&1f KerrMeGee

Kerr-MeGee Ol & Gas Onshore LP
1099 18" Street, Suite 1800

Denver, Colorado BO202
T20-929-6000 Fax T20-929-7000

May 18, 2010

ol
Mr. John Axelson R:}:ME!VED

Colorado Oil & Gas Conservation Commission MAY 19 2010
1120 Lincoln St, Suite 801

Denver, CO 80203 L COGCC

Re: Site Assessment Report
Kerr-McGee 0il & Gas Onshore LP
Wass #5 Flowline Release APT * 12%-I37H
NENE 25-T5N-R66W ®= U369
Weld County, CO R-em

Dec ® 0176116
Dear Mr. Axelson:

Enclosed please find a copy of the above-referenced Site Assessment report. Results from the
assessment activities will be communicated to the adjacent homeowner as well as to the adjacent
utility owners. Feel free to contact me at 720-929-6726 if you have any questions regarding this
information.

Sincerely,

Kerr-McgGee il & Gas Onshore LP

!

|

] -
Paul D. Schneider, P.G.
Sr. Staff Environmental Analyst

Enclosure

ce: John Cocrofi, LT Environmental




; E“ ’ COMPLIANGCE / ENGINEERING / REMECVATION LT Environmental Inc.
F “ll |L|" ”H ||II|| I|| it 1 Avenue

May 17, 2010

[ -5:.“‘ 3 a ol i
| RECEIVED
Mr. Paul Schneider |
Senior Staff Environmental Analyst MAY 1§ 200 |
KerrvM%que 0il & Gas Onshore LP !
1099 18" Street, Suite 1800
Denver, Colorado 80202 Co G CC

Re:  Site Assessment Report
Kerr-McGee Oil & Gas Onshore LP

Wass #5 Flow Line Release AFL ¥ jz3~ 13781
NENE 25-T5N-R66W P 3LT
Weld County, Colorado Rem G

Dear Mr. Schneider:

LT Environmental, Inc. (LTE) was contracted by Kerr-McGee il & Gas Onshore LP
(Kerr-McGee) to perform site assessment activities at the Wass #5 flow line release site.
The flow line leak was discovered by Kerr-McGee on June 26, 2008. Following
excavation of the petroleum hydrocarbon impacted soil, a Form 27 Site Investigation and
Remediation Workplan was prepared and submitted to the Colorado Oil and Gas
Conservation Commission (COGCC) in September 2009 to request a No Further Action
(NFA) status for the site. In a response letter to Kerr-McGee dated January 27, 2010, the
COGCC requested additional assessment of the site prior to granting NFA status.
Impacted soil was left in place at the conclusion of the 2008 excavation activities with
total petroleum hydrocarbons (TPH) concentrations exceeding the COGCC sensitive area
standard of 1,000 milligrams/kilogram (mg/kg). The impacted soil (approximately 33
cubic yards) was left in place because a utility corridor prohibited further excavation of
impacted soil from the excavation’s western sidewall. The COGCC requested additional
assessment due the impacted soil left in place.

Based on the agreement reached between the COGCC, Kerr-McGee and LTE during a
February 25, 2010 meeting, LTE prepared a Site Assessment Work Plan (Work Plan),
which was conditionally approved by the COGCC in an email dated March 5. 2010. The
assessment objectives outlined in Work Plan were to: 1) assess impacted soil left in place
following the 2008 excavation to determine if petroleum hydrocarbon concentrations
exceed the new (April 1. 2009) COGCC standards for TPH and benzene, toluene,
ethylbenzene and xylenes (BTEX); 2) assess concentrations of BTEX constituents in soil
gas along the utility corridor; and 3) assess indoor air in the adjacent single-family
residence for the presence of volatile organic compounds (VOCs - specifically BTEX).

Field activities, field findings and analytical results and conclusions and
recommendations are discussed in the following sections of this letter report. A Site
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Location Map is provided as Figure 1. A Site Map, depicting the outline of the former
flow line excavation, sample locations and the location of the adjacent residence, is
provided as Figure 2.

Field Activities

LTE conducted field activities in March and April of 2010. LTE contracted Vironex
Environmental Field Services (Vironex) of Golden, Colorado to advance soil borings at
the site on March 23, 2010 for the purpose of collecting subsurface soil and soil vapor
samples. LTE contracted ACI Environmental Services (ACI) of Englewood, Colorado to
install groundwater monitoring wells at the site on April 15, 2010. The monitoring wells
were subsequently sampled on April 21, 2010. The sampling activities are described in
detail in the following sub-sections.

Soil Sampling

The flow line excavation’s northern sidewall sample (NO1@?9"), collected on June 30,
2008, yielded a TPH concentration of 780 milligrams per kilogram (mg/kg) at a depth of
nine feet below ground surface (bgs). Per the Work Plan, two soil borings (SB04 and
SB05) were advanced just beyond the north wall of the former excavation to confirm that
TPH concentrations are below the COGCC's new TPH (500 mg/kg) and BTEX
standards.

Soil borings SB04 and SB05 were advanced to a total depth of 10 feet. The borings were
advanced using a truck-mounted GeoProbe (hydraulic push) rig and two-inch diameter
rods with lined macro samplers. Grey stained soil with a petroleum hydrocarbon odor
was encountered in SB04 from 9.5 to 10 feet bgs. Grey stained soil with a petroleum
hydrocarbon odor was observed in SB05 from 7 to 10 feet bgs. Despite the absence of
groundwater in the 2008 flow line excavation, saturated soil was encountered in the SB04
borehole samples at approximately seven feet bgs and in the SBO5 samples at
approximately 5.5 feet bgs. Based on the presence of groundwater, one soil sample was
collected from each borehole from immediately above the water table. Samples
SB04@7" and SBO5@J5.5" were submitted to the Summit Scientific (Summit) laboratory
in Golden, Colorado for total extractable petroleum hydrocarbons (TEPH) and BTEX
analysis by Environmental Protection Agency (EPA) Methods 8015 and 8260B,
respectively. Soil boring logs are provided in Appendix A. Soil boring locations are
depicted on Figure 2.

A temporary poly-vinyl chloride (PVC) monitoring well was completed in SB035, but
there was insufficient groundwater present in the well for sample collection by the
conclusion of field activities on March 23, 2010. The temporary well and borehole was
properly abandoned prior to exiting the site.
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Soil Vapor Sampling

Three soil vapor sampling points (VP1, VP2 and VP3) were advanced immediately to the
east of the utility corridor and three vapor sampling points (VP4, VP5 and VP6) were
advanced within the utility corridor. Due to the unexpected presence of groundwater, the
soil vapor sampling depths were adjusted from the proposed 2-4, 6-8 and 10-12 foot bgs
intervals to 2-4 and 4-6 foot bgs intervals to ensure the vapor samples were collected
from above the saturated zone. The soil vapor sampling points are depicted on Figure 2,

Soil vapor samples were collected using an expendable point, an expendable point holder,
a post run tubing (PRT) adapter and polyethylene tubing (*/s-inch). The expendable point
was placed in the expendable point holder, which in turn was attached to the drive rod
and driven to depth. The drive rod and expendable point holder were retracted,
separating the expendable point from the point holder, and creating the desired void space
in the soil. A PRT adapter and tubing were advanced down the inner rods and threaded
into the expendable point holder. At the surface, the tubing was attached to the vacuum
system, which was used to purge the tubing and draw the soil vapor sample. Soil vapor
samples were collected in tedlar sample bags, which were placed into an air-tight vacuum
box that was inserted into the sample train between the borehole and the vacuum system.,
The vacuum box prevented cross contamination with ambient air by evacuating ambient
air from the box prior to collecting the soil vapor sample using the resulting vacuum. A
minimum of four liters of vapor were purged from the tubing and void space prior to
collecting each soil vapor sample. PID screening of soil vapors was conducted during
the purge, as requested by the COGCC in their conditional approval of the Work Plan.
The soil vapor samples were submitted to Air Toxics Ltd in Folsom, California for
analysis of BTEX constituents by EPA Method TO-15 Modified.

Indoor Air Sampling

As requested by the COGCC in their letter dated January 27, 2010, Kerr-McGee notified
the owner of the west adjoining residence of the potential hazards of VOC accumulation
in confined spaces and offered to perform indoor air monitoring in the residence located
at 2322 Quay Street. LTE contracted Environmental Health & Safety Documents, Inc.
(EHS) on Kerr-McGee’s behalf to conduct air monitoring in the adjacent residence.

On March 17, 2010 EHS placed four summa canisters with flow regulators at the
residence to monitor indoor air for BTEX constituents over a 24-hour sampling period.
The canisters were placed in the living room, master bedroom, crawl space and outside
the residence. The outdoor summa was used to measure ambient BTEX levels in outdoor
air. The summa canisters were shipped overnight under chain-of-custody to Air Toxics
in Folsom, California for BTEX analysis by EPA Method TO-15 Modified.

In addition to the summa canisters, real-time air monitoring for percent lower explosive
limit (LEL) and organic vapors was performed using a Draeger XAM 7000 monitor and
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real-time benzene monitoring was performed using a hand-held Gastec pump and
benzene detector tubes. A copy of the EHS report is provided in Appendix B.

Groundwater Sampling

LTE personnel returned to the site on April 15, 2010 with an ACI drilling crew and a
track-mounted GeoProbe rig to install three permanent groundwater monitoring wells
(MWO1 through MW03). MWO1 was installed within the 2008 flow line excavation.
MW02 and MWO03 were installed in down-gradient locations to the southeast and south
of the former excavation, respectively. The boreholes were advanced to a total depth of
15 feet bgs. One-inch diameter PVC monitoring wells with ten feet of screen (0.01-inch
slot) were completed in each borehole. All three wells were dry upon completion. The
monitoring well locations are depicted on Figure 2.

LTE personnel returned to the site on April 21, 2010 to sample the monitoring wells.
Groundwater was present in all three wells at depths of 8.9 to 14.16 feet bgs. Dedicated
disposable tubing and a peristaltic pump were used to purge the wells and collect
groundwater samples. The groundwater samples were submitted to Summit for BTEX
analysis by EPA Method 8260B.

Field Findings and Analytical Results

Laboratory analytical results for the soil, soil vapor, groundwater and indoor air samples,
as well as any relevant field findings, are presented below.

Soil Sample Results

Soil staining and/or elevated photoionization detector (PID) readings were not
encountered above the saturated zone in the soil assessment boreholes (SB04 and SB05).
Additionally, TPH and BTEX concentrations in soil boring samples SB04@7" and
SB05@5.5" were below the COGCC allowable levels and the laboratory reporting limits.
The soil sample laboratory results and laboratory reporting limits are summarized in
Table 1. The laboratory analytical reports are presented in Appendix C.

Soil Vapor Sample Results

PID readings obtained while purging the vapor sampling points ranged from 0.0 to 1.7
parts per million (ppm). Laboratory analytical results confirmed reportable
concentrations of one or more BTEX constituents in 9 of 12 soil vapor samples.
However, all the benzene concentrations were below the Colorade 0Oil and Public
Safety’s (OPS) residential soil vapor Risk Based Screening Level (RBSL) for benzene
(2,700 ug/m®), as listed in the OPS’s Vapor Intrusion Guidance Document. The highest
benzene concentration reported was 110 ug/m’ in VP4@3’. The residential soil vapor
RBSL represents the concentration of benzene in soil vapor necessary to complete the
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indoor air vapor intrusion pathway. The Vapor Intrusion Guidance Document does not
list RBSLs for toluene, ethylbenzene or xylenes. A summary of the soil vapor sample
analytical results is provided in Table 2. The laboratory analytical reports are presented
in Appendix C.

Indoor Air Sample Results

Real time percent LEL and organic vapor measurements were collected in ten locations
within the residence, including the crawl space. All the percent LEL and organic vapor
measurements were (.0 ppm. In addition, percent LEL and organic vapor measurements
collected outside the residence were also 0.0 ppm.

Three real time benzene detector tube measurements were collected at different locations
within the residence, including the crawl space. Test results were 0.0 ppm at all three
sampling locations.

BTEX constituents were detected in all four summa canister samples. Benzene
concentrations ranged from 2.9 ug/m® in the outdoor sample to 4.6 ug/m’ in the living
room sample. There are no regulatory limits for BTEX concentrations within residential
structures. The OPS Vapor Intrusion Guidance Document recommends comparing
indoor values to exterior concentrations for benzene, but does not address levels of
toluene, ethylbenzene or xylenes. Due to the high variability associated with outdoor
benzene samples, the OPS considers an associated indoor air benzene concentration
within 3 to 5 ug/m’ of the outdoor sample to be representative of background levels and
not indicative of a vapor intrusion pathway. Benzene concentrations in all three indoor
air samples were within 1.7 ug/m’ of the benzene concentration recorded in the outdoor
air sample.

Groundwater Sample Results

BTEX analytical results for MWO1 through MWO03 were reported on April 22, 2010.
Benzene concentrations in the MWO01 and MWO02 groundwater samples exceeded the
Colorado Groundwater Quality Standard (CGWQS) for benzene of 5 micrograms per
liter (ug/1) at concentrations of 21 and 54 ug/l, respectively. BTEX constituents were not
detected in MWO3 above the laboratory reporting limit. A summary of the groundwater
analytical results and depth to water measurements is provided in Table 3. The
laboratory analytical reports are presented in Appendix C.

Conclusions and Recommendations

Based on the soil boring sample analytical results, TPH and BTEX concentrations in
unsaturated soil along the former north wall of the excavation are below the COGCC
allowable levels. Groundwater, which was not encountered during the excavation of
impacted soil in 2008, is now present at depths as shallow as 5.5 feet bgs.
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Soil vapor samples collected within the utility corridor indicate the presence of low-level
BTEX concentrations. Benzene concentrations in the soil vapor samples are below the
OPS RBSL for the residential indoor air vapor intrusion pathway.

Indoor air monitoring (real time and 24-hour summa samples) also indicate that a vapor
intrusion pathway does not exist for the residence at 2322 Quay Street and that benzene
concentrations recorded in the indoor summa canister samples are representative of and
consistent with benzene concentrations present in ambient outdoor air.

Limited quantities of groundwater infiltrated the low-producing monitoring wells
constructed at the site. Benzene concentrations exceed the CGWQS in MWO1, which
was completed inside the excavation and MWO02, which was installed down-gradient to
the southeast. Additional monitoring wells will be installed down-gradient of MW02 to
establish points of compliance (POC) and groundwater monitoring will continue on a
quarterly basis.

Please call us at (303) 433-9788 if you have any questions regarding this letter report or
require additional information.

Sincerely,
LT ENVIRONMENTAL, INC. Reviewed By,
‘Y __f_\\.
Ve \ugber L;W ?ﬁ. %
g
Justin Solomon John E. Cocroft
Project Environmental Scientist Senior Hydrogeologist/Project Manager
Attachments

Figure 1 — Site Location Map
Figure 2 — Site Map with Sample Locations

Table 1 — Soil Sample Analytical Data
Table 2 — Soil Vapor Sample Analytical Data
Table 3 — Groundwater Analytical and Field Results

Appendix A — Soil Boring Logs
Appendix B — EHS Indoor Air Quality Survey
Appendix C — Laboratory Analytical Reports
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TABLE 1
SOIL SAMPLE ANALYTICAL DATA COG_GC

SAMPFLE | SAMFLE DEFTH BEENZENE | TOLUENE |ETHYLEBEMZENE L TPH-GRO TEPH

D | pate | "' | (mgkg) | (markg) (mglkg) Dol | waangy | 2

bgs) (mg/kg) (mg/kg)

SBoa@mr a3/2372010 7.0 <[ 005 =0.006 =0.005 =0.005 =50 =50
SBOS@S.F | 3/232010 5.5 =(.005 =0.005 <0.005 =0.005 <50 =50

COGCC Allowable Level 0.17 213 100 175 500

< - |lags than stated laboratory reparting limit.

mg'kg - miligrams per kilogram

QRO - 0il Range Organics
TPH - Total Petroleum Hydmcarbons

bgs - below ground surface

COGCC -Colorado Oil and Gas Consenation Commission

GRO - Gasoline Range Ormganics
DRO - Diesel Range Organics

TEFH - Taotal Extractable Palmleum Hydrocarbons

ppm - parts per million

Rasults noted in bold excesd COGCC allowable lewls

TABLE 2
SOIL VAPOR SAMPLE ANALYTICAL DATA
SAMPLE ID |SAMPLE | DEPTH | PID |BENZENE|TOLUENE|ETHYLBENZENE | XYLENES (Total)
DATE [(feetbgs)| (ppm) | (ug/m’) | (ug/m’) (ugim’) (ug/m’)

VP1@2 [3/23/2010] 2.0 1.7 <16 20 <22 <22
VP1@4.5 |3/23/2010| 4.5 0.4 55 45 <22 32
w2@2 |3232010] 20 0.2 <16 <19 <22 <22
VP2@4.5 |3/23/2010] 4.5 0.1 <16 <19 <22 <22
VP3@2 |3/23/2010] 20 0.0 <16 31 <22 25
VP3@4.5 |3/23/2010] 4.5 0.2 <16 <19 <22 <22
VP4@3'  |323/2010] 3.0 0.1 110 46 38 312
VP4@6 |3232010] 6.0 0.3 <16 28 <22 25
VP5@3  |3/23/2010] 3.0 14 32 22 40 176
VP5@6 |3/23/2010] 6.0 0.5 49 37 <22 24
VPE@3  |3/23/2010] 3.0 0.3 <16 <19 <22 <22
VPE6@6' | 3/23/2010] 6.0 0.2 24 <19 <22 <22
Residential Sail Vapor RBSL 2,700 MNA MNA MA

RESL - Risk Based Screening Levels from OQil and Public Safety's Vapor Instrusion Guidance Document.

