Qctober 30, 2007

Mr. David Locey

New York State Department of Environmental Conservation
270 Michigan Avenue

Buffalo, NY 14203-2999

Re:

RoCo LTD.
Site #V-00422-9
Cheektowaga, Erie County

Dear Mr. Locey:

Attached is the final Intrusive Soil Vapor Sampling and Analysis Work Plan for the RoCo, Ltd.
Site. This plan incorporates the revisions that you suggested in your letter to Mr. Dennis
Harkawik dated October 16, 2007. Each revision is briefly discussed below:

1.

NYSDEC suggested that sub-slab samples be collected from within the office space of
the RoCo building and within the Davis Flectric building. The only office space that is
within the RoCo building is on the opposite side of the structure from the known
groundwater and soil contamination. In addition, that area of the building is elevated off
of the ground and has a crawl space beneath it. Due to the distance from the known
contaminate source, Leader suggests that no samples be collected in this area unless
ambient air samples or sub-slab air samples, collected in the vicinity of the contaminate
plume, indicate potential human health risks. Sample locations that are described on
Page 3 of the work plan already include the office space on the first floor of the Davis
Electric building.

A revision has been made to the sampling technique to include purging of the tubing on
Page 3 of the Work Plan.

Quality control and quality assurance issues (blind duplicate sample and DUSR report)
have been addressed and are now included in the Work Plan on Page 4.

Please review this Work Plan and provide us with written approval to proceed with its
implementation.

Please feel free to contact us with any questions,

Sincerely,

Jonathan Neubauer
Project Manager
The Leader Group

(716) 565-0963 (office)
(716) 725-2804 (cell)
ineubauer(@leaderlink.com

ce:

Mr. Cameron O’Connor, NYSDOH

Mr. Jeffery Wittlinger, Leader

Dennis Harkawik, Esq. (JFM)

Michael Shannon, Esq. (Farner & Farner)
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1.0 SITE DESCRIPTION

I.eader Professional Services, Inc. (“Leader”) was retained by RoCo, LTD (*RoCo”) to
prepare an Intrusive Soil Vapor Sampling and Analysis Work Plan, under the current
New Yorks State Department of Health (“NYSDOH”) guidelines, for the property at
1746 Dale Road, Cheektowaga, Erie County, New York (hereafter referred to as “the
Site”). The format and content of this Sampling and Analysis Work Plan generally
conforms to the NYSDOH guidance document entitled “Guidance for Evaluating Soil
Vapor Intrusion in the State of New York” (see Appendix E).

2.0 BACKGROUND INFORMATION

Leader submitted a Remedial Action (“RA”) Progress Report to the New York State
Department of Environmental Conservation (“NYSDEC”) in April of 2007 (see
Appendix A). The RAP Report discussed the monitoring and sampling activities that

have taken place at the Site and provided a progress assessment of the remedial activities.

In a letter dated July 13, 2007, Mr. David Locey of the NYSDEC stated that after
reviewing the aforementioned RAP report, additional information was needed to
determine if the residual groundwater contamination posed any potential health risks.
The letter indicated that the NYSDEC requires an evaluation of soil vapors from beneath
the building slab and air samples from within and outside of the subject building (see

Appendix B).



3.0 SCOPE OF WORK

The scope of this Intrusive Soil Vapor Sampling and Analysis Plan has been developed to
assess the extent of soil vapors infiltrating Site structures which may pose possible
human health risks. As a result of the previous studies that have been conducted at the
Site and on the Upstate Farms Cooperative, Inc. property, the area of concern has been
identified. Thus, the primary objective of this Soil Vapor Sampling and Analysis Plan
will be to identify and quantify potential intrusive soil vapors. No additional
contaminants or arcas will be addressed by this plan because the Site and vicinity have

already been sufficiently studied.
Task 1: Project Coordination

Communications relative to the project will be executed according to an agreement
between Upstate Farms Cooperative, Inc. and RoCo. Site access issues and agreements
will be discussed to ensure that Leader and its subcontractors have access to the Site,

Upstate Farms Cooperative, Inc. property and Davis Electrical Supply Company
property.

Task 2: Soil Vapor Sampling and Analytical Testing Program

Figure 1 is the proposed sampling location plan; however, actual sample locations will be
refined based on the findings of photo ionization detector (“PID”) measurements
obtained in the ficld and any materials, structures or work operations which may interfere
with sampling. Approximately fourteen (14) samples will be collected during this Soil

Vapor Intrusion study.

Prior to initiation of sampling activities, an inventory of all on-Site chemicals or other
possible Volatile Organic Compound (“VOC”) emitting materials will be taken and
concentrations recorded utilizing a PID capable of detecting VOC compounds in parts per
billion (“PPB”). An Indoor Air Quality Questionnaire and Building Inventory will be
completed for each structure during the pre sampling inventory. A copy of the Indoor Air

Quality Questionnaire and Building Inventory is included in Appendix D.



In order to assess background concentrations, two (2) samples will be collected outside of
the RoCo building. One (1) sample will be collected upwind of the building and one (1)
sample will be collected downwind of the structure. Each of these samples will be
collected from a height of approximately 5 to 6 feet above ground surface (“ABS™) and

away from any known contaminant sources (i.e., vehicle pathways, HVAC units, etc.).

Based on previous concentrations in soil and groundwater samples (see Figure 1), twelve
(12) additional samples will be collected from within the RoCo structure and from within
the Davis Electric Supply structure. Within the RoCo Site structure, sub-slab samples
will be collected in the vicinity of GW-3, BH-13, BH-6 and BH-10. In addition, ambient
indoor air samples will be collected at or near the sub-slab sample locations. Sub-slab
samples will be collected in the Davis Electric Supply structure in the vicinity of GW-2
and BH 16 as shown on Figure 1. In addition, ambient indoor air samples will be

collected at or near the sub-slab sample locations.

Sub-slab samples will be collected by advancing a one-inch diameter hole through the
floor slab utilizing a hammer drill. One quarter inch inert tubing will then be inserted
into the hole at a depth not to exceed two-inches into sub slab material. A backfill
material will be used to secure the tubing in place (i.e., inert glass beads or washed #1
crushed stone) and the tube will be secured using modeling clay or other inert surface
seal materials. The tubing will then be purged of at least two tube volumes before being
attached to a one liter Summa canister with a predetermined flow rate (i.e., not to exceed

0.2 liters per minute) adjusted to obtain a 24-hour composite sample.

The samples will be secured 24 hours after commencement of sampling activities. The
samples will then be transported under proper chain of custody to Paradigm
Environmental Laboratories (“Paradigm™) for analysis via EPA Method TO-15 (see
Analyte list included as Attachment C).



For quality control/quality assurance purposes, one (1) blind duplicate sample will be
collected and analyzed, and Paradigm will provide Leader with all necessary analﬁical
data needed to perform a Data Usability Summary Report (“DUSR”). Ms. Mary Ellen
Holvey, CIH, of Leader will review all of the data and generate a DUSR report to be
included with the findings report.

Task 3: Restoration
The penetrations through the concrete floors at the RoCo and Davis Electric buildings

will be sealed with a cement-based patch material. The areas where penetrations are

advanced will be swept and cleaned of debris.



4.0 SCHEDULE OF WORK

Below are the anticipated sequence, schedule and projected completion dates for the key
project milestones. Note that these dates may change based on internal and NYSDEC /
NYSDOH review periods and weather conditions beyond Leader’s control.

% :

Review and Approval of Work Plan 4 Weeks | October 2007
Implementation of Pre Sampling Inventory 1 Day November 2007
Sampling Event 2 Days November 2007
Analysis and Reporting 2 Weeks | December 2007
Report Preparation, Revision and Approval 2 Weeks | December 31, 2007




5.0 REPORTING REQUIREMENTS

5.1 Progress Reports

Due to the short duration of the field investigation portion of this project, no intermediate
progress reports are planned. Leader or a representative of RoCo will contact NYSDEC

and inform them of the progress of the study.
5.2 Intrusive Soil Vapor Sampling and Analysis Report

A written report will be prepared relating the findings of the study. This report will

include the following:
« Introduction
«  Purpose and Scope of Work
«  Description of Investigation Activities
« Investigation Findings
«  Exposure and Human Health Risk Assessment

« Conclusions and Recommendations



Appendix A
Remedial Action Progress Report
(April 2007)
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1. INTRODUCTION

Leader Professional Services, Inc. (“Leader”) was retained by RoCo, Ltd. (*RoCo”) to
implement a Remedial Action Plan (“RAP”) and a groundwater monitoring program,
under the Voluntary Cleanup Program (“VCP”) guidelines, for the property at 1746 Dale
Road, Cheektowaga, Eric County, New York (hereafter referred to as “the Site”). This
RAP Report includes a summary of the September 2005 remedial activities and the

subsequent monitoring results obtained at the Site.

