
based on a daily calibration standard which may or may 
not resemble the composition of the associated samples.

Reference Standard The composition of any 
reference standard 
must be known to 
within 0.01 mol % for 
any component.

The standards used by ATL are blended to a >/= 95% 
accuracy.

Sample Injection Volume Components whose 
concentrations are in 
excess of 5 % should 
not be analyzed by 
using sample volumes 
greater than 0.5 mL.

The sample container is connected directly to a fixed 
volume sample loop of 1.0 mL on the GC.  Linear range is 
defined by the calibration curve. Bags are loaded by 
vacuum.

Normalization Normalize the mole 
percent values by 
multiplying each value 
by 100 and dividing by 
the sum of the original 
values. The sum of the 
original values should 
not differ from 100% by 
more than 1.0%.

Results are not normalized.  The sum of the reported 
values can differ from 100% by as much as 15%, either due 
to analytical variability or an unusual sample matrix.

Precision Precision requirements 
established at each 
concentration level.

Duplicates should agree within 25% RPD for detections > 
5 X's the RL.
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Receiving Notes

There were no receiving discrepancies.

There  were  no  analytical  discrepancies.

Analytical Notes

Seven  qualifiers  may  have  been  used  on  the  data  analysis  sheets  and  indicate  as  follows:
B  -   Compound  present  in  laboratory  blank  greater  than  reporting  limit.
J  -   Estimated  value.
E  -   Exceeds  instrument  calibration  range.
S  -   Saturated  peak.
Q  -   Exceeds  quality  control  limits.
U  -   Compound  analyzed  for  but  not  detected  above  the  detection  limit.
M  -   Reported  value  may  be  biased  due  to  apparent  matrix  interferences.
File  extensions  may  have  been  used  on  the  data  analysis  sheets  and  indicates  
as  follows:  
  a-File  was  requantified
  b-File  was  quantified  by  a  second  column  and  detector
  r1-File  was  requantified  for  the  purpose  of  reissue

Definition of Data Qualifying Flags
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MODIFIED NATURAL GAS ANALYSIS BY ASTM D-1946
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: SV-MW-2

Lab ID#: 0711410C-01A

(%)(%)Compound
AmountRpt. Limit

0.22 19Oxygen
0.022 1.9Carbon Dioxide

Client Sample ID: SV-MIP-8

Lab ID#: 0711410C-02A

(%)(%)Compound
AmountRpt. Limit

0.21 21Oxygen
0.021 0.83Carbon Dioxide
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: SV-MW-2

Lab ID#: 0711410C-01A

MODIFIED NATURAL GAS ANALYSIS BY ASTM D-1946

9112408File Name:
Dil. Factor: 2.24

Date of Collection:  11/19/07
Date of Analysis:  11/24/07 12:22 PM

(%)(%)Compound
AmountRpt. Limit

0.22 19Oxygen
0.00022 Not DetectedMethane

0.022 1.9Carbon Dioxide

Container Type: 1 Liter Summa Canister
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: SV-MIP-8

Lab ID#: 0711410C-02A

MODIFIED NATURAL GAS ANALYSIS BY ASTM D-1946

9112409File Name:
Dil. Factor: 2.13

Date of Collection:  11/19/07
Date of Analysis:  11/24/07 12:49 PM

(%)(%)Compound
AmountRpt. Limit

0.21 21Oxygen
0.00021 Not DetectedMethane

0.021 0.83Carbon Dioxide

Container Type: 1 Liter Summa Canister
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: Lab Blank

Lab ID#: 0711410C-03A

MODIFIED NATURAL GAS ANALYSIS BY ASTM D-1946

9112405File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  11/24/07 10:48 AM

(%)(%)Compound
AmountRpt. Limit

0.10 Not DetectedOxygen
0.00010 Not DetectedMethane

0.010 Not DetectedCarbon Dioxide

Container Type: NA - Not Applicable
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: LCS

Lab ID#: 0711410C-04A

MODIFIED NATURAL GAS ANALYSIS BY ASTM D-1946

9112414bFile Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  11/24/07 03:39 PM

%RecoveryCompound

104Oxygen
87Carbon Dioxide

Container Type: NA - Not Applicable
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: LCS

Lab ID#: 0711410C-04B

MODIFIED NATURAL GAS ANALYSIS BY ASTM D-1946

9112415File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  11/24/07 04:01 PM

%RecoveryCompound

100Methane

Container Type: NA - Not Applicable
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Golder Associates, Inc.
1009 Enterprise Way  Suite 350
Roseville, CA 95678

B&C
053-7020.45

Project Name :
Project Number :

Dear Mr. Naugle,

Chemical analysis of the samples referenced above has been completed.  Summaries of the data are contained 

on the following pages.  Sample(s) were received under documented chain-of-custody.  US EPA protocols for 

sample storage and preservation were followed.

Kiff Analytical is certified by the State of California (# 2236).  If you have any questions regarding procedures 

or results, please call me at 530-297-4800.

Sincerely,

Mark Naugle

Report Number : 58478

Date : 9/19/2007

Subject : 9 Water Samples

Joel Kiff

2795 2nd St., Suite 300  Davis, CA 95616   530-297-4800



The Method Reporting Limit for Chloromethane has been increased due to the presence of an interfering
compound for samples SP-4A, SP-5B, SP-1B, SP-2B, SP-6B and SP-6C.

Subject : 9 Water Samples
B&C
053-7020.45

Project Name :
Project Number :

Case Narrative

Report Number : 58478

Date : 9/19/2007

2795 2nd St, Suite 300  Davis, CA 95616   530-297-4800
Joel Kiff

Approved By:



SP-4A

9/11/2007 Analysis Method:

Date Analyzed :

Sample :

Sample Date : EPA 8260B

9/15/2007

WaterMatrix :

Project Name :

Project Number :

B&C

053-7020.45

Report Number : 58478

Date : 9/19/2007

58478-01Lab Number :
 

Parameter Value Units
Measured

MRL
1

ug/L14Benzene 0.50
ug/L1.3Toluene 0.50
ug/L4.3Ethylbenzene 0.50
ug/L16Total Xylenes 0.50

ug/L27Methyl-t-butyl ether (MTBE) 0.50

ug/L340TPH as Gasoline 50

ug/LChloromethane < 0.80 0.80 (2)
ug/LVinyl Chloride < 0.50 0.50
ug/LBromomethane < 20 20
ug/LChloroethane < 0.50 0.50
ug/LTrichlorofluoromethane < 0.50 0.50
ug/L1,1-Dichloroethene < 0.50 0.50
ug/LMethylene Chloride < 5.0 5.0
ug/Ltrans-1,2-Dichloroethene < 0.50 0.50
ug/L1,1-Dichloroethane < 0.50 0.50
ug/L5.1cis-1,2-Dichloroethene 0.50
ug/LChloroform < 0.50 0.50
ug/L1,1,1-Trichloroethane < 0.50 0.50
ug/L1,2-Dichloroethane < 0.50 0.50
ug/LCarbon Tetrachloride < 0.50 0.50
ug/LTrichloroethene < 0.50 0.50
ug/L1,2-Dichloropropane < 0.50 0.50
ug/LBromodichloromethane < 0.50 0.50
ug/Lcis-1,3-Dichloropropene < 0.50 0.50
ug/Ltrans-1,3-Dichloropropene < 0.50 0.50
ug/L1,1,2-Trichloroethane < 0.50 0.50
ug/LTetrachloroethene < 0.50 0.50
ug/LDibromochloromethane < 0.50 0.50
ug/LChlorobenzene < 0.50 0.50
ug/LBromoform < 0.50 0.50
ug/L1,1,2,2-Tetrachloroethane < 0.50 0.50
ug/L1,3-Dichlorobenzene < 0.50 0.50
ug/L1,4-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dibromoethane < 0.50 0.50

Parameter Value Units
Measured

MRL
1

% RecoveryToluene - d8 (Surr) 100
% Recovery4-Bromofluorobenzene (Surr) 105
% Recovery1,2-Dichloroethane-d4 (Surr) 97.2

2795 2nd Street, Suite 300 Davis, CA 95618  530-297-4800

Approved By:   

1)  MRL = Method reporting limit

Joel Kiff

2)  MRL raised due to interference



SP-4B

9/11/2007 Analysis Method:

Date Analyzed :

Sample :

Sample Date : EPA 8260B

9/15/2007

WaterMatrix :

Project Name :

Project Number :

B&C

053-7020.45

Report Number : 58478

Date : 9/19/2007

58478-02Lab Number :
 

Parameter Value Units
Measured

MRL
1

ug/L24Benzene 0.50
ug/L3.1Toluene 0.50
ug/L22Ethylbenzene 0.50
ug/L55Total Xylenes 0.50

ug/L17Methyl-t-butyl ether (MTBE) 0.50

ug/L700TPH as Gasoline 50

ug/LChloromethane < 0.50 0.50
ug/LVinyl Chloride < 0.50 0.50
ug/LBromomethane < 20 20
ug/LChloroethane < 0.50 0.50
ug/LTrichlorofluoromethane < 0.50 0.50
ug/L1,1-Dichloroethene < 0.50 0.50
ug/LMethylene Chloride < 5.0 5.0
ug/Ltrans-1,2-Dichloroethene < 0.50 0.50
ug/L1,1-Dichloroethane < 0.50 0.50
ug/L12cis-1,2-Dichloroethene 0.50
ug/LChloroform < 0.50 0.50
ug/L1,1,1-Trichloroethane < 0.50 0.50
ug/L1,2-Dichloroethane < 0.50 0.50
ug/LCarbon Tetrachloride < 0.50 0.50
ug/LTrichloroethene < 0.50 0.50
ug/L1,2-Dichloropropane < 0.50 0.50
ug/LBromodichloromethane < 0.50 0.50
ug/Lcis-1,3-Dichloropropene < 0.50 0.50
ug/Ltrans-1,3-Dichloropropene < 0.50 0.50
ug/L1,1,2-Trichloroethane < 0.50 0.50
ug/L0.81Tetrachloroethene 0.50
ug/LDibromochloromethane < 0.50 0.50
ug/LChlorobenzene < 0.50 0.50
ug/LBromoform < 0.50 0.50
ug/L1,1,2,2-Tetrachloroethane < 0.50 0.50
ug/L1,3-Dichlorobenzene < 0.50 0.50
ug/L1,4-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dibromoethane < 0.50 0.50

Parameter Value Units
Measured

MRL
1

% RecoveryToluene - d8 (Surr) 100
% Recovery4-Bromofluorobenzene (Surr) 104
% Recovery1,2-Dichloroethane-d4 (Surr) 101

2795 2nd Street, Suite 300 Davis, CA 95618  530-297-4800

Approved By:   

1)  MRL = Method reporting limit

Joel Kiff

2)  MRL raised due to interference



SP-5B

9/11/2007 Analysis Method:

Date Analyzed :

Sample :

Sample Date : EPA 8260B

9/15/2007

WaterMatrix :

Project Name :

Project Number :

B&C

053-7020.45

Report Number : 58478

Date : 9/19/2007

58478-03Lab Number :
 

Parameter Value Units
Measured

MRL
1

ug/L97Benzene 0.50
ug/L5.6Toluene 0.50
ug/L78Ethylbenzene 0.50
ug/L51Total Xylenes 0.50

ug/L250Methyl-t-butyl ether (MTBE) 0.50

ug/L3000TPH as Gasoline 50

ug/LChloromethane < 2.0 2.0 (2)
ug/L4.3Vinyl Chloride 0.50
ug/LBromomethane < 20 20
ug/LChloroethane < 0.50 0.50
ug/LTrichlorofluoromethane < 0.50 0.50
ug/L1,1-Dichloroethene < 0.50 0.50
ug/LMethylene Chloride < 5.0 5.0
ug/Ltrans-1,2-Dichloroethene < 0.50 0.50
ug/L1,1-Dichloroethane < 0.50 0.50
ug/L8.9cis-1,2-Dichloroethene 0.50
ug/LChloroform < 0.50 0.50
ug/L1,1,1-Trichloroethane < 0.50 0.50
ug/L1,2-Dichloroethane < 0.50 0.50
ug/LCarbon Tetrachloride < 0.50 0.50
ug/LTrichloroethene < 0.50 0.50
ug/L1,2-Dichloropropane < 0.50 0.50
ug/LBromodichloromethane < 0.50 0.50
ug/Lcis-1,3-Dichloropropene < 0.50 0.50
ug/Ltrans-1,3-Dichloropropene < 0.50 0.50
ug/L1,1,2-Trichloroethane < 0.50 0.50
ug/LTetrachloroethene < 0.50 0.50
ug/LDibromochloromethane < 0.50 0.50
ug/LChlorobenzene < 0.50 0.50
ug/LBromoform < 0.50 0.50
ug/L1,1,2,2-Tetrachloroethane < 0.50 0.50
ug/L1,3-Dichlorobenzene < 0.50 0.50
ug/L1,4-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dibromoethane < 0.50 0.50

Parameter Value Units
Measured

MRL
1

% RecoveryToluene - d8 (Surr) 97.9
% Recovery4-Bromofluorobenzene (Surr) 105
% Recovery1,2-Dichloroethane-d4 (Surr) 96.6

2795 2nd Street, Suite 300 Davis, CA 95618  530-297-4800

Approved By:   

1)  MRL = Method reporting limit

Joel Kiff

2)  MRL raised due to interference



SP-5C

9/11/2007 Analysis Method:

Date Analyzed :

Sample :

Sample Date : EPA 8260B

9/17/2007

WaterMatrix :

Project Name :

Project Number :

B&C

053-7020.45

Report Number : 58478

Date : 9/19/2007

58478-04Lab Number :
 

Parameter Value Units
Measured

MRL
1

ug/L8.3Benzene 0.50
ug/L1.6Toluene 0.50
ug/L9.4Ethylbenzene 0.50
ug/L11Total Xylenes 0.50

ug/L21Methyl-t-butyl ether (MTBE) 0.50

ug/L530TPH as Gasoline 50

ug/LChloromethane < 0.50 0.50
ug/L0.53Vinyl Chloride 0.50
ug/LBromomethane < 20 20
ug/LChloroethane < 0.50 0.50
ug/LTrichlorofluoromethane < 0.50 0.50
ug/L1,1-Dichloroethene < 0.50 0.50
ug/LMethylene Chloride < 5.0 5.0
ug/Ltrans-1,2-Dichloroethene < 0.50 0.50
ug/L1,1-Dichloroethane < 0.50 0.50
ug/L3.7cis-1,2-Dichloroethene 0.50
ug/LChloroform < 0.50 0.50
ug/L1,1,1-Trichloroethane < 0.50 0.50
ug/L1,2-Dichloroethane < 0.50 0.50
ug/LCarbon Tetrachloride < 0.50 0.50
ug/LTrichloroethene < 0.50 0.50
ug/L1,2-Dichloropropane < 0.50 0.50
ug/LBromodichloromethane < 0.50 0.50
ug/Lcis-1,3-Dichloropropene < 0.50 0.50
ug/Ltrans-1,3-Dichloropropene < 0.50 0.50
ug/L1,1,2-Trichloroethane < 0.50 0.50
ug/LTetrachloroethene < 0.50 0.50
ug/LDibromochloromethane < 0.50 0.50
ug/LChlorobenzene < 0.50 0.50
ug/LBromoform < 0.50 0.50
ug/L1,1,2,2-Tetrachloroethane < 0.50 0.50
ug/L1,3-Dichlorobenzene < 0.50 0.50
ug/L1,4-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dibromoethane < 0.50 0.50

Parameter Value Units
Measured

MRL
1

% RecoveryToluene - d8 (Surr) 99.0
% Recovery4-Bromofluorobenzene (Surr) 102
% Recovery1,2-Dichloroethane-d4 (Surr) 99.8

2795 2nd Street, Suite 300 Davis, CA 95618  530-297-4800

Approved By:   

1)  MRL = Method reporting limit

Joel Kiff

2)  MRL raised due to interference



SP-1B

9/12/2007 Analysis Method:

Date Analyzed :

Sample :

Sample Date : EPA 8260B

9/17/2007

WaterMatrix :

Project Name :

Project Number :

B&C

053-7020.45

Report Number : 58478

Date : 9/19/2007

58478-05Lab Number :
 

Parameter Value Units
Measured

MRL
1

ug/L62Benzene 0.50
ug/L6.2Toluene 0.50
ug/L54Ethylbenzene 0.50
ug/L100Total Xylenes 0.50

ug/L37Methyl-t-butyl ether (MTBE) 0.50

ug/L1200TPH as Gasoline 50

ug/LChloromethane < 0.80 0.80 (2)
ug/LVinyl Chloride < 0.50 0.50
ug/LBromomethane < 20 20
ug/LChloroethane < 0.50 0.50
ug/LTrichlorofluoromethane < 0.50 0.50
ug/L1,1-Dichloroethene < 0.50 0.50
ug/LMethylene Chloride < 5.0 5.0
ug/Ltrans-1,2-Dichloroethene < 0.50 0.50
ug/L1,1-Dichloroethane < 0.50 0.50
ug/L7.9cis-1,2-Dichloroethene 0.50
ug/LChloroform < 0.50 0.50
ug/L1,1,1-Trichloroethane < 0.50 0.50
ug/L1,2-Dichloroethane < 0.50 0.50
ug/LCarbon Tetrachloride < 0.50 0.50
ug/LTrichloroethene < 0.50 0.50
ug/L1,2-Dichloropropane < 0.50 0.50
ug/LBromodichloromethane < 0.50 0.50
ug/Lcis-1,3-Dichloropropene < 0.50 0.50
ug/Ltrans-1,3-Dichloropropene < 0.50 0.50
ug/L1,1,2-Trichloroethane < 0.50 0.50
ug/LTetrachloroethene < 0.50 0.50
ug/LDibromochloromethane < 0.50 0.50
ug/LChlorobenzene < 0.50 0.50
ug/LBromoform < 0.50 0.50
ug/L1,1,2,2-Tetrachloroethane < 0.50 0.50
ug/L1,3-Dichlorobenzene < 0.50 0.50
ug/L1,4-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dibromoethane < 0.50 0.50

Parameter Value Units
Measured

MRL
1

% RecoveryToluene - d8 (Surr) 98.4
% Recovery4-Bromofluorobenzene (Surr) 103
% Recovery1,2-Dichloroethane-d4 (Surr) 98.4

2795 2nd Street, Suite 300 Davis, CA 95618  530-297-4800

Approved By:   

1)  MRL = Method reporting limit

Joel Kiff

2)  MRL raised due to interference



SP-2B

9/12/2007 Analysis Method:

Date Analyzed :

Sample :

Sample Date : EPA 8260B

9/18/2007

WaterMatrix :

Project Name :

Project Number :

B&C

053-7020.45

Report Number : 58478

Date : 9/19/2007

58478-06Lab Number :
 

