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1 INTRODUCTION

This report documents the results of site characterization and soil vapor extraction
(SVE) pilot test activities conducted at the former Plaid Paniry #324 retail gasoline
station, located at 10645 16™ Avenue SW in Seattle, Washington (Figure 1). This report
was prepared by PNG Environmental, Inc. (PNG), on behalf of Plaid Pantries, Inc.
(Plaid). Work was performed in accordance with PNG’s scope of work dated January
31, 2008.

The site characterization activities included drilling and soil sampling and analysis,
conducted to provide further data regarding the exient of hydrocarbons exceeding
Model Toxics Control Act (MTCA) Method A cleanup standards at the site. Soil Vapor
Extraction (SVE) test wells were installed based on soil analytical data and the follow-up
pilot test was conducted to evaluate the effectiveness of SVE as a remediation
technology for seils exceeding MTCA Method A standards.

1.1 FACILITY BACKGROUND

The site is located at the northwest corner of SW 107" Street and 16" Avenue SW in
Seattle, Washington. The site is occupied by a convenience store and restaurant
(Figure 2). Site operations formerly included a retail gasoline station which was
decommissioned in 2006.

Plaid operated its Store #324 retail gasoline station at the site between September 1986
and November 30, 1990, at which time it sub-leased the store building and sold the
fueling system and equipment to Young Kil Kim and Chae Yop Kim. Plaid remained the
primary lessee of the property until August 31, 2006. Fuel storage at the Plaid facility
was provided by three underground storage tanks (USTs), as follows:

= Two 12,000-gallon capacity USTs formerly containing gasoline.
= _One 10,000-gallon capacity UST formerly containing gasoline.

During Plaid’s operations (and that of the sub-tenants), only gasoline is known to have
been stored and dispensed at the site. Leaded gasoline may have been dispensed at
the site during phase-out of that product in the 1980s. PNG understands that neither
Plaid nor their sub-tenants stored or dispensed other hydrocarbons such as diesel fuel,
bulk motor oil, or other bulk solvents at any time during site operations.

Plaid operated a leak detection system in accordance with Ecology requirements and no
known system leaks were identified or reported to Plaid during Plaid’s lease. Tank
decommissioning data provided to Plaid in 2007 by the property owner indicate that
gasoline constituents were identified in soil near the Plaid system, as summarized
below.

1.4.1 UST Decommissioning Report (KEE, 2007)

UST decommissioning activities were conducted on behalf of the current property
owner, as documented in an UST Closure Action Report dated January 10, 2007. That
report was prepared by KEE Environmental, LLC, Redmond, WA (KEE). Information
pertaining to UST closure activities is published in that report and summarized below.

® The service station was reportedly closed in March 2006 and UST
decommissioning and removal activities were conducted in May 2006.
Figure 2 illustrates the general site layout; including the locations of the UST
closure soil samples designated S-1 through S-10.
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Groundwater was not encountered at maximum excavation depths of 16 feet
below ground surface (bgs).

Soil samples were collected from below each of the three former gasoline
UST locations (16 feet depth), from each UST cavity sidewall (eight feet
depth), and from the pump island area (four feet depth). One additional soil
sample (S-10) was collected from the northeastern cavity margin at a depth
of four feet, where “discolored and odorous” soil was encountered during
excavation. Soil samples were analyzed for benzene, toluene,
ethylbenzene, and xylenes (BTEX) by EPA Method 8021B and for gasoline-
range hydrocarbons by method NWTPH-Gx.

Laboratory analytical results indicated that gasoline-range hydrocarbons and
BTEX constituents were not detected in nine of the ten confirmatory soll
samples. Gasoline-range hydrocarbons (310 milligrams per kilogram
img/Kg)), benzene (0.23 mg/Kg), and other BTEX compounds were present
in sample S-10, where residual fuel impacts were observed during
excavation. Sampling results are summarized on Table 1 and illustrated on
Figure 3. Both gasoline-range hydrocarbons and benzene concentrations at
the S-10 location exceeded Ecology's MTCA Method A Cleanup Levels for
Soil (30 and 0.03 mg/Kg, respectively).

1.1.2 Site Assessment Report (PNG, 2008)

Based on the UST decommissioning results, Plaid requested that PNG conduct a site
assessment to provide preliminary evaluation of the apparent gasoline release. PNG’s
field activities included soil sampling at four boring locations in November 2007, and a
Site Assessment Report was issued on January 25, 2008. Findings and analytical
results are illustrated on Figure 3 and summarized below.

The site surface is asphali-paved in the former UST area with perimeter
landscaping. Shallow stratigraphy in the areas explored inciuded an
approximately ten to 17-foot thickness of silty sand and sandy silt with
gravel, underlain by a dense gravel unit extending to maximum drilling
depths of 29 feet. Groundwater was not encountered within 29 feet of the
ground surface.

Soil samples were collected from various depths in each of the four
boreholes (designated B-1 through B-4).

Gasoline-range hydrocarbons were detected in five of the seven soll
samples submitted, ranging where detected from 2.0 to 1,400 mg/Kg. Three
of the samples exceeded the MTCA Method A soil cleanup level of 30
mg/Kg, including samples coliected from B-1 at five feet (1,400 mg/Kg) and
B-3 at eight feet bgs (390 mg/Kg). A sample collected from the gravel unit
at 23 feet bgs in B-1 yielded 50 mg/kg but this sample may have been
cross-contaminated by surface debris and is not likely representative of
gravel zone conditions (see Section 3.2).

The same seven soil samples were also submitted for gasoline constituent
volatile organic compounds (VOC) analysis. Similarly, VOCs were detected
in five of the seven samples. BTEX compounds exceeded MTCA Method A
soil cleanup levels in each of the same three samples which also exceeded
MTCA criteria for gasoline. In particular, benzene in the shallowest samples
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from B-1 (4.8 mg/kg at five feet bgs) and B-3 (0.86 mg/kg at eight feet bgs),
exceeded the MTCA Method A soil cleanup level of 0.03 mg/Kg.

= Total lead was detected in five of the seven soil samples at concentrations
{(where detected) ranging between 2.4 and 8.0 mg/Kg. These site-specific
lead concentrations are below representative natural background
concentrations and are not indicative of a leaded gasoline release.

Based on the initial site assessment results, Plaid requested that PNG conduct
additional delineation and testing to characterize the nature and extent of gasoline
impacts, and for use in evaluating site cleanup options. These supplemental
investigation tasks were conducted in July 2008 as detailed in Sections 2 and 3.

1.2 LOCAL HYDROGEOLOGIC CONDITIONS

PNG reviewed a geologic map of the site vicinity: The Geologic Map of Seattle, USGS
Open File Report 2005-1252 (Troost and others, 2005). The subject property is located
in an area mapped as Quaternary-aged Vashon Till. The Vashon Till is composed of
silt, sand, and sub-rounded to well rounded gravel that was glacially transported and
deposited. The effective porosity for the Vashon Till is reportedly between 0.3 and 0.4.
The silty till unit is underlain by dense sandy gravel.

Subsurface conditions observed at the site are relatively consistent with this regional
description. Beneath surface pavement, up to fwo feet of compacted sandy gravel base
was encountered, while at other locations the base material was very thin or absent.
Below the asphalt and base layer, silty sand and sandy silts with occasional gravels
(Vashon Till) were encountered to depths ranging between approximately ten to 17 feet
bgs. Beneath the shallow silt material, gravels with varying sand content were
encountered to a depth of 40 feet bgs, the total depth explored. Groundwater was not
encountered among any site borings up to a depth of 40 feet bgs.

PNG performed a review of local well logs and received information from the drillers
(Boart Longyear) who had recently installed wells in the site area. The results indicate
that the water table is typically encountered at depths of 80 feet or greater in the site
vicinity.

1.3 PURPOSE AND SCOPE OF WORK

At Plaid’s request, PNG prepared a work plan including the following elements:
(1) conduct characterization of the shallow silt and deeper gravel soil units; (2)
determine whether groundwater is present within 40 feet of ground surface; and (3) test
the suitability of vadose-zone soils for application of SVE as a potential remedial
measure for vadose-zone soils. PNG’s work plan (January 25, 2008) included tasks
required by Washington Department of Ecology (Ecology) in its published Guidance for
Site Checks and Site Assessments document (April 2003). Additional investigation may
be required to fully address areas of concern.

Specific Work Scope Tasks included:

= Prepare a Health and Safety Plan to guide field safety protocols, in
accordance with rules established by the Occupational Safety and Health
Administration (OSHA).

®  Prepare a simple Site Sampling Plan as required by Ecology.
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w Coordinate with Ecology and other jurisdictions to obtain a permit (if
necessary) to operate the proposed SVE pilot test.

»  Request utility identification through the public Utility Notification Service.
& Review any site plans and as-built maps provided to PNG by Plaid.

s Contract with a qualified local firm to attempt {o identify underground utility
trenches and conduits located at each planned drilling location.

m  Advance eight silt-zone soil borings up to approximately ten feet below
ground surface (bgs) and three gravel-zone soil borings to depths of 40 feet

bgs.
= Collect and submit soil samples for laboratory analysis for gasoline and
related constituents consistent with Ecology guidance.

» |nstall a network of eight SVE wells and three vacuum monitoring points and
conduct a short term SVE Pilot Test.

® Prepare a written Site Characterization and SVE Pilot Test report
summarizing the results and findings of the work performed, and
recommendations for additional work (if warranted).

10/01/2008
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2 SITE CHARACTERIZTION AND SVE PILOT TEST

PNG conducted Site Characterization and SVE Pilot Test fieldwork in July 2008,
Related tasks and observations are summarized in the sections below. PNG's Standard
Operating Procedure (SOP) for sonic drilling is included in Appendix A. Soil boring fogs
are presented in Appendix B.

PNG observed drilling operations and collected soil samples from eleven boring locations
as illustrated on Figure 4. Boart Longyear, Inc. (Seattle, Washington), operated the sonic
drilling and sampling equipment. In general, sonic rig soil samples are recovered using a
ten-foot long, four-inch diameter core barrel advanced during drilling to yield a
continuous core. The sample core may be extruded direcily from the core barrel into a
dedicated plastic sleeve, or onto a sampling table for observation. Each ten-foot long
core section will typically be subdivided into shorter sections placed in new clear plastic
bags, and laid out in sequence for logging. Soils were observed and classified in the field
by an experienced geologist. Field volatile organic screening was performed using a
photoionization detector (PID).

2.1 SONIC DRILLING, SOIL SAMPLING, AND LABORATORY ANALYSIS

From July 15 through July 18, 2008, eleven soil borings, B-5 through B-14 and VM-1,
were drilled northeast of the former UST excavation where gasoline impacts were
previously identified (Figure 3). Soil samples were collected on a continuous basis and
observed for soil type, discoloration, odor, and the presence of organic vapors using a

PID. :

Seven borings (designated B-6, B-8, B-9, B-11, B-12, B-13, and B-14) were advanced to
total depths between eight and 15 feet bgs to evaluate the distribution of gasoline impacts
within shallow fine-grained soils. An additional shallow boring (VM-1) was drilled to
approximately one foot bgs such that a vacuum monitoring point could be installed to
monitor vacuum influence directly beneath the asphalt during the SVE pilot test.

Three borings (B-5, B-7, and B-10) were advanced to total depths of 40 feet bgs to
characterize the deeper gravel unit and to determine whether groundwater was present
within this zone. Consistent with the regional water table (suspected at depths of
approximately 80 ft bgs) groundwater was not encountered during drilling to maximum
depths of 40 feet bgs.

Soil samples were collected and observed on a continuous basis during drilling. Within
the silt layer, soil samples were collected for laboratory analysis where field observations
and PID readings indicated relatively high concentrations of petroleum hydrocarbons.
Although field observations and PID measurements did not suggest significant impacts
among soil samples collected from the deeper gravel in borings B-5, B-7 and B-10; soil
samples from the deeper gravel unit were also submitted for laboratory analysis.

Soil samples were collected for laboratory analysis consistent with USEPA Method
5035A (for volatiles) and NWTPH-Gx (for gasoline range organics). All samples were
labeled and immediately placed in a cooler with ice after collection. The samples were
delivered under chain-of-custody protocol to Friedman & Bruya, Inc. in Seattle,
Washington for chemical analyses.

Based on known site usage and the prior data consistent with gasoline-range
hydrocarbon impacts, soil samples from each boring were submitted for analysis for
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gasoline range organics using NWTPH-Gx, and for BTEX constituents using EPA
Method 8021B.

2.2 SVE WELL INSTALLATION

During drilling activities borings B-6 and B-8 through B-14 were completed as SVE test
wells. The SVE wells were constructed using 20-slot (0.020-inch) PVC screen and sand
filter pack placed in the target extraction (or monitoring}) zone for each well as
determined by field observations and laboratory data. The borehole at each location
was sealed above and below the screened interval using bentonite and/or concrete.
Each SVE well was completed with a flush-mounted well monument. Logs are
presented in Appendix B.

Based on field and lab data, measured gas impacts were limited to the fine-grained
shallow soil zone, where SVE wells were therefore installed. Impacts within the deeper
gravel unit were not identified and SVE wells were not installed in that zone.

The SVE well screen depth intervals were specified according to identified impacts as
follows:

» B-6 from four to eight feet bgs.
® B-8 from five to nine feet bgs.

»  B-9 from seven to 12 feet bgs.
»  B-11 from 7.5 to ten feet bgs.

= B-12 from four {o 8.5 feet bgs.

= B-13 from eight to 12 feet bgs.
®  B-14 from four to eight feet bgs.

Three one-foot deep vacuum monitoring points (VM-1, VM-2 [formerly B-7], and VM-3
[formerly B-5]) were installed for use in monitoring vacuum beneath the asphalt
pavement, and were constructed using six inches of 20-slot (0.020-inch) PVC screen
and six inches of PVC pipe. As noted above, VM-2 and VM-3 were converted from
deeper boreholes B-7 and B-5 respectively. VM-1 was installed in a one foot deep
boring drilled specifically for the vacuum monitoring point. The vacuum monitoring
points were also completed with flush-mounted well monuments.

2.3 SVEPILOT TEST

On July 30 and July 31, 2008, PNG performed a SVE pilot test at the site. The pilot test
evaluated vapor extraction at five separate SVE wells while vacuum influence monitoring
was performed on the other site wells. For the pilot test, Wells B-9, B-11, B-13, B-14,
and VM-1 were used as extraction wells.

A one-horsepower Rotron DR404 blower was used to apply vacuum to each extraction
well.  The extraction wellhead was connected to the blower using piping and
quick-connect hoses plumbed to a vapor/water separator (condensate tank) equipped
with a vacuum gauge and dilution inlet valve. The extracted vapors were routed from
the blower to a TSU-55 carbon canister filled with vapor phase granular activated carbon
prior to discharge to the atmosphere via a ten foot length of PVC pipe. The system was
equipped with two monitoring ports located upstream of the blower and downstream
from the carbon treatment canister.

FPNG ENVIRONMENTAL, INC. 10/01/2008
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During the pilot test, vacuum was measured at approximately 15-minute intervals using
a set of magnehelic gauges with vacuum ranges capable of measuring from 0.01 to 50
inches of water. A PID was used to measure volatile organic vapor concentrations in
the blower exhaust air stream, both pre- and post-carbon treatment. Exhaust velocity
through the SVE system was measured with an anemometer. Approximate airflow for
selected wellheads was estimated by attaching a full one-liter tedlar bag to the
wellheads and measuring the time to evacuate the known volume of air from the bag.
For wellneads where the tedlar bags were not fully evacuated, the remaznfng air volume
in the tedlar bag was estimated.

PNG collected SVE soil gas samples from the pre-blower sampling port during the pilot
tests performed on B-9, B-11, B-13, and B-14 using laboratory evacuated and cleaned
six-liter Summa canisters. The SVE soil gas samples were delivered to Air Toxics
(Folsom, California) and analyzed for TPH as gasoline and volatile organic compounds
(VOCs) by EPA Methods TO-3 and TO-14A, respectively.

10/01/2008
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3 RESULTS

The following sections discuss the resulis of the site characterization and SVE pilot test

3.1 SITE HYDROGEOLOGY
The sail boring logs are presented in Appendix B.

Beneath the site asphalt and sandy gravel fill, fine-grained sands and silts were
encountered to maximum depths of 17 feet bgs. Beneath the shallow silty till material,
gravels with varying sand content were encountered to a depth of 40 feet bgs, the total
depth explored.

Groundwater was not encountered in any of the eleven borings and is not anticipated
within approximately 80 feet of ground surface at the site.

3.2 ANALYTICAL RESULTS FOR SOIL

3.2.1 Field Screening Results

The PID measurementis are included on the soil boring logs presented in Appendix B.
Discolored soils and mild to strong organic odors were noted at varying depths from
approximately three to 12 feet bgs in all borings except B-11 {within former UST cavity
backfill). Review of the logs indicaies field volatile headspace concentrations in soil
ranged up to 800 parts per million by volume (ppmV) (B-6 at four feet bgs). PID
measurements were near or below detection (1 ppmV) among all gravel-zone soils.

3.2.2 Laboratory Analytical Results

Laboratory analytical results for recent soil sampies are summarized in Table 2,
iflustrated on Figure 5, and described below. Laboratory reporis are presented in
Appendix C.

= (Gasoline-Range Hydrocarbons: TPH in the gasoline-range was detected in
16 of the 35 soil samples, ranging from 3.0 to 2,100 mg/Kg. Review of Table
2 indicates nine of the samples exceeded the MTCA Method A soil cleanup
level of 30 mg/Kg all within the fine-grained till unit generally located within
approximately ten feet of the ground surface. The highest gasoline-range
TPH concentration was detected in boring B-9 in the sample collecied from
ten feet bygs, although gasoline and BTEX were not detected at 12 feet bgs
in this boring.

® VOCs: BTEX compounds were detected in 18 of the 35 samples. One or
more BTEX compounds exceeded MTCA Method A soil cleanup levels in ten
of the samples. Benzene concentrations in samples from soil borings B-6
through B-10 and soil boring B-13 ranged between 0.05 and 9.9 mg/Kg,
exceeding the MTCA Method A soil cleanup level of 0.03 mg/Kg. Consistent
with the TPH analytical results, MTCA Method A exceedances were limited to
soils within approximately ten feet of the ground surface.
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3.3 SVE PILOT TEST RESULTS

Airflow, vacuum measurements, and PID readings collected during the pilot test are
presented in Table 3.

Extraction wells B-9, B-13, and B-14 were all installed within the silty till layer where
petroleum concentrations exceed MTCA Method A standards. Both wells B-9 and B-13
are installed with screen intervals near the base of the silt (i.e., between seven and 12
feet bgs) while well B-14 is screened in the upper silt-zone (i.e., four to eight feet).
Calculated flow rates for these extraction wells installed in the silty soil are relatively low,
ranging from 2.39 cubic feet per minute (cfm) at B-14 to 3.37 c¢fm at B-9.

In contrast to the low flow rates for extraction wells installed within the till, a relatively
higher extraction flow rate was calculated for extraction well B-11 (43.63 cfm), installed
within the sand backfill of the former UST excavation. However, the results from B-11
are not representative of native soil conditions within the silt where gasoline impacts are
located, and the SVE results for this well suggest both vertical and horizontal leakage
(short circuiting) within the more permeable sandy fill.

Conditions conducive to short circuiting at extraction well B-11 include communication
between the former UST and pump island excavations (sand backfill) and fill beneath
the asphalt pavement extending laterally to the planter area. In addition, the UST
excavation extended o a depth of 16 ft bgs. Review of the boring logs also indicates
the potential for vertical leakage from the underlying gravel in some areas.

Underground utilities beneath the site asphalt also are likely to influence shallow soil
vapor flow patterns and include storm and sanitary sewers, an electric line (which
extends east from the building and crosses over the former UST excavation to the
planter), and a telephone line.

Based on a reported effective porosity for the Vashon Till of between 0.3 and 0.4, the
calculated capture radii for B-14 ranged from 1.13 to 1.60 feet. The calculated capture
radii assume that the applied vacuum would induce a pore-gas velocity of 0.1 fest per
minute based on the observed volumetric flow rates at each SVE well location. This
pore-gas velocity is arbitrarily defined as the minimum pore-gas velocity necessary to
produce timely remediation at the site based on ranges presented in an EPA SVE
design document (DiGiulio and Varadhan 2001).

3.3.1 Soil Vapor Laboratory Analytical Results

Soil gas analytical results are summarized in Table 4. Review of the table indicates
gasoline and related volatile constituents were detected in each soil gas sample.

Gasoline-range TPH concentrations ranged from 6,000 ug/m?® (micrograms per cubic
meter of air) in B-11 to 10,000,000 ug/m® in B-9. The relative concentrations of
gasoline-range hydrocarbons detected in soil gas samples are consistent with the soil
analytical results discussed in Section 3.2 above.

Primary VOCs detected in the analyzed samples include each of the following BTEX
compounds: hexane, 1,2,4-trimethylbenzene, and 1,3,5-trimethylbenzene.

Benzene concentrations were detected in B-9, B-13, and B-14 ranging from 23,000 to
58,000 ug/m®. The distribution of detected gasoline constituent YOCs is consistent with
soll analytical results for these borings.

Consistent with UST system decommissioning results and recent pilot test data
indicating significant vertical and horizontal short circuiting in the former UST
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excavation, Sample B-11 contained the lowest gascline-range TPH concentrations, and
did not contain a detectable concentration of benzene.

