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January 18,2005

Roseanna Garcia-La Grille
Alanrda County Health Care Services Agency
1131 Harbor Bay Parkway, Suite 250
Alanrda, California 94502-657'l

Re: Interim Remediation Report
She1l-branded S ervice Station
2120 Montana St
OaHand, California
Incident # 98995740
Cambria Project # 747 -U33-007

Dear Ms. Garcia-La Grille:

On behalf of Equilon Enterprises LLC dba Shell Oil Products US (Shell), Cambria ErNiromrental

Technology, Inc. (Cambria) has prepared tlis Interim Remedialion Report for the subject site.

This report was prepared to summarize tbllow-up soil vapor extraction (S\rE) proposed in

Cambria's September 4,2002 Subsur[ace Investigation, Soil Vapor Extraction Pilol Test Report,

and Interim Remediation Work Plan. In a September 19, 2002 letter, the Alarneda County Health

Care Services Ageney (ACHCSA) agreed with Cambria's recommendation.

Presented below is a summary of the site background and the interim renrdial activities.

SITE BACKGROUND

Location and Description: This operating Shell-branded service station is located at the Montana

Street and Fruitvale Avenue intersection in Oakland, Calilbrnia (Figures 1 and ?). Conrnrercial

properties lie to the north and east of the site, and residential properties lie to the west. Montana

Street, a freeway on-ramp, and Highway 580 are located south of the site.

1997 Dispenser/Turbine Sump Upgrades: [n November 1997, Paradiso Mechanica] (Paradiso)

of San Leandro, Califomia upgraded fuel-related equipment at the service station Secondary

contai rent was added to the three existing dispensers and to the turbine sumps above the

underground storage tanks (USTs). Soil samples D-1, D-2, and D-3 were collected from beneath

the dispensers at a depth of approximately 5 feet below grade (tbg). Soil sanrples were not

collected from beneath the associated piping since it was not exposed during upgrade activities.
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The maximum total petoleum hydrocarbons as gasoline (TPHg), benzene- and rnethyl tertiary

butyl ether (MTBE) concentrations were reported in sample D-3 at 59 parts per million (ppm),

0.76 pprn, and 1.1 ppnl respective\. Cambria's February 3, 1998 Dispenser Soil sampling

Report sumnarizes these activities.

1999 Subsurfoce Investigdtion: In October 1999, Cambria advanced soil borings SB-1 through

SB-3. SB-1 was adva:rced to 16fbg, and SB-2 and SB-3 were advanced to 20 fbg. The maximum

detected hydrocarbon concentrations in soil were 54 ppm TPHg in boring SB-1 at 5.0 fbg,

0,019 ppm benzene in boring SB-2 at 1-5 tbg, and 0.24 ppm MTBE in boring SB-2 at 10.0 tbg.

The maximum reported hydrocarbon concentrations in groundwater were 2,380 parts per billion

Spb) TPHg in borir:g SB-3, 10.6 ppb benzene in SB-2, and 3,210 ppb MTBE in SB-3,

Cambria's lune 7, 2OO0 Suhsurface Inve.rtigation Reporl and Work Plan lor Installation of

Groundwater Monitoring Wells summzuizes these activities.

2001 Monrtoring Well Installation: In February 2001 , Cambria installed thee groundwater

monitoring wells (MW-l through MW-3). The nurximum TPHg and MTBE concentrations were

found in soil samples collected from monitoring well MW-2, located in Montana Street across

from the site. TPHg was detected at 21 tbg at a concentration of 10 ppnl and MTBE was det€cted

at 15.5 fbg at a concenfiation of -5.2 pprn The maxirrrm detected benzene concentrafion of

0.066 ppm was detected in the soil sample collected from monitoring well MW-l at 10 tbg.

Cambria's }l{ay 22,2007 Groundwater Monitoring Well Installation Reporl sumnmrizes these

activities.

2001 Sensitive Recefior Sune!, lYell Survey, and Cond.uit Study: In August 2001, Cambria

conducted a sensitive receptor survey, well survey, and conduit study. ACHCSA requested this

work in a July 23, 2001 letter to Shell. The sensitive receptor su ey indicated ftrat no known

water-proclucing we1ls are located within f -mit. radius of the site. The nearest surthce water body

is Sausal Creek, located approximately 240 feet west-nofihwest of the site. Sausal Creek is

diverted into a l0-foot by lO-foot culvert, located approximately 420 feet west-northwest of the

site, with a flow line depth shallower than the t'?ical water table at the site. Sausal Creek

resurf'aces approxinutely 730 feet southwest of the site. The utility study indicated that utility

conduits in the area do not tlpically encounter groundwater, and likely do not act as preferential

pathways for contaminrmt migration. Based on this informatiotl no known receptors are likely to

be impacted by chemicals at the site. However, at the time of this survey, the potential for

hydrocarbon vapor migration to the neighboring residences had not been investigated. Cambria's

September 24, 2001, Sensitive Receptor Survey, Well SunJey, and Conduit Study Report

sufi unarizes these actidties.

2001-2003 Mobile Grounilwdter Extrdction (GIVE); In August 2001, GWE from wells MW-1

ald TBW-N using a vacuum truck began at the site. GWE was conducted on a weekly basis
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through November 2001, on a bi-weekly basis through December 2001, on a montbly basis

through March 2003, and then was conducted on a weekly basis between August 19, 2003 and

January 6- 2004. The cumulative estimated mass of TPHg and MTBE rernoved by GWE at the site

was 25.27 pounds and 8.13 pounds, respectively. Additionally, approximately 2.68 pounds of

separate-phase hydrocarbons (SPH) were removed from wells MW-l and TBW-N through both

nnnual bailing and GWE.

2002 SVE Test: br June 2002, Cambria perfornrd a 5-day S\rE test to remove petroleum

hydrocarbon mass and to determile if extracted vapor concentrations would be sustained over a

long period of tinr. High initial vapor concentxations indicated the presence of source material

within the UST faciJity available for recovery. Operation of the internal cofiibustion engine over

the 5-day test peliod resulted in an order of magnitude decrease in TPHg and MTBE vapor

concentrations- Based on operating parameters and vapor sample analytical results collected

throughout the test period, the TPHg, benzene, and MTBE vapor-phase mass removal over the test

period was estinrated aI \76, 0.998, and 1.92 pounds, respectively. Cambria's Septenrber 4, 2002

Subsurface Investigation, Soil Vupor Extraction Pilot Test Report, and Interim Remediation

Work Plan summarizes these activities.

2002 Monitoring Well Installation' ln June 2002, Cambria installed groundwater rmnitoring

wells MW-4 and MW-5. TPHg, benzene, toluene, ethylbenzene, and xylenes (BTEX) were not

detected in soil samples collected liom well MW-4. TPHg and benzene were detected orily in well

MW-5 in the soil samples collected from 9.0 fbg and 19.0 fbg at 1.3 ppm and 18 pprn,

respectively. Berzene was detected only in boring MW-5 in soil samples collected fiom 9.0 tbg

and 19.0 fbg at 0.0083 ppm and 0.0071 ppnl respectively. MTBE was not detected in any soil

samples collected during this investigation Table 1 summarizes historical boring and well data.

Attachnrnt A presents historical soil anab.tical data. Cambria's September 4,20Q2 Subsurlace

Investigation, Soil Vapor Extraction Pilot Test Report, and Interim Remediation Work Plan

summarizes these activities.

2003 GWE System: Cambria's September 4, 2002 Subsurface lnvestiSation, Soil Vapor

Extraction Pilot Test Report, and Interim Remediation Work PIan prcposed GWE as interim

renrediation. Construction of a GWE system began in early February 2003, and start-up occurred

on Aprii 2, 2003. The GWE system exhacts groundwater from monitoring well MW-l and tank

bacldill well TBW-N- Due to the presence of SPH, Cambria did not operate the GWE system

between July 18,2003 and April 21,2004. Cambria re-designed the GWE system to include an

oiywatcr separator. Mod.ifrcations to the GWE system were completed on March 31, 2004. An

oiywater separator, two particle filters in paral1el, and a series of three 1,000-pound aqueous-phase

carbon vessels treat the groundwater strean.r- Treated groundwater is discharged to the sanitary
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sewer under the authorization of an East Bay Municipal Utilities District (EBMIID) wastewater

discharge permit.

Table 2 summarizes GWE system anal]tical data. Table 3 summarizes the GWE system operation

and mass removal data. As of November 22, 2004, a total of 232,089 gallons of groundwatel has

been extracted. A total of 15.0 pouncls of TPHg, 0.590 pounds of berzene, and 3.23 pounds of

MTBE has been recovered.

200j Tank Repair In November 2003, Able Mahtenance of Santa Rosa, Ca'lifbrnia exposed the

re9Dl'ar g^de UST for impection by the tzurk manufacturer (Xerxes Company). Xerxes Conpany

found a snrall crack on the bottom of the tank The crack was investigated, repaired with fiberglass

resin, and air tested fbr the City of Oakland Fire departnrnt by the Xerxes Company. A1ler the

Xerxes Company conrpleted their air test, Able Maintenance ca11ed in a third-party tank tester to

precision test the tank. Affbrd-a-Test completed that test, and the t;urk was certified as tight. Able

Maintenance monitored the tank through Shell's Veeder-Root monitoring system since the repair,

and it passed the associated pressure tests.

2004 Station Upgrailes: In May 2004, Paradiso upgraded the station's fuel dispensers and UST

sumps. Cambria collected soil samples D-1-4.0, D-2-4.0, and D-3-4.0 ftom undemeath the

dispensers. TPHg was detected in two of the tlree soil samples at concentrations ranging from

110 ppm (D-3-4.0) to 1,900 ppm (D-2-4.0). Benzene was detected in one san.ple at 1.7 ppm

(D-2-4.0). Ethylbenzene was detected in two sanrples at concentrations ranging trorn 3.1 ppm

(D-3-4.0) to 21 ppm (D-2-4.0). Xylenes were detected in two samples at eoncentrations ranging

from 0.17 ppm (D-1-4.0) to 57 ppm (D-2-4.0). MTBE was detected in all samples at

concentrations ranging trom 0.65 ppm (D-3-4.0) to -5.8 ppm (D-2-4.0). I-ead was detected in all

sarnples at concentrations ranging trom 7.3 ppm (D-2-4.0) to 8.7 ppm (D-3-4.0). Carrbria's

November 1,20O4 Dispenser tlpgrade Sampling Repofi sronfiiarizes these activities.

Groundwater Monitoring: Quarterly groundwater rnonitoring has been conducted at the site siace

well installation in 2001. Tank bachill well TBW-N, one of four tank backfill wells at the site and

the odly tank backfill well which encounters groundwater, was added to the quartedy nronitoring

program in September 2001. Since June 2001, SPH have been detected intermittently in

monitoring well MW-l as well as in tank backfill well TBW-N. SPH were observed in well MW-2

near the end of SVE testing in July 2004. Figure 2 presents data fiom the third quarter 2004

groundwater monitoring event. However, the laboratory report for the fourth quarter 2004

monitoring event was just recently received and the results are discussed herein

During the fourftr quarter 2004, TPHg was detected in groundwater in all monitoring wells except

for well MW-3 at concentrations ranging trom 3,300 ppb (MW-4) to 64,000 ppb (MW-2).

Sirnilarly, benzene was detected in groundwater in all monitoring wells except for well MW-3 at
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concentrations ranging from 27 ppb (MW-5) to 2,900 ppb (MW-2). MTBE was detected in all

nronitoring wells at concentrations ranging from2.6 ppb (MW-3) to 6,300 ppb (MW-2)-

Previously, third quarter 2004 groundwater monitoring samples were analyzed tbr five oxygenates

at She11's request. Telt butyl alcohol (TBA) was detected in groundwater samples from wells

MW-l, MW-2, MW-4, and TBW-N at concentrations of 4,100 ppb, 4,100 ppb, 700 ppb, and

4,500 ppb, respectively. Anal]'tical results for the other oxygerates were below reporting limits.

Historical groundwater monitoring data is presented as Attachnrcnt B.

SITE CONDITIONS

Site Lithology: The site is located within the East Bay Plain groundwater basin of Alameda

County, west of the Hayward Fault. The East Bay Plain area is characterized by Quaternary age

Bay Mud composed of unconsolidated plastic clay and silty clay, rich in organic material with

sonre lenses of silt and sand. Beneath the Bay Mud deposits 1ie unconsolidated younger and older

alluvial deposits (Hickenbottom and Muir, 1988).

The site is underlain by interbediled sandy silt, silty sand, clayey sand and sand to the total

explored depth of 28 fbg. A small sand lens is observed below 15 fbg (-UST conrplex bottom) in

boring logs llom wells MW-1, MW-2, and SB-3. The 1og for MW4 shows this lens but at a

shallower depth. This sand lens may serve as the main trallsport pathway. Boring logs iue

included as AttachmEnt C.

Hydrogeology: The Older Alluvium is the dominant aquifer in the East Bay Plain area west of the

Hayward Fault. Regional groundwater flow is to the west-southwest toward San Francisco Bay.

The site elevation is approxirnately 150 feet above mealr sea level. Historieally, groundwater depth

has ranged from approximately 10.1 to 14.3 fbg, and groundwater flow dirEction is predominantly

to the south-southwest, but has varied to the northwest. A rose diagrarn of groundwater tlow

direction is included on Fisure 2.

INTERIM REMEDIATION

Consistent with the fildings and recomnendations in Cambria's September 4,2002 Subsurface

Investigation, Soil Vapor Extraction Pilot Test Report, and Ihe Interim Remediation Work Plan,

follow-up S\rE was warranted based on groundwater nronitoring and GWE system operational
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data. The primary objective of intErim renrediation was to provide source iuea renrdiation of

residual petrolzum hydrocarbons and MTBE. Between July 26 and July 30, 2004, Cambria

conducted SVE from well MW- 1.

Health and Safety Plan: A site-specific Health and Safbty Plan was prepared and maintained on

site fhroughout the SVE activities.

Notijlcation: On July 21, 2004, Cambria provided the Bay Area Air Quality Managernent Dishict

with the required notification for conducting the SVE activities.

SVE Equipment' A Solleco trailer-mounted liquid-ring pump with electric catalyic oxidizer

(Solleco unit) was used as the extraction and vapor abatement device during the SVE test. A

150-kilowatt generator powered the Solleco unit. A throttle valve was used to control the applied

vacuum and vapor extmction tlow rate. The Solleco unit is equipped with an auto-dilution valve

and a manual dilution valve to further control vacuum and flow, as well as to maintain the oxidizer

temperatures within the specified ratrge.

Field vapor concentratiors were measured with a Horiba model MEXA554JU organic vapor

analyzer. A Thomas Industries model 907CDC18F vacuum pump was used to collect vapor

samples in one-liter Tetllar bags. Magnehelic d.ifferential presslue gauges were used to nrcnitor

vacuum induced in neartry wells and at the wellhead of the extraction point.

Initially, the GWE system's subnrersible pneurxrtic pump in well MW-L was used to dewater the

soil fbnnation to the target elevation However, the groundwater yield exceeded this pump's

capacity rezulting in ixsufficient drawdown of the water table. Thereibre, Cambria installed a

2-inch diarneter Grundfos electric pump in well MW-l to achieve the required drawdown. The

extracted groundwater was treated by the existing renrdiation system and discharged to the

sanitary sewer in compliance with the existing EBMUD wastewater discharge permit.

Data Collection and Sampling: Data was collected on standard fbrms. Throughout the SVE

period" Carnbria nreaswed the applied vacuunl air flow, volatile organic vapor concentration, and

vacuum influence in nearby wells. Data was collected at 10- to 3O-minute intervals for 6 to 8

hours a day, after which the equipmeDt was set to operate ovemight. Vapor samples were collected

in one-liter tetllar bags for laboratory analysis at the beginning and end of each day.

Analyses: Vapor samples were analyzed by EPA Method 82608 to dEtendle TPHg, BTEX, and

MTBE concentrations and to verify freld measurenrents. SevEm Trent Laboratories (STL) of

Pleasanton, California, a State-certified laboratory, provided sample analysis.
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SVE Interim Remediation Results

SVE data is surnmarized in Table 4. Table 5 presents the vacuum radius of bfluence information.

Field data sheets are presented as Attachnent D. Laboratory analytical results iue presente.d as

Attachment E. Details of the July 2004 interim renrdiation are presented below:

July 26, 2004: SVE from we.ll MW-1 began at 13:1-5 on July 26. The depth to groundwater was

nrasured at 24.87 feel from the top of the well casing in well MW-l at the outset of SVE.

