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1.0 Introduction

1.1  Background

On May 20, 1996, Bas cs Environmentd (Basics) vidted the subject Ste (Figures 1 and 2) for the purposes
of conducting aPhase | Environmental Site Assessment (ESA). The Phasel ESA report wasissued by
Bascson May 22, 1996. Inthe Phase| ESA, Basics documented the presence of heavy oil and grease
gaining on the floor ingide the then exigting building at the front of the property, and on the unpaved soil
surface to the rear of the building where vehicles had formerly been stored for their parts. Distressed
vegetation was noted in the centrd region of the rear unpaved yard behind the exiging building. Three
unlabeled 55-gdlon drums were present in the rear yard; onein the corner formed by the former building
and the building on the adjacent property, and two towardsthe rear of the property dong the southeastern
property line. Basics determined that a cleanup order had been issued for this contamination by the
Alameda County Environmenta Health Services(ACEHS) in 1991, and that the subject Stewasshown as
an active dte on the Regiona Water Quality Control Boardes Fudl Lesk Lig.

In the Phase | ESA, Basics aso noted that the adjacent building on the northeast was at that time a“ Body
and Fender Shop” and had formerly been a“Truck Body Assembly” shop. The adjacent building on the
southeast wasa* Sewing / Garment Factory” in 1996; however, Basicsfound that it had formerly beenused
for “Paint Shop and Storage’.  To the south and southwest (behind the subject property) was dso a
“Sewing / Garment Factory” in 1996; however, Basics found that it had formerly been used asa* Truck
Body Works'.

Inthe Phase | ESA, Basicsrecommended compliance with the ACEHS cleanup order, the devel opment of
aworkplan to assessthe condition of soil and groundwater benegth the subject Site, and aso recommended
that the contents of the 55-gallon drums be determined and then properly disposed of. Towardsthat end,
Basics deve oped aworkplan under the guidance of ACEHS personnd for subsurface investigation at the
dgte. Inthe Phase Il Environmental Ste Investigation report dated September 25, 1996, Basics
reported on a subsurface investigation in the unpaved area. The work consisted of the ingtdlation of four
s0il bores (B1 through B4, Figure 2) to adepth of 16 to 19 feet below ground surface (bgs). Soil samples
were collected at 0.5 feet, 5 feet, 10 feet and 15 feet bgs in each soil bore. Grab groundwater samples
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were collected from three of the soil bores. All samples were andyzed for Total Recoverable Petroleum
Hydrocarbons (TRPH; EPA Method 418.1) and the five meta's associated with leaking underground fuel

tanks (LUFT; cadmium, chromium, lead, nickel and zinc). Concentrations of TRPH up to 19,000

milligrams per kilogram (mg/kg) and lead up to 870 mg/kg were detected in the soil samplescollected at 0.5
feet bgs. TRPH concentrations were nortdetectable in the soil samplesat 5 feet bgs, indicating that the
heavy oil contamination observed during the Phase | ESA was limited to near-surface soil. TRPH was
found in two of the soil boresat adepth of 10 feet bgsand in one of the grab groundwater samples. Basics
attributed the deeper s0il and groundwater contamination to another source, possibly aformer sump located
in the unpaved area. The ACEHS issued a ASecond Notice of Violation,@ dated March 21, 2001,

requesting a technica workplan to delineate soil and groundwater contamination at the site. The letter
requested submittal of aworkplan by April 23, 2001.

On June 27, 2001, Blymyer Engineers issued a workplan entitled Phase 11 Subsurface Investigation
Workplan to the ACEHS. The ACEHS approved the workplan, with modifications, in aletter entitled
Work Plan Approval, dated July 2, 2001. The ACEHS requested an additiona soil bore be advancedin,
or near, the former sump and that the grab groundwater samples be collected in non-preserved bottles.
Blymyer Engineers responded in aletter to the ACEHS entitled Modified Bore Locations for Phase 1
Subsurface Investigation Workplan, dated July 11, 2001. In the referenced Blymyer Engineers |etter,
bore B8 was relocated to the depresson identified as the former sump, in that it woud be reasonably
considered aworst-cast location. Thereferenced letter dsoincluded afifth bore (B9) a theformer location
of B8, and the collection of two soil samples at a depth of 2 feet bgsin bore B9 and B7, in an attempt to
limit thevertical depth of elevated metal concentrations. These modificationswere verbaly accepted by the
ACEHS in ateephone conversation on July 24, 2001.

On August 7, 2001, Blymyer Engineersingtalled four soil boresto depthsranging between 20to 24 feet bgs
at the ste (Figure 2), and a fifth bore to a depth of 2.5 feet bgs. The soil bores were ingdled usng a
Geoprobe hydraulic push system. Soil was collected continuoudy in isobutylene deeves and soil samples
were collected for lithologic description and organic vapor field- screening with aPhotoi onization Detector
(PID). Groundwater wasencountered in each bore at between gpproximately 14 to 18.5 feet bgs, but field
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gtabilized at higher devations depending on the length of time the bore was alowed to remain open. Soil
samples were sdlected for laboratory anadlysis based upon depth and eevated PID readings.

Temporary PVC wel screen was placed in each degper soil bore in order to collect grab groundwater
samplesfor |aboratory analysis. When obtained, the grab groundwater sample from each bore was noted
asturbid. After collection of the groundwater samples, al soil bores were backfilled with bentonite grout.
The soil cuttings from the advancement of the soil bores were contained in labeled, DOT-approved,

5-gdlon pails, pending proper disposa by the owner.

The soil and groundwater sampleswere sent to aCdifornia-certified laboratory. Thesoil and groundwater
sampleswere analyzed for TRPH using EPA Method 418.1 and the five LUFT metalsusing EPA Method
6010. The grab groundwater samples were filtered by the laboratory prior to andyss. The three soil
samples and two grab groundwater samples with the highest TRPH concentrations were additionaly
andyzed for Volatile Organic Compounds (VOCs) using EPA Method 8240 and Semi-VOCs (SVOCs)
using EPA Method 8270. Soil sample B9-2, collected for metds andysis, was additiondly andyzed for
TRPH. Anayticd resultsfor the soil samplesare summarized in Tables| and 11, while analytica resultsfor
groundwater samples are summarized in Table 111, Table IV contains the results of the geotechnica soil

sample andysis.

In generd, the dteisunderlain by aminimum of 6 feet of sty clay; however, theslty clay or dlayey Slt did
extend to a depth of 15.5 feet bgsin B6. Beneath the silty clay in most other soil bores, clayey gravel was
encountered. The bottom of the clayey gravel was encountered at depthsranging from 10.5to 15 feet bgs.
A second silty clay was encountered benegath the clayey gravel and extended to depthsranging from 12 to
18 feet bgs. Beneath this Sity clay an intermix of more granular bedding units was encountered.

Groundwater was generaly associated with these more granular units. It is suspected, but not confirmed,

that groundwaeter is confined.

Thefollowing conclusonswere made from the data.generated during the subsurfaceinvestigation at the Site
(Subsurface Investigation and ASTM RBCA Health Risk Assessment, dated January 11, 2002):
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Detectable concentrations of TRPH are present in al near surface soil at the site, and appear to
extend to an gpproximate depth of up to 3.5 feet bgs. Elevated concentrations of TRPH are
present within the stained area of distressed vegetation, and additiondly at bore B2.

Discolored soil is present to adepth of gpproximately 3.5 feet bgsand again from 10.5 feet bgsto
16.5 feet bgs in bore B7. A zone of relatively non-discolored soil appearsto separate the two
zones. A smilar separation of discolored soil has previoudy been observed in bores B2, B3, and
B4.

A very soft, potentia void was encountered at ashdlow depth during theingalation of boreB7. A
bit of metal and dark oily blobs were dso noted at depth in this bore and may adso suggest
additiond fill (or sumps) may have previoudy been present at the Site.

Except for minor layers, discolored soil is present from the surface to total depth in bore B8b.

Bore B8a appeared to encounter fill and highly impacted soil to the total explored depth of 12 feet
bgs.

Except for the surface detection of TRPH in bores BS and B6, and a thin, potentially discolored,
water-bearing zone in bore B6, soil from bores B5 and B6 appeared to be largely non-impacted.

Elevated concentrations of each of thefive LUFT metdsare present in thevicinity of thedepresson
identified as asump (B8). These concentrations are above 10 times the Soluble Threshold Limit
Concentration (STLC) value or above the Totd Threshold Limit Concentration (TTLC) for some
of the metals.

Near surface stained soil (bores B1, B2, B3, B4, B5, B7, and B8) consstently contained lead

concentrations over one or more regulatory value (STLC or TTLC).

Toluene, ethylbenzene, and total xylenes were the only detectable VOCs present in heavily
impacted soil samples. Thissuggeststhat gasolineor diesel may have been used and disposed of at

the gte.
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$ Thesgnificant increasein toluene, ethylbenzene, and tota xylenesat adepth of 15feet inbore B8b
may suggest a second, petroleum-fud-related source isimpacting the Ste.

$ The only SVOCsdetected at the site were 2-methylnaphthaene and naphthaene.

$ TRPH was present in al grab groundwater samples submitted for andys's. Elevated concentrations
were present in bore B8b. Elevated concentrations of benzene, toluene, ethylbenzene, and tota
xylenes (BTEX) were present only in the grab groundwater sample collected from bore B8b.
These compounds were present above their respective Maximum Contaminant Levels (MCLS);
however the laboratory noted that the groundwater sample contained over 5% suspended
sediment. Thismay indicate that the higher result isrepresentative of the suspended sediment rather

than dissolved concentrations in groundwater.

$ Only cadmium was present in one filtered, non-preserved grab groundwater sample, a a
concentrationdightly abovetheMCL. No other metalswere detected in the groundwater samples.

$ Use of the Oakland Risk-Based Corrective Action (ORBCA) or San Francisco- Regiona Water
Quality Control Board (SF-RWQCB) risk assessment programsisingppropriate at this Stedueto

the presence of more than five contaminants of concern (a prerequisite for use).

The following conclusons were made from the data generated during the hedlth risk evduation of the

contaminants & the sitein the cited report:
$ Two principa assumptions were employed to generate the risk evauation:
$ Preclusion of residential soil exposure by remedid actions and/or capping

$ On or off-gte groundwater ingestion is not a complete pathway, except at a rlatively
unlikely exposure a a hypothetica old hand dug well

$ For dl modeled contaminants, hedth-based risks including carcinogenic target risks and toxic
hazard quotient and hazard indexes were not exceeded ondte, and are significantly below the

appropriate risk god.
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$ With firg-order biodegradation alowed, only the groundwater source (Sump) concentration of
benzene exceeded offsite Point of Exposure (POE) limitséat the property line (MCL limit) and a the
unlikely, but potentia, resdentia hand dug well POE.

$ In order to eiminate offste degradation of groundwater over MCL concentrations, areductionin
groundwater benzene source concentrations from 1.7 mg/L to 3.9 Fg/L would berequired. This
a0 diminaesthe resdentia occupant exposure to groundwater viaa hand dug well.

$ L ead was excluded from the analysisdueto thelack of apublished Reference Dose (RfD) for lead
by the EPA. The SF - RWQCB promulgated remedid goas were relied on as an dternaive
method to define a SSTL for lead. To meet these concentration limits, a reduction n the
concentration of lead to 255 mg/K g at the sitewould be required, unless otherwise negotiated with
the SF-RWQCB.

1.2  Further Regulatory Discussions

In further discussing the project with Mr. Roger Brewer of the S--RWQCB, aknown association between
older auto dismantler facilities and the scrapping of polychlorinated biphenyl (PCB)-oil containing
transformers has been documented inthe Bay Area. Mr. Brewer recommended that possible PCB impacts
be investigated.

1.3  Geophysical Survey

An additiona geophysicd investigation was conducted under the direction of Blymyer Engineers. The

results are contained herain.
1.3.1 Purpose

On duly 11, 2002, Norcd Geophysica Consultants (Norcal), under the direction of Blymyer Engineers,
conducted a geophysica survey a the Ste. The survey was conducted to address the following issues:

$ A ggnificant jump in VOC concentrations was noted at groundwater in soil bore SB8-B. This
suggested that an underground storage tank (UST) might be a source of these contaminantsand it

was recommended that an ongte investigation be conducted due to this potential.
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$ Oneknown sump waslocated at the Steand it wasjudged possiblethat additiona unknown sumps
might exig, particularly in light of the discovery of evated concentrations of TRPH and metdsat
depthinbore B7, and other current surface depressonsin thevicinity of bore B7, at somedistance

to the known sump.
1.3.2 Results

Norca conducted geophysica investigations at the Ste usng verticd magnetic gradient (VMG), terrain
conductivity (TC), hand-held metd detector (MD), and ground penetrating radar (GPR) techniques.
Contour maps were generated for the VMG and TC data sets. A report of the results and associated
contour mapsisincluded as Appendix A to thisRAP.

The VMG data contour map indicates numerous boundary magnetic effects, likely the result of the perimeter
sheat metd and chain-link fences. Additionally, two areaswere detected and mapped with closed contours
(Abull-s eyesil). The areas are smdl in Sze and are closdly associated with two MD anomalies. It was
suggested that the anomalies could be produced by relatively minor metal debris such asA...balsof wire,
paint can lids, short sections of meta pipes, etc.i

The TC data contour map a o indicates boundary magnetic effects, again likely theresult of the sheet meta
and chain-link fences, or large aboveground structures outside of the investigation area. Additiondly, one
large closed contour anomaly areawas mapped. The areaislocated benesth and southwest of the surficid
physica expresson of the sump. Because the anomaly is not associated with VMG or MD anomalies, it
indicates, a aminimum, adisturbance of soil. Additiona causesfor the TC anomaly provided by thereport

are buria of non-ferrous materia's such as wood or concrete.

The results of the GPR survey were inconclusive. Additiond unknown sumps, or an ongte UST, were
gpparently not located by the survey. It should be noted that an area 5 feet in width around the perimeter
property boundary of the site could not be surveyed due to the sheet meta and chain-link fencelines. The
perimeter fence additiondly did not alow the geophysica survey to extend into the public sidewalk, used at
numerous Stes for UST burid. For further details, please consult the geophysica report atached as
Appendix A.
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14 Recent Events

On June 28, 2007, Mr. Jerry Wickham of the ACEHS issued aletter responding to June 15, 2007, letter
from Tranvu, LLC (Tranvu) which requested approva for capping the site with concrete dab floor and
foundation for a new building. The ACEHS did not find the proposa suitable for the subject site, and
requested a revised RAP that included collection of the following additional subsurface information:

In addition to the collection of two additiona soil samples proposed in the RAP for PCBs, additiona
pre-excavation sampling was requested using the Recommended Minimum Verification Analysesfor

waste, used, or unknown oils, and

Collection of soil vapor and groundwater samples following the proposed soil excavationsin order to
confirm the proposed excavations were effective in removing sources of soil vapor and groundwater
contamination. The ACEHS dlowed that these tasks could be proposed in the Revised RAP or a

separate Work Plan following the excavations.
15  SiteConditions

The property islocated inthe city of Oakland, Alameda County, Cdifornia(Figure 1). Itisbounded onthe
northeast by 12" Street and on the southeast, southwest, and northwest by commercia buildings. Across
12" Street arelocated additional commercia buildings. The property islocated approximately 1,650 feet
north of the Brooklyn Basin of the Alameda- Oakland Estuary. The siteispredominately unpaved, with a
rdativdy smal concrete slab located in the northeastern portion of the site, immediately adjacent to the 12"
Street sdewalk. The building reported in the Phase | ESA was no longer present.
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2.0 Remedial Action Goals

Site- Specific Target Levels(SSTLs, remedid action gods) for soil and groundwater were established for all
contaminantsof concern (COCs) at theste (Table V); however, only thefollowing COCsrequireremedia

actions;

TRPH (ail):

Risk analyssindicates that existing contaminant concentrationsare not a resdentia hedlth-risk for
future Ste occupants. The identified resdentia hedth-risk was defined to be above the highest
concentration present at thesite. However, because long term site- goecific groundweater monitoring
datais not available for the Ste, and secondary nuisance-based goas may betriggered dueto the
leaching of heavy hydrocarbons from soil, a secondary nuisance-based screening leve remedid

action god will be utilized. For resdentid facilities, this remedid god was defined to be 500
milligrams per kilogram (mg/Kg) for motor oil (residual fuels) in surface soil up to gpproximately 10
feet bgs and 1,000 mg/Kg for soil deeper than 10 feet bgs (December 2001 Update to Risk-
Based Screening Levelsfor Impacted Soil and Groundwater, SF-RWQCB, dated December
26, 2001). These remedia gods have not been modified by subsequent revisons to the ESL

document (Screening for Environmental Concerns at Stes with Contaminated Soil and

Groundwater, February 2005, SF-RWQCB, dated February 2005, with selected revisonsdated
March 2005).