Parameter Value Units
Measured

MRL
1

ug/L130Benzene 0.50
ug/L6.3Toluene 0.50
ug/L57Ethylbenzene 0.50
ug/L77Total Xylenes 0.50

ug/L8.8Methyl-t-butyl ether (MTBE) 0.50

ug/L1500TPH as Gasoline 50

ug/LChloromethane < 0.80 0.80 (2)
ug/L1.3Vinyl Chloride 0.50
ug/LBromomethane < 20 20
ug/LChloroethane < 0.50 0.50
ug/LTrichlorofluoromethane < 0.50 0.50
ug/L1,1-Dichloroethene < 0.50 0.50
ug/LMethylene Chloride < 5.0 5.0
ug/Ltrans-1,2-Dichloroethene < 0.50 0.50
ug/L1,1-Dichloroethane < 0.50 0.50
ug/L20cis-1,2-Dichloroethene 0.50
ug/LChloroform < 0.50 0.50
ug/L1,1,1-Trichloroethane < 0.50 0.50
ug/L1,2-Dichloroethane < 0.50 0.50
ug/LCarbon Tetrachloride < 0.50 0.50
ug/LTrichloroethene < 0.50 0.50
ug/L1,2-Dichloropropane < 0.50 0.50
ug/LBromodichloromethane < 0.50 0.50
ug/Lcis-1,3-Dichloropropene < 0.50 0.50
ug/Ltrans-1,3-Dichloropropene < 0.50 0.50
ug/L1,1,2-Trichloroethane < 0.50 0.50
ug/LTetrachloroethene < 0.50 0.50
ug/LDibromochloromethane < 0.50 0.50
ug/LChlorobenzene < 0.50 0.50
ug/LBromoform < 0.50 0.50
ug/L1,1,2,2-Tetrachloroethane < 0.50 0.50
ug/L1,3-Dichlorobenzene < 0.50 0.50
ug/L1,4-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dibromoethane < 0.50 0.50

Parameter Value Units
Measured

MRL
1

% RecoveryToluene - d8 (Surr) 97.4
% Recovery4-Bromofluorobenzene (Surr) 103
% Recovery1,2-Dichloroethane-d4 (Surr) 98.7

2795 2nd Street, Suite 300 Davis, CA 95618  530-297-4800

Approved By:   

1)  MRL = Method reporting limit

Joel Kiff

2)  MRL raised due to interference



SP-3B

9/12/2007 Analysis Method:

Date Analyzed :

Sample :

Sample Date : EPA 8260B

9/17/2007

WaterMatrix :

Project Name :

Project Number :

B&C

053-7020.45

Report Number : 58478

Date : 9/19/2007

58478-07Lab Number :
 

Parameter Value Units
Measured

MRL
1

ug/L5.6Benzene 0.50
ug/L0.68Toluene 0.50
ug/LEthylbenzene < 0.50 0.50
ug/LTotal Xylenes < 0.50 0.50

ug/L25Methyl-t-butyl ether (MTBE) 0.50

ug/L140TPH as Gasoline 50

ug/LChloromethane < 0.50 0.50
ug/LVinyl Chloride < 0.50 0.50
ug/LBromomethane < 20 20
ug/LChloroethane < 0.50 0.50
ug/LTrichlorofluoromethane < 0.50 0.50
ug/L1,1-Dichloroethene < 0.50 0.50
ug/LMethylene Chloride < 5.0 5.0
ug/Ltrans-1,2-Dichloroethene < 0.50 0.50
ug/L1,1-Dichloroethane < 0.50 0.50
ug/L3.1cis-1,2-Dichloroethene 0.50
ug/LChloroform < 0.50 0.50
ug/L1,1,1-Trichloroethane < 0.50 0.50
ug/L1,2-Dichloroethane < 0.50 0.50
ug/LCarbon Tetrachloride < 0.50 0.50
ug/LTrichloroethene < 0.50 0.50
ug/L1,2-Dichloropropane < 0.50 0.50
ug/LBromodichloromethane < 0.50 0.50
ug/Lcis-1,3-Dichloropropene < 0.50 0.50
ug/Ltrans-1,3-Dichloropropene < 0.50 0.50
ug/L1,1,2-Trichloroethane < 0.50 0.50
ug/LTetrachloroethene < 0.50 0.50
ug/LDibromochloromethane < 0.50 0.50
ug/LChlorobenzene < 0.50 0.50
ug/LBromoform < 0.50 0.50
ug/L1,1,2,2-Tetrachloroethane < 0.50 0.50
ug/L1,3-Dichlorobenzene < 0.50 0.50
ug/L1,4-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dibromoethane < 0.50 0.50

Parameter Value Units
Measured

MRL
1

% RecoveryToluene - d8 (Surr) 98.6
% Recovery4-Bromofluorobenzene (Surr) 103
% Recovery1,2-Dichloroethane-d4 (Surr) 100

2795 2nd Street, Suite 300 Davis, CA 95618  530-297-4800

Approved By:   

1)  MRL = Method reporting limit

Joel Kiff

2)  MRL raised due to interference



SP-6B

9/12/2007 Analysis Method:

Date Analyzed :

Sample :

Sample Date : EPA 8260B

9/18/2007

WaterMatrix :

Project Name :

Project Number :

B&C

053-7020.45

Report Number : 58478

Date : 9/19/2007

58478-08Lab Number :
 

Parameter Value Units
Measured

MRL
1

ug/L23Benzene 0.50
ug/L2.2Toluene 0.50
ug/L53Ethylbenzene 0.50
ug/L72Total Xylenes 0.50

ug/L26Methyl-t-butyl ether (MTBE) 0.50

ug/L930TPH as Gasoline 50

ug/LChloromethane < 1.0 1.0 (2)
ug/LVinyl Chloride < 0.50 0.50
ug/LBromomethane < 20 20
ug/LChloroethane < 0.50 0.50
ug/LTrichlorofluoromethane < 0.50 0.50
ug/L1,1-Dichloroethene < 0.50 0.50
ug/LMethylene Chloride < 5.0 5.0
ug/Ltrans-1,2-Dichloroethene < 0.50 0.50
ug/L1,1-Dichloroethane < 0.50 0.50
ug/L2.2cis-1,2-Dichloroethene 0.50
ug/LChloroform < 0.50 0.50
ug/L1,1,1-Trichloroethane < 0.50 0.50
ug/L1,2-Dichloroethane < 0.50 0.50
ug/LCarbon Tetrachloride < 0.50 0.50
ug/LTrichloroethene < 0.50 0.50
ug/L1,2-Dichloropropane < 0.50 0.50
ug/LBromodichloromethane < 0.50 0.50
ug/Lcis-1,3-Dichloropropene < 0.50 0.50
ug/Ltrans-1,3-Dichloropropene < 0.50 0.50
ug/L1,1,2-Trichloroethane < 0.50 0.50
ug/LTetrachloroethene < 0.50 0.50
ug/LDibromochloromethane < 0.50 0.50
ug/LChlorobenzene < 0.50 0.50
ug/LBromoform < 0.50 0.50
ug/L1,1,2,2-Tetrachloroethane < 0.50 0.50
ug/L1,3-Dichlorobenzene < 0.50 0.50
ug/L1,4-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dibromoethane < 0.50 0.50

Parameter Value Units
Measured

MRL
1

% RecoveryToluene - d8 (Surr) 98.3
% Recovery4-Bromofluorobenzene (Surr) 103
% Recovery1,2-Dichloroethane-d4 (Surr) 99.3

2795 2nd Street, Suite 300 Davis, CA 95618  530-297-4800

Approved By:   

1)  MRL = Method reporting limit

Joel Kiff

2)  MRL raised due to interference



SP-6C

9/12/2007 Analysis Method:

Date Analyzed :

Sample :

Sample Date : EPA 8260B

9/18/2007

WaterMatrix :

Project Name :

Project Number :

B&C

053-7020.45

Report Number : 58478

Date : 9/19/2007

58478-09Lab Number :
 

Parameter Value Units
Measured

MRL
1

ug/L9.2Benzene 0.50
ug/L1.5Toluene 0.50
ug/L16Ethylbenzene 0.50
ug/L28Total Xylenes 0.50

ug/L7.6Methyl-t-butyl ether (MTBE) 0.50

ug/L390TPH as Gasoline 50

ug/LChloromethane < 0.80 0.80 (2)
ug/LVinyl Chloride < 0.50 0.50
ug/LBromomethane < 20 20
ug/LChloroethane < 0.50 0.50
ug/LTrichlorofluoromethane < 0.50 0.50
ug/L1,1-Dichloroethene < 0.50 0.50
ug/LMethylene Chloride < 5.0 5.0
ug/L0.62trans-1,2-Dichloroethene 0.50
ug/L1,1-Dichloroethane < 0.50 0.50
ug/L7.9cis-1,2-Dichloroethene 0.50
ug/LChloroform < 0.50 0.50
ug/L1,1,1-Trichloroethane < 0.50 0.50
ug/L1,2-Dichloroethane < 0.50 0.50
ug/LCarbon Tetrachloride < 0.50 0.50
ug/L0.65Trichloroethene 0.50
ug/L1,2-Dichloropropane < 0.50 0.50
ug/LBromodichloromethane < 0.50 0.50
ug/Lcis-1,3-Dichloropropene < 0.50 0.50
ug/Ltrans-1,3-Dichloropropene < 0.50 0.50
ug/L1,1,2-Trichloroethane < 0.50 0.50
ug/L1.3Tetrachloroethene 0.50
ug/LDibromochloromethane < 0.50 0.50
ug/LChlorobenzene < 0.50 0.50
ug/LBromoform < 0.50 0.50
ug/L1,1,2,2-Tetrachloroethane < 0.50 0.50
ug/L1,3-Dichlorobenzene < 0.50 0.50
ug/L1,4-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dichlorobenzene < 0.50 0.50
ug/L1,2-Dibromoethane < 0.50 0.50

Parameter Value Units
Measured

MRL
1

% RecoveryToluene - d8 (Surr) 98.9
% Recovery4-Bromofluorobenzene (Surr) 102
% Recovery1,2-Dichloroethane-d4 (Surr) 101

2795 2nd Street, Suite 300 Davis, CA 95618  530-297-4800

Approved By:   

1)  MRL = Method reporting limit

Joel Kiff

2)  MRL raised due to interference



Project Name :

Project Number :

B&C
053-7020.45

Report Number : 58478

Date : 9/19/2007

Parameter Value Units
Analysis
Method

Date
Analyzed

Method

Limit
Measured

QC Report : Method Blank Data

Parameter Value Units
Analysis
Method

Date
Analyzed

Method

Limit
MeasuredReporting Reporting

< 0.50Benzene 0.50 ug/L EPA 8260B 9/15/2007
< 0.50Toluene 0.50 ug/L EPA 8260B 9/15/2007
< 0.50Ethylbenzene 0.50 ug/L EPA 8260B 9/15/2007
< 0.50Total Xylenes 0.50 ug/L EPA 8260B 9/15/2007

< 0.50Methyl-t-butyl ether (MTBE) 0.50 ug/L EPA 8260B 9/15/2007

< 50TPH as Gasoline 50 ug/L EPA 8260B 9/15/2007

< 0.50Chloromethane 0.50 ug/L EPA 8260B 9/15/2007
< 0.50Vinyl Chloride 0.50 ug/L EPA 8260B 9/15/2007
< 20Bromomethane 20 ug/L EPA 8260B 9/15/2007
< 0.50Chloroethane 0.50 ug/L EPA 8260B 9/15/2007
< 0.50Trichlorofluoromethane 0.50 ug/L EPA 8260B 9/15/2007
< 0.501,1-Dichloroethene 0.50 ug/L EPA 8260B 9/15/2007
< 5.0Methylene Chloride 5.0 ug/L EPA 8260B 9/15/2007
< 0.50trans-1,2-Dichloroethene 0.50 ug/L EPA 8260B 9/15/2007
< 0.501,1-Dichloroethane 0.50 ug/L EPA 8260B 9/15/2007
< 0.50cis-1,2-Dichloroethene 0.50 ug/L EPA 8260B 9/15/2007
< 0.50Chloroform 0.50 ug/L EPA 8260B 9/15/2007
< 0.501,1,1-Trichloroethane 0.50 ug/L EPA 8260B 9/15/2007
< 0.501,2-Dichloroethane 0.50 ug/L EPA 8260B 9/15/2007
< 0.50Carbon Tetrachloride 0.50 ug/L EPA 8260B 9/15/2007
< 0.50Trichloroethene 0.50 ug/L EPA 8260B 9/15/2007
< 0.501,2-Dichloropropane 0.50 ug/L EPA 8260B 9/15/2007
< 0.50Bromodichloromethane 0.50 ug/L EPA 8260B 9/15/2007
< 0.50cis-1,3-Dichloropropene 0.50 ug/L EPA 8260B 9/15/2007
< 0.50trans-1,3-Dichloropropene 0.50 ug/L EPA 8260B 9/15/2007
< 0.501,1,2-Trichloroethane 0.50 ug/L EPA 8260B 9/15/2007
< 0.50Tetrachloroethene 0.50 ug/L EPA 8260B 9/15/2007
< 0.50Dibromochloromethane 0.50 ug/L EPA 8260B 9/15/2007
< 0.50Chlorobenzene 0.50 ug/L EPA 8260B 9/15/2007
< 0.50Bromoform 0.50 ug/L EPA 8260B 9/15/2007
< 0.501,1,2,2-Tetrachloroethane 0.50 ug/L EPA 8260B 9/15/2007
< 0.501,3-Dichlorobenzene 0.50 ug/L EPA 8260B 9/15/2007
< 0.501,4-Dichlorobenzene 0.50 ug/L EPA 8260B 9/15/2007
< 0.501,2-Dichlorobenzene 0.50 ug/L EPA 8260B 9/15/2007
< 0.501,2-Dibromoethane 0.50 ug/L EPA 8260B 9/15/2007

99.3Toluene - d8 (Surr) % EPA 8260B 9/15/2007
1024-Bromofluorobenzene (Surr) % EPA 8260B 9/15/2007
99.41,2-Dichloroethane-d4 (Surr) % EPA 8260B 9/15/2007

< 0.50Benzene 0.50 ug/L EPA 8260B 9/17/2007
< 0.50Toluene 0.50 ug/L EPA 8260B 9/17/2007
< 0.50Ethylbenzene 0.50 ug/L EPA 8260B 9/17/2007
< 0.50Total Xylenes 0.50 ug/L EPA 8260B 9/17/2007

< 0.50Methyl-t-butyl ether (MTBE) 0.50 ug/L EPA 8260B 9/17/2007

< 50TPH as Gasoline 50 ug/L EPA 8260B 9/17/2007

< 0.50Chloromethane 0.50 ug/L EPA 8260B 9/17/2007
< 0.50Vinyl Chloride 0.50 ug/L EPA 8260B 9/17/2007
< 20Bromomethane 20 ug/L EPA 8260B 9/17/2007
< 0.50Chloroethane 0.50 ug/L EPA 8260B 9/17/2007
< 0.50Trichlorofluoromethane 0.50 ug/L EPA 8260B 9/17/2007
< 0.501,1-Dichloroethene 0.50 ug/L EPA 8260B 9/17/2007
< 5.0Methylene Chloride 5.0 ug/L EPA 8260B 9/17/2007
< 0.50trans-1,2-Dichloroethene 0.50 ug/L EPA 8260B 9/17/2007
< 0.501,1-Dichloroethane 0.50 ug/L EPA 8260B 9/17/2007
< 0.50cis-1,2-Dichloroethene 0.50 ug/L EPA 8260B 9/17/2007
< 0.50Chloroform 0.50 ug/L EPA 8260B 9/17/2007
< 0.501,1,1-Trichloroethane 0.50 ug/L EPA 8260B 9/17/2007
< 0.501,2-Dichloroethane 0.50 ug/L EPA 8260B 9/17/2007
< 0.50Carbon Tetrachloride 0.50 ug/L EPA 8260B 9/17/2007
< 0.50Trichloroethene 0.50 ug/L EPA 8260B 9/17/2007
< 0.501,2-Dichloropropane 0.50 ug/L EPA 8260B 9/17/2007
< 0.50Bromodichloromethane 0.50 ug/L EPA 8260B 9/17/2007
< 0.50cis-1,3-Dichloropropene 0.50 ug/L EPA 8260B 9/17/2007
< 0.50trans-1,3-Dichloropropene 0.50 ug/L EPA 8260B 9/17/2007
< 0.501,1,2-Trichloroethane 0.50 ug/L EPA 8260B 9/17/2007
< 0.50Tetrachloroethene 0.50 ug/L EPA 8260B 9/17/2007
< 0.50Dibromochloromethane 0.50 ug/L EPA 8260B 9/17/2007
< 0.50Chlorobenzene 0.50 ug/L EPA 8260B 9/17/2007
< 0.50Bromoform 0.50 ug/L EPA 8260B 9/17/2007
< 0.501,1,2,2-Tetrachloroethane 0.50 ug/L EPA 8260B 9/17/2007

2795 2nd Street, Suite 300 Davis, CA 95618  530-297-4800

Approved By:   
KIFF ANALYTICAL, LLC

Joel Kiff



Project Name :

Project Number :

B&C
053-7020.45

Report Number : 58478

Date : 9/19/2007

Parameter Value Units
Analysis
Method

Date
Analyzed

Method

Limit
Measured

QC Report : Method Blank Data

Parameter Value Units
Analysis
Method

Date
Analyzed

Method

Limit
MeasuredReporting Reporting

< 0.501,3-Dichlorobenzene 0.50 ug/L EPA 8260B 9/17/2007
< 0.501,4-Dichlorobenzene 0.50 ug/L EPA 8260B 9/17/2007
< 0.501,2-Dichlorobenzene 0.50 ug/L EPA 8260B 9/17/2007
< 0.501,2-Dibromoethane 0.50 ug/L EPA 8260B 9/17/2007

98.8Toluene - d8 (Surr) % EPA 8260B 9/17/2007
1024-Bromofluorobenzene (Surr) % EPA 8260B 9/17/2007
1001,2-Dichloroethane-d4 (Surr) % EPA 8260B 9/17/2007

2795 2nd Street, Suite 300 Davis, CA 95618  530-297-4800

Approved By:   
KIFF ANALYTICAL, LLC

Joel Kiff



Parameter Value Units Method Analyzed

Project Name :

Project Number :

B&C
053-7020.45

Report Number : 58478

Date : 9/19/2007

Spiked
Sample

Sample Spike 
Level

Spike
Dup.
Level

Spiked 
Sample
Value

Spiked 
Sample
Value

Duplicate

Percent 

Spiked 
Sample

Recov.
Percent 

Spiked 
Sample

Recov.