1.1 Background

Leader prepared and submitted a March 2004 VCP Supplemental Site Investigation
(“SSI”), Bioremediation Pilot Study (“BPS”) and RAP document for the Site that was
approved by NYSDEC for implementation (see the March 2004 submittal for additional
background information regarding the Site). Implementation of the RAP portion of this
document was delayed due to a pending potential property transaction. The monitoring
well repair and Hydrogen Release Compound (“HRC®-X”) injection portion of the RAP
was ultimately implemented in September 2005. These remedial activities were followed
by monthly groundwater level and water quality measurements through February 2007.
Bimonthly analytical testing summaries for three (3) of the monitoring wells were
submitted electronically to the New York State Department of Environmental
Conservation (“NYSDEC”) throughout the course of the monitoring program. NYSDEC
requested that a summary report be submitted to assess the progress of the remedial

activities to date.

1.2 Purpose

The purpose of this RAP Report is to summarize the effectiveness of the September 2005
HRC®-X injections in enhancing the natural biodegradation of chlorinated solvents in the

Site’s groundwater,
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1.3 Scope of Work

The RAP consisted of the following tasks:

+ Zebra Environmental, Inc. (“Zebra”) was mobilized to the Site on September 20-22,

2005 and HRC®-X was injected at twenty-five (25) locations;

» Approximately 1,440 pounds of HRC®-X was injected into the subsurface soils
throughout the areas of chlorinated solvent concentrations above applicable NYSDEC

recommended cleanup objections for soil or groundwater standards;

« The month prior to HRC®-X injection and each month following, Leader monitored
field parameters (i.e., Redox and groundwater measurements) in GW-1, GW-2, GW-
3, GW-4, GW-5, GW-6 and GW-7;

« Every other month starting with December 2005, one groundwater sample was
collected from GW-1, GW-3, and GW-7 and analyzed for sulfate, total organic
carbon (“TOC™), dissolved iron and target compound list (“TCL”) volatile organic

compound (“VOC”) analysis using USEPA Method 8260;
« Bi-monthly reports were electronically submitted to NYSDEC; and

o This written report was prepared relating the findings of the RAP monitoring

program.

LEADER PROFESSIONAL SERVICES, INC. 147.007



2. FIELD ACTIVITIES

This section summarizes the RAP field activities, which involved a full-scale
bioremediation program at the Site. The activities summarized herein were conducted in
general accordance with the NYSDEC-approved Health and Safety Plan and QA/QC
Plan for this VCP. Photographs taken during the RAP field activities are included in
Appendix D.

2.1 HRC Injection Activities

Zebra mobilized the following equipment to the Site for the implementation of the RAP:
1) a track unit; 2) a core drill; 3) a GS2000 pump; and 4) HRC®-X. The injection points
were drilled and HRC®-X was injected into the points. A core drill was used for each

interior injection point to core through the concrete floor within the building structure.

The Geoprobe unit was used to bore to the desired depth. The pump was then attached to
the Geoprobe unit and the HRC®-X was injected into the ground under 2,000-pounds per
square-inch of pressure. The HRC®-X was poured through a screen into a pump unit for
injection. The screen was used to prevent solidified clumps of HRC®-X from clogging
the pump unit. After completion of the injections, each point was covered and sealed

with asphalt.

The number of injection points and the pounds of HRC®-X applied at each point were
estimated by Regenesis (i.e., the HRC®-X Supplier), based on the level of contamination
in the area. Approximately 1,440 pounds of HRC®-X was injected into the subsurface
soils throughout the areas of chlorinated solvent concentrations above applicable
NYSDEC recommended cleanup objections for soil or groundwater standards. The
amount of HRC®-X proposed was estimated by Regenesis based on empirical equations
that take into account the contaminant levels, soil conditions and groundwater conditions.
Table | — HRC®-X Dispersion Remedial Plan (see Appendix A) includes the loading
amounts for each injection point. Figure 1 (see Appendix B) includes the twenty-five

(25) injection point locations. Injection points IP-1 through IP-6 were located within the

LEADER PROFESSIONAL SERVICES, INC. 147.007



interior of the Site building, injection points IP-7 through IP-18 were located west of the
Site on the Upstate Farms Cooperative, Inc. property, and injection points IP-19 through
IP-25 were located north of the Site on the Davis Electrical Supply Company property.

2.2 Groundwater Monitoring Program

The groundwater monitoring program consisted of the following two (2) tasks: 1)
monthly groundwater elevation and Redox measurements in the seven (7) monitoring
wells; and 2) bi-monthly groundwater sampling analytical testing. These tasks are

summarized in the following sections.

2.2.1 Groundwater Elevation Measurements

The depth to groundwater was measured in each well using a Solinist water level
indicator. Water level measurements were obtained to the nearest hundredth of a foot.

These data are included on Table 2 in Appendix A.

The groundwater elevations measured on December 22, 2005, April 16 2006, July 28,
2006 and October 18, 2006 were plotted‘on a Site map (see Appendix B — Figures 2
through 5 Groundwater Contour Maps). Linear interpolation methods were used to

approximate the groundwater contours.

2.2.2 Reduction/Oxidation Measurements

Reduction/Oxidation (“Redox’’) measurements were obtained from October 2005 through
February 2007 (see Table 2 — Appendix A). Measurements were taken to the nearest 1.0

mV using an ORPTestr™ reduction/oxidation meter.

2.2.3 Groundwater Sampling and Testing

Field samples were collected in accordance with the Site-specific QA/QC Plan. The
monitoring wells were purged and allowed to recharge prior to each sampling event.
Samples were collected using dedicated tubing and check valves to prevent cross-

contamination. Groundwater éamples from GW-1, GW-3 and GW-7 were submitted

LEADER PROFESSIONAL SERVICES, INC. 147.007



bimonthly to Paradigm Environmental Laboratories for analyses for TCL VOC analysis

USEPA Method 8260, TOC, Dissolved Iron, and Sulfate.

2.2.4 Monitoring Schedule

The month prior to HRC®-X injection (August 2005} and each month foliowing, Leader
monitored field parameters (i.e., Redox and groundwater measurements) in GW-1, GW-
2, GW-3, GW-4, GW-5, GW-6 and GW-7. Groundwater samples were collected from
GW-1, GW-3, and GW-7 on a bimonthly basis starting with December 2003.

Following completion of the first 12-month period of monitoring, Leader contacted
NYSDEC and it was agreed to extend the monitormg program another 6 months prior 1o
preparation of this RAP report. This extension was based on groundwater quality data
that indicated that the HRC®-X was still having a positive effect on reducing contaminant

levels. The following schedule presents the monitoring program for the RAP to date.

‘Month | " Groumdwater . | . . Redox. - | ° Analytical Testing
. - ~ Measurements - = I L o

August 2005 X X Sulfate, TOC, Iron, VOCs in
Monitoring Wells GW-1,
GW-3, and GW-7

September 2005 X Meter Malfunction

October 2005 X X

November 2005 X X

December 2005 X X Sulfate, TOC, Iron, VOCs in
Monitoring Wells GW-1,
GW-3, and GW-7

January 2006 X X

February 2006 X X Suifate, TOC, Iron, VOCs in
Monitoring Wells GW-1,
GW-3, and GW-7

March 2006 X X

April 2006 X X Sulfate, TOC, Iron, VOCs in
Monitoring Wells GW-1,
GW-3, and GW-7

LEADER PROFESSIONAL SERVICES, INC. 147.007




May 2006

June 2006

Sulfate, TOC, Tron, VOCs in
Monitoring Wells GW-1,
GW-3, and GW-7

Tuly 2006

August 2006

Sulfate, TOC, Iron, VOCs in
Monitoring Wells GW-1,
GW-3, and GW-7

September 2006

QOctober 2006

Sulfate, TOC, Iron, VOCs in
Monitoring Wells GW-1,
GW-3, and GW-7

November 2006

December 2006

Sulfate, TOC, Iron, VOCs in
Monitoring Wells GW-1,
GW-3, and GW-7

January 2007

February 2007

Sulfate, TOC, Tron, VOCs in
Monitoring Wells GW-1,
GW-3, and GW-7

LEADER PROFESSIONAL SERVICES, INC.
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3. RESULTS

3.1 Groundwater Flow Conditions

Based on the groundwater elevations measured in the monitoring wells (see Table 1), it
appears that the general direction of groundwater flow is from north to the south.
However, the data show a localized groundwater high point in the area of monitoring
well GW-3 (see Appendix B — Figures 2 through 5). Thus, groundwater appears to flow
radially away from GW-3 in all directions. This condition may be the result of
underground utilities, potential roof water infiltration through the concrete trench inside

the building or heterogeneous subsurface conditions under the building,

3.2 Reduction/Oxidation Conditions

Monthly Redox measurements were obtained from all monitoring wells from October
2005 through February 2007. Based on these measurements, it appears that reducing
conditions were present in the majority of the monitoring wells through November 2006.
There has been a slight upward trend in Redox levels in GW-1, GW-2, GW-4, GW-6 and
GW-7 since the November 2006 event. Redox levels in GW-3 and GW-5 have remained
relatively constant or decreased since November 2006. The upward trend at some of the

monitoring well locations may indicate that the HRC®-X is expended at these locations.