Lead (soil):

At the time the risk analys's was conducted, lead was excluded from the risk andys's due to the
lack of a published Reference Dose (RfD) for lead by the EPA. However sncethat time, the SF-
RWQCB included in the February 2005 ESL revison a generic ESL of 150 mg/Kg for lead in
resdentid Stuations for surface soilsto an approximate depth of 10 feet bgs and an ESL of 750
mg/Kg for soil deeper than 10 feet bgs.

Benzene (groundwater):
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Risk analyss indicated that in order to iminate offsite degradation of groundwater over MCL
concentrations, a reduction in benzene source concentrations from 1.7 mg/L to the SSTL of 3.9
Fg/L would be required.
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3.0 Additional Remedial Investigation
3.1 GenerateaRemedial Investigation Workplan

Blymyer Engineers has generated this Remedid Investigation (RI) Workplan for submitta tothe ACEHS.
The Rl Workplan details the inddlation of 10 onsite Geoprobe’ soil bores to address the request for
additional pre-excavation s0il sampling, and the future ingdlation of up to three groundwater monitoring
wells, in order to addressthe request for groundwater sampling. Thewd Iswill not beingdled until after the
remedid excavations have occurred and will uilize the additional andytica data collected during the
Geoprobe’ investigation and the remedia excavation to assist in the placement of the wells. ACEHS
additionally requested the collection of vapor samplesinthe June 28, 2007 letter. Whilelikdy appropriate,
Blymyer Engineers has not included the collection of these samplesin thisworkplan in order to judge the
appropriateness after reviewing theanaytica datato be generated during theGeoprobe” investigation, and
during the remedid excavation. Upon approval of theRI Workplan, Blymyer Engineerswill proceed with
installation of the Geoprobe’ bores.

3.2  Ingall 10 Geoprobe’ Soil Bores

Geoprobe’ soil bores are proposed for the approximate locations indicated in Figure 2. These locations
have been selected in order to hel p determinethe extent of contaminated soil that may require remediation.

3.2.1 Secureall Required Permits

Upon acceptance of the workplan completed under Task 1 by the ACEHS, a drilling permit will be
obtained from Alameda County Public Works Agency (ACPWA).

3.2.2 Generate Site-Specific Health and Safety Plan

A hedth and safety plan will be generated in order to outline potentially hazardous work conditions and

contingencies for an emergency.

3.2.3 Locate Utilities
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Offgte utilitieswill be marked for location by Underground Service Alert (USA). Ondte utilities are not
anticipated, thus a private utility locating service will not be employed; however, the bores will be hand
cleared to adepth of 4 feet bgs.

3.2.4 Drill Geoprobe’ Soil Bores

A Geoprobe’ rig will be scheduled to drill for up to two days in order to install the proposed bores.
Generdly eight to nine bores can beingtalled in oneday. The Geoprobe’ boreswill beinstalled asgenerdly
depicted in Figure 2, or otherwise modified. The Geoprobe’ soil bores will be hydraulicaly pushed to a
depth of approximately 20 feet bgs. A continuous soil core will be collected from each bore. All soil
samples will be collected in accordance Standard Operating Procedure No. 4 Soil and Grab
Groundwater Sampling Using Hydraulically-Driven Sampling Equipment.

3.25 Fied Screen and Collect Soil Samplesfor Laboratory Analysis

At a minimum of 5foot intervals, selected soil samples will be collected from the soil cores for fied
screening using a photoionization detector (PID) and for lithologic description. Sampling intervaswill be
staggered in order to investigate more depth intervals across the Ste. On average, three soil samples per
s0il bore will be submitted for andyss. The soil sample displaying the highest PID reading and the ol

samplefrom the groundwater interface will be collected from each borefor [aboratory andysis. Additiona
samples will be collected in sdected Geoprobe” boresto investigate the depth of the oil-impacted surface
layer, the depth of contamination regardless of the depth to groundwater, or at other depths based on bore-
gpecific discoveries. An estimated 35 sampleswill be submitted in total. Thesoil sampleswill beanayzed
for Fue Fingerprint / Multi-Range Hydrocarbons (specificaly including Tota Petroleum Hydrocarbons
[TPH] as gasoline, TPH as diesdl, and TPH as motor oil) by modified EPA Method 8015C; and for
benzene, toluene, ethylbenzene, totd xylenes, (BTEX) and methyl tert-butyl ether (MTBE) by EPA Method
8021B. The changein anadyss specification from Total Recoverable Petroleum Hydrocarbons (TRPH) to
TPH will dlow a better understanding of contaminants at the Site, and abetter targeting of future laboratory
testing. Thesoil samplein each borewith the highest PID reading will be reviewed and up to seven of these
s0il samples will be andyzed for afull volatile organic compound (V OCs) scan by EPA Method 8260B,
induding al fue oxygenates (MTBE, di-isopropy! ether (DIPE), ethyl tert-butyl ether (ETBE), tert-amyl
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methyl ether (TAME), and tert-butyl dcohol (TBA)); lead scavengers(1,2-Dibromoethane (EDB) and 1,2-
Dichloroethane (1,2-DCA)), and ethanol and methanol; and Semi-V ol atile Organic Compounds (SVOCs)
induding Paly-Chlorinated Biphenyls (PCB), Polynuclear Aromatic Hydrocarbons (PNAS), and Creosote
by EPA Method 870. If PCBs are detected, additiond andyss for dibenzofurans (PCBs) and
phencyclidine (PCP) will be required. To hdp delineste the extent of soil impacted by leed, a& an
approximate depth of 2 feet bgs, up toeight of the 35 s0il sampleswill be submitted for andysisof tota leed
by EPA Method 6010. Exiging metals analyss indicates that lead is the only meta of concern at thesite.

Four grab groundwater samples will be collected from selected Geoprobe” bores yielding groundwater.
The groundwater samples will be used in order to help determine appropriate disposal methods should
groundwater control be required during the remedid excavation. The grab groundwater samples will be
submitted for Multi-Range TPH by Modified EPA Method 8015C; afull VOC scanincduding BTEX, dl
fuel oxygenates and lead scavengers, for PCBs, PNAS, Creosote by EPA Method 8270.

All sampleswill be submitted to a Cdifornia- certified laboratory on astandard 5-day turnaround. Thedata
will be requested to be formatted by the laboratory for uploading and incluson of Ste data in the
GeoTracker database maintained by the State. Due to the recent inclusion (mid 2005) of SLIC (Spills,
Leaks, Investigations, and Cleanups) sitesinto the State GeoTracker database, thisis now required.

3.2.6 Soil Handling

Due to the volume of soil that is anticipated to be generated, dl soil cuttingswill be stored in a Department
of Transportation (DOT)-approved 55-gdlon drum for later disposd by the owner.  All purge and
decontamination water will dso be stored ontstein aDOT-approved 55-gdlon drum for later digposd by

the owner.

3.2.7 Generate Geoprobe’ Investigation Report
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A report on the Geoprobe” investigation will be generated for submittal to ACEHS, and will documentthe
work performed and will include summaries of data, tables, figures, and conclusions and recommendations

for further work, if warranted.
3.3 Install Three Groundwater M onitoring Wells

Up to three groundwater monitoring wells will be ingaled pogt-remedid excavation at locations to be
determined in the future, in conjunction with ACEHS. These locations will depend on existing andytica
data, analytica data proposed in this workplan, and knowledge of any existing vicinity wells that may be
useful for the subject investigation, and will incorporate Site development plans. 1t is currently anticipated
thet aminimum of two wellswill beinddled ongste.

3.3.1 Conduct a Regulatory Case File Review

In order to gain abetter understanding of locd vicinity geology and hydrogeology, and to usedl previoudy
generated data, Blymyer Engineers will review the ACEHS regulatory file for the Cakebreadts Garage
UST site located at 802 East 12" Street. Thisfile contained no information when last reviewed by Basics
Environmental in May 1996. Some work may have been completed in the intervening period of time.
Groundwater contamination may emanate from the site, and may in part be responsible for the devated
concentration of gasoline-related fuel hydrocarbonsin groundwater at the subject site. Thisreview will do
assd in determining dternative placement of the proposad groundwater monitoring wells, and may minimize
the need for additiona wellsin the future,

3.3.2 Secureall Required Permits

Upon concurrence by the ACEHS of the number and position of the proposed groundwater monitoring
wdls, wdl permits will be obtained from the Alameda County Public Works Agency and the City of
Oakland, should offsite work be agreed upon.

3.3.3 Ingall and Develop up to Three Groundwater M onitoring Wells

Using ahollow-stem auger drill rig, thewd| soil boreswill bedrilled to adepth of approximately 25 feet bgs

for later conversion to monitoring wells. All soil sampleswill be collected in accordance with the Blymyer
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Engineers Sandard Operating Procedure No. 1, Soil and Grab Groundwater Sampling Using a
Hollow-Sem Auger Drill Rig (Appendix B).

The soil boreswill be converted to 2-inch-diameter, PV C- cased, groundwater monitoring wells, which will

be properly developed. A minimum of six well volumes of groundwater will beremoved fromthewdlsa
minimum of 72 hours after ingdlation to alow the grout and concrete to properly set. The wells will be
devel oped until the groundwater gppearsto be clear of sediment, or until amaximum of 10 well volumes of
groundwater have been removed. The wellswill be ingaled in accordance with the Blymyer Engineers
Standard Operating Procedure No. 2A, Completion of Borings as Groundwater Monitoring Wells
and the Blaine Tech Services, Inc. (Blane) Sandard Operating Procedures for groundwater well

development (Appendix C).

3.3.4 Fidd screen and collect soil samplesfor laboratory analysis

Soil sampleswill be collected from the soil bores at aminimum of 5-foot intervasfor fidd screening usnga
PID and for lithologic description. The two soil samples displaying the highest PID readings or the soil
sample from the groundwater interface will be collected for laboratory andysis. The soil samples will be
andyzed a aminimum for the appropriate TPH range (as gasoline, asdiesd, or asmotor oil, depending on
the results of the Geoprobe’ investigation and the remedia excavation) by modified EPA Method 8015C;
for BTEX and MTBE by EPA Method 8021B; and for dl fud oxygenates, lead scavengers, and ethanol
and methanol by EPA Method 8260B. Additiond anadysisforlead by EPA Method 6010,V OCshy EPA
Method 8260B; PCBs, PNA, or Creosote by EPA Method 8270 may aso be performed depending on
the results of the Geoprobe’ soil boresinvestigation The soil samples will be submitted to a Cdifornia-
certified laboratory on a standard 5-day turnaround.

3.3.5 Cadllect groundwater samplesfor laboratory analysis

Following development and purging of the monitoring wells, agroundwater sample will be collected from
each well and will be submitted to a Cdifornia- certified laboratory for anadyssincluding the appropriate
TPH range by modified EPA Method 8015 and BTEX / MTBE by EPA Method 8021B a aminimum.
Additiond andyss may dso indude dl fuel oxygenates, lead scavengers, ethanol, and methanol by EPA
Method 8260B, or any other detected chemica compound of interest. Groundwater samples will be
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obtained a minimum of 72 hours after well development to dlow the water- bearing zone to recover from
development. All groundwater sample collection procedureswill be performedin genera accordance with
the Blaine Tech Sarvices Sandard Operating Procedures for groundwater gauging and sampling
(Appendix C).

3.3.6 Survey wells
In order to determine the groundwater flow direction and groundwater gradient, Blymyer Enginearswill

coordinate a survey of the top-of-casing eevation and horizonta postion of the wellsto GeoTracker

standards.
3.3.7 Manage soil and groundwater waste

Soil generated during drilling will beplaced in DOT-approved 55-gdlon open top drums and retained onste
for later disposal by the owner. All decontamination, purge, and development water will be stored on-site
in DOT-approved 55-gdlon drumsfor later disposal by the owner.
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4.0 Revised Remedial Action Plan Scope of Work
4.1 PrepareaRevised Remedial Action Plan for Submittal to the ACEHS

Blymyer Engineers has prepared thisrevised Remedid Action Plan (RAP) to describe the proposed work
and to document standard operating procedures. Further revison of the RAP may be appropriate after
data is obtained from the Geoprobe’ investigation and prior to implementation of remedia actions.

4.2 Generate an RFP for Remedial Excavation

A Request for Proposa (RFP) will be generated to seek aminimum of three competitive bidsfrom qudified
remedia contractors holding appropriate hazardous waste licenses. Blymyer Engineers can assist in pre-
sdecting qudified contractors and andyzing resulting competitive bids. A pre-bid ste wak will be
mandatory.

43  GenerateaHealth and Safety Plan for Level C Site Control

A hedlth and safety plan (HASP) will be generated to outline potentidly hazardous work conditions and
contingenciesfor an emergency. The HASP will bereviewed and sgned by aCertified Industrid Hygienist
(CIH) due to Level C site safety control required by the surface lead contamination documented &t the Site,
and will be protective of the generd public. Should PCBs or other additiona contaminants be detected
during the Geoprobe’ investigation the datawill be incorporated into the HASP.

44  Remove Upper 1.5t0 2 Feet of Lead- and TRPH / TPH-Impacted Sail

Blymyer Engineers will oversee the remedia contractor excavate and stockpile the upper 1.5 to 2 feet of
lead- and TRPH/ TPH-impacted soil. Dust emissonswill be controlled by the gpplication of water spray,
or other dust control measure. The stockpileswill be covered with heavy plastic sheeting (minimum 8 mils)
to control fugitive dust emissions after excavation, pending stockpile characterization. Effortsto segregate
heavily contaminated material from less contaminated materia will be undertaken in order to attempt to
minimize digposal cost. An estimated 325 to 575 cubic yards of soil (un-fluffed) will be generated
depending on the depth of stripping. Fina excavation depth will be determined by laboratory analysis, and
any avallable future data.
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45 If Required, Explore VMG and TC Anomalies

Further exploration of the two VMG and MD anomadies will be undertaken by pothole excavation if the
likely causes of these anomalies are not discovered during the excavation of the upper severd feet of soil at

the Ste.
4.6  Collect Near Surface Excavation Confirmation Samples and Submit to Laboratory

Soil samples will be collected from the bottom and sidewadlls of the near surface soil excavation (and any
VMG or MD anomaly excavation if gppropriate) in order to confirm theremova of TRPH/ TPH and lead
tothegppropriate SSTLs. Asplanned, the excavationwill initidly be sdlectively sampled to determineif the
assumed initia remova depth will achievethe SSTLs. Find clearance bottom and Sdewdl sampleswill be
collected according to the following schedule:

Sidewadl samples.  One grab soil sample for every 20 feet of linear sidewdl. Soil samples will be
positively biased towards soil with residua impacts.

Bottom samples.  The excavation bottom will be subdivided into an approximately equa-dmensond
grid pattern (approximately fifty - 12 foot by 10 foot grids), each will be numbered, and a random
number generator will be used to sdlect 20 grids for final clearance andytical sampling. Soil samples
will be positively biased towards soil with resdua impacts within each grid.

The s0il samples will be submitted to and analyzed by a Cdifornia-certified laboratory on a standard 1-
week turnaround for the appropriate TPH range(s) Modified EPA Method 8015 and totd lead using EPA
Method 6010. An estimated 20 to 30 soil samples will be submitted for bottom confirmation, and
goproximatdy 20 soil sampleswill be submitted for Sdewal confirmation of the lateral excavation limits

4.7  Characterize Stockpilesfor Disposal Purposes

After the results of thefina excavation clearance samples are available and it has been determined that the
SSTLs have been achieved, the soil excavation stockpileswill be characterized for disposal purposes. A
four-point composite will be collected for each 250 yards of stockpile volume, or as otherwise required by
the selected disposdl facility. Each compodte will be submitted to and andlyzed by a Cdifornia-certified
laboratory on a standard 1-week turnaround for the appropriate TPH anaysisby Modified EPA Method
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8015, VOCs using EPA Method 8260B, appropriate SV OCshby EPA Method 8270, and the seventeen
CdiforniaMetds (CAM 17) by various appropriate EPA methodologies. Theresultswill bereviewed to
help identify the appropriate disposa ocation.

Should analyte concentrations indicate thet al or portions of the stockpiled soil be potentialy hazardous,
sective additional analytical testing will be conducted. Additiond andyss may include a Reactivity,
Corrogvity, and Ignitability (RCI) pand, and the Soluble Threshold Limit Concentration (STLC) Waste
Extraction Test (WET) for sdlected metd contaminants exceeding the applicable Total Threshold Limit
Concentrations (TTLC) regulatory levels (Cdifornia Title 22), or the Toxicity Characteristic Leaching
Procedure (TCLP) for selected metas exceeding the TTLC or STLC. All testswill be conducted using
appropriate Cdifornia or Federd EPA methodologies.

4.8  Trangport Near Surface Excavated Soil Offsite

The soil stockpile will be managed and transported offste under manifest to an appropriate designated
disposd facility. The facility will be sdected in consultation based on the results of the andytica

characterization program, and the resulting cost and long-term liability that will beredlized by Trarvu. Dust
emissionswill be controlled by the gpplication of water spray, or an dternative dust pdliative. Dust control
measures such astraller tarping will be indtituted during trangportation to the selected disposd facility.