3.3.2 Effectiveness of SVE for Site Remediation

The SVE pilot test results indicate an effective radius of influence (ROI) of approximately
1.5 feet within the silty till material where the target hydrocarbons are located. This
relatively small ROl suggests a short spacing between SVE wells of approximately three
feet would be necessary to achieve adequate remedial coverage. Based on the
distribution of silty soils exceeding MTCA Method A standards, both shallow (four to
seven feet bgs) and deeper (eight to 12 feet bgs) arrays of SVE wells would be
necessary in some areas of the site. Nested wells (i.e., shaliow and deeper wells
installed in the same vault box) are not appropriate due to interference between shallow
and deep well screens caused by lack of vertical separation. Therefore, individual
shallow and deep SVE wells would need o be installed and displaced laterally from
each other.

Considering that the pilot test results indicate the need for a close-spaced well array
(approximately three feet) within the silty tili, and that nested wells would negatively
effect performance of an SVE system, the pilot test results indicate that in the areas of
the site where deeper SVE wells were installed, the combined shallow and deeper SVE
well spacing should be no greater than approximately 1.5 ft.

In addition, the shallow and deeper SVE arrays could not be operated simultaneously
due to the formation of stagnation zones, and would therefore need to be pulsed, further
adding to the likely remediation time. Even if the shallow and deeper arrays were
operated alternately, stagnation zones would likely also form within the shaliow and
deep zones and require alternating SVE operations on wells within the same array,
again adding additional remediation time.

While the percent saturation of moisture in the silt is unknown, the relative permeability
of the silt would improve over time as moisture was removed from the pore spaces,
however, the removal of moisture also depends on the rate of air flow through the soil
which indicates that drying of the silty till could also require a relatively long period of
time.

Although SVE could be used at the site, pilot testing resulits indicate this approach wouid
be difficult and complex to implement. Conclusions are provided in Section 4.
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4 CONCLUSIONS AND RECOMMENDATIONS

4.1 SITE CHARACTERIZATION

Analytical results indicate that gasoline-range hydrocarbons and related constituents
exceed MTCA Method A soil cleanup levels in an area that extends from the
northeastern corner of the former UST cavity toward the north and northeast property
boundaries. The greatest relative contaminant concentrations were measured at depths
between four and ten feet bgs, which is generally consistent with prior investigations at
the site by KEE (2007) and PNG (2008). Among 35 soil samples collected during the
most recent phase of work, 19 were collected from depths between 11 and 40 feet.
None of the samples from the deeper gravel unit exceeded MTCA Method A cleanup
levels for gasoline or constituents.

The vertical extent of the gasoline impact has been determined for the subject site and
is limited to the fine-grained till unit. However, the lateral extent of impacted soils north
and northeast of the former tank cavity to the northeast has not been fully delineated
(see Figure 8). Further site characierization may be required by Ecology to determine if
offsite soils are affected and such evaluation would need to consider various utilities
beneath the sidewalk along 16" Avenue. The gasoline impacts at the site appear
generally to be limited to within the upper ten feet of ground surface soil. Due to the
suspected depth to groundwater at the site (80 feet bgs), the release is unlikely to have
impacted groundwater. PNG recommends that Plaid consult with Ecology to determine
the scope of required subsurface characterization tasks before developing final cleanup
options.

4.2 SVE PILOT TEST

The SVE pilot test was limited to the impacted shallow subsurface silt unit based on
laboratory analytical results. SVE pilot test results indicated the following:

= (Gasoline and volatile constituents can be removed from these silts but at low
rates of efficiency.

= SVE well spacing and infrastructure logistics could be difficult and costly to
implement with substantial disruption to site business operations.

s SVE remediation schedules will primarily be time-limited by the contaminant
diffusion rate through fine-grained soils and are likely to be prolonged.

Based on these findings, SVE is not recommended at this time to address the identified
soil impacts. PNG recommends Plaid consider other remedial technologies including
excavation and removal of the impacted soil.
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5 LIMITATIONS

PNG has prepared this report for use by Plaid Pantries, Inc. and its agents. This report
may be made available to the property owner and to regulatory agencies at the
discretion of Plaid Pantries, Inc. This repert-is not intended for use by-others and the
information contained herein is not applicable to other sites.

Our interpretation of subsurface conditions is based on field observations and chemical
analytical data within the areas explored. Areas with contamination may exist in portions
of the site that were not explored or analyzed.

Within the limitations of scope, schedule, and budget, our services have been executed
in accordance with generally accepted practices and laws, rules, and regulations at the
time that the report was prepared. No other conditions, expressed or implied, should be

understood.
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Senior Geologist Project Manager

MARTIN ACASTER " PAUL D, ECKER

e T R s

PNG ENVIRONMENTAL, INC. 10/01/2008
12 1133 SiteChar_SVEPilot100108.doc



TABLES




Table 1
Soil Summary - Historical Site Data
KEE Environmental
(mg/Kg)
Plaid Pantry #324
Seattle, Washington

Sample Identification® S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 MTCA®
KEE Sample Designation| (EX2-16) | (TANK BT2) [ (TANK BT3) (NW-8) (WW-8) (EW-8) (SW-8) (S Isld) (N Isld) (EX1-4) Method A
Sample Depth (feet bgs) 16 16 16 8 8 8 8 4 4 4 Cleanup Level
PARAMETERS Date Sampled 38841 38842 38842 38841 38842 38842 38842 38842 38842 38841
Benzene 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.23 0.03
Toluene 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.85 7
Ethylbenzene 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 2.0 6
Total Xylenes 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 16 9
Gasoline Range Organics (GRO) 2U 2U 2U 2U 2U 2U 2U 2U 2U 310 30°

Notes:

2 Initial sample designations shown in parentheses
® Model Toxics Control Act (MTCA) Method A Soil Cleanup Levels for Ground Water (WDOE, February 12, 2001)
‘Gasoline cleanup level of 30 mg/Kg based on constituent concentrations greater than 1% gasoline concentrations

BTEX by EPA Method 8021B

Gasoline Range Organics by Method NWTPH-Gx
mg/Kg = Milligrams per kilogram (parts per million)

bgs = below ground surface

U = Not detected at method reporting limit shown

Values in bold indicate the compound concentration exceeds the MTCA Method A Cleanup Level
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Table 2
Soil Analytical Results (mg/Kg)
Plaid Pantry #324
Seattle, Washington

Sample Sample Depth Date Gasoline Range Total Methyl t-butyl ether  1,2-Dichloroethane  1,2-Dibromoethane
Identification (feet bgs) Sampled Organics (GRO) Benzene  Toluene  Ethylbenzene .\ oo (MTEE) (EDC) (EDB) Naphthalene  Total Lead
B1-5 5 11/12/2007 1,400 4.8 92 55 580 0.05 U 0.05 U 0.05 U 13 7.95
B1-8 8 11/12/2007 11 0.03 U 0.05 U 0.05 U 0.21 0.05 U 0.05 U 0.05 U 0.05 U 2.38
B1-23 23 11/12/2007 50 0.29 6.2 3.8 60 0.05 U 0.05 U 0.05 U 3.2 -
B2-9 9 11/12/2007 2U 0.03 U 0.05 U 0.05 U 015U 0.05 U 0.05 U 0.05 U 0.05 U 2.46
B3-8 8 11/12/2007 390 0.86 28 21 136 0.05 U 0.05 U 0.05 U 5U 411
B4-5 5 11/12/2007 2 0.03 U 0.065 0.059 0.303 0.05 U 0.05 U 0.05 U 0.057 2.61
B4-8 8 11/12/2007 2U 0.03 U 0.05 U 0.05 U 015U 0.05 U 0.05 U 0.05 U 0.05 U -
B-5@4 4 07/16/2008 1,300 08 U 4.2 12 120 - - - - -
B-5@7 7 07/16/2008 2U 0.02 U 0.02 U 0.02 U 0.06 U - - - - -
B-5@12 12 07/16/2008 2U 0.02 U 0.02 U 0.02 U 0.06 U - - - - -
B-5@17 17 07/16/2008 2U - - - - - - - - -
B-5@22 22 07/16/2008 2U 0.02 U 0.02 U 0.02 U 0.06 U - - - - -
B-5@28 28 07/16/2008 2U - - - - - - - - -
B-5@34 34 07/16/2008 2U 0.02 U 0.02 U 0.02 U 0.06 U - - - - -
B-5@39 39 07/16/2008 2U - - - - - - - - -
B6@4 4 07/17/2008 1,500 15 65 12 250 - - - - -
B6@9 4 07/17/2008 2U 0.02 U 0.02 U 0.02 U 0.06 U - - - - -
B7@4 4 07/16/2008 2U 0.02 U 0.02 U 0.02 U 0.06 U - - - - -
B-7@8 8 07/16/2008 580 U 0.05 6.1 9.2 38 - - - - -
B-7@11 11 07/16/2008 2 0.02 U 0.02 U 0.02 U 0.06 U - - - - -
B-7@19 19 07/16/2008 2U - - - - - - - - -
B-7@21 21 07/16/2008 2U 0.02 U 0.02 U 0.02 U 0.06 U - - - - -
B-7@26 26 07/16/2008 2U 0.02 U 0.02 U 0.02 U 0.06 U - - - - -
B-7@34 34 07/16/2008 2U 0.02 U 0.02 U 0.02 U 0.06 U - - - - -
B-7@39 39 07/16/2008 2U - - - - - - - - -
B-8@6 6 07/17/2008 1,200 0.73 16 17 150 - - - - -
B-8@9 9 07/17/2008 18 0.03 1 0.5 0.78 - - - - -
B-9@5 5 07/17/2008 950 15 42 14 120 - - - - -
B-9@10 10 07/17/2008 2,100 9.9 99 31 200 - - - - -
B-9@12 12 07/17/2008 2 U 0.02 U 0.03 0.02 U 0.06 U - - - - -
B-10@4 4 07/15/2008 8 0.06 0.22 0.17 0.92 - - - - -
B10@6 6 07/15/2008 6 0.07 0.4 0.24 0.74 - - - - -
B-10@10 10 07/15/2008 76 0.02 U 0.45 0.57 3.9 - - - - -
B-10@14.5 145 07/15/2008 19 0.02 U 0.17 0.15 0.97 - - - - -
B-10@19 19 07/15/2008 2U 0.02 U 0.02 U 0.02 U 0.06 U - - - - -
B-10@20-30 20-30 07/15/2008 2U 0.02 U 0.02 U 0.02 U 0.06 U - - - - -
B-10@31 31 07/16/2008 2U 0.02 U 0.02 U 0.02 U 0.06 U - - - - -
B-10@39.5 39.5 07/16/2008 2U - - - - - - - - -
B-12@4 4 07/17/2008 150 0.02 U 0.27 0.02 U 3.6 - - - - -
B-12@8 8 07/17/2008 2U 0.02 U 0.02 U 0.02 U 0.06 U - - - - -
B-13@5 5 07/17/2008 140 0.02 U 1.8 1.6 11 - - - - -
B-13@12 12 07/17/2008 3 0.12 0.26 0.06 0.3 - - - - -
MTCA? Method A Cleanup Level 30 0.03 7 6 9 0.1 NA 0.005 5 250

Notes:

& Model Toxics Control Act (MTCA) Method A Soil Cleanup Levels for Ground Water (WDOE, February 12, 2001)

Volatile Organics by EPA Method 8260B

Gasoline Range Organics by Method NWTPH-Gx

Total lead by EPA Method 6010

mg/Kg = Milligrams per kilogram (parts per million)

bgs = below ground surface

U = Not detected at method reporting limit shown

- = Not measured
NA = Not applicable

Values in bold indicate the compound concentration exceeds the MTCA Method A Cleanup Level
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Table 3
SVE Vacuum Test Results
Plaid Pantry #324
Seattle, Washington

B-14 Soil Vapor Extraction Test

well Radial Distance Vacuum Influence at Running Time; Inches of water 1 Liter Air
(feet) 0 minutes 5 minutes 20 minutes 35 minutes 55 minutes 70 minutes 85 minutes 120 minutes 140 minutes Consumption

B-6 16 0.00 0.01 0.02 0.02 0.02 0.01 0.00 0.00 0.00 NM

B-8 10 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 NM

B-9 10 0.00 0.07 0.08 0.08 0.08 0.08 0.08 0.08 0.09 92 Minutes

B-10 23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 NM

B-11 31 0.17 0.17 0.16 0.17 0.17 0.14 0.16 0.15 0.16 76 Minutes

B-12 22 0.04 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 100 Minutes/0.75L

B-13 10 0.00 0.02 0.01 0.02 0.02 0.02 0.03 0.02 0.02 NM

B-14 0 48.00 48.00 46.00 46.00 46.00 46.00 46.00 46.00 45.00 NA

VM-1 7 0.00 0.02 0.03 0.03 0.03 0.02 0.02 0.02 0.02 NM

VM-2 12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 NM

VM-3 12 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.00 NM

Discharge PID Readings NM 75.2 258 359 375 297 333 276 321 NA

Notes:

NA = Not applicable Air Temp = 65.4 - 74.2 Deg. F

Airflow = 110-120 feet / minute No water in KO Drum, Bleeder valve shut

NM = Not measured

B-9 Soil Vapor Extraction Test

well Radial Distance Vacuum Influence at Running Time; Inches of water 1 Liter Air
(feet) 0 minutes 5 minutes 30 minutes 45 minutes 70 minutes 90 minutes 110 minutes Consumption
B-6 9 0.00 0.01 0.02 0.02 0.02 0.02 0.02 NM
B-8 16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 90 Minutes
B-9 0 48.00 47.00 47.00 47.00 47.00 47.00 47.00 NA
B-10 17.5 0.00 0.01 0.01 0.01 0.01 0.01 0.01 NM
B-11 22 0.00 0.16 0.17 0.16 0.16 0.14 0.14 93 Seconds
B-12 20 0.00 0.05 0.06 0.06 0.06 0.06 0.06 90 Minutes/0.5 L
B-13 12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 NM
B-14 8 0.00 0.28 0.30 0.29 0.30 0.30 0.30 387 seconds
VM-1 2.5 0.00 0.10 0.11 0.11 0.11 0.10 0.10 NM
VM-2 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 NM
VM-3 8.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 NM
Discharge PID Readings NM 465 406 369 382 312 326 NA
Notes:
NA = Not applicable Air Temp = 68.8 - 79.1 Deg. F
Airflow = 130-150 feet / minute No water in KO Drum, Bleeder valve shut

NM = Not measured
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Table 3
SVE Vacuum Test Results
Plaid Pantry #324
Seattle, Washington

VM-1 Soil Vapor Extraction Test

well Radial Distance Vacuum Influence at Running Time; Inches of water 1 Liter Air
(feet) 0 minutes 1 minute 15 minutes 25 minutes 55 minutes 65 minutes Consumption

B-6 10 0.00 0.06 0.07 0.06 0.06 0.07 NM

B-8 19 0.00 0.00 0.00 0.00 0.00 0.00 NM

B-9 3 0.00 0.51 0.50 0.50 0.50 0.50 312 seconds

B-10 20 0.00 0.00 0.00 0.00 0.00 0.00 NM

B-11 24 0.00 0.10 0.10 0.09 0.09 0.12 1880 seconds

B-12 20 0.00 0.01 0.03 0.01 0.01 0.02 NM

B-13 10.5 0.00 0.00 0.00 0.00 0.00 0.00 NM

B-14 7 0.00 0.29 0.27 0.26 0.26 0.26 735 seconds

VM-1 0 47.00 47.00 47.00 45.00 45.00 45.00 NA

VM-2 22 0.00 0.00 0.01 0.00 0.00 0.00 NM

VM-3 8.5 0.00 0.11 0.11 0.10 0.10 0.11 2023 seconds

Discharge PID Readings NM 64.6 13.7 11.5 8.8 7.6 NA

Notes:

NA = Not applicable Air Temp = 81.1 - 86.0 Deg. F

Airflow = 160 - 350 feet / minute No water in KO Drum, Bleeder valve shut

NM = Not measured

B-11 Soil Vapor Extraction Test

well Radial Distance Vacuum Influence at Running Time; Inches of water 1 Liter Air
(feet) 0 minutes 15 minutes 25 minutes 40 minutes 70 minutes 100 minutes Consumption

B-6 16 0.13 0.12 0.13 0.14 0.14 0.14 67 minutes/O L

B-8 41.5 0.00 0.00 0.00 0.00 0.00 0.00 NM

B-9 23 0.02 0.02 0.02 0.02 0.02 0.02 NM

B-10 23 0.00 0.00 0.00 0.00 0.00 0.00 NM

B-11 0 34.00 34.00 34.00 34.00 34.00 34.00 NA

B-12 21.5 0.38 0.39 0.40 0.40 0.40 0.40 521 seconds

B-13 33.5 0.00 0.00 0.00 0.00 0.00 0.00 NM

B-14 30.5 0.03 0.03 0.03 0.03 0.03 0.03 NM

VM-1 26 0.02 0.01 0.01 0.01 0.01 0.01 NM

VM-2 435 0.00 0.00 0.00 0.00 0.00 0.00 NM

VM-3 20 0.08 0.06 0.07 0.06 0.06 0.06 70 minutes/O L

Discharge PID Readings 8.1 12.3 8.9 9.6 9.4 9.8 NA

Notes:

NA = Not applicable Air Temp = 85.8 - 93.2 Deg. F

Airflow = 2000 - 2100 feet / minute No water in KO Drum, Bleeder valve shut

NM = Not measured
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B-13 Soil Vapor Extraction Test

Table 3
SVE Vacuum Test Results
Plaid Pantry #324
Seattle, Washington

well Radial Distance Vacuum Influence at Running Time; Inches of water 1 Liter Air
(feet) 0 minutes 15 minutes 35 minutes 60 minutes 95 minutes 120 minutes Consumption

B-6 20 0.00 0.00 0.00 0.00 0.00 0.00 NM

B-8 10 0.00 0.00 0.00 0.00 0.00 0.00 105 minutes/0 L
B-9 12 0.00 0.02 0.02 0.02 0.02 0.02 105 minutes/0 L
B-10 20 0.00 0.00 0.00 0.00 0.00 0.00 NM

B-11 34 0.11 0.12 0.11 0.11 0.12 0.12 NM

B-12 32 0.03 0.04 0.03 0.03 0.04 0.04 NM

B-13 0 54.00 49.00 47.00 47.00 47.00 47.00 NA

B-14 9.5 0.04 0.07 0.07 0.07 0.07 0.07 65 minutes
VM-1 10.5 0.00 0.00 0.01 0.01 0.00 0.00 NM

VM-2 13 0.00 0.00 0.00 0.00 0.00 0.00 NM

VM-3 19 0.00 0.00 0.00 0.00 0.00 0.00 NM
Discharge PID Readings 252 217 222.0 232.0 240.0 228.0 NA

Notes:

NA = Not applicable
Airflow = 140 feet / minute
NM = Not measured

PNG ENVIRONMENTAL, INC.
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Table 4

SVE Vapor Analytical Results (ug/m3)
Plaid Pantry #324
Seattle, Washington

ngplg Date Benzene Toluene Ethylbenzene Total Hexane 1,3,5-Trimethyl- 1,2,4-Trimethyl- Gasoline I_Qange
Identification Sampled Xylenes benzene benzene Organics
B-9 07/30/2008 58,000 200,000 44,000 219,000 320,000 13,000 34,000 10,000
B-11 07/30/2008 24 U 200 140 870 67 93 280 6.0
B-13 07/31/2008 28,000 120,000 36,000 156,000 130,000 8,700 20,000 4,800
B-14 07/30/2008 23,000 73,000 36,000 168,000 320,000 7,100 13,000 9,700
Notes:

Volatiles by EPA Method TO-14A (modified)
Gasoline Range Organics by EPA Method TO-3 (modified)
ug/m® = Micrograms per cubic meter of air

SiteCharSVEPilot_100108.xIs\Table 4 Soil Gas
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STANDARD OPERATING PROCEDURE
LOGGING OF SOIL BOREHOLES
SOP 1

The following procedures are used for completing the Soil Boring Log Form (Figure 1-1).
These procedures, which must be used for PNG projects where scil boring techniques
are performed during field exploration, establish the minimum information that must be
recorded in the field to adequately characterize soil boreholes.

These procedures are adapted from ASTM D-2488-84 (attached). Field staff is
encouraged to examine ASTM D-2488-84 in its entirety. This standard operating
procedure (SOP) has made minor modifications to emphasize environmental
investigations as opposed to geotechnical investigations (for which the standards were
written).  Because environmental projects are each unique and because job
requirements can vary widely, the minimum standards presented may need i{o be
supplemented with additional technical descriptions or field test results. However, all soil
boring field logs, regardiess of special project circumstances, must include information
addressed in this SOP to achieve the minimum acceptable standards required by PNG.

HEADING INFORMATION
= Project Number: Use the standard contract number.
m  Client: |dentify the name of the client and the project site location.

m | ocation: If stationing, coordinates, mileposts, or similar are applicable identify the
location of the project. [f this information is not available, identify the facility (i.e.,
20 ft NE of Retort #1). '

»  Drilling Method: identify the bit size and type, drilling fluid (if used), and methed of
drilling {e.g., rotary, hoilow-stem auger, cable fool) and the name of the drill rig (e.g.,
Mobil B 61, CME 55).

# Diameter: Provide the diameter of the borehole. If the borehole has variable
diameters, provide the depth interval for each diameter.

= Sampling Method: Identify the type of sampler(s) used (e.g., standard split spoon,
Dames & Moore sampler, grab).