Cambria increlnentally increased (stepped) the applied vacuum in order to determine the maxinum

air flow /ate and the optimal operation setting.

Applied vacuum readings were nrasured at the wellhead. The maxinrum wellhead vacuum

achieved was 105.1-inches of water column-gauge (WC). Vapor-phase hytlrocarbon

concentrations from well MW-l exceeded the catallic oxidizer's capacity, resulting in high

temperatue shutdown. To acconnnodate continuous operation of the Solleco unit, Carnbria had to

introduce additional dilution air to the process streanl which limited the application of higher

vacuulns,

The extraction flow rato ranged from 10.4 to 2-5.3 standard cubic feet per minute (sctin) and

averaged 16.9 scfrn Cambria personnel observed a rBxirnum vacuum influence of 0.01 inches

WC in observation well TBW-N. The GWE rate was rnaintained at approximately 4-0 gallons per

minute (gprn) on this day.

Vapor samples were collected at the wellhead for laboratory analysis. The initial vapor sample

collected at 13:30 contained 4,700 parts per million by volunr (ppmv) TPHg and 7 ppmv MTBE,

and was below the reporting limit (< I . 6 ppmv) for benzene. The vapor sample colle.cted at the end

of the day (16:00) contained 11,000 ppmv 'lPHg,24 ppmv benzene. and 30 ppmv MTBE. The

Solleco unit was set to operate ovemight to maximize the rernedial effort.

JuIy 27, 2004: SVE from well MW-1 continued through the day- An average wellhead vacuum of

61 inches WC was established by the liquid-ring pump generated vacuum of approximately

7.0 hches of nrrcury-gauge (Hg). The maximum wEllhead vacuum achieved was 65.3 inches

WC. The extraction flow rate ranged from 24.3 to 31.9 scfm and averaged 27.3 scfin Cambria

personnel observed a vacuum ilfluence of 0.01 inches WC in observation wells MW-4, TBW-W,

TBW-N, TBW-B, and MW-3. The GWE rate was maintained at approxinately 4.0 gpm on this

day.

A vapor sample collected at 8:00 contained 2,300 ppmv TPHg, 9.7 ppmv benzene, and 12 ppmv

MTBE. The vapor sample collected at the end of the day (14:00) contained 1,600 ppmv TPHg,
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set to operate overnight to

July 28, 2004: SVE from well MW-1 continued tluough the day. An average weLlhead vacuum of

62 inches WC was established by a liquid-ring pufirp generated vacuurn of approxinrately

7.0 inches Hg. The rnaxirnrm wellhead vacuurn achieved was 63.2 inches WC. The extraction

flow rate ranged from 26.4 to 38.5 scfm and averaged 32.5 scfin Canrbria personnel observe.d a

vacuum influence of 0.01 inches WC in observation wells MW-4, TBW-W, TBW-N, TBW-E, and

MW-3. The GWE.rate was maintained at approxinrately 4.0 gpmon this day.

A vapor sample collected at 7:00 contained 4,300 ppmv TPHg, 18 ppmv benzene, and 24 ppmv

MTBE. The vapor sample collected at the end of the day (13:30) contained 12,000 ppmv TPHg,

42 ppmv benzene, and 52 ppmv MTBE. ThE Solleco unit was set to operate ovenfght to

maximize the rercdial effort.

July 29, 2004: Upon arrival, the submersible pump in well MW-l was not operating. The cause

of the pump shutdown is unknown Cambria restarted the punrp and continued with S\rE. Att

average wellhead vacuum of 62 inches WC was established by a liquid-ring pump generated

vacuum of approximately 7.0 inches Hg. The rnximum wellhead vacuum achieved was 69 inches

WC. The extraction tlow rate ranged from 30.4 to 34.4 scftn and average.d 31.6 scfrn Canrbria

persormel observed a vacuum influence of 0.01 inches WC in observation wells MW-4, TBW-W,

TBW-N, TBW-E, and MW-3. The GWE rate was set at 4.5 gpm upon restarti:rg the pump, but

was reduced to approxinrately 4.0 gpmby the end of the day.

A vapor sanrple collected at 10:00 contained 3,700 ppmv TPHg, 17 ppmv benzene, and 37 ppmv

MTBE. The vapor sample collected at the end of the day (14:00) contained 4,700 ppmv TPHg,

18 ppmv benzene, and 33 ppmv MTBE. The Solleco unit was set to operate overnight to

maxinrize the renrdial effbrt.

Cambria periodically monitored depth to groundwater i:r all wells throughout the SVE period.

Groundwater drawdown was observed in all wells tlroughout S\8. At 12:00 on July 29, Cambria

measured 0. 13 feet (1,56 inches) of SPH in off-site monitoring well MW-2 at a depth of 16.96 tbg.

Approximately 6 feet of groundwater drawdown was observed in this well during SVE.

July 30, 2004: SVE from well MW-1 continued through the day. On this day. Cambria was able

to complete step testing of well MW-1. A maxinrum air tlow rate of 61.9 scfm was produced fiom

an applied wellhead vacuum of 105 inches WC, The maximurn wellhead vacuum achieved was

157 inches WC. The extraction flow rate ranged from 34.2 to 61.9 scfm and averaged 40 scfin

Cambria personnel observed a vacuum inlluence of 0.01 inches WC in observation wells TBW-W,
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TBW-N, TBW-E, and MW-3. Cambria personnel observed a vacuum influence of 0.7 inches WC

in observation well MW-4. The GWE was nraintained at approxifirately 4-0 gpm on this day.

A vapor sample collected at 7:00 contained 6,900 ppmv TPHg, 26 ppmv benzene, and 23 ppmv

MTBE. The vapor sanrple collected at the end of the day (14:00) contained 8,500 ppmv TPHg,

27 pprnv benzene, and 21 ppmv MTBE.

Cambria rneasured 0.8 feet (9.6 inches) of SPH in off'-site monitoring well MW-2 at a depth of

18,90 tbs.

coNcLustoNs

Monitoring well MW-1 was used tbr vapor extraction, and monitoring wells MW-3, MW-4, and

backfill we11s TBW-N, TBW-W, and TBW-E were used to measure vacuum influence. When

vacuum was applied to well MW-1, a maximum vacuum of 0.01 inches WC was observed in all

wells except for well MW-4. A maximum vacuum of 0.7 inches WC was observed in well MW-4,

corresponding to a vacuum of 1-57 inches WC applied at well MW-l. The effective radius of

influence is typically define.d as an observed vacuum that is greater thzm or equal to l7o of that

applied to the extraction we11. Al1 observed vacuums were iess than 17o of the applied vacuum

The low vacuums in these observation wells may be attributed to the proximity of the extraction

well to the fornrer UST complex. The more pernrable soils (pea gravel) within the UST complex

would dissipate the applied vacuum and limit its extent.

SVE data from well MW-1 suggested SVE was effective as interim remediation. A high flow rate

was obtained ftom well MW-l at an irrtermediate applied vacuum High TPHg, BTEX, and

MTBE vapor concentxations were sustained over the duration of SVE. The sustained vapor

concentrations suggest that significant residual hydroczrbon fluss renr;dr]s. Based on operating

parameters and vapor sanrple analytical results, the total vapor-phase TPHg, berzene and MTBE

mass removed from well MW-l during this S\rE event is estimated at 257. 0.872, and

1.22 pounds, respectively (Table 4).

Approximately 20,160 gallons of groundwaier were extracted frorn well MW-l over 5,946 minutes

of SVE operation, which equates to an average extraction rate of 3.39 gprn As previously

discussed, the extracted groundwater was treated by the existing renrdiation system and

discharged to the sanitary sewer. Based on the extracted volume and August 3, 2004 GWE system

influent analytical data, the estimated mass renroval of dissolved-phase TPHg, berzene, and

MTBE is 0.168, 0.009, and 0.066 pounds, respective\.
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Althouglr hydrocarbon concentrations in groundwater appear to be decreasing fbllowing SVE, data

and obseflations during renrdial activities suggests tJrat the lateral extent of SPH is likely more

extensive than site investigation and groundwater monitoring data have shown. As previously

discussed, a small sand lens is observed below l5 tbg (-UST complex bottom) in boring logs from

we.lls MW-l, MW-2, and SB-3. SPH had been present in well MW-l and backfdl well TBW-N in

the past. After the grourdwater in well MW-2 was drawn down below 15 lbg during SVE, SPH

were observed in this well. Cambria believes this sand lens is the main ransport pathway. Since

the static groundwater table is above this sand 1ens, floating SPH may be trapped within the lens

and prevent SPH from entering well MW-2 under static conditions. Cambria believes that during

pumping of well MW-l, the groundwater table was lowered. which allowed some transport of SPH

and caused it to appear in well MW-2.

RECOMMENDATIONS

Based on the data and observations during renrdial activities, Cambria recomnrnds further

assessment thE lateral extent of SPH in the source alea and assessment of the potential risks posed

by the site conditions to the surrounding properties. Thus, on behalf of Shell, Cambria proposes to

install live soil borings and five soil vapor sampling probes (Figure 3).

ln addition, for risk assessnrent purposes, a survey of the neighboring residences building

structures (i.e. basements, slab on grade, perimeter foundation, etc) will be conducted. Soil vapor

samples will be collected from the vadose zone along the westem property line to assess the actual

concenhation of hydrocarbon vapors migrating upward through soils. The results of the soil vapor

samples will then be evaluated to provide information regarding the potential risks to occupants by

the indoor air exposure pathway. Results from the investigation and risk assessnrent will be used

to determ;fie if additional rercdial action is warranted. Plesented below is a description of the

proposed work tasks.

Work Tasks

Permits: Appropriate permits for drilling will be obtained from Alanreda County Public Works

Agency.

Site Safety Plan: A site safety plan will be prepared for field work.

Utility Clearance.' Proposed drilling locations will be marked and their locatiors cleared through

Underground Service Alert prior to drilling. A private utility locator may be hired to clear on-site

10
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utilities. The top 5 feet of each location will be advanced with hand auger equipment or an air

knife, to further minimize the potential for damaging any utilities no1 identified by USA.

Site Investigation' Five soil borings are proposed as shown on Figure 3. Four of the borings

(SB-4 tlrough SB-7) are positioned in the south-southwest corner of the site downgradient of the

USTs. The fifth boring (SB-8) is located in the north-northwesl coflrer of the site. Cambria's

Standard Field Procedures for Soil Borinss is included in Attachment F.

Site Investigation' Five exploratory cone penetrometer test (CPT) soil borings (SB-4 tlrough

SB-8) are proposed at the locations shown on Figure 3. All the borings will be drilled using direct

push CPT equipnrnt. Cambria's Stand Field Proeedures for Cone Penetrometer Testi:rg and

Sanpling ale prcsEnted as Attachnrnt F. Borings SB-4 through SB-8 will be drilled to an

approximate depth of 25 fbg to assess the lateral and vertical extent of SPH in soil beneath the

sttes.

Sediments will be electronically logged by CPT logging equipnrent. Borings SB-4 through SB-8

will also be logged using an ultraviolet induced fluorescence (UVIF) probe. The U\rIF probe

works on the principle flrat polyaromatic hydrocarbons mixed with soil and groundwater fluoresce

when irradiated by ultraviolet ligJrt. By rneasuring the UVIF intensity of the soil and groundwater,

the relative lateral and vertical extenl of SPH can be determined. Soil samples will be collected at

selected locations and depths from borings SB-4 through SB-8 fbr chemical analysis to compare

laboratory analltical data with UVIF readings. Based on the CPT logging results, g.roundwater

samples will be collected from borings SB-4 tlrough SB-8.

Soil sanples designated for chemical analysis will be retained in stairiless steel, brass, or plastic

sanrple tubes, and covered on both ends with Teflon sheets and plastic end caps. Groundwater

samples will be collected from borings using Hydropuncl or equivalent sampling equipnrent, and

placed into appropriate containers. Soil and groundwater samples will be labe1ed, entered onlo a

chain-of:custody record, and placed into a cooler with ice for transport to a State-certified

laboratory lbr analysis.

Chemical Analyses: Groundwater samples and selected soil samples will be analyzed for TPHg,

BTEX, and fueI oxygenates by EPA Method 8260.

Pltysical Pardrrder Testing: ln order to use site-specific data to perform the risk assessnrnt,

select soil samples will be submitted for adtlitional analyses to determine physical characteristics.

Cambria proposes submitting samples from the S-fbot and lO-foot intervals from all borings fbr

analysis of moisture content, total porosity- and soil bulk density. This data will be used to

perforrn a Tier II risk based corective action (RBCA) evrLluation.
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Soil-Vapor Assessment Activities

Soil-Vapor Investigtttion: Based on the docunrent Cuidanr:e on Use of Soil-Gas Surveys to

Assess Vapor Transport to Indoor Air prepared by Shell (Attachnrnt G), Cambria proposes to

perform active sampling from fixed soil-gas probe locations. As shown on Figure 3, frve soii-

vapor probes (SV-A tbrough SV-E) are proposed to be installed on site along the westem property

boundary.

Soil-Gas Probe Installation: The soil-vapor probe nests will be irxtalled using hand-auger

equipment. Two intervals will be screened at each location, one at approximately 5 fbg and one at

approxinately 10 tbg. Adjustnrnts to the screen depths will be made based on the observed

lithology. Zones ofhigher permeability will be targeted for screenhg.

Each probe will corsist of 0.25-inch inside d.iameter Teflon tubing, with no greater than 3-inch

lengths of screen (perforated in the freld using a drill and very sma1l bit). The botiom of the tubing

and the screened interval will be wrapped w.ith stainless steel screen to avoid potential clogging

with soil. Teflon tape will be used to secure the screen on tle tubing. A clean, fine'grained silica

sand filtEr pack will be hstalled approximately 3 to 6 inches below and above the screened

interval. The annulus between probe intervals will be sealed using a bentonite slury, set atop a

2-inch base of bentonite pellets. Each nest of soil-probes will be sealed by grout ftom the surface.

The wellhead will be protected by a traffic-rated well box.

Soil-Vapor Sampling: To allow adequate tinre for soil-vapor equiJibration within the disturbed

soils, the initial vapor sampling event will occur no earlier than 3 weeks following probe

imtallation. Further, soil-gas sampling will occur no sooner than 3 days following a precipitation

event. Cambria will discuss the sampling schedule with the property owners and request that they

do not perform any irrigation within 3 days prior to the proposed sampling date. Sample collection

procedures are detailed in AttachffFnt F.

A schematic of the aboveground soil-vapor sampling apparatus is shown on Figure 4. A flow

meter/controllef will regulate the flow of air extracted from the tubing by the purge pump.

Approximately three tubing volunres will be purged from each vapor point over a period of

approximately 10 minutes prior to sample collection Imrnediately after purging, soil-vapor

samples will be collected over an approximate 30-minute period using l-liter Summa canisters

provided by the laboratory.

Chemical Analyses: The vapor samples will be kept at ambient temperature and submitted under

chain-of-custody to Air Toxics LTD of Folsonr, California for analysis. The sarnples will be

analyzed for TPHg using EPA Method TO-3, BTEX using TO-14A GC/MS tull scaq and

propane using Air Toxics Limited Method @82.
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Analysis of oxygen, carbon dioxide, and methane will be used to evaluate potential dilution of the

soil vapor samples with ambient air. Standard publicized levels of arnbient ak are: oxygen 217a,

carbon dioxide 0.0337o, and 2.0-ppm methane, Because biodegradation of petroleum

hyilrocarbons is likely occurring in the subsurface, the soil-vapor concentration of oxygen is

expected to be lower than general ambient concentrations. However, for the sanr teasotl catbon

dioxide and methane colcenlrations are expected to be higher. The concentration of oxygen,

carbon dioxide, and rnEthane in the subsurface is dependent on the anmunt and kind of

biodegradation activity and will likely vary betwe€n the 5 and 10 fbg sanrples.

Report Preparatinn: Following the receipt of analltical and physical parameter results from the

laboratory, Cambria will prepare a written report which will include field procedures, laboratory

results, boring logs, the Tier II RBCA, conclusions and recomrnpndations for further aetivities.