NA - Not applicakle. ne RBSL is listed by OPS because even at a concentiration equal to the vapor pressure of the chemical, a
hazrd quctient of 1 is not exceeded.

PID - photoionization detector
ppm - parts par million

ug/m® - micrograms per liter
= - Analytical results is less than stated laboratory reporting limit.

AT




TABLE 3
GROUNDWATER ANALYTICAL AND FIELD RESULTS

WASS #5

WELD COUNTY, COLORADO
KERR-McGEE OIL & GAS ONSHORE LP

| Depth Water/
Well J Benzene Toluene J Ethylbenzene, Xylenes |({Depth Product)
_Name |  Date _{ug/L) ._ium“l 1| {ug/L) {ug/L) (ft bgs)
. . . 2 _ 8 4 13.37
MWD2 04212010 54 1.0 140 480 - B.90
MWO03 04212010 <1.0 <1.0 =<1.0 4.0 14.16
Colo GW Quality Standards 5 1000 700 1400
Motes: < - less than W - Groundwater
ug/L - micrograms per Liter Baold numbers indicate result equaled or exceeded standard.
MNA - Not Analyzed/Not Available MM - Mot Measured ft bgs - feet below ground surface

KMForm.mdb rAnalysesField GWhos KMG397 S5O0
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EHS Documents, Inc.

2164 South Parfet Drive
Lakewood, CO 80227

April 7, 2010 BECEIVED

LT Environmental, Inc.
Mike McKee B MaY 19 2010

4600 W 60th Ave

Arvada, CO 80003-6911 COGCC

RE: Indoor Air Quality Survey
2322 Quay Street
Evans, CO

Dear Mr. McKee:

EHS Documents, Inc. conducted an indoor air quality (IAQ)} survey on March 17, 2010 at the
request of LT Environmental, Inc. (LTE) on behalf of their client, Anadarko. The [AQ survey was
conducted inside the eastern most unit of a duplex located near an Anadarko flow line. The purpose
of the survey was to evaluate basic indoor air quality parameters inside this duplex after a flow line
leak in June, 2008 caused petroleum products to impact the utility corridor near the duplex.

This report documents the results of the IAQ survey, including completion of an IAQ Building
Survey, collection of Summa Canisters for benzene, toluene, ethylbenzene and xylenes (BTEX),
real time air monitoring for percent lower explosive limit (LEL) and organic vapors, and detector
tube collection of benzene samples.

Eastern side of duplex located at 2322 Quay Street, Evans, CO
Background:

This IAQ survey was collected in accordance with the Colorado Department of Labor and
Employment (CDLE) Division of Oil and Public Safety (OPS) Petroleum Hydrocarbon Vapor
Intrusion Guidance Document, located in Attachment A. This document was referenced in this



EHS Documents, Inc.

2164 South Parfet Drive
Lakewood, CO 80227

IAQ survey because it contained specific information about petroleum hydrocarbons as indoor air
contaminants versus guidance from the Colorado Department of Public Health (CDPHE) and the
Environmental Protection Agency (EPA).

Indoor Air Quality Building Survey Form:

During the course of the indoor air quality survey an informal interview was conducted with the
duplex occupant in order to complete the OPS Indoor Air Quality Building Survey Form, included
as Attachment B. The purpose of the form was to gather basic information about the unit and
evaluate if chemicals stored within the unit may impact the indoor air quality results with respect to
BTEX.

The survey form indicated a number of chemicals stored in the garage area in sealed containers and
a can containing gasoline.

Real Time Monitoring for % Lower Explosive Limit and Organic Vapors:

Holli Merchant, Certified Industrial Hygienist (CIH), Certified Safety Professional (CSP) used a
Draeger XAM 7000 to monitor percent lower explosive limit (LEL) and organic vapors. The
results of the survey are documented in Table 1.

Table 1
Real Time Munimrigg“_ er Explosive Limit and Organic Vapors
Location ' %LEL | Organic Vapors
Parts per million (PPM)
Living Room 0 0
Kitchen 0 0
Hallway 0 0
First Bedroom 0 0
Bathroom 0 0
2™ Bedroom 0 0
Master Bedroom 0 0
Master Bathroom 0 0
Garage 0 0
Crawl Space 0 0
Ouiside 0 0

Real Time Monitoring for Benzene:
During the 1AQ survey, a Gastec handheld pump was used that was equipped with benzene

detector tubes in the measuring range of .1 to 65 parts per million (ppm). Results are detailed in
Table 2.

Table 2
Benzene Detector Tubes
Eoeaton | Benz —
. ; Parts per ‘million (PPM)
Living Room 0
Hallway 0
Crawl Space 0




EHS Documents. Inc.

2164 South Parfet Drive
Lakewood, CO 80227

Summa Canister Sampling:

EHS Documents Inec. also placed four Summa Canisters with 24 hour regulators in the living room,
master bedroom, crawl space, and exterior of the unit. The Summa Canisters were then shipped
overnight to Air Toxics in Folsom, California for analysis. All canisters were analyzed using
modified method TO 15 for BTEX.

Summa Canister in exterior location on east side of duplex unit

Results are located in Table 3 and detailed laboratory reports are included as Attachment C.

Table 3
Summa Canisier Resulis
2322 Quay-BTEX 1 Living Room
Toluene 23.0
Ethylbenzene 2.1
m,p-xylene 7.4
o-xylene 2.1
2322 Quay-BTEX 2 Outside Benzene 2.9
Toluene 5.1
Ethylbenzene ND
m,p-xylene 22
o-xylene ND
2322 Quay BTEX 3 Master Bedroom Benzene 4.5
Toluene 28.0
Ethylbenzene ND
m,p-xylene 7.3
o-xylene 2.2
2322 Quay BTEX 4 Crawl Space Benzene 4.5
Toluene 21.0
Ethylbenzene 1.8
m,p-xylene 6.8
o-xylene 1.9

ND= not detected
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2164 South Parfet Drive
Lakewood, CO 80227

Benzene Indoor Air Quality Background Data:

Because no mandatory regulatory limits have been published determining the level at which BTEX
concentrations must be maintained within residential structures, the OPS Vapor Intrusion Guidance
Document suggests that indoor values are compared to exterior concentrations for benzene. The
OPS guidance does not address levels of xylene, ethylebenze or toluene. Because the outdoor
samples are very susceptible to environmental conditions and may vary substantially in a 24 hour
period, OPS considers 3-5 pg/m’ of benzene to be background and not indicative of a vapor
intrusion pathway. Attachment D, The Impact of Background Concentration on Vapor Intrusion
Assessment, is the document that the background value is based on.

Soil Vapor Sampling:

In accordance with the OPS Vapor Intrusion Guidance Document, soil vapor samples were
collected by LT and compared with the Risk Based Screening Levels (RBSLs) listed in the
document. The purpose of this sampling was to determine if the potential for an indoor air vapor
intrusion pathway could exist. Of the 12 samples collected, none exceeded the RBSL screening
level of 2,900 ug/m’ for benzene with the highest benzene sample recorded being 110 pg/m®. The
RBSL for toluene, ethylbenzene, and xylenes are listed as greater than the vapor pressure. These
RBSLs were not exceeded in the samples collected.

Conclusions:

Based on the real time monitoring results, Summa Canister samples, and soil vapor samples
collected, a vapor intrusion pathway does not appear to exist for this duplex unit. Based on the
information given by OPS, analytical results for BTEX inside the unit are considered to be
background levels and not indicative of a vapor intrusion pathway.

Thank you for allowing EHS Documents Inc. to assist you with this project. If you have any
questions regarding the enclosed information please contact me at (303) 986-1067.

Sincerely,
EHS Documents Inc.

il { b

Holli Merchant, CIH, CSP
Principal Industrial Hygienist
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1.0 Introduction

WVapor intrusion has been defined by the U. S. Environmental Protection Agency (EPA) as the
“migration of volatile chemicals from the subsurface into overlying buildings”. Over the past
several years, vapor intrusion has become an issue of concern at thousands of sites across the
nation. Vapor intrusion can'occur when a substance containing volatile organic compounds
(VOCs), many of which are known carcinogens, is released into the subsurface impacting soil
and possibly groundwater. Following such a release, a portion of these VOCs go into the vapor
phase, whether emitted from the released material itself or from contaminated groundwater
containing dissolved VOCs. These vapors can then migrate from contaminated media through
subsurface soils and into overlying buildings, creating a potentially unsafe environment for
building occupants.

The contaminants associated with vapor intrusion usually enter the environment as a direct result
of a release to soil and groundwater from properties such as gas stations, dry cleaners and
industrial facilities. As indicated by the title of this guidance document and in accordance with
the general mission of the Remediation Section of the Division of Qil & Public Safety (OPS),
this document only addresses the vapor intrusion problem as it relates to the release of petroleum
products into the environment. This document is not intended to provide an exhaustive
discussion of all aspects of the vapor intrusion problem, even as it relates to petroleum releases.
Beyond providing an overview of the problem, the primary focus and intent of this document is
provide guidance to the regulated community regarding the best ways to assess the vapor
intrusion pathway. To that end, information is provided on the conditions which would trigger
the need for a vapor intrusion assessment, the proper methods of construction and sampling soil
vapor wells and sub-slab installations, the issues and challenges of indoor air evaluation and
sampling, the analysis of collected vapor samples, and the evaluation of laboratory data. The
subject of vapor intrusion mitigation is beyond the intended scope of this document. However,
useful references are provided that address this subject in detail. This document should not be
viewed as a “stand alone™ text but should be referred to and used in conjunction with the
Petroleum Storage Tank Owner/Operator Guidance Document.

Biodegradation of petroleum constituents and the evaluation of attenuation factors that might
allow for expedited assessments of the vapor intrusion pathway have both been the subjects of
recent research. However, at this time, there is no general consensus on the rates of contaminant
biodegradation or the degree of contaminant attenuation one can expect in a given subsurface
environment. Given the available data, OPS is not prepared to assign or accept attenuation
factors. Therefore, this issue is not addressed in this document.

This document is a practical tool to assist the regulated community and their environmental
consultants in the assessment of potential vapor intrusion issues at their sites of interest. A flow
chart (Figure 1) is included to aid in decision-making during the characterization of the vapor
intrusion pathway. Also, the Appendices include a Checklist designed to assure that the vapor
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intrusion pathway is properly and completely evaluated and a Building Survey form that must be
used when conducting an initial screening prior to performing an indoor air sampling event.

OPS would like to thank the many environmental professionals that have given their advice and
assistance in preparing this document. Special thanks to Dr. Blayne Hartman of H&P Mobile
Geochemistry and David Folkes and Dr. Jeff Kurtz of EnviroGroup Limited for providing
thorough and thoughtful reviews of a preliminary draft of this document.

2.0  Vapor Intrusion Program Overview

OPS requires evaluation of the soil vapor to indoor air inhalation pathway when a structure is
present within the influence of hydrocarbon impacted soils or groundwater, and regular
operations at that structure do not involve the dispensing of petroleum products. A structure is
considered within the influence of a contaminant plume if the structure lies directly over or
adjacent to the plume, i.e., where contaminant concentrations in groundwater exceed the
groundwater to indoor air Risk Based Screening Levels (RBSLs). If there are potential
preferential pathways (e.g. utility corridors)} connected to a structure that pass through or over a
contaminant plume, that structure is also considered within the influence of the plume. The steps
involved in the OPS soil vapor and indoor air assessment process are illustrated in Figure 1 and
are described below.

2.1 Site Characterization — Step 1

A site characterization is completed to assess potential exposure pathways. The site
characterization includes gathering information and data that fully defines the type and
magnitude of the contamination source and the horizontal and vertical extent of contamination in
soil, groundwater, and soil vapor. All potential points of exposure (POE) are also identified,
which include structures of concemn and potential preferential pathways for vapor migration, as
described above. In emergency situations where impact to indoor air has been identified
(i.e. petroleum odors), indoor air mitigation activities (Step 9) should be conducted
immediately.

Table 1 lists the OPS RBSLs for concentrations in groundwater that would prompt an evaluation
of the potential for soil vapor to impact structures within the influence of the contamination.
Also in Table 1 are the RBSLs for the soil vapor to indoor air inhalation pathway. The RBSLs
may be modified in the future as more empirical data is obtained. Refer to Appendix C of the
OPS Petroleum Storage Tank Owner/Operator’s Guidance Document for more information
regarding the determination and calculation of the RBSLs.

E

o

e e Industrial 0.41 90 | >Sol 140
i ; Residential 2,900 =VPp | =Vp =VP

: v ] s : i A WS i ) RN i
| SoilVapar: | wale: el 37,000 SVP | 5P VP

=VP denotes that even al a concentration equal to the vapor pressure of the chemical, a hazard quotient of 1 is not
exceeded.

=Sol denotes that even at a concentration equal to the solubility of the chenueal, a hazard quotient of 1 is not
exceeded.
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Figure 1. OPS Seil Vapor and Indoor Air Evaluation Process
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22 Groundwater to Indoor Air RBSL. — Step 2

Based on site characterization information and data, deiermine whether benzene concentrations
in groundwater exceed the RBSL for groundwater to indoor air (0.016 mg/L) listed in Table 1. If
this RBSL is exceeded or if preferential pathways exists that could cause impact to indoor air of
a structure, the soil vapor to indoor air pathway must be assessed. If the RBSL is not exceeded
and OPS has not requested additional soil vapor investigation, the groundwater to indoor air
pathway is eliminated.

2.3 Soil Vapor Assessment — Step 3

The soil vapor to indoor air pathway is assessed by installing soil vapor and/or sub-slab sampling
wells. Construction of these wells is described in Section 3.0 (soil vapor wells) and Section 5.0
(sub-slab wells) of this document. A checklist that presents all components of soil vapor
assessinent is provided in Appendix A.

If the contamination source is not directly below a structure of concern, soil vapor monitoring
wells should be installed in the source area and adjacent to the side of the structure that is closest
to the source area. Ifthe contamination source is located directly below a structure, vapor
samples should be collected immediately below the structure’s foundation if possible (i.e., sub-
slab samples). Sufficient samiples should be collected to get a representative value under the
footprint of the structure, with locations selected to provide an indication of the spatial
distribution of the contamination. If sub-slab samples are not possible, samples should be
collected adjacent to the structure at strategic locations to determine the distribution of
contaminants and thereby get an idea of possible contamination levels under the structure.

A typical scenario where a soil vapor assessment would be necessary is illustrated in Figure 2.
The source area in this example is the UST area. Therefore, a soil vapor well (SV-1) is installed
as close to the source area as possible. Notice that monitoring well MW-3 is located near
Residence #1 and that MW-3 has a benzene concentration that exceeds the benzene groundwater
to indoor air RBSL. Under this scenario, a soil vapor well or a nested set of soil vapor wells
(S5V-2) should be installed adjacent to the upgradient side of this structure. Also shown in Figure
2 is a utility corridor which passes through the plume and could therefore serve as a preferential
pathway that allows contaminant vapors to migrate to Residence #2. To evaluate this potential
impact, a soil vapor well or a nested set of soil vapor wells (SV-3) should be installed adjacent to
the utility corridor near the point where the utility enters Residence #2.

Biodegradation of petroleum hydrocarbon vapor occurs at variable rates throughout migration
from the source (groundwater or soil) upwards through soil, into sub-slab vapor, across the
structure foundation slab and then into the structure. This biodegradation or attenuation usually
occurs at a greater rate throughout the soil column than across the structure slab, Therefore,
concentrations less than the soil vapor to indoor air RBSL could potentially impact indoor air.