®  Drilling Contractor: Provide the name of the drilling contractor.
s PNG Staff: Enter the name(s) of PNG staff performing logging and sampling
activities.

m  Water Level Information: Provide the date, time, depth to static water, and casing
depth. Generally, water levels should be taken each day before resuming driliing
and at the completion of drilling. [f water is not encountered in the boring, this
information should be recorded.

»  Boring Number. Provide the boring number. A numbering system should be
developed prior to drilling that does not conflict with other site information, such as
previous drilling or other sampling activities.

= Sheet: Number the sheets consecutively for each boring and continue the
consecutive depth numbering.

= Drilling Start and Finish: Provide the drilling start and finish dates and times.
For consecutive sheets provide, at a minimum, the job number, the boring number, and the
sheet number.

PNG ENVIRONMENTAL, INC. Revision 05/08
SOP1 Boringlog.doc Page 1



TECHNICAL DATA

Sampler Type: Provide the sampler type (e.g., SS = split spoon, DM = Dames &
Moore split spoon, G = grab).

Depth of Casing: Enter the depth of the casing below ground surface immediately
prior to sampling.

Driven/Recovery: Provide the length that the sampler was driven and the length of
sample recovered in the sampler. This column would not apply to grab samples.

Sample Number/Sample Depth: Provide the sample number. The sample
numbering scheme should be established prior to drilling. One method is to use the
boring number and consecutive alphabetical letters. For instance, the first sample
obtained from boring MW-4 would be ideniified as 4A and the second would be
identified as 4B, and so on. Another method for sample identification is naming the -
boring number with the depth. For example, the sample from Boring 1 at 10 ft
would be labeled B1-10". The depth of the sample is the depth of the casing plus
the length o the middle of the recovered sample to the nearest 0.1 ft. Typically,
split spoon samplers are 18 in. long. Samples should be obtained from the middle
of the recovered sample. The depth of the sample with the casing at 10 ft would
then be 10.7 ft.

Number of Blows: For standard split spoon samplers, record the number of blows
for each 6 in. of sampler penetration. A typical biow count of 6, 12, and 14 is
recorded as 6/12/14. Refusal is a penetration of less than 6 in. with a blow count of
50. A partial penetration of 50 blows for 4 in. is recorded as 50/4". For nonstandard
split spoons (e.g., 5-ft tube used for continuous sampling), total blows will be
recorded.

Blank Columns: Two blank columns are provided. Project managers are
encouraged to use these columns for site-specific information, usually related to the
contaminants of concern. Examples for a hydrocarbon site would be sheen and
PID readings of the samples.

Depth: Use a depth scale that is appropriate for the complexity of the subsurface
conditions. The boxes located to the right of the scale should be used to graphically
indicate sample locations as shown in the example.

Surface Conditions: Describe the surface conditions (e.g., paved, 4-in. concrete
slab, grass, natural vegetation and surface soil, oil-stained gravel).

Soil Description: The soil classification and definition of soil contacts should follow
the format described in SOP-2, Field Classification of Sof.

Comments: Include all pertinent observations. Drilling observations might
include drilling chatter, rod-bounce (boulder), sudden differences in drilling
speed, damaged samplers, and malfunctioning equipment. Information provided
by the driller should be atiributed to the driller. Information on contaminants
might include odor, staining, color, and presence or absence of some indicator of
contamination. Describe what it is that indicates contamination {e.g., fuel-like
odor, oily sheen in drill cuttings, yellow water in drill cuitings).

PNG ENVIRONMENTAL, INC. Ravision 05/08
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Cﬁ!‘lb) Designation: D 2488 — 06

1114

INTERNATIONAL

Standard Practice for

Description and ldentification of Soils (Visual-Manual

Procedure)’

This standard is issued under the fixed designation D 2488; the number immediately following the designation indicates the year of
original adeption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapprovai.

Thiz standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This practice covers procedures for the description of
soils for engineering purposes.

1,2 This practice also describes a proceduare for identifying
soils, at the option of the user, based on the classification
system described in Test Method D 2487, The identification is
based on visual examination and manual tests. It must be
clearly stated in reporting an identification that it is based on
visual-manual procedures.

1.2.1 When precise classification of soils for engineering
purposes is required, the procedures prescribed in Test Method
D 2487 shall be used.

1.2.2 In this practice, the identification portion assigning a
group symbol and name is limited to soil particles smaller than
3 in. {75 mm).

1.2.3 The identification portion of this practice is limited to
naturally occurring soils (disturbed and undisturbed).

Note 1—This practice may be used as a descriptive system applied to
such materials as shale, claystone, shells, crushed rock, eic. {(see Appendix
X2).

1.3 The descriptive information in this practice may be used
with other soil classification systems or for materials other than
naturally occurring soils.

1.4 The values stated in inch-pound units are to be regarded
as the standard. :

1.5 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and defermine the applica-
bility of regulatory limitations prior to use. For specific
precautionary statements see Section 8.

1.6 This practice offers a set of instructions for performing
one or more specific operations. This document cannot replace
education or experience and should be used in conjunction
with professional judgment. Not all aspects of this practice may

! This practice is under the jurisdiction of ASTM Committee D18 on Soil and
Rock and is the direct responsibility of Subcommities D18.07 on Identification and
Classification of Soils.

Current edition approved Nov. 1, 2006. Published Noveraber 2006. Originally
approved in 1966, Last previons edition approved in 2000 as D 2488 — 00.

be applicable in all circumstances. This ASTM standard is not
intended to represent or replace the standard of care by which
the adequacy of a given professional service must be judged,
nor should this document be applied without consideration of
a project’s many unique aspects. The word “Standard” in the
title of this document means only that the document has been
approved through the ASTM consensus process.

2. Referenced Documents

2.1 ASTM Standards: 2

D 653 Terminology Relating to Soil, Rock, and Contained
Fluids

D 1452 Practice for Secil Investigation and Sampling by
Auger Borings

D 1586 Test Method for Penetration Test and Split-Barrel
Sampling of Soils

D 1587 Practice for Thin-Walled Tube Sampling of Soils
for Geotechnical Purposes

D 2113 Practice for Rock Core Drilling and Sampling of
Rock for Site Investigation

D 2487 Practice for Classification of Soils for Engineering
Purposes (Unified Soil Classification System)

D 3740 Practice for Minimum Requirements for Agencies
Engaged in the Testing and/or Inspection of Soil and Rock
as Used in Engineering Design and Construction

D 4083 Practice for Description of Frozen Soils (Visual-
Manual Procedure)

3. Terminology

3.1 Definitions—Except as listed below, all definitions are
in accordance with Terminology D 653.

Note 2—For particles retained on a 3-in. (75-mm) US standard sieve,
the following definitions are suggested:
Cobbles—particles of rock that will pass a 12-in. (300-mm) square
opening and be retained on a 3-in. (75-mm} sieve, and
Boulders—particles of rock that will not pass a 12-in. (300-mm) square
opening.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Custemer Service at service@astm.org. For Annual Book af ASTM
Standards volume information, refer to the standard’s Document Surmmary page on
the ASTM website.

*A Summary of Changes section appears at the end of this siandard.

Copyright © ASTM Intemational, 100 Barr Harbor Drve, PO Box £700, West Conshehocken, PA 12428-2959, United States,

1
Copyright by ASTM Int'l (all rights reserved); Mon Jun 9 17:58:53 EDT 2008
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3.1.1 clay—soil passing a No. 200 (75-pm) sieve that can be
made to exhibit plasticity (putty-like properties) within a range
of water contents, and that exhibits considerable strength when
air-dry. For classification, a clay is a fine-grained soil, or the
fine-grained portion of a soil, with a plasticity index equal to or
greater than 4, and the plot of plasticity index versus liguid
limit falls on or above the “A” line (see Fig. 3 of Test Method
D 2487).

3.1.2 gravel—particles of rock that will pass a 3-in. (75-
mun) sieve and be retained on a No. 4 (4.75-mm) sieve with the
following subdivisions:

coarse—passes a 3-in. (75-mm) sieve and is retained on a
%-in. (19-mm) sieve.

fine—passes a ¥-in. (19-mm) sieve and is retained on a No.
4 (4.75-mm) sieve.

3.1.3 organic clay—a clay with sufficient organic content to
influence the soil properties. For classification, an organic clay
is a soil that would be classified as a clay, except that its liquid
limit value after oven drying is less than 75 % of its liquid limit
vilue before oven drying.

3.1.4 organic silt—a silt with sufficient organic content to
influence the soil properties. For classification, an organic silt
is a soil that would be classified as a silt except that its liquid
Hmit value after oven drying is less than 75 % of its lquid limit
value before oven drying.

3.1.5 peat—a soil composed primarily of vegetable tissue in
various stages of decomposition useally with an organic odor,
a dark brown to black color, a spongy consistency, and a
texture ranging {rom fibrous to amorphous.

3.1.6 sand—particles of rock that will pass a No. 4 (4.75-
mm) sieve and be retained on a No. 200 (75-um) sieve with the
following subdivisions:

coarse—passes a No. 4 (4.75-mm) sieve and is retained on
a No. 10 (2.00-mm) siecve.

medium—passes a No. 10 (2.00-mm) sieve and is retained
on a No. 40 (425-pm) sieve.

fine—passes a No, 40 (425-um) sieve and is retained on a
No. 200 (75-pm) sieve.

3.1.7 silt—soil passing a No. 200 (75-um) sieve that is
nonplastic or very slightly plastic and that exhibits little or no
strength when air dry. For classification, a silt is a fine-grained
soil, or the fine-grained portion of a soil, with a plasticity index
less than 4, or the plot of plasticity index versus liquid limit
falls below the “A” line (see Fig. 3 of Test Method D 2487).

4. Summary of Practice

4.1 Using visual examination and simple manual tests, this
practice gives standardized criteria and procedures for describ-
ing and identifying soils.

4.2 The soil can be given an identification by assigning a
group symbol(s) and name. The flow charts, Fig. 1a and Fig. 1b
for fine-grained soils, and Fig. 2, for coarse-grained soils, can
be used to assign the appropriate group symbol(s) and name. If
the soil has properties which do not distinctly place it into a
specific group, borderline symbols may be used, see Appendix
X3. ‘

Nore 3—1It is suggested that a distinction be made between dual
symbols and borderline symbols.

Dual Symbol—A dual symbol is two symbols separated by a hyphen,

for example, GP-GM, SW-SC, CL-ML used to indicate that the soil has
been identified as having the properiies of a classification in accordance
with Test Method D 2487 where two symbols are required. Two symbols
are required when the soil has between 5 and 12 % fines or when the liquid
limit and plasticity index values plot in the CL-ML area of the plasticity
chart.
Borderline Symbol—A borderline symbol is two symbols separated by a
stash, for example, CL/CH, GM/SM, CL/ML. A borderline symbol should
be used to indicate that the soil has been identified as having properiies
that do not distinctly place the soil into a specific group {see Appendix
X3).

5. Significance and Use

5.1 The descriptive information required in this practice can
be used to describe a soil to aid in the evaluation of its
significant properties for engineering use.

5.2 The descriptive information required in this practice
should be used io supplement the classification of a soil as
determined by Test Method D> 2487,

5.3 This practice may be used in identifying soils using the
classification group symbols and names as prescribed in Test
Method D 2487, Since the names and symbols used in this
practice to identify the soils are the same as those used in Test
Method D 2487, it shall be clearly stated in reports and all
other appropriate documents, that the classification symbol and
name are based on visual-manual procedures, '

5.4 This practice is to be used not only for identification of
soils in the field, but also in the office, laboratory, or wherever
soil samples are inspected and described.

5.5 This practice has particular value in grouping similar
soil samples so that only a minimum number of laboratory tests
need be run for positive soil classification.

Notz 4—The ability to describe and identify soils correctly is learned
more readily under the guidance of experienced personnel, but it may also
be acquired systematically by comparing numerical laboratory test results
for typical scils of each type with their visual and manual characteristics,

5.6 When describing and identifying soil samples from a
given boring, test pit, or group of borings or pits, it is not
necessary to follow all of the procedures in this practice for
every sample. Soils which appear to be similar can be grouped
together; one sample completely described and identified with
the others referred to as similar based on performing only a few
of the descriptive and identification procedures described in
this practice.

5.7 This practice may be used in combination with Practice
D 4083 when working with frozen soils.

Note 5—Notwithstanding the statements on precision and bias con-
tained in this standard: The precision of this test method is dependent on
the competence of the personnel performing it and the suitability of the
equipment and facilities used. Agencies that meet the criteria of Practice
D 3740 are generaily considered capable of compeient and objective
testing. Users of this test methed are cautioned that comphiance with
Practice D 3740 does not in itself assure reliable testing. Reliable testing
depends on several factors; Practice D 3740 provides a means for
evaluating some of those factors.

6. Apparaftus

6.1 Required Apparatus:
6.1.1 Pocket Knife or Small Spatula.
6.2 Usefil Auxiliary Apparatus:

2
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GROUP SYMBOL

<30% plus No. 200 ?<15% plus No. 200
15-25% plus No. 200 ? % sand >% gravel —» Lean clay with sand

GROUP NAME

= | ean clay

% sand <% gravet — Lean clay with gravel

>15% gravel —————— Sandy lean clay with gravel

% sand >>% of gravel —q <15% gravel ——————— Sandy lean clay
>30% plus No. 200<

% sand <% nravelT: <15% sand —————— (Gravelly lean clay

<15% plus No. 200

>30% ptus No. 200 <:

>15% sand — " Gravelly lean clay with sand

»-Silt

>15% grave] ————-== Sandy silt with gravel

% sand <% yavolt: < 15% sand ——— = Gravelly siit

>15% sand —————————» Gravelly silt with sand

» Fat clay

< 30% plus No, 200 T:<15% plizs No. 200
15-25% plus No, 2013?:% sand >% gravel ————Fat clay with sand

% sand <% gravel ———— Fat clay with gravel

% sand >% of graui?:(‘l?ﬁ gravel ————» Sandy fat clay
>15% gravel ——— = Sandy fat clay with gravel

>30% phus No, zoo<:
% sand <% gravel ﬁ'ﬂ!’ﬂ sand ————» Gravelly fat clay

<30% plus No. 200 T: <156% plus No. 200

215% sand —— Gravelly fat clay with sand

= Elastic st

15-25% plus No. 200 T: % sand >% gravel ———= Efastic silt with sand

<30% plus No. 200 T:
15-25% plus No. 200? % sand >% grave] ———-Silt with sand
ML % gand <% gravel ——»= Sjlt with gravel
% sand >% of gravel w < 15% gravel —— Sandy silt

% sand <% gravel ———» Elastic silt with gravel

% sand >% of gravel T: <15% gravel ————— Sandy sfastic silt
>15% gravel ———— = Sandy alastic silt with gravel

>30% pius No, 200 <:
% sand <<% gravel -T:*(?S% sand —————————»= Gravelly elastic sift

>15% sand — 3= Gravelly elastic silt with sand

NOTE i—Percentages are based on estimating amounis of fines, sand, and gravel to the nearest 5 %.
FIG. 1a Flow Chart for Identifying Inorganic Fine-Grained Soil {50 % or more fines)

GROUP SYMBOL

OL/OH

/\

% sand <% gravel

<30% ptus No, 200 ?: <15% plus No, 200
15-25% plus No. 200:: % sand >% gravar—s= Organic soil with sand

GROUP_NAME

- Organic soil

% sand <% gravsl —————= Organic soil with gravei

>15% gravel ——~ Sandy organic soil with gravel

% sand >% gravel ?: <15% graval ——~ Sandy organic soil
>30% plus No. 200 <:

<15% sang] ———sm—a= Gravelly organic soil
2>15% sand ol ]

NOTE 1—Percentages are based on estimating amounis of fines, sand, and gravel to the nearest 5 %.

FIG. 1 b Flow Chart for Identifying Organic Fine-Grained Soil (50 % or more fines)

6.2.1 Small Test Tube and Stopper (or jar with a lid).
6.2.2 Small Hand Lens.

7. Reagents

7.1 Purity of Water—Unless otherwise indicated, references
to water shall be understood to mean water from a city water
supply or natural source, including non-potable water.

7.2 Hydrochloric Acid—A small bottle of dilute hydrochlo-
ric acid, HCL, one part HC1 (10 N) to three parts water {This
reagent is optional for use with this practice). See Section 8.

8. Safety Precautions

8.1 When preparing the dilute HC] solution of one part
concentrated hydrochloric acid (10 N) to three parts of distilled
water, slowly add acid into water following necessary safety
precautions. Handle with caution and store safely. If solution
comes into contact with the skin, rinse thoroughly with water.

8.2 Cantion—Do not add water to acid.

9. Sampling

9.1 The sample shall be considered to be representative of
the stratum from which it was obtained by an appropriate,
accepted, or standard procedure.

Note 6—Preferably, the sampling procedurs should be identified as
having been conducted in accordance with Practices D 1452, I 1587, or
D 2113, or Test Method D 1586.

9.2 The sample shall be carefully identified as to origin.

Nore 7—Remarks as to the origin may take the form of a boring
number and sample number in conjunction with a job number, a geologic
stratum, a pedologic horizon or a location description with respect to a
permanent monument, 4 grid system or a station number and offset with
respect to a stated centerline and a depth cr elevation.

9.3 For accurate description and identification, the mini-
mum amount of the specimen to be examined shall be in
accordance with the following schedule:

3
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GROUP SYMBOL GROUP NAME

»GW.

<5% fmesi:\ml!-guded

‘\_—-: 15% sand —— Well-graded graval
>15% sand —= Wellgraded graval with sand

Poorly grated

GRAVEL
% gravel >
% sand

0% fines

Well-graded Ylimﬂhﬂ or MH
fines=CL or CH

»- < 15% sand — Poorly graded gravel
->15% sand ——— Poorly graded gravel with sand

GW‘GMT::<15% sand ——— Wall-graded gravel with silt
215% sand —— Well-graded gravel with silt and sand
GW'GC ?Ct&% sand = Well-gradsd gravel with ¢lay

>16% sand —= Wall-graded gravel with clay and sand
GP'GM T:<15% sand ~———m Poorly graded gravel with silt

2>15% sand ———= Poarly graded gravel with silt and sand

Paarty !radad?flmsﬂML or MH
finas=CL or CH —;-GP‘GC?:EH% sand ——— Paorly graded gravel with clay

2>15% sand —— Poorly graded gravel with clay ané sand

e —finerMLorMH—— = GM > <15 sand —— Silty gravel

>16% ﬁnnﬁh i
fines=CL or CH ——%GC?<15% sand —»= Clayey gravel

2>15% sand = Silty graval with sand

>15% rand =—=——= Clayey gravel with sand

—SWT‘:<1S% gravel ——= Well-graded sand
>15% graval ——= Waell-graded sand with gravel

Well-graded
<5% fines<
Poorly graded

fines=ML or MH

Well-graded <:
SAND fines=CL or CH

% sand > 10% fines

% gravel

fines=ML or MH
>15% fines —<:
fings=CL or CH

<15% gravel —— Poorly graded sand
\___‘*215% graval ——~ Poorly graded sand with gravel
SW'SM -._—__-«::: <15% gravel ——» Well-graded sand with sift
215% grave] ——= Weil-greded sand with ilt and gravel
sSw- SC <16% gravel — Well-yraded sand with clay
>15% gravel ~~——--a= Wellgraded sand with clay and grave|

S?'SM-—T\‘ms% graval ——- Poarly graded sand with silt

2>15% gravel ——= Poorly graded sand with siit and gravef

fines=ML or MH
Poorly graded<
fina=CL o7 CH————=SP-SC < <15% gravel ——- Poorly graded sand with clay

>15% gravel ——= Poorly graded sand with clay and graval

- SM \__\ < 15% grave] —— - Silty sand
>18% grave) —- Siity sand with gravel

\&_\“<15% gravel —= Clavey sand
>15% gravel —m= Clayey sand with gravel

Note |—Percentages are based on estimating amounts of fines, sand, and gravel to the nearest 5 %.
FIG. 2 Flow Chart for Identifying Coarse-Grained Soils {less than 50 % fines)

Minimum Specimen Size,
Dry Weight

Maximum Particle Size,
Sieve Opening

4.75 mm (No. 4) 100 g (0.25 i)

9.5 mm (3 in} 200 g (0.5 Ib)
19.0 mrm (% in.) 1.0 kg (2.2 Ib)
381 mm (112 in.) 8.0 kg (18 Ib)

75.0 mm (3 in.) 60.0 kg (132 Ib}

Note 8—If random isclated particles are encountered that are signifi-
cantly larger than the particles in the soil matrix, the soil matrix can be
accurately described and identified in accordance with the precesding
schedule.

9.4 If the field sample or specimen being examined is
smaller than the minimum recommended amount, the report
shall include an appropriate remark.

10. Descriptive Information for Seils

10.1 Angulariry—Describe the angularity of the sand
(coarse sizes only), gravel, cobbles, and boulders, as angular,
subanguiar, subrounded, or rounded in accordance with the
criteriz in Table 1 and Fig. 3. A range of angularity may be
stated, such as: subrounded to rounded.

10.2 Shape—Describe the shape of the gravel, cobbles, and
boulders as flat, elongated, or flat and elongated if they meet
the criteria in Table 2 and Fig. 4. Otherwise, do not mention the
shape. Indicate the fraction of the particles that have the shape,
such as: one-third of the gravel particles are flat.