Duplicate

Relative
Percent
Diff.

Percent 

Spiked 
Sample

Recov.
Limit

Relative
Percent
Diff.
Limit

Analysis Date

QC Report : Matrix Spike/ Matrix Spike Duplicate

58501-04Benzene <0.50 ug/L EPA 8260B 9/15/0740.0 40.0 36.3 35.2 90.7 87.9 3.11 70-130 25
58501-04Toluene <0.50 ug/L EPA 8260B 9/15/0740.0 40.0 31.8 31.6 79.5 78.9 0.730 70-130 25
58501-04Tert-Butanol <5.0 ug/L EPA 8260B 9/15/07200 200 182 186 91.1 92.9 1.96 70-130 25
58501-04Methyl-t-Butyl Ether <0.50 ug/L EPA 8260B 9/15/0740.0 40.0 37.6 37.6 94.1 93.9 0.178 70-130 25

58494-03Benzene <0.50 ug/L EPA 8260B 9/17/0740.0 40.0 41.6 40.3 104 101 3.13 70-130 25
58494-03Toluene <0.50 ug/L EPA 8260B 9/17/0740.0 40.0 41.3 40.2 103 100 2.76 70-130 25
58494-03Tert-Butanol <5.0 ug/L EPA 8260B 9/17/07200 200 206 205 103 103 0.299 70-130 25
58494-03Methyl-t-Butyl Ether <0.50 ug/L EPA 8260B 9/17/0740.0 40.0 41.7 41.0 104 102 1.62 70-130 25

2795 2nd Street, Suite 300 Davis, CA 95618  530-297-4800

Approved By:   
KIFF ANALYTICAL, LLC

Joel Kiff



Parameter Units Method Analyzed

Project Name :

Project Number :

B&C
053-7020.45

Report Number : 58478

Date : 9/19/2007

Spike 
Level

Percent 
Recov.

Percent 
Recov.
Limit

Analysis Date

QC Report : Laboratory Control Sample (LCS)

LCS
LCS

Benzene ug/L EPA 8260B 9/15/0740.0 96.8 70-130
Toluene ug/L EPA 8260B 9/15/0740.0 101 70-130
Tert-Butanol ug/L EPA 8260B 9/15/07200 104 70-130
Methyl-t-Butyl Ether ug/L EPA 8260B 9/15/0740.0 99.4 70-130

Benzene ug/L EPA 8260B 9/17/0740.0 99.8 70-130
Toluene ug/L EPA 8260B 9/17/0740.0 102 70-130
Tert-Butanol ug/L EPA 8260B 9/17/07200 99.6 70-130
Methyl-t-Butyl Ether ug/L EPA 8260B 9/17/0740.0 99.2 70-130

2795 2nd Street, Suite 300 Davis, CA 95618  530-297-4800

Approved By:   KIFF ANALYTICAL, LLC Joel Kiff





Golder Associates, Inc.
1009 Enterprise Way  Suite 350
Roseville, CA 95678

BNC
053-7020.43

Project Name :
Project Number :

Dear Mr. Naugle,

Chemical analysis of the samples referenced above has been completed.  Summaries of the data are contained 

on the following pages.  Sample(s) were received under documented chain-of-custody.  US EPA protocols for 

sample storage and preservation were followed.

Kiff Analytical is certified by the State of California (# 2236).  If you have any questions regarding procedures 

or results, please call me at 530-297-4800.

Sincerely,

Mark Naugle

Report Number : 58259

Date : 9/5/2007

Subject : 9 Soil Samples

Joel Kiff

2795 2nd St., Suite 300  Davis, CA 95616   530-297-4800



Project Name :

Project Number :

BNC
053-7020.43

Report Number : 58259

Date : 9/5/2007

SP-2 (43')

8/20/2007

Parameter Value Units
Analysis
Method

Date
Analyzed

Method
Reporting
Limit

Measured

Sample :

Sample Date : 

SoilMatrix : 58259-01Lab Number :
 

Benzene < 0.025 0.025 mg/Kg EPA 8260B 9/1/2007
Toluene < 0.025 0.025 mg/Kg EPA 8260B 9/1/2007
Ethylbenzene 0.72 0.025 mg/Kg EPA 8260B 9/1/2007
Total Xylenes 2.0 0.025 mg/Kg EPA 8260B 9/1/2007
Methyl-t-butyl ether (MTBE) < 0.025 0.025 mg/Kg EPA 8260B 9/1/2007

TPH as Gasoline 71 2.5 mg/Kg EPA 8260B 9/1/2007

102Toluene - d8 (Surr) % Recovery EPA 8260B 9/1/2007
1014-Bromofluorobenzene (Surr) % Recovery EPA 8260B 9/1/2007

SP-5 (45')

8/21/2007

Parameter Value Units
Analysis
Method

Date
Analyzed

Method
Reporting
Limit

Measured

Sample :

Sample Date : 

SoilMatrix : 58259-02Lab Number :
 

Benzene 0.070 0.040 mg/Kg EPA 8260B 9/1/2007
Toluene 0.059 0.040 mg/Kg EPA 8260B 9/1/2007
Ethylbenzene 4.5 0.040 mg/Kg EPA 8260B 9/1/2007
Total Xylenes 3.5 0.040 mg/Kg EPA 8260B 9/1/2007
Methyl-t-butyl ether (MTBE) < 0.040 0.040 mg/Kg EPA 8260B 9/1/2007

TPH as Gasoline 290 4.0 mg/Kg EPA 8260B 9/1/2007

93.9Toluene - d8 (Surr) % Recovery EPA 8260B 9/1/2007
1014-Bromofluorobenzene (Surr) % Recovery EPA 8260B 9/1/2007

Approved By: Joel Kiff
2795 2nd St., Suite 300  Davis, CA 95616   530-297-4800



Project Name :

Project Number :

BNC
053-7020.43

Report Number : 58259

Date : 9/5/2007

SP-1 (40')

8/22/2007

Parameter Value Units
Analysis
Method

Date
Analyzed

Method
Reporting
Limit

Measured

Sample :

Sample Date : 

SoilMatrix : 58259-03Lab Number :
 

Benzene < 0.050 0.050 mg/Kg EPA 8260B 9/1/2007
Toluene 0.056 0.050 mg/Kg EPA 8260B 9/1/2007
Ethylbenzene 4.7 0.050 mg/Kg EPA 8260B 9/1/2007
Total Xylenes 18 0.050 mg/Kg EPA 8260B 9/1/2007
Methyl-t-butyl ether (MTBE) < 0.050 0.050 mg/Kg EPA 8260B 9/1/2007

TPH as Gasoline 260 5.0 mg/Kg EPA 8260B 9/1/2007

98.0Toluene - d8 (Surr) % Recovery EPA 8260B 9/1/2007
87.24-Bromofluorobenzene (Surr) % Recovery EPA 8260B 9/1/2007

SVE-1 (10')

8/24/2007

Parameter Value Units
Analysis
Method

Date
Analyzed

Method
Reporting
Limit

Measured

Sample :

Sample Date : 

SoilMatrix : 58259-04Lab Number :
 

Benzene < 0.0050 0.0050 mg/Kg EPA 8260B 8/31/2007
Toluene < 0.0050 0.0050 mg/Kg EPA 8260B 8/31/2007
Ethylbenzene < 0.0050 0.0050 mg/Kg EPA 8260B 8/31/2007
Total Xylenes < 0.0050 0.0050 mg/Kg EPA 8260B 8/31/2007
Methyl-t-butyl ether (MTBE) 0.0083 0.0050 mg/Kg EPA 8260B 8/31/2007

TPH as Gasoline < 1.0 1.0 mg/Kg EPA 8260B 8/31/2007

100Toluene - d8 (Surr) % Recovery EPA 8260B 8/31/2007
97.64-Bromofluorobenzene (Surr) % Recovery EPA 8260B 8/31/2007

Approved By: Joel Kiff
2795 2nd St., Suite 300  Davis, CA 95616   530-297-4800



Project Name :

Project Number :

BNC
053-7020.43

Report Number : 58259

Date : 9/5/2007

SVE-1 (15')

8/24/2007

Parameter Value Units
Analysis
Method

Date
Analyzed

Method
Reporting
Limit

Measured

Sample :

Sample Date : 

SoilMatrix : 58259-05Lab Number :
 

Benzene < 0.0050 0.0050 mg/Kg EPA 8260B 9/1/2007
Toluene < 0.0050 0.0050 mg/Kg EPA 8260B 9/1/2007
Ethylbenzene < 0.0050 0.0050 mg/Kg EPA 8260B 9/1/2007
Total Xylenes < 0.0050 0.0050 mg/Kg EPA 8260B 9/1/2007
Methyl-t-butyl ether (MTBE) < 0.0050 0.0050 mg/Kg EPA 8260B 9/1/2007

TPH as Gasoline < 1.0 1.0 mg/Kg EPA 8260B 9/1/2007

102Toluene - d8 (Surr) % Recovery EPA 8260B 9/1/2007
96.84-Bromofluorobenzene (Surr) % Recovery EPA 8260B 9/1/2007

SVE-1 (20')

8/24/2007

Parameter Value Units
Analysis
Method

Date
Analyzed

Method
Reporting
Limit

Measured

Sample :

Sample Date : 

SoilMatrix : 58259-06Lab Number :
 

Benzene < 0.0050 0.0050 mg/Kg EPA 8260B 9/1/2007
Toluene < 0.0050 0.0050 mg/Kg EPA 8260B 9/1/2007
Ethylbenzene < 0.0050 0.0050 mg/Kg EPA 8260B 9/1/2007
Total Xylenes < 0.0050 0.0050 mg/Kg EPA 8260B 9/1/2007
Methyl-t-butyl ether (MTBE) < 0.0050 0.0050 mg/Kg EPA 8260B 9/1/2007

TPH as Gasoline < 1.0 1.0 mg/Kg EPA 8260B 9/1/2007

100Toluene - d8 (Surr) % Recovery EPA 8260B 9/1/2007
94.74-Bromofluorobenzene (Surr) % Recovery EPA 8260B 9/1/2007

Approved By: Joel Kiff
2795 2nd St., Suite 300  Davis, CA 95616   530-297-4800



Project Name :

Project Number :

BNC
053-7020.43

Report Number : 58259

Date : 9/5/2007

SVE-1 (25')

8/24/2007

Parameter Value Units
Analysis
Method

Date
Analyzed

Method
Reporting
Limit

Measured

Sample :

Sample Date : 

SoilMatrix : 58259-07Lab Number :
 

Benzene 0.028 0.0050 mg/Kg EPA 8260B 9/1/2007
Toluene < 0.0050 0.0050 mg/Kg EPA 8260B 9/1/2007
Ethylbenzene 0.16 0.0050 mg/Kg EPA 8260B 9/1/2007
Total Xylenes 0.099 0.0050 mg/Kg EPA 8260B 9/1/2007
Methyl-t-butyl ether (MTBE) 1.6 0.0050 mg/Kg EPA 8260B 9/1/2007

TPH as Gasoline 6.6 1.0 mg/Kg EPA 8260B 9/1/2007

100Toluene - d8 (Surr) % Recovery EPA 8260B 9/1/2007
95.44-Bromofluorobenzene (Surr) % Recovery EPA 8260B 9/1/2007

SP-6 (35')

8/24/2007

Parameter Value Units
Analysis
Method

Date
Analyzed

Method
Reporting
Limit

Measured

Sample :

Sample Date : 

SoilMatrix : 58259-08Lab Number :
 

Benzene 0.058 0.0050 mg/Kg EPA 8260B 9/1/2007
Toluene < 0.0050 0.0050 mg/Kg EPA 8260B 9/1/2007
Ethylbenzene 0.070 0.0050 mg/Kg EPA 8260B 9/1/2007
Total Xylenes 0.015 0.0050 mg/Kg EPA 8260B 9/1/2007
Methyl-t-butyl ether (MTBE) 0.052 0.0050 mg/Kg EPA 8260B 9/1/2007

TPH as Gasoline 2.8 1.0 mg/Kg EPA 8260B 9/1/2007

99.7Toluene - d8 (Surr) % Recovery EPA 8260B 9/1/2007
94.14-Bromofluorobenzene (Surr) % Recovery EPA 8260B 9/1/2007

Approved By: Joel Kiff
2795 2nd St., Suite 300  Davis, CA 95616   530-297-4800



Project Name :

Project Number :

BNC
053-7020.43

Report Number : 58259

Date : 9/5/2007

SP-3 (35')

8/24/2007

Parameter Value Units
Analysis
Method

Date
Analyzed

Method
Reporting
Limit

Measured

Sample :

Sample Date : 

SoilMatrix : 58259-09Lab Number :
 

Benzene < 0.0050 0.0050 mg/Kg EPA 8260B 9/1/2007
Toluene < 0.0050 0.0050 mg/Kg EPA 8260B 9/1/2007
Ethylbenzene 0.019 0.0050 mg/Kg EPA 8260B 9/1/2007
Total Xylenes < 0.0050 0.0050 mg/Kg EPA 8260B 9/1/2007
Methyl-t-butyl ether (MTBE) < 0.0050 0.0050 mg/Kg EPA 8260B 9/1/2007

TPH as Gasoline 4.4 1.0 mg/Kg EPA 8260B 9/1/2007

100Toluene - d8 (Surr) % Recovery EPA 8260B 9/1/2007
94.74-Bromofluorobenzene (Surr) % Recovery EPA 8260B 9/1/2007

Approved By: Joel Kiff
2795 2nd St., Suite 300  Davis, CA 95616   530-297-4800



Project Name :

Project Number :

BNC
053-7020.43

Report Number : 58259

Date : 9/5/2007

Parameter Value Units
Analysis
Method

Date
Analyzed

Method

Limit
Measured

QC Report : Method Blank Data

Parameter Value Units
Analysis
Method

Date
Analyzed

Method

Limit
MeasuredReporting Reporting

< 0.0050Benzene 0.0050 mg/Kg EPA 8260B 8/31/2007
< 0.0050Toluene 0.0050 mg/Kg EPA 8260B 8/31/2007
< 0.0050Ethylbenzene 0.0050 mg/Kg EPA 8260B 8/31/2007
< 0.0050Total Xylenes 0.0050 mg/Kg EPA 8260B 8/31/2007
< 0.0050Methyl-t-butyl ether (MTBE) 0.0050 mg/Kg EPA 8260B 8/31/2007

< 1.0TPH as Gasoline 1.0 mg/Kg EPA 8260B 8/31/2007

101Toluene - d8 (Surr) % EPA 8260B 8/31/2007
99.74-Bromofluorobenzene (Surr) % EPA 8260B 8/31/2007

< 0.0050Benzene 0.0050 mg/Kg EPA 8260B 9/1/2007
< 0.0050Toluene 0.0050 mg/Kg EPA 8260B 9/1/2007
< 0.0050Ethylbenzene 0.0050 mg/Kg EPA 8260B 9/1/2007
< 0.0050Total Xylenes 0.0050 mg/Kg EPA 8260B 9/1/2007
< 0.0050Methyl-t-butyl ether (MTBE) 0.0050 mg/Kg EPA 8260B 9/1/2007

< 1.0TPH as Gasoline 1.0 mg/Kg EPA 8260B 9/1/2007

99.8Toluene - d8 (Surr) % EPA 8260B 9/1/2007
97.94-Bromofluorobenzene (Surr) % EPA 8260B 9/1/2007

2795 2nd Street, Suite 300 Davis, CA 95618  530-297-4800

Approved By:   
KIFF ANALYTICAL, LLC

Joel Kiff



Parameter Value Units Method Analyzed

Project Name :

Project Number :

BNC
053-7020.43

Report Number : 58259

Date : 9/5/2007

Spiked
Sample

Sample Spike 
Level

Spike
Dup.
Level

Spiked 
Sample
Value

Spiked 
Sample
Value

Duplicate

Percent 

Spiked 
Sample

Recov.
Percent 

Spiked 
Sample

Recov.

Duplicate

Relative
Percent
Diff.

Percent 

Spiked 
Sample

Recov.
Limit

Relative
Percent
Diff.
Limit

Analysis Date

QC Report : Matrix Spike/ Matrix Spike Duplicate

58259-04Benzene <0.0050 mg/Kg EPA 8260B 9/1/070.0399 0.0399 0.0416 0.0407 104 102 2.17 70-130 25
58259-04Toluene <0.0050 mg/Kg EPA 8260B 9/1/070.0399 0.0399 0.0401 0.0389 100 97.4 3.01 70-130 25
58259-04Tert-Butanol 0.016 mg/Kg EPA 8260B 9/1/070.200 0.200 0.218 0.211 101 97.7 3.66 70-130 25
58259-04Methyl-t-Butyl Ether 0.0083 mg/Kg EPA 8260B 9/1/070.0399 0.0399 0.0416 0.0395 83.3 78.2 6.30 70-130 25

58249-05Benzene <0.0050 mg/Kg EPA 8260B 9/1/070.0399 0.0399 0.0414 0.0425 104 106 2.69 70-130 25
58249-05Toluene <0.0050 mg/Kg EPA 8260B 9/1/070.0399 0.0399 0.0408 0.0422 102 106 3.54 70-130 25
58249-05Tert-Butanol <0.0050 mg/Kg EPA 8260B 9/1/070.200 0.200 0.183 0.182 91.6 91.4 0.241 70-130 25
58249-05Methyl-t-Butyl Ether <0.0050 mg/Kg EPA 8260B 9/1/070.0399 0.0399 0.0392 0.0405 98.2 102 3.28 70-130 25

2795 2nd Street, Suite 300 Davis, CA 95618  530-297-4800

Approved By:   
KIFF ANALYTICAL, LLC

Joel Kiff



Parameter Units Method Analyzed

Project Name :

Project Number :

BNC
053-7020.43

Report Number : 58259

Date : 9/5/2007

Spike 
Level

Percent 
Recov.

Percent 
Recov.
Limit

Analysis Date

QC Report : Laboratory Control Sample (LCS)

LCS
LCS

Benzene mg/Kg EPA 8260B 8/31/070.0394 112 70-130
Toluene mg/Kg EPA 8260B 8/31/070.0394 111 70-130
Tert-Butanol mg/Kg EPA 8260B 8/31/070.197 96.6 70-130
Methyl-t-Butyl Ether mg/Kg EPA 8260B 8/31/070.0394 106 70-130

Benzene mg/Kg EPA 8260B 9/1/070.0398 110 70-130
Toluene mg/Kg EPA 8260B 9/1/070.0398 108 70-130
Tert-Butanol mg/Kg EPA 8260B 9/1/070.199 94.9 70-130
Methyl-t-Butyl Ether mg/Kg EPA 8260B 9/1/070.0398 101 70-130

2795 2nd Street, Suite 300 Davis, CA 95618  530-297-4800

Approved By:   KIFF ANALYTICAL, LLC Joel Kiff





McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

September 18, 2007

Dear Mark:

WorkOrder: 0709259

Client Project ID:   #053-7020/45; B&CGolder Associates Inc.