13
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CLOSING

Cambria is prepared to begin permitting activities upon approval of this work plan by the

ACHCSA. The on-site field activities will also be scheduled as soon as work plan approval is

received. If you have any questions regardirig the contents of this docunrent, please call Dan

Lescure at (510) 420-3306.

echnology, lnc.
Sincerely,
Cambria Environmental T
r - L l ,

Xlt't I lil.ti'<-., l t , I u  l

Dan Lescute
Senior Project Engineer

14^/4-, u. D'l
Matthew W. Derby, P.E,
Senior Project Engineer

Figures:

2 - Groundwater Extraction - System Analltical Data
3 - Groundwater Extraction - Operation and Mass Removal Data
4 - Soil Vapor Extuaction - Mass RenDval Data
5 - Soil Vapor Extraction - Vacuum Radius of Influence Data

Attachfirents: A - Historical Soil Data
B - Historical Groundwater Monitorins Data
C - Boring Logs
D - Field Data Sheets
E - Certified Laboratory Analytical Reports
F - Standard Field Procedures for Soil Borings
G - Gaidance on Use of Soil-Gas Sw'veys /o Asses.s Vapor T'ransport

to lndoor Air

cc: Karen Petryna, Shell Oil Products US, 20945 S. Wilmington Avenue, Carsorl CA 90810

G:\Oal4and 2120 Montam\Renediation\S\E hterim Remediation Julv04\S\IB Int Rem RDt De!04. doc

I - Vicinity/Area Well Surrey Map
2 - Groundwater Elevation Contour
3 - Proposed Boring Location Map
4 - Soil Vapor Sarpling Apparatus

I - BoringAVell Data

Map

Diagram

Tables:
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AfiACHMENTA

Historical Soil Data



CAMBRIA
Table l Soil Analytical Results - Soil Borings - Shell-branded Service Station

2120 Montana Ave- Oakland. CA

Sample Depth Date TPHg Benzene Toluene Sthylbenzenr Xylenes MTBE

(

sB-l-10
sB-1,5

sB-2-5
sB-2-t0
sB-2-15
sB-2-20

sB-3-5
sB-3-10
sB-3-15

D-l-4.0
D-2-4.O
D-3-4.0

lo/2'7 t99
rot27 /99

r0t27 t99
tot21t99
lot27t99
10t27 t99

t0/2'7 t99
10t2-7 /99
tot27 t99

5t6/2004
5/6/2004
5t6t2004

l7
54

<1.0
2.0
14

<1.0

< 1 . 0
< 1 , 0
t7

<4,8
1900
1 t 0

0.0093
0.091

<0.024
27
3.1

0.030
0.099

<0.05
<0.50

0.77
5.80
0.65

IO
5

5
l o
l 5
20

5
1 0
l 5

,1.0
4.0
4.0

<0.0050 <0.0050
<0.050 <0.050

<0.0050 <0.0050 <0.0050
0.0050 0.0063 <0.0050
0.019 0.t32 0.064

<0.0050 <0.0050 <0.0050

<0.0050 <0.0050 <0.0050
<0.0050 <0.0050 <0.0050
0.0t3 0.018 0.054

<0.0050 <0.05
<o.o05o 0.27 (0.24)
0.072 <0.05

<0.0050 <0.05

<0.0050 <0.05
<0.0050 0.ll

0.16 0.19

<0.024
1.7

<0.50

<o.w4
<1.0
<0.50

0.17
a t

<0.50

Abbreviations and Notes:
fbg = Feet belqw grade

mg/kg = rn1l;t.rttt oer kilogram (pa s per million)
<x = Nat detected at detection limit x
TPHg = 1o1a| t.,rrleum hydrocarbons as gasoline analyzed by EPA Method 8260b
Brinzene, toluene, ethylbenzene, and xylenes analyzed by EPA Mcthod 82608
MTBE = methyl tertiary butyl ether analyzed by EPA Method 82608



CAMBRIA
Table 1. Soil Analytical Results - Monitoring Well Borings - Shell-branded Service Station

2120 Montana Ave,

Sample lD Depth Date
(ftgt

CA
TPHg
(ppm)

Benzen€
(ppm)

Xylenes
(ppm.)

MTBE
(Ppm.l(ppm) (ppm)

MW-l-5.5
MW-1-10.0
MW- l -15.5
MW- l-20.5
MW-l -24.0

MW-3-5.5
MW-3- 10.5
MW-3- 15.5
MW-3-?0.5

MW-4-5.5
MW-4-9.0
MW 4-13.5

MW--5-5_5
MW-5-9.0
MW-5-19.0

<0.0050 <0,0050
0.066 <0.0050
0.014 0.041
0.023 0.16
0.024 0.14

<0.0050 <0.0050
<0.0050 <0.0050
<0.0050 <0.0050
0.028 0.012

<0.0050 <0.0050
<0.0050 <0.0050
<0.0050 <0.0050
<0.0050 <0.0050

<0.0050 <0.0050
0.12 0.14
0.024 0.098
0.037 0.r7
0.050 0.27

5 . 5
l 0

r5.5
20.5

5.5
10.5
1 5 . 5
20.5

5.5
9.0
1 3 . 5

5.5
9.0
19.0

2t20tol
2t20tot
2t20t)t
2t20to|
2t20tol

2/21t0r
2t21/0r
2/2r/Ot
2t2U0l

2t2UOl
2t2tlol
2t2 vOl
2t2vor

o6t21t02
06/21t02
o6t21/02

06t2ltoz
o6t2t/02
06121t02

< 1 . 0
4.7
1,0
1.5
4.4

< 1 . 0
< 1 . 0
< 1 . 0
10

< 1 . 0
< 1 . 0
< 1 . 0
< 1 . 0

<1.0
<1.0
<1.0

< 1 . 0
1.3
18

<0.005
<0.005
<0.005

<0_005
0.0083
0.0071

<0.005
<0.005
<0.005

<0.005
<0.005
<0.005

<0.0050
<o.0050
<0.0050
0.080

<0.0050
<0.0050
<0,0050
<0.0050

<0.005
<0.005
<0.005

<0.005
<0.005
0.014

o.t2
2.4
5.0
2.O
0.51

MW-2-5,5 5.5
MW-2-10,5 10.5
MW-2 15.5 15.5
MW-2-21,0 2r

<0.0050 <0.0050
<0.0050 <0.0050
<0.0050 5.2

0.021 1.3

<0.0050 <0.0050
<0.0050 <0.0050
<0_0050 <0.0050
<0.0050 <0.0050

<0.005
<0.005
<0.005

<0.005
<0.005
0.019

<0.5
<0.5
<0_5

<0.5
<0.5
<0.5

M-e4d-4lDrerlcEsrs:
TPHg = Total petoleum hydrocarbo$s as gasoline, analyzeil b) EPA Method 82608

MTBE = Nlethyl te(-butyl ether, analyzed by EPA Mcthod 82608

Benzene. ethylbenzene, toluene, xylenes, aBalyzed by EPA Metbod 82608

ppm = parts per million fbg = feet below grade

<X = Below iabomtorv detection limit of X
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ATTACHMENT C

Boring Logs



CLIEIJ' NAIIE

JOB/SM NAIE

LOCATION

Combrio Erwironrrnlol Technology, Inc.
I r,f,t - 65rh 5r.
Ooklond. CA 9,16O8
Tclcphone: (510),12O-O70O
Fox: {5lO} 420-9'17O

Eouha Sorvtc€r LLC
2120 tvlonlana Stre€t, Oskl.nd

2120 i/tontlna Stro6l. Oqkland
PROJECTT'IUTBEF 242{733

DRILLER Gr.qo Drilllno

DFILLI O EIHOO

BORING ]XA[ETER

LOGGEO EY

REVIEWED BY A. Lc Mrv. nG -.

BORING/WELL LOG

BORTHG,'WELL NAIrE sF-J' ,

DRTLUNOSTAHIED 27.OCI.SO

DRILUNoCOIIPLETEO 2?.MW

WELL DEVELOPXET{' D rE (nErD) ryA -,-
GBOUT{D SURFACE ELEVAIoN Nat Sutrralrtd

TOP OF CASrt{G ELEVAION -l!a
SCREEIIED IITERVAL NA - . _

DEPTH TO WATER (FIFT ENCO9NT.,!d}

OEPTH TO WATER (ST.||C} rir I



Combriq Environnentol Tochnology, Inc.
I l,t l - 65th Sr.
Ooklond, CA 94608
Tclcphonr: (5l0l 420-O70O
Fox: (510) 420-9170

E. tua Servbos LLC

BORING/WELL LOG

CUE T AHE

JOB/SITE NAIIE

LOCATION
PBOJECT I{UIIBER

ORILLER

oRtLu G ltElHoo

BORING OIAIIE ER
LOGGED BY

2120 Monhn S.trlat OdLnd

BORING,iWELL NAIIE

DRILUI{G STARTED

DFILUIIO COIIPLETED2t2o t onterla Sf6et- Oald.|td

Groqo Orllliq

wE|-L OEVELOPTETT OATE (YrEtt)_ N '-_"-,.=!--.!
oRour{D suRFAcE ELEVATTO{ tlot gfiv.E ;, ..,

TOP OF CASING ELEVAiIOI{

SonEENEDTHTERVAL_NA ________________
DEPTH TO WATER (Fi'.t Encount '..l) t6.5lt (27ocl'gg) 'Y-

REVIEWED aY A. Lo lihv, Rg DEPTH TO WATER (Struc) N^ -l



CUENT NAIfE

JOB/SITE 'IA'IE

LOCAnOX
PROJECT IIU"AEB

DRITI-ER

Combriq Erwironmcnbl Technology, Inc.
I l,t4 - 65rh Sl.
Ooklond, CA 9,1608
Telophone: (510) 420.O70O
For: (510) 12O-917O

Eauiva Ssrvbes LLC

BORING/WELL LOG

BORING./WELL NAIIE SB3

DRILLING STARTED Z/.fu{g . .
ORILLINGCO PLETED 27.OCI-99

WELL DEVELOPI|EHI OATE (YIELD) -.-!|!-
GRoUND SURFACE ELEVAIIOI{ tld Srv6.rd. ,:

DEFTH TO WATER (Flt3t Encounteftd)

DEPTH TO WATEF (SI. o)

2120 MoolEna Stroet. O6ld&d

2l2O tlo. a|re Street. O.ld.nd

Gr6ao Odllno
DnILUNG IIETHOD l|td.sulb pqlh 

,. . . TOP OF CASING ELEVAT|O,| -!4

8OFIN6 OIATIETEF SCFEET{EO I]{TERVAL

LOGCEO BY M. GsftFy

REVIEWED 8Y A. LeMav. RG . , . . -

Hard Auo6r*l 16 5 f..r
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Fz
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LrrHoloorc o€scRlPTror.l Fg
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Combric €nvironmentol Tecbaology. Inc-
t 144 - 65rh Sr_
Ooklond, CA 94608
Telephone: {5' ]0) 420-0700
Fax: (510) 42a-917O

Eauiva SeMces LLC -- BoRING/WELL NAI|E MW-1MW-1 ,_$
2o-Fe!r-or 

--)"

BORING/VVELL

-"-3
CUENT NAME

JOS/SITE NAI4E

LOCATION

tautva seMces LLU __ E9I NG/WELL NAMe _.ar+- -<+- -
2120 Montana Street. Oakladd DRILLINC siAnTED 20-Feb-01 -"-_.-=_---j _oe' ^\o',
2120 Montana Slreer o:kt2nd DRILLING COMPLETED 2O-Feb-O1 ---)o-^a.."C2120 Montana Slreet. Oakland - DRILLING CoMPLETED 2o-Feb-o1 - -- f aCJ.

J- L.r€tlerle

PROJECT NUMB€B 242-O733 __ WELL DeVELOPITIENT DAIE CYIELD) NA* 
---- - tt-"t:

DRTLLEN G*" "  D " " . "  :  

- -  
- -  cBouND suRFAcE  ELEVATIoN  160  16 -  ' __ 'S 'a- ^s

DRILLING METlloD - Hollow-stem aoqcr _ TOP OF CASING ELEVATION _lsglgll-

AORIIIG DIAMET€F 8" SCREEN€D INTEFVAL 13 to 28 t l  bqs

DEPTH To waTER (Filst Encountered) -19!-i!-(:gle-b:q1* .-l-LOGGED BY

REVIEwEB sY _______=:9:qgrLBqtg6?q___ DEP'IH To w^rER (slrtic) 11 5 ft  i20-Fsb-011 ,Y-

REMAaKS Hand arqered lo s'. Located-ql'194!!9!d S! !!aj'@



De<r,

,r )ern N*ffE

\)uot" 
no*t

' ^ raTlON

)rlJrt"t *u"ut"
PStLLlh

' 
!fill.ltl'lc 

METHOD

Combris Envlronmentcl Technology, lnc'
I  l44 - 65ih 51.
Ooklond. CA 94608
Telephooe: (51O) d20-0700
Fox :  { 510 )  420 -91 /O

* Eauiva Services LLC .-

2120 Monlana Street. Oakland

2120 Monlaoa Slreet. Oq

242-0739_

Greoq Drillinq -
Hollovr-stem auqer

BORING/WELL LOG

BOBING/WELL HAME _ Mw-e

DRILLING S-rART€D 2l-Feb-Ol -

gRILL'NG CoMPLETED ,,ia1'Feb'o I

WELLDEVELOPMENT DATE (YIELD)- NA -

GROUNO SURFAC€ ELEVAION -  15S 2s -- - - -

TOP OF CASING ELEVATION .  I58 03 h

SCREENED I ITTEBVAL -  5 lo20f lbqs

DEPTH To WATES (First  Enco leted) J0 'C-1i121-Fcb-011 Y
YLC'GGED BY J- Loellerle - -

fiEVl€\t{[D aY S. Bork' nG* 5626

aOFlrG PIAME EF 8'

FEMABKS

DEPTH TO WATER (Slrtic)



Combrio Enviroomentol lechnology. lnc.
I 144  -  65 th  S f -
Ookiond, CA 94608
Telephone: (5lO) 42O-070O
Fox :  { 510 )  420 ,9170 {y

i F +
CUEHT I.IAME

JOB/SITE HAME

LOCANON
PROJECTNUIIiBEF 242-0733 WELL DEVELCPMENTDATE (YI€LD)--!4

l- ourva Services LLC AOFING,^,'|ELL NAME MW-3 ,$ .d

2120 Monlana Slreet .  O4r land Df l lLLlNG STARTED 2t 'T.h-Ol  Y , ) -  r :
_i .o- /9

2120 Montana Slreet, Oakland DRlLLllrG CoMPLETEO --?!Ee!j1-_------*- - rI .l

DRTLLEF Greqq Dr i l l i r rq GAOUND SURFACE ELEVATIOII  f6r  6 |

DRILLING METHOD _ Hollow'stem auqer ___ TOP OF CASTNG ELEVATION _191-13 ft '_

AORING OIA ETER I'' 5 lq:aqjlDqs_,
LOGGED BY J- Loellerle

SCFEENED INTERVAL

DIPTH To WATER (Fi'st Encounrered) -l!L!:z t i -!:0-ll---* J
REV|EWTD BY - _ S. Bork, ttc# 5626 D€PTH To wArER (Slaiic) N A Y

REMARKS Hand au{rered lo 5.  Localed at  the easi  end ol  the s la l io! ,  aopr( ,x;matglv 18'nodh ol  lhe eastern dispenser-



CLIENT IiAI,.lE

JOB/SITE NAME

LOCATION

DFILLER Greqir Drjllinq

21-Jun'02

2120 Monlana Streel, Oaklanli_ DRlLLlllG cOIIPLETED 21'lurtQz

PBOJEC' NU'!'IBER 244.073 W€LL DEVELOPMEN' DATE (YIELD)-,I!4

Corrrbria Environmenlol Technoiogy, Inc-
1 1 4 4 - 6 5 t h S r
Ooklond. CA 94608
Telephone: i51O) 420-0700
Fox: {5lO) 420-9174

2120 Montana Street- Oak'and ORILLIHG STARTED

Sh€llOil producls US * BoFING/W€LL NAME - -!!lll

BORING/WELL LOG

GROUND SUBFACE ELEVATION l60.38l l  a l 'ovq msl

DRILLING METHOD Hol tow-slem auqef TOPOFCASTNG ELEYATION 160.09 f l  above_Dg._______ __

BOfi IHG DIAMETER 1O- ScFEENED lNrERvaL _-*_!-!q3ry! !Ss_
DEpTH ro wArEB (Fi.st Encaunletecl) 1?$-ll,.GlJfr.qA-, . .---- - 1LOGGED SY J. Gerke

BEV:EWED BY _M, Derbv. PE# 55475* OEPTH TO WATER (Static) N ^ Y

REMARKS Hand ausered to 5. _!.9!q!9Si!_$erec!_g!C_91-tgdelto8&!gU9!.U!s&ee!-



Ccmbrio Eovironmentol Technology, tnc.
]  144  ,  65 rh  S i .
Ooklond, CA 94609
Telephone: {5,]0) 42O,O7OO
Fox: {51O} 420-9170

2120 h, tonlana Skeet.  Oik land

BORING/]/VELL LOG

NA Y.

cLrENr l.lAl\lE __S!Cl S[rS9!!9$ US__** BOBTNGAVELL AME __l{!!:!
JOts/SITE NAME

LOCATION

DFILLINGSTARTED _e]jlulr.Q?-

PROJECT ifUMBEF 74+0733 WELL DEVELOPMENT DATE {yrELD)___!A
DRILLER Greqq Dr i l l ino

BOB}NG DIAi IETER 8^ SCREENED INTERVAL 5Io 20

2120ldontanaStreet.Oakland ORILLINGCOMPLETED-?!:JULQL---*

6ROUND SUAFACE ELEVATION 156.42 ll above iisl

DBILLING iTETHOO Hoilow-stem auaer TOp OF CASING ELEVATION _a5_B:Zgl !l!Syg_!SL_- _

LOGGED BY J- 6erke DEPrtl ro wArER {Firsl En.ou'tered) _le.olll2_l
FEVIEWED BY M. Derby. PE# 55475 DFPTH To WATER (Sta!ic)

REMARI(S lia!4 ariqered io 5', Lgcaled in wesl bound lane ol l,4onlana S1r{ral, 45 ryesl.rt sile properly line.