10.3 Color—Describe the color. Color is an important
property in identifying organic soils, and within a given
locality it may also be useful in identifying materials of similar
geologic origin, If the sample contains Iayers or patches of

TABLE 1 Criteria for Describing Angularity of Coarse-Grained
Partictes (see Fig. 3)

Description Criteria

Angular Particles have sharp edges and relatively plane sides with
unpotished surfaces

Subangular Particles are similar to angular description but have
rounded edges

Subrounded Particles have nearly plane sides but have well-roundad
corners and edges

Rounded Particles have smoothly curved sides and no edges

varying colors, this shall be noted and all representative colors
shall be described. The color shall be described for moist
samples. If the color represents a dry condition, this shall be
stated in the report.

10.4 Odor—Describe the odor if organic or unusual. Soils
containing a significant amount of organic material usually
have a distinctive odor of decaying vegetation. This is espe-
cially apparent in fresh samples, but if the samples are dried,
the odor may often be revived by heating a moistened sample.
If the odor is unusual (petroleum product, chemical, and the
like), it shall be described.

10.5 Moisture Condition—Describe the moisture condition
as dry, moist, or wet, in accordance with the criteria in Table 3,

10.6 HCI Reaction—Describe the reaction with HCl as
none, weak, or strong, in accordance with the critera in Table
4. Since calcium carbonate is a common cementing agent, a
report of its presence on the basis of the reaction with dilute
hydrochloric acid is important.
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Fi1G. 3 Typical Angularity of Bultky Grains

TABLE 2 Criteria for Describing Particie Shape (see Fig. 4)

The particle shape shall be described as follows where length, width, and

thickness refer to the greatest, Intermediate, and least dimensions cf a particls,

respectively.
Flat Particles with width/thickness > 3
Elengated Particles with length/width > 3

Flat and elongated Particles meet criteria for both flat and elongated

10.7 Consistency—For intact fine-grained soil, describe the
consistency as very soft, soft, firm, hard, or very hard, in
accordance with the criteria in Table 5. This observation is
inappropriate for soils with significant amounts of gravel.

10.8 Cementation—Describe the cementation of intact
coarse-grained soils as weak, moderate, or strong, in accor-
dance with the criteria in Table 6.

10.9 Structure—Describe the structure of intact soils in
accordance with the criteria in Table 7.

10.10 Range of Particle Sizes—For gravel and sand com-
ponents, describe the range of particle sizes within each
component as defined in 3.1.2 and 3.1.6. For example, about
20 % fine to coarse gravel, about 40 % fine to coarse sand.

10.11 Maxirmum Particle Size—Describe the maximum par-
ticle size found in the sample in accordance with the following
information:

10.11.1 Sand Size—If the maximum particle size is a sand
size, describe as fine, medinm, or coarse as defined in 3.1.6.
For example: maximum particle size, medium sand.

10.11.2 Gravel Size—H the maximum particle size is a
gravel size, describe the maximum particle size as the smallest
sieve opening that the particle will pass. For example, maxi-
mum particle size, 12 in. (will pass a 1%-in, square opening
but not a ¥4-in. square opening).
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TABLE 3 Criteria for Describing Moisture Conditicn

Description Criteria
Dry Absence of moisture, dusty, dry to the louch
Moist Damp but no visible water
Wet Visible free water, usually soil is below waler table

TABLE 4 Criteria for Describing the Reaction With HCI

Description Criteria

Nene No visible reaction

Weak Some reaction, with bubbles forming slowly
Strong Viglent reaction, with bubbles forming immediately

TABLE 5 Criteria for Describing Consistency

Description Criteria
Very soft Thumb will penetrate soil more than 1 in. (25 mm)
Soft Thumb will penetrate soil about ¥ in. (256 mm}
Firm Thumb will indent soil about % in. (8 mm)
Hard Thumb will not indent soil but readily indented with thumbnail
Very hard Thumbnail will not indent soll

TABLE 6 Criteria for Describing Cementation

Description Criteria
Weak Crumbles or breaks with handling or [ittle finger pressure
Moderate Crumbles or breaks with considerable finger pressure
Strong Wit not crumble or break with finger pressure
TABLE 7 Criteria for Describing Structure
Description Criteria
Stratified Alternating layers of varying matedfal or color with layers at
least 6 mm thick; note thickness
Laminated Alternating layers of varying material or calor with the
layers less than 6 mm thick; note thickness
Fissured Breaks along definite planes of fracture with [ittle
resistance to fracturing
Slickensided Fracture plangs appear polished or glossy, sometimes
striated
Blocky Cohesive soil that can be broken down into small angular
fumps which resist further breakdown
Lensed Inciusion of small pockets of different soils, such as small
tenses of sand scattered through a mass of clay; note
thickness
Homogeneous Same coler and appearance throughout

10.11.3 Cobble or Boulder Size—If the maximum particle
size is a cobble or boulder size, describe the maximum
dimension of the largest particle. For example: maximum
dimension, 18 in. (450 mm).

10.12 Hardness—Describe the hardness of coarse sand and
larger particles as hard, or state what happens when the
particles are hit by a hammer, for example, gravel-size particles
fracture with considerable hammer blow, some gravel-size
particles crumble with hammer blow. “Hard” means particles
do not crack, fracture, or crumble under a hammer blow.

10.13 Additional comments shall be noted, such as the
presence of roots or root holes, difficulty in drilling or augering
hole, caving of trench or hole, or the presence of mica.

10.14 A local or commercial name or a geologic interpre-
tation of the soil, or both, may be added if identified as such.

10.15 A classification or identification of the soil in accor-
dance with other classification systems may be added if
identified as such.

11. Identification of Peat

11.1 A sample composed primarily of vegetable tissue in
various stages of decomposition that has a fibrous to amor-
phous texture, usually a dark brown to black color, and an
organic odor, shall be designated as a highly organic soil and
shall be identified as peat, PT, and not subjected to the
identification procedures desciibed hereafter.

12. Preparation for Identification

12.1 The soil identification portion of this practice is based
on the portion of the soil sample that will pass a 3-in, (75-mm)
sieve. The larger than 3-in. (75-mm) particles must be re-
moved, manually, for a loose sample, or mentally, for an intact
sample before classifying the scil.

12.2 Estimate and note the percentage of cobbles and the
perceniage of boulders. Performed visually, these estimates
will be on the basis of volume percentage.

Norz 9—Since the percentages of the particle-size distribution in Test
Method P 2487 are by dry weight, and the estimates of percentages for
gravel, sand, and fines in this practice are by dry weight, it is recom-
mended that the report state that the percentages of cobbles anrd boulders
are by volume.

12.3 Of the fraction of the soil smaller than 3 in. (75 mmy),
estimate and note the percentage, by dry weight, of the gravel,
sand, and fines (see Appendix X4 for suggested procedures).

Note 10—S8ince the particle-size components appear visually on the
basis of volume, considerable experience is required to estimate the
percentages on the basis of dry weight. Frequent comparisons with
laboratory particie-size analyses should be made.

12.3.1 The percentages shall be estimated to the closest 5 %.
The percentages of gravel, sand, and fines must add up to
100 %.

12.3.2 If one of the components is present but not in
sufficient quantity to be considered 5 % of the smaller than
3-in. (75-mm) portion, indicate its presence by the term frace,
for example, trace of fines, A trace is not to be considered in the
total of 100 % for the components.

13. Preliminary Identification

13.1 The soil is fine grained if it contains 50 % or more
fines. Follow the procedures for identifying fine-grained soils
of Section 14.

13.2 The scil is coarse grained if it containg less than 50 %
fines. Follow the procedures for identifying coarse-grained
soils of Section 15.

14. Procedure for Identifying Fine-Grained Seils

14.1 Select a representative sample of the material for
examination. Remove particles larger than the No, 40 sieve
(medium sand and larger) until a specimen equivalent to about
a handful of material is available. Use this specimen for
performing the dry strength, dilatancy, and toughness tests.

14.2 Dry Strength:
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14.2.1 From the specimen, select enough material to mold
into a ball about 1 in. (25 mm) in diameter. Mold the material
until it has the consistency of putty, adding water if necessary.

14.2.2 From the molded material, make at least three test
specimens, A test specimen shall be a ball of material about 1%
in. (12 mm) in diameter, Allow the test specimens to dry in air,
or sum, or by artificial means, as long as the temperature does
not exceed 60°C.

14.2.3 If the test specimen contains natural dry lumps, those
that are about ¥2 in. (12 mm) in diameter may be used in place
of the molded balls.

Note 11—The process of molding and drying usually produces higher
strengihs than are found in natural dry lunps of soil.

14.2.4 Test the strength of the dry balls or lumps by
crushing between the fingers. Note the strength as none, low,
medium, high, or very high in accorance with the criteria in
Table 8. If natural dry lumps are used, do not use the results of
any of the lumps that are found to contain particles of coarse
sand,

14.2.5 The presence of high-strength water-soluble cement-
ing materials, such as calcium carbonate, may cause excep-
tionally high dry strengths. The presence of calcium carbonate
can usually be detected from the intensity of the reaction with
dilute hydrochioric acid (see 10.6).

14.3 Dilatancy:

14.3.1 Froin the specimen, select enough material to mold
into a ball about ¥ in. (12 mum) in diameter. Mold the material,
adding water if necessary, until it has a soft, but not sticky,
consistency.

14.3.2 Smooth the soil ball in the palm of one hand with the
blade of a knife or small spatula. Shake horizontally, striking
the side of the hand vigorously against the other hand several
times. Note the reaction of water appearing on the surface of
the soil. Squeeze the sample by closing the hand or pinching
the soil between the fingers, and note the reaction as none,
slow, or rapid in accordance with the criteria in Table 9. The
reaction is the speed with which water appears while shaking,
and disappears while sgueezing.

14.4 Toughness:

14.4.1 Following the completion of the dilatancy test, the
test specimen is shaped into an elongated pat and rolled by
hand on a smooth surface or between the palms into a thread
about Vs in. (3 mm) in diameter. {If the sample is too wet to roll
easily, it should be spread into a thin layer and allowed to lose
some water by evaporation.) Fold the sample threads and reroll

TABLE 8 Criteria for Describing Dry Strength

Description Criteria

None The dry specimen crumbles into powder with mere pressure
of handling

Low The dry specimen crumblas into powder with some finger
presstire

Meadium The dry spacimen breaks Into pieces or crumbles with
considerable finger pressure

High The dry specimen cannot be broken with finger pressure.
Specimen will break intc pieces between thumb and a hard
surface

Very high The dry specimen cannot be broken between the thumb and a

hard surface

TABLE & Criteria for Describing Dilatancy

Description Criteria
None No visible change in the specimen
Slow Water appears slowly cn the surface of the speciman during
shaking and does not disappear or disappears slowly upon
squeszing
Rapid Walter appears guickly on the surface of the specimen during

shaking and disappears guickly upon squeezing

repeatedly until the thread crumbles at a diameter of about Y&
in, The thread will crumble at a diameter of ¥ in. when the soil
is near the plastic limit. Note the pressure required to roll the

" thread near the plastic limit. Also, note the strength of the

thread. After the thread crumbles, the pieces should be lumped
together and kneaded until the lump crumbles. Note the
toughness of the material during kneading.

14.4.2 Describe the toughness of the thread and lump as
low, medium, or high in accordance with the criteria in Table
10.

14.5 Plasticity—On the basis of observations made during
the toughness test, describe the plasticity of the material in
accordance with the criteria given in Table 11.

14.6 Decide whether the soil is an inorganic or an organic
fine-grained soil (see 14.8). If inorganic, follow the steps given
in 14.7.

14.7 Identification of Inorganic Fine-Grained Soils:

14.7.1 Identify the soil as a lean clay, CL, if the soil has
medium to high dry strength, no or slow dilatancy, and mediom
toughness and plasticity (see Table 12).

14.7.2 Identify the soil as a fat clay, CH, if the soil has high
to very high dry strength, no dilatancy, and high toughness and
plasticity (see Table 12).

14.7.3 Identify the soil as a silr, ML, if the soil has no to low
dry strength, slow to rapid dilatancy, and low toughness and
plasticity, or is nonplastic (see Table 12).

14.7.4 Identify the soil as an elastic silt, MH, if the soil has
low to medium dry strength, no to slow dilatancy, and low to
medium toughness and plasticity (see Table 12).

Note 12—These properties are similar to those for a lean clay.
However, the silt will dry quickly on the hand and have a smooth, silky
feel when dry. Some soils that would classify as MH in accordance with
the criterta in Test Method D 2487 are visually difficuit to distinguish from
Jean clays, CL. It may be necessary to perform laboratory testing for
proper identification.

14.8 Hdentification of Organic Fine-Grained Soils:

14.8.1 Identify the soil as an organic soil, OL/OH, if the soil
contains enough organic particles to influence the soil proper-
ties. Organic soils usually have a dark brown to black color and
may have an organic odor. Often, organic soils will change

TABLE 10 Criteria for Describing Toughness

Description Criteria

Low Only slight pressure is required to roll the thread near the
plastic limit. The thread and the lump are weak and soft

Medium Medium pressure is required to roll the thread to near the
plastic limit. The thread and the lump have medium stiffness

High Considerable pressure is required to roll the thread to near the
piastic Jimil, The thread and the {ump have very high
stiffress
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TABLE 11 Criteria for Describing Plasticity

Description Criteria

Nonplastic A Ve-in. {3-mm) thread cannot be rolfed at any water content

Low The thread can barely be rolled and ihe fump cannot be
formed when drier than the plastic limii

Medium The thread is easy 1o roll and not much time is required fo
reach the plastic limit. The thread cannot be rerolled after
reaching the plastic limit. The lump crumbles whan drier
than the plastic limit

High It takes considerable time rolling and kneading to reach the

plastic limit. The thread can be rerolled several times after
reaching the plastic limit. The lump can be formed without
crumizling when drier than the plastic limit

TABLE 12 I|dentification of Inorganic Fine-Grained Soils from
Manual Tesis

Soit

Symbo Dry Strength Dilatancy Toughness
ML None 1o low Slow ta rapid Low or thread cannot be
formed
CL Medium to high None to slow Medium
MH Low fo medium None to slow Low to medium
CH High to very high Mone High

color, for example, black to brown, when exposed to the air.
Some organic soils will lighten in color significantly when air
dried. Organic soils normally will not have a high toughness or
plasticity. The thread for the toughness test will be spongy.

Note 13—In some cases, throngh practice and experience, it may be
possible to further identify the organic soils as organic silts or organic
clays, OL or OH. Correlations between the dilatancy, dry strength,
toughness tests, and laboratory tests can be made to identify organic soils
in certain deposits of similar materials of known geologic origin.

149 If the soil is estimated to have 15 to 25 % sand or
gravel, or both, the words “with sand” or “with gravel”
(whichever is more predominant) shall be added to the group
name. For example: “lean clay with sand, CL” or “silt with
gravel, ML.” (see Fig. la and Fig. 1b). If the percentage of sand
is equal to the percentage of gravel, use “with sand.”

14,10 If the soil is estimated to have 30 % or more sand or
gravel, or both, the words “sandy” or “gravelly” shall be added
to the group name. Add the word “sandy” if there appears o be
more sand than gravel. Add the word “gravelly” if there
appears to be more gravel than sand. For example: “sandy lean
clay, CL”, “gravelly fat clay, CH”, or “sandy silt, ML” (see Fig.
la and Fig. 1b). If the percentage of sand is equal to the percent
of gravel, use “sandy.”

15. Procedure for Identifying Coarse-Grained Soils
(Contains less than 50 % fines)

15.1 The soil is a gravel if the percentage of gravel is
estimated to be more than the percentage of sand.

15.2 The soil is a sagnd if the percentage of gravel is
estimated to be equal to or less than the percentage of sand.

15.3 The soil is a clean gravel or clean sand if the
percentage of fines is estimated to be 5 % or less.

15.3.1 Identify the soil as a well-graded gravel, GW, oras a
well-graded sand, SW, if it has a wide range of particle sizes
and substantial amounts of the intermediate particle sizes.

15.3.2 Identify the soil as a poorly graded gravel, GP, or as
a poorly graded sand, SP, if it consists predominantly of one

size (uniformly graded), or it has a wide range of sizes with
some intermediate sizes obviously missing (gap or skip
praded).

15.4 The soil is either a gravel with fines or a sand with fines
if the percentage of fines is estimated to be 15 % or more.

15.4.1 Identify the soil as a clayey gravel, GC, or a clayey
sand, SC, if the fines are clayey as determined by the
procedures in Section 14.

15.4.2 Identify the soil as a silty gravel, GM, or a silty sand,
SM, if the fines are silty as determined by the procedures in
Section 14.

15.5 If the soil is estimated to contain 10 % fines, give the
soil a dual identification using two group symbols.

15.5.1 The first group symbol shall correspond to a clean
gravel or sand (GW, GP, SW, SP) and the second symbol shall
correspond to a gravel or sand with fines (GC, GM, SC, SM).

15.5.2 The group name shall correspond to the first group
symbol plus the words “with clay” or “with silt” to indicate the
plasticity characteristics of the fines. For example: “well-
graded gravel with clay, GW-GC” or “poorly graded sand with
silt, SP-SM” (see Fig. 2).

15.6 ¥ the specimen is predominantly sand or gravel but
contains an estimated 15 % or more of the other coarse-grained
constituent, the words “with gravel” or “with sand” shall be
added to the group name. For example: “poorly graded gravel
with sand, GP” or “clayey sand with gravel, SC” (see Fig. 2).

15.7 If the field sample contains any cobbles or boulders, or
both, the words “with cobbles” or “with cobbles and boulders”
shall be added to the group name. For example: “silty gravel
with cobbles, GM.”

16. Report
16.1 The report shall inciude the information as to origin,
and the items indicated in Table i3.

Note 14—Example: Clayey Gravel with Sand and Cobbles, GC—
Abont 50 % fine to coarse, subrounded to subangunlar gravel; about 3¢ %
fine to coarse, subrounded sand; about 20 % fines with medium plasticity,
high dry strength, no dilatancy, medium toughness; weak reaction with
HCl; original field sample had about 5% (by volume) subrousded
cobbles, maximum dimension, 150 mm.

In-Place Conditions—Firm, homogeneous, dty, brown

Geologic Interpretation—Alluvial fan

Note 15—Other examples of soil descriptions and identification are
given in Appendix X1 and Appendix X2.

Note 16—1If desired, the percentages of gravel, sand, and fines may be
stated in terms indicating a range of percentages, as follows:

Trace—Pariicles are present but estimated to be less than 5 %

Few—35t0 10 %

Little—1510 25 %

Some—30 to 45 %

Mostly—50 to 100 %

16.2 If, in the soil description, the soil is identified using a
classification group symbol and name as described in Test
Method D 2487, it must be distinctly and clearly stated in log
forms, summary tables, reports, and the like, that the symbol
and name are based on visual-manual procedures.

17. Precision and Bias

17.1 This practice provides qualitative information only,
therefore, a precision and bias statement is not applicable.
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TABLE 13 Checklist for Description of Soiis

. Group name

. Giroup symbol

. Perceni of cobbles or boulders, or both (by volume)

. Percent of gravel, sand, or fines, or all three (by dry weight)
. Parlicle-size range:

O A=

Gravel—fine, coarse
Sand—iine, medium, coarse
6. Particle angularity: angular, subangular, subrounded, rounded
7. Pariicle shape: {if appropriate) fiat, elengated, flat and elongated
8. Maximum particle size or dimension
9. Hardness of coarse sand and larger particles
10. Plasticity of fines: nonplastic, low, medium, high
11. Dry strength: none, low, medium, high, very high
12. Dilatancy: none, slow, rapid
13. Toughness: low, medium, high
14. Color (in moist congttion}
15. Cdor (mention only if organic or unusual)
16. Moisture: dry, meist, wet
17. Reaction with MCL none, weak, strong
For intact samples:
18, Consistency {fine-grained soils only): very sait, soft, firm, hard, very hard
19. Siructure: siratified, faminated, fissured, sfickensided, lensed, homo-
geneous
20. Cementation: weak, moderate, strong
21. Local name
22. Geologic interprefation
23. Additicnal comments: presence of roots or root holes, presence of mica,
gypsum, efc., surface coatings on coarse-grained particles, caving or
stoughing of auger hole or trench sides, difficulty in augering or excavating,
eic.

18. Keywords

18.1 classification; clay; gravel; organic soils; sand; silt; soil
classification; soil description; visual classification

APPENDIXES

(Nonmandatery Information)

X1, EXAMPLES OF VISUAL SOIL DESCRIPTIONS

X1.1 The following examples show how the information
required in 16.1 can be reported. The information that is
included in descriptions should be based on individual circum-
stances and need. '

X1.1.1 Well-Graded Gravel with Sand (GW)—About 73 %
fine to coarse, hard, subangular gravel; about 25 % fine to
coarse, hard, subangular sand; trace of fines; maximum size, 75
mimn, brown, dry; no reaction with HCL.

X1.1.2 Silty Sand with Gravel {SM}—About 60 % predomi-
nantly fine sand; about 25 % silty fines with low plasticity, low
dry strength, rapid dilatancy, and low toughness; about 15 %
fine, hard, subrounded gravel, a few gravel-size particles
fractured with hammer blow, maximum size, 25 mm; no
reaction with HCl (Note—Field sample size smaller than
recommended).

In-Place Conditions—¥irm, stratified and contains lenses of
silt 1 t0 2 in. (25 to 50 mm) thick, moist, brown to gray;
in-place density 106 Ib/fe*; in-place moisture 9 %.

X1.1.3 Organic Soil (OL/OH)—About 100 % fines with
low plasticity, slow dilatancy, low dry strength, and low
toughness; wet, dark brown, organic odor; weak reaction with
HCL

X1.1.4 Silty Sand with Organic Fines (SM)—About 75 %
fine to coarse, hard, subanguiar reddish sand; about 25 %
organic and silty dark brown nonplastic fines with no dry
strength and slow dilatancy; wet; maximum size, coarse sand;
weak reaction with HCL.