.
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Figure 2. Example Groundwater Contamination Plume Requiring Soil Vapor Assessment

ﬁ' Groundwater monitoring well
MW-1 |
0.52 Dissolved benzene concentration in !
groundwater (mgiL) N
18
i Vapor sampling well
Benzene in groundwater >0.016 mel. o 50
i ool

— — —  LhiHty Faet

2.4  Soil Vapor to Indoor Air RBSL — Step 4

Based on the evaluation of soil vapor sample results, determine if benzene concentrations in the
shallow soil vapor interval exceed the soil vapor to indoor air RBSL of 2,900 ug/m’ (see Table
1) in a vapor monitoring well located adjacent to a structure, or if soil vapor concentrations are
present in sub-slab samples that indicate potential vapor intrusion from the contaminant plume.
If one or both of these conditions exist, an indoor air evaluation (possibly including indoor air
sampling) must be performed. If the soil vapor to indoor air RBSL is not exceeded in the
shallow sampling interval of the vapor well (or in sub-slab samples) throughout four consecutive
quarters of monitoring and preferential pathways for vapor migration still do not exist, the soil
vapor to indoor air pathway can be eliminated with OPS’s concurrence.

In the event that soil vapor concentrations exceed the soil vapor to indoor air RBSL in the deep
and/or intermediate sampling intervals but not in the shallow sampling interval, additional
monitoring may be required to ensure that the RBSL is not exceeded throughout seasonal
changes in the subsurface. Conditions may exist where benzene concentrations in the shallow
sampling mterval exceed the soil vapor to indoor air RBSL and are significantly greater than
those concentrations in the deep or intermediate sampling intervals. This situation will require
additional investigation to determine the source of the shallow contamination (i.e. shallow soil
source, leak in the deeper sampling point, etc.)

B e s st



2.5  Indoor Air Survey — Step §

The indoor air survey includes a site visit to interview the occupants of the structure and conduct
a building survey (see Section 6.0 and Appendix B).

2.6 Is Indoor Air Sampling Appropriate? — Step 6

Information obtained from the site visit is then evaluated and. in coordination with OPS, the
determination is made as to whether results of indoor air sampling will identify vapor intrusion
from the subsurface contaminant source, considering any additional sources of benzene
identified in the structure.

2.7  Indoer Air Investigation — Step 7

If it is determined that indoor air sampling may provide an accurate assessment of vapor
intrusion (i.e., the building survey did not identify complications from other possible sources
within the structure), indoor air sampling should proceed (see Section 6.3). An outdoor ambient
air sample must also be collected during the indoor air sampling event. Background indoor air
concentrations are site specific. Therefore, in some cases, it may be necessary to sample
background indoor air in nearby structures of similar construction to the one where indoor air is
being evaluated.

2.8  Indoor Air Quality Evaluation — Step 8

Based on the evaluation of indoor air and ambient outdoor air sample results, determine if
benzene concentrations in indoor air exceed the estimated background value and are greater than
the ambient outdoor value. If the benzene concentrations in indoor air do not exceed the
background value throughout four consecutive quarters, the indoor air exposure pathway is
eliminated.

2.9  Indoor Air Mitigation - Step 9

If benzene concentrations in indoor air exceed the ambient and estimated background values,
contamination has been identified in indoor air and must be mitigated. Mitigation of indoor air
contamination is addressed in Section 9.0,

OPS should be contacted at any time during the investigation if the next appropriate step is
unclear.

3.0  Soil Vapor Well Construction

3.1 Permanent Soil Vapor Well Construction

Depending upon the depth to groundwater, from one to three soil vapor wells with discrete
sampling intervals wiil be required. These wells may be nested within the same borehole or
installed in separate borings located adjacent to one another (sec Figure 3).

3.1.1 Depth to groundwater < 10 feet

If depth to groundwater (or to the contamination if in the vadose zone) is less than ten feet below
ground surface (bgs), only one sampling interval located a minimum of three feet below the base
of the at-grade or below-grade slab or foundation of the potentially impacted structure (and
preferably at least five feet bgs) is required. This depth restriction is necessary to minimize the
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effects of changes in barometric pressure and surface temperatures, as well as limiting the
breakthrough of ambient air from the surface.

3.1.2 Depih to groundwater between 10 and 20 feet

If depth to groundwater (or a vadose contaminated zone) is between ten and twenty feet bgs, two
discrete sampling intervals are required: one located as described above and a second located
above the seasonal high water table (or the vadose zone contamination). The groundwater
seasonal high can be determined by review of existing historical data or estimated by utilizing
the typical capillary rise based on soil type.

If contaminated groundwater is the vapor source, a third well may be installed and screened
across the groundwater surface to facilitate groundwater sample collection. Soil vapor may also
be sampled from this well to get an indication of vapor concentrations partitioning from the
groundwater, but the collected sample probably will not accurately reflect soil gas
concentrations. A groundwater monitoring well, as described above, must be installed in a
separate borehole than the soil vapor wells to avoid interfering with the deep soil vapor sampling
interval.

3.1.3 Depth to groundwater > 20 feet

If depth to groundwater (or a vadose contaminated zone) is greater than twenty feet bgs, a third
well should be installed to enable sampling at an intermediate depth.

iz Installation of Seoil Vapor Wells

Soil vapor wells should be constructed in the same manner at all sampling locations to minimize
data variations. The following procedures should be followed when constructing a permanent
soil vapor well, unless otherwise instructed or approved by OPS.

321 illi hod

Vapor wells can be installed using an auger drill rig, direct-push rig, or hand auger. Please note
that depending on the drilling method used, sample collection may need to be delayed to allow
subsurface conditions to equilibrate (see Section 4.0). Schematic drawings of auger and direct-
push well constructions are shown in Figure 3. The presence of cobbles or highly compacted,
fine-grained soils may preclude the use of direct-push technologies. In addition, direct-push
samplers sometimes have difficulty collecting soil gas samples in finer-grained units (relative to
augured installations with a more significant volume of permeable backfill). Detailed lithologic
logs and construction diagrams should be prepared for all well installations.

322 Soils les

Soil samples should be collected and submitted for laboratory analysis for contaminants of
concem (COC) from depths showing elevated field instrument readings or from just above the
water table if no elevated readings are noted.

Unless installing a well designed to intersect the water table for groundwater sampling purposes,
screen intervals of six inches or less should be used.



Figure 3. Soil Vapor Sampling Wells
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3.2.4 Soil vapor well casing and sampling point materi

A vapor sampling well is generally comprised of a solid section of small diameter (1/8- to 1/2-
inch) rigid, inert tubing (e.g., high-density polyethylene, nylon, stainless steel or Teflon™ ) that is
connected to a sampling point through which the sampled vapor is drawn from the subsurface.
Alternatively, PVC pipe up to one inch in diameter can be used for the soil vapor well casing,
with a six-inch section of slotted screen at the target sampling depth. Soil vapor well casing
diameters of less than one inch are advised to minimize the dead volume that must be purged
prior to sampling. Sample tubing should be color coded, labeled, or cut to various lengths at the
surface to clearly differentiate sample intervals.

When using rigid tubing, a variety of sampling points or tips can be used. These points can
include 6-inch lengths of 1/8- to 1/2-inch diameter stainless steel mesh tubing, 1/4-inch diameter
micro-bubbler material commonly used in fish tanks, or perforated. stainless-steel anchors placed
by direct-push rods.

2.5 Sand or filter pack

A layer of the porous backfill {e.g., sand that is coarser grained that the native formation
materials) should be added to the bottom of the borehole below the sampling screen and placed
around the screen to create a sampling zone of 12- to 18-inches in iength. The screen should be
located in the middle of the interval of porous backfill.

3.2.6 Sampling interval seal

The borehole seal above the sand pack consists of granular bentomite installed by one of the
following methods:

10
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* At [east one foot of dry granular bentonite should be placed on top of the sand pack to
prevent bentonite slurry, which is placed on top of the dry granular bentonite, from
infiltrating into the sand pack, or

e Dry granular bentonite can be placed in 6-inch lifis (layers) and hydrated following each
lift. The initial lift above the sand pack must be at least 6 inches (preferably one foot)
thick, with minimal water used for hydration so that hydration water does not infiltrate
into the sand pack.

The bentomte seal should be a minimum of three feet (preferably five feet) thick to prevent
ambient air infiltration to the sampling point. The boring can be filled with a clean backfill
material {or bentonite) to approximately (but no less than) one foot from the ground surface.

3.2.7 Protective surface seal

A protective surface seal (cement or a cement/bentonite mixture) should be set around the top of
the well tubing to prevent infiltration of water and ambient air into the completed borehole. It is
recommended that the surface seal is at least one foot thick and extends horizontally from the
vapor well for a distance of at least six inches in all directions.

3.2.8 Vapor-tight connections in the sampling apparatus

When using the preferred rigid nylon tubing, leakage is less likely if self-sealing, quick-connect,
brass or stainless steel, threaded or compression fittings are used as opposed to barbed fittings. If
barbed fittings are used, some other means of ensuring a leak-proof cap to the tubing is required.

3.2.9 Locking vault

Install a locking utility vault or meter box with ventilation holes to prevent accidental damage or
vandalism. If the completion is not flush with the ground surface, consider installing guard posts
or bollards to protect the well.

3.3  Single Event Sampling

Temporary wells may be acceptable with prior approval from OPS. In general, a temporary soil
vapor well is installed by driving the direct-push rod to a predetermined depth and then pulling it
back to expose the inlets of the perforated tip of the vapor well, usually made of stainless steel.
After sample collection, both the drive rod and tubing are removed and the hole is properly
abandoned. For shallow depths (3-5 feet) and finer grained soils which do not readily collapse
around the driving rod, the wells should be carefully installed with minimal lateral movement to
prevent leakage of ambient air down along the outside of the well. In addition, hydrated granular
bentonite or bentonite slurry should be used to seal around the drive rod at the ground surface,
and a rubber seal should be placed between the sample tubing and the inside wall of the rod 1o
further prevent ambient air intrusion from occurring.

4.0  Seil Vapor Sampling Methodology

Refer to the Checklist included in Appendix A to assure that the vapor mntrusion pathway is
adequately evaluated and that proper sampling procedures are followed. OPS requires that the
following practices be followed in association with soil vapor sampling.

11



4.1  Subsurface Equilibration

During well installation, subsurface conditions are disturbed to varying degrees depending upon
the installation method. Therefore, prior to sampling, allow subsurface conditions to equilibrate.
Otherwise, the soil gas samples may not be representative of subsurface conditions. For wells
stalled by direct-push methods, sampling should net occur for at least 20-30 minutes after well
installation. If utilities are nearby and it is necessary to clear a borehole by a method that
disturbs the soil gas, such as with an air knife or hydro-knife, or if wells are installed using
hollow-stem drilling methods, sampling should not be performed on the same day as well
installation.

4.2 Feasibility Testing

After the vapor well has been installed, testing should be performed to determine if a
representative soil vapor sample can be collected. Excessive vacuum may cause the transfer of
sorbed contaminants into the vapor phase or a breach in the bentonite seal which would allow
ambient air to infiltrate into the sample. Feasibility testing can be accomplished by applying a
vacuum to the vapor well using a 20-100 cubic centimeter (cc) syringe connected to the end of
the sampling tubing and pulling the syringe’s plunger. If the plunger does not hold its position,
collection of a soil vapor sample at that location is not feasible. In this case, a new well may
need to be installed at a different depth or location.

4.3  Leak Testing

Leakage during soil vapor sampling may dilute samples with ambient air and produce results that
underestimate actual site concentrations. Therefore, leak testing must be performed to determine
whether leakage is occurring. Leak testing is crucial for identifying leaks from the surface to the
shallow soil vapor sample interval or around the sample train (fittings, etc.). With deeper
sampling intervals, it is unlikely that surface air will be drawn down the full depth of the well to
the sampling interval.

During the initial stages of a soil vapor sampling program, leak testing should be conducted at
each of the sampling wells. When using permanent soil vapor wells as part of a long-term
monitoring program, annual testing of well integrity is recommended. If leakage is confirmed
and the problem cannot be corrected by enhancing the annular seal, the soil vapor well should be
properly abandoned, and a replacement well should be installed at least five feet from the
decommissioned well. Discussion regarding liquid and gas tracers is included in the following
sub-sections.

4.3.1 Gas Tracers

Gas tracers can be used for leak testing by enriching the atmosphere in the area where the well
intersects the ground surface with helium, difluoroethane, or sulfur hexafluoride. Difluoroethane
(a component of air dusters) is widely used as a leak detection chemical and is much less
expensive than sulfur hexafluonde. Place a shroud (e.g., plastic pail, cardboard box, or a
garbage bag) over the area to keep the tracer in contact with the well. Purge the sample point
using a sampling pump or a syringe.

Helium or sulfur hexafluoride is preferred by many professionals as a tracer gas because you can
utilize a portable monitoring device to measure their concentrations. However, because of the
small molecular size of helium, it may permeate sampling materials and be detected in the
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sample at low concentrations, One disadvantage of using difluoroethane is that it must be
analyzed by a laboratory.

One should measure a vapor sample from the well for the presence of the tracer gas before and
after sampling for the chemicals of concern. If measured concentrations in the sample exceed
10% of the concentration under the shroud, the well seal should be enhanced to reduce
infiliration of ambient air prior to collecting analytical sample.

4.3.2 Liguid Tracers

An alternative method of leak testing is to use a liquid tracer by applving the liquid to a clean
towel wrapped around the sample tubing and fittings at the surface of a well. This method is
particularly well suited for sampling temporary soil vapor points (sampling through probe rod)
since it can be applied where the rod meets the ground surface and at the top of the rod.
Common liquid tracers include isopropyl alcohol and butane (found in shaving cream). If the
tracer is detected at a high concentrations (i.e., >100 pug/L) in the soil vapor sample, it is likely
that there is a leak.

Liquid tracers, while easier to use than gas tracers, may leave residue on the sampling apparatus
and must be analyzed in the laboratory. If the tracer will be analyzed in the laboratory (i.e.
difluorethane, isopropanol, and butane), these compounds must be included in the list of analytes
reported by the laboratory.

44  Purging
To ensure that ambient or stagnant air is removed from the sampling system and samples
collected are representative of subsurface conditions, purging must be performed.

4.4.1 Purging equipment

Purging equipment may consist of an electric- or hand-powered vacuum pump, syringe, or a
peristaltic pump. All equipment, including associated valves and fittings, should be checked for
leaks before purging the sampling system.

442 Purge volume

Purging requires the removal of at least three sample tubing volumes. Before purging, calculate
the purge volume (or “dead space volume™) based on the length and diameter of the sampling
tubing and the connected sampling tubing and equipment. Do not include the volumes of the
syringe and sample container (e.g., Tedlar® bags, summa canisters) when calculating purge
volume. You can assume the following approximate quantities to calculate three purge volumes:
5 cc per linear foot of 1/8-inch diameter tubing

20 cc per linear foot of 1/4-inch diameter tubing

40 cc per linear foot for 1/2-inch diameter tubing (sch 40 PVC)

85 cc per linear foot for 3/4-inch diameter tubing (sch 40 PVC)

310 cc per linear foot for 1-inch diameter tubing (sch 40 PVC)

If sampling must be performed within 48 hours of well installation using a hollow-stem auger,
approximately two to three dead volumes of the sand pack should also be purged prior to
collecting a sample. In order to minimize surface leakage, excessive purging should be avoided
for collection of near surface samples (e.g., less than 5 feet).

a & & @
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443 Flow rates

Flow rates for purging (as well as sampling) should generally not exceed 0.2 liters per minute
(L/min) to minimize air infiltration (short-circuiting) and to imit stripping or partitioning of
chemicals of concern from soil. However, a recent study has indicated that no significant
difference was detected in soil vapor concentrations for flow rates ranging from (.1 L/min to 100
L/min in relatively coarse-grained soils.

45  Additional Required Measurements

OPS requires the field measurement or laboratory analysis of oxygen and carbon dioxide during
the sampling procedure. This data can assist in determining the soil vapor profile at the site and
in assessing data quality of the samples (consistency across purge volumes). In general, carbon
dioxide concentrations increase with depth while oxygen concentrations decrease with depth and
approach zero directly above the soil or groundwater source. Analysis for methane is required in
situations where light non-aqueous phase liquid (LNAPL) is present or oxygen content is less
than 10%; otherwise, it is optional. High concentrations of total petroleum hydrocarbons in
vapor may require the use of a filter on the analyzer sampling probe to allow for accurate
measurement of methane concentrations. These additional required measurements are
summarized in Table 2.

Oxvygen, carbon dioxide, and methane data can also indicate that biodegradation is occurring and,
if so, what type of biodegradation (aerobic or anaerobic). Besides indicating biodegradation, a
decrease in oxygen concentration may also be partially due to background oxygen demand {e.g.
in soils with high natural organic matter). Background oxygen demand can be assessed in areas
with no contamination.