ATTACHMENT D

Field Data Sheets



Cnnaenta
DAILY FIELD REPORT

Activity/Comments

O.O e-)'t ) It e^),rz/,,/.t 7-e

7 4rtn.s, 

"<1"'t 

- // rc s tP"t7-

Project Name: 2120 Montana SVE Cambria Mer: Dan Lescure Field Person: DaS,ton /y'

Proicct Number: 246-0131 Date: ?/aa/cy Site Address: 2120 Montana,
Oakland - SVE Interim Remediation

Cencral Tasks: <- ,/?
-/- as / /tt-| .a ! 1er+t t /Jr.? 7/ci
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CRMen

DAILY FIELD REPORT

Project Name:2120 Montana SVE

Project Number: 246-07 33

Fiefd Person: Dz14,on ,Q

Ceneral Tasks: ':' n
)L 4/ / ErL/,2_1 ,f_,tp,.-z ZDr.a f,, c_,)

F \TEMPLATF\FORMs\FIELD\FIELDRPT \vID

Cambria Msr: Dan Lescure

Site Address: 2120 Montana,
Oakland SVE Interim Remediation

Date: ) /Zz

Li-t :ti,74 J7471)J t ttfan-r'rz 4/zc*j.

fo6o

(c,,tt-turtl' - :rfi / t 2

c' Or:es7- 7/.+ r 5/o ,la,r tn,z

, '42( a,z4 j ' t,Jl. .4f, 
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DAILY FIELD REPORT

Causiire

Project Name: 2120 Montana SVE Cambria Mgr: Dan Lescure Field Person: Dayton fi)

Proiecl Number: 246-0133 Date: I /zviorl Sile Address: 2120 Montana,
Oakland - SVE Interim Remediation

General Tasks:
frcartEytTra^--if7sJ72it,-t

Time

061,
OTot '

\TEMPLATE\FORMSI,f I ELD\}'IELDRPT tITD

tz*f A- S,'72

t71

S v-5 Tzrn lo

r,
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CENIeRIe

DAILY FIELD REPORT

t- \TEN!}LATEI-FORMS\FI€LDI,FIELDRPT WPD

',t t'pnT rn ofz/

ft'iz r*//j.setttaAe-

Project Name: 2120 Montana SVE Cambria Mer.: Dan Lescure Field Person: Daylon pQrt

Project Number: 246-01 33 Dare: 7 /zz/r:? Site Address: 2120 Montana,
Oakland SVE Interim Remediation

General'fasks: - / )
f,o funi'n t1 z*rzfl t,z fi 'a-t
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Can4eRra
DAILY FIELD REPORT

tptpLr /an- Oflt rc.

b [> P/tcz- f,tzt a 5, 7,E

,qlJdl 7raa.q/

- C,qnl

Project Name: 2120 Montana SVE Cambria Mer: Dan l-escure Field Person: Daylon {J.4 -.,-

Project Number'. 246-01 13 Date: 7/,p/* S ite Address : 21 20 .ffiinana,
Oakland - SVE Interim RemediationGeneral rasks: 

T;ru*^ /1e*rf),*r.o,-, d$z
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ATTACHMENT E

Certified Laboratory Analytical Reports



mc,-rT
:

Subm ission#: 2004-07 -07 87

Cambria Environmental Emeryvil le

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Attn.: Trey Jackson

Project#: 246-0733
Project: 98995740

August 04, 2004

Site: 2120 Montana St., Oakland

Attached is our report for your samples received on 0712712O04 15:2O
This report has been reviewed and approved for release. Reproduction of this report

is permitted only in its entirety.

Please note that any unused portion of the samples will be discarded after

0911012004 unless you have requested otherwise.
We appreciate the opportunity to be of service to you. lf you have any questions,

You can also contact me via email. My email address is: mbrewer@stl-inc.com

Sincerelv.

M$AI#H^-
Melissa Brewer
Project Manager

Severn Trent Laboratories, Inc.
STL San Francisco' '1220 Quarry Lane, Pleasanton, CA 94566
Tel S25 484 1919 Fax 925 484 1096 ' www.stl-inc.com * CA DHS ELAP# 2496 Page 1 of 1



STL
Gas/BTE)0MTBE

Cambria Environmental Emeryville

Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510) 420-9170

Project: 246-0733
98995740

by 82608 (C6-C12)

Received: 07 127 12004 15:20

Site:  2120 Montana St. ,  Oakland

Subm ission: 2O04-O7 -07 87

08/03/2004 10:25

Pags 1 of 8

Samples Reported

Severn Trent Laboratories, Inc.
STL San Ffancisco' lzzo Quarry Lane, Pleasanlon, cA s4566
Tel925 484 191S Fax 925 484 1096 '\rww-stl-inc.com ' CA DHS ELAP# 2496



STL
Gas/BTEX/MTBE

Cambria Environmental Emeryville
Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax; (510) 420-9170

Project: 246-0733
98995740

Submission: 2004-07 -07 87

by 82608 (C6-c12)

Received: 07 127 12004 1 5:20

Site: 2'120 Montana St., Oakland

Compound Conc. RL Unit Dilution Analyzed Flag
Gasoline
Benzene
Toluene
Ethylbenzene
Total xylenes
Methyl tert-butyl ether (MTBE)

Surrogate(s)
1,2-Dichloroethane-d4
Toluene-dB

4700
ND
1'l
1 . 6
74
6 . 8

110.4
94.8

70
1 .6
1 . >

1 .2
1 .2
0.70

76-130
78-115

ppmv
ppmv
ppmv
ppmv
ppmv
ppmv

Yo
%

5.00
5.00
5,00
5.00
5.00
5.00

5.00
5.00

0712812004 15:00
0712812004 15:00
0712812004 15:00
07/28/2004 15:00
0712812004 15:00
0712812004 1500

0712812004 15:00
0712812004 15:00

Severn Trent Laboratories, Inc.
STL San Francisco' tzzo Quarry Lane, Pleasanton, cA 94566
Tel 925 484 1919 Fax9254841096 * vwvw.stl-inc.com t CA DHS ELAP# 2496



STL
GaS/BTEX/MTBE

Cambria Environmental Emeryville

Aftn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (5'10) 420-3341 Fax: (510) 420-9170

Proiect: 246-0733
98995740

Submission: 2004-07 -O7 87

by 82608 (c6-c12)

Received: 07 127 12004 15:20

Site: 2120 Montana St., Oakland

Compound Conc, RL Unit Di lut ion Analyzed Flag
Gasoline
Benzene
Toluene
Ethylbenzene
Total xylenes
Methyl tert-butyl ether (MTBE)

Surrogate(s)
1,2-Dichloroethane-d4
Toluene-d8

1 1000
24

2 .8
210
30

106.2
108 .5

140
3 .1
?.6
?.3
l . J

1 . 4

/6-130
78-115

ppmv
ppmv
ppmv
ppmv
ppmv
ppmv

%
%

10.00
10.00
10.00
10.00
10.00
10.00

10.00
10.00

07l?912004 12:09
07l?912004 12:09
0712912004 12:09
07l?912004 12:09
07l29l?004 12:09
07l29l?004 12:09

0712912004 12:09
0712912004 12:09

Severn Trent Laboratories, Inc.
STL San Francisco ' 1220 Quarry Lane, Pleasanton, cA 94566
Tel 925484 1919 Fax 925 484 1096 t www.sU-inc.com * CA DHS ELAP# 2496

08/03/2004 10:25

Page 3 of 8



STL
Gas/BTE)(/MTBE

Cambria Environmental Emeryville

Attn.: Trey Jackson

5900 Hollis Streei, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510) 420-9170

Project: 246-0733
98995740

Submission: 2004-07 -07 87

by 82608 (c6-c12)

Received: 07 127 12004 1 5:20

Site: 2120 Montana St., Oakland

Compound Conc. RL Unit Analyzed Flag

Gasoline
Methyl tert-butyl ether (MTBE)
Benzene
Toluene
Ethylbenzene
Total xylenes

Surrogates(s]
1,2-Dichloroethane-d4
Toluene-d8

ND
ND
ND
ND
ND
ND

106.2
110 .6

50
0.5
0.5
0.5
0.5
1 .0

76-130
78-'t 15

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

'/.

A7l?8120O4 07:30
0712812004 07:30
A712812004 07:30
07l28l2OO4 07:30
A712812004 O7:30
07l28l2OO4 07130

0712812004 07:30
0712812004 07:30

Severn Trent Laboratories, Inc.
STL San Francisco' tzzo ouarry Lane, Pteasanron, cA 94566
Tel 925 484 1919 Fax925484 1096 * www.stl-inc.com . CA DHS ELAP# 24S6



STL
Cambria Environmental Emeryville

Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510\ 420-9170

Proiect: 246-0733
98995740

Gas/BTBOMTBE by 82608 (C6-C12)

S ubmission : 2004-07 -O7 87

08/03/2004 10i25

Page 5 of B

Received: 07 127 12004 1 5:20

Site: 2120 Montana St., Oakland

Severn Trent Laboratories, Inc.
STL San Ffancisco . tzzo Ouarry Lane, Pteasanton, cA 94566
Te| 925 484 1S19 Fax 925 484 1096 ' www,stl-inc.com . CA DHS ELAP# 2496

Compound Conc. RL Unit Analyzed Flag

Gasoline
Melhyl tert-butyl ether (MTBE)
Benzene
Toluene
Ethylbenzene
Total xylenes

Surrogafes(s)
1,2-Dichloroethane-d4
Toluene-d8

ND
ND
ND
ND
ND
ND

104.4
112 2

50
0.5
0.5
0.5
0.5
1 .0

76-130
78-115

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

%
%

0712912004 08:25
0712912004 08:25
0712912004 08:?5
0712912004 08:25
0712912004 08:?5
0712912004 08:25

0712912004 08:25
07129120A4 08:25



STL
Cambria Environmental Emeryville
Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510) 420-9170

Project: 246-0733
98995740

Submission: 200447 -O7 87

Gas/BTEXMTBE by 82608 (C6-C12)

Received: 07 127 12004 I 5:20

Site: 2120 Monlana St-, Oakland

Compound Conc. ug/L Exp.Conc- Recovery % Ctd.Limits % Flag  s

LCS LCSD LCS LCSD % Rec. RPD LCS LCSD
Methyl tert-butyl ether (MTBE)
Benzene
Toluene

Surroga aes(s)
1,2-Dichloroethane-d4
Toluene-dB

2a.a
28.8
25.9

481
552

30.1
29.8
26.4

498
559

25
25
25

500
500

115.2
115.2
103.6

96.2
110.4

120.4
119.2
'105.6

99.6
1 1 1 . 8

4.4
3.4
1 . 9

65-165
69-129
70-130

76-130
78-115

20
20
20

Severn Trent Laboratories. Inc.
STL San Francisco' rzzo ouarry Lane, Pteasanton, cA 94566
Tel 925 484 19'19 Fax 925 484 1096 " vv\ rr.stl-inc.com. CA DHS ELAP# 2496



STL
Cambria Environmental Emeryville

Attn.r Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (51O) 420-9170

Project: 246-0733
98995740

Submission: 200447 -4787

Gas/BTEX/MTBE by 82608 (C6-C12)

Received: 07127 f 2OO4 15'.20

Site: 2120 Montana St., Oakland

Compound Conc. ugi L Exp.Conc. Recovery 7o RPD Ctrl.Limits % Flags

LCS LCSD LCS LCSD Rec. RPD Lt-s LCSD

Methyl tert-butyl ether (MTBE)
Benzene
Toluene

Surroga les(sJ
1,2-Dichloroethane-d4
Toluene-d8

25.7
25.1
25.9

594
507

29.8
25.9
25.1

571
494

25
25
25

500
500

1 1 8 . 8
100.4
103.6

1 1 8 . 8
101.4

1't9.2
103.6
100.4

98_8

0.3
3.'r
3 . 1

65-165
69-129
70-130

76-130
7 8-115

20
20
20

Severn Trent Laboratories, Inc.
STL San Francisco . 1220 Quatry Lane,Pleasanton, cA 94566
Tel925 484 '1919 Fax 925 484 '1096. www.stl-inc.com t CA DHS ELAP# 24S6



STL
Gas/BTEXMTBE

Cambria Environmental Emeryville
Aitn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510)420-9170

Project: 246-0733
98995740

Submission: 200447 -O7 87

by 82608 (G6-c12)

Received: 07 127 12004 15:20

Site: 2120 Montana St., Oakland

Analysis Flag

Reporting limits were raised due to high level of analyte present in the sample.

Severn Trent Laboratories, Inc.
STL San Francisco. tzzo ouarry Lane, Pleasanton, cA 94566
Tel 925 484 1919 Fax 925 484 1096 ' www.stl-inc.com ' CA DHS ELAP# 2496
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STL Submission#: 2004-07 -07 86

Cambria Environmental Emeryville

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Attn.: Trey Jackson

Project#: 246-0733
Proiect: 98995740

August 04, 2004

Site: 2120 Montana St.,  Oakland

Attached is our report foryour samples received on 0712712004 15:2O
This report has been reviewed and approved for release. Reproduction of this report
is permifted only in its entirety-

Please note that any unused portion of the samples will be discarded after
0911012004 unless you have requested otherwise.
We appreciate the opportunity to be of service to you. lf you have any questions,

You can also contact me via email. My email address is: mbrewer@stl-inc.com

Sincerelv.