X1.1.5 Poorly Graded Gravel with Silt, Sand, Cobbles and
Boulders (GP-GM)—~About 75 % fine to coarse, hard, sub-
rounded to subangular gravel; about 15 % fine, hard, sub-
rounded to subangular sand; about 10 % silty nonplastic fines;
moist, brown; no reaction with HCL; original field sample had
about 5 % (by volume} hard, subrounded cobbles and a trace of
hard, subrounded boulders, with a maximum dimension of 18
in. (450 mm).
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X2. USING THE IDENTIFICATION PROCEDURE AS A DESCRIPTIVE SYSTEM FOR SHALE, CLAYSTONE,
SHELLS, SLAG, CRUSHED ROCK, AND THE LIKE

X2.1 The identification procedure may be used as a
descriptive system applied to materials that exist in-situ as
shale, claystone, sandstoné, silistone, mudstone, etc., but con-
vert to soils after field or laboratory processing (crushing,
slaking, and the like).

X2.2 Materials such as shells, crushed rock, slag, and the
like, should be identified as such. However, the procedures
used in this practice for describing the particle size and
plasticity characteristics may be used in the description of the
material. If desired, an identification using a group name and
symbol according to this practice may be assigned to aid in
describing the material.

X2.3 The group symbol(s) and group names should be
placed in quotation marks or noted with some type of distin-
guishing symbol. See examples.

X2.4 Examples of how group names and symbols can be
incororated into a descriptive system for materials that are not
naturally occurring soils are as follows:

X2.4.1 Shale Chunks—Retrieved as 2 to 4-in. {50 to 100-
mm} pieces of shale from power auger hole, dry, brown, no
reaction with HCL After slaking in water for 24 h, material
identified as “Sandy Lean Clay (CL)"; about 60 % fines with
medium plasticity, high dry strength, no dilatancy, and medinm

toughness; about 35 % fine to medium, hard sand; about 5 %

gravel-size pieces of shale.

X2.4.2 Crushed Sandstone—Product of commercial crush-
ing operation; “Poorly Graded Sand with Silt (SP-SM)”; about
90 % fine to medium sand; about 10 % nonplastic fines; dry,
reddish-brown.

X2.4.3 Broken Shells—About 60 % uniformly graded
gravel-size broken shells; about 30 % sand and sand-size shell
pieces; about 10 % nonplastic fines; “Poorly Graded Gravel
with Silt and Sand (GP-GM).”

X2.4.4 Crushed Rock—Processed from gravel and cobbles
in Pit No. 7; “Poorly Graded Gravel (GPY"; about 90 % [ine,
hard, angular gravel-size particles; about 10 % coarse, hard,
angular sand-size particles; dry, tan; no reaction with HCL

X3. SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS WITH TWO POSSIBLE
IDENTIFICATIONS.

X3.1 Since this practice is based on estimates of particle
size distribution and plasticity characteristics, it may be diffi-
cult fo clearly identify the soil as belonging to one category. To
indicate that the soil may fall into one of two possible basic
groups, a borderline symbol may be used with the two symbols
separated by a slash. For example: SC/CL or CL/CH.

X3.1.1 A borderline symbol may be used when the percent-
age of fines is estimated to be between 45 and 55 %. One
symbol should be for a coarse-grained soil with fines and the
other for a fine-grained soil. For example: GM/ML or CL/SC.

X3.1.2 A borderline symbol may be used when the percent-
age of sand and the percentage of gravel are estimated to be
about the same, For example: GP/SP, SC/GC, GM/SM. It is
practically impossible to have a soil that would have a
borderline symbol of GW/SW.

X3.1.3 A borderline symbol may be used when the soil
could be either well graded or poorly graded. For example:
GW/GP, SW/SP.

X3.1.4 A borderline symbol may be used when the soil
could either be a silt or a clay. For example: CL/ML, CH/MH,
SC/SM.

X3.1.5 A borderline symbol may be used when a fine-
grained soil has properties that indicate that it is at the
boundary between a soil of low compressibility and a soil of
high compressibility. For example: CL/CH, MH/ML.

X3.2 The order of the borderline symbols should reflect
similarity to swrrounding or adjacent soils. For example: soils
in a borrow area have been identified as CH. One sample is
considered to have a borderline symbol of CL and CH. To
show similarity, the borderline symbol should be CH/CL.

X3.3 The group name for a soil with a borderline symbol
should be the group name for the first symbol, except for:
CL/CH lean to fat clay
ML/CL clayey silt
CL/ML silty clay

X3.4 The use of a borderline symbol should not be nsed
indiscriminately. Every effort shall be made to first place the
soil into a single group.
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4l D 2488 - 06

X4, SUGGESTED PROCEDURES FOR ESTIMATING THE PERCENTAGES OF GRAVEL, SAND,
AND FINES IN A SOIL SAMPLE

X4.1 Jar Method——The relative percentage of coarse- and
fine-grained material may be estimated by thoroughly shaking
a mixture of soil and water in a test tube or jar, and then
allowing the mixture to seitle. The coarse particles will fall to
the bottom and successively finer particles will be deposited
with increasing time; the sand sizes will fall out of suspension
in 20 to 30 s. The relative proportions can be estimated from
the relative volume of each size separate. This method should
be correlated to particle-size laboratory determinations.

X4.2 Visual Method—Mentally visunalize the gravel size
particles placed in a sack (or other container) or sacks. Then,
do the same with the sand size particles and the fines. Then,
mentally compare the number of sacks to estimate the percent-
age of plus No, 4 sieve size and minus No. 4 sieve size present.

The percentages of sand and fines in the minus sicve size No.
4 material can then be estimated from the wash test (X4.3).

X4.3  Wash Test (for relative percentages of sand and
fines)—Select and moisten enough minus No. 4 sieve size
material to form a 1-in (25-mm) cube of soil. Cut the cube in
half, set one-half to the side, and place the other half in a small
dish. Wash and decant the fines out of the material in the dish
until the wash water is clear and then compare the two samples
and estimate the percentage of sand and fines. Remember that
the percentage is based on weight, not volume. However, the
volume comparison will provide a reasonable indication of
grain size percentages.

X4.3.1 While washing, it may be necessary to break down
lamps of fines with the finger to get the correct percentages.

X5, ABBREVIATED SOIL CLASSIFICATION SYMBOLS

X5.1 In some cases, because of lack of space, an abbrevi-
ated system may be useful to indicate the soil classification
symbol and name. Examples of such cases would be graphical
logs, databases, tables, etc.

X5.2 This abbreviated system is not a substitute for the full
name and descriptive information but can be used in supple-
mentary presentations when the complete description is refer-
enced.

X5.3 The abbreviated system should consist of the soil
classification symbol based on this standard with appropriate
lower case letter prefixes and suffixes as:

Prefix: Suffex:
s = sandy 5 = with sand
Q = gravefy g =with gravel

¢ = with cobbles
b = with boulders

X5.4 The soil classification symbol is to be enclosed in
parenthesis. Some examples would be:

Group Symbol and Full Name Abbreviated
Ci, Sarndy lean clay s(CL)
SP-SM, Poorly graded sand with silt and gravel {SP-8M)g
GP, poorly graded gravel with sand, cobbles, and {GP)scb
boulders

ML, gravelly silt with sand and cobbles giddL)sc

SUMMARY OF CHANGES

In accordance with Committee D18 policy, this section identifies the location of changes to this standard since
the last edition (2000) that may impact the use of this standard.

(1) Revised footnote numbering in Reference Section.

(2) Revised classification example in X2.4.2 and X2.4.3.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any jlem mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk

of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Internaticnal Headquarters. Your comments will receive careful consideration at a meeting of the
rasponsible technical commitiee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM imtemational, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2059,
United States. individual reprints {single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at B10-832-9585 (phone), 510-832-9555 {fax), or service@astm.org {e-mall); or ihrough the ASTM website

fwww.astm.org).
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STANDARD OPERATING PROCEDURE
SONIC DRILLING
SOP 7

This standard operating procedure (SOP) describes procedures for sonic drilling soil
‘borings, soil sampling, and monitoring well installation. Because each site is unique,
these procedures should be viewed as guidelines and will likely require modification
based on site and subsurface conditions present.

This SOP is intended as an overview and description of techniques for field personnel
overseeing sonic drilling projects, and is not intended to guide subcontract drilling
personnel in specific drilling techniques.

SONIC DRILLING OVERVIEW

Sonic drilling consists of a dual-cased system that uses high frequency mechanical
vibration to collect intact, minimally disturbed continuous core soil samples, and to
advance drill casing into the ground for well construction. The sonic drilling system may
also utilize low speed rotational motion along with down-pressure to advance the drill bit.
Sonic drilling is also referred to as Rotasonic, Rotosonic, Sonicore, Vibratory, and
Resonantsonic drilling.

Advantage of using sonic drilling are that it provides a unique combination of low
disturbance, large diameter continuous cores, high soil sample quality, and relatively fast
drilling rates in deep gravel conditions. The outer casing prevents cross-contamination
when drilling through contaminated zones or multiple aquifers. Sonic drilling also
generates as much as 50% less investigation-derived waste soil cuttings compared to
other common drilling methods.

The core barrel and drill rods are equipped with right hand threads and are rotated in a
clockwise direction. The outer casing is equipped with left hand threads and is rotated in
a counter-clockwise direction during drilling. In this manner, the core barrel and drill rods
are not unscrewed as the outer casing is advanced.

Sonic Drilling Procedures

Down-hole drill tools and samplers will be steam-cleaned prior to arrival onsite and
between each borehole location to minimize the potential for cross-contamination
between borehole. Either a temporary decontamination pad will be constructed or a self-
contained steam cleaning trailer will be used for steam cleaning the drilling tools and
downhole equipment. All IDW generated during drilling, sampling, and decontamination
will be containerized until characterized for disposal.

During drilling, the inner drill rods and core barrel may be advanced ahead of the outer
casing to obtain a relatively undisturbed core sample. While drilling fluids (air or water)
are occasionally used with sonic drilling, for environmental applications it is generally
preferable not to add drilling fluids to the formation.

Soil samples are be collected and logged on a continuous basis during drilling as
described below. Drill cuttings will be observed by the field geologist and each borehole
will be logged in general accordance with ASTM D 2488, as described in the soil logging
SOP (SOP 1),

In general, soil samples are recovered if possible using a ten-foot long, four-inch
diameter core barrel advanced during drilling to yield a continuous core. The sample
core may be extruded directly from the core barrel into a plastic sleeve, or onio a
sampling table for observation. Samples may be collected with clear plastic or stainless
stee! liners placed inside the core barrel. Each ten-foot long core section will typically be
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subdivided into shorter sections placed in new clear plastic bags, and laid out in
sequence for logging. A geologist will visually inspect all recovered samples, and
perform any required field screening and sample collection.

Upon drilling completion, the boring will be abandoned by pumping full of bentonite
grout, with an asphalt or concrete surface patch placed at the surface. Refer to the
sampling and analysis plan (SAP) and Work Plan for details of the soil boring, including
sample depth, boring total depth, and media analytical testing.

Telescoped Drilling

In order to isolate any potentially contaminated shallow groundwater, an oversized steel
transmission casing can be installed from the ground surface, penetrating five to ten feet
(or another appropriate distance) into the water table. A bentonite seal can be placed
inside the base of the casing, and drilling continued using smaller-diameter steel casing.
The temporary steel transmission casings can then be removed during monitoring well
construction. This “telescoping” method is an industry standard protection for drilling
through contaminated or potentially-contaminated aquifers. Once drilling reaches the
desired depth, the drill bit is removed from the boring, the conductor casing backed out
of the hole approximately two feet, and high density bentonite grout is placed in the
bottom of the borehole and mechanically pushed info the borehole, forcing it laterally into
the surrounding soil formation and outside the conductor casing annulus. Then a
smaller diameter drill casing is used to drill the deeper borehole. As the monitoring well
is constructed, the drill string is backed out of the hole and sealed above the well's
screened interval using pressurized bentonite grout below the water table. If no
monitoring well is to be installed in the boring, the boring will be pumped full of bentonite
grout as describe above.

Typical Well Installation Procedures
Welis are typically constructed as described below:

s Depending on the well location and depth, the sand filter pack will be installed by
manually pouring sand from the ground surface as described below. The sand
level will be measured with a stainless stee! weighted tape during placement to
detect bridging.

= The well casing will be surged and/or bailed with a clean surge block, stainless
steel bailer, or submersible pump during placement of the sand pack and prior to
the placement of bentonite in order fo settle the sand pack. Sand pack
settlement will be monitored by sounding until no further settlement is observed.
Sand will be placed to one foot above the screen to prevent bentonite migration
into the screen.

m  After surging and confirming that the top of the sand pack reaches one foot
above the top of the screen, bentonite will be installed to a depth of
approximately one-foot below ground surface (bgs).

s The top of the well casing will be cut uniform and flat such that it is at a depth
just below grade. A file will be used to cut a “reference mark” on the outside of

the weli casing.

= A protective monument will be installed flush to grade and the well casing will be
furnished with a locking cap.

®  Upon compietion, the total depth of the well will be sounded such that
construction details can be recorded to 0.01-foot accuracy. Total depth (length)
of well, sump interval, screen intervals, and top of well below grade wili be
calculated and recorded. The top of the flush monument will represent ground
datum unless a monument is set next to the well completion.
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» Well logs and drilling reports will be furnished to the appropriate reguiatory
agency as required under state law.

* All information regarding soil conditions encountered in the boreholes and well
construction details will be recorded on the Soil Borehole Log Form as described
in SOP 1 (Logging of Soil Boreholes).
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APPENDIX B

BORING AND SVE WELL CONSTRUCTION LOGS



1 LOCATION MAP B=7/VM-2 r—
1043 WELL/BORING NUMBER [B-5/\VM-3
-13
PNG ENVIRONMENTAL, INC.|d 524 B-sgn—agw_j T
6665 SW Hampton, Suite 101 2 B “p-o
Tigard, Oregon 97223 A Forner + PROJECT NAME: Plaid # 324
TEL (503) 620-2387 Excavetion B0 | PROJECT NUMBER: 1133 )
FAX (503} 620-2977 4 5 LOCATION: West Seattle, Washington
(503) B B-11 t | LOGGED BY: Dan Becraft
- [ REVIEWED BY: Paul Ecker
N DATE: 7/16/08
SAMPLE INFORMATION § {uscs cgsEni?;gnRgflligﬂai Color, BOREHOLE/WELL
savpisl BLow oals | EE gRgr sl smaa| S Grain Sics, Plasticly. Shapes. Mineral CONSTRUCTION DETAIL
PID Firgt s he 28 Y 2 2 Size, Density or Consistency, Moistura,
TYPE |COUNTS 1 (pem) Wala - af BSGZ o Odor, Geological interpretalion)
Asphait . Concrete— =38
XXX GP SANDY GRAVEL (GP), brown, subrounded to 2/8" Bentonite Chips —gg
> 2-inch diameter, fine and medium grained sand, # 10 x 20 Sand Pack — =
ateba et occasional cobble, some fines, dry. 2.Inch Diarmetel ¢ 2Z-Inth Diameter
452 XXX Sch 40 BVC Expanding Gaske
ey SM SILTY SAND (SM), gray, fine grained,dry, staining Caslng Locking Well Cap,
ca and hydrocarbon ador. gczrg;i'“‘ well
G 479 B-5@4' 24 “ SM-ML | Increasing silt cantent (SM-ML), moist
5_ : 3/8* Bentonite Chips
159
G B-5@7' 3
@ 7.5 f= color charge to brown.
6.1
10 2
% GP | SANDY GRAVEL (GP), brown, gravel subraunded
16 RS ta 2-inch diameter, fine-medium grained sand, dry.
R
G B-5@12 22 : Between 12 and 15 ft; higher sand content (GP-SP),
13.8
ajelsseyetel
15 n'-"n"x b
13
SIS
G B-5@17' B4 5
21 " SP SAND (SP), brown, medium grained, mojst-damp,
. o GP As Above.
20 2 .
S Between 20 and 25 ft: high coarse grained sand
9.2 SRS cantent,
G B-5@22' B R
28 st
251 o Between 25 and 27 fi: high medium sand content ,
X S o
0.5 I.I'I~I -z
G B-5@28" 5 e,
0 %
301
6.0 =
A N X
8.5
G B-5@34' o Between 34 and 36 ft; high medium sand content .
35

DRILLING CONTRACTOR: Boart-Longyear
DRILLING METHOD: Sonic

SAMPLING METHOD: Confinuous Core
DRILLING START TIME:2:45

DRILLING END TIME:4:30

WELL |.D.: BAJ208 TIME

DATE




) LOCATIONMAP o e og /—
514459 WELL/BORING NUMBER [B-5/\/M-3
PNG ENviROMYENTAL, INC. | 524 23403 [T R
6665 SW Hampton, Suite 101 k! 5 B-9
Tigard, Oregon 97223 = "";;"S"'TE" + PROJECT NAME: Plaid # 324
TEL (503) 620-2387 Excavation B | PROJECT NUMBER: 1133 .
FAX (503) 620-2977 4 3 LOCATION: West Seattle, Washington
311 s | LOGGED BY: Dan Becraft
— & | REVIEWED BY: Paul Ecker
N DATE: 7/16/08
SAMPLE INFORMATON £ | (s0s cimtonn b s, ol BOREHOLE/WELL
samPLE| BLOW FID Firet e %g Qg%gﬁ STRATA = Grain Sizs, P!asticity,’_Sh;pes, Minersl CONSTRUCTION DETAIL
el | €| e MET | B SREE R 8 | S5 Nenaly or Condatency, Molshre
38 S GP SANDY GRAVEL (GP), continued
R Between 37 ft and 40 ft.cemented sand clasts,
X A friable, dry. 3/8" Bentonite Chips
s
6 38 p5@ss| iR
40
Total Boring Depth - 40°
457
S04
554
60+
65
70
DRILLING CONTRACTOR: Boart-Longyear WELL 1.D.; BAJ208 TIME DATE DTW
DRILLENG METHOD: Scnic
SAMPLING METHQOD: Continuous Core
DRILLING START TIME:2:45
DRILLING END TIME:4:30




- LOCATION MAP B-7/VM-E /‘ .
314430 WELL/BORING NUMBER [ B-§
PNG Envirommeniat, We.|d — »e+ B-sgwrs%w*_ i P
6665 SW Hampton, Suite 101 i} e B9
Tigard, Oregon 97223 5 Forner + PROJECT NAME: Plaid # 324
TEL (503) 620-2387 Excavation B0 | PROJECT NUMBER: 1133 ]
FAX (503) 620-2977 rs g LOCATION: West Seattle, Washington
B-U £ | LOGGED BY: Dan Bacraft
— o | REVIEWED BY: Paul Ecker
N DATE: 7/17/08
SAMPLE INFORMATION w DESCRIPTION BOREHOLE/WELL
T = USCS Classification, Depth Interval, Color,
s won | oo | L] B |EE B z|omem | £ | GoRSCERRRE S CONSTRUCTION DETAIL
e [conts || piE S5 |z B8R Y B | e Densiyor Consisioncy, Mosture
Asphalt Concren
GP SRDY GRAVEL (GP}, brown, subreunded to
2Z-inch diameter, fine and medium grained sand,
193 accasional cobble, some fines, dry. . ] !
SILTY SAND {SM) brown, medium grained, mokst, | o Derente Chips e e
) Locking Welt C:
Betwaen 3ft and 5ftz gray staining/discoloration, g;';‘”ﬁ‘oﬁ’,'f,’g”' T
, nydrocarbon odor. Casing < “
G 800 B-6@4 28 # 10 x 20 Sand Pack ——m] - L S ftees
5_ 2-Inch Ciameter™="" 7
Sch 40 PVG
505 ?&Eﬁiﬂf foted ﬁgfmen
Tolel Depth 8 1t i 751 bgs
) i
53 B-8@9' 38" B e S cao
- on) * Bentonite Chips
G 10 GF | CRAVEL(GF) A
Tatal Boring Depih 10 ft
15
20
25
30
35
DRILLING CONTRACTOR: Boart-Longyear WELL 1.D.: BAJ211 TIME DATE DTW
DRILLING METHOD: Sonic
SAMPLING METHOD: Cortinuous Core
DRILLING START TIME:11:10
DRILLING END TIME:12:15