2580 Wayndotte Street, Suite G

Mountain View, CA  94043
Client Contact: Mark Naugle

Client P.O.:

Date Sampled: 09/12/07

Date Received: 09/12/07

Date Reported: 09/18/07

Date Completed: 09/18/07

All analyses were completed satisfactorily and all QC samples were found to be within our control limits. 

If you have any questions please contact me.  McCampbell Analytical Laboratories strives for excellence 

in quality, service and cost.  Thank you for your business and I look forward to working with you again.

     
                                                                                                                     
          
                                                                                                                Best regards,

Enclosed are:

2). a QC report for the above sample

4). a bill for analytical services.

3). a copy of the chain of custody, and

#053-7020/45; B&C  project,1). the results of analyzed sample from your1

Angela Rydelius, Lab Manager





McCampbell Analytical, Inc.
1534 Willow Pass Rd

Pittsburg, CA 94565-1701
(925) 252-9262

CHAIN-OF-CUSTODY RECORD Page 

Sample ID Matrix Collection Date Hold
Requested Tests (See legend below)

Report to:

Mark Naugle

2580 Wayndotte Street, Suite G
Mountain View, CA  94043

TEL: (650)386-382 FAX: (650) 386-381

PO: 09/18/2007

ClientSampID

ProjectNo: #053-7020/45; B&C

WorkOrder: 0709259

1 of 1

Date Printed:
Date Received 09/12/2007

1 2 3 4 5 6 7 8 9 10 11 12

Golder Associates Inc.

Bill t

Accounts Payable
Golder Associates Inc.
2580 Wyandotte Street, Suite G
Mountain View, CA 94043

Requested TAT: 5 days

ClientID: GAMV

Email: mnaugle@golder.com

EDF Fax Email HardCopy ThirdPartyExcel

D0709259-001 Water 9/12/2007 7:30:00 SP-4B E F A B C A

Prepared by:  Chloe Lam

NOTE:  Samples are discarded 60 days after results are reported unless other arrangements are made.  Hazardous samples will be returned to client or disposed of at client expense.

Comments:

218_6_W 300_1_W 300_1SPE_W 552_2_W 8315A_W

METALSMS_DISS PREDF REPORT

1 2 3 4 5

6 7 8 9 10

Test Legend:

11 12



Sample Receipt Checklist

McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

Client Name: Golder  Associates Inc.

WorkOrder N°: 0709259

Date and Time Received: 9/12/2007 4:31:10 PM

Checklist completed and reviewed by: Chloe Lam

Matrix Water Carrier: Client Drop-In

Shipping container/cooler in good condition? Yes No

Custody seals intact on shipping container/cooler? Yes No NA

Chain of custody present? Yes No

Chain of custody signed when relinquished and received? Yes No

Chain of custody agrees with sample labels? Yes No

Samples in proper containers/bottles? Yes No

Sample containers intact? Yes No

Sufficient sample volume for indicated test? Yes No

All samples received within holding time? Yes No

NAContainer/Temp Blank temperature

Yes No No VOA vials submittedWater - VOA vials have zero headspace / no bubbles?

TTLC Metal - pH acceptable upon receipt (pH<2)? Yes No NA

Cooler Temp: 11.8°C

Chain of Custody (COC) Information

Yes NoSample IDs noted by Client on COC?

Yes NoDate and Time of collection noted by Client on COC?

Yes NoSampler's name noted on COC?

Sample Receipt Information

Sample Preservation and Hold Time (HT) Information

Sample labels checked for correct preservation? Yes No

Project Name: #053-7020/45; B&C

Client contacted: Date contacted: Contacted by:

Comments:



Client Project ID:   #053-7020/45; B&CGolder Associates Inc.

2580 Wayndotte Street, Suite G

Mountain View, CA 94043
Client Contact: Mark Naugle

Client P.O.:

Date Sampled: 09/12/07

Date Received: 09/12/07

Date Extracted: 09/12/07

Date Analyzed 09/12/07

Analytical Method:

Hexachrome by IC*
E218.6

Lab ID Matrix DFClient ID

Work Order: 0709259

Hexachrome

McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

SP-4B ND 10709259-001D W

DHS ELAP Certification N° 1644 Angela Rydelius, Lab Manager

Method Accuracy and Reporting Units
W

S

* water samples are reported in µg/L.

N/A means surrogate not applicable to this analysis; # surrogate diluted out of range or surrogate coelutes with another peak.

h) a lighter than water immiscible sheen/product is present; i) liquid sample that contains greater than ~1 vol. % sediment; j) sample diluted due 
to matrix interference; p) see attached narrative.

0.2 µg/L

NA

Reporting Limit for DF = 1; ND means not detected at 
or above the reporting limit



 Bromide    

Inorganic Anions by IC*

Client Project ID:   #053-7020/45; B&CGolder Associates Inc.

2580 Wayndotte Street, Suite G

Mountain View, CA 94043
Client Contact: Mark Naugle

Client P.O.:

Date Sampled: 09/12/07

Date Received: 09/12/07

Date Extracted: 09/12/07

Date Analyzed 09/14/07

Work Order: 0709259Analytical methods: E300.1

Lab ID Client ID Matrix DF % SS

McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

SP-4B 0.810709259-001E W 1 108

DHS ELAP Certification N° 1644 Angela Rydelius, Lab Manager

Reporting Limit for DF =1;
ND means not detected at or

 above the reporting limit

W

S

0.1

NA

mg/L

NA

* water samples are reported in mg/L, soil/sludge/solid samples in mg/kg, wipe samples in mg/wipe, product/oil/non-aqueous liquid samples in 
mg/L.

* [Nitrate as NO3¯] = 4.4286 x [Nitrate as N] 

# surrogate diluted out of range or surrogate coelutes with another peak; N/A means surrogate not applicable to this analysis.

h) a lighter than water immiscible sheen/product is present; i) liquid sample that contains greater than ~1 vol. % sediment; j) sample 
diluted/reporting limit raised due to high inorganic content/matrix interference; k) sample arrived with head space.



 Bromate    

Disinfection Byproduct*

Client Project ID:   #053-7020/45; B&CGolder Associates Inc.

2580 Wayndotte Street, Suite G

Mountain View, CA 94043
Client Contact: Mark Naugle

Client P.O.:

Date Sampled: 09/12/07

Date Received: 09/12/07

Date Extracted: 09/12/07

Date Analyzed 09/13/07

Work Order: 0709259Analytical methods: E300.1

Lab ID Client ID Matrix DF % SS

McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

SP-4B ND0709259-001F W 1 N/A

DHS ELAP Certification N° 1644 Angela Rydelius, Lab Manager

Reporting Limit for DF =1;
ND means not detected at or

 above the reporting limit

W

S

0.005

NA

mg/L

NA

* water samples are reported in mg/L, soil/sludge/solid samples in mg/kg, wipe samples in mg/wipe, product/oil/non-aqueous liquid samples in 
mg/L.

# surrogate diluted out of range or surrogate coelutes with another peak; N/A means surrogate not applicable to this analysis.

h) a lighter than water immiscible sheen/product is present; i) liquid sample that contains greater than ~1 vol. % sediment; j) sample 
diluted/reporting limit raised due to high inorganic content/matrix interference; k) sample arrived with head space.



Client Project ID:   #053-7020/45; B&CGolder Associates Inc.

2580 Wayndotte Street, Suite G

Mountain View, CA 94043
Client Contact: Mark Naugle

Client P.O.:

Date Sampled: 09/12/07

Date Received: 09/12/07

Date Extracted: 09/12/07

Date Analyzed 09/13/07

0709259-001A

SP-4B

Lab ID

Client ID

W

1

Matrix

DF

Reporting Limit for 
DF =1

S W

Extraction Method: Analytical Method:

Haloacetic Acids by GC-ECD*
E552.2E552.2 Work Order: 0709259

ug/kg µg/LCompound Concentration

McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

Dibromoacetic acid (DBAA) ND NA 0.5

Dichloroacetic acid (DCAA) ND NA 0.5

Monobromoacetic acid (MBAA) ND NA 0.5

Monochloroacetic acid (MCAA) ND NA 1.0

Trichloroacetic acid (TCAA) ND NA 0.5

Total HAAs ND NA 3.0

 Comments  

* water samples are reported in µg/L, soil/sludge/solid samples in mg/kg, wipe samples in µg/wipe, product/oil/non-aqueous liquid samples in mg/L.
 
# surrogate peak coelutes with a non-target peak, or; surrogate peak is on elevated baseline, or; surrogate has been diminished by dilution of 
original extract.

ND means not detected above the reporting limit; N/A means analyte not applicable to this analysis.

h) a lighter than water immiscible sheen/product is present; i) liquid sample that contains >~1 vol. % sediment; j) sample diluted due to high 
organic content/matrix interference/cluttered chromatogram; k) results reported on a dry weight basis; m) low surrogate recovery due to matrix 
interference; p) see attached narrative.

Surrogate Recoveries (%)

   %SS: 95

DHS ELAP Certification N° 1644 Angela Rydelius, Lab Manager



Lab ID FormaldehydeClient ID Matrix DF % SS

Carbonyls by HPLC*

Client Project ID:   #053-7020/45; B&CGolder Associates Inc.

2580 Wayndotte Street, Suite G

Mountain View, CA 94043
Client Contact: Mark Naugle

Client P.O.:

Date Sampled: 09/12/07

Date Received: 09/12/07

Date Extracted: 09/12/07

Date Analyzed 09/13/07

Work Order: 0709259Extraction method SW8315A Analytical methods SW8315A

McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

SP-4B ND0709259-001B W 1 N/A

DHS ELAP Certification N° 1644 Angela Rydelius, Lab Manager

Reporting Limit for DF =1;
ND means not detected at or

 above the reporting limit

W

S

5.0

NA

µg/L

NA

* water samples in µg/L, soil/sludge/solid samples in mg/kg, wipe samples in µg/wipe, product/oil/non-aqueous liquid samples and all TCLP & 
SPLP extracts are reported in mg/L.

ND means not detected above the reporting limit; N/A means analyte not applicable to this analysis.

# surrogate diluted out of range or surrogate coelutes with another peak.

h) lighter than water immiscible sheen/product is present; i) liquid sample that contains greater than ~1 vol. % sediment; j) sample diluted due to 
high organic content; p) see attached narrative.



Lab ID ChromiumClient ID Matrix DF % SS

Metals*

Client Project ID:   #053-7020/45; B&CGolder Associates Inc.

2580 Wayndotte Street, Suite G

Mountain View, CA 94043
Client Contact: Mark Naugle

Client P.O.:

Date Sampled: 09/12/07

Date Received: 09/12/07

Date Extracted: 09/12/07

Date Analyzed 09/13/07

Work Order: 0709259Extraction method E200.8 Analytical methods E200.8

Extraction Type

McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

SP-4B 2.40709259-001C W 1 N/ADISS.

DHS ELAP Certification N° 1644 Angela Rydelius, Lab Manager

Reporting Limit for DF =1;
ND means not detected at or

 above the reporting limit

W

S

0.5

NA

µg/L

mg/Kg

*water samples are reported in µg/L, product/oil/non-aqueous liquid samples and all TCLP / STLC / DISTLC / SPLP extracts are reported in 
mg/L, soil/sludge/solid samples in mg/kg, wipe samples in µg/wipe, filter samples in µg/filter.

# means surrogate diluted out of range; ND means not detected above the reporting limit; N/A means not applicable to this sample or 
instrument.

TOTAL = acid digestion.

WET = Waste Extraction Test (STLC).

DI WET = Waste Extraction Test using de-ionized water.

i) aqueous sample containing greater than ~1 vol. % sediment; for DISSOLVED metals, this sample has been preserved prior to filtration; for 
TOTAL^ metals, a representative sediment-water mixture was digested; j) reporting limit raised due to insufficient sample amount; k) reporting 
limit raised due to matrix interference; m) estimated value due to low/high surrrogate recovery; n) results are reported on a dry weight basis; p) 
see attached narrative.

DISS.

TOTAL^



QC SUMMARY REPORT FOR E300.1

McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

EPA Method E300.1 Extraction E300.1 Spiked Sample ID: N/A

Sample Spiked MS

% Rec. % Rec. % Rec. % Rec.

MSD LCS LCSDMS-MSD

% RPD

LCS-LCSD

% RPD

WorkOrder 0709259W.O. Sample Matrix: Water

BatchID: 30511

MS / MSD

Acceptance Criteria (%)

LCS/LCSD
Analyte

QC Matrix: Water

RPD RPDmg/L mg/L

Bromate N/A 0.040 N/A N/A N/A 96.1 92.4 3.98 N/A 90 - 115N/A 10

All target compounds in the Method Blank of this extraction batch were ND less than the method RL with the following exceptions:

NONE

Sample ID Date Sampled Date Extracted Sample ID Date Sampled Date ExtractedDate Analyzed Date Analyzed

BATCH 30511 SUMMARY

0709259-001F 09/12/07 09/13/07 7:12 AM09/12/07 7:30 AM

MS = Matrix Spike; MSD = Matrix Spike Duplicate; LCS = Laboratory Control Sample; LCSD = Laboratory Control Sample Duplicate; RPD = Relative Percent Deviation.

% Recovery = 100 * (MS-Sample) / (Amount Spiked); RPD = 100 * (MS -  MSD) / ((MS + MSD) / 2).

MS / MSD spike recoveries and / or %RPD may fall outside of laboratory acceptance criteria due to one or more of the following reasons: a) the sample is inhomogenous AND 
contains significant concentrations of analyte relative to the amount spiked, or b) the spiked sample's matrix interferes with the spike recovery.

N/A = not applicable to this method.

NR = analyte concentration in sample exceeds spike amount for soil matrix or exceeds 2x spike amount for water matrix or sample diluted due to high matrix or analyte content.

DHS ELAP Certification N° 1644 QA/QC Officer



QC SUMMARY REPORT FOR E218.6

McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

EPA Method E218.6 Extraction E218.6 Spiked Sample ID: 0709248-001c

Sample Spiked MS

% Rec. % Rec. % Rec. % Rec.

MSD LCS LCSDMS-MSD

% RPD

LCS-LCSD

% RPD

WorkOrder 0709259W.O. Sample Matrix: Water

BatchID: 30557

MS / MSD

Acceptance Criteria (%)

LCS/LCSD
Analyte

QC Matrix: Water

RPD RPDµg/L µg/L

Hexachrome ND 25 92.3 94.3 2.19 93.8 93.2 0.642 90 - 110 90 - 11010 10

All target compounds in the Method Blank of this extraction batch were ND less than the method RL with the following exceptions:

NONE

Sample ID Date Sampled Date Extracted Sample ID Date Sampled Date ExtractedDate Analyzed Date Analyzed

BATCH 30557 SUMMARY

0709259-001D 09/12/07 09/12/07 6:56 PM09/12/07 7:30 AM

MS = Matrix Spike; MSD = Matrix Spike Duplicate; LCS = Laboratory Control Sample; LCSD = Laboratory Control Sample Duplicate; RPD = Relative Percent Deviation.

% Recovery = 100 * (MS-Sample) / (Amount Spiked); RPD = 100 * (MS -  MSD) / ((MS + MSD) / 2).

MS / MSD spike recoveries and / or %RPD may fall outside of laboratory acceptance criteria due to one or more of the following reasons: a) the sample is inhomogenous AND 
contains significant concentrations of analyte relative to the amount spiked, or b) the spiked sample's matrix interferes with the spike recovery.

N/A = not enough sample to perform matrix spike and matrix spike duplicate.

NR = analyte concentration in sample exceeds spike amount for soil matrix or exceeds 2x spike amount for water matrix or sample diluted due to high matrix or analyte content.

DHS ELAP Certification N° 1644 QA/QC Officer



QC SUMMARY REPORT FOR SW8315A

McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

EPA Method SW8315A Extraction SW8315A Spiked Sample ID: 0709259-001b

Sample Spiked MS

% Rec. % Rec. % Rec. % Rec.

MSD LCS LCSDMS-MSD

% RPD

LCS-LCSD

% RPD

WorkOrder 0709259W.O. Sample Matrix: Water

BatchID: 30572

MS / MSD

Acceptance Criteria (%)

LCS/LCSD
Analyte

QC Matrix: Water

RPD RPDµg/L µg/L

Formaldehyde ND 100 113 112 0.198 111 110 0.518 80 - 120 80 - 12020 20

All target compounds in the Method Blank of this extraction batch were ND less than the method RL with the following exceptions:

NONE

Sample ID Date Sampled Date Extracted Sample ID Date Sampled Date ExtractedDate Analyzed Date Analyzed

BATCH 30572 SUMMARY

0709259-001B 09/12/07 09/13/07 3:48 PM09/12/07 7:30 AM

MS = Matrix Spike; MSD = Matrix Spike Duplicate; LCS = Laboratory Control Sample; LCSD = Laboratory Control Sample Duplicate; RPD = Relative Percent Deviation.

% Recovery = 100 * (MS-Sample) / (Amount Spiked); RPD = 100 * (MS -  MSD) / ((MS + MSD) / 2).

MS / MSD spike recoveries and / or %RPD may fall outside of laboratory acceptance criteria due to one or more of the following reasons: a) the sample is inhomogenous AND 
contains significant concentrations of analyte relative to the amount spiked, or b) the spiked sample's matrix interferes with the spike recovery.

N/A = not enough sample to perform matrix spike and matrix spike duplicate.

NR = analyte concentration in sample exceeds spike amount for soil matrix or exceeds 2x spike amount for water matrix or sample diluted due to high matrix or analyte content.

DHS ELAP Certification N° 1644 QA/QC Officer



QC SUMMARY REPORT FOR E300.1

McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

EPA Method E300.1 Extraction E300.1 Spiked Sample ID: N/A

Sample Spiked MS

% Rec. % Rec. % Rec. % Rec.

MSD LCS LCSDMS-MSD

% RPD

LCS-LCSD

% RPD

WorkOrder 0709259W.O. Sample Matrix: Water

BatchID: 30562

MS / MSD

Acceptance Criteria (%)

LCS/LCSD
Analyte

QC Matrix: Water

RPD RPDmg/L mg/L

Bromide N/A 1 N/A N/A N/A 109 102 7.06 N/A 85 - 115N/A 15

   %SS: N/A 0.10 N/A N/A N/A 106 107 0.658 N/A 90 - 115N/A 10

All target compounds in the Method Blank of this extraction batch were ND less than the method RL with the following exceptions:

NONE

Sample ID Date Sampled Date Extracted Sample ID Date Sampled Date ExtractedDate Analyzed Date Analyzed

BATCH 30562 SUMMARY

0709259-001E 09/12/07 09/14/07 12:01 AM09/12/07 7:30 AM

MS = Matrix Spike; MSD = Matrix Spike Duplicate; LCS = Laboratory Control Sample; LCSD = Laboratory Control Sample Duplicate; RPD = Relative Percent Deviation.