Melissa Brewer
Project Manager

Severn Trent Laboratories, Inc.
STL San Francisco' 1220 Quarry Lane, Pteasanton, cA 94566
Tel 925 484 1919 Fax925484 1096 * vvww.stl jnc.com ' CA DHS ELAP# 2496 Page 1 of 1



STL
Gas/BTEXMTBE

Cambria Environmental Emeryville
Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510)420-9170

Pro.iect: 246-0733
98995740

by 82608 (c6-c12)

Received: 07 127 12004 1 5:20

Site: 2120 Montana St., Oakland

Submission: 2004-07-0786

08i03/2004 10:23

Page 1 of 6

Samples Reported

Severn Trent Laboratories, lnc.
STL San Francisco t tzzo Quarry Lane, Pleasanton, cA 94566
Tel 925 484 1919 Fax925484 1096 - www.stl- inc.com ' CA DHS ELAP# 2496

MW-t-C
MW-1-D

O7127120O4 08:OO
0712712004 14:00



STL
Cambria Environmental Emeryville

Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510) 420-9170

Project: 246-0733
98995740

Submission: 2004-07-0786

Gas/BTEX/MTBE by 82608 (C6-C12)

Received : 07 127 | 2OO4 1 5:20

Site: 2120 Monlana St., Oakland

:, ::.:. :

. : .  : '

Compound Conc. RL Unit Dilution Analyzed Flag
Gasoline
Benzene
Toluene
Ethylbenzene
Total xylenes
Methyl tert-butyl ether (MTBE)

Surrogate(s)
1,2-Dichloroethane-d4
Toluene-d8

2300
9.7

ND
62
12

108 .1
102.5

280
6.2
5.2
4.6
4.6
2.8

76-130
78-115

ppmv
ppmv
ppmv
ppmv
ppmv
ppmv

Yo

20.00
20.00
20.00
20.00
20.00
20,00

20.00
20_00

0712812004 'l4iO5

0712812004 '14:05

Ol l28l20o4 14:05
0712812004 14:O5
0712812004 l4t05
0712812004 14:05

0712812004 14:05
0712812004 14:05

Severn Trent Laboratories, Inc.
STL San Ffancisco - tzzo Ouarry Lane, pleasanton, cA 94566
Tel 925 484 1919 Fax 925 4841096 * www.stl-lnc.com . CA DHS FLAP# 2496

0B/03/2004 10:23

Page 2 of 6



STL
Cambria Environmental Emeryville

Attn,: Trey Jackson

5900 Hollis Street, Sle. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510) 420-9170

Project: 246-0733
98995740

Submission: 2004-07{786

Gas/BTEX/MTBE by 82608 (C6-C12)

Received: 07 I?7 12004 1 5:20

Site: 2120 Montana St., Oakland

Compound Conc. RL Unit Dilution Analyzed Flag

Gasoline
Benzene
Toluene
Ethylbenzene
Total xylenes
Methyl tert-butyl ether (MTBE)

S u rro gate(s)
1,2-Dichloroethane-d4
Toluene-d8

1600

22
2.7
47
8.9

112 .2
105.5

140
3.1
2.6
2.3
?.3
1-4

76-130
78-115

ppmv
ppmv
ppmv
ppmv
ppmv
ppmv

%
%

10.00
10.00
10.00
10.00
10.00
10.00

10.00
10.00

0712812004 14:23
0712812004 14:23
0712812004 14:23
0712812004 14:23
0712812004 14i23
07 12812004 1 4:?3

A712812O04 14:23
0712812004 14:?3

Sevem Trent Laboratories, lnc.
STL San Francisco. 'tzzo Quarry Lane, Pteasanton, cA 94566
Te|9254841919 Fax 925 484 1096 . www.stl- inc.com - CA DHS ELAP# 2496

08/03/2004 '10:23

Page 3 of 6



STL Submission: 2004-07-0786

Cambria Environmental

Attn.: Trey Jackson

5900 Hollis Street, Ste,
Emeryville, CA 94608
Phone: (510) 420-3341

Project: 246-0733
98995740

Gas/BTE)(/MTBE

Emeryville

Fax:  (510)  420-9170

by 82608 (C6-C12)

Received: 07127 /2004 15:20

Site: 2120 Montana St., Oakland

Compound Conc. RL Unit Analyzed Flag
Gasoline
Methyl tert-butyl ether (MTBE)
Benzene
Toluene
Eihylbenzene
Total xylenes

Surrogafes(s)
1,2-Dichloroethane-d4
Toluene-dg

ND
ND
ND
ND
ND
ND

106.?
1  10 .6

50
0.5
0 .5
0.5
0.5
1 .0

76-130
78-115

ugil
ug/L
ug/L
ug/L
ug/L
ug/L

%
%

OT 12812004 07 :30
0712812004 07:30
07 12812004 07 :30
OT 12812004 07 :30
O712812004 07:30
Al12812004 07:30

Ol12812004 07:30
0712A12004 07:30 '

Severn Trent Laboratories, Inc.
STL San Francisco " 1220 ouarry Lane, Pteasanton, cA 94566
TeI925484'1919 Fax925484 1096 '  www.stl- inc.com * CA DHS ELAP# 2496



STL
Cambria Environmental Emeryville

Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510) 420-9170

Project: 246-0733
98995740

Gas/BTEXMTBE by 82608 (C6-C12)

Submission: 2004-07 -07 86

o&!o312c0410123

Page 5 of 6

Received: 07 127 12004 15:20

Site: 2120 Monlana St., Oakland

Severn Trent Laboratories, Inc.
STL San Francisco'tzzo ouarry Lane, Pleasanton, cA 94566
Te| 925 484 1919 Fax925 484 '1096 * www.stl-inc.com ' CA DHS ELAP# 2496

Compound Conc. ug/L Exp.Conc. Recovery 7o Ctrl.Limils % Flags

LCS LCSD LCS LCSD Rec- RPD LCS LCSD

N.4ethyl tert-butyl ether (MTBE)
Benzene
Toluene

Surrogates(s)
1,2-Dichloroethane-d4
Toluene-dB

28.8
28.8
25.9

481
552

30.1
29.8
26.4

498
559

25
25

500
500

115.2
115.2
103.6

96.2
110.4

120.4
115.2
105.6

99.6
'1 11.8

4.4
3.4
1 . 9

65-165
69-129
70-130

76-130
78-11s

20
20
20



STL
Gas/BTEXMTBE

Cambria Environmental Emeryville
Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 F ax: (510) 420-9170

Project: 246-0733
98995740

Submission: 2004-07-0786

by 82608 (c6-c12)

Received: O7 127 12004 1 5:2O

Site: 2120 Montana St., Oakland

Analysis Flag

o

Reporting limits were raised due to high level of analyte present in the sample.

Severn Trent Laboratories, lnc.
STL San Francisco' '1220 Quarry Lane, Pleasanton, cA 94566
Tel 925 484 1919 Fax 925484 1096 * www.st'-inc.com * CA DHS ELAP# 2456
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Submission#: 2004-07 -0824

Cambria Environmental Emeryvil le

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Attn.: Trey Jackson

Project#: 246-0733
Project: 98995740
Site: 2120 Montana St, Oakland

August 02, 2004

Attached is our report for your samples received on 0712812004 14:30

This report has been reviewed and approved for release. Reproduction of this report

is permitted only in its entirety.

Please note that any unused portion of the samples will be discarded after

0911112044 unless you have requested otherwise.

We appreciate the opportunity to be of service to you. lf you have any questions,

You can also contact me via email. My email address is: mbrewer@stl-inc.com

Sincerely,

Melissa Brewer
Project Manager

Severn Trent Laboratories, Inc.
STL San Francisco - tzzo Quarry Lane, Pteasanton, cA 94566
Te|925484 1919 Fax 925 484 1096 - www.stl- inc.com ' CA DHS ELAP# 2496 Page I ol 1



STL
Cambria Environmental Emeryville

Altn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94008
Phone:  (510)  420-3341 Fax:  (510)  420-9170

Project: 246-0733
98995740

Submission: 2004-07 -0824

Gas/BTEXMTBE by 82608 (C6-C12)

Received: 0712812004 14:3O

Site: 2120 Montana St, Oakland

Samples Reported

Severn Trent Laboratories, Inc.
STL San Francisco t tzao Ouarry Lane, pleasanron, CA 94566
Tel925 484 1919 Fax925484 1096 '  w\,, !w.st l- inc.com ' CA DHS ELAP#24S6

0410212004 1 4:46

Page '1 of 8

MW.1-E
MW.1-F

0712812004 07:00
0712812004 13:30



STL
Gas/BTEXMTBE

Cambria Environmental Emeryville

Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510) 420-9170

Project: 246-0733
98995740

Submission: 2004-07 -0824

by 82608 (C6-c12)

Received: 07 12812004 14:30

Site: 2120 Montana St, Oakland

Compound Conc- RL Unit Dilulion Analyzed Flag

Gasoline
Benzene
Toluene
Ethylbenzene
Total xylenes
Methyl tert-butyl ether (MTBE)

Surrogate(s)
1,2-Dichloroethane-d4
Toluene-d8

4300
18
64
7.8
100

106.0
105.3

70
1 .6
1 .3
1 .2
1 .2
0.70

z6-130
78-115

ppmv
ppmv
ppmv
ppmv
ppmv
ppmv

%
%

5.00
5.00
5.00
5.00
5.00
5.00

5.00
5.00

0713012O04 11:55
0713012004 11:55
07|3UZAO4 11:55
07 t3012004 11 .55
071301?004 11:55
07 t30t2004 11 .55

4713012004 11:55
07l3Ol2O04 11:55

Severn Trent Laboratories, lnc.
STL San Francisco' tzzo ouarry Lane. Pleasanton, cA 94566
Te|925484'1919 Fax925 484 1096 * www.stl- inc.com. CA DHS ELAP# 2496

0810212004 14:46

Page 2 of 8



STL
Cambria Environmental Emeryville

Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510)420-9170

Project: 246-0733
98995740

Gas/BTEXMTBE by 82608 (C6-c12)

Submission: 2004-07 -0824

08/04200414..46

Page 3 of I

Received: 07 12812004 1 4:30

Site:  2120 Montana St,  Oakland

Severn Trent Laboratories, Inc.
STL San Francisco - tzzo ouarry Lane, Pleasanton, cA 94566
TeI925484 1919 Fax 925 484 '1096 ' v\4rw.stl-inc.com * CA DHS ELAP# 2496

Compound Conc. RL Unit Dilution Analvzed Flag

Gasoline
Benzene
Toluene
Ethylbenzene
Total xylenes
Methyl tert-butyl ether (MTBE)

Surrogate(s)
1,2-Dichloroethane-d4
Toluene-d8

12000
42
130
19
240
52

108.6
91 .9

140
3 .1
?.6
?.3
2.3
1 .4

76-130
78-115

ppmv
ppmv
PPMV
ppmv
ppmv
ppmv

%

%

10.00
10.00
10.00
10.00
10.00
10.00

10.00
10.00

0713012004 14:41
O7|3U2A04 14:41
0713012004 14:41
0713012004 14:41
07l3Ol2OO4 14t4'l
07l3Ol2OO4 14:41

O713012004 14:41
0713012004 14:41



STL
GasiBTEXMTBE

Cambria Environmental Emeryville
Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510) 420-9170

Proiect: 246-0733
98995740

Submission: 2004-07 -0824

by 82608 (c6-C12)

Received: 07 l2Bl2O04 14:30

Site: 2120 Montana St, Oakland

Compound Conc, RL Unit Analyzed Flag

Gasoline
Methyl tert-butyl ether (MTBE)
Benzene
Toluene
Ethylbenzene
Total xylenes

Surrogates(s)
1,2-Dichloroethane-d4
Toluene-d8

ND
ND
ND
ND
ND
ND

107 .4
102.6

50
u .c
0 .5
0.5
0.5
1 .0

76-'130
78-1 15

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

%
%

0713012004 13:08
07i 30/2004 13:08
07 t30t2004 13,08
07/30/2004 13:08
07/30/2004 13:08
07/30/2004 13:08

A713012004 13:08
07/30/2004 '13:08

Severn Trent Laboratories, Inc.
STL San Francisco . tzzo Quarry Lane, Pleasanton, cA 94566
Tel925 484 1919 Fax 925 484 1096 " vwvw.stl-inc.com ' CA DHS ELAP# 2496



STL
Gas/BTEXMTBE

Cambria Environmental Emeryville

Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax-. (510) 420-9170

Project: 246-0733
98995740

by 82608 (c6-C12)

Received: 07 I2A20A4 1 4:30

Site: 2120 Montana St, Oakland

Submission: 2004-07 -0824

081021200414.46

Page 5 of 8

Severn Trent Laboratories, Inc.
STL San Francisco. tzzo ouarry Lane, Pleasanton. cA 94566
Te|925484 1919 Fax 925 484 '1096 t www.stl- inc.com t CA DHS ELAP# 2496

Compound Conc. RL Unit Analvzed Flaq

Gasoline
Methyl tert-butyl ether (MTBE)
Benzene
Toluene
Ethylbenzene
Total xylenes
Surrogates(s)
1,2-Dichloroethane-d4
TolueneiS

ND
ND
ND
ND
ND
ND

108.2
104.2

50
0_5
0.5
0.5
0.5
1 .0

76-130
78-115

ug/L
ug/L
ug/L
ug/L
ug/L
uglL

%
%

0713012004 08:40
0713012004 08:40
07/30/2004 08:40
0713012004 08:40
0713012004 08:40
0713012004 O8:4O

07 BA|2O04 O8:40
07l30l2OO4 08:40



STL
GaslBTE)0MTBE

Cambria Environmental Emeryville

Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510) 420-9170

Proiect: 246-0733
98995740

Submission: 2094-07 -0824

by 82608 (c6-c12)

Received: 07 12812004 1 4i3O

Site: 2120 Montana St, Oakland

Compound Conc. ug/L Exp-Conc. Recovery % RPD Ctrl.Limits % Flags

LCS LCSD LCS LCSD Rec. RPD LCS LCSD

N4ethyl tert-butyl ether (MTBE)
Benzene
Toluene

Surrogates(s)
'1,2-Dichloroethane-d4

Toluene-d8

24.2
24.8
29.0

532
517

28.1
28.0
29.4

525
5 1 6

25
25
25

500
500

1 1 2 . 4
115.2
1 1 6 . 0

106.4
103.4

112.4
1 1 2 . O
117 .6

105.0
103.2

o_4
2.8
1 . 4

65-'t65
69-129
70-130

76-'t30
78-115

20
20
20

Severn Trent Laboratories, Inc.,
STL San Francisco . tzzo ouafry Lane, Pleasanton, cA 94566
Tel 925 484 19'19 Fax 925 484 1096 ' www.stlinc.com * CADHS ELAP#2496



STL
Gas/BTEX/MTBE

Cambria Environmental Emeryville

Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510) 420-9170

Project: 246-0733
98995740

S ubmission : 200 4-07 -0824

by 82608 (c6-c12)

Received: 07 12812004 1 4:30

Site: 2120 Montana St, Oakland

Compound Conc. ug/L Exp.Conc. Recovery Yo RPD Ctrl.Limits % Flags

LCS LCSD LCS LCSD o/. Rec. RPD LCS LCSD

Methyl tert-butyl ether (MTBE)
Benzene
Toluene
Surrogales fs)
1,2-Dichloroelhane-d4
Toluene{8

?4.9
24.7
27.9

50'l
541

27.7
24.7
28.8

5 1 3
535

25
25
25

500
500

99.6
98.8
111.6

100.2
108.2

1  1 0 . 8
98.8
115.2

102.6
107.0

10.6
0.0
3.2

65-'t65
69-129
70-130

76-130
78-115

20
20
20

Severn Trent Laboratories, Inc.
STL San Francisco t 1220 Quarry Lane, Pteasanton, cA 94566
Tel925 484 191S Fax925484 1096 . www.stl-inc.com - CA DHS ELAP# 2496

OB|OZ2O04 14:46

Page 7 ot B



STL
Gas/BTEX/MTBE

Cambria Environmental Emeryville
Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (5'10) 420-3341 Fax: (510) 420-9170

Project: 246-0733
98995740

Submission: 2004-07 -0824

by 82608 (C6-c12)

Received: 07 l28l2OO4 1 4:30

Site: 2120 Montana St, Oakland

Analysis Flag

Reporting limits were raised due to high level of analyte present in the sample.

Severn Trent Laboratories, Inc.
STL San Francisco. tzzo ouarry Lane, Pteasanton, cA s4566
Tel 925 484 1919 Fax 925 484 1096 * w!44/v.stl-inc.com ' CA DHS ELAP# 24SG
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Submission#: 2004-07-0856

Cambria Environmental Emeryville

5900 Hollis Street. Ste. A
Emeryville, CA 94608
Attn.: Trey Jackson

Project#: 246-0733
Proiect: 98995740

August 05, 2004

Site: 21 20 Montana St.,  Oakland

Attached is our report for your samples received on A7l29l2OO4 15:35
This report has been reviewed and approved for release. Reproduction of this report

is permitted only in its entirety.

Please note that any unused portion of the samples will be discarded after

0911212004 unless you have requested otheruise.
We appreciate the opportunity to be of service to you. lf you have any questions,

You can also contact me via email. My email address is: mbrewer@stl-inc.com

Sincerelv.