4.9  Excavate Known Sump and Other Identified Problem Areas
49.1 Known Sump

Excavation of the sump will be focused on the visible surface depression located gpproximately mid-lot at
the site. The extent of the excavation is currently unknown; however, the Geoprobe” investigation will

provide additiond resolution of the Size and scope of any excavation. The sze and depth of the remedia

excavation will be determined in conjunction with Tranvu and ACEHS, prior to generation of the RFP.
Dust emissionswill be controlled by the gpplication of water spray, or another dust paliative. Thestockpile
generated will be covered with heavy plagtic sheeting (minimum 8 mils) to contral fugitive dust emissions
after excavation. Effortsto segregate heavily contaminated materid from less contaminated materid will be
undertaken in an attempt to minimize disposal cogt. At the present time, an estimated minimum of 125 to
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275 cubic yards of soil islikely to be generated depending onthe size of thefinal sump excavation. Based
on the results of the TC geophysica survey conducted a the site (Appendix A), the sump may extend
another approximately 20 to 30 feet to the southwest. Fina excavation depth will extend to at least
groundwater (encountered at between 14 to 18 feet bgs); however, laboratory andysiswill determine the

lateral extent of the excavation.
49.2 Soil BoreB7

Amorphous blobs of oil were dso encountered at a depth of 14.5 feet bgs in soil bore B7. When

laboratory analyzed, the soil sample yielded a concentration of 2,400 mg/Kg TRPH. Additiondly, a soft
zonewasidentified by thedriller and metal bits (the latter potentialy dragged down from the surface) were
encountered at a depth of 7 to 9 feet bgsin the bore. Further, there are severd relatively minor surface
depressonsin thevicinity of the borelocation. Although these depressions do not appear to be the site of
unauthorized surface discharges, other previoudy used and currently unknown sumps may be located in
proximity to bore B7. These areas will be explored in the Geoprobe’ Investigation and may aso require
excavation. Theextent of any excavation in thisareawill be determined in conjunctionwith Tranvu and the

ACEHS prior to generation of the RFP.
4.10 Collect Excavation Confirmation Soil Samples and Submit to L aboratory

Soil sampleswill be collected from the sdewalls of required soil excavationsin order to confirm theremova
of TRPH / TPH, BTEX, lead, or other potentid contaminants to the appropriate SSTLs. The sSidewall
samples will be collected according to the following schedule:

Sidewdl samples.  One grab soil sample for every 20 feet of linear sdewal will becollected and will
be positively biased towards samples with residud soil impacts.

Bottom samples.  Excavation bottom samples will be collected to document the extent of remova

verticdly. The bottom will be divided intoaminimum of two representativegrids and asoil samplewill
be collected from each gird. Soil sampleswill be positively biased towards soil with resdud impacts
within each grid.
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The soil samples will be submitted to and andyzed by a Cdifornia-certified laboratory on a standard 1-
week turnaround for TPH for the appropriate range by Modified EPA Method 8015, BTEX by EPA
Method 8021B, totad lead by EPA Method 6010, and other gppropriate andytical methods yet to be
determined.

411 Potential Application of Remedial Compoundsto Deep Remedial Excavation(s)

After determining the lateral and vertical limits for both degp remedid excavation(s), Oxygen Relessng
Compound (ORC) or other remedia compounds may be applied, according to the manufacturer’s
specifications, to the open excavations. This application wil assg in achieving degradation of any
groundwater contaminant plume. Detailsof any planned applicationswill be contained in an amendment to
the RAP.

4.12 Characterize Stockpilesfor Disposal Purposes

After the results of the find excavation clearance samplesare available and it has been determined that the
SSTLs have been achieved, the soil excavation stockpileswill be characterized for disposa purposes. A
four-point composite will be collected for each 250 cubic yards of stockpile volume, or as otherwise
required by the selected disposd facility. Each compositewill be submitted to and andyzed by aCdifornia-
certified laboratory on a standard 1-week turnaround for an appropriate TPH range(s) by Modified EPA
Method 8015, VOCs by EPA Method 8260B, SV OCsusing EPA Method 8270, CAM 17 metalsusing
various gppropriate EPA methodologies, or other gppropriate andytica compounds. The results will be
reviewed to help identify the appropriate disposa location(s).

Should anayte concentrations indicate that dl or portions of the stockpiled soil be potentialy hazardous,
sdective additiond anaytica testing will be conducted. Additiona andysismay includean RCI panel, and
the STLC WET for selected metd contaminants exceeding the gpplicable TTLC regulatory levels, or the
TCLP for selected metals exceeding the TTLC or STLC. All testswill be conducted using appropriate
Cdiforniaor Federd EPA methodologies.

4.13 Transport Sump and Other Excavation Soil Offsite
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Sail stockpileswill be managed and transported offsite under manifest to an appropriate designated disposal
facility. The facility will be sdected in consultation with Tranvu based on the results of the anaytical
characterization program, and the resulting cost and long-term lighility that will beredlized. Dust emissons
will be controlled by the gpplication of water spray, or an dternative dust paliative. Dust control measures
such astraller tarping will be indituted during trangportation to the sdlected disposd facility.

4.14 Backfill All Excavations

All resulting excavationswill be backfilled to the required construction subgrade with appropriateimport fill
materials and to an gppropriate dengty for structura support. The determination of construction subgrade
will be identified by others. Compaction testing will document the adequacy of the excavation backfill.

4.15 Generatea Corrective Action Summary Report

A Corrective Action Summary Report will be generated at the completion of al phasesof corrective action
at the gte. The report will include summaries of data and conclusions and recommendetions for further
work, if required. A report ontheingalation of three groundwater monitoring wellswill be submitted under
a separate cover. Appropriate methodology for the collection of vapor samples, or other actions, will
additiondly be identified at that time.
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Tablel, Results of Soil Sample Hydrocarbon, VOC, and SVOC Analysis
BEI Job No. 207068, Tranvu, LLC

819-823 East 12" Street, Oakland, California

SamplelD. | Depth | Sample | EPA VOCs SVOCs TOC
Date Method EPA Method 8240* EPA EPA Method
418.1 Method 9060
TRPH Benzene | Toluene Ethylbenzene Tota 8270
(fest) ko | Fokg | Foka | Fokg | Faxg | @IK9 | (Ko
B1-1* 05 9/16/96 600 NA NA NA NA NA NA
B1-2* 5 9/16/96 <10 NA NA NA NA NA NA
B1-3* 10 9/16/96 <10 NA NA NA NA NA NA
B2-1* 05 9/16/96 4,400 NA NA NA NA NA NA
B2-2* 5 9/16/96 <10 NA NA NA NA NA NA
B2-3* 10 9/16/96 5,300 NA NA NA NA NA NA
B3-1* 05 9/16/96 19,000 NA NA NA NA NA NA
B3-2* 5 9/16/96 <10 NA NA NA NA NA NA
B3-3* 10 9/16/96 <10 NA NA NA NA NA NA
B4-1* 05 9/16/96 89 NA NA NA NA NA NA
B4-2* 5 9/16/96 <10 NA NA NA NA NA NA
B4-3* 10 9/16/96 340 NA NA NA NA NA NA
B5-0.5 0.5 8/7/01 32 NA NA NA NA NA NA
B5-5 5 8/7/01 13 NA NA NA NA NA NA
B5-10 10 8/7/01 <10 NA NA NA NA NA NA
B5-15 15 8/7/01 <10 NA NA NA NA NA NA




Tablel, Results of Soil Sample Hydrocarbon, VOC, and SVOC Analysis
BEI Job No. 207068, Tranvu, LLC
819-823 East 12" Street, Oakland, California

SamplelD. | Depth | Sample | EPA VOCs SVOCs TOC
Date Method EPA Method 8240* EPA EPA Method
418.1 Method 9060
TRPH Benzene | Toluene Ethylbenzene Tota 8270
(fest) ko | Fokg | Foka | Fokg | Faxg | @IK9 | (Ko
B6-0.5 05 8/7/01 26 NA NA NA NA NA NA
B6-5 5 8/7/01 <10 NA NA NA NA NA 715
B6-10 10 8/7/01 <10 NA NA NA NA NA NA
B6-15 15 8/7/01 <10 NA NA NA NA NA 260
B7-0.5 0.5 8/7/01 330 NA NA NA NA NA NA
B7-2 2 8/7/01 NA NA NA NA NA NA NA
B7-7.5 7.5 8/7/01 <10 NA NA NA NA NA NA
B7-10 10 8/7/01 <10 NA NA NA NA NA NA
B7-14.5 145 8/7/01 2,400 NA NA NA NA NA NA
B8B-0.5 05 8/7/01 54,000 <10 50 30 240 <8.0to0 40 NA
B8B-5.5 55 8/7/01 1,100 NA NA NA NA NA NA
B8B-10 10 8/7/01 600 <50 <5.0 58 110 <0.33to NA
1.6°

B8B-15 15 8/7/01 7,900 <100 140 1,400 11,000 <1.0t05.0° NA
B9-2 2 8/7/01 54 NA NA NA NA NA NA




Table 1, Results of Soil Sample Hydrocarbon, VOC, and SYOC Analysis; continued

Notes: EPA = Environmenta Protection Agency
mg/Kg= milligrams per kilogram (parts per million)
Fg/Kg = micrograms per kilogram (parts per billion)
VOC = Volatile organic compounds
SvoC = Semi-volatile organic compounds
TOC Total Organic Carbon
NA Not andyzed
N/A Not gpplicable

Collected by Basics Environmenta in 1996

Sample number: e.g. Bore 7 a a depth of 15 feet below grade surface

All other VOC andytes were non-detectable at elevated limits of detection. Please see the laboratory report for details.
2-Methylnaphtha ene and Naphthaene detected at 0.36 and 0.38 mg/K g, respectively. All other SYOC andytes were
non-detectable at the indicated elevated limits of detection.

2-Methylnaphtha ene and Naphthaene detected at 6.0 and 7.2 mg/K g, respectively. All other SVOC andytes were non-
detectable at the indicated elevated limits of detection.

B7-15

Resultsin bold indicate detectable concentrations.



Tablell, Results of Soil Sample Metal Analysis
BEI Job No. 207068, Tranvu, LLC
819-823 East 12" Street, Oakland, California

Sample Depth Sample Date EPA Method 6010
o (fest) cd Cr Pb Ni Zn
(mgKg) | (mgKg) (mgKg) (mgKg) (mgKg)
B1-1* 0.5 9/16/96 0.72 34 270 26 320
B1-2* 5 9/16/96 <0.5 29 6.0 15 20
B1-3* 10 9/16/96 <0.5 31 4.3 36 36
B2-1* 0.5 9/16/96 7.3 40 870 39 1,100
B2-2* 5 9/16/96 <05 8.1 <3.0 10 6.3
B2-3* 10 9/16/96 <0.5 37 8.2 34 41
B3-1* 0.5 9/16/96 3.8 40 750 43 650
B3-2* 5 9/16/96 <0.5 25 10 40 17
B3-3* 10 9/16/96 <0.5 38 54 48 40
B4-1* 0.5 9/16/96 0.6 33 83 25 77
B4-2* 5 9/16/96 <0.5 27 5.0 17 20
B4-3* 10 9/16/96 <0.5 40 5.5 43 34
B5-0.5 05 8/7/01 <0.5 28 16 19 43
B5-5 S 8/7/01 <0.5 26 6.3 26 22
B5-10 10 8/7/01 <0.5 31 7.6 63 37
B5-15 15 8/7/01 <0.5 20 6.0 32 34
B6-0.5 0.5 8/7/01 <0.5 32 0.8 23 19
B6-5 5 8/7/01 <0.5 29 6.9 36 30
B6-10 10 8/7/01 0.70 37 5.8 58 44
B6-15 15 8/7/01 <0.5 25 5.9 48 49
B7-0.5 0.5 8/7/01 0.95 26 270 43 220
B7-2 2 8/7/01 <0.5 33 8.4 24 21
B7-7.5 7.5 8/7/01 <0.5 33 7.0 27 15
B7-10 10 8/7/01 <0.5 24 7.9 24 14
B7-14.5 14.5 8/7/01 <0.5 30 6.6 27 33
B8B-0.5 0.5 8/7/01 52 110 3,100 240 2,100




Tablell, Results of Soil Sample Metal Analysis

BEI Job No. 207068, Tranvu, LLC

819-823 East 12" Street, Oakland, California

Sample Depth Sample Date EPA Method 6010
I.D.
(feet) Cd Cr Pb Ni Zn
(mg/Kg) (mg/Kg) (mgKg) (mg/Kg) (mgKg)
B8B-5.5 55 8/7/01 <0.5 41 12 15 23
B8B-10 10 8/7/01 <0.5 33 9.8 64 42
B8B-15 15 8/7/01 0.57 35 74 28 43
B9-2 2 8/7/01 <0.5 28 11 30 21
STLC N/A N/A 1.0 5 5.0 20 250
TTLC N/A N/A 100 2,500 1,000 2,000 5,000
Notes: EPA = Environmenta Protection Agency
mg/Kg= milligrams per kilogram (parts per million)
B7-15 = Sample number: eg. Bore 7 a adepth of 15 feet below grade surface
N/A = Not applicable
STLC = Soluble Threshold Limit Concentration (Title 26, State of Cdifornia)
TTLC = Totd Threshold Limit Concentration (Title 26, State of Cadlifornia)
Cd = Cadmium
Cr = Chromium
Pb = Lead
Ni = Nickel
Zn = Zinc

* —

Collected by Basics Environmenta in 1996

Resultsin bold indicate concentrations ten times above the respective STLC vaue.
Shaded results indicate concentrations above the respective TTLC vaue.




Tablelll, Results of Grab Groundwater Sample Hydrocarbon, VOC, SVOC and Metals Analysis
BEI Job No. 207068, Tranvu, LLC
819-823 East 12" Street, Oakland, California

Sample | Sample EPA VOCs SVOCs EPA Method 6010
1.D. Date Method EPA Method 8240* EPA
418.1 Method
8270 .
TRPH Benzene | Toluene | Ethylbenzene Totd Cd Cr Pb Ni Zn
Xylenes (FglL)
(mgl) | (FgL) | (Fgl) (FgL) (FgL) (mgll) | (mglL) (mgl) | (mgl) | (mgl)
B2-W* | 9/16/96 | 2,000** NA NA NA NA NA <0.005 <0.005" 0.134 0.16' <0.05"
B3-W* | 9/16/96 13> 4 NA NA NA NA NA <0.005 <0.005“ 0.077+ 0.060" | 0.073“
B4-W* | 9/16/96 <1.0? NA NA NA NA NA 0.005 | 0.007“ 0.082 0.080“ 0.11+
B5W 8/7/01 412 NA NA NA NA NA <0.005 <0.02 <0.005 <0.05 <0.05
B6W 8/7/01 1.5 NA NA NA NA NA <0.005 <0.02 <0.005 <0.05 <0.05
B7W 8/7/01 4.8 <10 <1.0 7.6 <10 <10to 50 | 0.0061 <0.02 <0.005 <0.05 <0.05
B8W 8/7/01 2,000 1,700 2,500 790 4,100 | <25t0125° | <0.005 <0.02 <0.005 <0.05 <0.05
MCLs N/A N/A 1.0 150 700 1,750 various 0.005 0.05 0.015° 0.1 5°




Tablelll Results of Grab Groundwater Sample Hydrocarbon, VOC, SVOC and Metals Analys's, continued

Notes: EPA Environmenta Protection Agency
vVOC Volatile organic compounds
SvVOC= Semi-volatile organic compounds

MCLs = Maximum Contaminant Level

* = Collected by Basics Environmenta in 1996

mgL = milligrams per liter (parts per million)

FgL = micrograms per liter (parts per billion)

N/A = Not gpplicable

NA = Not andyzed

Cd = Cadmium

Cr = Chromium

Co = Cobat

Pb = Lead

Ni = Nickel

Zn = Zinc

uf = Unfiltered groundwater sample

! = All other VOC andytes were non-detectable at elevated limits of detection. Please see the laboratory report for details.
2 = Laboratory notes that the liquid sample contained greater than approximately 5% by volume sediment.
3 —

2-Methylnaphtha ene and Naphtha ene detected at 280 and 430 Fg/L, respectively. All other SV OC analytes were non-detectable at the
indicated dlevated limits of detection.

Laboratory notes indicate a lighter than water immiscible sheen is present

Federd level

Cdlifornia Secondary MCL

Resultsin bold indicate detectable concentrations.
Shaded results indicate concentrations above the respective MCL vaue.