3.3 Bioremediation Indicators

Groundwater samples from monitoring wells GW-3, GW-4 and GW-7 were submitted for
TOC, Dissolved Iron, and Sulfate (see Appendix A - Table 3). Based on technical input
from Regenesis, bioremediation activity is indicated by a decrease in sulfate

concentrations, an increase in TOC concentrations and an increase in iron concentrations,

The samples from GW-1 indicate a decrease in sulfate, an increase in TOC and relatively
no change in iron. Thus, bioremediation appears to be occurring at GW-1. The samples
from GW-3 indicate a decrease in sulfate, an increase in TOC and an increase in iron.

Thus, bioremediation appears to be occurring at GW-3. The samples from GW-7

LEADER PROFESSIONAL SERVICES, INC. 147.007



indicate an increase in sulfate, a decrease in TOC and relatively no change in iron.

Significant bioremediation does not appear to be occurring at GW-7.

3.4 Volatile Organic Compound Conditions

Table 4 (Appendix A) includes the VOC concentrations in GW-1, GW-3 and GW-7 for
the RAP monitoring period. Trichloroethylene (“TCE”) concentrations were reduced by
the HRC®-X in all three (3) monitoring wells. The concentrations of VOCs in the
February 2007 groundwater sample from GW-1 were only slightly above NYSDEC
groundwater standards. The only VOC detected in the February 2007 sample from GW-7
was DCE at a concentration of 616 ppb; however, in October 2006, the DCE

concentration was only 9.09 ppb.

Figure 6 includes the VOC data for GW-3 from 2001 through February 2007. As shown
on Figure 6, major VOC concentration changes occurred after the September 2005
HRC®-X injection. TCE concentrations have dropped from the historical high of 161,000
ppb (10/24/02) down to less than 2,000 ppb (2/26/07). The concentrations of the TCE
daughter products, cis-1,2-dichloroethene (“DCE”) and vinyl chloride (“VC”), have
increased orders of magnitude in GW-3 indicating biodegradation at the source. The total
VOC concentration in GW-3 has dropped from over 100,000 ppb (TCE and DCE
combined) in September 2005 to 40,600 ppb (DCE and VC combined) in February 2007.

3.5 Site-Specific RAOs

The general Remedial Action Objectives (“RAQs”) for this VCP are summarized below.

« To prevent future exposure of human or animal receptors to contaminated

groundwater or soil; and

. To prevent or mitigate the migration of contaminants that will cause groundwater

contamination above the site-specific RAOs

As stated in the RAP, bioremediation using HRC®-X may not result in groundwater

concentrations at all monitoring well locations being below drinking water standards
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(e.g., the groundwater standard for trichloroethylene [“TCE”] is 0.7 ppb). Thus, Site-
specific RAOs have been developed that achieve the General RAOs while providing for
some flexibility should future remedial efforts reach a point of diminishing returns.

These site-specific RAOs are summarized below.

« Future residual groundwater and/or soil contamination will not pose an unacceptable

risk to human health and the environment;

« The residual groundwater and soil contamination, if present, will be compatible with

the anticipated future use of the site; and

« An approximate “zero slope” will be reached with regard to groundwater quality (i.e.,
continued treatment will not result in a decrease in the concentration of analytes in the

groundwater).

This approach is reasonable based on the following site-specific conditions:

The local groundwater currently has no beneficial use and is unlikely to be used in the

foreseeable future;

« The present lack of completed pathways of human exposure and the absence of a

significant threat to public health;

« The technical impracticability of restoring the groundwater to pre-release conditions,
given the inaccessibility of the source area and the heterogeneous subsurface

conditions; and

« The site’s commercial/industrial setting and the absence of sensitive environmental

receptors.

As of February 2007, these objectives have been generally achieved at monitoring wells
GW-1 and GW-7. The concentrations of DCE and VC in monitoring well GW-3 do not

appear to have reached a “zero slope” with regard to VOC concentration reduction.
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4, CONCLUSIONS

Below are the conclusions that have been developed based on the results of the RAP

monitoring program.

1) Based on the groundwater elevations measured in the monitoring wells, it appears
that the general direction of groundwater flow is from north to the south,
However, the data show a localized groundwater high point in the area of
monitoring well GW-3. Thus, groundwater appears to flow radially away from

GW-3 in all directions.

2) Monthly Redox measurements were obtained from all monitoring wells from
October 2005 through February 2007. Based on these measurements, it appears
that reducing conditions were present in the majority of the monitoring wells
through November 2006. The subsequent upward trend at some of the
monitoring well locations may indicate that the HRC®-X is expended at these

locations.

3) The analyses for sulfate, TOC and dissolved iron were conducted to evaluate
HRC®-X activity. Bioremediation, as a result of the HRC®-X, appears to be
continuing at GW-1 and GW-3.

4} TCE concentrations were reduced by the HRC®-X in all three (3) monitoring

wells.

5) The total VOC concentration in GW-3 has dropped from over 100,000 ppb (TCE
and DCE combined) in September 2005 to 40,600 ppb (DCE and VC combined)
in February 2007.

6) As of February 2007, the RAOs have been generally achieved at monitoring wells
GW-1 and GW-7. The concentrations of DCE and VC in monitoring well GW-3
do not appear to have reached a “zero slope” with regard to VOC concentration

reduction.

LEADER PROFESSIONAL SERVICES, INC. 147.007
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5.  RECOMMENDATIONS

Based on the results of the RAP monitoring program, the HRC®-X was effective in
reducing chlorinated solvent concentrations in groundwater at the Site. Based on
monitoring of the bioremediation indicator parameters, the initial injection of HRC®-X
does not appear to have reached its useful life as of February 2007. Thus, continued
monitoring is recommended for another six (6) months. A dissolved gas analysis (i.e.,
methane, ethane and ethene) of GW-3 will be included in one of the future sampling
events to evaluate how much gas is present. If it appears that the concentrations of DCE
and VC at GW-3 are not reducing, an additional limited injection of HRC in the area of

GW-3 should be considered to increase the degradation rate.

Based on conversations with the NYSDEC and the New York State Department of
Health (“NYSDOH”), soil gas ventilation and monitoring issues will be evaluated
following remediation. Sampling soil gas vapors beneath the building following
completion of the RAP will allow for a more representative sampling program and a
more effective ventilation system design, if required. Leader will meet with the

NYSDEC and the NYSDOH following the completion of remedial activities.

LEADER PROFESSIONAL SERVICES, INC. 147.007
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6. LIMITATIONS AND USE OF REPORT

This RAP report was prepared by Leader Professional Services, Inc. in accordance with
generally accepted practices of other consultants preparing similar reports, and we
observed that degree of care and skill generally exercised by other consultants under
similar circumstances and conditions. The analyses and conclusions submitted in this
report are based upon data and information, provided by others, and are contingent upon

their validity.

This Voluntary Cleanup Program RAP report was prepared exclusively for RoCo for
specific application to the Site in accordance with generally accepted engineering practice.

No other warranty, expressed or implied, is made.

LEADER PROFESSIONAL SERVICES, INC, 147.007
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TABLE 1 HRC-X INJECTION QUANTITIES
RoCo, Ltd. 1746 Dale Road, Cheektowaga, New York

: Approximate Depth of injection | Approximate Pounds of HRC-X
Injection Point Designation ~ Point (ft) : ' tnjected
IP-1 12 90
P-2 12 a0
IP-3 12 90
IP-4 12 90
IP-5 12 80
IP-6 12 80
IP-7 12 40
IP-8 12 40
IP-9 12 60
IP-10 12 60
IP-11 12 60
IP-12 12 60
[P-13 12 60
IP-14 12 60
iP-15 12 60
IP-16 12 60
P17 12 60
IP-18 12 40
IP-19 12 40
[P-20 12 40
IP-21 12 40
IP-22 12 40
1P-23 12 40
1P-24 12 40
|P-25 12 40
TOTAL = 1,480

NOTE - See Figure 1 for injection point locations.
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Figure 6
VOC Concentration Data for GW-3
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APPENDIX C
ANALYTICAL LABORATORY REPORTS




18/4/2885 @3:29 15866473311 PAGE  92/05

"% PARADIGM

ENVIRBNMENTAL SERVIGES, ING. 179 Lake Avenye Rochester New York 14608 (585) 647-2530 F 5} 847-3311

LABORATORY REPORT OF ANALYSIS

Client: Leader Professional Services, Ina. Lab Project No.: 05-3281
Lab Sample No.: 11750
Client Job Site: ROCO
Sample Type:  Water
Client Job No.; 147.007
Date Sampled: 9/23/2005
Fleld Location: GW-1 Date Racaived: 5/28/2005
I Paramete Date Anslyzed | Analviical | b it imatl
arameter ate Analyze Method esult (rmglh)
Sulfate 9/30/2005 EPA 300 a7.0
Total Organic Carbon B28/2005 SM 5310C 16
ELAP 19.Np,: 10709
Cornments; ND denctes Non Defeclad,
Approved By Technical Director: M
r i
Brice Hoogesteger

Chaln of Cusiody pravides agditional sample informallon. File ID: TOQCSULF0L-3281.xis



18/84/2065 ©3:29

ARADIGM

e —a———
ENVIROWTEENTAL SERVICES. INC.

gf

15856473311

PAGE ©3/a5

Lake Avermie Rochester New York 14608 847-2530 EAX (585) B47-3311
LABORATORY REPORT OF ANALYSIS
Ctienl: Leader Professional Services, Inc. t.ab Project No.; (53-3281
Lab Sample Mo.: 11751
Client Job She: ROGO
S8ample Type:  Water
Chient Job No.: 147.007
Date Sampled: 9/23/2005
Field Location: GW-3 Date Recelvad:  9/26/2005
_ﬂ
Analytical
Paramaeter Date Analyzed Method ResuM {mgil)
L == s
Sulfate 9/130/2005 EPA 300 099.0
Total Organic Carbon 8/28/2005 SM 5310C a8.7

Comments:

Approvaed By Technica] Director:

ND dencies Non Detectad,

g —

ELAP ID.MNo .- 10708

& Bruce Hoogasteger

Chaip of Cugtody provides eddgttional samole infartuation.