Melissa Brewer
Project Manager

Severn Trent Laboratories, lnc.
STL San Francisco - tzzo ouarry Lane, Pteasanton, cA 94566
Tel 925484 1919 Fax 925 484 1096 " www.sll-inc.com ' CA DHS ELAP# 2496 Page 1 of 1



STL Submission: 2004-07-0856

08/03/2004 1'1i01

Pa96 1 of 6

Cambria Environmental

Attn.: Trey Jackson

5900 Hollis Street, Ste.
Emeryville, CA 94608
Phone: (510) 420-3341

Proiect: 246-0733
98995740

Gas/BTEXMTBE by 8260B (C6-C12)

Emeryville

Fax: (510) 420-9170

Received: 07 12912004 1 5:35

Site: 2120 Monlana St., Oakland

Samples Reported

Severn Trent Laboratories, Inc.
STL San Francisco - t zzo ouarry Lane, pteasanton, cA 94566
Te|9254841919 Fax 925 484 1096 ' wvr,!-stl-inc.com ' CA DHS ELAP# 2496

MW-1-G
MW.1.H

0712912004 1OiO0
07l29l2OA4 14:00



STL
Cambria Environmental Emeryville

Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emerwille, CA 94608
Phone: (5'10) 420-3341 Fax: (510)420-9170

Project: 246-0733
98995740

Gas/BTEXMTBE by 82608 (C6-C121

Submission: 2004-07-0856

08/03/2004 11:01

Page 2 of 6

Received: 07 12912004 15:35

Site: 2120 Montana St., Oakland

Severn Trent Laboratories, Inc.
STL San Francisco " tzzo ouarry Lane, Pleasanton, cA 94s66
Tel 925484 1919 Fax 925 484 1096 " www.sll-inc.com ' CA DHS ELAP# 2496

Compound Conc. RL Unit Dilution Analyzed Flag

Gasoline
Benzene
Toluene
Ethylbenzene
Total xylenes
Methyl tert-butyl ether (MTBE)

Surrogate(s)
1,2-Dichloroethane-d4
Toluene-d8

3700
17
81
10
130

111.7
97.0

70
1 .6
1 .3
1 .2
1 .2
0.70

76-130
7a-115

ppmv
ppmv
ppmv
ppmv
ppmv
ppmv

%
%

5.00
5,00
5.00
5.00
5.00
5.00

5.00
5.00

0713012004 17:38
0713012004 17:38
0713012004 17:38
O7l3ol20o4 17:38
0713012004 17:38
07 l3Ol20A4 17 :38

07 13012004 17 :38
0713012004 '17:38



STL
Gas/BTEX/MTBE

Cambria Environmental Emerwille

Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510) 420-5170

Proiect: 246-0733
98995740

by 82608 (c6-c12)

Received: 07 l29l2OO4 15:35

Site: 2120 Monlana St., Oakland

Submission: 2004-07-0856

08/03/2004 1l:01

Page 3 of 6

Severn Trent Laboratories, Inc.
STL San FranCiSCO. tZZO Ouarry Lane, Pleasanlon, CA 94566
Tel 925 484 '1S19 Fax 925 484 1096 " www.stl-inc.com * CA DHS ELAP# 2496

Compound Conc. p l Unit Dilution Analyzed Flag

Gasoline
Benzene
Toluene
Ethylbenzene
Total xylenes
Methyl tert-butyl ether (MTBE)

Surrogate(s)
1,2-Dichloroethane-d4
Toluene-dB

4700
1 8
91
1 5
180
33

104.A
95.5

7Q
t o

1 .3
1 .2
1 .2
c.70

76-130
78-115

ppmv
ppmv
ppmv
ppmv
ppmv
ppmv

%
%

5.00
5.00
5.00
5.00
5.00
5.00

5.00
5.00

0713012004 17:57
0713012OO4 17:57
0713012404 17:57
0713012004 17:57
0713012004 17:57
0713012004 17:57

0713012004 17:57
0713012004 17:57



STL
Gas/BTEX/MTBE

Cambria Environmental Emeryville

Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (5'10)420-3341 Fax: (510) 420-9170

Proiect: 246-0733
98995740

Submission: 2004-07-0856

by 82608 (C6-C12)

Received: 07 12912004 1 5:35

Site: 2120 Montana St., oakland

Compound Conc. RL Unit Analyzed Flag

Gasoline
Methyl tert-butyl ethef (MTBE)
Benzene
Toluene
Ethylbenzene
Total xylenes

Surrogates(sJ
1,2-Dichloroethane-d4
Toluene-dB

ND
ND
ND
ND
ND
ND

100_6
100.4

50
0 .5
0 .5
0 .5
0 .5
1 .0

76-130
78-115

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

%
%

O7l3Ol2O04 13:54
07l3Ol2AO4 13:U
07l3Ol2O04 13:54
07l3Ol20O4 13:54
0713012004 13:54
0713012004 13:54

0713012004 13:54
07|3OD0O4 13:54

Severn Trent Laboratories, Inc.
STL San Francisco'tzzo ouarry Lane, plea$anton, cA 94566
fel925 484 1919 Fax925 484 J 096 ' www,stl-inc.com " CA DHS ELAP# 2496



STL
Cambria Environmental Emeryville
Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510)420-9170

Project: 246-0733
98995740

Gas/BTEXMTBE by 82608 (c6-C12)

Submission: 2004-07-0856

08/03/2004 1'1:01

Page 5 of 6

Recelved: 07 12912044 1 5:35

Site: 2120 Montana St., Oakland

Severn Trent Laboratories, lnc.
STL San Francisco " rzzo ouarry Lane, Pleasanron, cA 94566
Tel 925 484 1319 Fax 925484 1096 ' www.stl-inc.com " CA DHS ELAP# 2496

Compound Conc. ugi L Exp.Conc. Recovery 7o RPD Clrl.Limils % Flags

LCS LCSD CSD Rec, RPD LCS LCSD
Methyl tert-butyl ether (MTBE)
Benzene
Toluene

Surrogales(s)
1,2-Dichloroethane-d4
Toluene-d8

29.9
30.7
32.3

434
493

29.2
27.3
28.4

475
447

25
25
25

500
500

1 1 9 . 6
122.8
129.2

86.8
98.6

1 1 6 , 8
10s.2
1 1 3 . 6

95.0
97 .4

2.4
11.7

65-165
69-129
70-130

76-130
78-1 '15

20
20
20



STL
Gas/BTEX/MTBE

Cambria Environmental Emeryl/il le

Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (51 0) 420-3341 Fax: (510) 420-9170

Project: 246-0733
98995740

Submission: 2004-07-0856

by 82608 (C6-C12)

Received: 07 12912004'l 5.35

Site: 2120 Montana St-, Oakland

Analysis Flag

o
Reporting limits were raised due to high level of analyte present in the sample.

Severn Trent Laboratories, Inc.
STL San Francisco " 1zzo auatry Lane, Pleasanlon, cA 94566
Tel925 484 1919 Faxg25 4U 1096 * www.stl- inc.com ' CA DHS ELAP# 2496
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STL Submission#: 2004-07-091 0

Cambria Environmental Emeryvil le

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Attn.: Trey Jackson

Project#: 246-0733
Project: 98995740

August 13, 2004

Site: 2120 Montana St.,  Oakland

Attached is our report for your samples received on 0713012004 14:45
This report has been reviewed and approved for release. Reproduction of this report
is permitted only in its entirety.

Please note that any unused portion of the samples will be discarded after
09/13/2004 unless you have requested otherwise.
We appreciate the opportunity to be of service to you. lf you have any questions,

You can also contact me via email. My email address is: mbrewer@stl-inc.com

Sincerelv.

Melissa Brewer
Project Manager

Severn Trent Laboratories, lnc.
STL San Francisco " 1220 Quarry Lane, Pteasanton, cA 94566
Tel S25 4B4 1919 Fax 925 484 1096 ' wvr^,v.stl-inc.com * CA DHS ELAP# 2496 Page '1 oI 1
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Cambria Environmental Emeryvitle

Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (51O\ 420-9170

Project: 246-0733
98995740

by 82608 (c6-c12)

Received: 07 13012004 14i45

Site: 2120 Montana St., Oakland

Submission: 2004-07-091 0

O8h1120O414,20

Page 'l of 6

Samples Reported

Severn Trent Laboratories, Inc.
STL San Francisco. tzzo ouarry Lane, Pleasanton, cA 94s66
Tel 925 484 1919 Fax 925 484 1096 ' w\ryw.stlinc.com ' CA DHS ELAP# 2496

07l3Ol2OO4 O7:O0
07 13012004 1 4:00
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STL
Gas/BTEXMTBE

Cambria Environmental Emeryville
Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone; (510) 420-3341 Fax: (510)420-9170

Project: 246-0733
98995740

Submission: 2004-07-0910

by 82608 (C6-C12)

Received: 07 l30l2OO4 1 4:45

Site: 2120 Montana St., Oakland

Compound Conc. D I Unit Dilution Analyzed Flag

Gasoline
Benzene
Toluene
Ethylbenzene
Total xylenes
Methyl tert-butyl ether (MTBE)
Surrogate(s)

1,2-Dichloroethane-d4
Toluene-d8

6900

92
18
180
23

105.8
99.8

140
3 .1
2.6
2.3
2.3
1 .4

76-130
78-l  15

Ppmv
ppmv
ppmv
ppmv
ppmv
ppmv

%
Yo

10.00
10.00
10.00
10.00
10.00
10 .00

10,00
10.00

0713012004 20:13
07 t30t2004 20.'13
07l30l2OO4 20t13
07l30l2OO4 20:13
0713012O04 2O:13
07|3U2AO4 20:13

07130120Q4 2O:13
07|3U2AO4 20:13

Severn Trent Laboratories, lnc.
STL San Francisco - 1220 Quarry Lane, Pleasanton. cA 94566
Te|9254841919 Fax925484 1096 ' www.stl inc.com ' CA DHS ELAP# 2496
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Gas/BTEX/MTBE

Cambria Environmental Emeryville

Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510) 420-9170

Project: 246-0733
98995740

by 82608 (c6-c12)

Received: 07 13012004 14:45

Site: 2120 Montana St., Oakland

Submission: 2004-07-0910

081111200414:20

Page 3 of 6

Severn Trent Laboratories, Inc.
STL San Francisco " 1220 auarry Lane, Pteasanton, cA 94566
TeI 925 484 1919 Fax925484 1096 * www.stl inc.com - cA DHS ELAP# 24s6

Compound Conc. RL Unit Dilution Analyzed Flag

Gasoline
Benzene
Toluene
Ethylbenzene
Total xylenes
Methyl tert-butyl ether (MTBE)

Surrogate(s)
1,2-Dichloroethane-d4
Toluene-dB

8500
27
90
19
170
21

105.4
94.9

140
3 .1
2.6
2.3
2.3
1 .4

z6-130
78-115

ppmv
ppmv
ppmv
ppmv
ppmv
ppmv

Yo

%

10.00
10.00
10.00
10.00
10.00
10.00

10.00
10.00

0713412004 20:35
0713012004 20:35
0713012004 20:35
0713012004 20:35
0713012004 20135
0713012004 20:35

0713012004 2O:35
0713012004 2O:35



STL
Cambria Environmental Emeryville

Attn.:Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510) 420-9170

Project: 246-0733
98995740

Submission: 2004-07-091 0

Gas/BTEX/MTBE by 82608 (C6-C12)

Received: O7 l3Al20O4 I 4:45

Site: 2120 Montana St., Oakland

Compound Conc- RL Unit Analyzed Flag
Gasol ine
Methyl tert-butyl ether (l,,lTBE)
Benzene
Toluene
Ethylbenzene
Total xylenes

Surrogates(s)
1,2-Dichloroethane-d4
Toluene-d8

ND
ND
ND
ND
ND
ND

107 .4
102.6

50
0.5
0.5
0.5
0.5
1 .0

76-130
78-1 '15

ug/L
ug/L
ug/L
ugi L
ugi L
ug/L

%
%

07/30/2004 13:08
0713012004 13:08
07/30/2004 13:08
0713012004 13:08
4713012004 13:08
OT 13012004 13:08

0713012004 13:08
07/30/2004'13:08

Severn Trent Laboratories, Inc.
STL San Francisco " tzzo ouarry Lane, Pteasanton, CA 94566
Iel925 484 1919 Fax S25 484 1096 ' www.stl-inc.com * CA DHS ELAP# 2496

08h1120041412O

Page 4 of 6
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GaSIBTEX/MTBE

Cambria Environmental Emeryville
Attn.: Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510) 420-9170

Pro.iect: 246-0733
98995740

by 82608 (c6-c12)

Received: 07 |3OI20O4 14:45

Site: 2120 Montana St., Oakland

Submission: 2004-07-0910

08h11200414:20

Page 5 of 6

Severn Trent Laboratories, Inc.
STL San Francisco . lzzo Quarry Lane, Pleasanlon, cA 94566
Te|925484 1919 Fax 925 4841096 t \r$a!,st l- inc.com ' CA DHS ELAP# 2496

Compound Conc. ug/L Exp.Conc. Recovery % KI'U Ctrl.Limits % Flags

LCS LCSD LCSD Rec. RPD LCS LCSD
Methyl tert-butyl ether (MTBE)
Benzene
Toluene

Surroga les fs.l
1,2-Dichloroethane-d4
Toluene-d8

28.2
28.8
29.O

532
517

2&.1
28.0
29.4

525
5 1 6

25
25
25

500
500

112_a
115.2
1 1 6 . 0

106.4
103.4

112.4
112.O
117 .6

105.0
103.2

0.4
2 . 8
1 . 4

65-165
69-129
70-'130

76-130
78-115

20
20
20
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Gas/BTE)(/MTBE

Cambria Environmental Emeryville

Attn.:Trey Jackson

5900 Hollis Street, Ste. A
Emeryville, CA 94608
Phone: (510) 420-3341 Fax: (510) 420-9170

Proiect: 246-0733
98995740

Submission: 2004-07-0910

by 82608 (C6-G12)

Received: 07 13012004 14:45

Site: 2120 Montana St., Oaklano

Analysis Flag

Reporting limits were raised due to hlgh level of analyte present in the sample.

Severn Trent Laboratories, lnc.
STL San Francisco. '1220 Quarry Lane, Pleasanton, cA 94566
Tel 925 484 191g Fax 925 484 1096 - www.stl-inc.com ' CA DHS ELAP# 2496
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ATTACHMENT F

Standard Procedures for Soil Borings



CAMBRIA

STANDARD FIELD PROCEDURES FOR SOIL BORINGS

This document describes Cambria Environmental Technology's standard field methods for drilling and sampling soil
borings, These procedures are designed to comply with Federal, State and local regulatory guidelines. Speci{ic field
procedures are summarized below.

Obiectives

Soil samples are collected to characterjze subsurface lithology, assess whether the soils exhibit obvious hydrocarbon or
other compound vapor odor or staining, estimate ground water depth and quality and to submit samples for chemical
analysis.

Soil Classification/Logging

All soil samples are classified according to the Unified Soil Classification System by a trained geologist or engineer
working under the supervision of a California Registered Geologist (RG) or a Certified Engineering Geologist (CEG).
The follorving soil properties are noted lor each soil sample:

. Principal and secondary grain size category (i.e. sand, silt, clay or gravel),

. Approximate percentage ofeach grain size category,
o Color,
. Approximate water or product saturation percentage,
o Obsened odor and./or discoloration.
. Other signiticant obseryations (i.e. cementation, presence of marker horizons, mineralogy), and
. Estimatedpermeability.

Soil Boring and Sampling

Soil borings are typically drilled using hollow-stem augers or hydraulic push technologies. In addition, borings are also
advanced by hand auger- In most cases, at least one and one half feet of the soil column is collected for every five feet of
drilled depth. However, variances in sampling int€rvals are approved by the lead regulatory agencies to accommodate
project objectives. A soil sample is collected at the soil-ground water interface and at significant lithologic changes.
Samples are collected using lined split-barrel or equivalent samplers driven into undisturbed sedimenls beyond the
bottom of the borehole- The vertical location of each soil sample is determined by measuring the distancB from the
middle of the soil sample tube to the end of the drive rod used toadvancethe sampler. The ground surface immediately
adjacent to the boring is used as a datum to measure sample depth. The horizontal locationofeach boring is measured in
the field relative to a permanent on-site reference using a measuing wheel or tape measure.

Augering and sampling equipment is steam-cleaned pdor to drilling and between borings to prevent crcss-€ontamination.
Sampling equipment is washed between samples with trisodium phosphate or an equivalent EPA-approved detergent,

Sample Slorage, Handling and Transport

Sampling tubes chosen for analysis are trimmed ofexcess soil and capped with Teflon tape and plastic end caps. Soil
samples are labeled and stored at or below 4"C on either crushed or dry ice, depending upon local regulations. Samples
are transported under chain-of-custody to a State-certified analytic laboratory.

F:\PROCEDUR ES\TFM PLATF\SO PS',BORINC 2.DOC



CAMBRIA
Field Screening

After a soil sample has been collected, soil from the remaining tubing is placed inside a sealed plastic bag and set aside to
allow hydrocarbons to volatilize from the soil. After ten to fifteen minutes, a portable GasTech@ detector measures
volatile hydrocafbon vapor concentrations in the bag's headspace, extracting the vapor through a slit in the plasric bag.
GasTech@ measurements are used along with the field observations, odors, stratigraphy and ground rvater depth to select
soil samples for analysis.