When aerobic biodegradation results in the depletion of oxygen from soil gas, an equivalent
amount of carbon dioxide should be generated, resulting in the sum of oxygen and carbon
dioxide concentrations being approximately 21% (i.e., atmospheric oxygen concentration). Seil
gas analytical results where the sum of oxygen and carbon dioxide is less than 18% may suggest
sample collection or analysis problems. However, under anaerobic conditions, high levels of
methane may be generated, potentially displacing other gasses. High concentrations of carbon
dioxide are also typically present under anaerobic conditions.

Table 2. Additional Required Measurements

| 4 Usual decrease closer
Oxygen | Yes electrochemical cell | 3IB10M/D1946 B
Carbon | Field meter w/ infrared | i T
Tt Yes analyzer IB10M/D1940 & :sc;-l mmnet
Methane e Field meter 1810M/Dloag | Possible increase
i closer to source

*Only required if LNAPL is present or O is <10%
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4.6 Other Measurements

Radon gas is present in all soils. Therefore, radon data can be useful in assessing the potential
for vapor intrusion in a given structure. However, OPS does not require the analysis of indoor
air samples for radon as part of a hydrocarbon vapor intrusion investigation.

OPS does not require measurement of the air pressure differential between the interior of a
structure and beneath the foundation slab. However, doing so may help determine whether or
not “barometric pumping” is occurring. This measurement can be performed by utilizing
pressure transducers. If a significantly higher pressure exists in the sub-slab compared to the
interior of the building, the potential exists for vapors to be drawn into the structure by advection
due to the lower air pressure inside compared to outside the structure.

4.7  Sample collection and sample containers

Use fresh tubing between the seil vapor sampling tubing and the sample container at each
sampling location. Sample containers chosen for a specific site will depend on site conditions,
sample depth, and analytical requirements (see Section 7.0). OPS recomumends that soil vapor
samples be collected in a 1-liter summa canister, 400cc mini-can, or glass bulb if the sample will
be shi . If the samples will be analyzed at a local Iaboratory, samples may be collected in a
Tedlar” bag or canister. Tedlar" bag samples are generally not considered reliable if more than
48 hours have passed since sample collection. If analyses will be performed onsite, collection
into a syringe or Tedlar” bag is acceptable. Sample containers with volumes greater than 1-liter
should be avoided for collection of near surface samples (e.g., less than 5 feet bgs). Section 7.0
includes information on sample containers and associated holding times.

Regardless of which sample collection device is used, the soil vapor well must be appropriately
purged before collecting a vapor sample (see Section 4.4 above). When using 1-liter summa
canisters, 400 cc mini-cans, or any container under vacuum, the container is connected to the
titbing from the soil vapor well and then the container is opened. A syringe, a vacuum box with
Tedlar® bags, or a peristaltic pump may also be used to obtain vapor samples. The use of other
types of pumps that do not have dedicated tubing is discouraged, due to probable cross-
contamination of the collected sample. A glass bulb with a pit-cock on both ends to seal the bulb
after sample collection can also be utilized for vapor sample collection. The tubing from the soil
vapor well is connected to one end of the bulb, and the other end of the bulb is connected to
tubing from a vacuum pump which draws the sample into the glass bulb. When using the sample
containers discussed above, always follow the instructions provided by the manufacturer.

4.8 Sample shipment

Soil vapor samples should not be chilled during sample shipping to a laboratory because the
volatiles may condense out of the vapor phase at the lower temperature. Tedlar™ bags should not
be shipped due to pressure differentials (causing the bag to explode or deflate) and the potential
for diffusion through the bag wall, puncturing of the bag, or valve leakage. Exposure of the
Tedlar® bag sample to direct sunlight or excessive heat should be minimized.

5.0 Sub-Slab Seil Vapor Well Construction and Sampling

If a structure is located directly over a source of contamination, vapor samples should be
collected immediately below the structure’s foundation slab. The installation and sampling of a
sub-slab soil vapor sampling point can determine whether vapors are present beneath the
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structure slab that could be drawn into the indoor air by advection. However, sub-slab vapor
sampling may not be possible because of its intrusive nature and related access issues.

Methods of construction of a sub-slab sampling point are similar to those described for vapor
wells in Section 3.0 of this document (Soil Vapor Well Construction), although the sampling
point is installed through the structure’s slab and extends only into the engineered fill directly
beneath the foundation. A schematic of a sub-slab sample point is shown in Figure 4. Key
components in sub-slab sample point installation and special considerations for sub-slab
sampling are listed below.

5.1 Sub-slab well location

Sample points should be installed in central locations away from foundation footings and
utilities. For a typical single-family residence, the installation and sampling of one sub-slab
vapor point should be adequate to evaluate sub-slab conditions.

Figure 4. Sub-slab Soil Vapor Sampling Well

_.— Top of concrete slab

[ i
i

— Brass or stalnless steel threaded or
somprassion fitting with recessed throaded
cap OR capped tubing colled in hole

= Quick-drying lime-based cement,
meodeling clay or beeswax

Larger 1-inch hole

/

™ Nylon, stainless steal, or Teflon tubing

Smaller hole

5.2  Sample point construction

Water should not be used when drilling through the concrete slab. If dust prevention is
necessary when drilling through the slab, cover the location with a towel and drifl through a pre-
cut hole in the cloth. If a flush or recessed surface termination with a permanent point is
required, a 1-inch diameter hole in the upper two inches of the slab will leave space for
installation of a brass or stainless steel threaded or compression fitting. A hole slightly larger
than the sample tubing i is then drilled in the center of the 1-inch hole. Cut tubing (nylon,
stainless steel, or Teflon®™) to an appropriate length to reach the base of the slab. Sand can be

16



added to {ill the void in the sub-slab material to the base of the sample tubing and, if necessary,
in the void between the sample tubing and small hole. A guick-drying, lime-based cement may
be placed within the l-inch hole (and on top of the sand, if present) to seal the well. As an
alternative, modeling clay or beeswax may be placed above the sandpack to form an air-tight
seal.

5.3  Leak testing
Leak testing should be conducted during purging as described in Section 4.3 of this document. If

cement is used to seal the well, be sure that the cement is allowed to dry and set up before testing
the wellhead for leaks.

5.4  Purging

If cement was used to seal the sub-slab installation, wait an adequate amount of time for the seal
ta set up before purging the sample point. If clay or beeswax is used to seal the installation, the
sample point can be purged and sampled immediately after construction. The purge volume
should include the total intemal volume of all sampling tubing and fittings, the open hole in the
slab below the tubing, and the cavity created in the sub-slab material during drilling. Refer to
Section 4.4 for information on purging equipment, purge volumes, and vacuum and flow rates.

5.5  Sample collection

If the sample will be submitted for laboratory analysis, it should be collected using a 1-liter
summa canister, 400cc mini-can, glass vial, Tedlar® bag, or an equivalent collection vessel. For
onsite analysis, a syringe may be used for sample collection. Refer to Section 4.7 of this
document for sampling procedures.

5.6  Sample shipment
Refer to Section 4.8 for information on shipping samples. Always follow laboratory instructions
for sample shipping of canisters or other collection vessels.

5.7  Additional considerations

Sub-slab samples should be avoided in areas where groundwater might intersect the slab. Also,
if a vapor barrier exists under the slab, a sub-slab sample point should not be installed, since
doing so might result in damage to the barrier.

6.0 Indoor Air Evaluation and Sampling

[n the event that the soil vapor and/or groundwater concentrations are greater than the
appropriate RBSLs, or if other conditions (such as the presence of hydrocarbon odors) suggest
that vapor intrusion is occurring, OPS will require a site-specific indoor air evaluation. This
evaluation will include the following compeonents.

6.1 Site visit

A site visit should be conducted to confirm the location, use, and occupancy of all potentially
imnpacted structures.
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6.2  Building Survey

Before performing an indoor air sampling event, a survey of all potentially impacted structures,
including interviews with the occupants, owners, and landlords (if applicable) must be conducted
and must include gathering information on the following topics:

Type of building construction

Foundation characteristics

HVAC system layout

Potential indoor sources of contaminant vapor

Inventory of household chemical products

Water and sewage systems; utility cornidors leading to the structure; types of drains, etc.
Locations of sub-slab utilities in the event that sub-slab sampling is necessary

* & 8 & & & B

An example of a building survey form which covers the above topics is included in Appendix B.

In addition, a walkthrough of all potentially impacted structures should be conducted to identify
potential “background” sources, eliminate them, and educate the occupants on those activities
that should be avoided immediately before and during the sample collection. It is extremely
important to identify all consumer products, household cleaners, supplies used for personal
hobbies, or building supplies that may be used in the structures, many of which contain volatile
chemicals. If practical, all background sources (or at least gas tanks, lawn mowers and vehicles)
should be removed from the structures and attached garages prior to indoor air sampling.

If applicable, these products should not be used inside the buildings within 24 hours of the
sampling event or, depending on the impacts to carpeting, drapes, etc., within two weeks of the
sampling event. The occurrence of smoking (a source of benzene) in the building should clearly
be noted during the interview. Although not comprehensive, the National Institutes of Health
Household Products Database ://householdproducts.nim.nih.gov/) contains information on
common household products that cause measurable levels of volatile chemicals in indoor air.

6.3  Indoor air sampling

If information from the building survey indicates that indoor air sampling will provide an
accurate assessment of vapor intrusion, indoor air sampling must be conducted. The sampling
protocol is described below.

6.3.1  Access agreement
Because of the intrusive nature of indoor air sampling, it is always necessary 1o execute an
access agreement for each structure before proceeding with the sampling.

6.3.2 Sample container

Because of the low detection limits required for indoor air samples, a summa canister is the
preferred sample container for laboratory analysis. If real-time onsite analyses will be
conducted, other sample containers could include gas-tight glass or stainless steel vials, syringes,
or glass-lined canisters (other than summa canister).

6.3.3 Sample locations

The sample canisters should be placed in the occupied living areas and the basement. Canisters
should be placed in the breathing zone, usually 3-5 feet off the floor, and in high use areas. If
small children occupy a particular area or room within the structure, a sample canister should be
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placed on the floor. If there is concern for damage or disturbance of the canister in high use
areas, the canister may be moved from these areas but away from doors, windows, and vents.
For multi-storied residential buildings, one sample should be collected in the basement level or
first floor (if slab-on-grade construction). Crawl spaces that are not ventilated can be sampled to
determine if contaminant vapors are present that could potentially impact indoor air.

6.3.4 Sample collection period

Residential indoor air samples are typically collected over a 24-hour period. However, in certain
situations (e.g., commercial or industrial settings), it may be more appropriate to sample over an
8-hour period. During the sampling period, exterior doors and windows should generally be kept
closed. Heating/ventilation/air conditioning (HVAC) systems should be operated normally to be
representative of actual living conditions. HVAC operation should be noted and considered
when evaluating whether additional tests are required (e.g. during different seasons). Indoor air
concentrations due to vapor intrusion will vary over time and are likely to be (but not
necessarily) higher during winter season.

6.3.5 _Ambient air sampling

An outdoor ambient sample must be collected simultaneously with the indoor air samples to
provide a baseline against which the indoor air sample concentrations can be compared. Outdoor
ambient air samples should be collected from a representative location, preferably upwind and
away from any wind obstructions such as trees or buildings.

6.3.6 _Background air sampling

In some situations, it may be necessary to collect background indoor air samples. Such samples
should be collected inside a non-impacted structure located away from the contaminant plume
that is similar in construction to the structure where indoor air is being evaluated. OPS does not
have an RBSL for indoor air. However, OPS does consider benzene concentrations that are
greater than background levels to be an indicator of possible vapor intrusion.

6.3.7 Additional measurements

As stated in Section 4.6, radon and/or air pressure may be measured for comparison with sub-
slab measurements to assist in the determination of the presence of vapor intrusion.

6.3.8 Sample shipment

Refer to Section 4.8 for information on shipping samples. Always follow laboratory instructions
for shipping of sample canisters.

7.0 Laboratory Analysis

OPS requires that all soil vapor, sub-slab vapor, and indoor air samples be analyzed for BTEX.
Several analytical methods are available to measure soil gas samples, alt of which can give
accurate results when followed with appropriate Quality Assurance and Quality Control
{QA/QC) measures. Table 3 includes laboratory methods and associated collection methods for
analysis of petroleum-based contaminants and other analytes in soil vapor and indoor air
samples.
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Table 3. Seil Vapor and Indoor Air Analytical Methods

. i ;:Mﬁa
5 = ,_.g- i
& .'u'.'..’.'f.;.'é%’ k"% Jf :Eﬁ
30 days
BTEX 80218 '* | GC/PID analysis T 48 hours 10-100 pg/m’
sY Omsite analysis
N G, MC, SC 30 days
BTEX 8260B * | GC/MS analysis T 48 hours 50-200 pg/'m’
s5Y Onsite analysis
Tenax® adsorption. GC/FID, sC 30 days
BTEX TO-1 although sometimes equipped with 1-3 pg/m’
GC/MS analysis T 48 hours
SC 30 days T
Cryogenic pre-conceniration, 3
BTEX TO3 | GC/FID analysis T 48 hours 1-3 pg/m
T
: r{iﬂ;-j:n-'—.“-'—‘él ,e..,r;,m'f, S R R E _-:;_:-'
BTEX TO-157 GC-'""-{S anal}rs:s sSC
BTEX TO-14A | GC/FID/ECD or GC/MS analysis sC 30 days 1-3 pg/m’
TO-15 | GC/MS (SIM mode) analysis (5 to 3
FIEE SIM 10 compound subset of TO-15) e Ao 1A /i
Air pump drawing air through
BTEX TO-17 adsorbent tube, thermal desorption AT 30 days 1-3 pg/m’
& GC/MS with FID analysis
1 - OPS preferred method
2 - Must be calibrated with a vapor standard
T = Tedlar Bag SC = Summa canister G = glass bulb  5Y = Syringe

MC = stainless steel vial (400 ml mini-can} AT = Multi-bed adsorbent tube
Note: Detection limiis listed in Table 3 are realistic or practical detection limits, which are dependent upon sample -

volume.

There are several websites that provide a wide range of unit conversions. Listed below are

useful conversions for commonly reported laboratory units to the OPS-required unit of pg/m’ for
soil vapor and indoor air analytical results,

Parts per billion by volume (ppbv) x 3.25 = ug/m’ (for benzene only)
Parts per million by volume (ppmv) x 3,250 = pg/m” (for benzene only)
Micrograms per liter (ug/L) x 1,000 = ug/m’

Milligrams per liter (mg/L) x 1 D[}[} 000 =

ng/m’

Milligrams per cubic meter (mgf’m Y x 1,000 = pgjm
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For any compound, the conversion of ppbv to pg/m’ is obtained by use of the Ideal Gas Law as
follows:

MW Py g )
erb) rcoort ~ \m*)
Where: MW, = molecular weight {(g/mole)
Pv = vapor pressure (atm)
T = temperature {°K)
R = the universal gas constant (8.204E-05 atm m'/ K mole)

8.0 Data Validation

The following equations can be used to estimate the maximum benzene concentration expected
in 501l vapor (Comax saper) adjacent to dissolved contamination in groundwater or free-product
(light non-aqueous phase liquid [LNAPL]). If benzene concentrations in soil vapor are
significantly higher than the estimated maximum concentrations, the data should be further
evaluated for potential errors or unknown source(s).

Expected maximum benzene in 50il vapor (Cuax,vaper) adjacent to contaminated groundwater:

ug ug mi Y 10°cm®
C H»C
nmtﬂpnr[m J ml."‘h‘f'{ Ilﬁjm:'} )[ ]

Where: H = Henry’s Constant for benzene = 0.23 (dimensionless)
Cinax,w = maximum benzene concentration in groundwater

For example, a concentration of 100 ug/L benzene in groundwater could yield a benzene soil
vapor concentration of:

(7 w[i%}:ﬂ.zzmm{ f} *10° = 23,000 pg/m’

Expected maximum benzene in s0il vapor (Couxvepe ) adjacent to LNAPL:

!
(Pv{ﬂim] * MW, ,..{ ..._5-{1_:__ J " m{_g:‘gn
Erm_l: m[ug} NMFM}IP *| o e g /] ﬁlgg+06
L I Rl atm ~ m’ CK)
t ma!e—"K

Where: Pv = vapor pressure of benzene = 0.1 atm
MWpaizens = molecular weight of benzene = 78.1 g/mole
R = universal gas constant = § 204E-05 atm m’/°K mole
T = Standard temperature = 298 °K
NMF yonzene = estimated mole fraction of benzene in LNAPL = 0.02 (dimensionless)
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MF,
NJFF'{.FLW‘WF - { ez . MWM:’ML’}
MW{.NJFF,

Where:
MFE ponzene = mass fraction of benzene in LNAPL = 0.025 g/g
MWyenzene = molecular weight of benzene = 78.1 g/mole
MW x4pr = molecular weight of LNAPL (all components) = 103 moles

9.0 Mitigation Measures

Remediation of petroleum hydrocarbon contamination sources in soil and groundwater is the
most effective way to mitigate soil vapor intrusion into indoor air. If source remediation (i.e.
soil excavation, soil vapor extraction, etc.) does not immediately mitigate the vapor intrusion
problem, additional mitigation methodologies must be implemented. As in the case of pefroleum
hydrocarbon source remediation systems, it is also necessary in vapor mitigation systems to
mclude intrinsically safe equipment when potentially explosive sifuations are present. An
example of this situation is when LNAPL is very close to the building and vapor concentrations
exceed 10% of the Lower Explosive Limit (LEL).