% Recovery = 100 * (MS-Sample) / (Amount Spiked); RPD = 100 * (MS -  MSD) / ((MS + MSD) / 2).

MS / MSD spike recoveries and / or %RPD may fall outside of laboratory acceptance criteria due to one or more of the following reasons: a) the sample is inhomogenous AND 
contains significant concentrations of analyte relative to the amount spiked, or b) the spiked sample's matrix interferes with the spike recovery.

N/A = not applicable to this method.

NR = analyte concentration in sample exceeds spike amount for soil matrix or exceeds 2x spike amount for water matrix or sample diluted due to high matrix or analyte content.

DHS ELAP Certification N° 1644 QA/QC Officer



QC SUMMARY REPORT FOR E552.2

McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

EPA Method E552.2 Extraction E552.2 Spiked Sample ID: N/A

Sample Spiked MS

% Rec. % Rec. % Rec. % Rec.

MSD LCS LCSDMS-MSD

% RPD

LCS-LCSD

% RPD

WorkOrder: 0709259W.O. Sample Matrix: Water

BatchID: 30561

MS / MSD

Acceptance Criteria (%)

LCS/LCSD
Analyte

QC Matrix: Water

RPD RPDµg/L µg/L

Dibromoacetic acid (DBAA) N/A 4 N/A N/A N/A 97.8 91.3 6.91 N/A 70 - 130N/A 30

Dichloroacetic acid (DCAA) N/A 12 N/A N/A N/A 99.4 92.6 7.06 N/A 70 - 130N/A 30

Monobromoacetic acid (MBAA) N/A 8 N/A N/A N/A 98.3 91.9 6.68 N/A 70 - 130N/A 30

Monochloroacetic acid (MCAA) N/A 12 N/A N/A N/A 109 105 3.51 N/A 70 - 130N/A 30

Trichloroacetic acid (TCAA) N/A 4 N/A N/A N/A 103 98 5.17 N/A 70 - 130N/A 30

   %SS: N/A 13.3 N/A N/A N/A 91 99 8.09 N/A 70 - 130N/A 30

All target compounds in the Method Blank of this extraction batch were ND less than the method RL with the following exceptions:

NONE

Sample ID Date Sampled Date Extracted Sample ID Date Sampled Date ExtractedDate Analyzed Date Analyzed

BATCH 30561 SUMMARY

0709259-001A 09/12/07 09/13/07 4:58 PM09/12/07 7:30 AM

MS = Matrix Spike; MSD = Matrix Spike Duplicate; LCS = Laboratory Control Sample; LCSD = Laboratory Control Sample Duplicate; RPD = Relative Percent Deviation.

% Recovery = 100 * (MS-Sample) / (Amount Spiked); RPD = 100 * (MS -  MSD) / ((MS + MSD) / 2).

MS / MSD spike recoveries and / or %RPD may fall outside of laboratory acceptance criteria due to one or more of the following reasons: a) the sample is inhomogenous AND 
contains significant concentrations of analyte relative to the amount spiked, or b) the spiked sample's matrix interferes with the spike recovery.

N/A = not enough sample to perform matrix spike and matrix spike duplicate.

NR = analyte concentration in sample exceeds spike amount for soil matrix or exceeds 2x spike amount for water matrix or sample diluted due to high matrix or analyte content.

DHS ELAP Certification N° 1644 QA/QC Officer



QC SUMMARY REPORT FOR E200.8

McCampbell Analytical, Inc. 1534 Willow Pass Road, Pittsburg, CA  94565-1701
Web: www.mccampbell.com       E-mail: main@mccampbell.com

Telephone: 877-252-9262      Fax: 925-252-9269"When Quality Counts"

EPA Method E200.8 Extraction E200.8 Spiked Sample ID: 0709214-001C

Sample Spiked MS

% Rec. % Rec. % Rec. % Rec.

MSD LCS LCSDMS-MSD

% RPD

LCS-LCSD

% RPD

WorkOrder: 0709259W.O. Sample Matrix: Water

BatchID: 30535

MS / MSD

Acceptance Criteria (%)

LCS/LCSD
Analyte

QC Matrix: Water

RPD RPDµg/L µg/L

Chromium 130 10 112 138, F1 1.79 96.1 98.2 2.15 70 - 130 80 - 12020 20

All target compounds in the Method Blank of this extraction batch were ND less than the method RL with the following exceptions:

NONE

F1 = MS / MSD outside of acceptance criteria. LCS - LCSD validate prep batch.

Sample ID Date Sampled Date Extracted Sample ID Date Sampled Date ExtractedDate Analyzed Date Analyzed

BATCH 30535 SUMMARY

0709259-001C 09/12/07 09/13/07 1:12 PM09/12/07 7:30 AM

MS = Matrix Spike; MSD = Matrix Spike Duplicate; LCS = Laboratory Control Sample; LCSD = Laboratory Control Sample Duplicate; RPD = Relative Percent Deviation.

% Recovery = 100 * (MS-Sample) / (Amount Spiked); RPD = 100 * (MS -  MSD) / ((MS + MSD) / 2).

MS / MSD spike recoveries and / or %RPD may fall outside of laboratory acceptance criteria due to one or more of the following reasons: a) the sample is inhomogenous AND 
contains significant concentrations of analyte relative to the amount spiked, or b) the spiked sample's matrix interferes with the spike recovery.

N/A = not applicable to this method.

NR = analyte concentration in sample exceeds spike amount for soil matrix or exceeds 2x spike amount for water matrix or sample diluted due to high matrix or analyte content.

DHS ELAP Certification N° 1644 QA/QC Officer



 

 

APPENDIX E 
Bench-Scale Testing Report



December 6,2007 

Mark Naugle 
Golder Associates 
1009 Enterprise Way, Ste 350 
Roseville, CA 95678 

RE: Final report for bench scale evaluation of ozone for destruction of petroleum 
hydrocarbons, B&C Gas Mart, Livermore, California site 

Dear Mark: 

Enclosed is the final report of findings "Evaluation of Ozone for the Destruction of 
Petroleum Hydrocarbons" that describes bench testing conducted on soil and 
groundwater from the B&C Gas Mart site in Livermore, California. If you have any 
questions, please give me a call. Thank you for the opportunity to be of senrice. 

Sincerely, 
PlUMA Environmental. Inc. 

Cindy G. c eier, Ph.D. 0 President 

10265 Old Placerville Road, Suite 15, Sacramento, CA 958273082 s Ph (916) 363-8798 Fax (916) 363-8829 
www.primaenvironmeotal.com 



Report of Findings 

Evaluation of Ozone 
for the Destruction of Petroleum Hydrocarbons 

B&C Gas Mart 
Livermore, California 

December 6,2007 

Submitted to 

Mark Naugle 
Golder Associates 

1009 Enterprise Way, Ste 350 
Roseville, CA 95678 

Submitted by 
Cindy G. Schreier, Ph.D. 
PRIMA Environmental 

10265 Old Placerville Road, Suite 15 
Sacramento. CA 95827 

Cindy chreier, Ph.D., Principal - & T a w  , 
Date 



 

EXECUTIVE SUMMARY 
 
Bench-scale treatability testing was conducted on soil (SP-1) and groundwater (MW-1) 
from the B&C Gas Mart site in Livermore, California to evaluate the ability of ozone to 
destroy petroleum hydrocarbons.  Specific chemicals of concern (COCs) at this site were 
gasoline range organics (GRO), BTEX (benzene, toluene, ethylbenzene, and xylenes), 
and fuel oxygenates (MTBE, TBA, TAME, ETBE and DIPE).  Batch tests were 
conducted to assess hydrocarbon removal, estimate the ozone demand of soil and 
groundwater, evaluate potential secondary effects of treatment, and assess attenuation of 
hexavalent chromium and bromate formed during treatment.   
 
Laboratory testing clearly demonstrated that GRO, benzene, ethylbenzene, xylenes and 
MTBE were destroyed by ozone.  Greater than 98% of most COCs were removed with 
application of 420 mg ozone (an amount approximately equal to the measured ozone 
demand).  Complete removal was achieved using 2,200 mg ozone.  Some COCs were 
volatilized, but in general the amount was less than 3% of the initial mass present. 
 
Treatment with ozone did not affect most water quality parameters except for bromate 
and Cr(VI).  Up to 0.16 mg/L bromate and up to 0.45 mg/L Cr(VI) was formed.  In both 
cases, the amount generated was proportional to the amount of ozone applied, with higher 
concentrations seen with higher amount of ozone.  Both bromate and Cr(VI) readily 
attenuated (typically within 7 days) in tests simulating the treatment zone and 
downgradient conditions. 
 
The ozone demand of soil was 990-1,110 mg O3/kg soil while the demand of 
groundwater was 182-207 mg O3/L groundwater.  
 
Based on the results of bench testing, PRIMA Environmental, Inc. recommends that 
ozone be considered for use at this site.  Ozone effectively destroyed COCs, and although 
Cr(VI) and bromate were formed, they readily attenuated once ozonation ceased. 
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1.0  INTRODUCTION 
 
Bench-scale treatability testing was conducted on soil (SP-1) and groundwater (MW-1) 
from the B&C Gas Mart site in Livermore, California to evaluate the ability of ozone to 
destroy petroleum hydrocarbons.  Specific chemicals of concern (COCs) at this site were 
gasoline range organics (GRO), BTEX (benzene, toluene, ethylbenzene, and xylenes), 
and fuel oxygenates (MTBE, TBA, TAME, ETBE and DIPE).  Batch tests were 
conducted to assess hydrocarbon removal, estimate the ozone demand of soil and 
groundwater, evaluate potential secondary effects, and assess attenuation of hexavalent 
chromium and bromate formed during treatment.   
 
1.1  Background 
 
Ozone gas is a strong oxidant that can destroy a wide range of organic compounds.  
Dissolved iron and other metal ions in soil and groundwater can increase the 
effectiveness of ozone by reacting with ozone to form hydroxyl radicals.  The hydroxyl 
radical is an even stronger oxidant than ozone and may react more quickly and produce 
fewer intermediates than ozone itself.  Equations 1-6 show the reactions for conversion of 
BTEX compounds and the fuel oxygenates to carbon dioxide (CO2) and water (H2O).  
The stoichiometric ozone requirements for the complete mineralization of each 
contaminant are given in Table 1.  Chemical reactions cannot be written for GRO (and 
stoichiometric requirements cannot be pre-determined) because GRO is a complex 
mixture of chemicals.  However, if n-octane is used to represent GRO (Eqn. 7), then a 
first approximation of the stoichiometric ozone requirement can be calculated.  In 
practice, a greater-than-stoichiometric dose of O3 will usually be required because O3 is a 
non-selective oxidant that will react with natural organic matter and other non-target 
compounds. 
 
 

15O3 + C6H6 → 6CO2 + 15O2 + 3H2O   Eqn. 1   
                  benzene 

18O3 + C7H8 → 7CO2 + 18O2 + 4H2O   Eqn. 2   
                   toluene 

21O3 + C8H10 → 8CO2 + 21O2 + 5H2O   Eqn. 3 
            ethylbenzene or  
                   xylene   

15O3 + C5H12O → 5CO2 + 15O2 + 6H2O   Eqn. 4 
                  MTBE 

12O3 + C4H10O → 4CO2 + 12O2 + 5H2O   Eqn. 5 
                     TBA 

18O3 + C6H14O → 6CO2 + 18O2 + 7H2O   Eqn. 6 
           ETBE/TAME/DIPE 

25O3 + C8H18 → 8CO2 + 25O2 + 9H2O   Eqn. 7 
                  n-octane 
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Table 1.  Ozone Stoichiometry 
Compound g Ozone / g contaminant 

Benzene 9.2 
Toluene 9.5 

Ethylbenzene 9.5 
Xylenes 9.5 
MTBE 8.2 
TBA 8.5 
ETBE 8.5 
TAME 8.5 
DIPE 8.5 

n-octane (representing GRO) 10.5 
 
 
Because ozone is a gas, treatment of volatile compounds by sparging with ozone could 
result in removal of contaminants by stripping rather than oxidation.  Lab testing, 
therefore, addressed contaminant destruction versus volatilization.   
 
As with all strong oxidants, ozone is a non-selective oxidizing agent and may react with 
soil and water constituents other than the target compounds.  The most likely potential 
effects of ozone include oxidation and precipitation of dissolved iron, oxidation and 
dissolution of manganese oxides, oxidation of naturally-occurring bromide to bromate, 
and oxidation of soil chromium to hexavalent chromium ([Cr(VI))].  The magnitude and 
duration of these changes is site specific and may or may not be of significance.     
 
1.2  Study Objectives  
 
Batch tests were conducted to evaluate each of the technologies.  Specific goals were to: 
 

- measure ozone soil and groundwater demand 
- assess COC removal and assess destruction versus volatilization 
- evaluate the effect of treatment on secondary water quality parameters 
- assess the potential for natural attenuation of Cr(VI) and bromate formed during 

treatment 
 
The batch tests conducted to achieve these goals are described in Section 2.0.  The results 
and interpretation are presented in Section 3.0.  PRIMA Environmental, Inc. evaluated 
ozone technology based on the laboratory results.  However, it is the responsibility of 
Golder Associates to review this report and use its knowledge and expertise to determine 
whether ozone should be applied at the site.   
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2.0  MATERIALS AND METHODS 
 
2.1  Materials 
 
2.1.1  Ozone Generation 
 
Ozone was generated using a corona discharge ozone generator with dry air feed.  The 
concentration of ozone was approximately 30-40 mg O3/L air (2-3% w/w). 
 
2.1.2  Soil   
 
Two soil samples [SP-1 (impacted) and SP-1 (clean)] were received on August 22, 2007.  
Impacted soil was used in all tests except attenuation tests, in which the clean soil served 
as the “untreated” soil (see Section 2.X.)  Prior to testing, SP-1 (impacted) was 
composited and particles greater than about 4 mesh were removed. The composite was 
wet but crumbly with a gasoline odor.  The composited soil was analyzed for  
 

- GRO 
- BTEX 
- Fuel oxygenates (MTBE, TBA, TAME, ETBE and DIPE) 
- Metals (arsenic, barium, cadmium, chromium, copper, iron, lead, selenium) 

 
Sample SP-1 (clean) was homogenized before use, but was not analyzed for these 
chemical parameters.   
 
2.1.3  Groundwater   
 
One groundwater sample (MW-1) was received on August 22, 2007. The water was 
received in a single 5-gallon container, which was distributed into amber glass bottles 
upon receipt.  The water was transferred into glass to prevent any losses due to sorption 
of COCs on to the plastic sample container.  The groundwater was analyzed for  
 

- GRO 
- BTEX 
- Fuel oxygenates (MTBE, TBA, TAME, ETBE and DIPE) 
- Bromate 
- Bromide  
- Cr(VI) 
- Metals (arsenic, barium, cadmium, chromium, copper, iron, lead, selenium) 
- Oxidation reduction potential (ORP) 
- pH 
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2.2  Ozone Demand 
 
The ozone demand of soil and groundwater was estimated using methods based on the 
“Ozone Demand” tests described in Standard Methods for the Examination of Water and 
Wastewater, 19th Ed.  Residual ozone was determined using the indigo method (SM 4500 
O3). 
 
The ozone demand of the soil was estimated by adding 2.5 g of soil to 1L of ozone-
saturated water, then measuring the concentration of ozone over time.  The groundwater 
demand was estimated by adding 10 mL of groundwater to 990 mL of ozone-saturated DI 
water then measuring ozone over time.  Controls in which no soil or groundwater was 
added were also performed.  All tests were conducted in duplicate.  The ozone demand 
(ODoz) was taken to be the difference in ozone consumption in the presence and absence 
of site material.  It was calculated according to the equation 
 

OD = {[O3 Consumed]site material – [O3 Consumed]control} x V/M  Eqn. 8 

 

where 

OD =  oxidant demand in mg O3 consumed/kg soil or mg O3 consumed/L 
groundwater 

[O3 Consumed]control = change in O3 concentration—in mg/L—in the absence 
of site material 

[O3 Consumed]soil = change in O3 concentration—in mg/L—in the presence of 
site material 

V = total volume of water in L 

M =  amount of site material (kilograms of soil or L of groundwater)  
 
2.3  COC Removal 
 
Batch tests were conducted to assess COC removal, determine the amount of removal due 
to destruction versus volatilization, and estimate the appropriate ozone dose.  Five 
reactors each containing 190 g soil and 0.95 L groundwater were prepared, then allowed 
to mix in a closed container.  After 20 minutes, one of the reactors was destructively 
sampled and analyzed for GRO, BTEX, and fuel oxygenates.  This reactor was the “time 
0” reactor.  Two of the remaining reactors were capped and mixed for the duration of the 
test.  These reactors were the controls.  The final two reactors were sparged with ozone 
(32 mg O3/L air) at a flowrate of 50 mL/min for up to 23.1 hours.  Off-gases were 
collected in Tedlar bags.  Periodically, one control and one ozonated reactor were 
destructively sampled and the off-gases and aqueous phases analyzed for GRO, BTEX, 
and fuel oxygenates.  Soil was not analyzed due to the difficulty of sampling soil without 
losing significant hydrocarbons to volatilization.  The tests are summarized in Table 2.  
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Table 2.  Test Conditions for COC Removal 

Test Mass Soil, g
Volume 
Ground-
water, L 

Sample 
Time, 
hours 

Ozone 
Applied, 

mg 
Time 0 190 0.95 0 0 

Control-A 190 0.95 4.4 0 
Control-B 190 0.95 23.1 0 
Ozone-A 190 0.95 4.4 420 
Ozone-B 190 0.94 23.1 2,200 

 
 
2.4  Effect of Ozone on Water Quality 
 
The effect of ozone on secondary water quality was assessed by analyzing the aqueous 
phases of the COC Removal test (Section 2.3) for 
 

- Bromate 
- Bromide 
- Cr(VI) 
- Metals (arsenic, barium, cadmium, chromium, copper, iron, lead, selenium) 
- ORP 
- pH.    

 
2.5  Attenuation of Bromate and Cr(VI) 
 
Because Cr(VI) and bromate were formed during treatment with ozone, additional tests 
were conducted to assess whether these parameters can naturally attenuate.  Tests 
simulated attenuation in the treatment zone as well as downgradient of the treatment 
zone.  Treatment zone tests used treated soil and treated groundwater, while 
downgradient tests used untreated soil and treated groundwater.  Treated materials were 
obtained by repeating the COC removal tests.  Cr(VI) was measured colorimetrically by 
PRIMA Environmental using a Hach DR 2800 Spectrophotometer and appropriate test 
reagents. 
 