Water Sampling

Water samples, if they are collected from the boring, are either collected using a driven Hydropunch type sampler or are
collected fiom the open borehole using bailers, The ground water samples a.fe decanted into the apprcpriate containers
supplied by the analytic laboratory. Samples are labeled, placed in protective foam sleeves, stored on crushed ice at or
below 4'C, and transported under chain-of-custody to the laboratory.

Duplicates and Blanks

Blind duplicate water samples are usually collected only for monitoring well sampling programs, at a rate ofone blind
sample for every l0 wells sampled- Laboratory supplied trip blanks accompany samples collected for all sampling
programs to check for cross-contamination caused by sample handling and transport- These trip blanks are analyzed if
the internal laboratory QA"/QC blanks contain the suspected field contaminants. An equipment blank may also be
analyzed if non-dedicated sampling equipment is used.

Grouting

If the borings are not completed as wells, the borings are iilled to tbe ground surface with cement grout poured or
pumped through a tremie pipe.

Waste Handling and Disposal

Soil cuttings from drilling activities are usually stockpiled onsite and covered by plastic sheeting. At least three
individual soil samples are collected from the stockpiles and composited at the analytic laboratory. 'Ihe composite
sample is analyzed for the same constituents analyzed in the borehole samples. Soil cuttings are transported by licenced
waste haulers and disposed in secure, licenced facilities based on tie composite analytic results.

Ground water removed during sampling and rinseates are stored onsite in sealed 55 gallon drums. Each drum is labeled
with the drum number, date of generation, suspected contents, generator identification and consultant contact. Upon
rcc€ipt of analytic results, the water is either pumped out using a vacuum huck for transpolt to a licenced waste
treatmenUdisposal facility or the individual drums are picked up and transported to the waste facility where the drum
contents are removed and appropriately disposed.

F:\PROCEDURES\TEIIIPLATE\SOPS\BORINc 2.DOC



ATTACHMENT G

Guidance on Use ol Soil-Gas Surveys to Assess Vapor Transport to Indoor Air



GUIDANCE ON
SURVEYS TO
TRANSPORT

USE OF SOIL-GAS
ASSESS VAPOR
TO INDOOR AIR

EqlurLclr\r
-  E N T E F } P F I I S E S  L L C

Shell I Tdeco wo.ki

INTRODUCTION

Risk-Based Corrective Action (RBCA) has
become commonplace in evaluating remediation at
leaking underground storage tank {LUST) sites. At
many LUST sites, migration of volatile organic
compounds (VOCs) from ground water or soil into
buildings or other enclosed spaces is a potential
exposure pathway (see Figure 1). Soifgas surveys can
provide fundamental data needed to evaluate this
pathway and should be included as pan of any risk
assessment. For example, soil-gas surveys can be used
for:

. Tier I (screening-level) applications
- to belp identify chemicals of concem and maximum

concentations,
- lo delinearc sources and exposure pathways,

- to detest irnrnediate risks for combustion and humrn
health, and

- to verify biodegadation hypotheses.

. Tier 2 and Tier 3 (site-specific) evaluations
- to vcrify Bnd predict indoor'air coEcenkations,
- to quantify rates of vapor intrusioo and
- io establish site-sp€cific target levcls (SSTLS) for clean

up.

The purpose of this repo is to provide technical
guidance on conducting soil-gas surveys at siten where
long-term or chronic vapor intrusion is a concern. 

'fhe

reader is referred to the American Society of Testing
andMaterials Standard Guide for Soil Gas Monitoring
in the Vadose Zane (ASTM D 5311) and the
Environmental Protection Agency Erpedited Site
Assessment Tools for Underground Storage Tank Sites:
A Guide for ReguLatorc - Chupter IV (EPA 510-8-97-.

Figure 1. Conceptualization ofvapor transport to indoor air at a petroleum-release site.



25'Cable 1. Common ranses of concenhations for comDounds of environmgntal intetest at
Conpound Saturated

v apof
Concentlation

@Lt

Mimmum (Screeniog kvel)
Concentration ill Soil Gas

(Industrial)
(c/Lt

4.0E-01 5.2E-03 ,7 9.9E 05
').4E 

02 2.8E 03 l.4E-03 1.41
ethylbcnzcnc 5.5E-02 l.2E-03 3.5E 03 3.5E-01

3.nE 02 t.6E,02
trichloroethylene 4.68-01 4.6E-01 4.8E-06 4.8E-0,{

I djchloroethylene 2.4E+00 2.4E+00 1.68 07 1.6E-05
l,l,l trichloroelhane 9.4E,0t 9.4E,01 3.5E 03 3.5E-01
teuachloroethyl€ne l .5E-01 l.5E-01 l.4E-05 1.4E 03

'zCalculated by assuming $e following mol€ fraction composition for gasoline: benzere - 1.37., lolumc - 207., ethyib€nzene --396, and o-

ly lenc 1%.
'Calculatcd using tlle Johnson and Ettinger (1991) model alsuming chemical, bujlding, and soil paramet€rs dEfin€d by lhe U.S. Envircnmenlal
I+otection Agency (1997).

00.I) for more detailed discussions of soil-gas surveys
and various methodologies. This report does nor
evaluate cases where high concentrations of vapors
are present in enclosed spaces (e.9., utility, sewer,
and dry-well conduits) that pose flammability and,/or
acute health dsks. Thesc cases tlpically require
immediate attention and response.

THEORETICAL PRINCIPLES

Transport of VOCs to indoor air is a complex
phenomenon involving panitioning, migration, and
biodegradation (see Figure l).

. Partitioning: The potential for vapor migralion
to indoor air is greatest for compounds that
sirongly partition to the gaseous phase.
Partitioning of a compound to the gaseous-phase
is defined by Raoult's Law (gaseous/immiscible
phase partitioning) and Henry's Law
(gaseouVaqueous phase partitioning), which, in
tum, is defined by the vapor pressure and
solubility of a compound, which are temperature
and pressure dependent. At LUST sites,
benzene, trichloroethylene, i,l dichloroethylene,
I,1 ,1 trichloroethane, and tetrachloroerhylene are
potential chemicals of concern due to their high
source concentrations, vapor pressures, Hemy's
Laws, and human toxicities (see Table l).

. Migration: Migration of VOCS to indoor ail is
governed by gaseous-phase advection and
gaseous-phase diffusion. Gaseous-phase
advection, caused by pressule gradjents near
foundatron walls, is the more dominanr
migration mechanism near the receptor.
Gaseous-phase diffusion, caused by
concenkation gradients between the source and
the receptor, is tle more dominant migration

mechanism away liom the receptor- The
magoitude of these mechanisms is dependent
upon soil type, source concentration, and
building characteristics. Seasonal effects,
including the presence of a trost layer and
variations in soil moisture content, water table
elevation, barometric pressure, and
biodegradation rate, can also affect rate of vapor
intrusion. Vapors will tend to migrate toward
areas of lower pressure and concentration and
along paths of least resistance (e-g., backlill
materials surrounding sewer and utility lines,
tree roots, or drains and cracks in basement
foundations)-

t Biodegradatioz.' Depending on substrate
(VOC), electron acc€ptor (e-g-, oxygen - Ot,
and nutdent conditions, biodegradation can also
play a significant role in limiting ranspon to
indoor air, especially for benzene and otber
biodegradable petoleum compounds. This
mechanism, however, is not considered in most
risk assessments,

APPROACH

The following approach is intende.d to serve as
guidance for conducting soil-gas suryeys at LUST
sites where vapor transpoft to indoor air is a potential
exposure pathway. The actual approach that is taken
will depend on srte-specific conditions. project
confi dence, and available resources.

The approach lbr conducting a soil-gas survey is
divide.d into four phases:

r Phase l: Method Selection and Sampling Design,
r Phase II: Borehole Development and Soil

Sampling,



. Phase III: Prob€ Consbuction and Installation

. Phase IV: Sample Collection, and

. Phase V: Analysis-

Phase I: Method Selection and Samolins
Design

The two principal methods applied in soil-gas
surveying are active and passive, Selection ofan
appropriate method depends on the site-assessment
objectives.

. Active Sampling-' Active sampling is a
technique that involves collecting a whole air
(grab) sample by induction of air flow either
directly into an analytical instrument (detector)
or into a gas-tight container for subsequent
analysis. Active sampling is performed at fixed
or temporary locations and generally is generally
more costly than passive sampling. The active
method provides quantitative real-time data and
is recommended for risk assessment.

t Passive Sampling.' Passive sampling is used
primarily for qualitative (field screening)
purposes. Soil-gas samples are collected in
sorbent cartridges or flux chnmbers without
induction of air flow- The sample is retrieved at
a later date for analysis. Passive sampling is not
recommended for risk assessment because soil-
gas concentrations can not be directly measuled.

The design of a soil-gas sampling system
requires fundamental knowledge of source location,
soil shatigraphy, and potential exposure pathways.
These data can be determined throusb reconnaissance
sampling using a Geoprobe@ and onlsite soil gas
analyses (see fable 2) or during soil sampling (see
Phase II: Borehole Development and Soil Sampling).
To characterize tbe soil-gas pathway, soil-gas probes
are generally placed b€tween the sowce (soil or
ground-water plume) and the receptor (building
foundation). It is often advantageous to maxrmize
the number of soil-gas probes placed in this region
because of the minimal cost and effort required for
additional probe installation,

. Vertical Sampting: Soil-gas probes should be
placed in nests (clusters) approximately 2 to 3 ft
apart in shallow vadose zone systems (< l0 ft)
and 3 - 5 tt apart in deeper systems according to
the conl-rguration shown in Figure 2. Particular
attention (closer spacing) should be given to
regions near the source and near the receptor- If
soil layers with significantly different

permeabilities are present, probes should be
placed within the higher permeability soil units
without regard to depth, These units will act as
preferential pathways for vapor migration. This
practice requires greater effort and expense than
fi xed-interval installation because the presence,
thickness, and depth of target soil horizons,
needs to be known npriori. It is therefbrc
important to examine boring logs and conduct
soil sampling to identify soil strata, perched
water and clay lenses, buried structures, and
recently disturbed soils or backfills. At sites
where the source is present in ground water,
placement of I - 2 soil-gas probes below the
water table i$ often beneficial. These probes can
provide more accurate water-table concentration
data than conventional monitoring wells, which
are typically screened over greater lengths (2 -

20 ft). In addition, these probes can provide
additional soil-gas data during periods of low
water-table elevation.

Areal Sampling: The areal distribution ofsoil-
gas probe nests depends on the purpose of the
soil-gas investigation. For general mapping
purposes, probe nests should be positioned
approximately 15 - 30 ft apart in a grid pattern.
Probe nests should be spaced at closer intervals
(3 - 6 ft) if targeting an exposure pathway, such
as near a building foundation, storage tank, or
transfer conduit (sewer lines, henches, utility
vaults, pipelines and other preferential
pathways). Two or more probe nests are
recommended for most site assessments, even if
the vapor paihway is considered well deiined.

Repeated Sampling: Short-term effects, such as
changes in barometric pressute, water table
elevation, moisture content and long-term
effects, such as biodegradation and changes in
source strength, can result in the appearance or
disappearance ofcertain compounds from soil-
gas over time. Depending on compound and soil
tlpe, distance from the soulce, and relative age
of the release, response times can range from
hours to days for short-term effects and from
moffhs to years for long-term effects, Repeated
sampling provides a means to assess these
temporal variabilities.

Sampkng Following Precipitation Events and
Probe Installation: Because the effect of
recharge on soil-gas concentrations is still
uncertain, soil-gas sampling is not recommended
within 2 - 3 days ofa precipitation event. In
addition, soil-gas sampling should be conducted
no earlier than 3 - 4 weeks following probe



Table 2, Comoarison of anal methods

Detector tubes Aliphahcs and
aromatrcs,
alcobols,
rnorganrcs

0.1 - 8,000
ppm

]A/ IB Inexpensive
Easy to use
Provides immediate r€sults
Compound specific

l,ow sensiti\ity (maiDly for screening
purposes)
C(xs-cortamination by other
compounds
Affected by humidity, sartple flow rate,
tempeaaturc extremes, storage conditions
and shelf life

Portable
Photoionizatron
Detector (PID)

Alomatics (e.g.
BTEX), some
aliphatics, Iess

- < l0O ppm lA/lB Inexpensive
Easy lo use
Provides immediate results

No inorganic analyses
Low sensitivity (nuinly for screening
purposes)
lncoDsistent rcadiags
Can not detect methane (CHt and thus
may produce false low readings when
CHa concentralions exceed I Eo
Inslrument rcspoDse can be affectcd b:/
high relative humidity(> 90%), dust,
temperaturc (< 0'C), and electrical
cufimts (Dower lines)

Portabte
Flame
Ionization
Derecror (FID)

Aliphatics (e.g.,
butane), less
Sensttv€ tO
aromancs (e.9.,
BTEX)

I > 1,000
ppm

IA,/IB lnexpensive
Eisy 1{) use
Provides immediale rcsulls

Low s€nsitivity (rnainly for screening
pu!poses)
IncoDsistent readings
High Co,, low O, (<15 %)
Requircs a hydrogetr sourc€ atrd morc
training than PID
HiBh flow rates (- 2umin) needed for
analysis
Instrument response can be affected by
wind and temperr(ure (< 0"C)
High CHa conceotmtions may be
interDreted as contamiDatron

Po(able
Explosivity
Detector (ED)

Combustlb]e
gas miiture
(Basoline, O?,
rnd CHr)

> 100 ppm IAl IB Inexpeosive
Easy to use
hovides immediate results
Less sensitive to
envircnmental effects than
PIDS or FIDS

l-ow sensitivity (maiDly for screening
purposes)

Portable Gas
ChromatoBraph
(GC)

aliphatics,
inorga cs, and
chlorinat€d
compounds

I ppb -
>1,0U) ppm

2 Morc quanlitative than
tpical PIDS and FIDS
More easily transported
than transportable GCs
(no carier gas - hydrogen,
helium) needed
Relatively short analysis
liDe (< 10 mioutes)

Requrres power supply
Relatively long aDalysis lime (10 - 60
IIxDutes)
Expensive
Hi8her opemtor training tban oth€r
portable deteclors

Transportable
Gas
Chromatograph
(cc)

Aromatics aod
aliphatics,
itrorganics, and
chlorinated
corpoutds

I ppb -
> 1,000 ppm

a3 Itovides better
quantificatim and
identification of
compounds than portable
GCs
High seositivity
Consistent measurements

Requires power supply
Relatively lodg aDalysis tm€ (10 60
mrnutes)
Expeosive
Hi8her concenfation samples generally
req ire dilution
Higher opemtor training d|an ponable

Gas
Ckomotograph
/ Mass
Spectometry
icc/Ms)

Aromatics and
aliphatics, total
organic vapor,
and chlonnated

0.05 ppb - >
1,{Xn ppm

3 Higb sensilivity
Consirtent rneasurements
Provides the highest
guality of speciaiion

Requires power supply
Relativcly long analysis tirne (10 - 60
minutes)
Erpensive

1A Qoalitative (used to detect general presence of VOCs).
1B - Semi-quantitative (used to approximate total VOC contamination within an order of magnitude).
2 - Quantjtative-
3 - Highly quantitative.



installation to allow. conditions in tbe subsudace to
reequilibrate.

Phase II: Borehole Development and Soil
Sampling

Soii-gas sampling can be achieyed from either
temporary or fixed sampling locations. Ternporary
soil gas sampling is practical for site reconnaissance
and field screening, but is not recommended for risk
assessment due to the potential for ingress of
atmospberic air (dilution). In addition, temporary
sampliog can conceal temporal variabilities in soil-
gas data that are cornmonly observed at field sites.

Borehole Developmenl.' Soil-gas probes are can
be installed manually by using hand augers or
slam bars or mechanically by using rotary augers
or direct-push rods (U.S. Environmental
Protection Agency, 1997). Manual methods are
recommended for probe installation in shallow,
unconsolidated vadose zones (< 10 ft.).
Mechanical metbods arc recommended for probe
installation in deeper, more consolidated vadose
zones or below perched or regional ground-water
tables. Use of augen is recommended over
direct push rods for probe installation because
augers can create larger diameter boreholes (4 -

5 in.) that can accommodate several additional
soil-gas probes (5 - 7) as shown in Figure 2-
Regardiess of the technique, logging of the
borehole (identification of soil layers - depth and
thickness) is critical during probe installation so
that sampling locations can be properly
identified.