Below are selected references associated with indoor air mitigation. Since most vapor intrusion
mitigation design has been based on radon control systems, many of the references below pertain
to the control of radon.

9.1 Existing buildings
Passive or active venting systems, and sub-slab depressurization and pressurization systems.

Re CES:

Massachusetts DEP. 1995. Guidelines for the Design, Installation, and Operation of
Sub-slab Depressurization Systems.

New Jersey Dept of Environmental Protection. 2005. Vapor Intrusion Guidance.
www state.nj.us/dep/srp/guidance/vaporintrusion/vig htm

USEPA. 1991. Sub-siub Depressurization Handbook for Low-permeability Fill Material
(for home radon reduction). EPA /625/6-91/029,

USEPA. 1993. Radon Reduction Techniques for Existing Detached Houses, technical
guidance for active soil depressurization systems. EPA 625/R-93/011.

USEPA. Revised April 1994. Radon Mitigation Standards. EPA 402-R-93-078.
Accessible at http://www.epa.gov/iag/radon/pubs/index_html

USEPA. Revised February 2003. A Consumer's Guide to Radon Reduction. EPA 402-

K-03-002. Accessible at http://www.epa.gov/iag/radon/pubs/index.himl

9.2 Futore buildings
Passive and active venting systems using gas barrier/membrane technology.

References:

ASTM. 1992. Radon Control Options for the Design and Construction of New Low-Rise
Residential Buildings. ASTM Standard Guide, E14655-92,

USEPA. March 1994. Model Standards and Technigues for Control of Radon in New
Residentinl Buildings. EPA 402-R-94-009. Air and Radiation (6604-]). Accessible

at http://'www.epa.gov/iag/radon/pubs/newconst. html
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USEPA. January 1993. Radon Prevention in the Design and Construction of Schools
and Other Large Buildings. Office of Research and Development. EPA 625-R-92-
016.

USEPA. May 1995. Passive Radon Control System for New Construction. Indoor
Environmental Division, Office of Radiation and Indoor Air. EPA 402-95012.

Also, the Interstate Technology and Regulatory Council (ITRC) published a document in
January 2007 titled “Vapor Intrusion Pathway: A Practical Guide™. The ITRC document can be
found at (http:/iwww itreweb.org/teamresources_vapor.asp). This reference provides valuable
information on the topic of vapor intrusion mitigation. An extensive list of references covering
most issues related to vapor intrusion is included in this document.
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SOIL VAPOR AND INDOOR AIR SAMPLING CHECKLIST
R _ﬁ;im»;;" sponse 1

Is the contaminant volatile? :;Eﬁ
Are there occupied structures within the influence of the Yes -
ume which do not dispense petroleum products? No Tl |
Slab-on-grade
What is the construction of the structure? Basement )
Crawlspace MAY 19 2010
Commercial ]
Residential SFH ]
What is the use of the structure? Residential MFH L_C__QGG C R
School/daycare
Other
H sl Yes
Is a nested vaper point located within the source? No
Are niested vapor point{s) planned or located at all Yes
{qualifying structures within the influence of the plume? No
lAre sub-slab vapor points planned or located in any Yes
structure? Mo
LTI gt e T -
: £ 2 HSA
Soil vapor well installation method. and au ger
Other
'Was a soil sample collected from the well boring? ;ﬁs
|AL what depth was the soil sample collected?
Steel mesh
What material was used 1o construct the sample collection }—jriero-bubbler
int? Perforated
P stainless steel
Other
Stainless steel
|What material was used to connect the well sample ?::luu"n
i ]
collection point to the surface? PG
Other
Vihat is the diameter of the soil vapor sample point?
What is the screened interval of each sample [Sn2loW_
port? Intermediate
Deep
is the depths of nested sample collection points clearly
ideniified on each tube? Yes
Was is the depth interval of the porous ;Sf:‘::dm :
backfill? (12 to 18 inches thick) De‘; e
What is the depth interval of the annular Shallow
seal? (minimum 2 feet & preferably 3 feet Intermediate
thick) Deep
Granular
. ) bentonite
What is the material of the annular seal? Bentonite siirry
Other

o T TR R TR N L AR RSN R RS AN SR ma s amm



if the well is a subslab well, what is the material of the

Cement

annular seal? Maodeling clay
heeswax
Cement

What is the material of the protective seal at the surface? MNative soil

L Other

What is the thickness of the protective seal? (min 1 foot)

Were vapor tight connections applied to sampling poris? Yes

Was a protective vault installed at ground surface?

&)
v

e
e

e

e ; ——————
Al - Comment -

Did it rain shortly before the sampling event?

Was a sampling feasibility test conducted?

Was leak testing conducted prior to sampling?

What was the leak testing tracer chemical used?

Helium

difluoroethane

subfur
hexafluoride

Other

What method was used to purge well?

Electric pump

Peristaltic pump

Hand pump

Syringe

Other

Was the flow rate for purging and sampling < 0.2 L/min?

Yes

Mo

Were at least three dead volumes of the well purged?

Yes

Mo

Sample collection container

Summa canister

Tedlar bag

Syringe

Glass bulb

Other

Were O, and CO; measurements collected?

Yes

No

Was methane measured?
(O° < 10% or LNAPL present)

Yes

o

What method was used to analyze for BTEX/TVPH

80218

62608

TO-1

TO-3

TO-15 (subslaby)

TO-17 {subslab)

186

Other




SR = N e R e o e g e e S et s e L e o

ts the indoor air sampling focation in an occupied structure
fwithin the influence of the plume that does not dispense

petroleumn products? No
Was an access agreement executed with the building Yes
loccupant(s)? No
Was the OPS Indoor Air Quality Building Survey form Yes
completed prior to sampling? Mo
Main floor
Location and number of indoor living areas where an gx;ﬂgﬂn?r
i i 2
indoor air sample was collected? Cravispace
Other
Instantaneous
What was the sample collection period for the summa 8 hours
canister? 24 hours
Other
TO-14A
TO-15
What method was used to analyze for BTEX/TVPH? $§:$ L.
18M
Other
Was an ambient air sample collected from a location Yes
outside the structure? MNao

Acronyms:

SFH = single family home
MFH = multi-family home
HSA - hollow-stem auger
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P16

COLORADO DIVISION OF OIL AND PUBLIC SAFETY
INDOOR AIR QUALITY BUILDING SURVEY FORM

RECEIVED|
MAY 19 550 |

COGCC

This form musi be completed for each residence involved in indoor air testing.

Based on the New York State Department of Health's Guidance for Evaluating Vapor Intrusion (2005)

Preparer’s Name _ {40\ N\ecd~en ¥ Date/Time Prepared 3 [V 7 /2010 |

Preparer’s Affiliation & [4'S Dot v vwents TAL Phone Nu.hjﬁgfﬁ,. Gk . bl )
Purpose of Investigation Lo Mﬁf JANTAR Yy S Ly

1. OCCUPANT:

Interviewed: N

Last Name: M'srﬁwg,lc." First Name: __ & “@_ﬂ\.

Address. j“:’- @.uzsf X EVeans (O -
County: _LnoC

Number of Occupants/persons at this location | Age nfﬂc:cupmu . SR

P OWNER OR LANDLORD: ({Check if same as occupant ___ )
Interviewed: Y :
Last Name: N aedo A, _First Name: E’*;'_DV‘L £ Cﬁ.fb‘

ridress U0 4 SHE Ave éﬂk‘j- (o foe3Y4y . :

fmphm.‘?’iv 330 -2XB( Office Phone:

S e e et

3. BUILDING CHARACTERISTICS

Type of Building: {Check appropriate response)
A Residential i School 7 Commercial/Multi-use
1 Industrial i1 Church {1 Cher:

R g e S e

If the property is residential, type? (Check appropriate response)

‘1 Ranch ©1 Mult-fanuly 71 Raised Ranch
i Split Level = Colonal " Cape Cod

't Contemporary 5 Mobile Home PR Duplex

t Apartment House “: Townhouses/Condos i1 Modular

11 Log Home Sther__

I multiple units, how many? J-

B-1
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EHS Documents Ine  303-532-1055 »>

If the property 15 commercial, type!

Business Type(s)

13035321065

Does it include residences (i.e., multi-use)? L} Yes & No

Other characteristics:

4

Number of floors i
Is the building insulated? K.Yes 7 No
How air tight?

AIRFLOW

If yes, how many?

Building age_ ~OD 2,

i1 Tight i Average X Mot Tight

L.Isc air current tubes or tracer smoke to cvaluate airflow patterns and qualitatively deseribe

airflow between floors, airflow near source, outdoor air infiltration, and infiltration into air ducts.

SN .

5. BASEMENT AND CONSTRUCTION CHARACTERISTICS

Check all that apply
a. Above prade construction:

b. Basement type: [T full A crawlspace [
c. Basement floor: 77 concrete g\diﬂ.

d. Bascrent floor: 3| uncovered  ©1 covered

e. Concrete floor: || unsealed 7 semled

f. Foundation walls: % poured 1 hlock
g. Foundation walls: 3 unsealed 7 sealed
h. The basement i1s; {77 wet I damp

i. The basement is: © finished \{L unfinished |

1 No
ii No

j- Surap present? K Yes
k. Water in sump? & Yes

l. Basement/Lowest level depth below grade:

'wad frame " concrote L)

stode ™ brick
siab "l other _
i1 stone I other ___
1 covered with
sealed with
i stone [ other
i sealed with
7 dry X moldy
! partially fimished
it Not applicable
_ feet

identify putential soil vapor entry potnts and approximate size (e.g., cracks, utlity ports, drains)

P26
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e. Is a kerosene or non-vented gas space heater present? T Yes \Ne
Where?
f. Is therc a workshop or hobby/craft area? | Yes @ No mﬁf-{ .
WME&T}W? o T Wl QiUE..“; y q,f;f- [ 3 { '&‘(:ﬂ?f%)
g. Is there smokingth the béfiding? V71 Yes ¥ No R
llow frequently? B ——
h. Have cleaning products been used recently? # Yes 0 No If ves, list on table in Sect 13
i. Have cosmetic products been used recently? ' Yes i No Ifyes, list on table in Sect |3
J. Has pamting/staining been dotie in the last 6 months? 21 Yes ! No  If yes, list on table i Sect 13 b
k. Is there new carpet, drapes or other textiles? il Yes & Mo If yes. list on table in Sect 13
1. Have air fresheners been used recently? ¥ Yes {1 No Ifyes, list on 1able m Sect 13
m. Is there a kitchen exhaust fan? # Ycs i No
If yes, where vented?_oo¥ rool 7 .

n. Is there a bathroom cxhaust fan? X Yes i1 No
If ves, where ventcd? i s

0. Is there a clothes dryer? ¥ Yes ™ No If yes, is it vented outside? . Yes (I No
p. Has there been a pesticide application? L} Yes ¥ No

When & Type?
q. Are there odors in the buﬂtf" R Yes ! No

If yes, describe: _pas \ 8 €4n)

1. Do any of the building occupants use solvents at work? [ Yes M No
{e.g., chemical manufacturing or laboratory, aute mechanic or auto body shop, painting, fucl oil
delivery, boiler mechanic, pesticide application, cosmetologist)
If yes. what types of solvents arc used? 3
If yes, are their clothes washed at work? i, Yes ¢ No Wy
s. Do any of the building occupants regularly use or work at a dry-cleaning service?
= RN
7 Unknown
W, Yes, use dry-cleanio regularly (weekly) S Fery s 514 Ui 00
71 Yes, use dry-cleaning infrequently (monthly or less)
i7 Yes, work at a dry-cleaning service
t. Is there a radon mitigation system for the building/structure”? 7 Yes B No
If yes, date of Installation:
u. Is the system active or passive? 71 Active T Paszive

9. WATER AND SEWAGE
Water Supply:
Y Public Water ! Drilled Well {1 Driven Well = Dug Well 1 Other: _
Sewaye Disposal:
¥_Public Sewer [ Septic Tank i Leach Field 7 Dry Well 71 Other:

10. RELOCATION INFORMATION
a. Provide reasons why refocation is recommended:

b. Residents choose to:

I remain m home = relocate to ends/famly 77 relocate to hotel/motel
¢. Responsibility for costs assuciated with reimbursement explained? 77 Yes 72 Mo
d. Relocation package provaded and explaineéd to residents? & Yes i Mo

B-4
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11. FLOOR PLANS

Draw a plan view sketch of the basement and first floor of the building. Indicate air sampling locations,
possible indoor air pollution sources and PID meter readings. If the building does not have a basement,
please note.

SR s e 1

: bl ' b 5

- 1 |I -
b l-. 5% ufuh H
’ | AL
i ' B - .

4 . b

- o

e

First Floor:

B-5
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12. OUTDOOR FLOT

Liraw a sketch of the area surrounding the building being sampled. If applicable, provide information on
spill locations, potential air contamination sources (industries, gas stations, repair shops, landfills, etc.),
outdoor air sampling location(s) and PID meter readings.

Also indicate compass direction, wind direction and speed during sampling, the locations of the well and
septic system, if applicable, and a qualifying statement to help locate the site gﬂ a topographic map.

dﬂ"ftr_m *\.

- - | N

B-6
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13. PRODUCT INVENTORY FORM

List specific products found in the residence that have the potential to affect indoor sir quality.

Location | Product Description :::liu}  Condition’ | Chemical Ingredients m"
A ebbes |
ﬁ'}'”bﬁ“%xl J—»‘]ﬂ ﬁeﬂa'i} -
e P Do o |
Gl A R Y Y |
| e 2id LSad | aped v )
hwi%#&?.s-’ ‘/I-'jal ol U :
VR0 (7202 (mped v |
A PRGR™ Pl g y
I [Pt ] 2o% [goedy
B LG 7 Vot | o ool
I\ o2 |geed y
Yo 0% | mgad VI J
AF: V
1302 |90 V| |
ko7 | gy |
Lt / 72 R S j
Féﬂ?z 4ocd Vi I ’
8 o2 3':,;.4 Vi S )

* Describe the condition of the product containers as Unopened (UQ). Used (U}, or Detenorated (D)
** Photographs of the front and back of product containers can replace the handwritten list of chemical
ingredients. However, the photographs must be of good quality and ingredient labels must be legihle.

o ) e
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7 Air
ToxIcCsS L1o.

Laboratory Services Since 1989

4/1/2010

Mr. Mike McKee l_ﬁ EC E I VE D

LT Envircnmental

4600 W. 60th Ave MAY 19 201
Arvada CO 80003 Cog,.cc

Project Name: KMG-WASS #5
Project #: KMG 08397
Workorder #: 1003540

Dear Mr. Mike McKee

The following report includes the data for the above referenced project for sample(s)
received on 3/25/2010 at Air Toxics Ltd.

The data and associated QC analyzed by Modified TO-14A (5&20 ppbv) are compliant
with the project requirements or laboratory criteria with the exception of the deviations
noted in the attached case narrative.

Thank you for choosing Air Toxics Ltd. for your air analysis needs. Alr Toxics Ltd. is
committed to providing accurate data of the highest quality. Please feel free to contact

the Project Manager: Kyle Vagadori at $16-985-1000 if you have any questions regarding
the data in this report.

Regards,

Kyle Vagadori
Project Manager

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630
(916) 985-1000 .FAX (916) 985-1020
Hours 6:30 A.M to 5:30 PST

Page 10of27



7 Air

Toxics L.