Cr(VI) Attenuation.  The available Cr(VI) reducing capacity of soil, developed by 
Bartlett (Bartlett, R.J. 1991.  “Chromium Cycling in Soils and Water:  Links, Gaps and 
Methods,” Environmental Health Perspectives, 92, 17-24.), was measured for treated soil 
and clean, untreated soil.  In this method, 5 g soil is mixed with 25 mL of 10 mM 
phosphoric acid spiked with Cr(VI) for 18 hours, after which the residual Cr(VI) is 
measured.  The available reducing capacity is defined as the amount of Cr(VI) removed 
per mass of soil.  
 
Tests were also conducted to assess the ability of Cr(VI) to naturally attenuate in the 
presence of soil and groundwater within the treatment zone (once ozonation ceased) and 
downgradient of the treatment zone.  Treatment zone tests comprised five replicates 
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containing 15 mL treated water and 15 g treated soil.  Downgradient tests consisted of 
four replicates containing 15 mL treated water and 15 g untreated soil.  Periodically, one 
replicate from each set was sacrificed and the aqueous phase analyzed for Cr(VI).  
 
Bromate Attenuation.  Tests were conducted to assess the ability of bromate to naturally 
attenuate within the treatment zone (once ozonation ceased) and downgradient of the 
treatment zone.  Treatment zone tests comprised four replicates containing 50 mL treated 
water and 50 g treated soil.  Downgradient tests consisted of four replicates containing 50 
mL treated water and 50 g untreated soil.  Periodically, one replicate from each set was 
sacrificed and the aqueous phase analyzed for bromate.  
 
2.6  Analytical Methods 
 
The method for each analysis and the laboratory to perform the analysis are given in 
Table 3. 
 
 

Table 3.  Analytical Methods. 
Analyte Method Lab performing test* 

GRO BTEX, MTBE, TBA, 
acetone 8015/8260B Alpha Analytical 

Bromate EPA 317 BSK Analytical 
Bromide EPA 300 BSK Analytical 

Cr(VI) EPA7199/ 
Colorimetric** Excelchem/PRIMA 

Metals EPA 6020 Alpha Analytical 
ORP Probe PRIMA 
pH Probe PRIMA 

  *  Alpha Analytical (Sparks, NV), BSK Analytical (Fresno, CA) 
 **  Hach DR 2800 Spectrophotometer and appropriate Hach kit reagents 
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3.0  RESULTS and DISCUSSION 
 
The results of the bench tests are discussed in this section.  Complete analytical reports 
for all analyses not conducted by PRIMA are provided in the Appendix. 
 
3.1  Untreated Soil and Groundwater 
 
The concentrations of COCs and secondary parameters are presented in Table 4. Soil was 
more heavily impacted than groundwater, with GRO present at 360 mg/kg and total 
BTEX at 12,000 μg/kg.  In contrast, groundwater contained 6.0 mg/L GRO and 38 μg/L 
total BTEX, and 53 μg/L MTBE.  Neither matrix contained Cr(VI) above the detection 
limit of 0.001 mg/kg or 0.001 mg/L, though soil contained 74 mg/kg total chromium.  
Bromate was not detected in groundwater.   
 
 

Table 4.  Analytical Results for Untreated Site Materials 
Analyte Units Untreated Soil Untreated 

Groundwater
GRO mg/kg or mg/L 360 6.0
acetone μg/kg or μg/L < 4000 < 60
TBA μg/kg or μg/L < 10,000 < 30
MTBE μg/kg or μg/L < 100 53
DIPE μg/kg or μg/L < 200 < 3
ETBE μg/kg or μg/L < 200 < 3
TAME μg/kg or μg/L < 200 < 3
benzene μg/kg or μg/L < 100 28
toluene μg/kg or μg/L < 100 < 1.5
ethylbenzene μg/kg or μg/L 2,700 < 1.5
m,p-xylene μg/kg or μg/L 8,300 8.4
o-xylene μg/kg or μg/L 1,000 1.8
Bromate mg/L n.m. < 0.005
Bromide mg/L n.m. 0.24
Cr(VI) mg/L or mg/kg < 0.001 < 0.001
Metals
   chromium mg/kg or mg/L 74 < 0.005
   iron mg/kg or mg/L 24,000 0.50
   copper mg/kg or mg/L 30 < 0.010
   arsenic mg/kg or mg/L 4.7 < 0.005
   selenium mg/kg or mg/L < 1.0 < 0.005
   cadmium mg/kg or mg/L < 1.0 < 0.005
   barium mg/kg or mg/L 130 0.49
   lead mg/kg or mg/L 6.2 < 0.005
ORP mV n.m. 289
pH -- n.m. 7.34  
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3.2  COC Removal 
 
The concentrations of COCs in the aqueous phase and off-gases are shown in Table 5.  
The degree of destruction versus volatilization is shown in Table 6.  The percentages 
were calculated by comparing the mass of each hydrocarbon in the test to the mass of 
each hydrocarbon in the Time 0 sample according to Eqns. 9-11.  The equations assume 
that COC concentrations in the soil are negligible.   
 

Percent Remaining in Aqueous  = 100 x C/CT0 Eqn. 9 

Percent Volatilized = 100 x Coff-gasVoff-gas / (CT0VT0) Eqn. 10 

 Percent Destroyed = 100 – (Percent Remaining + Percent volatilized) Eqn. 11 

where  
− C is the aqueous concentration (μg/L) in the control or ozone test,  
− CT0 is the aqueous concentration (μg/L) in the Time 0 test,  
− C off-gas is the off-gas concentration (μg/L) in the ozone test,  
− Voff-gas is the volume (L) of the off-gas, and  
− VT0 is the volume (L) of the aqueous phase in the Time 0 test 

 
 
Treatment of soil and groundwater with ozone effectively removed COCs from the 
aqueous phase.  Application of 420 mg ozone (Ozone Rep A) dramatically decreased the 
concentration of most COCs—42% of MTBE, 5.3% of GRO and less than 2% each of 
ethylbenzene and xylenes remained in the aqueous phase after treatment, while benzene 
was completely removed.  Complete removal of all COCs was achieved when 2,200 mg 
ozone (Ozone Rep B) was applied.   TBA was detected in both tests, but the 
concentration was lower in the Ozone Rep B test, indicating that it can be destroyed.  It is 
unknown whether the TBA was a by-product of oxidation of MTBE or whether it was 
initially present, but masked by the high concentrations of other COCs.  Acetone, a 
common by-product of oxidation—was seen in both ozone tests.   
 
Removal of COCs was due primarily to destruction, though some volatilization occurred.  
Benzene, toluene, and xylenes were detected in the off-gases, but the concentration of 
each was < 1.1 μg/L and in general, accounted for less than 2.8% of the mass initially 
present in the Time 0 reactor.   
 
The concentrations of many COCs were higher in the controls than in the Time 0 reactor.  
This is due to dissolution of COCs from the soil into the aqueous phase and indicates that 
the Time 0 reactor was not mixed long enough before sampling.  Incomplete dissolution 
does not affect the conclusions that ozone can destroy COCs, however. 
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Table 5.  COC Removal Test—COC Concentrations 
Analyte Units Test 

Time 0 Control Ozone
Rep A Rep B Rep A Rep B

Aqueous Phase Concentration
GRO mg/L 10 14 22 0.53 < 0.05
acetone μg/L < 200 < 200 < 400 320 730
TBA μg/L < 100 < 100 < 200 28 10
MTBE μg/L 48 52 51 20 < 0.5
DIPE μg/L < 10 < 10 < 20 < 10 < 1.0
ETBE μg/L < 10 < 10 < 20 < 10 < 1.0
TAME μg/L < 10 < 10 < 20 < 10 < 1.0
benzene μg/L 14 24 15 < 0.5 < 0.5
toluene μg/L < 5.0 < 5.0 < 10 0.82 < 0.5
ethylbenzene μg/L 190 280 91 2.5 < 0.5
m,p-xylene μg/L 670 1100 1200 6.9 < 0.5
o-xylene μg/L 94 150 160 1.6 < 0.5
ozone applied mg 0 0 0 420 2,200
volume  mg/L 0.95 0.95 0.95 0.95 0.95

Off-Gas Concentration
GRO mg/L n.a. n.a. n.a. < 0.015 < 0.015
acetone μg/L n.a. n.a. n.a. 7.6 < 3.0
TBA μg/L n.a. n.a. n.a. < 7.5 < 7.5
MTBE μg/L n.a. n.a. n.a. < 0.15 < 0.15
DIPE μg/L n.a. n.a. n.a. < 0.3 < 0.3
ETBE μg/L n.a. n.a. n.a. < 0.3 < 0.3
TAME μg/L n.a. n.a. n.a. < 0.3 < 0.3
benzene μg/L n.a. n.a. n.a. 0.47 < 0.15
toluene μg/L n.a. n.a. n.a. 1.1 0.33
ethylbenzene μg/L n.a. n.a. n.a. < 0.15 < 0.15
m,p-xylene μg/L n.a. n.a. n.a. 0.60 0.28
o-xylene μg/L n.a. n.a. n.a. 0.19 < 0.15
volume off-gas L n.a. n.a. n.a. 13 69  
n.a. = not applicable 
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Table 6.  Destruction vs. Volatilization. 
Analyte Control Ozone

Rep A Rep B Rep A Rep B
Percent Remaining in Aqueous Phase

GRO 140 220 5.3 < 0.5
acetone n.a. n.a. unknown unknown
TBA n.a. n.a. unknown unknown
MTBE 108 106 42 < 1.0
DIPE n.a. n.a. n.a. n.a.
ETBE n.a. n.a. n.a. n.a.
TAME n.a. n.a. n.a. n.a.
benzene 171 107 < 4 < 4
toluene n.a. n.a. unknown n.a.
ethylbenzene 147 48 1.3 < 0.3
m,p-xylene 164 179 1.0 < 0.07
o-xylene 160 170 1.7 < 0.5

Percent Volatilized
GRO n.a. n.a. < 2 < 11
acetone n.a. n.a. unknown n.a.
TBA n.a. n.a. n.a. n.a.
MTBE n.a. n.a. < 4.4 < 22
DIPE n.a. n.a. n.a. n.a.
ETBE n.a. n.a. n.a. n.a.
TAME n.a. n.a. n.a. n.a.
benzene n.a. n.a. 46 < 75
toluene n.a. n.a. unknown unknown
ethylbenzene n.a. n.a. < 1.1 < 5.6
m,p-xylene n.a. n.a. 1.2 1.8
o-xylene n.a. n.a. 2.8 < 11

Percent Destroyed
GRO -40 -120 93-95 > 89
acetone n.a. n.a. unknown unknown
TBA n.a. n.a. n.a. n.a.
MTBE -8.3 -6.3 55-59 > 77
DIPE n.a. n.a. n.a. n.a.
ETBE n.a. n.a. n.a. n.a.
TAME n.a. n.a. n.a. n.a.
benzene -71 -7 50-54 > 21
toluene n.a. n.a. unknown n.a.
ethylbenzene -47 52 98-99 > 94
m,p-xylene -64 -79 98 98
o-xylene -60 -70 96 > 89  
Notes: 
“n.a.” = not applicable 
“unknown” =  unknown because analyte detected in sample, but not in Time 0 
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3.3  Effect of Ozone on Secondary Water Quality 
 
The effect of ozone treatment on secondary water quality parameters is shown in Table 7.  
Most parameters were not affected treatment.  Exceptions are bromate/bromide and 
Cr(VI)/total chromium.  The concentration of bromate increased from < 0.005 mg/L in 
the Time 0 sample to 0.16 mg/L in the Ozone Rep B sample.  A concomitant decrease in 
bromide was observed.  Bromate was not detected in the Ozone Rep A test, indicating 
that its formation is dependent upon the amount of ozone applied.   Similar results were 
seen for Cr(VI):  the concentration of Cr(VI) increased from < 0.001 mg/L in the Time 0 
test to 0.0405 mg/L in the Ozone Rep A test and 0.45 mg/L in the Ozone Rep B test, 
indicating that Cr(VI) formation is proportional to the amount of ozone applied.  The 
formation of Cr(VI) was consistent with the increase in total Cr observed. 
 
 

Table 7.  Effect of Ozone on Secondary Water Quality 
Analyte Units Test 

Time 0 Control Ozone
Rep A Rep B Rep A Rep B

Bromate mg/L < 0.005 < 0.005 < 0.005 < 0.005 0.16
Bromide mg/L 0.23 0.23 0.25 0.24 0.084
Cr(VI) mg/L < 0.001 < 0.001 0.0012 0.0405 0.45
Metals
   chromium mg/L < 0.005 < 0.005 < 0.005 0.035 0.32
   iron mg/L < 0.3 < 0.3 < 0.3 0.37 0.49
   copper mg/L < 0.01 < 0.01 < 0.01 < 0.01 < 0.01
   arsenic mg/L < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
   selenium mg/L < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
   cadmium mg/L < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
   barium mg/L 0.6 0.62 0.57 0.56 0.69
   lead mg/L < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
ORP mg/L 280 282 261 269 264
pH -- 7.63 7.57 7.56 8.03 8.04  

 
 
3.4  Ozone Demand 
 
The ozone demand data for soil and groundwater are shown in Figures 1 and 2, 
respectively.  The maximum ozone demand of soil, calculated using Eqn 8, was 990 mg 
O3/kg soil for replicate A and 1,110 mg O3/kg soil for replicate B.  The maximum 
demand of the groundwater was 182-207 mg O3/L of groundwater for the two replicates.   
 
Based on these results and the amount of soil and groundwater used, the ozone demand in 
the COC Removal test (Section 3.2) was 384 mg ozone.  Application of 420 mg 
destroyed up to 99% of COCs.   
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Ozone Remaining, mg/L soln.
Ozone Consumed, 

mg/kg soil

Time (min)
Control A 
(no soil)

Control B 
(no soil)

2.5 g soil/L 
Rep A

2.5 g soil/L 
Rep B

2.5 g soil/L 
Rep A

2.5 g soil/L 
Rep B

0 6.23 9.06 7.11 9.28
15 5.57 7.71 3.87 5.83 893 974
30 5.28 6.69 2.97 5.39 990 893
45 4.90 6.27 2.63 4.62 968 1,040
60 4.37 5.71 2.25 3.89 902 1,110
90 3.81 4.61 1.75 3.09 769 1,100
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Figure 1.  Soil Ozone Demand. 
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Ozone Remaining, mg/L soln.
Ozone Consumed, mg/L 

groudnwater

Time (min)
Control A 
(no GW)

Control B 
(no GW)

10 mL 
GW/L - A

10 mL 
GW/L - B

10 mL 
GW/L - A

10 mL 
GW/L - B

0 8.80 7.97 8.00 8.93
15 8.27 7.60 6.12 7.06 142 141
30 7.18 7.17 5.45 6.75 133 96
45 7.12 6.83 4.97 5.94 161 157
60 6.56 6.61 4.37 5.49 182 164
90 5.84 5.60 3.63 4.20 170 207

* GW = groundwater
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Figure 2.  Groundwater Ozone Demand. 

 
 
3.5  Bromate and Cr(VI) Attenuation 
 
Because both bromate and Cr(VI) were generated by treatment with ozone, tests were 
conducted to determine whether these compounds could naturally attenuate.   
 

PRIMA Environmental, Inc. 13 Eval of Ozone 
December 6, 2007  Golder B&C Gas Mart  



 

3.5.1  Cr(VI) Attenuation 
 
The results of the Bartlett’s available reducing capacity test are shown in Table 8.  Up to 
12 mg Cr(VI)/kg soil were reduced by treated soil and 5.7 mg Cr(VI)/kg soil were 
reduced by untreated soil.  The reason for the higher degree of removal for treated soil is 
uncertain—possibly COCs were not completely destroyed in the treated soil and reacted 
with the Cr(VI).   
 
The results of the long-term Cr(VI) attenuation tests are shown in Table 9.  Cr(VI) 
attenuated rapidly.  Within 7 days, Cr(VI) decreased from 0.3 mg/L to < 0.01 mg/L in 
tests simulating downgradient conditions as well as in tests simulating the treatment zone.   
 
 

Table 8.  Available Cr(VI) Reducing Capacity. 
Sample Cr(VI) Concentration, μg/L Available Cr(VI) Reducing

Initial Final Capacity, mg Cr(VI)/kg soil
Untreated Soil 1.04 1.11 < 0.5
Untreated Soil 4.87 4.7 0.9
Untreated Soil 10.5 9.36 5.7
Treated Soil 1.06 0.825 1.2
Treated Soil 5.26 4.01 6.3
Treated Soil 10.82 8.42 12   

 
 

Table 9.  Long-Term Cr(VI) Attenuation. 
Time, days Cr(VI) Remaining, mg/L

Within Treatment Zone (Treated 
Soil/Treated GW)

Downgradient (Untreated 
Soil/Treated GW) 

0 0.3 0.3
3 0.027 < 0.01
7 < 0.01 < 0.01
14 < 0.01 < 0.01  

 
 

3.5.2  Bromate Attenuation 
 

The results of the long-term bromate attenuation tests are shown in Table 10.  Bromate  
attenuated rapidly.  Within 7 days, bromate decreased from 0.19 mg/L to < 0.005 mg/L in 
test simulating the treatment zone.  Complete removal was observed in the downgradient 
test by 29 days.  The reason for the faster attenuation in the treatment zone test versus the 
downgradient tests in unknown, but the results are consistent with the Cr(VI) attenuation 
results. 
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Table 10.  Long-term Bromate Attenuation 
Time, days Bromate Remaining, mg/L

Within Treatment Zone (Treated 
Soil/Treated GW)

Downgradient (Untreated 
Soil/Treated GW) 

0 0.19 0.19
7 < 0.005 0.012
29 < 0.005 < 0.005
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4.0  CONCLUSIONS 
 

Laboratory testing clearly demonstrated that GRO, benzene, ethylbenzene, xylenes and 
MTBE were destroyed by ozone.  Greater than 98% of most COCs were removed with 
application of 420 mg ozone (an amount approximately equal to the measured ozone 
demand).  Complete removal was achieved using 2,200 mg ozone.  Some COCs were 
volatilized, but in general the amount was less than 3% of the initial mass present. 
 
Treatment with ozone did not affect most water quality parameters except for bromate 
and Cr(VI).  Up to 0.16 mg/L bromate and up to 0.45 mg/L Cr(VI) was formed.  In both 
cases, the amount generated was proportional to the amount of ozone applied, with higher 
concentrations seen with higher amount of ozone.  Both bromate and Cr(VI) readily 
attenuated (typically within 7 days) in tests simulating the treatment zone and 
downgradient conditions. 
 