File ID: TOCBULFOG-3281.xls



18/04/2085 ©3:29

PARADIGM

=

15866473311

ENVIRONNENTAL SERVICES. M0,

Lake Avenue Ro

par Nevw York 14808

) §47-2530 F.

PAGE B4/85

583) 847.3311

- aas
LABORATORY REPORT OF ANALYSIS
Client: Leader Profegeional Services, ine, Lab Project No,; 05-3281
Lab Samnple No.: 11752
Client Joh Sita: ROCO
Sample Types  Water
Cliert Job Na.: 147.007
Date Sampled:  9/23/2005
Field Location: GW-7 Date Raceived: 9/26/2005
Analytical
Parameter Date Analyzed Method Resauit (mg/l)
Sulale B30/2005 EPA 300 53.0
Tolal Organic Carban BI28/200% SM 53100 33

Comments:

Approved By Technical Director:

ND denotes Non Delected.

ELAR ID.Na.: 10700

Chaitr of Custody provides additiona) sample informetton.

Bruce Hoogesteger

File ID: TOCSULF05-3281.xls



99/38/20865 A4:39 15856473311 PAGE @2/86

i PARADIGM

EXYMORMENTAL $EXPER. (N0, . -
178 Lake Avenue  Rochaster, Naw York 14808 (585) 647 - 2530 FAX (388) 647 - 3aT1

Valatile An is Raport for Nop- & Wat
Client. Lsader Profassjonal Setvices, Inc.
Cliant Joh Rite: ROCQ Lab Project Numbor: 053284
Lab Sample Number: 11750
Client Job Numher: 147.007

Field Loration: GW-1 Data Sampled: 08/23/2005

Flald ID Numbear: NiA Date Recelvad: 05/2842006

Sample Type: Wator Date Analyzed: 08/30/2008

5
lerpmethans )

Bromernethane ND< 2,00 _
Bremoform ND<= 2.00 Ethyibenzeng ND< 2,00
Carzon Tetrachigride ND< 2,00 Toiuene ND< 2.00
Chioroethang ND< 2.00 mp=Xylang ND< 2,00
Chkaromethane ND= 2.00 o-Xylena ND< 2.00
2-Chiproethyt vinyl Glher ND«< 2,00 Btyrens NDe 200
Chiotaform ND~= 2,00 1.2-Dichlorobenzens ND= 2,00
Ribromochloromethane NO= 2.00 1.3-Dighlerobsnzene NO< 2.00
1,1-Dichlorcgthana ND=< 2.00 14-Dichiorpbenzens ND«x 2,00
1.2-Dichloroethans NDs 2.00
1,1-Dighloroethene ND< 2,00
cls-1,2.Dichioroethone E 276
trans-1,2-Dichloroathene 2.64 2-Butangng ND«x 5GQQ
1,2-Dichlomgpropane NO 2.00 2-Hexanona ND< 5.00
Gis-1,3-Dichloroprapene ND=< 2.00 4-Methyl-2-gantanone NO= 6.00
trans-1,3-Dichloropropena ND= 2.00
Mathylane chloride ND< 5,00 iscellangous inugfL
1.1.2,2<Totrachloroethane ND< 2.00 arbon disulfide < 5,00
Tetrachlorosthena ND< 2.00 Vinyl acatate NI+ 5,00
1,1,1-Trchloroathane WD« 200
1,1,2-Ttichlorpathana ND< 2.00
Trichlemsthene ND< 2,00
Trichlgrofluoremethane ND= 200
Vinyt chioride 121
ELAP Nurnber 10958 Method: EPA 82600 DOala Pfla: Vazere.n

Comments: ND danales Mon Delect
ug / L = micragram per Liter
E denolas Estimated. Sampla concaniratlon axcesds salibratlon range.

Signatue:

Bruca Hoogeaste echnical Director

Tri roport b pard OF g mukipage dacumant snt ShAS 0y B pualisted in Ke enlinsty. Chaln of Guatody provides eddiiare] informakon, Inciuiding complisnce with sarple pondiion
requiranl$ ugan recalpt. O632R1V1.%L8
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| CRMBGTIL SCeS, b 179 Lake Avenue Rochestor, New York 14608 (385) 847 - 2530 FAX (585} 847 - 33114

Volatile A is Report F Onpota ater

Client: Lexa fesglonai 1

Client Jab Sita: ROCOQ Lab Projost Number; 05-3281
Lab Sample Number: 11751
Cllent Job Number:  147.007

Figld Logation: GW-3 Date Sampled: 0@/23/2008
Field ID Number: N/A Dnts Recaivad; 08/26/2005
Sample Type; Water Date Analyzad: 039/28/2006

>

Bromodichloroma: ane - :
Bromomethane ND< 1,000 Chlombanzane ND«< 1,000
Bromoform ND= 1,000 Ethylbsnzene ND< 1,003
Carbon Terachioride ND< 1,000 Toluenw ND= 1,000
Chloroethane ND< 1,000 m,p-Xylanea ND= 1,000
Chloromethang ND< 1,000 o-Xylene NB= 1,000
2.Chloroathyl vinyl Ether ND< 1,000 Styrene ND=< 1,000
Chloreform NDw 1,000 1,2-Dichlorobenzene ND< 1,000
Dibromochloramethana ND= 1,000 1.3-Dichlorabenzens ND<= 1,000
1,4-Diohlaroettane NOD+< 1,000 [4,4-Dichierobonzens ND< 1,000
1,2-Dichloropthans ND= 1,000

1,1-Dichioroathans NI« 1,000

cis-1,2-Dichiorpethane 38400

trang-1,2-Dichlorosthene ND< 1,000

1.2-Dichloroprapane ND< 1,000 2-Hexanone ND« 2,500

eis-1 2-Dichigropropene ND< 3000 4-Methyl-2-pgntanone ND< 2,500
trang-1,3-Dichloreprapene NB< 1,000 )
Methylang chioride ND< 2,500 ' |
1,1.2, 2-Tetrachigroathana ND< 1,000

Tatrachlermethene ND< 1,000 Vinyl acetata ND= 2,600
1.1,1-Trichloroethana ND< 1,000

1,1,2-Trichiaragthane ND< 1,000

Trichlorocathene 76,600

Trichiprofivoromethane ND< 1,000

Vinyl chiarida NO< 1,000

ELAP Number 10958 Methad: EPA B260R Uata Flle: VA2170.0

Comments: ND donotey Non Dateol
ug /L = miersdram par Liter

Signatura:

Bruce Haageslew?‘l’admfud Directar
This reocrl i pvt of 6 Tullzape aocumant pnd SRR arly be svaivatad Inils 92tmely. Chain of CoRI0dY provitkes ad Morsl Infarrmation, Ingluding compltsnce wih 23mple condibon
reguinetwents uoon necep. %z {Vza
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(%1 PARADIGM

PAGE.  084/06

IRVIRORMENTAL BERRIGER 2. {79 Loke averye Rogheslar, New York 14608 5B9) Ba7 - 2530 FAX (588) 847 . 5341
Volati! alysis Repo Non-potabl
Client; dar Professi loea, |
Cliont Job §lte: ROCQ Lab Frojaat Kumber: (05-3281
Lab Sample Number: 11752

Clisnt Job Number: 147.007

Field Locatlon: GW-7 Date Sampiad; 09/23/2008

Fleld {0 Number: N/A Date Recelved: 0%r2612005

Bumple Type: Water Date Analyzed: 08/30/2008

. !Eﬁgggllgs
ohloromathana . Benzang

Bromomethana NE=< 40.0 Chlorobanzene
Bromoform ND« 40.0 Elhylbenzene
Canbon Tatrachleride ND< 40.0 Toluene
Chioroathana ND< 40.0 m,p-Xyleng
Chloromethene ND«< 40.0 o-Xvlene
2-Chlgroathyl vinyl Ethar ND< 50.0 Styrena
Chioroform ND< 40.0 1,2-Dichlpmbenzeng
Dibramochioramethane ND= 40.0 1,3-Dichiorobenzene
1.1:Bighloroethane ND< 40.0 1.4-Dichiorobanzane
1,2.Dichiorosthang NO< 40.0
1,1=-0lchioraethene ND< 40.0
clp-1,2-Dichlarnathene 4,350
Irans-1,2-Dichloroethene 824 2-Butanone ND< 100
1,2-Dichloropropane NG+ 40.0 2-Hexanons ND< 100
¢is-1,3-Dichloropropene ND< 40.0 4-Methl.2-pansngne ND< 100
trans-1,3-Dichlarapropene ND= 40.0
Methylene ehlaride NG= 104
1.1.2.2-Tetrachlaroethane ND< 40.0
Tetrachioroethene ND= 400 Viryl acetala ND< 100
1,1,1-Trichloroethane NB= 4020
1.1, 2=Trichloroethane ND= 40.0
Trichioroathsne 548
Trchlorcfiuoromethane NCr 40,0
Vinyl chiorida 6a4
ELAF Nomber 10858 Method; EFA 8280B Data Plle; v32180.D

Camments: ND denotes Non Deatect
ug { L = mierogram par Liter

Slanature;

Bruce Hoogsstager:

Tiv & toppd 1s varl of a Pl pege document and shoyld only be 2vstualad In bs onflieg. Chole 9* Custooy peovicet dcitonal [n7ormatlon, Iagiuding cormpitnes wiih sampte eandilgn

Il TRty ype raoalp.