Table 1V, Results of Geotechnical Soil Sample Analysis
BEI Job No. 207068, Tranvu, LLC
819-823 East 12" Street, Oakland, California

Samplel.D. Depth Sample Soil Description Hydraulic Moisture Porosity Percent
Date Conductivity Dengty moisiure
(Feet) cm/sec pounds/ Percent Percent
cubic foot
B6-17-18 17t0 18 8/7/01 Brown Clayey Sand to NA 105.6 36.9 22.1
Brown Sandy Silt
B7-16.5-17.5 16.51t017.5 8/7/01 Brown Clay with sand 8 X 10 NA NA NA
Notes:
cm/sec = centimeters per second
B6- 17-18 = Bore 6 a adepth of 17 to 18 feet below grade surface

NA = Not andyzed




TableV, Summary of Site Specific Target Levels
BEI Job No. 207068, Tranvu, LLC
Former J & R Automobile Dismantlers, 819-823 East 12" Street, Oakland, California

Media Total TPH Aliph. :
Benzene Toluene Ethylbenzene Xylene (TPH as motor oil) Cd Cr Pb Ni
Soil SSTL * 0.057 160 180 520 > Saturation 12 >Saturation 150/ 750 ** 420
(mg/Kg)
Calculated
Representative 00025 018 18 14 13,000 1 48 730 72
Concentration
(mg/Kg)
SF- RWQCB Nuisance
Threshold NA NA NA NA 500 NA NA NA NA
(mg/Kg)
Gro“”dz"’n?;ei)ssn ’ 0.0039 150 19 200 >Saturation >0.066 >170,000 NA 26
Calculated
Representative 17 25 079 41 2,000 0 0 0 0
Concentration
(mg/L)
SF- RWQCB Nuisance
Threshold NA NA NA NA NA NA NA NA NA
(mg/L)
Notes:
> = Indicates Site Specific Target Level (SSTL) is greeter than condtituent residud saturation value.
SSTL = Site Specific Target Leve
SF- RWQCB = San Francisco Regional Water Quality Control Board
mg/Kg = Milligrams per kilogram
mg/L = Milligrams per liter
* = Primary driver for certain soil and groundweter SSTLsisardatively unlikely POE at offsSte well water ingestion target.
*x = SF-RWQCB ESL <10 ft./ > 10ft.

Resultsin bold |nd|cete ca culated representative concentration of analyteis over SSTL.
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NORCH GEOPHYSICAL
CONSULTANTS, INC.

August 13, 2002

Mr. Mark Detterman
Blymyer Engineers, Inc.
1829 Clement Avenue
Alameda, CA 94501-1396

Subject: Geophysical Investigation
Vacant Lot
Oakland, California

Dear Mr. Detterman:

This letter presents the findings of a geophysical investigation performed on a portion of a vacant
lotin Oakland, California. Geophysicist David Bissiri and Field Technician Jeff Blom conducted the
field investigationon July 11, 2002. Site logistics were provided by Mr. Mark Detterman of Blymyer
Engineers, Inc.

SITE DESCRIPTION

The site is located at 819-823 East 12" Street. The site is a rectangular open dirt lot bordered by
a chain link fence along 12" Street on the east, and other assorted fences and walls of the
adjoining buildings on the south, west, and north (see Site Map, Plate 1). The reported previous
use of the site was that of an automobile dismantling facility. The proposed investigation area
encompass an approximately 140- by 50-foot portion of the ot and is depicted on the site map with
the dashed green line. Notable site features within the investigation area include a concrete pad
and chain link fence in the eastern portion; a 55-galion steel drum and two nearby surface
depressions along the southern boundary; and a known sump in the central portion. Fences and
walls of various adjacent buildings surround the site,

PURPOSE

The purpose of the investigation was to determine if various buried objects that may be associated
with the former facility still exist. Possible anticipated buried objects include underground storage
tanks (UST’s}, unknown sumps, and miscellanecus debris,

METHODOLOGY

We performed the geophysical investigation using vertical magnetic gradient (VMG), terrain
conductivity (TC), hand-held metal detector (MD}, and ground penetrating radar (GPR) techniques.
Detailed descriptions of these technigues and the geophysical instrumentation we used are
provided in Appendix “A”.

DATA ACQUISITION
The first task undertaken at the site was to establish a survey grid to provide horizontal control

during the VMG and TC data acquisition. Using a site map supplied by Blymyer Engineers we
established a baseline 5 feet west of, and parallel to, the eastern fence. The survey grid consisted

1350 INDUSTRIAL AVENUE SUNTE A - PETALUMA, CA §4852 » TELEPHONE (707 783-1312 « FAX [707] 762-5587
WWW . norcaigesphysical.com
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of a series of east-west lines spaced 5 feet apart oriented perpendicular to the baseline. Data
measurement points were then distributed at 5-foot intervals along each line. Following the grid
set-up, we used a proton precession magnetometer to collect VMG data and an electromagnetic
terrain conductivity meter o collect TC data. After the VMG and TC data collection, the data sets
were up-loaded to a field computer and processed to produce preliminary VMG and TC contour
maps. We then analyzed these contour maps to determine the locations of VMG and TC
anomalies that might be caused by buried objects or disturbed soil.

Following the VMG and TC surveys, we used the MD method in two ways. The first was to perform
site-specific investigations of anomalous areas identified on the VMG and TC contour maps.
These site-specific MD investigations involved multi-directional traverses over selected VMG and
TC anomalies to determine the general extent and orientation of detected buried object or objects
causing such anomaties. The second way we used the MD was to conduct a reconnaissance of
the perimeter area outside of the VMG/TC investigation area. This perimeter area was comprised
of the site within five feet of the fences and walls. This was done since experience has shown that
any VMG and TC data which would have been obtained in this portion of such sites is usually
adversely affected by these above ground objects.

The next field procedure was to use the GPR to obtain data from bidirectional traverses at five
suspect areas: two areas in the immediate vicinity of buried metal objects delineated by the MD;
one area west of the known sump; and two areas located at the two surface depressions along the
southern boundary. The locations of the GPR traverses are depicted on Plate 1 as the solid red
lines.

‘The final task undertaken was to map the site and the locations of detected subsurface features.
RESULTS

A site map depicting the locations of the VMG/TC investigation area, pertinent above ground
objects, and interpreted subsurface features is presented on Plate 1. The geophysical data is
presented in the form of VMG and TC contour maps on Plates 2 and 3, respectively. These contour
maps show the data contour lines, the limits of the investigation area, and pertinent site features.
Specific results and interpretations for the VMG, TC, MD and GPR methods are discussed below.
A general discussion of data analysis, contour map interpretation and limitations is presented in
Appendix B.

VMG

The VMG contour map displays numerous closely spaced and convoluted contour lines, primarily
along the boundary of the investigated area. Such contours result from the magnetic effects of
ferrous objects. While most of the contours can be attributed to the effects of the nearby walls and
fences, or the 55-gallon drum, there are two assemblages of contours that could not be attributed
to such effects. These anomalous contours appear as two small closures, or *bull's eyes” in the
northeast portion of the site and are depicted on Plate 2 as the shaded red circles labeled Roman
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numerals “I" and “Il". The location of these VMG anomalies are coincident or close to the locations
of two metal-detector anomalies {see below). The extent and magnitude of these two VMG
anomalies are consistent with those produced by minor amounts of metal debris such as of balls
of wire, paint can lids, short sections of metal pipe, etc.

Ic

The TC data is shown on Plate 3. Similar to the VMG contour map, this TC data also displays
numerous closely spaced and convoluted contour closures. These convoluted contours indicate
variations in terrain conductivity. Inspection of the data shows that the contours are most closely
spaced in two portions of the investigation area. The first area where the TC contours are closely
spaced is along the boundary of the investigation area. Here, the contour lines for the most part
appear somewhat parallel to the boundary. Such contours are typical of the TC effects of large
above ground objects outside of the investigation area, in this case the buildings and fences along
the boundary.

The second area of closely spaced contours is immediately west of the known sump. Here the
contours appear as a monopole or "bull's eye” of localized low TC values. This localized low is
interpreted as consisting of contours below 50 milliSiemens/meter and is considered anomalous
since there is no nearby above ground object which could be the source. This interpreted zone is
depicted on Plate 3 as the shaded light blue oval area. The location of this TC anomaly does not
coincide with the location of either a VMG or MD anomaly. This indicates that this TC anomaly is
probably caused by non-ferrous materials such as wood, concrete, or perhaps disturbed soils. The
proximity of this anomaly to the known sump further suggests that they may be related to each
other. One possibility is that perhaps the known sump may have more compartments to the west
than what is expressed on the surface.

MD

The site specific investigation of VMG and TC anomalies with the MD resulted in the delineation
of two small shailowly buried metallic anomalies. The locations of these two anomalies are in the
eastern portion of investigation site and are depicted on Plates 1 and 2 as the shaded dark blue
squares labeled “A” and “B". The MD instrument response suggests that the metal objects at these
tocations are relatively small, perhaps only a foot or two across, and buried within two feet or so
of the surface. Such instrument response is typical of that produced by minor amounts of metallic
debris. The approximate centers of these two anomalies were marked in the field with plastic *brush
flags”.

The MD reconnaissance of the perimeter portion of the site did not detect any notable buried
metallic objects.

GPR

The GPR results were generally inconclusive. Even though the MD instrument indicated that the
suspected metal objects causing the MD anomalies A and B were shallowly buried and within the
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normal expected range of GPR detection we were unable to image them to any satisfactory
degree. Likewise, we were unable to further characterize any buried features west of the known
sump or at either surface depression along the southern boundary.

STANDARD CARE AND WARRANTY

The scope of NORCAL's services for this project consisted of using geophysical methods to
characterize the shallow subsurface. The accuracy of our findings is subject to specific site
conditions and limitations inherent to the techniques used. The services were performed in a
manner consistent with the level of skill ordinarily exercised by members of the profession currently
employing similar methods. No warranty, with respect to the services or products delivered under
this agreement, expressed or implied, is made by NORCAL.

We appreciate having the opportunity to provide you with this information,
Respectfully,

NORCAL Geophysical Consultants, Inc.

) ~ P . .
ST e
;. - _ﬂ/;g/"' s o

David Bissiri
- Geophysicist GP-1009

DJIB/WEB/im
Enclosures: Plates 1 through 3
Appendix A  GEOPHYSICAL METHODOLOGY AND INSTRUMENTATION

Appendix B DATA ANALYSIS, CONTOUR MAP INTERPRETATION
AND LIMITATIONS
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Appendix A
GEOPHYSICAL METHODOLOGY and INSTRUMENTATION

Vertical Magnetic Gradient (YMG) Magnetics

The magnetic field at any given point on the earth’s surface is the vector sum of the earth’s field
combined with the magnetic fields of nearby magnetic objects. Most magnetormeters measure the
total intensity of the resulting magnetic field. These are referred to as “Total Field” measurements
(TF) and are recorded in units of nanoTesla (nT). In environmental investigations it is often useful
to measure the vertical gradient of the magnetic field as well. The vertical magnetic gradient is the
vertical rate of change of the total field magnetic intensity. These are referred to as “Vertical
Magnetic Gradient” (VMG) measurements, and are recorded in units of nanoTesla/meter (nT/m).
While both TF and VMG measurements are related to the same phenomena (i.e. the magnetic
field), each has certain advantages over the other. The VMG method is often chosen for
environmental investigations because of the following advantages:

1) VMG measurements are generally less affected by nearby above ground objects, especially
objects to the side of the instrument.

2} VMG measurements are not affected by temporal (diurnal) variations in the earth’s magnetic
field, unlike TF measurements.

3) VMG effects attenuate more rapidly with increasing distance from magnetic sources, thus
allowing more precise determination of a buried object’s location.

it should be noted, however, that because the VMG method is very sensitive, small near surface
-objects can be a source of “noise” in VMG data.

A vertical magnetic gradiometer is the device that is used to obtain the VMG data. This is
accomplished by simultaneously measuring the total magnetic field intensity at two sensors which
are vertically separated by a fixed distance (in this case, about one meter). The difference in
magnetic intensity at each sensor is then divided by their separation distance to vieid the vertical
magnetic gradient. For this investigation, we used a Scintrex EnviMag magnetometer. This
instrument consists of a console and two total field magnetic sensors that are positioned on a
vertical staff. The staff is carried by the operator, with the lower sensor at about shoulder-level and
the upper sensor at about head-level. The magnetometer features a built-in memory that stores
the TF, VMG and survey grid information. The survey information can later be up-loaded to a
computer for further processing.

Terrain Conductivity (TC)

The electrical conductivity of the near sub-surface can be measured through electromagnetic
induction (EM}. This is typically accomplished by some form of high frequency signal (primary field)
produced by a transmitter coil inducing a secondary (induced) signal in the earth. A receiver coil
located a short distance away from the transmitter reacts to the resulting magnetic field associated
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with both the primary signal and that of the induced signal. However, by careful design of a TC
instrument, only the effects of the secondary induced current flow can be isolated and measured.
This secondary signal has both quadrature and in-phase components (as measured in reference
to the primary signal). Analysis of these two components can provide useful information about
subsurface conditions. For most earth materials, the quadrature component provides the most
useful information. This is because the amplitude of the quadrature component is linearly
proportional to the electrical conductivity of the resistive material. This allows an absolute
measurement of electrical conductivity in units of milliSiemens/meter (mS/m). Since the measured
value at any given surface location represents the conductivity of a certain volume of material
rather than individual elements within that volume, it is an apparent value and is referred to as
“terrain conductivity”. With conductive materials such as buried metal, the quadrature response is
not linearty proportional. This non-linear behavior makes the TC device also useful as a metal
detector.

Terrain conductivity values can be processed to form contour maps. These maps can then be
interpreted to determine the location of buried metal, some types of contaminant plumes, variations
in soil type or moisture content, and large back-filled areas. Interpretation of TC contour maps is
similar in may ways to the interpretation of VMG contour maps. Contour map interpretation and is
described in more detail in Appendix B - Data Analysis. Generally speaking, areas that are
relatively free of sharp conductivity contrasts and/or large amounts of buried metal will result in
smooth, evenly spaced contours with positive values. In contrast, areas containing significant
amounts buried metal will exhibit closely spaced contours of both positive and negative vaiues that
may locally form closures. In some cases negative TC values are measured. Intuitively, negative
conductivity is meaningless. However, negative values do occur, They result from measurements
taken in the proximity of discrete, highly conductive objects. When such an object is buried
somewhere beyond either of the two coils, the receiving coil detects a normal, or “positive image”
of the object. However, if the object is buried between the two coils, the receiver coil detects a
““mirror image” of the object and this results in a “negative” data value.

We performed the TC survey using a Geonics EM-31 terrain conductivity meter. This instrument
consists of two boom-mounted, horizontally wound coils attached to a control console carried by
the operator. The coils are at opposite ends of the 3-meter long boom with one of the colls acting
as the transmitter coil and the other acting as the receiver coil. The control console is used to
regulate the sensitivity of the instrument, the phasing of the primary signal, and the conversion of
the secondary signal into quadrature and in-phase components. The instrument is carried across
the survey area at hip level (approximately 3-ft above the ground surface), and readings are
obtained at fixed intervals. For this investigation, we collected TC data every 10 feet along the
survey traverses. The TC values and survey grid information are stored in a digital data logger that
is connected to the instrument. The data can be up-loaded to a computer for further processing.

Ground Penetrating Radar (GPR)

Ground penetrating radar is a method that provides a continuous, high resolution graphical
cross-section which depicts variations in the electrical properties of the shallow subsurface. The
entails repeatedly radiating an electromagnetic pulse into the ground from an antenna as it is
moved along a traverse. Reflected signals are received by an antenna (often the same one used
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to generate the signal) and sent to a control unit for processing. The processed data are then
printed in cross-sectional form on a graphical recorder.

GPR is particularly sensitive to variations to the electrical properties of conductivity (the ability of
a material to conduct a charge when a field is applied) and permittivity (the ability of a material to
hold a charge when a field is applied). Most earthen and earthen-like materials such as concrete
are electrically resistive and often have a relatively low permittivity, they are relatively transparent
to electromagnetic energy. This means that only a portion of the radar signal incident upon them
is reflected back to the surface. On the other hand, when the signal encounters an object
composed of a material that has the opposite electrical properties, especially one with a high
permittivity (such as metal) much of the incident energy is reflected.

For this investigation, we used a Geophysical Survey Systems, Inc. SIR-2 Subsurface Interface
Radar System equipped with a 500 megahertz (MHz) transducer. This unit is comprised of a
combined control and data recording unit that is connected by a telemetry cable to the antenna.
This system usually provides both the resclution and depth penetration for characterizing the
shallow subsurface at a site such as this.

Metal Detection (MD)

This method is used to detect buried near surface metal objects such as UST’s, metal conduits,
rebar in concrete, manhole covers, and various metallic debris. This is done by carrying a hand-
held radio transmitter-receiver unit above the ground and continuously scanning the surface. The
unit utilizes two orthogonal coils that are mounted on a common staff. One of the coils fransmits
an electromagnetic signal (primary magnetic field) which in turn produces a secondary magnetic
field about the subsurface metal object. Since the receiver coil is orthogonal to the transmitter coil
(that is, in a “null” position), it is unaffected by the primary field. However, a buried metal object
is not in a similar “null” position and therefore the secondary magnetic field produced by the buried
metal object will generate an audible response from the unit. The peak of this response usually
occurs when the unit is directly over the metal object. Our MD instrument for this investigation was
a Fisher TW-6 pipe and cable locator. The TW-6 does not provide a recordable data output that
can be used for later computer processing. Results are generally limited to marking the interpreted
outlines of detected objects in the field and mapping their locations.
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Appendix B
DATA ANALYSIS

Computer Processing

We up-loaded the VMG, and TC data we obtained in the survey area to a portable computer at the
end of each field day. The data were then converted into a format suitable for contouring. The
contouring program SURFER from Golden Software was used to calculate an evenly spaced array
of values (data grid) based on the measured field data. The gridded values were then contoured
to produce various draft contour maps for preliminary analysis in the field. Final processing of the
data was done at NORCAL's Petaluma office.