Soil Sampling: Soil sampling is an essential part
ofthe soil-gas survey- Soil samples should be
collected from each distinct (mappable)
stratigraphic unit using a stainless-steel soil
sampler (barrel, split-spoon, or piston type) that
is driven to discrete depths ahead of the auger or
direct-push rod. The soil sampler may be driven
into the subsurface manually (using a
sledgehammer, pneumatic hammer, or slam bar)
or mechanically (using a 140 lb- drop hanmer
attached to a drill rig or Geoprobeu) depending
on the yadose-zone thickness, soil t)?e, and
degree of consolidation. Each soil sample
should be analyzed for:

- bulk density (American Societt for Testing and
Marerials- ASTM D 2937)

- specific Cravity (Am€dcan Society for Testid8 and
Marerials- ASTM D 854-92)

- moisturc content (American Sociely for Testing aDd
Materials - ASTM D 2216 90)

- grain size (American Society for Testirlg and Materals
- ASTM D 42253)

- organic carboB costent (American Society for Testitrg
and Materials - ASTM E 1195-87(1993),

Bulk density measurements are needed to

estimate total porosity, which is used in

conjunction wilh moislure content. to est imate

the effective diffusion coefficient. a critical

transpoft param€ter (American Petroleum

Insti tute, 1998)' .  Moisture content

measurements and grain size measurements (see

'Effective diffusion coefficicnts can also b€ determined
expedm€olally either in.ri/i. (Hreamer et al., 1988; Johnson €t al..
1998) or in laborNtory colurm experiments (Fischer et al., 1996;
Aat|erman et al., 1996).

Figure 2. Schematic of vapor-probe nest in augere.d
hole.



Table 3, Capillary rise in soils based on grain-size
from

Fire sravel 5 1 .5
V€jv coa6e sand 2
Coarse saDd 0.5 l 5
Medium sand 0.3
Fine sand 0 .15 50
Very line sand 0.075 100
Coarse sih 0.025 100
Fir€ silt 0.008 750

Table 3) are used for estimating the thickness of
the capillary zone. An accurate estimate of the
capillary-zone thickness is important because of
the sensitivity of vapor transpo to ihis
parametef. Grain-size measurements can also be
used to estimate air-phase permeabilities (U.S-
Enyironmental Protection Agency, 1995).
Likewise, in-situ techniques, such as Baehr and
Hult (1988), can be used to eritimate air-phase
permeabilities. Organic-carbon content
measurements are needed to quantify sorption to
vadose-zone soils,

Further discussion of soil boring and sampling
techniques is provided in the Amedcan Society
for Testing and Maleials Standard Guide for
Soil Sampling in the Vadose Zone (ASTM D
4700).

Phase III: Probe Construction (see Fisure 2
and Appendix A)

Soil-gas probes can be consuucted out of either
0.125 or O.25 in. O.D- stainless-steel (grade 304) or
teflon tubing that is cut to the desired length, slotted
at the base (using a hack saw or power drill), and
wrapped with stainless steel or fiberglass screening to
avoid potential clogging with soil. Stainless stcel or
teflon are recon'mended because of their inert
chemical propenies. As shown in Figure 2, soil-gas
probe nests are constucted by placing the probes in
fine-medium grained (clean) silica sand layers
separated by layers of bentonite. Bentonite layers
(seals) can be prepared in the bore hole by pouring in
2 parts coarse-$ained (Easy Sealo) bentonite to I
pa water or by injecting a pre-mixed slurry. Each
bentonit€ seal should be pressure tested to avoid
short'circuiting (air flow) between probes or the
atmosphere. The minimum separation distance
between probes is approximately I ft; thus, additional
boreholes are needed to obtain more fine-scale
resolution- Placement of probes below tho water

table requires pre-casing to maintain an open
borehole during probe installation.

Phase IV: Sample Collection

Active soil-gas sampling is conducted by
inducing air l low either manually {by using a gas-
tight slringe or hand pump) or mechanically (by

using a peristaltic pump or SUMMAo canister)- Soil-
gas samples are collected directly into a sampling
container (see Table 4) or from tle effluent air strearr
induced by the samplingpump. Standard operating
procedures for SUMMA* canister, tedlar bag, and
syringe sampling are provided in the Appendices B,
C, and D, respectively.

t Purge and Sample Volumes: Prior to sample
collection, soil-gas probes and auxiliary tubing
should be purged with at least 1 system yolume,

The purge volume should remain consistent for
the entjre sampling event and should always be
reported in field Iogs. Manual purging using a
hand (suction) pump or syringe is prefered over
mechanical purging using a vacuum or peristaltic
pump because purge volumes can be more
accurately controlled, which is especially
important \rhen sampling in low permeability
soils.

. FIot' Rstes: Flow rates on peristaltic pumps and
SUMMA@ canisters should always be set at a
minimum during sample collection to avoid
development of significant vacuum pressures (>
l0 in. water) which can affect the soil-gas
concentration measuremenl. If vacuum
pfessures of this magnitude are encountered,
sampling should be abandoned or performed
periodically at lower flow rates (time integrated).
Vacuum pressures should be continuously
monitored using pressure gauges arranged inJine
(see Appendices B, C, and D), especially in
highly saturated or fine-grained, low-
permeability soils whero higher vacuum
pressures can be expected. Vacuum pressures
observed during sampling may indicate a
clogged or water-saturated probe. Clogged
probes can often be unplugged by inserting a
small diameter (1/8 in- O.D-) wire down ttre
inside ofthe probe. Care should be taken,
however, to avojd displacing or piercing the
screen attached to the basc of the soil-gas probe.

. Sample Containers (see Table 4): Selection of
an aPpropriate sampling container will depend
on the holding time {time between sample
collection and analvsis) and detection limits. In



general, SUMMA@ canister and slringe
sampling provide more accurate quantification of
soil gas concentrations than Tedlar bag sampling
and should always be used at sites where low
detection leYels are desired.

Phase V: Analysis

Various soil-gas analyses are available
depending on the survey objectives, budger
constraints, and quality assurance/quality control
(QA,/QC) objectives.

. Analltes: At LUST sites, VOCs, nitrogen (N),
02, carbon dioxide (CO2), methane (CHa), and in
some cases, hydrogen sulfide (H2S) may all be
present in soil gas. Their distibution depends on
the soil t)?e, stratigraphy, presence of
impermeable surface boundaries (e.9., building
foundations, asphalt surfaces), and
biodegradation. In most dsk assessments,
identification ofthe types of VOCS present and
their concentration in soil gas is the primary
concern. Total VOC concantration data,
however, can also be useful for screening level
applications. Although not required in most risk
assessments, 02, CO2, CHa and H2S

Table 4.

concentration data can also provide fundamental
biodegradation data to help assess vapor
intrusion. In panicular, these data can be used to
verify biodegradation hypotheses, and estimate
biodegradation rates (Lahvis and Baehr, 1996).
02 and CO2 concentration data can also be used
to map VOC plumes (Kerfoot et al., 1988).

Ana$ses: A conparison of commonly
employed field analyses is provided in Table 2.
In general, the cost associated with each analysis
is proportional to the degree of quantification.

o Methods: Most soil-gas analyses are performed
off-site, The following are approved U,S.
Environmental Protection Agency methods for
laboratory (off-site) soil-gas analyses:

Sample
Analytes Container Analvsis EPA Method
organics cadster/t€dlar bag CC TO-3, 12, 14,l4A
organics canister GOMS TO- l5
organics sorbent tubes (canridges) GC "lO-1,2,1'l

inorganics' canister/tedlar bag GC Method 3C

CH., and HrS

of common soil- containers (modrlied ftom Ma 989

Class slringe Collection of samples for
on-sile m analysis
Suspected cotrcentratioN
ofCOC must generally
exceed l0ppb

25-nn- lnelt
Allows quick, replicate
analysis

Holding times are q?ically short (< 8
houls)
Small sarrple volume
Generally unable to detect VOCS at
concentations < l0 Dob

Sorb€ot trnp

measur€ments (< 10 ppb)

Vadable-
depends on
voc

Ease of hatrdling
Relatively long holding
times (da)E)

Requircs prccise sample volume
(flow) measurements
Requires ihermal or solveDt
desorptiotr
Soil-gas moisture can affect analysis
Provide only qualilatrve ilfonnation
ifused for Dassive samDlins

Tedlar@ bag Collection of samples for
d€layed analysis (see
U.S. Environmental
Protection Ag€ncy, 1994)

- 25 [tefi Bulk loss of sample is
readily ap,parctrt
Sample volume
measurement not r€quired

Sorne coDlarDer materials lnay
conlaminate sample
Potential for adsorption !o bag walls
and leakage to atrnosphere lirmts
application for risk assessmert
CoDtainers are trot easily reused

Class butb Collection of samples fff
delayed analysis

2 ln l -  -2L lne(
Allows replicate samples

Easily breakable
ExpeDsive
kakage through stopcock and septa
possible
Short holdins times [< 4 hours]

Stainiess-steel
(stJMMA@)
canisters

Coilectiotr o[ samples for
delayed anah,sis(see U-S.
Environmenlal hotectioD
Acencv. 1995i

2 m L - 6 L Inert and dumble
Longer sample retentrotr
times

Expensiv€
ConlaiDers not easily reused
Caa be diflicuh to decontaminate



Figure 3. Conceptualization ofsoil-gas profiles at a
petroleum-release site.

| QA/QC: QA/QC procedures are an integral part
of any soil-gas survey and must be pedormed to
ensure that soil-gas $ampl€s are representative of
subsurface conditions. The following is a list of
some important QA./QC procedures:

Sampling should be consistmt ard completed rn a
relatively short period ot time (hours. days) to reduce
effects of temperature, barometric prcssure, and
recharge on soifgas transport. Holding times and
exposure of saDpling containers to direct sunlight
should b€ miDmized-

Sampling atrd drilling equipmeot should be
decontamjnated betw€en borEboles to prevent cross

All bentonite smls constructed during vapor sampling
or pmbe installation shouid b€ pressure tested.
Soil-gas samples should be collected outside lhe zoDe
of contamination ro aotets baclgronod conccntratioDs.
All conn€ctions and fittings in tbe sampljDg line should
be leak checked. ,
F_ield and lrip hlanks should be used to ensure proper
saDpliDg and decontaminaton pfl)cedures.
Approximately I out ol every I0 soil-gas sanples
should be duplicated to ensurc reproducibility oflhe
data,

Analytical QA/QC should be routinely perfrmed and
include: a multi-point calibrntion curve Beaerated over
the range of atrticipated soil-gas concentrations,
perioilic calibmtion checks, spike samples to delermine
percent recovery and aid ret€ntion time analysis, and
sample blanks.

INTERPRETATION AND
APPLICATION

Inter?retation

The lollowing are important facton to consid€r
in the interpretation of a soil-gas swvey:

. Soil gas-concentrations can be relied upon for
risk assessment provided tbe concentration is
approximately steady state- The time required to
reach steady state increases as the square of the
distance from the source. Soil-gas
concenfations measured near the source will
therefore reach steady state more quickly (hours-
days) than concentrations several meters away
(weeks to years).

. Regions where soil-gas concentratrons increase
or decrease sharply should be identified. Steep
concentration gradients will exisi in fine-grained
or wet soils and in areas of significant (aerobic)
biodegradation (see Figures 3a and 3d). VOC
concentration gradients will be less steep in
regions where 02 is depleted (< 57o) and/or
anaerobic biodegradation (as indicated by the
presence of CH4 or H2S in soil gas) is occuffing
(Figures 3b, 3c, and 3d). Anaerobic
biodegradation is likely to occur in regions, such
as, near the sourse or beneath impermeable
barriers, where Oz concentrations are low (< 27o)
and vaDor transDort is limited.

Carbon dioxide
Oxygen

: la l  r ly l r f ts fbur

Caabon dioxrde
Oxygen
Tolal H\idrocafb€'r

Carbon Dioxide
Methane
.ratal Sydioceabon



able 5. Evaluation ofcommonlv aDDlied models to assess zone
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VLEACH tRaviand Johnson. 1997 r x X x X X X x

R UNSAT(bhvis and Baehr. 1997) X x x x x X x X

Li t le er  a l .  (1992) X

Farmer et al. (1980) X X

Jurv et al.  (1983) x X X X X X

Johnson and EltiDser (1991) x X X X X

Johnson et al. (1999) x x x

I VOC conccntrations in soil gas can not exceed
saturated vapor concentrations tor Sources
present above the water table or the vapor-phase
equivalent of the aqueous-phase solubility for
sources present in ground water (see Table l).
VOC concentrations in soil gas that approach
maximum concentrations likely indicate the
presence of a non-aqueous phase liquid (NAPL).
Note, however, that the maxjmum soil-gas
concantrations can vary signiljcantly depending
on source composition, subsud-ace temperature,
and pressure.

. Placing measured soil-gas concen[ation data
along side vertical cross sections of the
subsurface can often facilitate interpretation of
the sojl-gas concentration data,

Application

Although soil gas surveys are beneficial for
initial site-assessment (Tier l) purposes, soil-gas
surveys are primarily used in site-specific (Tier 2)
evaluations after risk based screening levels (RBSLs)
have been exceeded. For example, soifgas
conc€otration data can be used to verify indoor-air
concentlations, assess long-t€rm vapor intrusion, and
establish SSTLs. Transport conditions are assumed
to be at or near steady state and biodegradation is
typically not considered.

in the vadose

Veritying lruloor-Air Concentmtions :
According to the Amedcan Petroleum Institute
(American Peboleum Institute, 1998), indoor-air
concentrations are approximately one thousandth
of the soil-gas concentration immediately
adjacent the building foundation. This relation is
consistent with published data from field studies
conducted by Nazaroffet al. (1987) on tadon-gas
intrusion and model results from Johnson and
Ettinger (1991). However, there are limitations
with this assumption. Near-surface soil-gas
concentrations and sub-foundation conditions
may differ substantially as a result of yarying

flow conditions around the building foundation
and lhe potential for short-circuiting
(atmospheric contamination) in soil-gas samples
collected near land surface.

A ss e ss ing Long-T erm Vapor I nlrusion :
Several matlematical models are available for
assessing long-term vapor intrusion (see Table
5). Analytical solutions developed by Farmer et
al. (1980), Little et al. (1992), Johnson and
Ettinger ( l99l ), and Johnson et al. (1999) are
most commonly used for this purpose- Transport
models developed by Ravi and Johnson (1997),
Lahvis and Baehr (1997), Fatmer et al. (1980),
and JuIy et al (1983) can also be used to assess
vapor transport, however, these models do not
account for gaseous-phase advection, which may
be sisnificant at some field sites.



Reliance on near-surface and sub-
lbundation soil-gas concentrations to assess
long-term impacts is not recommended because
these concantations are typically measured
several meters away from the source and,
consequently, may not have reached steady state,
Soil-gas concentrations measured adjacent the
source may be more appropriate for assessing
long{erm impacts, however, this application
requires knowledge of the subsurface geology
between the source and the receptor.

. ,,frs€ssing Site-Specilit Target Levels (SSfZs).'
Once conditions protective of indoor air (RBSL)
have been established, SSTLs can be back-
calculated by transport modeling. The SSTL
concentration determined by modeling can be
directly compared to concentrations in soil gas,
or concenhations in soil or groundwater
calculated from equilibrium partitioning relations
(U.S. Environmental Protection Agency, 1996;
American Society for Testing and Materials,
199s).

Other Applications.' There are sevefal other
applications of soifgas suNeys that are not
discussed in this report, which have practical
implications for site assessment. These
applications include, tracking contaminant
plumes in groundwater (Kertbot, 1988),
estimating volatilization rates of hydrocarbon
from ground water (Lahvis et al., 1999),
predicting massloading rates to ground water
from sources in the vadose zone (Lahvis and
Rehmann, 1999), and quantifying the
effectiveness of bioventing applications (I-ahvis
and Baehr, 1996).

STIMMARY

For soil-gas surveys to be an effective tool in
RBCA decision making, care must be taken in the
sampling design, sampling process, and, in particular,
interpretation ofresults, Soifgas survey data should
always be supported with site-specific soil and
groundwater data as part of a multimedia approach to
risk assessment- Lastly, it is important to realize that
soil-gas tansport is dynamic by natwe and may not
always be representative of steady-state, long-term
conditions.

- Matthew A. lnhvis, George E. DeVaull and Robert
A. Ettinger, Equilon Enterprtses, LLC.
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