05928 1VIXLA
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E ARADIGM 7R bake Avenue Rochagter, NY 14808 (585) 647:2830 FAX (595] §47-3111

Cliant: Laa refesslonal 8 a5, Inc. Lab Project No.: 08.3281
Cllent Jais Slte: ROCO Sample Type:  Water
Mathod: EPA 2007
Cliant Joh No,; 147.007
Date(s)} Samplad: 00/23/2005

Date Recelvad: 08/28/2008
Date Analyzad: 09/27/2006

Laboratory Report for Metals Analysis in Water

Fielﬁ focatlon ron *
Rezults
mg/L)
w%
SW-1 =0.100
11751 NfA T (W3 0.823
11762 NA | ewr <0,100

ELAP ID No,; t0708

Commenits: * Serples for Iron were flitered throughi 0.46um filter prier to digestion.
Approved By: M‘

Bruce Hoogesteger, Technical Diractor

Thi report i part of 8 muitipage document and should only ba svallisted in (5 antirety, Chaln of Gustody providas addional sample
information, including compllance with sample conditlon requirements Upon recalpt. File ID.OE&B‘I XLS

i
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PARADIGM

ENVIRONMENTAL SERVIGES. ING.

179 Lake Avenue Rochester New York 14608 (585) 647-2530 FAX {585) 647-3311

Client:

Client Job Site:
Client Job No.:

Field Location:

Comments:

Approved By Technical Director:

LABORATORY REPORT OF ANALYSIS

05-4347
14825

Water

12/27/2005
12/29/2005

Leader Professional Services, Inc. Lab Project No.:
Lab Sample No.:
ROCO
Sample Type:
147.007
Date Sampled:
GW-1 Date Received:
Analytical
Parameter Date Analyzed Method Result {mgil)
Sulfate 12/30/2005 EPA 300 31.0
Total Organic Carbon 1/5/2006 3SM 5310C 10.9

ND denotes Non Detected.

ELAP ID.No.: 10709

/

Chain of Cuslody provides additional sample Information,

Bruce Hoogesteger

File ID: TOCSULF05-4347 .x!s
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PARADIGM

ENVIRONMENTAL SERVICES. INC.

179 Lake Avenue Rochester New York 14608 (585) 647-2530 FAX (585) 647-3311

Client:

Client Job Site:

Client Job No.:

Field Location:

Comments:

Approved By Technical Director:

LABORATORY REPORT OF ANALYSIS

Leader Professional Services, Inc, Lab Project No.: (5-4347
Lab Sample No.: 14828
ROCO
Sample Type:  Water
147.007
Date Sampled: 12/27/2005
GW-3 Date Received: 12/29/2005
Analytical
Parameter Date Analyzed Mothod Result {mg/l)
Sulfate 12/30/2005 EPA 300 ND<2.0
Total Organic Carbon 1/5/2006 SM 5310C 608

ND denotes Non Detected.

ELAP ID.No.: 10709

Chain of Custody provides additional sample information.

Bruce Hoogesteger

File ID: TOCSULF05-4347 .xls



La PARADIGM

LABORATORY REPORT OF ANALYSIS

Client: Leader Professional Services, Inc. Lab Project No.: 05-4347
Lab Sample No.: 14827
Client Job Site: ROCO
Sample Type:  Water
Client Job No.: 147.007
Date Sampled: 12/27/2005
Field Location: GW-7 Date Received: 12/26/2005
[ i
Analytical
Parameter Date Analyzed Method Result (mg/l)
Sulfate 12/30/2005 EPA 300 73.0
Total Organic Carbon 1/5/2006 SM 5310C 5.5
ELAR ID.No.: 10709
Comments: ND denotes Non Detected.

Approved By Technical Director:

7 / Bruce Hoogesteger

Chain of Custody provides additlonal sample information. Fite ID: TOCSULF05-4347 xls



= PARADIGM

178 Lake Avenue, Rochester, NY 14608 (585) 647-2630 FAX (585) 647-
ENVIRONMENTAL SERVICES, INC.
Client: Leader Professional Services, Inc. Lab Project No.: 05-4347
Client Job Site: ROCO Sample Type: Water
Method: EPA 200.7

Clisnt Job No.: 147.007
Date(s) Sampled: 12/27/2005
Date Recelved: 12/29/2005
Date Analyzed: 01/04/2006

Laboratory Report for Dissolved Metals Analysis in Water

|[ Lab Field ID No. Fleld Location Jron 1
Sample No. Results
{mgiL)
14825 N/A GW-1 <0.100
14826 N/A GW-3 63.7
14827 N/A GW-7 <0.100

ELAP ID No.: 10858

Comments:
Approved By: % é

Bruce Hoogestéger, Technical Director

This report is part of a multipage document and ghould only be evaluated in its entirety. Chain of Custody provides addilionat sample
information, including compliance with sample condltion requirements upon receipt. File ID:054347.XLS



= PARADIGM

EAVRIMNENTAL SERVICES. IC. 170 1 ake Avenue Rochester, New York 14608  (585) 647 - 2530 FAX (585) 647 - 3311

Volatile Analysis Report for Non-potable Water

Client: Leader Professional Services, inc

Client Job Site: ROCO Lab Project Numbar: 05-4347
Lab Sample Number: 14825
Client Job Number: 147.007
Fleld Location: GW-1 Date Sampled: 12/27/2005
Flald ID Number: N/A Date Raceived: 12/29/2005
Sample Type: Walter Date Analyzed: 01/05/2006
ﬂgalocarbons — Results n uig_ /L | s in
romedichloromethane ND< 2.00 Benzense N .
Bromomethane ND< 2.00 Chlorobenzene ND< 2.00
Bromoform ND< 2.00 Ethyibenzene ND< 2.00
Carbon Tetrachloride ND< 2.00 Tolusne ND< 2.00
Chloroethane ND< 2.00 m,p-Xylene ND< 2.00
Chioromethane ND< 2.00 o-Xylene ND< 2,00
2-Chloroethyl vinyl Ether ND< 2,00 Styrane ND< 2.00
Chloroform ND< 2.00 1,2-Dichlorobenzene ND< 2.00
Dibromochloromethane ND< 2.00 1,3-Dichlorobenzene ND< 2.00
1,1-Dichloroethane ND< 2.00 4,4-Dichlercbenzena ND< 2.00
1,2-Dichloroethane ND< 2.00 B
1,1-Dichlorosthene ND< 2.00 [Ketones Results inug /L___]|
cis-1,2-Dichloroethene 154 Acetone ND< 10.0
trans-1,2-Dichloroethene 2.10 2-Butanone ND< 5.00
1,2-Dichltoropropane ND< 2.00 2-Hexanone ND< 5.00
cis-1,3-Dichloropropena ND< 2.00 4-Msthyl-2-pentanone ND< 5.00
trans-1,3-Dichloropropene ND< 2.00
Methylene chloride ND< 5.00 |
1,1,2,2-Tetrachloroethane ND< 2.00 ; [
Tetrachloroethene ND< 2.00 Vinyl acetate ND< 5.00
1,1,1-Trichloroethans ND< 2.00
1,1,2-Trichloroethane ND< 2.00
Trichloroethene ND< 2,00
Trichloroflucromethane ND< 2.00
Vinyl chloride ND< 2.00
ELAP Number 10858 Method: EPA 82608 Data File: V33960.0

Commenls; ND denotes Non Detect
ug / L = microgram per Liter

Signature:

Bruca Hgbgestegpf./Technical Director

‘and should only be evelualed (n lis entizely. Chain of Cusiody provides acdiional Infermatfen, including compliance with sample condition

This repoit is part of 8 multipape docw
0S44TVANLS

requirements upen receint.