CONTOUR MAP INTERPRETATION

Generally speaking VMG and TC contour maps share common characteristics and interpretation
criteria, even though they represent different physical parameters. In a region with uniform
conditions VMG and TC values vary smoothly from one area to another. n contrast, in areas where
variations are strong, the contours are moderately to closely spaced. In many cases, the variations
are so strong that the contours are highly contorted and convoluted, with differences of several
hundred units. These contorted contours may appear as roughly concentric circles forming “bull's
eyes’, tightly wound loops and whorls, or elongated parallel lines. If the source of a particular
anomaly is an isolated object or a group of closely spaced objects, the contours may form isolated,
somewhat symmetric closures known as “monopoles” (bull's eyes) or paired positive-negative
closures known as “dipoles”. If the source of a particufar anomaly is a group of several objects not
very closely spaced, then the cantours will often form highly irregular, non-symmetric closures.

Areas that are typically considered anomalous are those which display large differences in data
readings from one locality to the next. This is particularly the case when there are no obvious
nearby above ground sources that could cause the variation. Actual anomaly magnitude and shape
are dependent on the relative position and size of the buried objects with respect to the location
of the measuring instrument. In general, anomaly magnitude decreases and anomaly width
increases as distance (depth) to the source increases. Monopoles that are centered on a single
data point and limited in extent to roughly the data point spacing of the sampling grid are often
caused by small, near surface objects. Such objects may consist of well caps, pull boxes, balls of
wire, etc. Larger monopoles that extend across an area equal to several data points are typically
associated with larger objects. Isolated dipoles are often, but not always, attributed to a single
object such as a UST, vault, buried ordnance, etc. A large accumulation of buried objects may
appear as a group of closely spaced, contorted anomalies or a single large, less contorted
anomaly. Elongated anomalies with parallel contour lines or a linear alignment of circular or
elliptical closures is often indicative of a buried pipeline or other elongate object. Those anomalies
that are neither monopoles or dipoles often are associated with multiple objects buried near each
other, such as those comprising a debris field.
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LIMITATIONS

Magnetic Methods

Buried ferrous metal objects produce localized variations in the earth’s magnetic field. The
magnetic intensity associated with these objects depends on the mass of the metal and the
distance the metal object is from the magnetometer sensor. As the distance between the object
and the magnetometer sensor increases, the intensity of the associated field decreases, thereby
making detection more difficult.

In addition, the ability to detect a buried metal object is based on the intensity of these variations
in contrast to the intensity of background variations. The intensity of background variations is based
on the amount of above and below ground metal that is present within the survey area. Cultural
features such as chain link fences, buildings, debris, raifroad spurs, utilities, above ground electric
lines, etc. typically produce magnetic variations with high intensities. These variations may mask
effects from buried metal objects, or make it very difficult to determine whether the magnetic
variations are associated with below ground metal or above/below ground cultural features.

Terrain Conductivity (TC)

Many of the same general comments made above for magnetics applies to the TC method as well.
The primary differences are that variations due to non-metallic material c2» be detected as well
and usually TC variations are not as precisely determined as they are ' -agnetics.

Ground Peneirating Radar (GPR)

-The ability to detect subsurface targets is dependent on z:.- S Londitions. These conditions

include depth of burial, the size or diameter of the tars-.. - condition of the specific target in
question, the type of backfill material associated with the target, and the surface conditions over
the target. Typically, the GPR depth of detection will be reduced as the clay and/or moisture
content in the subsurface increases. Therefore, itis possible that targets such as UST’s and utilities
buried greater than 2 to about 4 feet, may not be detectable by the GPR technique.
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1.0 introduction and Summary

This Standard Operating Procedure {SOP) describes methods for drilling with the use of hollow-
stem augers, soil sampling with the use of split-spoon samplers. and grab groundwater sampling
through an open borehole. Drilling acuvities covered by this SOP may be conducted to obtain
sotl and grab groundwater samples or to create a borehole within which a well may be
constructed. Soil samples may be obtained to log subsurface materials, to coilect samples for
chernical characterization, or to collect samples for physical parameter characierization.

The soil sampling techniques described in this SOP are generally suitable for chemical
characterization and physical classification tests; because a driven split-spoon sampler is
empioyed, the resuiting soil samples shouid generally be considered "disturbed” with respect to
physical structure and may not be suitable for measuring sensitive physical parameters, such as
strength and compressibility. The augering techniques described in this SOP generally produce
a borehole with a diameter corresponding to the outside diameter of the auger flights, a relatively
small annulus of remoided soil surrounding the outside diameter of the auger tlights, and limited
capability for cross-contamination berween subsurface sata as the leading flights of the augers
pass from contaminated strata to uncontaminated underiying strata. However, should conditions
require strict measures to help prevent cross-contaminaton or maintain the integrity of an
aquitard, consideration should be given to augmenung the procedures of this SOP, for example,
by using pre-drilled and grouted isolation casing.

The procedures for hollow-stem auger drilling and split-spoon soil sampling generally consist of
initial decontamination, advancement of the augers. driving and recovery of the split-spoon
sampler, logging and packaging of the soil sampies, decontamination of the split-spoon and
continued augering and sampling untl the total depth of the borehole is reached. Withdrawal
of the augers upon reaching the total depth requires completion of the borehole by grouting, by
constructing a well, or other measures; well construction is not covered in this SOP.

2.0 Equipment and Materials

. Drill rig, drill rods, hollow-stem augers, and drive-weight assembiy (for driving the split-
spoon sampler) should conform to ASTM D 1586-S tandard Method for Penewation Test
and Split-Barrel Sampiing of Soils. except: (1) hollow-stem augers may exceed 6.5
inches inside diameter as may be necessary for instailing 4-inch diameter well casing,
(2) hollow-stem augers should have a center bit assembly {end plug), {3) alternative drive-
weight assemblies or downhole hammers are acceptable as long as the type, weight, and
equivalent free fall are noted on the boring log.

Blymyer Engineers, inc.
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Split-spoon sampier shouid conform to ASTM D 1586-Standard Method for Penetration
Test and Split-Barrel Sampling of Soils. except: (1) split-spoon should be fitted with
liners for collection of chemical characterization samples, and (2) allowable split-spoon
diameters include nominal 1.5-inch inside diameter by nominal 2-inch outside diameter
(Standard Penetration Test split-spoon), nominal 2-inch inside diameter by nominal
2.5-inch outside diameter (California Modified split-spoon), or nominal 2-1/2-inch inside
diameter by nominal 3-inch outside diameter (Dames & Moore split-spoon). The split-
spoon type and length of the spiit barrel portion of the sampler shouid be noted on the
boring log, as should the use of a sample catwcher if employed.

Liners shouid be 3- to 6-inch length, fitted with plastic end caps, brass or stainless steel,
with a nominal diameter corresponding to that of the inside diameter of the spiit-spoon
sampler. The boring log should note whether brass or stainiess steel liners were used.

Teflon® sheets, approximate 6-mil thickness. precut to a diameter or width of the liner
diameter plus approximately 1 inch.

Plasuc end caps.

Adhesiveless silicone tape.

Disposabie polyethyiene bailer.

Type /Type I Pordand cement

Groundwater sampie containers (laboratory provided only).

Kimwipes®. certified clean silica sand. or deionized water (for biank sample preparation).

Sampie labels. boring log forms, chain-of-custody forms, drum labels. Drum Inventory
Sheet, and field nowebook.

Ziploc® plastic bags of size 10 accommodate a liner.
Stainiess steel spatula and knife.
Cooler with ice or dry ice {do not use blue ice) and packing material.

Field organic vapor monitor. The make, model. and calibration information for the field

Blvmyer Engineers. Inc.
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organic vapor monitor (inciuding compound and concentrauon of calibration gas) shouid
be noted on the boring log.

» Pressure washer or sweam cleaner.

. Large mough (such as a water twank for cawle), plastic-lined pit, or equvalent for
decontamination of hollow-stem augers. drill rod. and end plug.

s Buckets and bristle brushes for decontamination of liners, split-spoon sampler, and other
small gear.

o Low-residue, organic-free soap such as Liquinox® or Alconox®,

. Distilled water.

. Heavy plastic sheeung such as Visgueen.

Steel, 55-gallon. open-top drums conforming to the requirements of DOT 17H. if required.

As specified in the Site Safety Plan, additional safety and personnei decontamination equipment
and materials may be needed.

3.0 Typical Procedures

The following typical procedures are intended to cover the majority of drilling and sampling
conditions. However. normal field practice requires re-evaluation of these procedures and
impiementation of alternate procedures upon encountering unusual or unexpected subsurface
conditions. Deviations from the following typical procedures may be expected and should be
noted on the boring log.

L. Investigate location of the proposed boreholes for buried udlities and obstructions. At
least 48 hours before drilling, contact known or suspected utility services individually or
through collective services such as "Underground Service Alert.”

b

Decontarninate drill rig, drill rods, hollow-stem augers, spiit-spoon sampier and other
drilling equipment immediately prior to mobilization to the site.

Blymyer Engineers. Inc.
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Calibrate field organic vapor momitor equipment in accordance with the manuracturer's
specificatons. Note performance of the calibration in the geologist’s field notebook.

Conduct “tail-gate” meeting and secure the work area in accordance with the Site Safety
Plan.

Core concrete, if required.

Using hand-augering device, hand auger to a depth of S feet. if feasible, to clear
underground udlities and stuctures not located by a utlity service or on drawings. As
appropriate, retain private buried uality locaton services or geophysical investigation
services to search for buried utilities and obstructions. During inital advancement of each
borehole. drill cautiously and have the driller pay particular attention to the "feel” of
drilling conditions. The suspected presence of an obstruction, buried pipeiine or cable,
utility trench backfill, or similar may be cause for suspension of drilling, subject to further

investgaton.

Advance hoilow-stem auger, fitted with end plug, to the desired sampiing depth. Note
depth interval, augering condidons, and driller’s cormments on boring iog. Sampies
should be taken at intervais of 5 feet or less in homogeneous strata and at detectable
changes of strata.

Remove drill rod and the end plug from the hollow-stern auger and note presence of
water mark on drill rod. if any. If beiow the groundwater table in clean sand, allow water
level in hollow-stem auger to equilibrate prior to removing end plug and remove piug
slowly so as to minimize suction at the base of the plug. Also. monitor the top of the
hollow-stem auger using field organic vapor monitor, as appropriate. In situations where
heaving sand occurs, the use of a clean, inert knock-out plate may be employed, if
necessary, to set wells. Also, clean water may be introduced into the hollow-stem auger
10 create a positive head pressure to exceed the hydrostatic pressure of the heaving sand

formagon.

Decontaminate split-spoon sampler. liners, spatuias and knives, and other equipment that
may directly contact the chemical characterizaton sample. Fit the spiit-spoon sampler
with liners and attach to dnll rod.

Lower split-spoon sampier through hollow-stem of auger until sampler is resung on soil.
Note in field notebook discrepancy between elevation of tip of ‘sampler and leading edge
of augers, if any. If more than 6 inches of slough exists inside the hollow-stem augers.
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consider the conditions unsuitable and re-advance the hollow-stem augers and end plug
to a new sampling depth.

i1 Drive and recover spiit-spoon sampler according to the requirements of ASTM D 1586 -
Standard Method for Penewation Test and Split-Barrel Sampiing of Soils. Record depth
interval, hammer blows for each 6 inches, and sample recovery on boring log (copy
atached). Monitor the recovered split-spoon sampler with the field organic vapor
monitor, as appropriate.

12, Remove either bottom-most ot second-from-bottom liner (or both) from split-spoon
sampler for purposes of chemicai characterizaton and physical parameter testing.
Observe soil at each end of liner(s) for purposes of completing sampie description. Place
Teflon® sheet at each end of liner, cover with plastc caps, and tape plastic caps with
adhesiveless silicone tape (do not use electrical or duct tape) to further minimize potential
loss of moisture or volatile compounds. Label liner(s) and place in Ziploc® bag on ice
or dry ice inside cooler.

13, Extrude soil from remaining liner(s) and subsampie representauve l-inch cube
(approximate dimensions). Place subsample in Ziploc® bag and seal. Allow bag to
equilibrate at ambient conditions for approximately 5 minutes and screen for organic
vapors by inserting the probe of the field organic vapor monitor into the bag. Record
depth interval, observed sample reading, and ambient (background) reading on the boring
log. Discard bag and sampie after use in the solid waste stockpile.

14. Classify soil sample in approximate accordance with ASTM D 2488-Standard Practice for
Description and Identification of Soils (Visual-Manual Procedure) and in accordance with
the Unified Soil Classification Systemn (USCS). Description should include moisture
content, color, textural information. group symboi, group name, and odor. Optional
descriptions, especially if classification is performed with protective gloves, include
particle angularity and shape. clast composition, plasticity, dilatancy, dry strength.
toughness, and reaction with HCl. Add notes on geologic smucture of sample, as
appropriate.  Record depth interval, field organic vapor monitor reading, USCS
classification, and other notes on the boring log.

15. Repeat steps 7 through 14 unul total depth of borehole is reached.
16. If grab groundwater sampie is to be collected, slowly lower bailer through the open

borehole or partiaily retracted hollow-stem augers to minimize agitation and aeration of
the sampled water. Transfer the grab groundwater sample into sample container(s).
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Label sample conuiner(s), place packing materials around containers, and piace on ice
or dry ice inside cooler.

17. After augers are removed. compiete borehole according to the requirements specified
elsewhere or by abandonment in accordance with section 8.0.

13. Decontaminate hollow-stem augers. drill rod. and end piug between boreholes and after
finishing last borehole prior to drill rig leaving site.

19.  Change decontamination soiutions and clean decontamination trough, buckets, and brushes
between boreholes.

20.  Conwinerize decontamination liquids in 17H steel drums. Affix completed "Caution -
Pending Analysis" labels to the drums.

21.  Store bore cuttings on and cover with heavy plastic sheeung. If required by local
regulations or due to site conswaints. store bore cumings in 17H steel drums. Affix
completed "Cauton - Analysis Pending " labels to drums.

22. Compiete Drum Inventory Sheet (copy attached).

23.  Compiete pertinent portion of the chain-of-custody form and enter descriptions of field
work performed in the field notebook.

4.0 Quaiity Assurance and Quality Control (QA/QC)

Optional quality control sampling consists of sequental repiicates, collected at an approximate
frequency of one sequential replicate for every 10 collected soil samples. Sequenual repiicates
are collected by packaging two adjacent liners of soil from a selected split-spoon drive. Each
sampie is labeled according to normal requirements. The replicate samples obtained in such a
manner are suitable for assessing the reproducibility of both chemical and physical parameters.
Interpretations of data reproducibility should recognize the potendal for significant changes in
soil type, even over 6-inch intervals. Accordingly, sequenual replicates do not supply the same
information as normally encountered in duplicate or split sampies. Duplicate or split sampies are
better represented by the laboratory performing replicate analyses on adjacent subsamples of soil
from the same iiner.
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Optional quality controi sampies may be coilected to check for cross-contamination using fieid
blanks. Field blanks may be prepared by (1) wipe sampling decontarnuinated liners and split-
spoon with Kimwipes®, (2) pouring clean silica sand into a decontaminated split-spoon sampler
that has been fitted with liners. or (3} pouring deionized water over the decontaminated liners and
split-spoon sampler and coilecting the water that contacts the sampling impiements for agueous
analysis. Field blanks may be prepared at the discretion of the field staff given reasonable doubt
regarding the efficacy of the decontamnination procedures.

The comparability of the field soil classificaon may be checked by conducting laboratory
classification tests. Requests for laboratory testing verification of the field classification shouid

be left to the discreton of the field staff.

Field decisions that may also affect the quality of collected data include the frequency of
sampling and the thoroughness of documentation. Subject to reasonable limitations of budget
and schedule, the completeness, comparability, and representativeness of data obtained using this
SOP will be enhanced by decreasing the sampling interval (including coilecting continuous
samples with depth) and increasing the level of detail for sampie classificanon and description
of drilling conditions. More frequent sampiing and more detailed documentation may be
appropriate in zones of chemical concentration or in areas of critical geology (for example, zones
of changing strata or cross-correlation of confining strata).

As required, rinse or wipe samples may be collected from the sampling equipment before the
initial sampling is conducted to establish a baseline level of contamination present on the

sampling equipment. Rinse or wipe samples may also be collected at intervais of
decontamination wash and rinse events or after the final decontamination wash and rinse event.