The ozone demand of soil was 990-1,110 mg O3/kg soil while the demand of 
groundwater was 182-207 mg O3/L groundwater.  
 
Based on the results of bench testing, PRIMA Environmental, Inc. recommends that 
ozone be considered for use at this site.  Ozone effectively destroyed COCs, and although 
Cr(VI) and bromate were formed, they readily attenuated once ozonation ceased. 
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Prima Environmental

RE: Golder-Livermore

Sacramento, CA 95827

10265 Old Placerville Rd #15

Cindy Schreier

Enclosed are the results of analyses for samples received by the laboratory on 09/12/07 15:35. All Quality Control results are 

within acceptable limits except where noted as a case narrative. If you have any questions concerning this report, please feel free 

to contact the laboratory.

Sincerely, 

14 September 2007

Workorder number:0709052

John Somers, Lab Director

________________________

ELAP Certificate No. : 2119

EXCELCHEM

   Environmental Labs
1135 W Sunset Boulevard

           Suite A

     Rocklin, CA 95765

 Phone# 916-543-4445 

    Fax# 916-543-4449



Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:26Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:

Sample ID Laboratory ID Matrix Date Sampled

ANALYTICAL REPORT FOR SAMPLES

Date Received

GOLD-LIV-GW 0709052-01 09/12/07 13:00 09/12/07 15:35Water

GOLD-LIV-O3-CON-A 0709052-02 09/12/07 13:00 09/12/07 15:35Water

GOLD-LIV-O3-TEST A 0709052-03 09/12/07 13:00 09/12/07 15:35Water

GOLD-LIV-SOIL 0709052-04 09/12/07 13:00 09/12/07 15:35Soil

GOLD-LIV-O3-O3-T0 0709052-05 09/12/07 13:00 09/12/07 15:35Water

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.
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Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:26Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:

0709052-01 (Water)

GOLD-LIV-GW

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

ND EPA 719909/13/07 09/13/07 ug/l AQI0091Hexavalent Chromium 1.0

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.
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Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:26Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:

0709052-02 (Water)

GOLD-LIV-O3-CON-A

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

ND EPA 719909/13/07 09/13/07 ug/l AQI0091Hexavalent Chromium 1.0

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 3 of 9



Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:26Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:

0709052-03 (Water)

GOLD-LIV-O3-TEST A

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

EPA 719940.5 AQI0091 09/13/07 09/13/07 ug/lHexavalent Chromium 1.0

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 4 of 9



Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:26Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:

0709052-04 (Soil)

GOLD-LIV-SOIL

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

ND EPA 719909/13/07 09/13/07 mg/kg AQI0081Hexavalent Chromium 0.001

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 5 of 9



Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:26Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:

0709052-05 (Water)

GOLD-LIV-O3-O3-T0

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

ND EPA 719909/13/07 09/13/07 ug/l AQI0091Hexavalent Chromium 1.0

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 6 of 9



Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:26Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:

Result Limit
Reporting

Units Level
Spike

Result
Source

%REC
%REC
Limits RPD

RPD
Limit Notes  Analyte

Ion Chromatography - Quality Control

Batch AQI0081 - EPA 7199

Blank (AQI0081-BLK1) Prepared & Analyzed: 09/13/07 

Hexavalent Chromium mg/kgND 0.001

LCS (AQI0081-BS1) Prepared & Analyzed: 09/13/07 

Hexavalent Chromium mg/kg0.01 0.001 0.0100 80-120100

LCS Dup (AQI0081-BSD1) Prepared & Analyzed: 09/13/07 

Hexavalent Chromium mg/kg0.01 0.001 0.0100 2080-120100 0.00

Matrix Spike (AQI0081-MS1) Prepared & Analyzed: 09/13/07 Source: 0709016-01

Hexavalent Chromium mg/kg0.01 0.001 0.0100 0.00 75-125100

Matrix Spike Dup (AQI0081-MSD1) Prepared & Analyzed: 09/13/07 Source: 0709016-01

Hexavalent Chromium mg/kg0.01 0.001 0.0100 0.00 2075-125100 0.00

Batch AQI0091 - EPA 7199

Blank (AQI0091-BLK1) Prepared & Analyzed: 09/13/07 

Hexavalent Chromium ug/lND 1.0

LCS (AQI0091-BS1) Prepared & Analyzed: 09/13/07 

Hexavalent Chromium ug/l11.9 1.0 10.0 80-120119

LCS Dup (AQI0091-BSD1) Prepared & Analyzed: 09/13/07 

Hexavalent Chromium ug/l11.9 1.0 10.0 2080-120119 0.00

Matrix Spike (AQI0091-MS1) Prepared & Analyzed: 09/13/07 Source: 0709052-01

Hexavalent Chromium ug/l10.3 1.0 10.0 ND 75-125103

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 7 of 9



Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:26Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:

Result Limit
Reporting

Units Level
Spike

Result
Source

%REC
%REC
Limits RPD

RPD
Limit Notes  Analyte

Ion Chromatography - Quality Control

Batch AQI0091 - EPA 7199

Matrix Spike Dup (AQI0091-MSD1) Prepared & Analyzed: 09/13/07 Source: 0709052-01

Hexavalent Chromium ug/l10.7 1.0 10.0 ND 2075-125107 3.81

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 8 of 9



Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:26Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:

Notes and Definitions 

ND - Analyte not detected at reporting limit.

NR - Not reported

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 9 of 9



Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:26Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 1 of 2



Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:26Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:



Prima Environmental

RE: Golder-Livermore

Sacramento, CA 95827

10265 Old Placerville Rd #15

Cindy Schreier

Enclosed are the results of analyses for samples received by the laboratory on 09/13/07 14:10. All Quality Control results are 

within acceptable limits except where noted as a case narrative. If you have any questions concerning this report, please feel free 

to contact the laboratory.

Sincerely, 

14 September 2007

Workorder number:0709061

John Somers, Lab Director

________________________

ELAP Certificate No. : 2119

EXCELCHEM

   Environmental Labs
1135 W Sunset Boulevard

           Suite A

     Rocklin, CA 95765

 Phone# 916-543-4445 

    Fax# 916-543-4449



Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:31Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:

Sample ID Laboratory ID Matrix Date Sampled

ANALYTICAL REPORT FOR SAMPLES

Date Received

GOLD-Liv-03-Con-B 0709061-01 09/13/07 13:00 09/13/07 14:10Water

GOLD-Liv-03-Test-B 0709061-02 09/13/07 13:00 09/13/07 14:10Water

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 1 of 5



Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:31Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:

0709061-01 (Water)

GOLD-Liv-03-Con-B

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

EPA 71991.2 AQI0091 09/13/07 09/13/07 ug/lHexavalent Chromium 1.0

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 2 of 5



Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:31Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:

0709061-02 (Water)

GOLD-Liv-03-Test-B

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

EPA 7199445 AQI0091 09/13/07 09/13/07 ug/lHexavalent Chromium 10.0

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 3 of 5



Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:31Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:

Result Limit
Reporting

Units Level
Spike

Result
Source

%REC
%REC
Limits RPD

RPD
Limit Notes  Analyte

Ion Chromatography - Quality Control

Batch AQI0091 - EPA 7199

Blank (AQI0091-BLK1) Prepared & Analyzed: 09/13/07 

Hexavalent Chromium ug/lND 1.0

LCS (AQI0091-BS1) Prepared & Analyzed: 09/13/07 

Hexavalent Chromium ug/l11.9 1.0 10.0 80-120119

LCS Dup (AQI0091-BSD1) Prepared & Analyzed: 09/13/07 

Hexavalent Chromium ug/l11.9 1.0 10.0 2080-120119 0.00

Matrix Spike (AQI0091-MS1) Prepared & Analyzed: 09/13/07 Source: 0709052-01

Hexavalent Chromium ug/l10.3 1.0 10.0 ND 75-125103

Matrix Spike Dup (AQI0091-MSD1) Prepared & Analyzed: 09/13/07 Source: 0709052-01

Hexavalent Chromium ug/l10.7 1.0 10.0 ND 2075-125107 3.81

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 4 of 5



Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:31Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:

Notes and Definitions 

ND - Analyte not detected at reporting limit.

NR - Not reported

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 5 of 5



Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:31Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 1 of 2



Project:

Project Number:

Project Manager:

Golder-LivermorePrima Environmental

10265 Old Placerville Rd #15 [none]

Cindy Schreier 09/14/07 08:31Sacramento, CA 95827

Excelchem Environmental Labs

Date Reported:



Prima Environmental
10265 Old Placerville Road Suite 15
Sacramento, CA  95827

BSK Submission #:  2007091237

Cindy Schreier

BSK Sample ID #:  894976
Project ID:  

Submission Comments:  

Project Desc:  

Report Issue Date:  09/21/2007

Certificate of Analysis

ELAP Certificate #1180
NELAP Certificate #04227CA

Sample Description:

Date Sampled:

Time Sampled:

Sample Comments:

Gold-LIV 03 T0

09/12/2007
0900

Date Received: 09/17/2007

LiquidSample Type:

Inorganics

Analyte Method Result Units DLRDilutionPQL
Prep Analysis
Date/Time Date/Time

mg/L 0.0050 0.00501EPA 317.0 09/18/0709/18/07NDBromate (BrO3)

mg/L 0.0050 0.00501EPA 300.1 09/19/0709/19/070.23Bromide (Br)

%Rec: Percent Recovered (surrogates)
µg/Kg: Micrograms/Kilogram (ppb)

mg/Kg: Milligrams/Kilogram (ppm)
mg/L: Milligrams/Liter (ppm)

µg/L: Micrograms/Liter (ppb)
P: Preliminary result
S: Suspect result.  See Case Narrative for comments.

DLR: Detection Limit for Reporting
        : PQL x Dilution

PQL: Practical Quantitation Limit

1414 Stanislaus Street  Fresno, CA 93706-1623       Phone 559-497-2888, In CA 800-877-8310       Fax 559-485-6935

ND: None Detected at DLR

H: Analyzed outside of hold time

Report Authentication Code:  *894976-0.2300*

E: Analysis performed by External laboratory.
     See External Laboratory Report attachments.

Page 1 of 6

pCi/L: Picocurie per Liter



Prima Environmental
10265 Old Placerville Road Suite 15
Sacramento, CA  95827

BSK Submission #:  2007091237

Cindy Schreier

BSK Sample ID #:  894977
Project ID:  

Submission Comments:  

Project Desc:  

Report Issue Date:  09/21/2007

Certificate of Analysis

ELAP Certificate #1180
NELAP Certificate #04227CA

Sample Description:

Date Sampled:

Time Sampled:

Sample Comments:

Gold-LIV 03 Test B

09/12/2007
0900

Date Received: 09/17/2007

LiquidSample Type:

Inorganics

Analyte Method Result Units DLRDilutionPQL
Prep Analysis
Date/Time Date/Time

mg/L 0.0050 0.1530EPA 317.0 09/18/0709/18/070.16Bromate (BrO3)

mg/L 0.0050 0.0102EPA 300.1 09/20/0709/20/070.084Bromide (Br)

%Rec: Percent Recovered (surrogates)
µg/Kg: Micrograms/Kilogram (ppb)

mg/Kg: Milligrams/Kilogram (ppm)
mg/L: Milligrams/Liter (ppm)

µg/L: Micrograms/Liter (ppb)
P: Preliminary result
S: Suspect result.  See Case Narrative for comments.

DLR: Detection Limit for Reporting
        : PQL x Dilution

PQL: Practical Quantitation Limit

1414 Stanislaus Street  Fresno, CA 93706-1623       Phone 559-497-2888, In CA 800-877-8310       Fax 559-485-6935

ND: None Detected at DLR

H: Analyzed outside of hold time

Report Authentication Code:  *894977-0.2440*

E: Analysis performed by External laboratory.
     See External Laboratory Report attachments.

Page 2 of 6

pCi/L: Picocurie per Liter



Prima Environmental
10265 Old Placerville Road Suite 15
Sacramento, CA  95827

BSK Submission #:  2007091237

Cindy Schreier

BSK Sample ID #:  894978
Project ID:  

Submission Comments:  

Project Desc:  

Report Issue Date:  09/21/2007

Certificate of Analysis

ELAP Certificate #1180
NELAP Certificate #04227CA

Sample Description:

Date Sampled:

Time Sampled:

Sample Comments:

Gold-LIV 03 Con B

09/12/2007
0900

Date Received: 09/17/2007

LiquidSample Type:

Inorganics

Analyte Method Result Units DLRDilutionPQL
Prep Analysis
Date/Time Date/Time

mg/L 0.0050 0.00501EPA 317.0 09/18/0709/18/07NDBromate (BrO3)

mg/L 0.0050 0.00501EPA 300.1 09/19/0709/19/070.25Bromide (Br)

%Rec: Percent Recovered (surrogates)
µg/Kg: Micrograms/Kilogram (ppb)

mg/Kg: Milligrams/Kilogram (ppm)
mg/L: Milligrams/Liter (ppm)

µg/L: Micrograms/Liter (ppb)
P: Preliminary result
S: Suspect result.  See Case Narrative for comments.

DLR: Detection Limit for Reporting
        : PQL x Dilution

PQL: Practical Quantitation Limit

1414 Stanislaus Street  Fresno, CA 93706-1623       Phone 559-497-2888, In CA 800-877-8310       Fax 559-485-6935

ND: None Detected at DLR

H: Analyzed outside of hold time

Report Authentication Code:  *894978-0.2500*

E: Analysis performed by External laboratory.
     See External Laboratory Report attachments.

Page 3 of 6

pCi/L: Picocurie per Liter



Prima Environmental
10265 Old Placerville Road Suite 15
Sacramento, CA  95827

BSK Submission #:  2007091237

Cindy Schreier

BSK Sample ID #:  894979
Project ID:  

Submission Comments:  

Project Desc:  

Report Issue Date:  09/21/2007

Certificate of Analysis

ELAP Certificate #1180
NELAP Certificate #04227CA

Sample Description:

Date Sampled:

Time Sampled:

Sample Comments:

Gold-LIV 03 Test A

09/12/2007
0900

Date Received: 09/17/2007

LiquidSample Type:

Inorganics

Analyte Method Result Units DLRDilutionPQL
Prep Analysis
Date/Time Date/Time

mg/L 0.0050 0.00501EPA 317.0 09/18/0709/18/07NDBromate (BrO3)

mg/L 0.0050 0.00501EPA 300.1 09/19/0709/19/070.24Bromide (Br)

%Rec: Percent Recovered (surrogates)
µg/Kg: Micrograms/Kilogram (ppb)

mg/Kg: Milligrams/Kilogram (ppm)
mg/L: Milligrams/Liter (ppm)

µg/L: Micrograms/Liter (ppb)
P: Preliminary result
S: Suspect result.  See Case Narrative for comments.

DLR: Detection Limit for Reporting
        : PQL x Dilution

PQL: Practical Quantitation Limit

1414 Stanislaus Street  Fresno, CA 93706-1623       Phone 559-497-2888, In CA 800-877-8310       Fax 559-485-6935

ND: None Detected at DLR

H: Analyzed outside of hold time

Report Authentication Code:  *894979-0.2400*

E: Analysis performed by External laboratory.
     See External Laboratory Report attachments.

Page 4 of 6

pCi/L: Picocurie per Liter



Prima Environmental
10265 Old Placerville Road Suite 15
Sacramento, CA  95827

BSK Submission #:  2007091237

Cindy Schreier

BSK Sample ID #:  894980
Project ID:  

Submission Comments:  

Project Desc:  

Report Issue Date:  09/21/2007

Certificate of Analysis

ELAP Certificate #1180
NELAP Certificate #04227CA

Sample Description:

Date Sampled:

Time Sampled:

Sample Comments:

Gold-LIV 03 Con A

09/12/2007
0900

Date Received: 09/17/2007

LiquidSample Type:

Inorganics

Analyte Method Result Units DLRDilutionPQL
Prep Analysis
Date/Time Date/Time

mg/L 0.0050 0.00501EPA 317.0 09/18/0709/18/07NDBromate (BrO3)

mg/L 0.0050 0.00501EPA 300.1 09/19/0709/19/070.23Bromide (Br)

%Rec: Percent Recovered (surrogates)
µg/Kg: Micrograms/Kilogram (ppb)

mg/Kg: Milligrams/Kilogram (ppm)
mg/L: Milligrams/Liter (ppm)

µg/L: Micrograms/Liter (ppb)
P: Preliminary result
S: Suspect result.  See Case Narrative for comments.

DLR: Detection Limit for Reporting
        : PQL x Dilution

PQL: Practical Quantitation Limit

1414 Stanislaus Street  Fresno, CA 93706-1623       Phone 559-497-2888, In CA 800-877-8310       Fax 559-485-6935

ND: None Detected at DLR

H: Analyzed outside of hold time

Report Authentication Code:  *894980-0.2300*

E: Analysis performed by External laboratory.
     See External Laboratory Report attachments.

Page 5 of 6

pCi/L: Picocurie per Liter



Prima Environmental
10265 Old Placerville Road Suite 15
Sacramento, CA  95827

BSK Submission #:  2007091237

Cindy Schreier

BSK Sample ID #:  894981
Project ID:  

Submission Comments:  

Project Desc:  

Report Issue Date:  09/21/2007

Certificate of Analysis

ELAP Certificate #1180
NELAP Certificate #04227CA

Sample Description:

Date Sampled:

Time Sampled:

Sample Comments:

Gold-LIV 03 GW

09/12/2007
0900

Date Received: 09/17/2007

LiquidSample Type:

Inorganics

Analyte Method Result Units DLRDilutionPQL
Prep Analysis
Date/Time Date/Time

mg/L 0.0050 0.00501EPA 317.0 09/20/0709/20/07NDBromate (BrO3)

mg/L 0.0050 0.00501EPA 300.1 09/19/0709/19/070.24Bromide (Br)

%Rec: Percent Recovered (surrogates)
µg/Kg: Micrograms/Kilogram (ppb)

mg/Kg: Milligrams/Kilogram (ppm)
mg/L: Milligrams/Liter (ppm)

µg/L: Micrograms/Liter (ppb)
P: Preliminary result
S: Suspect result.  See Case Narrative for comments.

DLR: Detection Limit for Reporting
        : PQL x Dilution

PQL: Practical Quantitation Limit

1414 Stanislaus Street  Fresno, CA 93706-1623       Phone 559-497-2888, In CA 800-877-8310       Fax 559-485-6935

ND: None Detected at DLR

H: Analyzed outside of hold time

Report Authentication Code:  *894981-0.2400*

E: Analysis performed by External laboratory.
     See External Laboratory Report attachments.