= PARADIGM

ENVIRDMMENTAL SERVICES. INC. 79 L ake Avenue Rochester, New York 14608  (585) 647 - 2530 FAX (585) 647 - 3311

Volatile Analysis Report for Non-potable Water

Client: Leader Professional Services, Inc

Client Job Site: ROCO Lab Project Number: 05-4347
Lab Sample Number: 14826

Ciient Job Number: 147.007

Flald Location: GW-3 Date Sampled: 1212712008
Figld ID Number: N/A Date Raceived: 12/29/2005
Sample Type: Water Date Analyzed: 01/05/2006
||Halocarbons Results inug /L | ||éromatlcs Resutts in ug /L |
Bromodichlioromethane ND< 2,000 Benzene ND< 700
Bromomethane ND< 2,000 Chlorobenzene ND< 2,000
Bromoform ND< 2,000 Ethylbenzene ND< 2,000
Carbon Tetrachloride ND< 2,000 Toluene ND< 2,000
Chioroethane ND< 2,000 m,p-Xylena ND< 2,000
Chloromethane ND< 2,000 o-Xylene ND< 2,000
2-Chloroethyl vinyl Ether ND< 2,000 Styrene ND< 2,000
Chleroform ND< 2,000 1,2-Dichlorobenzene ND< 2,000
Dibromochlorcmethane ND< 2,000 1,3-Dichlorobenzene ND< 2,000
1,1-Dichlorosthane ND< 2,000 1,4-Dichlorobenzene ND< 2,000
1,2-Dichloroethane ND< 2,000
1,1-Dichloroethene ND< 2,000 W"“@f
cis-1,2-Dichloroethene 60,500 Acetone ND< 10,000 |
trans-1,2-Dichloroethene ND< 2,000 2-Butanone ND< 5,000
1,2-Dichloropropane ND< 2,000 2-Hexanona ND< 5,000
cis-1,3-Dichloropropene ND< 2,000 4-Methyl-2-pentanone ND< 5,000
trans-1,3-Dichioropropens ND< 2,000
Methylene chloride ND< 5,000 Miscellaneous esults in u
1,1,2,2-Tetrachloroethane ND< 2,000 arbon disulfide < 5,000
Tetrachloroethene ND< 2,000 Vinyl acetate ND< 5,000
1,1,1-Trichloroethane ND< 2,000
1,1,2-Trichlorosthane ND< 2,000
Trichloroethene ND< 2,000
Trichlorofiugromethane ND< 2,000
Vinyl chloride 8,630
ELAP Number 10958 Method: EPA 82608 Data File; V33881.D

Comments: ND denotes Non Detact
ug / L = microgram per Liler

Signature:

/Technical Director

This report Is part of a multipage decument and should only be evalisatad in Its entirety, Chain of Cuslody provides additionsl information, Including compliance with sampla condition
requirements upon racalpl, Q54 347V2.XLS



(= PARADIGM

e
| EARMENTAL SERVIGES. W6 170 L ake Avenue Rochester, New York 14608 (585) 647 - 2630 FAX (585) 647 - 3311

Volatile Analysis Report for. Non-potable Water

Client: Leader Professional Services, In¢

Client Job Site: ROCO Lab Project Number: 05-4347
Lab Sample Numbar: 14827

Client Job Number: 147.007

Fleld Location: GW-7 Date Sampled: 12/27/2005
Field ID Number: N/A Date Received: 12/29/2005
Sample Type: Water Date Analyzed: 01/05/2006
EHaI ocarbons Resultsinug /L | |@omatlcs Resultsinug /L |
Bromodichloromethane ND< 20.0 enzene ND< 7.5(0
Bromomethane ND< 20.0 Chlorobenzene ND< 20.0
Bromoform ND< 20.0 Ethyibenzene ND< 20.0
Carhon Tetrachloride ND< 20.0 Toluene ND< 200
Chloroethane ND< 20.0 m,p-Xylene ND< 20.0
Chloromethane ND< 20.0 o-Xylene ND< 20.0
2-Chloroethyl vinyl Ether ND< 20.0 Styrene ND< 20.0
Chloraform ND< 20.0 1,2-Dichlorobenzene ND< 20.0
Dibromochloromethane ND< 20.0 1,3-Dichlorobenzene ND< 20.0
1,1-Dichloroethane ND< 20.0 1,4-Dichlorobenzene ND< 20.0
1,2-Dichloroethane ND< 20.0
1.1-Dichlorosthene ND< 20.0 "Ketongs Results In ug L |
cis-1,2-Dichlorosthene 1,530 Acatona ND< 100
trans-1,2-Dichloroethene ND< 20.0 2-Butanone ND< 500
1,2-Dichleropropane ND< 20.0 2-Hexanona ND< §0.0
cis-1,3-Dichloropropene ND< 20.0 4-Mathyl-2-pentanone ND< 50.0
trans-1,3-Dichloropropene ND< 20.0
Methylene chloride ND< 50.0 Miscellaneous asults In ug / L
1,1,2,2-Tetrachloroethane ND< 20.0 arbon disulfide < 50,
Tetrachloroethene ND< 20.0 Vinyl acetate ND< 50.0
1,1,1-Trichlorpethane ND< 20.0
1,1,2-Trichloroethane ND< 20.0
Trichloroethene ND< 20.0
Trichlorofluoromethane ND< 20.0
Vinyl chioride 234

ELAP Number 10958 Method: EPA 82608 Data File: V33992.D

Comments: ND denotes Non Detect
ug / L = microgram per Liter

Signature:

Bruce Hoogestgfér: Tach | Director

This report is part of @ multipaga document and should only be evaiuated in Ila entirety. Chaln of Gustody provides additional Information, Including compliance with sample condifion
requirements upon receipt. 054347V3.5LS
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pa PARADIGM

ENVIRONMENTAL SERVICES. ING, 178 Lake Avenue Rochester New York 14608 (585} 647-2530 FAX (585) 647-3311

L ABORATORY REPORT OF ANALYSIS

Client; Leader Professional Services, Inc. Lab Project No,: 06-0708
Lab Sample No.: 2680
Client Job Site: ROCO
Sample Type:  Water
Client Job No.: 147.007
Date Sampled: 3/1/2008
Field Location: GW-1 Date Received: 3/3/2006
Analytical Result
Parameter Date Analyzed Method (mg/l)
Sulfate 3/8/2006 EPA 300 30.0
Total Organic Carbon 3/13/2006 8M 8310C 1.5
ELAP ID.No.: 10708
Comments: ND denotes Non Detected.

Approved By Technical Director: %

%‘uce Hoogesteger

Chain of Custody provides addltional sample informalion. File ID: SUTOC06-0708.xls



pa PARADIGM

LABORATORY REPORT OF ANALYSIS

Client: Leader Professional Services, Inc. Lab Project No.: 058-0708
Lab Sample No.: 2681
Client Job Site: ROCO
Sample Type:  Water
Client Job No.: 147.007
Date Sampled: 3/1/2006
Field Location: GW-3 Date Received: 3/3/2006
Analytical Result
Parameter Date Analyzed Method (mg/l)
Sulfate 3/8/2006 EPA 300 ND<2.0
Total Organic Carbon 372006 SM 5310C 1,230
ELAP ID.No.; 10709
Cormments: ND denctes Non Detected.

Approved By Technical Director: %—l

/éfuce Hoogesteger

Chain of Custody provides additional sampls information. File ID: SUTOC06-0708.xls



(=] PARADIGM

ENVIRONMENTAL SERVIGES. INC.

479 Lake Avenue Rochester New York 14608 (585) 647-2530 FAX (585) 647-3311

LABORATORY REPORT OF ANALYSIS

Client: Leader Professional Services, Inc. Lab Project No.: 06-0708
Lab Sample No.: 2682
Client Job Site: ROGCO
Sample Type:  Water
Client Job No.: 147.007
Date Sampled:  3/1/2006
Field Location: GW-7 Date Received: 3/3/2006
Analytical Rasult
Parameter Date Analyzed Method (mgh)
Sulfate 3/8/2006 EPA 300 71.0
Total Organic Carbon 31712006 SM 5310C 3.1
ELAP {D.No.: 10709
Comments: ND denotes Non Detecled.

Approved By Technical Director:

- B/uce Hoogesteger

Chain of Custody provides additional sample information. File ID: SUTOCO06-0708.xls



179 Lake Avenue, Rochester, NY 145608 (5§85} 647-2530 FAX (685) 647-3311

g PARADIGM

" ENVIRONMENTAL SERVICES, INC.