3.0 Documentation

Observations. measurements. and other documentation of the drilling and soil sampling effort
should be recorded on the following:

. Field notebook
. Boring log
. Sample label

. Chain-of-custody form

Blymyer Engineers, inc.
Standard Operating Procedure No. [
Soil and Grab Groundwater Sampiing Using a Hollow-Stem Auger Drill Rig
Revision No. 1
~



Documentation should include any deviatons from this SOP, notations of unusuai or unexpected
conditions, and documentation of the containerization and disposal of investigation-derived waste.

[nformaton to

be documented on the sample label and boring log is listed below.

5.1 Sample Label

-

Project name and project number
Borehole or well number

Sample depth interval (feet below ground surface), record the depth interval using
notation similar to "19.2-19.7:" generally do not record just one depth "19.2"
hecause of uncertainty regarding the location such depth corresponds to (midpoint,

top, etc.)
Sampie date and sample time
Name of on-site geologist

Optional designation of orientation of sampie within the subsurface, for example,
an arrow with "up" or "top" designated

5.2 Borng Log

-

Project name, project number, and name of on-site geologist
Borehole number

Description of borehole location, including taped or paced measurements to
noticeable topographic features (a location sketch shouid be considered)

Date and time drilling started and completed

Name of drilling company and name of drilling supervisor, optional names and
responsibilites of driller’s helpers

Name of manufacturer and model number of drill rig

Blymyer Engineers. Inc.
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. Inside and outside diameter of the auger flights of the holiow-stem augers, type
and size of sampler, optional description of type of bit on end plug and leading
edge of auger, optional description of the size of driil rod

o USCS classification

. Number of blow counts, sampling interval, and total depth of borehole.

. Depth at which groundwater was first encountered with the notation "initial" and
any other noted changes in groundwater movement or stabilized water level.

. Field organic vapor monitor readings
. Method of boring completion
. Other notations and recordings described previously in section 2.0, Equipment and

Materials, and section 3.0, Typical Procedures

6.0 Decontamination

Prior to entering the site, the drill rig and appurtenant items (driil rod, hollow-stem augers, end
plug, split-spoon sampler, shovels, woughs and buckets, driller’s stand, etc.) should be
decontaminated by steam cleaning or pressure washing. Between each borehole, appurtenant
itemns that contacted downhole soil (essentially all appurtenant items including drill rod, hollow-
stem augers, end plug, split-spoon sampler, shovels, troughs and buckets, etc.) should be
decontaminated by steam cleaning or pressure washing. The drill rig should be steam cleaned
or pressured washed as a final decontamination event. On-site decontamination should be
conducted within the confines of a trough or lined pit to temporarily contain the wastewater.
Between ecach borehole and prior to demobilization, the wough or lined pit should be
decontaminated by steam cleaning or pressure washing. If a rack or other support is used to
suspend appurtenant items over the trough or lined pit during decontamination, only the rack or
other support needs to be decontaminated between boreholes.

Prior to collection of each sample, the split-spoon sampler, liners, sample catcher, spatulas and
knives, and other equipment or materials that may direcdy contact the sample shouid be
decontaminated. Decontarnination for these items should consist of a soap wash (Alconox®,
Liquinox®, or other organic-free, low-residue soap), followed by a clean water rinse. If tesung
for metals, a final rinse of deionized water should be conducted. Wastewater should be
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temporarily contained.

Between each borehoie, buckets and brushes should be decontaminated by steam cleaning or
pressure washing. Before instailation of each borehole is begun. fresh decontamination solutions
should be prepared. Decontaminated equipment shouid be kept off of the ground surface.
Cleaned equipment should be placed on top of piastc sheeting, which is replaced after
completion of each borehole or on storage racks.

More rigorous decontamination procedures may be employed if necessary to meet sampling or
QA/QC reguirements.

7.0 Investigation-Derived Waste

Wastes resulting from the activities of this SOP may include soil cuttdngs, excess soiu sampies,
decontamination liquids. and rmisceilaneous waste (paper. plastic, gloves, bags, etc.).

Solid waste from each borehole shouid be placed on and covered with heavy plastic sheeting
uniess required to be containerized in 17H steel drums. Solids from multipie boreholes may be
combined within a single stockpile if field observatons (presence or absence of chemical staining
and field organic vapor monitoring) indicate the solids are similarly uncontaminated or simularly
contaminated. Given sufficient space and reasonable doubt, separate stockpiles shouild be used
for solid waste from each borehole.

Decontamination liquids for each borehole should be piaced in individual 17H steei drums with
completed "Cauton - Analysis Pending” labels affixed. Liquids from muitiple boreholes may
be combined, subject to the same limitations as solids.

8.0 Borehole Abandonment

Each borehole that is not to be compieted as a monitoring well should be completely filled with
a neat cement (5.5 gallons of water in proportion to one 94-pound bag of Type /Type II Portand
cement. ASTM C-150) from the bottom of the bore to grade surface. Water used to hydrate
cement should be free of contaminants and organic material. Bentonite may be added to reduce
shrinkage and improve fluidity. Add 3 to 5 pounds of bentonite with 6.5 gailons of water and
one 94-pound bag of Type [/Type II Portiand cement. The water and bentonite should be mixed
first before adding the cement. The borehole should be filled from the bottom first to grade
surface. A tremie pipe should be used in smail diameter boreholes or in formations prone to
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bridging or coilapse. The wemie pipe should be lifted as the cement grout is poured, but shouid
never be lifted above the surface of the neat cement. In boreholes deeper than 50 feet, the neat
cement may need to be applied with pressure.
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1.0 Introduction and Summary

This Standard Operating Procedure (SOP) describes methods for installation of a groundwater
monitoring well within an existing borehole. The well construction techniques discussed in this
SOP are generally suitable for construction of wells that are screened in one groundwater zone
and that will be used for water quality sampling and/or observations of groundwater elevation
(piezometers). Typically, 2- or 4-inch-diameter wells with total depths less than 80 feet will be
installed using this SOP. Large-diameter or deeper weils may require modification of the
methods described herein. Discussion of specific well casing and screen material is beyond the
scope of this SOP, and weil casing and screen material should be selected on a site-specific basis.
The permitting activities of this SOP apply in California. Different permits are required in other
iocations.

The procedures for construction of wells generally consist of well permitting, well design,
decontamination of well casing and screen, simultaneous assembly and lowering of casing and
screen into the borehole, placement of the filter pack around the screen, installation of a bentonite
seal above the filter pack. sealing of the remaining annular space with grout, and surface
completion.

2.0 Equipment and Materials

. Pressure washer or steam cleaner.

. Equipment for mixing grout.

. Clean water.

. Hand tools (pipe wrenches, chain wrenches, pipe vise, shovels, rubber mallet, etc.).

. Tape measure long enough to reach the bottom of the boring.

. Well casing, screen, bottom plug, and well cap using threaded, flush-joints. Use Schedule

40 PVC unless noted otherwise. Well screen shall be factory slotted.
. Stainless steel machine screws.

. Centralizers (generally not required).
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» Buckets and bristle brushes for decontamination.

’ Low-residue, organic-free soap such as Liquinox” or Alconox®.

* Tremie pipe (1.5-inch diameters.

> Filter pack material (typically clean sand of specified gradation).

s Bentonite pellets for seal above filter pack, unaltered sodium bentonite.

. Type I or Type II Pordand cement for grout,

. Bentonite powder (for grout only).

. Locking well cap with lock.

a Emco Wheaton A721 Monitoring Well manhole traffic cover (or equivalent).

. Steel, 55-gallon drums that meet the specification of DOT 17H.

. Drum labeis, Boring and Well Construction Log, Drum Inventory Sheet, DWR 188

(Water Well Drillers Report), and field notebook.
. Calculator.

Site-specific conditions may require other specialized equipment,

3.0 Typical Procedures

The following procedures apply to maost well installations. However, normal field practice
requires re-evaluadon and modification of these procedures upon encountering unexpected
situations during well construction. Deviations from the following procedures may occur and
should be documented.

i Determine local jurisdiction charged with regulation of wells and apply for required local
permits or prepare required workplan. Local jurisdictions may include county, water
district, or city. Determine special design considerations (such as minimum length of
grout seal) and inspection requirements (such as witnessing the placement of the grout
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seal).

Weil design begins with the conception of the purpose for the well, and should include
consideration of the analytes of interest, anticipated subsurface conditions at the intended
well location, and the actual subsurface soil conditions encountered during drilling and
recorded on the Boring and Well Construction Log (copy attached).

Prior to installation in the borehole, well casing and screen should be decontaminated and
inspected.  If not certified clean by the manufacturer and delivered to the site in a
protective casing, decontaminate well casing and screen and all fittings prior to insertion
mto the borehole.

Change decontamination solutions and clean decontamination trough, buckets, and brushes
between boreholes,

Assembly of the well screen and blank casing is accomplished simultaneously with
insertion into the borehole. Initially, a bottom plug is screwed onto the bottom of the
screen (or, if the bottom of the screen is cut. the plug is attached with stainless steel
machine screws) and the screen is lowered into the borehole. The next length of casing
{screen or blank depending on the specific well design) is attached and the process is
repeated until the well extends from the bottom of the borehole to the ground surface.
Various types of mechanical clamps are used to prevent dropping of the weil screen into
the well during assembly. It is useful to leave surplus blank casing extending above
grade at this point to facilitate subsequent construction activities. Attached are Blymyer
Engineers, Inc.’s Monitoring Well Construction Specifications for Unconfined Water-
Bearing Zone and Monitoring Well Construction Specifications for Confined Water-
Bearing Zone to be used as references once the hydraulic characteristics of the aquifer
have been determined. The well casing and screen should be installed as straight
vertically as possible. Centralizers should be used if necessary to center the casing in the
borehole.

Measure the length of weil screen and blank casing inserted into the borehole and record
the quantities on the Boring and Well Construction Log, a copy of which is attached. The
total length of well screen and casing should be confirmed by taping. Cap the well casing
temporarily so that no foreign materials may enter the well during installation.

Install the filter pack by pouring filter pack material into the annulus between the casing
and borehole. Unless impractical due to site conditions or otherwise delineated in a
Workplan, Quality Assurance Project Plan, or Sampling Plan, in an unconfined water-
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bearing zone, instail filter pack from an elevation approximately 6 inches beneath the
elevation of the bottom plug of the well casing to approximately 2 feet above the top of
the screened interval. In a confined water-bearing zone, install the filter pack from an
elevation approximately 6 inches beneath the elevation of the bottom plug of the well
casing to the approximate bottom of the confining layer which should correspond to the
top of the screen interval.

if augers or drill casing remain in the ground during well construction, the annulus
between the augers and the casing may be used as a tremie pipe. If the well is
constructed in an open borehole that exceeds 20 feet of depth or is below the groundwater
table, then the filter pack should be placed using a remie pipe. The filter pack should
be poured slowly into the borehole and the depth to the top of the filter pack should be
tagged periodically with a tape. Adequate time should be allowed for the filter pack
material to settle through standing water prior to tagging or the tape may be lost by
burial. Tagging may be time consuming but provides reasonable precaution against filter
pack bridging during installation.

If augers are being used as a wemie pipe, they shouid be withdrawn as the filter pack is
placed. During placement, the elevation of the tip of the augers or temporary casing
should be kept slightly above the top of the filter pack (but no more than 5 feet above the
top of the filter pack). Minimizing the separation between the top of the filter pack and
tip of the augers or temporary casing during filter pack placement will help prevent
inclusions of formation material or slough into the filter pack. However, if the tip of the
augers or temporary casing is not kept above the top of the fiiter pack and the filter pack
is allowed to settle within the augers or temporary casing, a filter pack bridge may occur
and the well casing may become "locked" inside the augers/temporary casing. The
bridged material should be broken mechanically before installing more filter pack
material.

The theoretical quantity of filter pack material required to fill the annulus should be
calculated. The quantity of filter pack material actually instailed in the well should be
measured and compared to the calculated quantty. Both quantities should be recorded
on the Boring and Well Construction Log.

The bentonite seal is installed by pouring bentonite peliets onto the top of the filter pack.
The bentonite seal should be tamped down to ensure that no bridging has occurred. For
wells deeper than 20 feet, a tremie pipe should be used to place the bentonite seal,
Unless impractical due to site-specific conditions or otherwise delineated in a Workplan,
Quality Assurance Project Plan. or Sampling Plan, the bentonite seal should extend
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approximately 2 feet above the top of the filter pack. The manufacturer's name, quantity
used, and tvpe of bentonite used should be recorded on the Boring and Well Construction
Log. The top of the bentonite seal should be measured by taping. A fremie pipe may
also be aused in small-diameter borehoies or in formations prone to bridging or collapse.
The tremie pipe is lifted as the bentonite pellets are poured onto the top of the filter pack.
If placed in the unsaturated zone, clean water {approximately 5 gallons) should be poured
on top of the pellets after their installation and the pellets shouid be allowed to hydrate
for approximately 10 minutes before proceeding with installation of the overlying grout
seal.

8. Where the top of the screened interval is deeper than 5 feet, the grout seal should be
tremied into the well to prevent inclusions of formation material or slough into the grout
seal. Unless otherwise delineated in the Workplan, Quality Assurance Project Plan, or
Sampling Plan, the grout seal should consist of neat cement grout (5.5 gallons of water
in proportion to one 94-pound bag of Type I or Type Il Portland cement (ASTM C-150)).
Water used to hydrate the cement is 1w be free of contaminants and organic material.
Bentonite powder may added to reduce shrinkage, retain flexibility to accommodate
freeze/thaw conditions, and improve fluidity.  If bentonite powder is to be used, add 3
10 5 pounds of bentonite powder with 6.5 gallons of water and one 94-pound bag of Type
I or Type II Portland cement. The water and bentonite should be mixed first before
adding the cement. Local requirements may require inspection of grout seal placement
by the regulating authonty.

If augers or temporary casing remain in the borehole during grouting, the level of the
grout should be kept above the tip of the augers or casing to help prevent inclusions of
formation material in the grout seal.

The volume of the grout actually used should be recorded on the Boring and Well
Construction Log and compared to the theoretical annular volume of the sealed interval.
Any discrepancies should be noted on the Boring and Well Construction Log.

9, Complete the surface of the well by installing an Emco Wheaton A721 Monitoring Well
Manhole traffic cover (or equivalent) in accordance with the attached construction
specification. Attach the locking cap and lock.

10.  The completed well should be protected from disturbance while the bentonite seal
hydrates and the grout cures. Further well activities, such as development or sampling,
should be withheld for a period of 72 hours to allow these materials to obtain an initial
set. Local requirements may require longer than 72 hours.
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1L Complete and file form DWR 188 (Water Well Drillers Report) and submit to local
agency.

[

Containerize decontamination liquids in 17H steel drums. Affix completed "Caution -
Pending Analysis” labels to the drums.

13, Complete the Drum Inventory Sheet (copy attached) and the Boring and Weil
Construction Log.

14, Enter descriptions of field work performed in the field notebook.

4.0 Quality Assurance and Quality Control (QA/QO)

Quality assurance checks for well completion include comparison of theoretical versus actual
volumes of filter pack, bentonite seal, and grout seal. Discrepancies that indicate actual "take"
was less than theoretical may indicate inclusions of formation material or slough within the
annulus. Specific attention to such discrepancies is necessary if the bentonite seal and grout seai
are needed to separate contaminated from uncontaminated zones that may be penetrated by the
well.

Other quality assurance checks include accurate measurement and documentation of the lengths
and types of materials used to complete the well.
5.0 Documentation

Observations, measurements, and other documentation of the well completion effort should be
recorded on the following:

. Field notebook

. Boring and Well Construction Log

. DWR 188 (Water Well Drillers Report)
. Drum Inventory Sheet

Documentation should include any deviations from this SOP, as well as documentation of the
containerization and disposal of investigation-derived waste.
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6.8 Decontamination

Materials used for filter pack. bentonite seal. and grout seal should be new at the beginning of
cach project. Damaged or partially-used containers of material that are brought on site by drillers
or other material suppiiers should not be used for well completion. If there is sufficient question
regarding contamination of materials, obtain representative samples for later laboratory testing.

If not certified clean by the manufacturer and delivered to the site in a protective casing,
decontaminate well casing and screen and all fittings prior to insertion into the borehole.

Between each borehole, appurtenant items that contacted downhole soil and groundwater should
be decontaminated. The drill rig shouid be steam cleaned or pressured washed as a final
decontamination event. On-site decontamination should be conducted within the confines of a
trough or lined pit to temporarily contain the wastewater. Between each borehole and prior to
demobilization, the trough or lined pit should be decontaminated by steam cleaning or pressure
washing. If a rack or other support is used to suspend appurtenant items over the trough or lined
pit during decontamination, only the rack or other support needs to be decontaminated between
boreholes.

Prior to insertion in each borehole, the measuring tape, and other materials and supplies that may
directly contact the soil or groundwater, should be decontaminated. Decontamination of these
items should consist of a soap wash (Alconox®, Liguinox®, or other !.w-res:due, organic-free
soap) followed by a clean water rinse. Decontamination liquids should be stored in labeled 17H
drums.