— LOCATION MAP BTN
 p14gBE WELL/BORING NUMBER | B-7/\/M-2
PNG ENviIROMMENTAL INC.|d s+ ng—3§;j 2
6665 SW Hampton, Suite 101 ] B TB-g
Tigard, Oregon 97223 2 Forner + PROJECT NAME: Plaid # 324
TEL (503) 620-2387 Excavation 0| PROJECT NUMBER: 1133 )
FAX (503) 620-2077 + x5 LOCATION: West Seattle, Washington
(503) 620~ B-11 £ | LOGGED BY: Dan Becratt
- = | REVIEWED BY: Pau! Ecker
N DATE: 7/16/08
SAVPLE RFORMATN E | wscs chaiimser bigh ot cor BOREHOLE/WELL
sPE| Biow | oo | soiibLe | B2 §§ R Ll Gain Size, P|as.f(i:city,'_Shapes.mI Mi_nter'al ' CONSTRUCTION DETAIL
TYPE |COUNTS |wom)] |wais| LD, | BB 3855 8 @ Oior, Gl interpetstant o
Asphait Concrek 55
SM-ML | SILTY SAND-SANDY SILT {SM-ML}, brown, fine to [/s* Bentonite Chips =
medium grained,occasional gravel, dry, b 10 % 20 Sand Pack —g
@2.5 f: moist. 2.Inch Diametel% 2-Jnth Dlameler
5.3 Sch 40 PVC Expanding Gaske|
Casing t.ocking Well Cap
&20-Siotwel
5.6 Screen
G B-7@4 o =5 @5 ft: gray, hydrocarbon odor. 3/ Bentonite CHips
Between 8 and 7 fi: staining
427
& B7@8 = k ML-SM| Increasing silt content: (ML-SM}.
493 :
104
6 3.9 B7@17 = T @1 fr cry.
45 SAND (SP), brown, medium grained some coarsa
) sand, moist.
15
SANDY GRAVEL (GP), brown, gravel subangutar to
0.9 subrounded to 3-inch diameter, fine-medium
% : grained sand, occational cobble, moist.
R
o3
D .III A X
G B-7@19" i s As Above.
20
2 Between 20 and 25 ft: high coarse grained sand
G 8.1 B-7@21 & content.
3.0 5 2%
257 ] Between 25 and 27 f: high medium sand content .
G 12 B-7@26" e
M
34 sy
X 0 .I.
25 304
2525050
39
G B-7@34" 33 e, Between 34 and 36 fi: high medium sand content .
35 ‘I X
DRILLING CONTRACTOR: Beart-Longyear WELL 1.D.: BAJ2G7 TIME DATE HTW

DRILLING METHOD: Sonic

SAMPLING METHOD: Continucus Core
DRILLING START TIME: 11:20
DRILLING END TIME: 1:00




I LOCATION MAP 3—7/vn-a¢ (/"
: ey bS] WELL/BORING NUMBER [B-7/\VM-2
PNG ENviRONMENTAL INC. g w2+ 35403y [T PR EeT2
6665 SW Hampton, Suite 101 £ B p-o
Tigard, Oregon 97223 Ei F"J‘s“.re" + PROJECT NAME: Plaid # 324
TEL (503) 620-2387 Excavation “B-10 | PROJECT NUMBER: 1133 .
FAX (503) 820-2977 + & | LOCATION: West Seattle, Washington
(503) B-t] £| LOGGED BY: Dan Becraft
— & | REVIEWED BY: Paul Ecker
N DATE: 7/16/08
SR o £ | usos cinmioaion Do isana o BOREHOLE/WELL
SAMPLE| BLOW ) oee | BB Qgééﬁ STRATA = Grain Size, Plasﬁcity.'.Shappes, Mineral CONSTRUCTION DETAIL
Tvee |counts |gem| | W o0 | BB BB @ Sé%g'rngcﬁ?gﬁ;ﬁﬁ?esmlsgg?gémmmm'
3.9 SR GP | SANDY GRAVEL (GP), continued
. 2 ::.:."'
3, ‘n.nln 3i8” Bantenlte Chips
G a7 B-7@3¢ 53 ] @ 39 frcemented sand clasts, friable, dry.
40 :
Total Boring Depth - 40
45
S04
551
60
651
70
DRILLING CONTRACTOR:Beart-Longyear WELL 1.D.: BAJ2QY TIME DATE DTW
DRILLING METHCD: Sanic
SAMPLING METHOD: Continuous Core
DRILLING START TIME:11:20
DRILLING END TIME:1:0C




- LOCATIONMAP + =
314450 WELL/BORING NUMBER [ B-8
' 4+3-13
PNG EnvironmeniAL, IVC. | Bie4 B4y ) Page o0
6665 SW Hampton, Suite 101 5' B6 B9
Tigard, Oregon 97223 z Farner - PROJECT NAME: Plaid # 324
TEL (503) 620-2387 Excavation 0 PROJECT NUMBER: 1133 )
EFAX (503) 620-2977 + 5 LOCATION: West Seattle, Washington
(603) 620- B-11 £ | LOGGED BY: Dan Becraft
= = | REVIEWED BY: Paul Ecker
N DATE: 7M17/08
SAMPLE INFORMATION g USCS CI{)EIFSE:RIIDEEJTCI)N 1, Color, BOREHOLE/WELL
assification, nterval, )
sampie| Biow | pio | samE |ES 22 a2 # | STRATA 3 Srain Size, Plasﬂcity,_Sh;pes. Minaral CONSTRUCTION DETAIL
TVPE |counts | dam| |Wee 1D |9 3d3e D @ §ize, Density or Consistency, Moisture,
Asphalt Concrete
RN 5p | SANDY GRAVEL (GP}, brown, subrounded to P
2-inch diameter, fine and medium grained sand, ¥ 7
45 accasicnal cobble, seme fines, dry. % ;
X 3/8" Bentonlte Chips % é:nchdpramgt:;e
SILTY SAND to SANDY SILT (3M-ML] brown, fine % Logking voei cap
to medium grained, gravels subrounded to 1-inch éi:?u?,':’gete’ :/,
diameter, molst. py Z
4 . 7
7
5+ ) %
2-Inch Diameter’ . S5tbgs
P Sch 40 PVC 53] K
. @ 6 fi: cofor change fo gray, some staining,
G 369 B-3@¢"' o3 hydrocarbon odar. 3@2?;{’5'2}2;5 fotied et Sereen
Interval
# 10 x 20 Sand Pack ——=t 7!
391 Tolal Deptn & ft . : 8.5t bgs
) B-3@9' 5ol 318" Bentonlte Ch L/ 2-nch Dlarater
G 8@ 1 0_ antonila Chips A_Eﬁ'&‘&';"’c
Tatal Bering Depth 10
15
20
25
30
35
DRILLING CONTRACTOR: Boart-L.ongyear WELL 1.D.: BAJ212 TIME DATE DTW
DRILLING METHOCD: Sanic
SAMPLING METHOD: Continuous Core
DRILEING START TIME: 2:00
DRILLING END TIME:2:40




 LOCATIONMAP =
| g2 | WELL/BORING NUMBER [ B-9
PNG EnvvirommeNTAL, IVC. B2 4 B-SI;VH-S%W_E B
6665 SW Hampton, Suite 101 i) ES 39
Tigard, Oregon 97223 = Forner + PROJECT NAME: Plaid # 324
TEL (503) 620-2387 Excavation B-18 PROJECT NUMBER: 1133 .
FAX (503) 620-2977 + _§ LOCATION: West Seattle, Washington
B-L $ | LOGGED BY: Dan Becraft
— £ | REVIEWED BY: Paul Ecker
N DATE: 7/17/08
SAVPLE TFORMATION E | uscs chaiioti oot i, S, BOREHOLE/WELL
sawpte] oW | po | | rea| seibe |ES BoEE 5| SRATA o rain Size, Plasiicity, Shaps, Minersl CONSTRUCTION DETAIL
el |am| (| S | i G B | Sty otorseng Mo,
Aspbalt Conorat
GP SANDY GRAVEL {GF), brown, subrounded io
2-inch diameter, fine and medium grained sand,
occasional cobbie, some fines, dry. ) o 4 _

351 SILTY SAND 1o SANDY SILT (GNHWL) brown, e | 0 Cenionie Chies e ke
to medium grained, gravels subrounded tc 1-inch Locking Well Cap
diameter, maist.

519 @ 4 fi: hydrocarbon odor. 2-inch Diameter

Sch 40 PVC
G B-9@5 5 02! C;sing
130
75ftbhgs
2-Inch Dizmeter— { T
Seh 40 PVC
g . o 0.020-Inch Slo
s 650 B9@10 oh Sarean | o
107 # 10 % 20 Sand Pack —rset )
509 : _}_
- Total Depth 12 7t -~ 115 ftbgs
G . B-2@12 e b Q Zinch Dlameer
SAND (SP), brown, fine to medium grained, some 7/ End Cap
35 gravel, no odor, dry. 8" Bentonite Chips—'/
G B-9@14' tH /
15] 4
Total Boring Depth 157
20
25
30
325
DRILLING CONTRACTOR: Boart-Longysar WELL 1.D.: BAJZ214 TIME DATE DTW
DRILLING METHOD: Sonic
SAMPLING METHOD: Confinuous Core
DRILLING START TIME:5:00
DRILLING END HIME:5:50




= LOCATION MAP B-?/VM—E# /-
p14439 WELL/BORING NUMBER [ B-10
43813
PNG ENvirOMENTAL INC.|{ e+ >34y ) Pege 72
6665 SW Hampton, Suite 101 ] B B-g
Tigard, Oregon 97223 £ F%@Ter + PROJECT NAME: Plaid # 324
TEL {503) 620-2387 Excavation B0 | PROJECT NUMBER: 1433 )
FAX (503) 620-2977 + 8| LOCATION: West Seattle, Washington
{503) Bl £| LOGGED BY: Dan Becraft
- & | REVIEWED BY: Paul Ecker
N DATE: 7/15/08 - 7/16/08
SAMPLE INFORMATION E (USCS CIaDS:sEﬁf;So;?I!)E:JIIIEeEaI Coor, BOREHOLE/WELL
= i \ ! \
sawpe] mow | pp | |eed siime |EE Q% g5 uf smama b 5 Grain Size, Plastigity, Shapes, Mineral CONSTRUCTION DETAIL
e |cours || (e S5 (B §AEE G B | S Dersiyor Condisoncy, o
Asphalt Concrek
IML-SM | SANDY SILT to SILTY SAND (ML-SM).gray, fine to
fine, medium and coarse grained sand,occasionat
gravel, moist. 3/8" Bentariite Ghips 2-Inch Diameter
Expanding Gaske;
@4 fi: color change to brown. 2-nch Diameter Locking Well Gap
Sch 40 PVC
. - Caslng
6 B-10@4 2 # 10 x 20 Sand Pack 48 ftbgs
5_ 2-Inch Diameter’
Sch 40 PYC Well Screen
G B-10@6 23 0.020inch Sttied Intarva
Total Depth 8 ft 7.6 ftbgs
-Inch Diameter
ch 40 PVC
nd Cap
As Above
G s-10@10] 1088
3/8" Bentonite Chips
G B-10@14.9 ¢ ¢ F As Abave.
GP GRAVEL (GP)
SP SAND {SP), brown, medium grained some coarse
G B-10@19/ 2 GP-GM] SANDY GRAVEL (GP), brown, gravel subangular to
subrounded 1o 3-inch diameter, fine-madium
204 grained sand, some siit, occasional cobbla, molst.
@20 it no fines, dry.
G
I. x
Sapelersres
Ag Above.
B-10@ 25 2 Casing bound up in boring, only 3 ft of core
20'-30 removed fram between 20 ft and 30f. Logation of
sample from within 10 ftinterval Is unknown.
Stopped drilling for day, resumed drilling or July %6,
2008.
il
eavtsTanerel
G B-10@31' B
¥ As Above.
5 S
35 &
DRILLING CONTRACTOR: Boark-Longyear WELL L.D.: BAJ206 TIME ~ DATE DTW
DRILLING METHOD: Sonic
SAMPLING METHOD: Continucus Core
DRH.LING START TiIME:9:20
DRILLING END TIME:1:00




= LOCATION MAP B-?/VM-E: f/—'
3-14.4.5°6 WELL/BORING NUMBER B-10
PNG ENvRONMENTAL, INC.|] s+ B'Sf”gv.t: 13 L
8665 SW Hampton, Suite 101 i B*6 B9
Tigard, Oregon 97223 2 Forner + PROJECT NAME: Ptaid # 324
TEL (503) 620-2387 Excavation B-10 | PROJECT NUMBER: 1133 ]
FAX (503) 620-2077 4+ ] LOCATION: West Seattle, Washington
B-1 < | LOGGED BY: Dan Becraft
= | REVIEWED BY: Paul Ecker
N DATE: 7/15/08 and 7/16/08
SAVIPLE ITFORMATION E | scs Co b ol Col BOREHOLE/WELL
LAE Zgubud #| strama o Grain Size, Plasticity, Shapas, Mineral CONSTRUCTION DETAIL
| || ey TV [REsiSE R B | Spony or Contseney o,
3.8 : GP SANDY GRAVEL (GP), continued
378" Bentonite Chips
Belween 38.5 f and 40 ftecemented sand clasts,
G 38 B-10@39.5 [ frable, y.
40 s
Total Boring Depth - 40
45
50
5.5
60+
65
70

DRILLING METHOD: Sonic

DRILLING START TIME:2:45
DRILLING END TIME:4:30

DRILLING CONTRACTOR: Bearl-Longyear

SAMPLING METHOD: Continuous Core

WELL LD.: BAJ208

TIME DATE DTW




DRILLING CONTRACTOR: Boart-Longyear
DRILLING METHOD: Sonic

SAMPLING METHOD: Continuous Core
DRILLING START TIME: 8:30

DRILLING END TIME:10:40

WELL 1.D.: BAJZ210

— LOCATION MAP B—7/VH-2¢ (-\
314458 WELL/BORING NUMBER [ B-11
PNG ENVIROMUENTAL, IVC.|d 312+ ages e m—rer
6665 SW Hampton, Suite 101 c} B “p-g
Tigard, Oregon 97223 A Forner + PROJECT NAME: Plaid # 324
TEL (503) 620-238 Excavatl B-10 PROJECT NUMBER: 1133
FAX ((503) 620-29777 m;- 5| LOCATION: West Seattle, Washington
) -1 £ | LOGGED BY: Dan Becraft
— z | REVIEWED BY: Paul Ecker
N DATE: 7/17/08
SAMPLE ENFORMATION z 2 g {USCS ngffa%i{!)iyhllgewal Color BOREHOLEIWELL
SAMPLE; BLOW PID First SAII-\AAE?LE EE §§ g2 £ osTRATA 2 Grain Size, Plasticity, Shapes, Mineral CONSTRUCTION DETAIL
e Jooovts |G| (A V5" |Be E3E Y B | Sz Dondlyor Gondeteny, Moisure
Asphalt, Cencrets
0 ap SANDY GRAVEL {GF), brown, subrounded to oo
5 2-inch dlametar, fine and medium grained sand, ://‘ ¥
X occasional cobble, seme fines, dry. ) / _
3/8" Bentonlte Chips % 2-Inch E_)[arneter
0.2 SAND (BACKFILL) (SP), brown, fine to medium % Expanding Gaske
grained, some gravel, ne oder, dry. é Locking Well Cap
. 7
04 @4 1 hydrocarbon odor. 2.inch Dlamete ////.
Sch 40 PVC %
5 Casing %
7
0.6 é
~Inch Di
v Z
gz Saes
710 %20 Sand Pack —md Sereen lnterval
08 Total Depth 10 fl_____ 9,5 ft bys
1 D- 24nch Dlamster
Total Boring Depth 10 ft Sch 40 PVC
End Cap
15
20
25
30
35
TIME DATE DTW




I LOCATION MAP B—?/VM—-Ei /~
p14438 WELL/BORING NUMBER [ B-12
B-13
PNG ENVIROMMENTAL, INC.|d s+ i P el
6665 SW Hampton, Suite 101 = B -9
Tigard, Oregon Q7223 E F"-"_';S’}IF"' + PROJECT NAME: Plaid # 324
TEL (503) 620-2387 Excavation B0 | PROJECT NUMBER: 1133 )
FAX {503) 620-2977 I LOCATION: West Seatfle, Washington
(503) 620- B-1i £| LOGGED BY: Dan Becraft
& | REVIEWED BY: Paul Ecker
N DATE: 7/17/08
SAMPLE INFORMATION E (USCS Cagﬁgﬁﬁéfgi—llmoteﬁaf Color, BOREHOLE/WELL
SAMPLE| BLOW oD ot SAIi:IAF?LE EE §§ ug F| sTRATA 2 Grain Size, Plasticity, Shapes, Minaral CONSTRUCTION DETAIL
TYPE |COUNTS | {ppm} Wale 1.D. wa 29 ?_‘E o 5} %‘ES; DGeen;ﬂy; ;h%raﬁ%?esjlsg}grglémmsmm’
Asphalt Cancrete
GP SANDY GRAVEL {GP), brown, subrounded to
e 2-inch diamneter, fine and medium grained sand,
oo occasicnal cobble, some fines, dry.
518" Bentonite Chips 2-Inch Diameter
11.9 Expa.nding Gaske|
SM | SILTY SAND to SANDY ST (SM-ML), gray, fine fo 2-Inch Diameter Locking Well Cap
meadium grained, gravel subangular to subrounded g;zi:g pve
G 775 B-12@4 =] :ﬂ;:{lch diameter, hydrocarbon odor, discoloration, #1020 Sand Pack 45 Mbgs
5 g:;ﬁaolgsrgeter Screen Interval
0.020-inct: Stotted
10.1 Weli Screen & ftbgs
: GP__| SANDY GRAVEL (OP), As Above Total Deplh 6.5 & g Semeter
SM | SILTY SAND (SM), As Above End Cap
G B-12@8' 52! GP SANDY GRAVEL (GP), As Above 318" Bentanite Chips
9.5 1 G Total Boring Depth S f
15
20
25
30
35
DRILLING CONTRACTOR: Boart-Longyear WELL LD BAJ209 TIME DATE DTW
DRIELING METHOD: Sonic
SAMPLING METHOD: Continuous Core
DRILLING START TIME:8;40
DRILLING END TIME:9:20




Iy LOCATION MAF B-7/uM-2 /ﬂ
514458 WELL/BORING NUMBER [ B-13
PNG EnvvironsenNTAL, ING, | P24 B—sg\:m—a :: -13 P T
. & =
6665 SW Hampton, Suite 101 = B6 B
Tigard, Oregon 97223 = Forner + PROJEGCT NAME: Plaid # 324
TEL {503) 620-2387 Excavation 340 [ | PROJECT NUMBER: 1133 )
FAX (503) 620-2977 8 LOCATION: West Seattle, Washingion
B-1 £ | LOGGED BY: Dan Becraft
& | REVIEWED BY: Paul Ecker
N DATE: 7/17/08
SAMPLE INFORMATICN W DESCRIPTION BOREHOLE/WELL
— B [= (USCS Classification, Depth Interval, Color,
saveLel BLow PID Fhst SALB.?}ELE EEW, g% gg 3| STATA 2 gramgze._ Plastécny, gthapas.MM[n&rai CONSTRUCTION DETAIL
TYPE [cOUNTS | mom)| |watef — 10.  |8% 383c B @ AR At S
Asphalt oncrets
21 o GP SANDY GRAVEL {GP), brown, subrounded to ¢ —
] 2-inch diameter, fine and medium grained sand, //‘ v
(0 occasional cobble, some fines, dry. %
38 Chips. / 2-Inch Dlametar
148 SM | SILTY SAND to SANDY SILT (SM-ML), gray. % Expanding Gasket
medium grained, some gravel, moist. 2-Inch Dizmeter % Locking Well Cap
Sch 40 PVC
Casing é
503 @ 4ft: discoloration, hydracarbon odor. é
G B-13@s' | O B 7
Between 3 ft and 7.5 fit high gravel confent. /
540 é
359 2-Inch Diamatet %
As Above, 5c2c40 P\?’rga '
L020Inch
SV(;lloerze: o 857 0gs
559
209 107 Ao Ab #10 % 20 Sand Pack ——] Y:Sﬁf’ee“
ove,
679
Total Depth 12 1.5 bgs
G 22 B-13@12 o %—ép\c&%@r&eter
12.5 4 _End G:
15 SAND{SF), brown, medium grained, no ODS, moist. e
B 3/8" Bentarite Chips
154
Total Bering Depth 15 1t
20
25
30
35
DRILLING CONTRACTOR: Boari-Longyear WELL 1.D.: BAJ213 TIME DATE DTW
DRILLING METHOD: Sonic
SAMPLING METHOD: Continuous Core
DRILLING START TIME:3:05
DRILLING END TIME:4:30




[ LOCATIONMAP _ 3 (-s
b143-8 WELL/BORING NUMBER | B_14
PNG ENVIRONPENTAL INC.|y 3124 >547 i
6665 SW Hampton, Suite 101 g B*€ -9
Tigard, Oregon 97223 = Forme" + PROJECT NAME: Plaid # 324
TEL (503) 620-2387 Excavation B0 | PROJECT NUMBER: 1133 )
FAX (503) 620-2977 & | LOCATION: West Seattle, Washington
( - B-1f £ | LOGGED BY: Dan Becraft
= & | REVIEWED BY: Paul Ecker
N DATE: 7/18/08
SAMPLE INFORMATION " DESCRIPTION BOREHOLE/MWELL
L] USCE Classification, Cepth interval, Colar,
SavPLE BLow T e [E2 el swaa| 5 Grain St Piagiy, Suapes. Maral CONSTRUCTION DETAIL
PID First s by =5z 8 o] 8ize, Density or Consistency, Moisture,
TYPE [COUNTS | {ppm) Wale: .D. of 305 ¢ @ Odor. Geologica] Interpretation)
Asphalt Concret
GP SANDY GRAVEL (GP), brown, subrounded to
2-inch diameter, fine and medium grained sand,
193 cocasional cobble, some fines, dry. )
SILTY SAND (SM) brown, medium grained, moist. /8" Bantonita Chips E;':;:ﬁ;;";ﬁ{m
Locking Well Ca
Betwsgan 3ft and 5ft: gray staining/discoloration, éﬂ:%%@em e T
hydrocarbon edor. Caslng
845 #10 %20 Sand Pack —ee L5 - | V0 NPOE
5 2-Ingh Diamater—
Sch 40 PVC
315 Vel Soen 'j'r‘i:"zmn
Total Depth 81t i ) 7.5 Rt bgs
Tolal Baring Depth 81t %EiﬂcgoDFE%reeter
'_ End Cap
10
15
20
25
30
35
WELL I.D.:BAJ215 TIME DATE DTW

DRILLING CONTRACTOR: Boart-Longyear
DRILLING METHOD: Sonic

SAMPLING METHOD: Continuous Core
DRILLING START TIME:8:00

DRIELING END TIME:8:30




APPENDIX C
LABORATORY ANALYTICAL REPORTS AND
CHAIN OF CUSTODY DOCUMENTATION



AN ENVIRONMENTAL ANALYTICAL LABORATORY

Air Toxics Ltd. Introduces the Electronic Report

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

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

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - §5630

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



AN ENVIRONMENTAL ANALYTICAL LABORATORY

CLIENT:

PHONE:
FAX:
DATE RECEIVED:

DATE COMPLETED:

FRACTION #
01A

02A

02AA

03A

04A

05A

06A

CERTIFIED BY:

WORK ORDER #:

0808064B

Work Order Summary

Mr. Jay Greifer
PNG Environmental
7130 SW Elmhurst
Tigard, OR 97223

503-620-2387
503-620-2977
08/04/2008
{18/13/2008

NAME

B-14

B-9

B-9 Lab Duplicate
B-11

B-13

Lab Blank

LCS

I

Laboratory Director

BHLL TO:

P.O.#
PROJECT #
CONTACT:

TEST

Modified TO-3
Modified TO-3
Modified TO-3
Modified TO-3
Modified TO-3
Modified TO-3
Modiffed TO-3

M. Jay Greifer
PNG Environmental
7130 SW Elmhurst
Tigard, OR 97223

1133-01
1133-01 Plaid Pantry #324

Kelly Buettner
RECEIPT FINAL
YAC./PRES. PRESSURE

3.0 "Hg 5psi

35"Hg 5 psi

3.5"Hg 5 psi

3.5"Hg 5 psi

4.0 "Hg 5 psi
NA NA
NA NA

DATE: 08/13/08

Certfication numbers: CA NELAP - 02110CA, LA NELAP/LELAP- Al 30763, NJNELAP - CA004

NY NELAP - 11291, UT NELAP - 9166389892, AZ Licensure AZ)719

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

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

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

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630
(916) 985-1000 . (8060} 985-5935 . FAX (916) 985-1020
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dToxicsiro.