Page 6 of 6

pCi/L: Picocurie per Liter



Prima Environmental
10265 Old Placerville Road Suite 15
Sacramento, CA  95827

BSK Submission #:  2007101583

Cindy Schreier

BSK Sample ID #:  908214
Project ID:  

Submission Comments:  

Project Desc:  Golder-Livermore

Report Issue Date:  10/24/2007

Certificate of Analysis

ELAP Certificate #1180
NELAP Certificate #04227CA

Sample Description:

Date Sampled:

Time Sampled:

Sample Comments:

Gold-Liv-03 / Bro3-Con

10/16/2007
1130

Date Received: 10/17/2007

LiquidSample Type:

Inorganics

Analyte Method Result Units DLRDilutionPQL
Prep Analysis
Date/Time Date/Time

mg/L 0.0050 0.1530EPA 317.0 10/18/0710/18/070.19Bromate (BrO3)

mg/L 0.0050 0.0102EPA 300.1 10/19/0710/19/070.056Bromide (Br)

%Rec: Percent Recovered (surrogates)
µg/Kg: Micrograms/Kilogram (ppb)

mg/Kg: Milligrams/Kilogram (ppm)
mg/L: Milligrams/Liter (ppm)

µg/L: Micrograms/Liter (ppb)
P: Preliminary result
S: Suspect result.  See Case Narrative for comments.

DLR: Detection Limit for Reporting
        : PQL x Dilution

PQL: Practical Quantitation Limit

1414 Stanislaus Street  Fresno, CA 93706-1623       Phone 559-497-2888, In CA 800-877-8310       Fax 559-485-6935

ND: None Detected at DLR

H: Analyzed outside of hold time

Report Authentication Code:  *908214-0.2460*

E: Analysis performed by External laboratory.
     See External Laboratory Report attachments.

Page 1 of 2

pCi/L: Picocurie per Liter
MDC: Min Detectable Concentration



Prima Environmental
10265 Old Placerville Road Suite 15
Sacramento, CA  95827

BSK Submission #:  2007101583

Cindy Schreier

BSK Sample ID #:  908215
Project ID:  

Submission Comments:  

Project Desc:  Golder-Livermore

Report Issue Date:  10/24/2007

Certificate of Analysis

ELAP Certificate #1180
NELAP Certificate #04227CA

Sample Description:

Date Sampled:

Time Sampled:

Sample Comments:

Gold-Liv-03 / Bro3-Test

10/16/2007
1130

Date Received: 10/17/2007

LiquidSample Type:

Inorganics

Analyte Method Result Units DLRDilutionPQL
Prep Analysis
Date/Time Date/Time

mg/L 0.0050 0.00501EPA 317.0 10/18/0710/18/07NDBromate (BrO3)

mg/L 0.0050 0.0102EPA 300.1 10/22/0710/22/070.24Bromide (Br)

%Rec: Percent Recovered (surrogates)
µg/Kg: Micrograms/Kilogram (ppb)

mg/Kg: Milligrams/Kilogram (ppm)
mg/L: Milligrams/Liter (ppm)

µg/L: Micrograms/Liter (ppb)
P: Preliminary result
S: Suspect result.  See Case Narrative for comments.

DLR: Detection Limit for Reporting
        : PQL x Dilution

PQL: Practical Quantitation Limit

1414 Stanislaus Street  Fresno, CA 93706-1623       Phone 559-497-2888, In CA 800-877-8310       Fax 559-485-6935

ND: None Detected at DLR

H: Analyzed outside of hold time

Report Authentication Code:  *908215-0.2400*

E: Analysis performed by External laboratory.
     See External Laboratory Report attachments.

Page 2 of 2

pCi/L: Picocurie per Liter
MDC: Min Detectable Concentration



Prima Environmental
10265 Old Placerville Road Suite 15
Sacramento, CA  95827

BSK Submission #:  2007102159

Cindy Schreier

BSK Sample ID #:  911325
Project ID:  

Submission Comments:  

Project Desc:  Golder Livermore

Report Issue Date:  10/31/2007

Certificate of Analysis

ELAP Certificate #1180
NELAP Certificate #04227CA

Sample Description:

Date Sampled:

Time Sampled:

Sample Comments:

Gold Liv/03 BrO3 Attn. T\T- A

10/23/2007
1000

Date Received: 10/24/2007

LiquidSample Type:

Inorganics

Analyte Method Result Units DLRDilutionPQL
Prep Analysis
Date/Time Date/Time

mg/L 0.0050 0.00501EPA 317.0 10/29/0710/29/07NDBromate (BrO3)

%Rec: Percent Recovered (surrogates)
µg/Kg: Micrograms/Kilogram (ppb)

mg/Kg: Milligrams/Kilogram (ppm)
mg/L: Milligrams/Liter (ppm)

µg/L: Micrograms/Liter (ppb)
P: Preliminary result
S: Suspect result.  See Case Narrative for comments.

DLR: Detection Limit for Reporting
        : PQL x Dilution

PQL: Practical Quantitation Limit

1414 Stanislaus Street  Fresno, CA 93706-1623       Phone 559-497-2888, In CA 800-877-8310       Fax 559-485-6935

ND: None Detected at DLR

H: Analyzed outside of hold time

Report Authentication Code:  *911325-0.0000*

E: Analysis performed by External laboratory.
     See External Laboratory Report attachments.
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pCi/L: Picocurie per Liter
MDC: Min Detectable Concentration



Prima Environmental
10265 Old Placerville Road Suite 15
Sacramento, CA  95827

BSK Submission #:  2007102159

Cindy Schreier

BSK Sample ID #:  911326
Project ID:  

Submission Comments:  

Project Desc:  Golder Livermore

Report Issue Date:  10/31/2007

Certificate of Analysis

ELAP Certificate #1180
NELAP Certificate #04227CA

Sample Description:

Date Sampled:

Time Sampled:

Sample Comments:

Gold Liv/03 BrO3 Attn. T\U- A

10/23/2007
1000

Date Received: 10/24/2007

LiquidSample Type:

Inorganics

Analyte Method Result Units DLRDilutionPQL
Prep Analysis
Date/Time Date/Time

mg/L 0.0050 0.00501EPA 317.0 10/29/0710/29/070.012Bromate (BrO3)

%Rec: Percent Recovered (surrogates)
µg/Kg: Micrograms/Kilogram (ppb)

mg/Kg: Milligrams/Kilogram (ppm)
mg/L: Milligrams/Liter (ppm)

µg/L: Micrograms/Liter (ppb)
P: Preliminary result
S: Suspect result.  See Case Narrative for comments.

DLR: Detection Limit for Reporting
        : PQL x Dilution

PQL: Practical Quantitation Limit

1414 Stanislaus Street  Fresno, CA 93706-1623       Phone 559-497-2888, In CA 800-877-8310       Fax 559-485-6935

ND: None Detected at DLR

H: Analyzed outside of hold time

Report Authentication Code:  *911326-0.0120*

E: Analysis performed by External laboratory.
     See External Laboratory Report attachments.
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pCi/L: Picocurie per Liter
MDC: Min Detectable Concentration



PRIMA Environmental, Inc. 
10265 Old Place~ille Road, Suite 15, Sacramento, CA 95827-3042 
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Baseline Groundwater Monitoring Field Sheets







































 

 

APPENDIX G 
Field Notes and  

Soil Vapor Sampling Procedures
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SUMMA CANISTER SOIL VAPOR SAMPLING PROCEDURES 

 

Soil Vapor Sampling and Analytical Procedures 

This procedure is based on the following:  Guidance for the Evaluation and Mitigation of 
Subsurface Vapor Intrusion to Indoor Air, Department of Toxic Substances Control, California 
Environmental Protection Agency, (Interim Final), February 7, 2005. 

This method is for collected soil vapor samples using Summa canisters and a sample train.  The 
vapor point or probe will be purged using a purge canister that will be connected in series with 
the sampling canister and the vapor well using a sample train.  A separate sampling train will be 
used for each sampling point.  The sampling train and the Summa canisters are provided by the 
air laboratory and are certified clean.  A schematic of the soil vapor well and sample train setup is 
shown on Figure 1.  The proposed soil vapor sampling procedure is described below: 

1. Connect the purge canister and sampling canister to the sample train.  Connect the 
purge canister at the terminal end of the sample train as shown. 

2. Connect the sampling train to the tubing extending from the boring using a 
compression fitting. 

3. Leak-check the sampling train by closing the inlet valve (VI) and opening (and then 
closing) the purge canister valve (Vp).  Monitor the vacuum gauge to confirm that 
the sampling train holds the vacuum for 10 minutes. 

4. Wrap gauze around each fitting from the vapor point or probe side of the inlet valve 
(VI) to the vapor point or probe.  There is no need to wrap gauze around the fittings 
that were vacuum leak checked in Step 3.  During sample collection, saturate the 
gauze with rubbing alcohol (isopropyl alcohol).  The detection of isopropyl alcohol in 
the sample will indicate there was a leak in the sample train upstream from VI.  
Continue to wet the gauze with isopropyl alcohol approximately every 5 minutes 
during sample collection. 

Before sampling each well, the purge volume will be converted to inches of mercury in the purge 
canister using the ideal gas law.  For example, when the purge volume is 1545 milliliters (ml), the 
volume of the canister is 6000 ml, and the initial vacuum of the purge canister is 30 inches of 
mercury (in. Hg), then 1545 ml is equivalent to: 

(1545 ml/6,000 ml) x 30 in. Hg = 7.7 in. Hg 

Purging is completed when the purge canister vacuum goes from 30 to 22.3 in. Hg.  The purge 
time is recorded in order to confirm the purging flow rate.  The measurements are recorded on a 
Soil Vapor Sample Collection Record. 

The sampling train incorporates a flow restrictor that maintains the air flow between 100 to 
200 ml/min.  As shown on Figure 3, the sampling train includes a filter (F), inlet valve (VI), 
purging vacuum gauge (Gp), flow regulator (R), Summa canister vacuum gauge (Gs), and each of 
the Summa canisters is equipped with a valve (Vs and Vp; sampling canister and purge canister, 
respectively).   
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Soil Vapor Well Purging Procedure 

The purging procedure is described below: 

1. Initially all valves (VI, Vs, and Vp) are closed. 

2. Open Vp and record the initial purging canister pressure. 

3. Open VI to allow the purging canister to begin filling. 

4. Observe Gs and stop the purging when Gs  reaches the pre-determined post-purge 
vacuum (as described above) by shutting Vp and VI.   

Sample Vapor Sample Collection Procedure 

The soil vapor sample will be collected at a flow rate of 100 to 200 milliliters/minute to inhibit 
partitioning or short circuiting (should take approximately 24 to 48 minutes for a 6-liter Summa 
canister assuming 20% of the vacuum will be left in the Summa canister.  The sampling 
procedure is described below: 

1. Initially all valves (VI, Vs, and Vp) are closed. 

2. Open Vs and record the initial sampling canister pressure. 

3. Open VI to allow the sampling canister to begin filling. 

4. Observe Gs and stop the sampling when Gs is approximately 5 in. Hg by 
shutting Vs and VI.   

5. Disassemble the sampling train and complete the sample labeling and the 
chain of custody documentation 

Soil Vapor Analytical Procedures 

For additional leak check, analyze the soil vapor sample for the following atmospheric gases in 
addition to project specific analyses: 

• Oxygen, carbon dioxide, and methane by modified ASTM D-1946.  

Note: soil vapor samples will not be collected if measurable precipitation has occurred within the 
previous seven days.   
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     Table 
Pilot Test Field Data November 14, 2007

2008 1st Street, Livermore, California

Date Time
Pressure
(psi)

Flow Rate
(scfm) Comment

Breakout Pressure Testing
11/14/2007 8:45 7 >0 Flow started in 30 seconds
11/14/2007 8:47 5 1.6 Flow stabilized in 1 minute

Pressure Versus Flow Rate Testing
11/14/2007 8:48 5 1.9
11/14/2007 8:49 7 3.3
11/14/2007 8:50 13 5.0 Wellhead @ 11.5 psi



Well ID. Date Time
DTW 
(ft.)

TD 
(ft.)

ORP 
(mV)

D.O. 
(mg/l)

P.I.D. 
(ppm)

O2 
(%LEL)

CO2 
(ppm)

Comments

Baseline
SP-2A 11/14/2007 7 to 10 40.95 41.8 NA NA 8.7 20.4 NA
SP-2B 11/14/2007 7 to 10 45.35 48.2 NA NA 6.6 20.9 NA
SP-3A 11/14/2007 7 to 10 39.8 40.0 NA NA 43.8 15.0 NA
SP-3B 11/14/2007 7 to 10 44.6 46.6 NA NA 12.4 19.9 NA
SP-4A 11/14/2007 7 to 10 39.74 41.4 NA NA 11.3 20.2 NA
SP-4B 11/14/2007 7 to 10 44.94 48.2 NA NA 81.7 20.0 NA
MW-2 11/14/2007 7 to 10 45.70 55.9 NM NM NM NM NA
Pilot Test
SP-2A 11/14/2007 1313 41.8 -- 227 2.64 -- -- Multiple bailer trips into well aerated sample

1420 begin air sparging at SP-1B, 9 psi, 4 scfm, wellhead at 5.5 psi
1430 air sparging at SP-1B, 6 psi, 3.7 scfm

SP-2A 11/14/2007 1445 Dry -- NA NA 10.5 NC NA

SP-2B 11/14/2007 1430 45.16 -- NA NA 44.5 20.2 NA
SP-2B 11/14/2007 1435 45.05 -- NA NA 36.3 20.3 NA
SP-2B 11/14/2007 1445 45.05 -- NA NA 21.5 20.4 NA
SP-2B 11/14/2007 1500 45.08 -- NA NA 9.0 20.9 NA
SP-2B 11/14/2007 1510 45.08 -- NA NA 6.6 20.9 NA

SP-4A 11/14/2007 1450 NM -- NA NA 10.0 20.0 NA

SP-4B 11/14/2007 1455 44.80 -- NA NA 54.5 20.1 NA at 1510 SP-1B, 5 psi, 3.5 scfm
SP-4B 11/14/2007 1515 44.79 -- NA NA 14.4 20.9 NA at 1518 SP-1B, 4 psi, 3.5 scfm

1518 stop test and trac recharge into SP-1B

SP-1B 11/14/2007 1519 Dry
SP-1B 11/14/2007 1523 Dry
SP-1B 11/14/2007 1526 Dry
SP-1B 11/14/2007 1533 48.18
SP-1B 11/14/2007 1540 48.07
SP-1B 11/14/2007 1550 47.70

     Table 
Pilot Test Field Data November 14, 2007

2008 1st Street, Livermore, California



Well ID. Date Time DTW (ft.) TD (ft.) ORP (mV)
D.O. 

(mg/l)
P.I.D. 
(ppm)

O2 
(%LEL)

CO2 
(ppm)

Comments

Began sparging 1148, SP-1B, 3 psi, 1.3 scfm with ozone at 25% of maximum generation 
MW-1 11/19/2007 0745 45.93 800 <0 12.7
MW-1 11/19/2007 1130 790.0 <0 >5
MW-1 11/19/2007 1201 580.0 0.3 >5
MW-1 11/19/2007 1300 450.0 7.9

MW-2 11/19/2007 0739 46.01 820 <0 >5
MW-2 11/19/2007 1100 -62.5 3.23 pH 7.35
MW-2 11/19/2007 1123 755 <0 >5
MW-2 11/19/2007 1135 -44.6 3.72 sampling pump stopped working
MW-2 11/19/2007 1154 680 <0 >5
MW-2 11/19/2007 1206 46.2
MW-2 11/19/2007 1258 422 16.3 >5
MW-2 11/19/2007 1330 500 16.0 >5

SP-1B 11/19/2007 0734 45.19 3 20.4 0

SP-2B 11/19/2007 810 45.42 3.6 20.8 0.05
SP-2B 11/19/2007 1025 56 20.3 0.05
SP-2B 11/19/2007 1123 95 20.4 0.10
SP-2B 11/19/2007 1152 66 20.5 0.10
SP-2B 11/19/2007 1158 45.10
SP-2B 11/19/2007 1229 45.20 26 20.5 0.15
SP-2B 11/19/2007 1253 45.20 13 20.7 0.15
SP-2B 11/19/2007 1358 45.39

SP-4B 11/19/2007 1134 40 20.5 0.10
SP-4B 11/19/2007 1256 13 20.5 0.15

     Table 
Pilot Test Field Data November 19, 2007

2008 1st Street, Livermore, California



Well ID. Date Time DTW (ft.) TD (ft.) ORP (mV)
D.O. 

(mg/l)
P.I.D. 
(ppm)

O2 
(%LEL)

CO2 
(ppm)

Comments

1301 stop test and track recharge into SP-1B
SP-1B 11/19/2007 1305 Dry

11/19/2007 1310 48.10
11/19/2007 1313 48.00
11/19/2007 1350 45.65
11/19/2007 1420 45.20

NOTES:



Well ID. Date Time DTW (ft.) TD (ft.) ORP (mV)
D.O. 

(mg/l)
P.I.D. 
(ppm)

O2 
(%)

CO2 
(ppm)

Comments

SP-2A 11/26/2007 1035 Dry 0.7 20.1 0.55 System resting
SP-2B 11/26/2007 1040 45.07 14.2 20.8 0.15 System resting
SP-4A 11/26/2007 1105 Dry 4.3 30.7 0.20 System resting
SP-4B 11/26/2007 1110 44.86 4.2 20.8 0.10 System resting
SP-3A 11/26/2007 1130 Dry 30.0 17.3 0.85 System on at 1114
SP-3B 11/26/2007 1135 44.71 4 19.8 0.60 System resting
SP-5A 11/26/2007 1205 Dry 40.4 697 10.7 1.95 Tubing at 38' bgs
MW-5 11/26/2007 1230 39.04 39.6 858 9.4 75 System resting, water in cap

     Table 
Pilot Test Field Data November 26, 2007

2008 1st Street, Livermore, California



Well ID. Date Time DTW (ft.) TD (ft.) ORP (mV)
D.O. 

(mg/l)
P.I.D. 
(ppm)

O2 
(%LEL)

CO2 
(ppm)

Comments

SP-2A 12/5/2007 9:45 Dry 19.6 19.9 0.45
SP-2B 12/5/2007 9:40 45.73 46.62 13.8 20.9 0.00
SP-3A 12/5/2007 10:47 Dry 17.9 17.0 0.85
SP-3B 12/5/2007 10:32 44.88 45.22 1.9 19.6 0.60
SP-4A 12/5/2007 10:25 Dry 0.3 20.7 0.05
SP-4B 12/5/2007 10:15 45.31 46.98 114 7.81 0.8 20.8 0.05
SP-5A 12/5/2007 12:00 895 10.7 1.20
MW-2 12/5/2007 16:30 46.32 60.69 -15 6.33

     Table 
Pilot Test Field Data December 5, 2007
2008 1st Street, Livermore, California
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