Client: Leader Professional Services, Inc. Lab Project No.: 06-0708
Client Job Site: ROCO Sample Type: Water

Method: EPA 200.7
Client Job No.: 147.007

Date(s) Sampled: 03/01/2006
Date Received: 03/03/2006
Date Analyzed: 03/07/2006

L.aboratory Report for Metals Analysis in Water

Lab Fiald ﬁ) No. Field Location Iron Results
Sample No. (mgfL)
Em—ﬁm:
2680 N/A GW-1 <0.100
2681 N/A GW-3 35.5
2682 N/A GW-7 <0,100

ELAP ID No.: 10958

Comments:

Approved By:

Bruce Hoy@steger, Technical Director

This report Is part of a multipage document and should only be evaluated in its entirety. Chain of Custody provides addlltonal samB
information, including compliance with sample condition requirements upon receipt. File 1D:060708. XL.S



(=] PARADIGM

ENVBDMMENTAL SERVICES. INE. 170 Lake Avenue Rochester, New York 14608 (585) 647 - 2530 FAX (585) 647 - 3311

Volatile Analysis Report for Non-potable Water

Client: Leader Professional Seryices. Inc

Client Job Site: ROCO Lab Project Number: (6-0708
Lab Sample Number: 2680

Cllant Job Number: 147.007

Fleld Location: GW-1 Date Sampled: 31/06
Field 1D Number: N/A Date Received: 3/3/06
Sample Type: Water Date Analyzed: 3706
||Halocarbuns Results in ug /L | ([Aromatics Eesu!ts in uél L “
Bromodichloromethane ND< 2.00 Benzene ND< 0.70
Bromomethane ND< 2.00 Chlorobenzene ND< 2.00
Bromoform ND< 2.00 Ethylbenzene ND< 2.00
Carbon Tetrachloride ND< 2.00 Toluene ND< 2.00
Chlorosthane ND< 2.00 m,p-Xylene ND< 2.00
Chloromethane ND< 2.00 o-Xylene ND< 2.00
2-Chloroethyl vinyl Ether ND< 2.00 Styrane ND< 2.00
Chloroform ND< 2.00 1,2-Dichlorohenzene ND< 2.00
Dibromochioromethane ND< 2,00 1,3-Dichlorobenzene ND< 2.00
1,1-Dichloroethane ND< 2.00 1.4-Dichlorobenzene ND< 2.00
1,2-Dichloroethane ND< 2.00 i _
1,1-Dichloroethene ND< 2.00 Katones - Rasulls in ug/t i
cls-1,2-Dichlorcethene 141 Acefone ND< 10.0 |
trans-1,2-Dichlorosthene 2.79 2-Butanone ND< 5.00
1,2-Dichloropropane ND< 2.00 2-Hexanone ND< 5,00
¢ls-1,3-Dichloropropene ND< 2.00 4-Methyl-2-pentanone ND< 5.00
frans-1,3-Dichloropropene ND< 2.00 _
Methylene chlaride ND< 5.00 @ ~ Results inug /T “
1,1,2,2-Tetrachloroethane ND< 2.00 Carbon disuifide ND< 5.00
Tetrachloroethene ND< 2.00 Vinyl acetate ND< 5.00
1,1,1-Trichloroethane ND< 2.00
1,1,2-Trichloroethane ND< 2.00
Trichloroethens 3.09
Trichlorofluoromethane ND< 2.00
Vinyi chloride ND< 2.00
ELAP Number 10858 Method: EPA B260B Data File: V34958.D

Comments: ND denotes Non Detect
ug / L = microgram per Liter

Signature:

Bruce Hbogestegef: Technical Director

This report Is part of a mullipage document and should only be evalualed in ils entitety. Chein of Guslody provides additional informalion, including compliance with sample conditlon
requirements upon receipl. 060708V1.XLS



= PARADIGM

ENVROMMENTAL SERVICES. C. 479 Lake Averue Rochester, New York 14608  (585) 647 - 2630 FAX (585) 647 - 3311
e

Volatile Analysis Report for Non-potable Water

Cliant: Leader Professional Services, Inc

Client Job Site: ROCO Lab Project Number: 06-0708
Lab Sample Number: 2681

Client Job Number: 147.007

Field Location: GW-3 Date Sampled: 03/01/2006

Field D Number: NIA Date Recelved: 03/03/2006

Sample Type: Water Date Analyzed: 03/08/2006
lnglogarbons Resulls inug /L || ||Aromatlcs — Results in u% Z L |]
Bromodichloromethane ND< 1,00 Benzene D< 35
Bromomethane ND< 1,000 Chiorobenzene ND< 1,000
Bromoform ND< 1,000 Ethylbenzene ND< 1,000
Carbon Tetrachloride ND< 1,000 Toluene ND< 1,000
Chloroethane ND< 1,000 m,p-Xylene ND< 1,000
Chloromathane ND< 1,000 o-Xylene ND< 1,000
2-Chlorosthyt vinyl Ether ND< 1,000 Styrene ND< 1,000
Chlaroform ND< 1,000 1,2-Dichlorobenzene ND< 1,000
Dibromochloramethane ND< 1,000 1,3-Dichlorobenzene ND< 1,000
1,1-Dichloroethane ND< 1,000 1,4-Dichforobenzense ND< 1,000
1,2-Dichlorosthane ND< 1,000 .
1,1-Dichloroethene ND< 1,000 [Ketones —__ Resulisln ug‘ 1
cis-1,2-Dichlorosthene 57,800 Acetone ND< 50 '
trans-1,2-Dichloroethene ND< 1,000 2-Butanone ND< 2,500
1,2-Dichloropropane ND< 1,000 2-Hexanone ND< 2,500
cis-1,3-Dichloropropene ND< 1,000 4-Methyl-2-pentanone ND< 2,500
trans-1,3-Dichloropropene ND< 1,000
Methylene chloride ND< 2,500 Miscellaneous Results in ug /L :
1,1,2,2-Tetrachloroethane ND< 1,000 Carbon disulfide ND< 55'50
Tetrachloroethens ND< 1,000 Vinyl acetate ND< 2,500
1.1,1-Trichloroethane ND< 1,000
1,1,2-Trichloroethane ND< 1,000
Trichloroethene ND< 1,000
Trichlorofluorcmathane ND< 1,000
Vinyl chloride 20,400
ELAP Number 10958 Method: EPA 82608 Data File: V34871.D

Comments: ND denotes Non Detect
ug / L = microgram per Liter

Signature:

Bruce Hoogéstefer: Technical Director

This report is part of a mullipage document and shoutd only be evalusted In lls entirely. Chaln of Gustody provides additional information, Including compiance wilh sample condilion
requirements upon receipl. 06070BV2.4LS



b

PARADIGM

ENTIRONMENTAL SERVICES. B, 170 Lake Avenue Rochesler, New York 14608  (585) 847 - 2530 FAX (585) 647 - 3311

Volatile Analysis Report for Non-potable Water

Client: Leader Profegsional Servi In
Client Job Site: ROCO Lab Project Number: 06-0708
Lab Sample Number: 2682

Client Job Number: 147.007

Fiald Location: GW-7 Date Sampled: 03/01/2006

Field ID Number: N/A Date Received: 03/03/2006

Sample Type: Water Date Analyzed: 03/08/2006

e

Halocarbons Results inug /L ||Aromgtlcs Results in u% fL |
Bromodichloromethane < 20.0 Benzene ND< 7.
Bromomethane ND< 20.0 Chlorohenzene ND< 20.0
Bramoform ND< 20.0 Ethylbenzene ND< 20.0
Carbon Tetrachioride ND< 20.0 Toluene ND< 20.0
Chloroethane ND< 20.0 m,p-Xylene ND< 20.0
Chloromethane ND< 20.0 0-Xylene ND< 20.0
2-Chloroethyl vinyl Ether ND< 20.0 Styrene ND< 20.0
Chioroform ND< 20.0 1,2-Dichlorobenzene ND< 20.0
Dibromochloromethane ND< 20.0 1,3-Dichlorobenzene ND< 200
1,1-Dichloroethane ND< 20.0 1,4-Dichlorobenzene ND< 20.0
1,2-Dichloroethane ND< 20.0
1,1-Dichloroethene ND< 20.0 Kotones Results inug /L
cis-1,2-Dichlorosthene 1,800 cetone < 100
trans-1,2-Dichlorosethene 23.5 2-Butanone ND< 50.0
1,2-Dichloropropane ND< 20.0 2-Hexanone ND=< 50.0
cls-1,3-Dichloropropene ND< 20.0 4-Methyl-2-pentanone ND< 50.0
trans-1,3-Dichloropropene ND< 20.0
Methylene chioride ND< 50.0 Misoolaneous . Resdtsinug/L ]
1,1,2,2-Tetrachloroethane ND< 20.0 arbon disulfide ND< 50.0
Tetrachloroethene ND< 20.0 Vinyl acetate ND< 50.0
1,1,1-Trichloroethane ND< 20.0
1,1,2-Trichloroethane ND< 20.0
Trichloroethene 94.0
Trichlorcfiuoromethane ND< 20.0
Vinyl chioride ND< 20.0

Signature:

This report Is partof &

ELAP Number 10858

Commaents: ND denotes Non Datect
ug / L = microgram per Liter

requirements upon recelpt.

Method: EPA 8280B

er: Technical Director

Data File: V34972.D

muitipage document and sheuld only be evatuated in i entirely. Chaln of Custody provides additional information, including complisnce with sample condition
080TCEVIXLS
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b1 PARADIGM

ENVIRONMENTAL SERVICES. INC. 179 Laka Avenue Rochester New York 14608 (585) 647-2530 FAX {585) 647-3311

LABORATORY REPORT OF ANALYSIS

Client: Leader Professional Services, Inc. Lab Project No.: 08-1219
Lab Sample No.: 4320
Client Job Site: ROCO
Sample Type:  Water
Client Job No.: 147.007
Date Sampled:  4/18/2006
Field Location: GW-1 Date Received: 4/20/2006
Analytical Result
Parameter Date Analyzed Method (mgfl)
Sulfate 4/25/2006 EPA 300 30.0
Total Organic Carbon| _ 4/25/2008 SM 5310C 1.7
ELAP 1D.No.: 10709
Comments: ND denotes Non Detected.