Laboratory Services Since 1989

CLIENT:

PFHONE:

FAX:
DATE RECEIVED:
DATE COMPLETED:

ERACTION #
01A
02A
02A4
03A
A
05A
06A
07A
08A
094
104
114
124
134
138
144
14B

WORK ORDER #:

1003540

Work Order Summary

Mr. Mike McKee

LT Environmental
4600 W. 60th Ave
Arvada, CO 80003

3034339788
303-433-1432
03/25/2010
03/31/2010

NAME
VP3@d.5
VPl@d.5'
VPli@4.5 Lab Duplicate
VP4@3.00
VPS@3.0r
VPS@6.0'
VPGEn.0
VP2@4.5'
VP3@2.0
VP2@2.0
VPH@3 .0
VP4@6.0'
VPl@2.0
Lab Blank
Lab Blank
cCcvY
CCv

BILL TO: Mr. Mike McKee
LT Environmental
4600 W. 60th Ave
Arvada, CO 80003
P.O. #
PROJECT # KMG 08397 KMG-WASS #5
CONTACT: Kyle Vagadori
RECEIFT
TEST VAC/PRES.
Modified TO-14A (5&20 ppb Tedlar Bag
Modified TO-14A (5&20 ppb Tedlar Bag
Modified TO-14A (5820 ppb Tedlar Bag
Modified TO-14A (5&20 ppb Tedlar Bag
Modified TO-14A (5820 ppb Tedlar Bag
Modified TO-14A (5&20 ppb Tedlar Bag
Modified TO-14A (3820 pph Tedlar Bag
Modified TO-14A (5&20 ppb Tedlar Bag
Modified TO-14A (5&20 ppb Tedlar Bag
Modified TO-14A (5&20 ppb Tedlar Bag
Modified TO-14A (5&20 ppb Tedlar Bag
Modified TO-14A (3820 ppb Tedlar Bag
Modified TO-14A (5&20 ppb Tedlar Bag
Modified TO-14A (5&20 ppb NA
Modified TO-14A (5&20 ppb NA
Modified TO-14A (5&20 ppb NA
Modified TO-14A (5&20 ppb NA
Continued on next page

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 93630
(916) 9B5-1000 . (800) 985-5955 . FAX (916) 985-1020

Pape 2 0of27

FINAL
ERESSURE
Tedlar Bag
Tedlar Bag
Tedlar Bag
Tedlar Bag
Tedlar Bag
Tedlar Bag
Tedlar Bag
Tedlar Bag
Tedlar Bag
Tedlar Bag
Tedlar Bag
Tedlar Bag
Tedlar Bag

MNA
NA
NA
NA



7 Air
Tox:cs LTD.

Laboramry Serwces Smr:e 1889

WORK ORDER #: 1003540

Work Order Summary

CLIENT: Mr. Mike McKee BILL TO: Mr. Mike McKee

LT Environmental LT Environmental

4600 W. 60th Ave 4600 W, 60th Ave

Arvada, CO BOG03 Arvada, CO 30003
PHONE: 303-433-9788 P.O.#
FAX: 303-433-1432 FROJECT # KMG 08397 KMG-WASS #5
i vl CONTACT:  Kyle Vagadori
DATE COMPLETED: 03/31/2010

RECEIPT FINAL
FRACTION # NAME TEST VAC/PRES.  PRESSURE
15A LCS Modified TO-14A (5&20 ppb MNA MA
158 LCS Meodified TO-14A (5&20 ppb MNA MA
A A Y ad 04/01/10

CERTIFIED BY: F DATE:

Laboratory Director

Certfication numbers: CA NELAP - 02110CA, LA NELAP/LELAP- Al 30763,
NY NELAP - 11291, UT NELAP - 9166389892, AZ Licensure AZ0719
MName of Accrediting Agency: NELAP/Florida Department of Health, Scope of Application: Clean Air Act,
Accreditation number: ES7680, Effective date: 07/01/09, Expiration date: 06/30/10
Air Toxies Lid. 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, withour the written approval of Air Toxics Lrd.

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

Page 3 of 27



7 Air
1 ”
Q Toxics vp.

Laboratory Services Since 1989

LABORATORY NARRATIVE
Modified TO-14A Soil Gas
LT Environmental
Workorder# 1003540

Twelve 1 Liter Tedlar Bag samples were received on March 25, 2010. The laboratory performed analysis
via modified EPA Method TO-14A using GC/MS in the full scan mode. The method involves concentrating
up to 50 mLs of air. The concentrated aliquot is then flash vaporized and swept through a water management
system to remove water vapor. Following dehumidification, the sample passes directly into the GC/MS for
analysis.

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

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

Requirement TO-144 ATL Madifications

Initial Calibration +- 30 % RSD =/=30 % RSD with 2 compounds allowed out to < 40 %,

Daily CCV +30%D </= 30 % D with 2 allowed out up to 40%; flag and narrate
associated sample results

BFB Tune Absolute Abundance| Within 10% of that CCV Internal Standard area counts are compared to the

Criteria from the previous day. | [CAL; corrective action for = 40 %D

Blank acceptance criteria = (1.2 ppbv <RL

Sampling Drying System Mafion Dryer Multisorbent concentrator

Sample collection media Summa canister ATL recommends us¢ of summa canisters to insure data

defensibility, but will report results from Tedlar bags at
client request

Receiving Notes

There were no receiving discrepancies.

Analvtical Notes

There were no analytical discrepancies.

Definition of Data Qualifyving Flags

Eight qualifiers may have been used on the data analysis sheets and indicates as follows:

B - Compound present in laboratory blank greater than reporting limit (background subtraction no
performed).

J - Estimated value.

E - Exceeds instrument calibration range.

Page 4 of 27



73 Air
A -
gTox:cs LTD.

Laboratory Services Since 1989

S - Saturated peak.

() - Exceeds quality control limits.

U - Compound analyzed for but not detected above the reporting limit.
UJ- Non-detected compound associated with low bias in the CCV

N - The identification is based on presumptive evidence.

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

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

Page 5o0f27



73 Air _
TOXICS L1p.

Laboratory Services Since 1989

Summary of Detected Compounds

MODIFIED EPA METHOD TO-15 GC/MS

Client Sample 1D: VP3@4.5'

Lab ID#: 1003540-01A
Mo Detections Were Found.

Client Sample ID: VP1@4.5'
Lab ID#: 1003540-02A

Rpt. Limit Amount Rpt. Limit Amount
Compound (ppbv}) (ppbv) (ug/m3) {ug/m3)
Benzene 50 17 16 55
Toluene 50 12 19 45
m,p-Xylena 50 7.4 22 32
Client Sample ID: VP1i@4.5' Lab Duplicate
Lab ID#: 1003540-02AA
Rpt. Limit Amount Rpt. Limit Amount
Compound (ppbv}) (ppbv) (ug/m3) {ug/m3)
Benzene 5.0 9.8 16 31
Toluene 5.0 11 18 41
m,p-Xylens 50 74 22 32
Client Sample 1D: VP4@3.0"
Lab ID#: 1003540-03 A
Ropt. Limit Amount Rpt. Limit Amount
Compound (ppbv) (ppbv) (ug/m3) (ug/m3)
Benzene 5.0 5 16 110
Toluene 50 12 19 46
Ethyl Benzene 50 88 22 38
m,p-Xylene 5.0 &8 22 290
o-Xylens 50 51 22 22
Client Sample ID: VP5@3.0"
Lab ID#: 1003540-04A
Rpt. Limit Amount Rpt. Limit Amount
Compound (ppbv) (ppbv) {ugim3) {ug/m3)
Benzens 50 10 16 a2
Toluena 50 58 19 22
Ethyl Benzene 50 9.3 22 40
m,p-Xylens 50 35 22 150

Page 6 of 27



73 Air _
TOXICS L1D.

Laboratory Services Since 1989

Summary of Detected Compounds

MODIFIED EPA METHOD TO-15 GC/MS

Client Sample 1D: VP5&3.00
Lab ID#: 1003540-04A
o-Xylene 5.0 6.1 22 26
Client Sample ID: VP5@6.0"
Lab ID#: 1003540-05A
Rot. Limit Amount Rpt. Limit Amount
Compound (ppbv) (ppbv) (ug/m3) {ug/m3)
Benzens 50 15 16 49
Toluene 50 99 19 37
m,p-Xylene 50 55 22 24
Client Sample 1D: VP6@6.0"
Lab ID#: 1003540-06A
Rpt. Limit Amount Rpt. Limit Amount
Compound (ppbv) (ppbv) {ug/m3) {ug/m3)
Benzene 50 76 16 24
Client Sample ID: VP2@4.5'
Lab ID#: 1003540-07A
Mo Detections Were Found.
Client Sample ID: VP3@2.0"
Lab ID#: 1003540-08A
Rpt. Limit Amount Rpt. Limit Amount
Compound (ppbv) (ppbv) {ug/m3) {ug/im3)
Toluene 50 83 19 31
m,p-Xylens 5.0 5.7 22 25

Client Sample 1D: VP2@2.00

Lab TD#: 1003540-09A
Mo Detections Vere Found.

Client Sample ID: VP& 3.0

Lab ID#: 1003540-10A
No Detections VWere Found.

Page 7 of 27
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TOXICS v1p.

Laboratory Services Since 1989

Summary of Detected Compounds

MODIFIED EPA METHOD TO-15 GC/MS

Client Sample ID: VP4i@6.0"
Lab 1D#: 1003540-11A

Rpt. Limit Amount Rpt. Limit Amount
Compound (ppbv) (ppbv) (ug/m3) (ug/m3)
Toluene 50 76 19 28
m,p-Xylene 50 59 22 25
Client Sample ID: VP1@2.0"
Lab ID#: 1003540-12A
Rpt. Limit Amount Rpt. Limit Amount
Compound (ppbv) {ppbv) (ug/m3) {ugim3)
Toluena 50 8.3 19 20

Page 8 of 27



79 Air

Laboratory Serwr_ea Since 1989

Toxi IC‘S LTD.

Lab ID#: 1003540-01A

MODIFIED EPA METHOD TO-15 GC/MS

" Client Sample ID: VP3@4.5'

File Name: b032527 Date of Collection: 3/23/10 12:25:00 PM
Dil. Factor: 1.00 Date of Analysis: 3/26/10 12:00 AM

Rot. Limit Amount Rpt. Limit Amount
Compound {(ppbv) (ppbv) {ugim3) {ug/im3)
Benzene 50 Mot Detected 16 Mot Detected
Toluene 50 Mot Detected 19 Not Detected
Ethyl Benzene 5.0 Mot Detected 22 Mot Detected
m,p-Rylene 50 Mot Detected 22 Not Detected
o-Xylens 5.0 Not Detected 22 Mot Detected
Container Type: 1 Liter Tedlar Bag

Method

Surrogates %eRecovery Limits
1,2-Dichloroethane-d4 a2 T0-130
Toluene-d& o8 T70-130
4-Bromofluorobenzensa 100 T0-130

Page 9 of 27




v Air
TOXICS L1D.

Laboratory Services Since 1'9@!_5_1

Cllent Sample ID: VP1@4.5'
Lab ID#: 1003540-02A
MODIFIED EPA METHOD TO-15 GC/MS

File Name: b032528 Date of Collection: 3/23/10 11:00:00 AM
Dil. Factor: 1.00 Date of Analysis: 3/26/1012:29 AM

Rot. Limit Amount Rpt. Limit Amount
Compound (ppbv) (ppbv) (ug/m3) (ug/m3)
Benzene 5.0 17 16 85
Toluane 50 12 19 45
Ethyl Benzene 50 Not Detected 22 Mot Detected
m,p-Xylens 5.0 7.4 22 32
o-Xylene 5.0 Mot Detected 22 Mot Detected
Container Type: 1 Liter Tedlar Bag

Method

Surrogates YeRecovery Limits
1,2-Dichloroethane-d4 84 70-130
Toluene-d8 100 T0-130
4-Bromofluorobenzene 100 T0-130

Page 10 of 27



7 Air
TOXICS L1D.

Laboratory Services Since 71989

Client Sample ID: VP1 @45 Lab Dupl.ic;t-e_
Lab 1Dd#: 1003540-02AA
MODIFIED EPA METHOD TO-15 GC/MS

File Mame: b032529 Date of Collection: 3/23M110 11:00:00 AM
Dil. Factor: 1.00 Date of Analysis: 3/26/10 12:58 AM

Rpt. Limit Amount Rpt. Limit Amount
Compound {(ppbv) (ppbv) (ug/m3) {ug/m3)
Benzene 5.0 a8 16 31
Toluene 50 11 19 41
Ethyl Benzene 5.0 Mot Detected 22 Mot Detected
m,p-Xylane 50 74 22 3z
o-Xyleng 50 Mot Detected 22 Mot Detected
Container Type: 1 Liter Tedlar Bag

Method

Surrogates %Recovery Limits
1,2-Dichloroethane-d4 94 T0-130
Toluene-dg a9 T70-130
4-Bromofluorobenzene a7 70-130
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Laboratory Services Since 1989

TOXICS L1D.

© Client Sample ID: VP4@3.0"

Lab ID#: 1003540-03A

MODFIED EPA METHOD TO-15 GC/MS

File Name: b032530 Date of Collection: 3/23/10 12:55:00 PM
Dil. Factor: 1.00 Date of Analysis: 3/26/10 01:28 AM

Rpt. Limit Amount Rpt. Limit Amount
Compound (ppbv) (ppbv) (ug/m3) (ug/m3)
Benzene 5.0 a5 16 110
Toluene 50 12 19 46
Ethyl Benzene 5.0 8.8 22 38
m,p-Xylene 5.0 68 22 290
o-Xylens 50 5.1 22 22
Container Type: 1 Liter Tedlar Bag

Method

Surrogates YRecovery Limits
1,2-Dichloroethane-d4 85 70-130
Toluene-dB 104 T-130
4-Bromofluorobenzene 100 T0-130

Page 12 of 27




7 Ailr
TOXICS L1D.

.L:-.lbur.n'ury Sereres S'HH..E 1989

Client Sample ID; VPS@3.0"
Lab ID#: 1003540-04A
MODIFIED EPA METHOD TO-15 GC/MS

File Name: b032531 Date of Collection: 3/23M0 1:40:00 PM
Dil. Factor: 1.00 Date of Analysis: 3/26/10 01:57 AM

Rpt. Limit Amount Rpt. Limit Amount
Compound {ppbv) {ppbv) {ug/m3) (ugim3)
Benzens 50 10 16 a2
Toluene 50 58 18 22
Ethyl Benzene 50 8.3 22 40
m,p-Xylene 50 35 22 150
o-Xylene 50 6.1 22 26
Container Type: 1 Liter Tedlar Bag

Method

Surrogates Y%Recovery Limits
1,2-Dichloroethanae-d4 93 T0-130
Toluene-d& 102 T0-130
4-Bromofluorobenzenea 29 70-130
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Air
TOXICS L1D.

Laboratory Services Since 1989

Client Sample ID: VPS@6.0'
Lab ID#: 1003540-05A
MODIFIED EPA METHOD TO-15 GO/MS

File Name: bD32532 Date of Collection: 3/23/M0 1:45:00 PM
Dil. Factor: 1.00 Date of Analysis: 3/26/M10 02:57 AM

Ropt. Limit Amount Rpt. Limit Amount
Compound {ppbv) {ppbv) {ug/m3) {ug/m3)
Benzene 50 15 16 49
Toluene 50 99 19 7
Ethyl Benzene 50 Not Detected 22 Not Detectad
m,p-Xylene 50 55 22 24
o-Xylene 5.0 Mot Detected 22 Mot Detected
Container Type: 1 Liter Tedlar Bag

Method

Su rrog_itas YRecovery Limits
1,2-Dichloroethane-d4 g2 TO-130
Toluene-d8 ag T0-130
4-Bromofluorobenzene 101 T70-130

Page 14 of 27



Air

TOXICS L1D.

Laboratory Services Since 1989

Client Sample ID: VP&@6.0"
Lab IDé#: 1003540-06A

MODIFIED EPA METHOD TO-15 GCMS

File Name: b032533 Date of Collection: 3/23/10 2:40:00 PM
Dil. Factor: 1.00 Date of Analysis: 3/26/10 03:24 AM

Ropt. Limit Amount Rpt. Limit Amount
Compound (ppbv) {ppbv) {ug/m3) {ug/m3)
Benzene 5.0 [ 16 24
Toluena 50 Not Detected 19 Mot Detected
Ethyl Benzene 50 Not Detected 22 Mot Detected
m,p-Xylene 50 Not Detected 22 Mot Detected
o-Aylene 5.0 Mot Detected 22 Mot Detected
Container Type: 1 Liter Tedlar Bag

Method

Surrogates Y%eRecovery Limits
1,2-Dichloroethane-d4 94 TO-130
Toluene-dd 29 T0-130
4-Bromofluorobenzene ag T0-130
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Air

TOXICS L1D.

Laboratory Eerwces .S'mce 1989

: .Clicnt Sample 1D: Vﬂ@4,5r
Lab 1D#: 1003540-07A

MODIFIED EPA METHOD TO-15 GCMS

File Name: w032610 Date of Collection: 3/23/10 11:40:00 AM
Dil. Factor: 1.00 Date of Analysis: 3/26/1012:58 PM

Rot. Limit Amount Rpt. Limit Amount
Compound (ppbv} {ppbv) {ug/im3) (ug/m3)
Benzene 50 Not Detected 16 Mot Detected
Tolusne 50 Mot Detected 19 Mot Detected
Ethyl Benzene 50 Not Detected 22 Mot Detected
m,p-Xylene 50 Mot Detected 22 Mot Detected
o-Kylene 5.0 Mot Detected 22 Mot Detected
Container Type: 1 Liter Tedlar Bag

Method

Surrogates %Recovery Limits
1,2-Dichloroethane-d4 102 TO-130
Tolugne-da 100 70-130
4-Bromofluorobenzene 104 70-130

Page 16 of 27




) Alr
TDX ICS LTD.