AN ENVIRONMENTAL ANALYTICAL LABORATORY

LABORATORY NARRATIVE
Modified TO-3
PNG Environmental
Workorder# 08080648

Four 6 Liter Summa Canister samples were received on August 04, 2008. The laboratory performed
analysis for volatile organic compounds in air via modified EPA Method TO-3 using gas chromatography
with flame ionization detection. The method involves concentrating up to 200 ml of sample. The
concentrated aliquot is then dry purged to remove water vapor prior to entering the chromatographic system.
The TPH (Gasoline Range) resulis are calculated using the response factor of Gasoline. A molecular weight
of 100 is used to convert the TPH (Gasoline Range) ppmv result to ug/L.

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

Requirement T0-3 ATL Modifications
Daily Calibration Standard Prior to sample analysis | Prior to sample analysis and after the analytical batch </=
Frequency and every 4 - 6 hrs 20 samples
Initial Calibration Calculation 4-point calibration 5-point calibration using average Response Factor
using a linear
regression model
Initial Calibration Frequency Weekly When daily calibration standard recovery is outside 75 -
125 %, or upon significant changes to procedure or
instrumentation
Moisture Control Nafion system Sorbent system

Minimum Detection Limit (MDL)| Calculated using the 40 CFR Pt. 136 App. B
equation DL = A+3.38,
where A is intercept of
calibration line and S is
the standard deviation
of at least 3 reps of low
level standard

Preparation of Standards Levels achieved Levels achieved through loading various volumes of the
through dilution of gas | gas mixture
mixture

Receiving Notes

There were no receiving discrepancies.

Analytical Notes

The recovery of surrogate Fluorobenzene in samples B-14, B-9 and B-9 Lab Duplicate was outside control
limits due to high level hydrocarbon matrix interference. Data is reported as qualified.

Definition of Data Qualifying Flags

Seven qualifiers may have been used on the data analysis sheets and indicate as follows:

Page 2 of 11



L7 TQXICS LTD.

AN ENVIRONMENTAL ANALYTICAL LABORATORY

B - Compound present in laboratory blank greater than reporting fimit.
J- Estimated value.

E - Exceeds instrument calibration range.

S - Saturated peak.

Q - Exceeds quality control limits.

U - Compound analyzed for but not detected above the detection limit.
M - Reported value may be biased due to apparent matrix interferences.

File extensions may have been used on the data analysis sheets and indicates
as follows:

a-File was requantified
b-File was quantified by a second column and detector
r1-File was requantified for the purpose of reissue

Page 3 of 11



AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: B-14
L.ab ID#: 0808064B-01A

Summary of Detected Compounds

MODIFIED EPA METHOD TO-3 GC/FID

Rpt. Limit Rpt. Limit Amount Amount
Compound {ppmv) {uG/L) {ppmv) {uG/L)
TPH (Gasoline Range) 15 81 2400 8700
Client Sample ID: B-9
Lab ID#: 0808064B-02A
Rpt. Limit Rpt. Limit Amount Amount
Compound {ppmv) {uG/L) {(ppmv) {uGI/L)
TPH (Gasoline Range) 38 18 2400 10000
Client Sample 1D: B-9 Lab Dupficate
Lab ID#: 0808064B-02AA
Rpt. Limit Rpt. Limit Amount Amount
Compound {ppmv) {uG/L) {ppmv) (uG/L)
TPH {Gasoline Range) 38 18 2400 9900
Client Sampie ID: B-11
Lab ID#: 0808064B-03A
Rot. Limit Rpt. Limit Amount Amount
Compound (ppmv) (uG/L) {ppmv) {uGIL})
TPH (Gasoline Range} 0.038 0.16 1.5 8.0
CHent Sample ID: B-13
Lab ID#: 0808064B-04A
Rpt. Limit Rpt. Limit Amount Amount
Compound (ppmv}) (uGIL) {(ppmv) (uGAL)
TPH {Gascline Range) 18 63 1200 4800

Page 4 of 11



ATOXICS 11D.
AN ENVIRONMENTAL ANALYTICAL LABORATORY
Client Sample ID: B-14
Lab TD#: 0808064B-01A
MODIFIED EPA METHOD TO-3 GC/FIY

Rpi. Limit Rpt. Limit Amount Amount
Compound (ppmv) . (uG/l) (ppmv) (uG/L)
TPH (Gasoline Range) 15 61 2400 9700

Q = Exceeds Quality Control limits, due to matrix effects. Matrix effects confirmed by re-analysis.
Container Type: 6 Liter Summa Canister

1

Method
Surrogates %Recovery Limits
Fluorobenzene (FID) 153 Q 75-150

Page 5of 11



Air,
iTOXICS L1D.
AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: B-9
Lab ID#: 8808064B-02A

Rpt. Limit Rpt. Limit Amount Amount
Compound (ppmv) (uGL) (ppmv) (uG/L)
TPH (Gasoline Range) 3.8 16 2400 10000

Q = Exceeds Quality Control limits, due to matrix effects. Matrix effects confirmed by re-analysis.
Container Type: 6 Liter Summa Canister

Method
Surrogates %Recovery Limits
Fluorobenzene (FID} 230 Q 75-150

Page 6 of 11



AN ENVIRONMENTAL ANALYTICAL LABORATORY
Client Sample ID: B-9 Lab Duplicate
Lab ID#: 0808064B-02AA
______MODIFIED EPA METHOD TO-3 GCFID

Rpt. Limit Rpt. Limit Amount Amount

Compound {ppmv) (uGi.) {ppmv) {uG/L)
TPH (Gasocline Range) 38 16 2400 9900

Q = Exceeds Quality Control limits, due to matrix effects. Matrix effects confirmed by re-analysis.
Container Type: 6 Liter Summa Canister

Method
Surrogates %Recovery Limits
Fluorobenzene (FID) 227 Q 75-150

Page 7 of 11



AN ENVIRONMENTAL ANALYTICAL LABORATORY
Client Sample ID: B-11
Lab ID#: 0808064B-03A
EPA METHOD TO-3 GC

Rpt. Limii Rpt. Limit Amount Amount
Compound (ppmv) {uGL) (ppmv) (uG/L)
TPH (Gasoline Range) 0.038 0.18 1.5 6.0
Container Type: 6 Liter Summa Canister
Method
Surrogates %Recovery Limits
Fluorobenzene (FID}) 111 75-150

Page 8of 11



73 Air _
dToxics .

AN ENVIRONMENTAL ANALYTICAL LABORATORY
Client Sample ID: B-13

Lab ID#: 0808064B-04A

Amount

Rpt. Limit Rpt. Limit Amount
Compound {ppmv} (uG/L) (ppmv) (uGIL)
TPH (Gasoline Range) 16 63 1200 4800
Container Type: 6 Liter Summa Canister
Method
Surrogates %Recovery Limits
141 75-150

Fluorobenzene (FID)

Page 9of 11



AN ENVIRONMENTAL ANALYTICAL LABORATORY
Client Sample ID: Lab Blank

Lab ID#: 0808064B-05A
MODIFIED EPA METHOD TO-3

GCHID _

Rpt. Limit Rpt. Limit Amount Amount

Compound {ppmv} (uG/L) {ppmv) {uG/L)
TPH (Gasoline Range) 0.025 Q.10 Not Detected Not Detected
Container Type: NA - Not Applicable

Method
Surrogates %Recovery Limits
Fluorobenzene (FID) 80 75-150

Page 10 of 11



7 TGXKIS LTD.
AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: LCS

Lab ID#: 0808064B-06A
MODIFIED EPA METHOD TO-3 GC/FID

Compound %Recovery
TPH {Gasoline Range) 87
Contafner Type: NA - Not Applicable

Method
Surrogates %Recovery Limits
Fluorobenzene {FID) 118 75-150

Page 11 of 11
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@2 Toxics oo,

AN ENVIRCNMENTAL ANALYTICAL LABORATORY

Air Toxics Ltd. Introduces the Electronic Report

Thank you for choosing Air Toxics Lid. To better serve our customers, we are providing your report by

e-mail. This document is provided in Portable Document Format which can be viewed with Acrobat Reader
by Adobe. :

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

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 85630

(916) 985-1000 .FAX (916) 935-1020
Hours 8:00 A.M to 6:00 P.M. Pacific



AN ENVIRCNMENTAL ANALYTICAL LABORATORY

CLIENT:

PHONE:
FAX:
DATE RECEIVED:

DATE COMPLETED:

ERACTION #
01A

0ZA

02AA

03A

04A

05A

06A

CERTIFIED BY:

WORK ORDER #:

08080648

Work Order Summary

Mr. Jay Greifer
PNG Environmental
7130 SW Elmhurst
Tigard, OR 97223

503-620-2387
503-620-2977
08/04/2008
08/13/2008

NAME

B-14

B-9

B-9 Lab Duplicate
B-11

B-13

Lab Blank

LCS

7

E

Laboratory Director

BILLTO: Mr. Jay Greifer
PNG Environmental
7130 SW Elmhurst
Tigard, OR 97223

P.O.# 1133-01
PROJECT# 113301 Plaid Pantry #324
CONTACT: Kelly Buettner

RECEIPT
TEST VAC/PRES.
Modified TO-3 3.0 "Hg
Modified TO-3 3.5"Hg
Modified TO-3 3.5"Hg
Modified TO-3 3.5 "Hg
Modified TO-3 40 "Hg
Modified TO-3 NA
Modified TO-3 NA
08/13/08

DATE:

FINAL
PRESSURE
5 psi
5 psi
Spsi
3 psi
5 psi
NA
NA

Certfication numbers; CA NELAP - 02110CA, LA NELAP/LELAP- A130763, NINELAP - CA004

NY NELAP - 11291, UT NELAP - 9166389892, AZ Licensure AZ0719

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

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

This report shall noz be reproduced, except in full, without the written approval of Air Toxics Led.

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

AN ENVIRONMENTAL ANALYTICAL LABORATCRY

LABORATORY NARRATIVE
Modified TO-3
PNG Environmental
Workorder# 08080648

Four 6 Liter Summa Canister samples were received on August 04, 2008. The laboratory performed
analysis for volatile organic compounds in air via modified EPA Method TO-3 using gas chromatography
with flame ionization detection. The method involves concentrating up to 200 mL of sample. The
concentrated aliguot is then dry purged to remove water vapor prior to entering the chromatographic system.
The TPH (Gasoline Range) results are calculated using the response factor of Gasoline. A molecular weight
of 100 is used to convert the TPH (Gasoline Range) ppmv result to ug/L.

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

Requirement T0-3 ATL Modifications

Daily Calibration Standard Prior to sample analysis | Prior to sample analysis and after the analytical batch </=
Frequency and every 4 - 6 hrs 20 samples

Initial Calibration Calculation 4-point calibration S-point calibration using average Response Factor

using a linear
regression model

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

Moisture Control Nafion system Sorbent system

Minimum Detection Limit (MDL){ Calculated using the 40 CFR Pt. 136 App. B
equation DL = A+3.38,
where A is intercept of
calibration line and S is
the standard deviation
of at least 3 reps of low
level standard

Preparation of Standards Levels achieved Levels achieved through loading various volumes of the
through dilution of gas | gas mixture
mixture

Receiving Notes

There were no receiving discrepancies.

Analvtical Notes

The recovery of surrogate Fluorobenzene in samples B-14, B-9 and B-9 Lab Duplicate was outside control
limits due to high level hydrocarbon matrix interference. Data is reported as qualified.

Definition of Data Qualifying Flags

Seven qualifiers may have been used on the data analysis sheets and indicate as follows:

Page 2 of 11



Air
dToxics .

AN ENVIRONMENTAL ANALYTICAL LABCRATORY

B - Compound present in laboratory blank greater than reporting lirmit.
J - Estimated value.

E - Exceeds instrument calibration range.

S - Saturated peak.

Q - Exceeds quality control limits.

U - Compound analyzed for but not detected above the detection limit.
M - Reported value may be biased due to apparent matrix interferences.

File extensions may have been used on the data analysis sheets and indicates
as follows:

a-File was requantified
b-File was quanitified by a second column and detector
r}-File was requantified for the purpose of reissue

Page 3 of 11



b /7 Aﬂ'
@A Toxics .

AN ENVIRONMENTAL ANALYTICAL LABORATORY

CHent Sample ID: B-14
Lab ID#: 0808064B-01A

Summary of Detected Compounds

MODIFIED EPA METHOD TO-3 GC/FID

Rpt. Limit Rpt. Limit Amount Amount
Compound {ppmv) (uGIL) (ppmv) {uGiL})
TPH (Gasoline Range) 15 81 2400 8700
CHent Sample ID; B-9
Lab ID#: 0808064B-02A
Rpt. Limit Rpt. Limit Amount Amount
Compound {ppmv) (uGiL) {(ppmv) (uGiL)
TPH {Gasoline Range) 3.8 16 2400 10000
Client Sample ID: B-9 Lab Duplicate
Lab ID#: (8068064B-02AA
Rpt. Limit Rpt. Limit Amount Amount
Compound (ppmv) (uGiL}) {ppmv) (uG/L)
TPH {Gasoline Range) 38 16 2400 9800
Client Sample ID: B-11
Lab ID#; 0808064B-03A
Rpt. Limit Rpt. Limit Amount Amount
Compound {(ppmv) {uG/L) {(ppmv) {uGNL)
TPH (Gasoline Range} 0.038 0.18 185 6.0
Client Sample ID: B-13
Lab ID#: 0808064B-04A
Rpt. Limit Rpt. Limit Amount Amount
Compound {ppmv) {uG/L) {ppmv) (uG/L)
TPH (Gasoline Range) 16 63 1200 4300
Page 4 of 11



AN ENVIRONMENTAL ANALYTICAL LABORATORY
Client Sample ID: B-14

Lab ID#: 0808064B-01A
MODIFIED EPA METHOD TO-3 GC/FID

Rpt. Limit Amount Amount

Rpt. Limit
Compound (ppmv) (uG/L) {ppmv) (uG/L}
15 81 2400 9700

TPH (Gasoline Range)

Q = Exceeds Quality Control limits, due to matrix effects. Matrix effects confirmed by re-analysis.
Container Type: 6 Liter Summa Canister

Method
Surrogates %Recovery Limits
153 Q 75-150

Fluorobenzene (FID)

Page 5of 11



: . Tax ICS l.m* ’
AN ENVIRONMENTAL ANALYTICAL LABORATORY
Client Sample ID: B-9
Lab ID#: 0808064B-02A
MODIFIED EPA METHOD TO-3 GC,

Rot. Limit Rpt. Limit Amount Amount

Compound {ppmv) (uGlL) {ppmv) {uGfiL)
TPH (Gasoline Range} 38 16 2400 10000

Q = Exceeds Quality Control limits, due to matrix effects. Matrix effects confirmed by re-analysis.
Container Type: 6 Liter Summa Canister

Method
Surrogates %Recovery Limits
Fluorobenzene (FID) 230Q 75-150

Page 6 of 11



AN ENVIRONMENTAL ANALYTICAL LABORATORY
Client Sample ID: B-9 Lab Duplicate
Lab ID#: 06808064B-02AA
MODIFIED EPA METHOD GC/FID

Rpt. Limit Rpt. Limit Amount Amount

Compound (ppmy) (uGiL) {ppmv) (uG/L)
TPH {Gasoline Range) 3.8 16 2400 9900

Q = Exceeds Quality Control limits, due to matrix effects. Matrix effects confirmed by re-analysis.
Container Type: 6 Liter Summa Canister

Method
Surrogates %Recovery Limits
Fluorobenzene (FID) 227 Q 75-150

Page 7 of 11



AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: B-11
Lab ID#: 0808064B-03A

Rpt. Limit Rpt. Limit Amount
Compound (ppmv) (uGIL) {ppmv) (uG/L)
TPH (Gasoline Range) 0.038 0.16 15 6.0
Container Type: 6 Liter Summa Canister
Method
Surrogates %Recovery Limits
Fluorobenzene (FID} 111 75-150

Page 8of 11



AN ENVIRONMENTAL ANALYTICAL LABORATORY
Client Sample ID: B-13

Lab ID#: 0808664B-04A

Se et

Rpt. Limit Rpt. Limit Amount Amount

Compound {ppmv) (uGL) (ppmv) {uG/L)
TPH {Gasoline Range) 18 63 1200 4800
Container Type: 6 Liter Summa Canister
Method
Surrogates %Recovery Limits
141 75-150

Fiuerobenzens (FID)

Page 9of 11
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AN ENVIRONMENTAL ANALYTICAL LABORATGRY
Client Sample ID: Lab Blank

Lab ID#: 0808064B-05A
MODIF[ED EPA NIETHOD T0-3 GC/FID

Rpt. Limit Rpt. Limit Amount Amount

Compound {ppmv) {uGL) {(ppmv) {uGL)
TPH (Gasoline Range) 0.025 0.10 Not Detected Nof Detected
Container Type: NA - Not Applicable

Method
Surrogates %Recovery Limits
Fluorobenzene (FID) 90 75-150

Page 10 of 11



AN ENVIRONMENTAL ANALYTICAL LABORATORY
Client Sample ID: L.CS
Lab ID#: 6808064B-06A
MODIFIED EPA METHOD TO-3 GC/FID

Compound %Recovery
TPH (Gasoline Range) a7
Container Type: NA - Not Applicable

Method
Surrogates %Recovery Limits
Fluorobenzene (FID}) 118 75-150

Page 11 of 11
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FRIEDMAN & BRUYA, INC.

ENVIRONMENTAIL CHEMISTS
James E. Bruya, Ph.DD. 3012 16th Avenue West
Charlene Morrow, M.S. Seattle, WA 98119-2029
Yelena Aravkina, M.S. TEL: (206) 285-8282
Bradley T. Benson, B.S. FAX: (206) 283-5044
Kurt Johnson, B.S. e-mail: fhi@isomedia.com

July 21, 2008

Paul Ecker, Project Manager
PNG Environmental

6665 SW Hampton St, Suite101
Tigard, OR 97223

Dear Mr. Ecker:

Included are the results from the testing of material submitted on July 15, 2008 from
the Plaid 324, F&BI 807158 project. There are 4 pages included in this report. Any
samples that may remain are currently scheduled for disposal in 30 days. If you would
like us to return your samples or arrange for long term storage at our offices, please
contact us as soon as possible.

We appreciate this opportunity to be of service to you and hope you will call if you should
have any questions.

Sincerely,

FRIEDMAN & BRUYA, INC.

Eric Young
Chemist

Enclosures
PNGOT21R.DOC



FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

CASE NARRATIVE
This case narrative encompasses samples received on July 15, 2008 by Friedman &

Bruya, Inc. from the PNG Environmental Plaid 324, F&BI 807158 project. Samples
were logged in under the laboratory ID’s listed below.

Laboratory ID PNG Environmental
807158-01 B-10@4'

807158-02 B-10@¢6'

807158-03 B-10@10'

807158-04 B-10@14.5'
807158-05 B-10@19'

807158-06 B-10/20'-30'

All quality control requirements were acceptable.



FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

Date of Report: 07/21/08

Date Received: 07/15/08

Project: Plaid 324, F&BI 807158
Date Extracted: 07/16/08

Date Analyzed: 07/16/08

RESULTS FROM THE ANALYSIS OF THE SOIL SAMPLES
FOR BENZENE, TOLUENE, ETHYLBENZENE,
XYLENES AND TPH AS GASOLINE
USING EPA METHOD 8021B AND NWTPH-Gx
Results Reported on a Dry Weight Basis
Results Reported as mg/kg (ppm)

Ethyl Total Gasoline Surrogate

Sample ID Benzene Toluene Benzene Xvlenes Range (% Recovery)
Laboratory ID {Limit 50-139)
B-10@4’ 0.06 0.22 0.17 0.92 8 112
807168-01

B-10@¢6’ 0.07 0.40 0.24 0.74 6 128
807158-02

B-10@10 <0.02 0.45 0.57 3.9 76 138
807158-03

B-10@14.5° <0.02 0.17 0.15 0.97 19 ip
B0T158-04 :

B-10@19’ <0.02 <0.02 <0.02 <0.06 <2 128
807158-05

B-10/20°-30° <0.02 <0.02 <0.02 <0.06 <2 135
807158-06

Method Blank <0.02 <0.02 <0.02 <0.06 <2 82



FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

Date of Report: 07/21/08
Date Received: 07/15/08
Project: Plaid 324, F&BI 807158

QUALITY ASSURANCE RESULTS FOR THE ANALYSIS OF SOIL SAMPLES
FOR BENZENE, TOLUENE, ETHYLBENZENE,
XYLENES, AND TPH AS GASOLINE
USING EPA METHOD 8021B AND NWTPH-Gx

Laboratory Code: 807158-06 (Duplicate)
Relative Percent

Reporting Units Sample Result  Duplicate Difference
Analyte Resuli (Limit 20}
Benzene meg/kg (ppm) <0.02 <0.02 nm
Toluene mg/kg (ppm) <002 <002 nm
Ethylbenzene mg/kg (ppm) <0.02 <0.02 nm
Xylenes mg/kg (ppm) <0.06 <0.06 nm
Gasoline mg/kg (ppm) <2 <2 nm
Laboratory Code: Laboratory Control Sample

Percent

Reporting Units Spike Recovery  Acceptance
Analyte Level LCS Criteria
Benzene mg/ke (ppm) 0.5 120 70-130
Toluene mg/kg (ppm) 0.5 120 70-130
Ethylbenzene mg/kg (ppm) 0.5 122 70-130
Xylenes mg/kg (ppm) 1.5 119 70-130
Gasoline mglkg (ppm) 20 100 70-130



FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

Data Qualifiers & Definitions

a - The analyte was detected at a level less than five times the reporting limit. The RPD results may not
provide reliable information on the variability of the analysis.

Al —More than one compound of gimilar molecule structure was identified with equal probablility.
b - The analyte was spiked at a level that was less than five times that present in the sample. Matrix spike
recoveries may not be meaningful,

ca - The calibration results for this range fell outside of acceptance criteria. The value reported is an
estimate.

¢ - The presence of the analyte indicated may be due to carryover from previous sample injections.

d - The sample was diluted. Detection limits may be raised due to dilution.

ds - The sample was diluted. Detection limits are raised due to dilution and surrogate recoveries may not be
meaningful,

dv - Insufficient sample was available to achieve normal reporting limits and limits are raised accordingly.
b - The analyte indicated was found in the method blank. The result should be considered an estimate.

fc — The compound is a common laboratory and field contaminant.

hir - The sample and duplicate were reextracted and reanalyzed. RPD results were still outside of control
limits. The variability is attributed to sample inhomogeneity.

ht - The sample was extracted outside of holding time. Results should be considered estimates.

ip - Recovery fell outside of normal control limits. Compounds in the sample matrix interfered with the
quantitation of the analyte.

j — The result is below normal reporting limits. The value reported is an estimate.

J - The internal standard associated with the analyte is out of control limits. The reported concentration is
an estimate.

jl - The analyte result in the laboratory control sample is out of control imits. The reported concentration
should be considered an estimate.

jr - The rpd result in laboratory control sample associated with the analyte is out of control limits. The
reported concentration should be considered an estimate.

js - The surrogate associated with the analyte is out of control limits. The reported concentration should be
considered an estimate.
ic - The presence of the compound indicated is likely due to laboratory contamination.

L - The reported concentration was generated from a library search.

nm - The analyte was not detected in one or more of the duplicate analyses. Therefore, calculation of the
RPD is not applicable.

pc — The sample was received in a container not approved by the method. The value reported should be
considered an estimate.

pr — The sample was received with incorrect preservation. The value reported should be considered an
estimate.

ve - The value reported exceeded the calibration range established for the analyte. The reported
concentration should be congidered an estimate,

vo - The value reported fell outside the control limits established for this analyte.
x - The pattern of peaks present is not indicative of diesel.

y - The pattern of peaks present is not indicative of motor oil.
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James E. Bruya, Ph.D.

Charlene Morrow, M.S.

Yelena Aravkina, M.S.

Bradley T. Benson, B.S.

Kurt Johnson, B.S.

FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

3012 16th Avenue West
Seattle, WA 98119-2029
TEL: {206) 285-8282
FAX: (206) 283-5044
e-mail: fhit@isomedia.com

July 21, 2008

Paul Ecker, Project Manager
PNG Environmental

1339 Commerce Ave., Suite 313
TLongview, WA 98632

Dear Mr, Ecker:

Included are the results from the testing of material submitted on July 16, 2008 from
the Plaid 324, F&BI 807168 project. There are 6 pages included in this report. Any
samples that may remain are currently scheduled for disposal in 30 days. If you would
like us to return your samples or arrange for long term storage at our offices, please
contact us as soon as possible.

We appreciate this opportunity to be of service to you and hope you will call if you should
have any questions.

Sincerely,

FRIEDMAN & BRUYA, INC.

Eric Young
Chemist

Enclosures
PNGO721R.DOC



CASE NARRATIVE

FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

This case narrative encompasses samples received on July 16, 2008 by Friedman &
Bruya, Inc. from the PNG Environmental Plaid 324, F&BI 807168 project. Samples
were logged in under the laboratory ID’s listed below.

Laboratory ID

807168-01
807168-02
807168-03
807168-04
807168-05
807168-06
807168-07
807168-08
807168-09
807168-10
807168-11
807168-12
807168-13
807168-14
807168-15
807168-16
807168-17
807168-18

PNG Environmental
B-7@4'
B-7@8’
B.-7@11
B-7@19
B-7@21'
B-7@26'
B-71@34'
B-7@39
B-10@31'
B-10@39.5'
B-5@4'
B-5@7
B-5@12
B-5@17
B-b@22'
B-5@28'
B-5@34'
B-5@39'

All quality control requirements were acceptable.



FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

Date of Report: 07/21/08

Date Received: 07/16/08

Project: Plaid 324, F&BI 807168
Date Extracted: 07/17/08

Date Analyzed: 07/17/08 and 07/18/08

RESULTS FROM THE ANALYSIS OF THE SOIL SAMPLES
FOR TOTAL PETROLEUM HYDROCARBONS AS GASOLINE
USING METHOD NWTPH-Gx
Results Reported on a Dry Weight Basis
Results Reported as mg/kg (ppm)

Surrogate
Sample ID Gasoline Range (% Recovery)
Laboratory ID (Limit 50-150)
B.7@19 <2 92
807168-04
B-7@39 <2 87
807168.08
B-10@39.5° <92 92
807168-10
B-5@17 <9 85
807168-14
B-5@28 <2 90
807168-16
B-5@39 <2 89
807168-18 :
Method Blank <2 92



FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

Date of Report: 07/21/08

Date Received: 07/16/08

Project: Plaid 324, F&BI 807168
Date Extracted: 07/17/08

Date Analyzed: 07/18/08

RESULTS FROM THE ANALYSIS OF THE SOIL SAMPLES
FOR BENZENE, TOLUENE, ETHYLBENZENE,
XYLENES AND TPH AS GASOLINE
USING EPA METHOD 8021B AND NWTPH-Gx
Results Reported on a Dry Weight Basis
Results Reported as mg/kg (ppm)

Ethyl Total Gasoline Surrogate

Sample 1D Benzene Toluene Benzene ZXylenes Range (% Recovery)
Laboratory ID (Limit 50-150)
B-7@4 <0.02 <0.02 <0.02 <0.06 <2 93
807168-01

B-7@8 a 0.50 6.1 9.2 38 580 100
807168-02 1/10

B-7@1r <0.02 <0.02 <0.02 <0.06 <2 67
807168-03

B-7@27 <0.02 <0.02 <0.02 <0.06 <2 89
807168-05

B-7@26’ <0.02 <(.02 <0.02 <0.06 <2 85
807168-06

B-71@34 <0.02 <0.02 <0.02 <0.06 <2 69
807168-07

B-10@3Y <0.02 <0.02 <0.02 <0.06 <2 63
807168-09

B-b@4’ 4 <0.8 4.2 12 120 1,300 ip
807168-11 1/40

B-5@7 <0.02 <0.02 <0.02 <0.06 <2 88
807168-12

B-5@12 <0.02 <0.02 <0.02 <0.06 <2 64

807168-13



FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

Date of Report: 07/21/08

Date Received: 07/16/08
Project: Plaid 324, F&BI 807168
Date Extracted: 07/17/08

Date Analyzed: 07/18/08

RESULTS FROM THE ANALYSIS OF THE SOIL SAMPLES
FOR BENZENE, TOLUENE, ETHYLBENZENE,
XYLENES AND TPH AS GASOLINE
USING EPA METHOD 8021B AND NWTPH-Gx
Results Reported on a Dry Weight Basis
Results Reported as mg/kg (ppm)

Ethyl Total Gasoline Surrogate

Sample ID Benzene Toluene Benzene Xylenes Range (% Recovery)
Laboratory ID (Limit 50-150)
B-h@22 <0.02 <(.02 <0.02 <0.06 <2 90
807168-15

B-5@34 <0.02 <0.02 <0.02 <(.06 <2 88
$07168-17

Method Blank <0.02 <(.02 <0.02 <0.06 <2 91



FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

Date of Report: 07/21/08
Date Received: 07/16/08
Project: Plaid 324, F&BI 807168

QUALITY ASSURANCE RESULTS FOR THE ANALYSIS OF SOIL SAMPLES
FOR BENZENE, TOLUENE, ETHYLBENZENE,
XYLENES, AND TPH AS GASOLINE
USING EPA METHOD 8021B AND NWTPH-Gx

Laboratory Code: 807168-01 (Duplicate)
Relative Percent

Reporting Units Sample Result  Duplicate Difference
Analyte Result {Limit 20}
Benzene mg/kg (ppm) <0.02 <0.02 nm
Toluene mg/kg (ppm) <0.02 <0.02 nm
Ethylbenzene mg/kg (ppm) <0.02 <0.02 nm
Xylenes mg/kg (ppm) <(.06 <0.06 nm
(Gasoline mg/kg (ppm) <2 <2 nm
Laboratory Code: Laboratory Control Sample

Percent

Reporting Units Spike  Recovery  Acceptance
Analyte Level L.CS Criteria
Benzene mg/kg (ppm) 0.5 96 70-130
Toluene mglkg (ppm) 0.5 90 70-130
Ethylbenzene mglkg (ppm) 0.5 84 70-130
Xylenes mg/kg (ppm} 1.5 88 70-130
Gasoline meg/kg (ppm) 20 106 70-130



FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

Data Qualifiers & Definitions

a - The analyte was detected at 2 level less than five times the reporting limit. The RPD results may not
provide reliable information on the variability of the analysis.

Al — More than one compound of similar melecule structure was identified with equal probablility.

b - The analyte was spiked at a level that was less than five times that present in the sample. Matrix spike
recoveries may not be meaningful.

ca - The calibration results for this range fell outside of acceptance criteria. The value reported is an
estimate.

¢ - The presence of the analyte indicated may be due to carryover from previous sample injections.
d - The sample was dituted. Detection limits may be raised due to dilution.

ds - The sample was diluted. Detection limits are raised due to dilution and swrogate recoveries may not be
meaningful.

dv - Insufficient sample was available to achieve normal reporting limits and limits are raised accordingly.
fo - The analyte indicated was found in the method blank. The result should be considered an estimate.
fc — The compound is a common laboratory and field contaminant.

hr - The sample and duplicate were reextracted and reanalyzed. RPD results were still outside of control
limits. The variability is attributed to sample inhomogeneity.

ht - The sample was extracted outside of holding time. Results should be considered estimates.

ip - Recovery fell outside of normal control limits. Compounds in the sample matrix interfered with the
guantitation of the analyte.

j — The result is below normal reporting imits. The value reported is an estimate.

J - The internal standard associated with the analyte is out of control limits. The reported concentration is
an estimate.

jl - The analyte result in the laboratory control sample is out of control limits. The reported concentration
should be considered an estimate.

jr - The rpd result in laboratory control sample associated with the analyte is out of control limits, The
reported concentration should be considered an estimate.

js - The surrogate associated with the analyte is out of control limits. The reported concentration should be
considered an estimate,

le - The presence of the compound indicated is likely due to laboratory contamination.
L. - The reported concentration was generated from a library search.

nm - The analyte was not detected in one or more of the duplicate analyses. Therefore, calculation of the
RPD is not applicable.

pc — The sample was received in a container not approved by the method. The value reported should be
considered an estimate.

pr — The sample was received with incorrect preservation. The value reported should be considered an
estimate.

ve - The value reported exceeded the calibration range established for the analyte. The reported
concentration should be considered an estimate.

vo - The value reported fell outside the control limits established for this analyte.
% - The pattern of peaks present is not indicative of diesel.

v - The pattern of peaks present is not indicative of motor oil.
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James E. Bruya, Ph.D.

Charlene Morrow, M.S.

Yelena Aravkina, M.S.

Bradley T. Benson, B.8.

Kurt Johnson, B.S.

FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

3012 16th Avenue West
Seattle, WA 98119-2029
TEL: (206) 285-8282
FAS( (206) 283-5044
e-maik: fhii@isomedia.com

July 30, 2008

Paul Ecker, Project Manager
PNG Environmental

6665 SW Hampton St, Suite101
Tigard, OR 97223

Dear Mr. Ecker:

Included are the results from the testing of material submitted on July 18, 2008 from
the Plaid 324, F&BI 807189 project. There are 5 pages included in this report. Any
samples that may remain are currently scheduled for disposal in 30 days. If you would
like us to return your samples or arrange for long term storage at our offices, please
contact us as soon as possible.

We appreciate this opportunity to be of service to you and hope you will call if you should
have any questions.

Sincerely,

FRIEDMAN & BRUYA, INC.

Erie Yo.ung
Chemist

Enclosures
PNGO730R.DOC



CASE NARRATIVE

FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

This case narrative encompasses samples received on July 18, 2008 by Friedman &
Bruya, Inc. from the PNG Environmental Plaid 324, F&BI 807189 project. Samples
were logged in under the laboratory IIVs listed below.

Laboratory ID

807189-01
807189-02
807189-03
807189-04
807189-05
807189-06
807189-07
807189-08
807189-09
807189-10
807189-11
807189-12
807189-13
807189-14

PNG Environmental
B-12a4'
B-12a8&'
B-6@4'
B-6@9'
B-8@6'
B-8@9
B-13@5'
B-13@1¢'
B-13@12'
B-13@13.5'
B-9@5'
B-9@10'
B-9@12'
B-9@14'

All quality control requirements were acceptable.



FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

Date of Report: 07/30/08

Date Received: 07/18/08

Project: Plaid 324, F&BI 807189

Date Extracted: 07/18/08

Date Analyzed: 07/18/08, 07/19/08, 07/21/08 and 07/23/08

RESULTS FROM THE ANALYSIS OF THE SOIL SAMPLES
FOR BENZENE, TOLUENE, ETHYLBENZENE,
XYLENES AND TPH AS GASOLINE
USING EPA METHOD 8021B AND NWTPH-Gx
Results Reported on a Dry Weight Basis
Results Reported as mg/kg (ppm)

Ethyl Total Gasoline Surrogate

Sample ID Benzene Toluene Benzene Xylenes Range (% Recovery)
Laboratory ID {Laimit 50-150)
B-12@4’ <0.02 0.27 <0.02 3.6 150 133
$07189-01

B-12@% <0.02 <0.02 <0.02 <0.06 <2 89
807189-02

B-6@4’ d 15 65 12 250 1,500 ip
807189-03 1/20

B-6@9y <0.02 <0.02 <{).02 <0.06 <2 89
807189-04

B-Ba6 4 0.73 16 17 150 1,200 ip
807189-05 1/10

B-s@9y 0.03 1.0 0.50 0.78 18 104
807189-06

B-13@5 4 <0.2 1.8 1.6 11 140 110
807189-07 1/10

B-13@12 0.12 0.26 0.06 0.30 3 92
807189-09

B-9@5 d 15 42 14 120 950 ip
807189-11 1/10

B-9@10 d 9.9 99 31 200 2,100 ip

807185-12 1/40



FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

Date of Report: 07/30/08

Date Received: 07/18/08

Project: Plaid 324, F&BI 807189

Date Extracted: 07/18/08

Date Analyzed: 07/18/08, 07/19/08, 07/21/08 and 07/23/08

RESULTS FROM THE ANALYSIS OF THE SOIL SAMPLES
FOR BENZENE, TOLUENE, ETHYLBENZENE,
XYLENES AND TPH AS GASOLINE
USING EPA METHOD 8021B AND NWTPH-Gx
Results Reported on a Dry Weight Basis
Results Reported as mg/kg (ppm)

Ethyl Total Gasoline Surrogate

Sample ID Benzene Toluene Benzene Xylenes Range (% Recovery)
Laboratory ID (Limit 50-150)
B-9@12 <0.02 0.03 <0.02 <0.06 <2 97
807189-13

Method Blank <(0.02 <0.02 <0.02 <0.06 <2 76



FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

Date of Report: 07/30/08
Date Received: 07/18/08
Project: Plaid 324, F&BI 807189

QUALITY ASSURANCE RESULTS FOR THE ANALYSIS OF SOIL SAMPLES
FOR BENZENE, TOLUENE, ETHYLBENZENE,
XYLENES, AND TPH AS GASOLINE
USING EPA METHOD 8021B AND NWTPH-Gx

Laboratory Code: 807189-13 (Duplicate)
Relative Percent

Reporting Units Sample Result  Duplicate Difference
Analyte Result (Limit 20)
Benzene mg/kg (ppm) <0.02 <002 . nm
Toluene mg/kg (ppm) 0.03 0.05 50 a
Ethylbenzene mg/ke (ppm) <(.02 <0.02 nm
Xylenes mg/kg (ppm) <0.06 0.08 nm
Gasoline mg'kg (ppm) <2 <2 nm
Taboratory Code: Laboratory Control Sample

Percent

Reporting Units Spike Recovery  Acceptance
Analyte Level 1.CS Criteria
Benzene mg/'kg (ppm) 0.6 120 70-130
Toluene mg/kg (ppm) 0.5 112 70-130
Ethyibenzene mg/kg (ppm) 0.5 106 70-130
Xylenes mg/kg (ppm) 1.5 114 70-130
Gasoline mg/kg (ppm) 20 115 70-130



FRIEDMAN & BRUYA, INC.

ENVIRONMENTAL CHEMISTS

Data Qualifiers & Definitions
a - The analyte was detected at a level less than five times the reporting limit. The RPD results may not
provide reliable information on the variability of the analysis.
Al — More than onse compound of similar molecule structure was identified with equal probablility.

b - The analyte was spiked at a level that was less than five times that present in the sample. Matrix spike
recoveries may not be meaningful.

ca - The calibration results for this range fell outside of acceptance criteria. The value reported is an
estimate.

¢ - The presence of the analyte indicated may be due to carryover from previous sample injections.
d - The sample was diluted. Detection limits may be raised due to dilution.

ds - The sample was diluted. Detection limits are raised due to dilution and surrogate recoveries may not be
meaningtul,
dv - Insufficient sample was available to achieve normal reporting limits and limits are raised accordingly.

b - The analyte indicated was found in the method blank. The result should be considered an estimats.

fo — The compound is a common laboratory and field contaminant.

hr - The sample and duplicate were reextracted and reanalyzed. RPD results were still outside of control
limits. The variability is attributed to sample inhomogeneity.

ht - The sample was extracted outside of holding time. Results should be considered estimates.

ip - Recovery fell outside of normal control limits. Compounds in the sample matrix interfered with the
quantitation of the analyte.

j — The result is below normal reporting limits. The value reported is an estimate.

J - The internal standard associated with the analyte is out of control limits. The reported concentration is
an estimate.

jl - The analyte result in the laboratory control sample is out of control limits. The reported concentration
should be considered an estimate.

jr - The rpd result in laboratory control sample associated with the analyte is out of control limits. The
reported concentration should be considered an estimate.

js - The surrogate asscciated with the analyte is out of control limits. The reported concentration should be
considered an estimate.

ic - The presence of the compound indicated is likely due to laboratory contamination.
L - The reported conceniration was generated from a library search.

nm - The analyte was not detected in one or more of the duplicate analyses. Therefore, calculation of the
RPD is not applicable.

pec — The sample was received in a container not approved by the method. The value reported should be
considered an estimate.

pr — The sample was received with incorrect preservation. The value reported should be considered an
estimate.

ve - The value reported exceeded the calibration range established for the analyte. The reported
concentration should be considered an estimate.

vo - The value reported fell outside the control limits established for this analyte.
x - The pattern of peaks present is not indicative of diesel.

v - The pattern of peaks present is not indicative of motor oil.
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