Between each borehole, buckets and brushes should be decontaminated by steam cleaning or
pressure washing. Before installation of each well is begun, fresh decontamination solutions
shouid be prepared. Decontaminated equipment should be kept off of the ground surface.
Cleaned equipment should be placed on top of plastic sheeting, which is replaced after
completion of each borehole, or on storage racks.

More rigorous decontamination procedures may be employed if necessary to meet sampling or
QA/QC requirements.
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7.0 Investigation-Derived Waste

Wastes resulting from the activities of this SOP may include decontamination liguids and
miscellaneous waste (paper, plastic, gloves, bags, etc.). These wastes should be containerized
in 17H steel drums for each borehole. Wastes from multiple boreholes may be combined within
a single drum if field observations (presence or absence of chemical staining and field organic
vapor monitoring) indicate the boreholes are similariy uncontaminated or similarly contaminated.
(iiven reasonable doubt, separate drums should be used for waste from each borehole.

Completed "Caution - Analysis Pending” labels should be affixed to each drum.

3.0 References

Aller, L., Bennett T.W., Hackett G., Petty R.J., Lehr J.H., Sedoris H., and Nielson D.M., [989.
Handbook of Suggested Practices for the Design and Installation of Ground-Water
Monitoring Wells. National Water Well Association, Dublin, OH, 1989

American Society for Testung and Materials, 1992, ASTM Standards On Ground Water and
Vadose Zone Investigations. ASTM, Philadelphia, PA, 1992

Driscoll, F.G., 1986, Groundwater and Wells. Johnson Filtration Systems Inc., St. Paul, MN,
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Neilson, D.B., 1991. Practical Handbook of Ground-Water Monitoring, Lewis Publishers,
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United States Environmental Protection Agency, 1992, RCRA Ground ~ -ter Monitoring: Draft
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1.0 Introduction and Summary

This Standard Operating Procedure (SOP) describes methods for drilling with the use of
hydraulically-driven equipment, soil sampling with the use of split-spoon samplers, and grab
groundwater sampling through an open borehole. Drilling activities covered by this SOP are
conducted to obtain soil and grab groundwater samples. Soil samples may be obtained to log
subsurface materials, to collect samples for chemical characterization, or to collect samples for
physical parameter characterization.

The soil sampling techniques described in this SOP are generally suitable for chemical
characterization and physical classification tests; because a driven split-spoon sampler is
employed, the resulting soil samples should generally be considered "disturbed" with Tespect to
physical structure and may not be suitable for measuring sensitive physical parameters, such as
strength and compressibility. The technigues described in this SOP generally produce a borehole
with a diameter corresponding to the outside diameter of the drill rods, a relatively small annulus
of remolded soil surrounding the outside diameter of the drill rods, and limited capability for
cross-contamination between subsurface strata as the leading drill rods pass from contaminated
strata to uncontaminated underlying strata. However, should conditions require strict measures
to help prevent cross-contamination or maintain the integrity of an aquitard, consideration should
be given to augmenting the procedures of this SOP, for example, by using pre-drilled and grouted
isolation casing.

The procedures for hydraulically-driven soil sampling generally consist of initial decontamination,
advancement of the drill rods, driving and recovery of the split-spoon sampler, logging and
packaging of the soil samples, decontamination of the split-spoon and continued driving and
sampling until the total depth of the borehole is reached. Withdrawal of the drill rods upon
reaching the total depth requires completion of the borehole by grouting or other measures.

2.0 Equipment and Materials

. Drill rods and drive-weight assembly (hydraulic hammer or vibrator) for driving the drill
rods and split-spoon sampler.

. Split-spoon sampler should conform to ASTM D 1586-Standard Method for Penetration
Test and Split-Barrel Sampling of Soils, except: (1) split-spoon should be fitted with
liners for collection of chemical characterization samples, and (2) allowable split-spoon
diameters include nominal 1.5-inch inside diameter by nominal 2-inch outside diameter
(Standard Penetration Test split-spoon), nominal 2-inch inside diameter by nominal
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2.5-inch outside diameter (California Modified split-spoon), or nominal 2-1/2-inch inside
diameter by nominal 3-inch outside diameter (Dames & Moore split-spoon). The split-
spoon type and length of the split barrel portion of the sampler should be noted on the
Boring and Well Construction Log (copy attached), as should the use of a sample catcher
if employed.

Liners should be 3- to 6-inch length, fitted with plastic end caps, brass or stainless steel,
with a nominal diameter corresponding to that of the inside diameter of the split-spoon
sampler. The Boring and Well Construction Log should note whether brass or stainless
steel liners were used.

Teflon™ sheets, approximate 6-mil thickness, precut to a diameter or width of the liner
diameter plus approximately 1 inch.

Plastic end caps.

Adhesiveless silicone tape.

Disposable polyethylene bailer.

Type I/Type I Portland cement.

Groundwater sample containers (laboratory provided only).

Kimwipes®, certified clean silica sand, or deionized water (for blank sample preparation).

Sample labels, Boring and Well Construction Logs, chain-of-custody forms, drum labels,
Drum Inventory Sheet (copy attached), and field notebook.

Ziploc® plastic bags of size to accommodate a liner.

Stainless steel spatula and knife.

Cooler with ice or dry ice (do not use blue ice) and packing material.

Field organic vapor monitor. The make, model, and calibration information for the field

organic vapor monitor (including compound and concentration of calibration gas) should
be noted in the field notebook.
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. Pressure washer or steam cleaner.

. Large trough (such as a water tank for cattle), plastic-lined pit, or equivalent for
decontamination of drill rod and end plug.

. Buckets and bristle brushes for decontamination of liners, split-spoon sampler, and other
small gear.

. Low-residue, organic-free soap such as Liquinox® or Alconox®.

. Distilled water.

. Heavy plastic sheeting such as Visqueen.

. 55-gallon, open-top, DOT-approved, 17H drums
. 5-gallon open-top DOT-approved pails, if required.

As specified in the Site Safety Plan, additional safety and personnel decontamination equipment
and materials may be needed.

3.0 Typical Procedures

The following typical procedures are intended to cover the majority of hydraulic drilling and
sampling conditions. However, normal field practice requires re-evaluation of these procedures
and implementation of alternate procedures upon encountering unusual or unexpected subsurface
conditions. Deviations from the following typical procedures may be expected and should be
noted on the Boring and Well Construction Log.

1. Investigate location of the proposed boreholes for buried utilities and obstructions. At
least 48 hours before drilling, contact known or suspected utility services individually or
through collective services such as "Underground Service Alert."

2. Decontaminate drill rods, split-spoon sampler, and other drilling equipment immediately
prior to mobilization to the site.

3. Calibrate field organic vapor monitor equipment in accordance with the manufacturer’s
specifications. Note performance of the calibration in the geologist’s field notebook,

Blymyer Engineers, Inc.
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Conduct "tail-gate” meeting and secure the work area in accordance with the Site Safety
Plan.

Core concrete, if required.

Using hand-augering device, hand auger to a depth of 5 feet, if feasible, to clear
underground utilities and structures not located by a utility service or on drawings. As
appropnate retain private buried utility location services or geophysical investigation
services to search for buried utilities and obstructions. During initial advancement of each
borehole, drill cautiously and have the driller pay particular attention to the "feel" of
drilling conditions. The suspected presence of an obstruction, buried pipeline or cable,
utility trench backfill, or similar may be cause for suspension of drilling, subject to further
investigation.

Advance drill rods, or nested drill rods, to the desired sampling depth using hydraulic
hammer or vibrator. Note depth interval, augering conditions, and driller’s comments on
Boring and Well Construction Log. Samples should be collected at intervals of 5 feet or
less in homogeneous strata and at detectable changes of strata.

The sampling procedure varies depending on whether the drill rods are nesting- type. With
nesting-type drill rods, the inner and outer drill rods are driven simultaneously. As they are
driven, soil is forced into the lined inner drill rod. The outer drill rod is left in place and the
inner drill rod is relined with sample sleeves and replaced for the next sampling segment. Where
nesting-type drill rods are not used, a split-spoon sampler is used. The following sampling
procedures cover sampling with a split-spoon sampler:

8.

10.

Remove drill rod and note presence of water mark on drill rod, if any. Also, monitor the
top of hollow drill rods using field organic vapor monitor, as appropriate.

Decontaminate split-spoon sampler, liners, spatulas and knives, and other equipment that
may directly contact the chemical characterization sample. Fit the split-spoon sampler
with liners and attach to drill rod.

Lower split-spoon sampler until sampler is resting on soil. If more than 6 inches of
slough exists inside the borehole, consider the conditions unsuitable and re-advance the
drill rods and sampler to a new sampling depth.

Blymyer Engineers, Inc.
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1.

13.

14,

15.

16.

17.

Drive and recover split-spoon sampler. Record depth interval and sample recovery on
Boring and Well Construction Log. Monitor the recovered split-spoon sampler with the
field organic vapor monitor, as appropriate.

Remove either bottom-most or second-from-bottom liner (or both) from split-spoon
sampler for purposes of chemical characterization and physical parameter testing.
Observe soil at each end of liner(s) for purposes of completing sample description. Place
Teflon® sheet at each end of liner, cover with plastic caps, and tape plastic caps with
adhesiveless silicone tape (do not use electrical or duct tape) to further minimize potential
loss of moisture or volatile compounds. Label liner(s) and place in Ziploc® bag on ice
or dry ice inside cooler.

Extrude soil from remaining liner(s) and subsample representative l-inch cube
(approximate dimensions). Place subsample in Ziploc® bag and seal. Allow bag to
equilibrate at ambient conditions for approximately 5 minutes and screen for Organic
vapors by inserting the probe of the field organic vapor monitor into the bag. Record
depth interval, observed sample reading, and ambient (background) reading on the Boring
and Well Conswuction Log. Discard bag and sample after use in the solid waste
stockpile.

Classify soil sample in approximate accordance with ASTM D 2488-Standard Practice for
Description and Identification of Soils (Visual-Manual Procedure) and in accordance with
the Unified Soil Classification System (USCS). Description should include moisture
content, color, textural information, group symbol, group name, and odor. Optional
descriptions, especially if classification is performed with protective gloves, include
particle angularity and shape, clast composition, plasticity, dilatancy, dry strength,
toughness, and reaction with HC1. Add notes on geologic structure of sample, as
appropriate.  Record depth interval, field organic vapor monitor reading, USCS
classification, and other notes on the Boring and Well Construction Log.

Repeat steps 7 through 14 until total depth of borehole is reached.

If a grab groundwater sample is to be collected, slowly lower bailer through the open
borehole to minimize agitation and aeration of the sampled water. Transfer the grab
groundwater sample into sample container(s). Label sample container(s), place packing
materials around containers, and place on ice inside cooler.

After drill rods are removed, complete borehole according to the requirements specified
elsewhere or by abandonment in accordance with section §.0.

Blymyer Engineers, Inc.
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18. Decontaminate drill rods between boreholes and after tinishing last borehole prior to drill
rig leaving site.

19. Change decontamination solutions and clean decontamination trough, buckets, and brushes
between boreholes.

20.  Containerize decontamination liquids in 17H steel drums. Affix completed "Caution -
Analysis Pending” labels to the drums.

21. Store any excess soil sample on and cover with heavy plastic sheeting. If required by
local regulations or due to site constraints, store excess soil sample in 5-gallon pails,
Affix completed "Caution - Analysis Pending" labels to drums.

22, Complete Drum Inventory Sheet.

23, Complete pertinent portion of the chain-of-custody form and enter descriptions of field
work performed in the field notebook.

4.0 Quality Assurance and Quality Control (QA/QC)

Optional quality control sampling consists of sequential replicates, collected at an approximate
frequency of one sequential replicate for every 10 collected soil samples. Sequential replicates
are collected by packaging two adjacent liners of soil from a selected split-spoon drive. Each
sample is labeled according to normal requirements. The replicate samples obtained in such a
manner are suitable for assessing the reproducibility of both chemical and physical parameters.
Interpretations of data reproducibility should recognize the potential for significant changes in
soil type, even over 6-inch intervals. Accordingly, sequential replicates do not supply the same
information as normally encountered in duplicate or split samples. Duplicate or split samples are
better represented by the laboratory performing replicate analyses on adjacent subsamples of soil
from the same liner.

Optional quality control samples may be collected to check for cross-contamination using field
blanks. Field blanks may be prepared by (1) wipe sampling decontaminated liners and sphit-
spoon with Kimwipes®, (2) pouring clean silica sand into a decontaminated split-spoon sampler
that has been fitted with liners, or (3) pouring deionized water over the decontaminated liners and
split-spoon sampler and collecting the water that contacts the sampling implements for aqueous
analysis. Field blanks may be prepared at the discretion of the field staff given reasonable doubt
regarding the efficacy of the decontamination procedures.

Blymyer Engineers, Inc.
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The comparability of the field soil classification may be checked by conducting laboratory
classification tests. Requests for laboratory testing verification of the field classification should
be left to the discretion of the field staff.

Field decisions that may also affect the quality of collected data include the frequency of
sampling and the thoroughness of documentation. Subject to reasonable limitations of budget
and schedule, the completeness, comparability, and representativeness of data obtained using this
SOP will be enhanced by decreasing the sampling interval (including collecting continuous
samples with depth) and increasing the level of detail for sample classification and description
of drilling conditions. More frequent sampling and more detailed documentation may be
appropriate in zones of chemical concentration or in areas of critical geology (for example, zones
of changing strata or cross-cormrelation of confining strata).

As required, rinse or wipe samples may be collected from the sampling equipment before the
initial sampling is conducted to establish a baseline level of contamination present on the
sampling equipment. Rinse or wipe samples may also be collected at intervals of
decontamination wash and rinse events or after the final decontamination wash and rinse event.

5.0 Documentation

Observations, measurements, and other documentation of the drilling and soil sampling effort
should be recorded on the following:

. Sample label

. Boring and Well Construction Log
. Field notebook

, Chain-of-custody form

. Drum Inventory Sheet

Documentation should include any deviations from this SOP, notations of unusual or unexpected
conditions, and documentation of the containerization and disposal of investigation-derived waste.
Information to be documented on the sample label and Boring and Well Construction Log is
listed below.

Blymyer Engineers, Inc.
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5.1 Sample Label

L 3

Project name and project number

Borehole number

Sample depth interval (feet below ground surface), record the depth interval using
notation similar to "19.2-19.7," generally do not record just one depth "19.2"
because of uncertainty regarding the location such depth corresponds to (midpoint,
top, etc.)

Sample date and sample time

Name of on-site geologist

Optional designation of orientation of sample within the subsurface, for example,
an arrow with "up” or "top” designated

5.2 Boring Log

.

Project name, project number, and name of on-site geologist
Borehole number

Description of borehole location, including taped or paced measurements to
noticeable topographic features (a location sketch should be considered)

Date and time drilling started and completed

Name of drilling company and name of drilling supervisor, optional names and
responsibilities of driller’s helpers

Name of manufacturer and model number of sampling rig
Type and size of sampler, optional description of the size of drill rod
USCS classification

Sampling interval and total depth of borehole

Blymyer Engineers, Inc.
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. Depth at which groundwater was first encountered with the notation "initial” and
any other noted changes in groundwater movement or stabilized water level

. Field organic vapor monitor readings
. Method of boring completion
. Other notations and recordings described previously in section 2.0, Equipment and

Materials, and section 3.0, Typical Procedures

6.0 Decontamination

Prior to entering the site, the sampling rig and appurtenant items (drill rods, split-spoon sampler,
shovels, troughs and buckets, driller’s stand, etc.) should be decontaminated by steam cleaning
or pressure washing. Between each borehole, appurtenant items that contacted downhole soil
(essentially all appurtenant items including drill rod, split-spoon sampler, shovels, troughs, and
buckets, etc.) should be decontaminated by steam cleaning or pressure washing. The sampling
rig should be steam cleaned or pressured washed as a final decontamination event. On-site
decontamination should be conducted within the confines of a trough or lined pit to temporarily
contain the wastewater. Between each borehole and prior to demobilization, the trough or lined
pit should be decontarninated by steam cleaning or pressure washing. If a rack or other support
is used to suspend appurtenant items over the trough or lined pit during decontamination, only
the rack or other support needs to be decontaminated between boreholes.

Prior to collection of each sample, the split-spoon sampler, liners, sample catcher, spatulas and
knives, and other equipment or materials that may directly contact the sample should be
decontaminated. Decontamination for these items should consist of a soap wash (Alconox®,
Liquinox®, or other organic-free, low-residue soap), followed by a clean water rinse. If testing
for metals, a final rinse of deionized water should be conducted. Wastewater should be
temporarily contained.

Between cach borehole, buckets and brushes should be decontaminated by steam cleaning or
pressure washing. Before installation of each borehole is begun, fresh decontamination solutions
should be prepared. Decontaminated equipment should be kept off of the ground surface.
Cleaned equipment should be placed on top of plastic sheeting, which is replaced after
completion of each borehole, or on storage racks.
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More rigorous decontamination procedures may be employed if necessary to meet sampling or
QA/QC requirements.

7.0 Investigation-Derived Waste

Wastes resulting from the activities of this SOP may include excess soil samples,
decontamination liquids, and miscellaneous waste (paper, plastic, gloves, bags, etc.).