Lahor?mry Services Sm-::e Tiwﬂ

" Client Sample ID: VP3@2.0"
Lab ID#: 1003540-08A
MODIFIED EPA METHOD TO-15 GC/MS

File Name: wi32611 Date of Collection: 3/23M0 12:10:00 PM
Dil. Factor: 1.00 Date of Analysis: 3/26/10 01:17 PM

Rot. Limit Amount Rpt. Limit Amount
Compound {ppbv) {ppbv) {ug/m3) {ug/m3)
Benzane 50 Mot Detected 16 Mot Detaected
Toluene 5.0 8.3 19 a |
Ethyl Benzene 50 Mot Detectad 22 Mot Detected
m,p-Xylens 50 5.7 22 25
o-Xylens 5.0 Mot Detected 22 Mot Detected
Container Type: 1 Liter Tedlar Bag

Method

Surrogates %Recovery Limits
1,2-Dichloroethane-d4 78 TO-130
Toluene-da 110 TO-130
4-Bromofluorobenzene 104 T0-130

Page 17 of 27



Air

TOXICS L1D.

Labommry Services Since ?939

Client Sample 1D: VP2@2.0°
Lab ID#: 1003540-09A

MODIFIED EPA METHOD TO-15 GCMS

File Name: w032612 Date of Collection: 3/23/M10 11:35:00 AM
Dil. Factor: 1.00 Date of Analysis: 3/26/10 01:38 PM

Rot. Limit Amount Rpt. Limit Amount
Compound (ppbv) (ppbv) (ug/m3) {ug/m3)
Benzenes 5.0 Mot Detected 16 Mot Detected
Toluene 5.0 Mot Detected 19 Mot Detected
Ethyl Benzene 5.0 Mot Detected 22 Mot Detected
m,p-Xylene 5.0 Mot Detected 22 Mot Detacted
o-Xylens 5.0 Not Detected 22 Mot Detected
Container Type: 1 Liter Tedlar Bag

Method

Surrogates SeRecovery Limits
1,2-Dichloroethane-d4 103 70-130
Toluene-da 100 T0-130
4-Bromofluorobenzene 104 T0-130
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Air

TOXICS L1D.

Laboratory Serwce:. Since TJHQ

Client Sample 1D: VP&@3.0'

Lab ID#: 1003540-10A

MODIFIED EPA METHOD TO-15 GC/MS

File Name: wi032613 Date of Collection: 3/23/M0 2:25:00 PM
Dil. Factor: 1.00 Date of Analysis: 3/26/10 01:58 PM

Rpt. Limit Amount Rpt. Limit Amount
Compound (ppbv) (ppbv) {ugfm3) {ug/m3)
Benzene 5.0 Mot Detected 16 Mot Detected
Toluene 50 Not Detected 19 Mot Detected
Ethyl Benzene 50 Mot Detected 22 Mot Detected
m,p-Xylene 5.0 Mot Detected 22 Mot Detectad
o-Aylana 50 Not Detected 22 Not Detectad
Container Type: 1 Liter Tedlar Bag

Method

Surrogates %Recovery Limits
1,2-Dichloroethane-d4 ar T0-130
Toluene-d& 111 T0-130
4-Bromofluorobenzens 104 70-130

Page 19 of 27




7 Air
TOXICS L1D.

Laboratory Services Since 1989

Client Sample ID: VP4@6.0"
Lab ID#: 1003540-11A
MODIFIED EPA METHOD TO-15 GC/MS

File Mame: wi32614 Date of Collection: 3/23M0 1:15:00 PM
Dil. Factor: 1.00 Date of Analysis: 3/26M0 02:21 PM

Rot. Limit Amount Rpt. Limit Amount
Compound (ppbv) (ppbv) {ugim3) (ug/m3)
Benzene 5.0 Mot Detected 16 Mot Detected
Toluene 5.0 7.6 18 28
Ethyl Benzene 5.0 Mot Detected 22 Mot Detected
m,p-Xylaena 50 58 22 25
o-Xylena 50 Not Detected 22 Mot Detected
Container Type: 1 Liter Tedlar Bag

Method

Surrogates %aRecovery Limits
1,2-Dichloroethana-d4 103 T0-130
Toluene-dg 100 T0-130
4-Bromofluorobenzene 104 T0-130

Page 20 of 27



79 Air _

L::bnmmrv SErwccs Since TDBQ

TOXICS L1D.

Client Sample ID; ‘h’l’l@lﬂ'
Lab ID#: 1003540-12A

MODIFIED EPA METHOD TO-15 GC/MS

File Name: w032615 Date of Collection: 3/23/10 10:48:00 AM
Dil. Factor: 1.00 Date of Analysis: 3/26/M0 02:51 PM

Rpt. Limit Amount Rpt. Limit Amount
Compound {ppbv) {ppbv) {ug/m3) {ug/m3)
Benzene 50 Not Detected 16 Mot Detected
Toluene 50 53 19 20
Ethyl Benzene 50 Not Detected 22 Not Detected
m,p=Xylens 5.0 Mot Detected 22 Mot Detected
o-Xylene 50 Not Detected 22 Mot Detected
Container Type: 1 Liter Tedlar Bag

Method

Surrogates %Recovery Limits
1,2-Dichloroethane-d4 104 T0-130
Toluene-d8 a9 T0-130
4-Bromofluorobenzene 104 T0-130
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79 Air
TOXICS L1D.

Lﬂbommry Services Sm-:'r:- THBE‘

Client Sample ID: Lab Blank
Lab ID#: 1003540-13A
MODIFIED EPA METHOD TO-15 GOMS

File Name: b032506 Date of Collection: NA
Dil. Factor: 1.00 Date of Analysis: 3/25/10 10:00 AM

Rot. Limit Amount Rpt. Limit Amount
Compound (ppbv) {ppbv) {(ug/m3) {ug/m3)
Benzens 50 Mot Detected 16 Not Detected
Toluena 50 Mot Detected 19 Mot Detected
Ethyl Benzene 50 Mot Detected 22 Not Detected
m,p-Xylene 5.0 Mot Detected 22 Mot Detected
o-Xylene 5.0 Not Detected 22 Mot Detected
Container Type: NA - Not Applicable

Method

Surrogates YeRecovery Limits
1,2-Dichloroethane-d4 o4 T0-130
Toluene-d8 100 70-130
4-Bromofluorobenzenes 101 T0-130
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Air
TOXICS L1D.

.Lﬂhomtory Serwces Smce 1989

Client Sample ID: Lab Blank
Lab ID#: 1003540-13B
MODIFIED EPA METHOD TO-15 GC/MS

File Name: wi032609 Date of Collection: NA
Dil. Factor: 1.00 Date of Analysis: 3/26/10 12:04 PM

Rot. Limit Amount Rpt. Limit Amount
Compound (ppbv) (ppbv) (ug/m3) {ug/m3)
Benzenea 50 Not Detected 16 Mot Detectad
Toluene 50 Mot Detected 19 Not Detected
Ethyl Benzene 50 Not Detected 22 Not Detected
m,p-Xylene 50 Mot Detected 22 Not Detected
o-Xylene 5.0 Not Detected 22 Mot Detected
Container Type: NA - Not Applicable

Method

Surrogates Y%Recovery Limits
1,2-Dichloroethane-d4 102 T0-130
Toluene-d8 100 70-130
4-Bromofluorobenzene 103 T70-130
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79 Air
TOXICS L1D.

Lnboramr}r Serwccs E:r.ri;'e TEBQ

Client Sample ID: CCV
Lab IDé: 1003540-14A
MODIFIED EPA METHOD TO-15 GCMS

File Name: b032504 Date of Collection: NA
Dil. Factor: 1.00 Date of Analysis: 3/25M10 08:52 AM
Compound YRecovery
Benzene 109
Toluene 113
Ethyl Benzene 107
m,p-Xylens 106
o-Xylens 106
Container Type: NA - Not Applicable

Method
Surrogates “eRecovery Limits
1,2-Dichloroethane-d4 an T0-130
Toluene-da 100 T70-130
4-Bromofluorobenzene 101 T0-130
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Air _
TOXICS L1D.

Laboratory Services Since 19@35‘

Client Sample ID: CCV

Lab ID#: 1003540-14B
MODIFIED EPA METHOD TO-15 GC/MS

File Name: wi32602 Date of Collection: NA
Dil. Factor: 1.00 Date of Analysis: 3/26M009:03 AM
Compound Y%eRecovery
Benzens 104
Toluene 105
Ethyl Benzene 108
m,p-Aylensg 109
o-Xylene 109
Container Type: NA - Not Applicable

Method
Surrogates %Recovery Limits
1,2-Dichloroethane-d4 102 TO-130
Toluene-d& 100 70-130
4-Bromofluorobenzens 104 70-130

Page 25of27



» Air
TOX!CS LTD.

Lﬂboratmy Ser-.ru.r;-.'_n S‘mce 1'.935’

Client Sample ID: LCS
Lab ID#: 1003540-154
MODIFIED EPA METHOD TO-15 GOMS

File Name: b032505 Date of Collection: NA
Dil. Factor: 1.00 Date of Analysis: 3/25/10 09:19 AM
Compound “Recovery
Benzens 102
Tolugne 103
Ethyl Benzene 101
m,p-Xyleng 101
o-Xylene G5
Container Type: NA - Not Applicable

Method
Surrogates YRecovery Limits
1,2-Dichloroethane-d4 B9 70-130
Toluene-d& 101 70-130
4-Bromofluorobenzens 100 70-130

Page 26 of 27



79 Air
TOXICS L1D.

Laboramry Serwce:. Since 'IEH::J

Client Sample ID: LCS
Lab ID#: 1003540-15B
MODIFIED EPA METHOD TO-15 GCMS

File Name: w032603 Date of Collection: NA
Dil. Factor: 1.00 Date of Analysis: 3/26/1009:24 AM
Compound Y%Recovery
Benzene 107
Toluene 102
Ethyl Benzene 116
m,p-Xylena 115
Container Type: NA - Not Applicable

Method
Surrogates “Recovery Limits
1,2-Dichloroethane-d4 102 70-130
Toluene-d& 101 70-130
4-Bromofluorobenzens 106 T0-130
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73 Air
Tox:cs LTD.

Sample Transporiztion Notice

Ralinguishing signature cn s documant indicatas tha sample is bairg shippen in compliance with
all appliceble bogl, SmtE. Fedeqal, natlonal. and Iclemrationa aws, meguistions and onfinances of
&Ny kind. Al Tirles LIMied assumas no ksbility witt respest o the collection, hardling or shipping
of tyese samples. Rslinquishing signatrs als imdicetss agreemen: =kl hammibezs, defanr,

180 ELUE RAVINE ROAD, SUITE B

FOLSORM, CA 95630-4718

(916) 985-1000 FAX (916) 585-1020

CHA|N‘-DF-CU5TDDY RECORD  and indenify Air Torrs fimited agamet any claim, demand, or acion, of any kind, related to the p
rnilecfion, handiing, or shipping of samples. 11.0.1. Hoiline (B0C) 4874922 age | of_Z,
Project Manager __ B, (eegal Project Info: Turn Around | L T oy
Collecled by: [Fnrrtmssl,:mjjsj_r?_&m.. ) | Time: | Prasaurlmd k:rj.r )
Company Surml B £l pdusen et Shscullodins Qvomal Joge
— oy S Project# _Karp 0T 2] ¥ Rush Prﬁum@:
Phane Fax Project Mame XME - wWe 55 bt 4 % . HL._—m 5
e Date Time Canister Pressure/Vacuum
Lab LD, Field Sample 1.D. (Location) Can#  of Collecfion |of Colleclion Analyses Requested Inifial | Firsl | Receipt Fingi
Avese vg Telbr 1-130 | (2125 [Juidh - BTRF G
| yn @ 9g” / 1840 s
A Tupy @307 [ 1255
Alwse 32 / ! 134D
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Sl Ry I ; 1 {:40 1 it ]
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gh@,; of g ’L R
@ 30 = I T —t .
¢ L 13550 Reneiged by: (signatue) &/ Timg Notes: ! HE%IVE D :
Heri;wéhed by: (signatirs) na&fri-’:nem - Received by; {signature) Date/Ty DG ?9 I MAY 119 201
Refingished by: (signature)  DateTime Received by. (signaiure) DateTime &(}{ ;f Q N
[ Can . Shippér Naje . CAPBIES. . TmPEC . -Cohdilon. | Custody-Sealeinaet? - . Work Ofder¥ .
e | VA T Gobd e me(wm) 1503540

e
Farm 1395 i



Air
ToxICS L1p.

Sample Transportation Notice
Flalirquishing signetyigw: bhis documen: indicates that samp'e B being skippedin comp anceweth 180 BLIE RAVINE ROAD, SUITE B
afl apglicabye logal, Stake, Fedaral. natiansl and intematicnal laws. reguistizns snd ordlingnces cf

a1y kil Air Tatios Limised assumes ro lizbilty with respest 5 10 aolkaction, handling or shipping REILIIENL, Sl DR
cl'T{hese samplas. Relinquishing sigracurs aiso iﬁqu:uagmmilm: m’ha.dm%s. :m. {916) 985-1000 FAX (916) 885-1020
= rel i Al Toxlzs Limveed sgai laurn. dernad, or fiy ated to te
GO T O Y RGO e e sy et e o e Pago 2o of L
Project Manager “Towe  (Cogiet f . Project Info: Turn Aroung {tablteenl, .. -
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0. # -dNommal | pgpe: - "
Company_ LT~ ﬂgi.‘cmhl _ Ema B e
Addrees City S Zp Project# K6 © T9) ~J Rush Pressurization Gog:
- !M l&i - g i .. . e il
Phone Fax Project Mame_IEAVG = w/Eass 5 sy L%, Ny, Hee
i Dale Time Canister Pressure/Yacuum
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Summit Scientific

741 Corporate Circle — Suite I ¢ Golden, Colorado 80401
303.277.9310 - laboratory ¢ 303.277.9531 - fax RECE WVED

MAY 13 2519

L_COGCC

March 25, 2010

John Cocroft

LT Environmental, Inc.
4600 West 60th Avenue
Arvada, CO 80003

RE: KMG - Wass #5

Enclosed are the results of analyses for samples received by Summit Scientific on 03/24/10 17:00. If you have any
questions concerning this report, please feel free to contact me.

Sincerely,

"

Logan Shrewsbury For Ben Shrewsbury
President / Laboratory Director
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L
Project: KMG - Wass #5

LT Environmental, Inc,
4600 West 60th Avenue Project Number: 08397.02 Reported:
Project Manager: John Cocroft 03/25/10 13:18

Arvada CO, 80003
ANALYTICAL REPORT FOR SAMPLES
| Sample ID Laboratory 1D Matrix Date Sampled Drate Received —|
SBO4@T' ROO3141-01 Sl 03/23/10 09:20 032410 17:00
SBOS@E@S.5' ROO3141-02 Seil 03/23/10 10:00 03/24/10 17:00

RECEIVEL
MAY 19 2010

COGCC

Summit Scientific The results in this report apply to the samples analyzed in accordance with the chain of
custody document, This analviical report must be reproduced in its entirety.

~—

7//%/} Page 1 of 8



5

LT Environmental, Inc. Project: KMG - Wass #5
ACOI Ve GOt Avecame Project Number: 08397.02 Reported:
Arvada CO, 80003 Project Manager: John Cocroft 03/25/10 13:18
L]
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Sample Destription

shigi’

Client: LT Envieoamental, .
Addrese 4600 Wist fidth Aveanz
CitySteZin  Arvads, 00 30003

5805 @58’
)
N
(et ty.  Dwe/Time:
Relbputedby:  DeteTime:
rwh; Tai T

Phooe: (303}435-9788
Samgler Namec ) . Salowan

Summit Scientific The results in this report apply to the samples analyzed in accordance with ihe chain of
enstody document. This analytical repert must be reproduced in iis entirety.

Page 2 of B



52

LT Environmental, Inc.
4600 West 60th Avenue

Arvada CO, 80003

Project: KMG - Wass #5

Project Number: 08397.02
Project Manager: John Cocroft

Reported:
03/25/10 13:18

SBO4@7"
RO03141-01 (Soil)

Summit Scientific

Extractable Petroleum Hydrocarbons by 8015

'RECEIVED
MAY 19 251

L_COGCC

Date Sampled: 03/23/10 09:20

Reporting
Analyte Result Limit  Units Dilution Prepared  Analyzed Method MNote
C10-C28 (TEPH-DRO) WD 50 mpkg 1 032410 03/24/10  B015 Full
Carbon Chain
C28-C36 (TEFH-ORO) ND 50 " # " o
Date Sampled: 03/23/10 09:20
Reporting
Analyte Result Limit  Units Diilustion Prepared  Analyzed Method M
Surrogate; o-Terphenl 118 %4 88.8-124 e % 14
Yolatile Organic Compounds by EPA Method 8260B
Date Sampled: 03/23/10 09:20
Reporting
Analyte Result Limit  Units Dilution Prepared Analyzed Method Mot
Benzene WD 0.0050 mgkg 1 0324/10 0324710 EPA 3260B
Toluene MND 0.0050 s " " " "
Ethylbenzene ND 0.0050 " " ¥ " "
Xylenes (total) MND 0.0050 " * = B u
Gasoline Range Hydrocarbons ND 0.50 " " . . .,
Date Sampled: 03/23/10 09:20
Reporting
Analyte Result Limit  Units Dilution  Batch Prepared Analyzed Method Mt
Surrogate: [,2-Dichloroethane-dd 103 %3 74-133 " " "

Surrogate; Toluene-d8

Swurrogate: 4-BromofTuorobenzene

914 % 84.3-112
107 %% 79.6-120

- " W

" "

Summit Scientific

Z

The results in this report apply to the samples analyzed in accordance with the chain of
cuistody document. This analytical report must be reproduced in its entiresy.

Page 3 of B



52

LT Environmental, Inc.
4600 West 6lth Avenue

Arvada CO, 80003

Project: KMG - Wass #5

Project Number: 08397.02
Project Manager: John Cocroft

Reported:
03/25/10 13:18

SBO5@5.5'
RO03141-02 (Soil)

Summit Scientific

Extractable Petroleum Hydrocarbons by 8015

Date Sampled: 03/23/10 10:00

Reporting
Analyte Result Limit  Units Dilution  Baich Prepared  Amalyzed Method Moter
CI0-C28 (TEPH-DRO) ND 50 mpkg I 0032404 032410 0324/10 80135 Full
Carbon Chain
C28-C36 (TEPH-ORO) ND 50 " h " " " "
Date Sampled: 03/23/10 10:00
Reporting
Analyte Resuli Limit  Units Dilution  Batch Prepared  Analyzed Method Moteq
Survogate: o-Terpheny! 119% 88.8-124 " " = I
Yolatile Organic Compounds by EPA Method 82608
Date Sampled: 03/23/10 10:00
Reporting
Analyte Result Limit  Units Dilution  Batch Prepared  Analyzed Method Mol
Benzene ND 00050 mg'kg 1 032403 0324/10  0324/10  EPA B260B
Toluene D 0.0050 I ' h . . .
Ethylbenzene WD 0.0050 " " " - " R
Xwlenes (total) MDD 0.0050 " . B o n n
Gasoline Range Hydrocarbons ND 0,50 " » 4 " 8 i
Date Sampled: 03/23/10 10:00
Reporting
Analyte Resull Limit  Units Dilution  Baich Prepared  Amnalyzed Method Note
Swrrogate; 1,2-Dichloroethams -4 101 % 74-133 " o . 2
Swrrogare: Tolwene-d8 92.0% 84.3-112 . i "
Swurrogate; d-BromofTuorobenzene a8 !9 706120 " " " u

Summit Scientific

2

A
s

The results in this report apply ta the samples analyzed in accordance with ihe chain of
enstody document. This analytical report must be reproduced in ies entirety

Page 4 of B



52

LT Environmental, Inc.
4600 West 60th Avenue

Project: KMG - Wass #5

Project Number: (08397.02 Reported:
Arvada CO, 80003 Project Manager: John Cocroft 03/25/10 13:18
Extractable Petrolenm Hydrocarbons by 8015 - Quality Control
Summit Scientific
Feporting Spike  Source %REC RFD
Analyte Result Limit  Units Level Result  %REC  Limits RFD Limit Motes

Batch 0032404 - EPA 3550A
Blank (0032404-BLK1)

Prepared: 03/24/10 Analyzed: 03/25/10

C10-C28 (TEPH-DRO) ND 50 mgke

C28-C36 (TEPH-ORO) ND 50 -

Surrogate: o-Terphenyl 140 o " 125 112 888124

LCS (0032404-BS1) - o Prepared: 03/24/10 Analyzed: 03/25/10 -
C10-C28 (TEPH-DRO) ND 50 mgkg 85-129 11.8

LCS (0032404-BS2) Prepared: 03/24/10 Analyzed: 03/25/10

C10-C28 (TEPH-DRO) 551 50 mgkg 500 10 85-129 18

LCS Dup (0032404-B5D1) - ) _f‘mparn:d j:_l:?rﬂﬁlﬂ_ﬁ:pﬂgd:_‘ﬂ_%ﬁi’_lﬂw B

C10-C28 {TEPH-DRO) ND 50 meke BS-120 118

LCS Dup (0032404-BSD2) Prepared: 03/24/10 Analyzed: 03/25/10

C10-C28 (TEPH-DRO) 370 50 mehke 500 114 85-129 326 11.8

Matrix Spike (0032404-MS1) Source: ROO3137-01 Prepared: 03/24/10 Analyzed: 03/25/10 B

C10-C28 (TEPH-DRO) ND 0 mpke ND 77.3-134 £.39

Matrix Spike ((32404-MS2) Source: RO03137-01 Prepared: 03/24/10 Analyzed: 03/25/10

C10-C238 (TEPH-DRO) 527 50 mgkg 300 ND 105 77.3-134 839
Matrix Spike Dup (0032404-MSD1) Source: RO03137-01 Prepared: 03/24/10 Analyzed: 03/25/10

C10-C28 (TEPH-DRO) ND 50 mgkg ND T73-134 839
Matrix Spike Dup (M32404-M5D2) 8 Source: RO03137-01 Prepared: 03/24/10 Analyzed: 03/25/10 o
C10-C28 (TEPH-DRO) 554 50 makg 500 ND 111 T7.3-134 505 539

Summit Scientific The results in this report apply to the samples amalvzed in accordance with the chain of

custody dociment. This analytical report must be reprodwced in its entirery.
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LT Environmental, Inc.
4600 West 60th Avenue

Arvada CO, 80003

Project: KMG - Wass #5

Project Number: 08397.02
Project Manager: John Cocroft

Reported:

03/25/10 13:18

Volatile Organic Compounds by EPA Method 8260B - Quality Control

Summit Scientific

Reporting Spike  Source SREL RPD
Analvte Result Limit  Units Level Result  %REC  Limits RPD Limit Maotes
Batch 0032403 - EPA 5030 Soil MS
Blank (0032403-BLK1) _ Prepared & Analyzed: 03/24/10
Benzene ND 00050  mg'kg
Toluene ND 0.0050 "
Ethylbenzene ND 0.0050 "
Xylenes (total) ND 0.0050 "
(asoline Range Hydrocarbons ND 0.50 .
Surrogate: 1,2-Dichloroethane-d4 00376 " 00400 a4 74-135
Swurrogare: Tofuene-df {0364 = . 040 e 843002
Surrogate: 4-BromofTuorobenzene 10396 " 0. 0410 991 Te6-120
LCS (0032403-BS1) o o Prepared & Analyzed: 032470
Benzene 0.101 0.0050 mekg 0,100 101 T0.2-125 101
Toluene 00950 0.0050 by 0. 100 B5.0 74-113 10.9
Ethylhenzene 0.102 00050 o 0.100 102 T0-130 20
m,p-Xylene 0,196 0.010 " 0,200 08.1 T0-130 20
o-Xylene 0049 0.0050 5 0.100 94.9 T0-130 0
Surrogate: 1,2-Dichloroethane-dd 0.0394 - 0.0400 985  74-135
Swrrogate: Toluene-d8 0.0382 " 0.0400 956  B4.3-112
Swrragare; 4-Bromofiuorobenzens 00368 . 0.0400 $2.1 7R.6-120
LCS Dup (0032403-BSD1) Prepared & Anabyred: 032410
Benzene 0.103 0.0050  mgkg 0100 103 702-125 1.21 11.1
Toluene 0.0970 0.0050 5 0100 ¥1.0 T4-123 203 109
Ethylbenzene 0102 0.0050 . 0100 102 T0-130 0047 20
m,p-Xylenes 0196 0.010 N 02000 a9 T0-130 0230 20
o-Xylene 0.0952 0.0050 " 0.100 952 T0-130 0347 20
Surrogate: [, 2-Dichloroethane-d4 {0394 5 {1, (4 984 74-13%
Surrogare: Tolwene-df L0386 " 1. (410 P64 &4.3-142
Surrogate: 4-Bramofluorobenzene 00365 " 0, 913 79.6-1200

Summit Scientific

%

The results in this report apply o the samples analvzed in accordance with the chain of

custody document, This analytical report must be reproduced in its entivety.
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7

i

LT Environmental, Inc. Project: KMG - Wass #5

4600 West 60th A .

SR Project Number: 08397.02 Reported:
Arvada CO, 80003 Project Manager: John Cocroft 03/75/10 13:18
Volatile Organic Compounds by EPA Method 8260B - Quality Control
Summit Scientific
Reporting Spike  Source TREC RFD

Analyte Result Limit  Units Level Result %WREC  Limits RPD Limit Notes
Batch 0032403 - EPA 5030 Soil MS
Matrix Spike (0032403-M51) Source: ROO3141-01 Prepared & Analyzed: 03/24/10 B
Benrene 0.0803 00050 mekg 0.100 ND 80.3 67.1-125 1749
Toluene 0.0757 00050 " 0,100 ND 753 GB.6-124 1.9
Ethylbenzene 0.0800 00050 " 0,100 ND B0.0 T0-130 20
m,p-Xvlene 0.156 0.010 . 0.200 ND 78.0 T0-130 20
o-Xvlens 0.0764 0.0050 by 0.100 ND T6.4 T0-130 20
Swurrogate; 1,.2-Dichloroethamne-dd 0.0420 " 00400 105 74d-135
Swrrogate. Tolwene-d8 0.0378 1 0.0400 946  843-112
Swrrogate; 4-Bromofluorobenzene 0.0374 4 0.0400 934 706120
Matrix Spike Dup (0032403-MSD1) Source: RO03141-01  Prepared & Analyzed: 032410
Benzene 00734 00050 mpkg 0,100 ND 734  67.1-125 9.10 17.9
Toluene 0.0687 0.0030 " 0,100 ND 68,7 68.6-124 .69 11.9
Ethylbenzenc 0.0742 0.0050 " 0,100 ND 74.2 F0-130 1.59 20
m,p=-Xylene 0.145 0.010 " 0.200 ND 726 T0-130 721 20
o-Xylene 0.0707 0.00350 b 0.100 ND 0.7 T0-130 179 20
Swrrogate: |, 2-Dichloroetharne-d4 00388 " 00400 9.1 74-135 =
Surrogate; Toluene-d8 0narg " 0.0400 9.8 84.3-112
Surrogate: 4-Bromafluorobenzene 00366 " 00400 914 79.6-120

Summit Scientific The results in this report apply to the samples analyzed in accordance with the chain of

custody document. This analytical report must be reproduced in its entirety.
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LT Environmental, Inc. Project: KMG - Wass #5
Ao00 R bR e Project Number: 08397.02 Reported:
Arvada CO, 80003 Project Manager: John Cocroft 03/25/10 13:18

Notes and Definitions

DET Analyte DETECTED

ND Analyvte NOT DETECTED at or above the reporting limit

NE Mot Beported

dry Sample results reported on a dry weight basis

RPD Relative Percent Difference

Summit Scientific The results in this report apply to the samples analized in accordance with the chain of
= cuistody document. This analytical report must be reproduced in its entirety.
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Summit Scientific

741 Corporate Circle — Suite I ¢ Golden, Colorado 80401
303.277.9310 - laboratory ¢ 303.277.9531 - fax

RECEIVED
John Cocroft COG CC
LT Environmental, Inc.
4600 West 60th Avenue

Arvada, CO B0003
RE: KMG - Wass #5

Enclosed are the results of analyses for samples received by Summit Scientific on 04/21/10 17:00. If you have any
questions concerning this report, please feel free to contact me.

Sincerely,

_..-"fff? .
S

Paul Shrewsbury For Ben Shrewsbury
President / Laboratory Director
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"HECEIVED |

MAY 19 2010

!
|

LT Environmental, Inc.
4600 West 60ch Avenue

Project: KMG - Wass #5

Project Number: KMG 08397

COGCC | _

04/22/10 07:34

Arvada CO, 80003 Project Manager: John Cocroft
ANALYTICAL REPORT FOR SAMPLES
Sample [D Laboratory ID Matrix Date Sampled Date Received
MW0O1 ROD4121-01 Water 04/21/10 10:00 04/21/10 17:00
MWO02 ROM4121-02 Warter 04/21/10 10:10 04/21/10 17:00
MWO03 ROO4121-03 Water 04/21/10 10:20 04/21/10 17:00

Summit Scientific

The results in this repori apply to the samples analyzed in accordance with the chain af
custody document. This analytical report must be reproduced in itz entivety.,

Page 1 of 7
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LT Environmental, Inc. Project: KMG - Wass #5
4600 West 60th Avenue <
Project Number: KMG 08397 Reported:
Arvada CO, 80003 Project Manager: John Cocroft 04/22/10 07-34
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Summit Scientific The results in this veport apply to the samples analyzed in accordance with the chain of
= custody docenent. This analytical report miust be reproduced in ity entirety.
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LT Environmental, Inc.
4600 West 60th Avenue

Arvada CO, B0D03

Project: KMG - Wass #5

Project Number: KMG 08397
Project Manager: John Cocroft

Beported:
04/22/10 07:34

MWO1

Volatile Organic Compounds by EPA Method 8260B

ROO4121-01 {Water)

Summit Scientific

Date Sampled: 04/21/10 10:00

Reporting
Analvte Result Limit  Units Dilution  Batch Prepared Analyzed Method Moted
Benzene 21 1.0 ug'l I DO42102 4421710 0422710 EPA B260B
Toluene 1.0 1.0 " - . " ’ ’
Ethylbenzene 83 1.0 " - " " : "
Xylenes (total) 440 1.0 " " " " " "
Date Saml:_rled: 04/21/10 10:00
Reporting
Amnalyte Result Limit  Units Dilution  Batch Prepared  Analyzed Method M
Surrogate: |,2-Dichloroethane-d4 95.2 % 70.4-127 " - " "
Swrrogate: Toluene-d8 082 % 85.7-111 " - " .
Swrrogate; 4-Bromofluorobenzene 108 25 §3.9-116 = = N o

Summit Scientific

The results in this report apply to the samples analy=ed in accordance with the chain of
custody document, This analytical report must be reproduced in its entirety.
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LT Environmental, Inc. Project: KMG - Wass #5

RIS Project Number: KMG 08397 Reported:

Arvada CO, 80003 Project Manager: John Cocroft 04/22/10 07:34
MW02

Volatile Organic Compounds by EPA Method 82608

RO04121-02 (Water)

Summit Scientific

Date Sampled: 04/21/10 10:10

Reporting
Analyte Result Limit  Units Dlution  Batch Prepared Analyzed Method Maoted
Benzene 54 1.0 ug/l 1 0042102 04721710 04/22/10  EPA 8260B
Toluene 1.0 1.0 . 5 # . ' B
Ethylbenzene 140 1.0 n " - " . &
Xylenes (total) 480 1.0 5 ' g E J :
Date Sampled: 04/21/10 10:10
Reporting
Analyte Result Limit  Units Dilution  Batch Prepared  Analyzed Methesd Mote:
Swrrogare: |, 2-Dichloroethang-dd 96.8 %5 70.4-127 a ” " "
Swrrogate: Toluene-d8 97.3 % 85.7-111 I - " "
Swrrogate: 4-BromofTuorobenzene i3 % 83 0-116 . . o »
Summit Scientific The results in this report apply fo the samples analvzed in accordance with the chain of
custody docunent. This analytical report must be reproduced in its entirety
v/
y Page 4 of 7
LT Environmental, Inc. Project: KMG - Wass #5
i Project Number: KMG 08397 Reported:
Arvada CO, 80003 Project Manager: John Cocroft 04/22/10 07:34
MWO03
RO04121-03 (Water)
Summit Scientific
Volatile Organic Compounds by EPA Method 82608
Date Sampled: 04/21/10 10:20
Reporting
Analyte Result Limit  Units Dilution  Batch Prepared  Analyzed Method Mated
Benzene WD 1.0 ug'l 1 0042102 04721710 04722710 EPA 8260B
Toluene WD 1.0 e " " - " Ly
Ethylbenzens WD 1.0 o " i " i "
Xylenes (total) 4.0 1.0 y L B . . "

Date Sampled: 04/21/10 10:20
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