Solid waste from each borehole should be placed on and covered with heavy plastic sheeting or
contamerized in DOT-approved 5-gallon pails. Solids from multiple boreholes may be combined
within a single stockpile if field observations (presence or absence of chemical staining and field
organic vapor monitoring) indicate the solids are similarly uncontaminated or similarly
contamninated. Given sufficient space and reasonable doubt, separate stockpiles should be used
for solid waste from each borehole.

Decontarmination liquids for each borehole should be placed in individual 17H steel drums with
completed "Caution - Analysis Pending" labels affixed. Liquids from multiple boreholes may
be combined, subject to the same limitations as solids.

8.0 Borehole Abandonment

Each borehole should be completely filled with neat cement (5.5 gallons of water in proportion
to one 94-pound bag of Type I/Type II Portland cement, ASTM C-150) from the bottom of the
bore to grade surface. Water used to hydrate cement should be free of contarminants and Organic
material. Bentonite may be added to reduce shrinkage and improve fluidity. Add 3 to 5 pounds
of bentonite with 6.5 gallons of water and one 94-pound bag of Type I/Type II Portland cement.
The water and bentonite should be mixed first before adding the cement. The borehole should
be filled from the bottom first to grade surface. A tremie pipe should be used in small diameter
boreholes or in formations prone to bridging or collapse. The tremie pipe should be lifted as the
cement grout is poured, but should never be lifted above the surface of the neat cement. In
boreholes deeper than 50 feet, the neat cement may need to be applied with pressure.
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Appendix C

Blaine Tech Services, Inc. Standard Operating Procedures:
Well Development

Water Level, Separate Phase Level, and Total
Well Depth Measurements (Gauging);

Well Water Evacuation (Purging);

Sample Collection From Groundwater Wells
Using Bailers



Blaine Tech Services, Inc.
Standard Operating Procedure

WELL DEVELOPMENT

INITIAL MEASUREMENTS. Collect initial DTW and TD measurements.

CALCULATE SWAB TIME. The amount of time spent swabbing depends on the length of wei
screen submerged below the water column. Unless otherwise directed, spend one minute
swabbing for each foot of submerged screen. If the dimensions of the screened interval are
unknown, swab well for 15 minutes,

SWARB WELL. Using an appropriately sized swab, flush cut debris from the slots of the screen by
raising and lowering the swab quickly through the entire screened interval for the required time.

BEGIN PUMPING. Lower a Stainless Steel preumatic pumyp into well 0 that pump intake is
close to well bottom. Set purge rate at 0.5 — 1.0 GPM. While purging, raise and lower pump
through the screenead interval and gently tap against the well bottom to continue agitating well.

COLLECT PARAMETER MEASUREMENTS. Collect required water quatity parameter readings
at each casing volume removed. Unless otherwise directed, collect measurements for pH,
Temperature, Electrical Conductivity, and Turbidity. Continue to coltect DTW measurements
while purging to confirm the height of the water column.

FINISH DEVELOPMENT. Well development is considered complete when ALL of the following
conditions have been met:

10 CASE VOLUMES. Wel has been purged of 10 case volumes,

HARD BOTTOM. All sediment that can be removed has been removed. Well bottom is
hard, not silty.

PARAMETERS STABILIZED. Measurements for pH, EC and Temp have stabilized over
the last 3 case volumes, If applicable, required Turbidity level has been achieved.

if these three conditions have been met, coilect a final TD measurement and secure well,
if the parameters remain unstable or the bottom remains soft after the removal of the 10" case

volume, collect a TD measurement and contact the BLAINE Project Coordinator for
instruction. Further development may be warranted.

DEWATERING WELLS. 1f the well begins to de-water during the pumping process, adjust the pumping
rate. If a well is dewatering, cease pumping activities. Remove pump and calculate and note recharge
rate. Call BLAINE Project Coordinator for direction. If well development continues, the well must be
allowed sufficient time to recharge and must be re-swabbed prior to restart of pumping efforts.

LARGER DIAMETER WELLS. For 4" or greater diameter wells, pumping activities may be augmented
with an Electric Submersible pump once loose sediments have been removed, a “hard bottam" has been
obtained and a minimum of cne casing volume removed. In these cases, the Three Inch Electric
Submersible Pump purging 2 — 5 GPM may be used to complete development activities, However, if
DTW measurements show that the water level is dropping and the weli is dewatering, the Stainless Steel
pneumatic pump must be used for the entire well development.
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Blaine Tech Services, Inc.
Standard Operating Procedure

WATER LEVEL, SEPARATE PHASE LEVEL AND TOTAL
WELL DEPTH MEASUREMENTS (GAUGING)

Routine Water Level Measurements

e N h

8.
9.

Establish that water or debris will not enter the well box upon removat of the cover.
Remove the cover using the appropriate tools.
Inspect the wellhead (see Wellhead Inspections),
Establish that water or debris will not enter the well upon removal of the well cap.
Unlock and remove the well cap lock (if applicable). If lock is not functional cut it off.
Loosen and remiove the well cap. CAUTION: DO NOT PLACE YOUR FACE OR
HEAD DIRECTLY OVER WELLHEAD WHEN REMOVING THE WELL CAP. WELL
CAP MAY BE UNDER PRESSURE AND/OR MAY RELEASE ACCUMULATED
AND POTENTIALLY HARMFULL VAPORS,
Verify and identify survey point as written on S.0.W.
TOC: if survey point is listed as Top of Casing (TOC), look for the exact survey
point in the form of a notch or mark on the top of the casing. If no mark is
present, use the north side of the casing as the measuring point.
TOB: If survey point is listed as Top of Box (TOB), the measuring point will be
established manually. Place the inverted wellbox fid halfway across the wellbox
opening and directly over the casing. The lower edge of the inverted cover
directly over the casing will be the measuring point.
Put new Latex of Nitrile gloves on your hands.
Slowly lower the Water Level Meter probe into the well until it signals contact with
water with a tone and/or flashing a light.

10. Gently raise the probe tip slightly above the water and hold it there. Wait

momentarily to see if the meter emits a tone, signaling rising water in the casing.
Gently lower the probe tip slightly below the water. Wait momentarily to see if the
meter stops emitting a tone, signaling dropping water in the casing. Continue
process until water level stabilizes indicating that the welf has aquilibrated.

11. While holding the probe at first contact with water and the tape against the

measuring point, note depth. Repeat twice to verify accuracy. Write down
measurement on Well Gauging Sheet under Depth to Water column.

12.Recover probe, replace and tighten well cap, replace lock (if applicable), replace well

box cover and tighten hardware (if applicable)

Water Level and Separate Phase Thickness Measurements in Welis Suspected of
Containing Separate Phase

1.
2.

Establish that water or debris will not enter the well box upon removal of the cover.
Remove the cover using the appropriate tools.

3. Inspect the wefthead (see Wellhead Inspections).
4,

Establish that water or debris will not enter the wali upon removal of the well cap.
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5. Unlock and remove the well cap lock {if applicable). If lock is not functional cut it off.

6. Loosen and remove the well cap. CAUTION: DO NOT PLACE YOUR FACE OR
HEAD DIRECTLY OVER WELLHEAD WHEN REMOVING THE WELL CAP. WELL
CAP MAY BE UNDER PRESSURE AND/OR MAY RELEASE ACCUMULATED
AND POTENTIALLY HARMFULL VAPORS.

7. Verfy and identify survey point as written on S.OW.

TOC: if survey point is listed as Top of Casing (TOC), look for the exact survey
point in the form of a notch or mark on the top of the casing. if no mark is
present, use the north side of the casing as the measuring point.

TOB: If survey point is listed as Top of Box (TOB), the measuring point will be
established manually. Place the inverted well box lid halfway across the well box
opening and directly over the casing. The lower edge of the inverted cover
directly over the casing will be the measuring point.

8. Put new Nitrile gloves on your hands.

9. Slowly lower the tip of the Interface Probe into the well untit it emits either a solid or
broken tons,

BROKEN TONE: Separate phase layer is not present. Go to Step 8 of Routine
Water Level Measurements shown above to complete gauging process using the
Interface probe as you wouid a Water Level Meter.

SOLID TONE: Separate phase layer is present. Go to the next step.

10.Gently raise the probe tip slightly above the separate phase layer and hold it there.
Wait momentarily to see if the meter emits a tone, signaling rising water in the
casing. Gently lower the probe tip slightly below the separate phase 'ayer. Wait
momentarily to see if the meter stops emitting a tone, signaling dropping water in the
casing. Continue process until water level stabifizes indicating that the well has
aquilibrated.

11. While holding the probe at first contact with the separate phase layer and the tape
against the measuring point, note depth. Repeat twice to verify accuracy, Write
down measurement on Well Gauging Sheet under Depth to Product column.

12.Gently lower the probe tip until it emits a broken tone signifying contact with water,
While holding the probe at first contact with water and the tape against the
measuring point, note depth. Repeat twice to verify accuracy. Write down
measurement on Weill Gauging Sheet under Depth to Water column,

13.Recover probe, replace and tighten well cap, replace lock (if applicable), repiace well
box cover and tighten hardware (if applicable).

Routine Total Wel Depth Measurements

1. Lower the Water Level Meter probe into the well until it lightens in your hands,
indicating that the probe is resting at the bottom of well.

2. Gently raise the tape until the weight of the probe increases, indicating that the
probe has lifted off the well bottom.

3. While holding the probe at first contact with the well bottom and the tape against the
well measuring point, note depth. Repeaat twice to verify accuracy. Write down
measurement on Well Gauging Sheet under Total Well Depth column.
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1. Recover probe, replace and tighten well cap, replace lock (if applicable), replace well
box cover and tighten hardware (if applicabla).
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Blaine Tech Services, Inc.
Standard Operating Procedure

WELL WATER EVACUATION (PURGING)

Purpose

Evacuation of a predetermined minimum volume of water from a well (purging) while
simultaneously measuring water quality parameters is typically required prior to
sampling. Purging a minimum volume guarantees that actual formation water is drawn
into the well. Measuring water quality parameters either verifies that the water is stable
and suitable for sampling or shows that the water remains unstable, indicating the need
for continued purging. Both the minimum volume and the stable parameter
gualifications need to be met prior to sampiing. This assures that the subsequent
sample will be representative of the formation water surrounding the well screen and not
of the water standing in the weil.

Defining Casing Volumes

The predetermined minimum quantity of water to be purged is based on the wells’
casing volume. A casing volume is the volume of water presently standing within the
casing of the well. This is calculated as follows:

Casing Volume = (TD - DTW) VCF

1. Subtract the wells’ depth to water (DTW) measurement from its total depth
{TD) measurement. This is the height of the water column in feet.

2. Determine the well casings’ volume conversion factor (VCF). The VCF is
based on the diameter of the well casing and represents the volume, in
galtons, that is contained in one (1) foot of a particufar diameter of weil
casing. The common VCF’s are listed on our Well Purge Data Sheets.

3. Multiply the VCF by the calculated height of the water column. This is the
casing volume, the amount of water in gallons standing in the well.

Remove Three to Five Casing Volumes

Prior to sampling, an attempt will be made to purge all wells of a minimum of three
casing volumes and a maximum of five casing volumes except where regulations
mandate the minimum removail of four casing volumes.

Choose the Appropriate Evacuation Device Based on Efficiency
fn the absence of instructions on the SOW to the contrary, selection of evacuation
device will be based on efficiency.
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Measure Water Quality Parameters at Each Casing Volume

At a minimum, water quality measurements include pH, temperature and electrical
conductivity {EC). Measurements are made and recorded at least once every casing
volume. They are considered stable when ali parameters are within 10% of their
previous measurement,

Note: The following instructions assume that well has already been properly located,
accessed, inspected and gauged.

Prior to Purging a Well

1. Confirm that the well is to be purged and sampled per the SOW.

2. Confirm that the well is suitable based on the conditions set by the client relative to
separate phase,

3. Calculate the wells’ casing volume.

4. Put new Latex or Nitrile gloves on your hands.

Purging With a Bailer (Stainless Steel, Teflon or Disposable)

1. Attach bailer cord or string to bailer. Leave other end attached to spool.

2. Gently lower empty bailer into well until well bottom is reached.

3. Cut cord from spootl. Tie end of cord to hand.

4. Gently raise full baiter out of well and clear of well head. Do not let the bailer or cord

touch the ground.

Pour contents into graduated 5-gallon bucket or other graduated receptacle.

Repeat purging process.

Upon removal of first casing volume, fill clean parameter cup with purgewater, empty

the remainder of the purgewater into the bucket, lower the bailer back into the well

and secure the cord on the Sampling Vehicle.

8. Use the water in the cup to collect and record parameter measurements.

2. Continue purging until second casing volume is removed.

10. Collect parameter measurements,

11.Continue purging untit third casing volume is removed.

12. Coitect parameter measurements. If parameters are stable, stop purging. if
parameters remain unstable, continue purging until stabilization occurs or the fifth
casing volume is removed.

~Noo

Purging With a Pneumatic Pump

Position Pneumatic pump hose reel over the top of the well.

Gently unreel and lower the pump into the well. Do not contact the well bottom.
Secure the hose reel,

Begin purging into graduated 5-gallon bucket or other graduated receptacle.
Adjust water recharge duration and air puise duration for maximum efficiency.
Upon removal of first casing volume, fill clean parameter cup with water,

Use the water in the cup to collect and record parameter measurements.
Continue purging until second casing volume is removed.

LGNGOk GN -
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9. Collect parameter measurements.

10. Continue purging until third casing volume is removed.

11. Collect parameter measurements. If parameters are stable, stop purging. If
parameters remain unstable, continue purging until stabilization occurs or the fifth
£asing volume is removed.

12. Upon completion of purging, gently recover the pump and secure the reel.

Purging With a Fixed Speed Electric Submersible Pump

1. Position Electric Submersible hose reel over the top of the well.

Gently unreel and lower the pump to the well bottom.

Raise the pump 5 feet off the bottom,

Secure the hose reel.

Begin purging.

Verify pump rate with flow meter or graduated 5-gallon bucket

Upon removal of first casing volume, fill clean parameter cup with water.

Use the water in the cup to collect and record parameter measurements.

- Continue purging until second casing volume is removed.

10. Collect parameter measurements.

11. Continue purging until third casing volume is removed.

12. Collect parameter measurements. If parameters are stable, stop purging. If
parameters remain unstable, continue purging until stabilization occurs or the fifth
casing volume is removed.

13.Upon completion of purging, gently recover the pump and secure the reel.
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Blaine Tech Services, Inc.
Standard Operating Procedure

SAMPLE COLLECTION
FROM GROUNDWATER WELLS USING BAILERS

Sampling with a Bailer {Stainless Steel, Teflon or Disposable)

LN

@~ o

Put new Latex or Nitrile gloves on your hands.

Determine required bottle set.

Fill out sample labels completely and attach to bottles.

Arrange bottles in filing order and loosen caps (see Determine Collection Order
below).

Attach bailer cord or string to bailer. Leave other end attached to spool,

Gently lower empty bailer into well untif water is reached.

As bader fills, cut cord from spool and tie end of cord to hand.

Gently raise full bailer out of well and clear of well head. Do not let the bailer or cord
touch the ground. If a set of parameter measurements is required, go to step 9. If
no additional measurements are required, go to step 11.

Fill a clean parameter cup, empty the remainder contained in the bailer into the sink,
lower the bailer back into the well and secure the cord on the Sampling Vehicle.
Use the water in the cup to collect and record parameter measurements.

10.Fill bailer again and carefully remove it from the well.
11.Slowly fill and cap sample bottles. Fill and cap volatile compounds first, then semi-

volatile, then inorganic. Return to the well as needed for additional sample material.

Fill 4C-milfiliter vials for volatile compounds as follows: Slowly pour water down the inside on the vial.
Carefully pour the fast drops creating a convex or positive meniscus on the surface. Gently screw the
cap on eliminating any air space in the vial. Tumn the vial over, tap several times and check for
trapped bubbles. If bubbles are present, repeat process.

Fill 1 liter amber bottles for semi-volatile compounds as foliows: Slowly pour water into the bottle.
Leave approximately 1 inch of headspace in the bottle. Cap bottle.

Field filtering of ingrganic samples using a stainless steel bailer is performed as follows: Attach filter
cannector ta tep of full stainiess steel bailer. Attach 0.45 micron filter to connector. Flip badler over
and let water gravity feed through the filter and into the sample bottle. If high turbidity level of water
clogs filter, repeat process with new filter until bottle is filled. Leave headspace in the bottle. Cap
bottle.

Field filtering of inorganic samples using a disposable bailer is performed as follows: Attach 0.45
micron filter ta connector plug. Attach connector plug to bottorn of full disposable bailer. Water wili
gravity feed through the filter and into the sampie bottle. if high turbidity level of water clogs filter,
repeat process with new filter until bottle is filled. Leave headspace in tha bottle. Cap bottie,

i2. Bag samples and place in ice chest.
. Note sample collection details on well data sheet and Chain of Custody.
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