Approved By Technical Director:

4 B;uc%ogesteger

Chain of Custody provides additional sample information. Fite ID; SUTOC06-1219.xls



[ PARADIGM

ENVIAONMENTAL SERVICES. INC. 179 Lake Avenue Rochester New York 14608 {585) 647-2530 FAX (585) 647-3311

LABORATORY REPORT OF ANALYSIS

Client: Leader Professional Services, Inc. Lab Project No.: 06-1219
Lab Sample No.: 4321
Client Job Slte: ROCO
Sample Type:  Water
Client Joh No.: 147.007
Date Sampled:  4/18/2006
Field Location: GW-3 Date Received: 4/20/2006
Analytical Result
Parameter Date Analyzed Method (mg/h)
Sulfate 412512006 EPA 300 ND<2.0
Total Organic Carbon 4/25/2006 SM 5310C 2,130
ELAP 1D.No.; 10709
Comments: ND denotes Non Detected.

Approved By Technical Director:

Bpdce Hocgesteger

Chain of Cuslody provides additional sample information. File ID: SUTOC06-1219.x!s



[ PARADIGM

ENVIRONMENTAL SERVICES. INC. 179 Lake Avenue Rochester New York 14608 !535l 647-2530 FAX [535] 647-3311

LABORATORY REPORT OF ANALYSIS

Client: Leader Professional Services, Inc. Lab Project No.: 06-1219
Lab Sample No.: 4322
Client Job Site: ROCO
Sample Type:  Water
Client Job No.: 147.007
Date Sampled: 4/18/2006
Field Location: GW-7 Date Received: 4/20/2006
Analytical Result
Parameter Date Analyzed Method (mall)
Sulfate 4/26/2006 EPA 300 70.0
Total Organic Carbon 4/25/2006 SM 5310C 3.3
ELAP {D.No.: 10709
Comments: ND denotes Non Detected.

Approved By Technical Director: % % %

Br

Chain of Custody provides additional sample Information.

e Hoogesteger

File ID: SUTOC06-1219.4s



pa PARADIGM

ENVIRONMENTAL SERVICES, INE.

179 Lake Avenue, Rochester, NY 14608 (585) 647-2530 FAX (585) 647-3311

Client: Leader Professi ices Lab Project No.: 06-1219
CHent Job Site: ROCO Sample Type: Water
Method: SW846 3005,6010
Client Job No.: 147.007
Date(s) Sampled: 04/18/2006
Date Received:  04/20/2006
Date Analyzed: 04/25/2006
Laboratory Report for Water Analysis
Lab Field ID Field Location Tron
Sample No. Resulis
No. {mgiL}
4320 N/A GW-1 <0.100
4321 N/A GW-3 36.0
4322 N/A GW-7 <0.100
ELAP ID No.: 10958
Comments:

Approved By:

Brugﬂloogesteger, Technical Director

Samples werf filterad through 0.45um filter prior to preservation and digestion.

This report is part of a mulipage document and should only be evaluated in its entirety. Chaln of Custody provides addillonal sample
infarmation, including compliance with sample condition requirements upon receipt.

Fite ID:061219.XLS



[®] PARADIGM

ENVRDRRENTAL SERVICES. 4. {70 Lake Avenue Rochester, New York 14608 {585) 647 - 2530 FAX (585) 647 - 3311

Volatile Analysis Report for Non-potable Water

Client: Leader Professional Services, Inc.

Client Job Site: ROCO Lab Project Number: 06-1219
Lab Sample Number: 4320

Ctient Job Number: 147.007

Field Location: GW-1 Date Sampled: 04/18/2006

Field 1D Number: N/A Date Received: 04/20/2006

Sample Type: Water Date Analyzed: 04/20/2006
[Halocarbons Resu%s !n ug Z E |I IAromatIcs Results In ug /L :
Bromodichloromethane < 2, ' enzene ND< 0.700
Bromemethane ND< 2.00 Chlorobanzene ND< 2.00
Bromoform ND< 2.00 Ethylbenzene ND< 2.00
Carbon Tetrachloride ND< 2,00 Toluene ND< 2.00
Chloroethane ND< 2.00 m,p-Xylene ND< 2,00
Chloromethane ND< 2.00 o-Xylene ND< 2.00
2-Chloroethyl vinyl Ether ND< 2,00 Styrene ND< 2.00
Chloroform ND< 2.00 1,2-Dichlorobenzene ND< 2.00
Dibromachloromethane ND< 2,00 1,3-Dichlorobenzens ND< 2.00
1,1-Dichloroethane ND< 2,00 1,4-Dichlorobenzene ND< 2.00
1,2-Dichlorosthane ND< 2.00
1,1-Dichloroethene ND< 2,00 [Ratones Resulsinug /L |
cis-1,2-Dichloroethene 206 Acatone ND< 10.0
trans-1,2-Dichloroethene 3.40 2-Butanone ND< 5,00
1,2-Dichloropropane ND< 2.00 2-Hexanono ND< 5.00
cig-1,3-Dichloropropene ND< 2.00 4-Methyl-2-pentanone ND< 5.00
trans-1,3-Dichloropropene ND< 2.00
Methylene chloride ND< 5.00 @'
1,1,2,2-Tetrachloroethane ND< 2.00 Carbon disulfide D< 5.00
Tetrachloroethene ND< 2,00 Vinyi acetate ND< 5.00
1,1,1-Trichlorosethane ND< 2.00
1,1,2-Trichloroethane ND< 2,00
Trichloroethene ND< 2.00
Trichlorofluoromethane ND< 2.00
Vinyl chlorlde ND< 2.00
ELAP Number 10858 Method: EPA 82608 Data File: V35900.0

Comments; ND danotes Non Delect
ug / L = microgram per Liter

Signature:

Bruce Haogestggsf: Technical Director

This report is part of a mullipage document and should only be evalualed In its entirety. Chatn of Custody provides addilional infermatien, including ¢ pllance with sample condition
requirements upon receipt. 061219V1.4LS




= PARADIGM

T —t————"
ENVIROWMENTAL SKRVIGES, INC. 179 Lake Avenus Rochester, New York 14608  (585) 647 - 2530 FAX (585) 647 - 3311

Volatile Analysis Report for Non-potable Water

Client: Leader Professional Services, Inc.

Cliant Job Site: ROCO Lab Project Number: 06-1219
Lab Sample Number: 4321

Client Job Number: 147.007

Fleld Location: GW-3 Date Sampled: 04/18/2006
Field ID Number: N/A Date Received: 04/20/2006
Sample Type: Water Date Analyzed: 04/20/2006 & 05/01/2006
Date Relssued: 05/01/2006
"Halocarbons Results in u% /L | |lAromatics Resu!ts in u% 7L il
romodichioromethane ND< 1, Benzene D< 35
Bromomethane ND< 1,000 Chlorobenzene ND< 1,000
Bromoform ND< 1,600 Ethylbenzene ND< 1,000
Carbon Tetrachloride ND< 1,000 Toluene ND< 1,000
Chlorosthane ND< 1,000 m,p-Xylene ND< 1,000
Chloromethane ND< 1,000 o-Xylene ND< 1,000
2-Chloroethyl viny! Ether ND< 1,000 Styrene ND< 1,000
Chiorcform ND< 1,000 1,2-Dichlorobenzene ND< 1,000
Dibromochloromethane ND< 1,000 1,3-Dichlorobenzene ND< 1,000
1,1-Dichloroethane ND< 1,000 1.4-Dichlorohenzene ND< 1,000
1,2-Dichtoroethane ND< 1,000
1,1-Dichloroethene ND< 1,000 l—|Ka tones Results in ug /T
cis-1,2-Dichloroethene 89,400 Acaione ND< 5,000 '
trans-1,2-Dichlorcethene ND< 1,000 2-Butanone ND< 2,500
1,2-Dichloropropane ND< 1,000 2-Hexanone ND< 2,500
¢cls-1,3-Dichloropropene ND< 1,000 4-Methyl-2-pentanone ND< 2 500
trans-1,3-Dichloropropene ND< 1,000 _
Methyleng chloride ND< 2,500 [Miscellaneous — Resulls inug /L |
1,1,2,2-Tetrachloroethane ND< 1,000 Carhen disullide ND< 2,500
Tetrachioroethene ND< 1,000 Vinyl acetate ND< 2,500
1,1,1-Trichloroethane ND< 1,000
1,1,2-Trichlorgathane ND< 1,000
Trichloroethene ND< 1,000
Trichloroflupromethane ND< 1,000
Vinyl chloride 37,800
ELAP Number 10958 Method: EPA 82608 Data File: V35301.D
&V36119.D

Commants; ND dengtas Non Datect

Signalure:

=93
This report Is part of a multipage documenl and shoutd only Be evaluated in its entlrety. Chaln of Cusiody provides additlonal infermation, inctuding compliance with sample condilion

requirements upon récelpt. 081249vd s

ruce Hoogesteger: Technical Director



(=] PARADIGM

ENVIROWRENTAL SERVICES. SNC. 479 Lake Avenue Rochester, New York 14608 (5B5) 647 - 2530 FAX (585) B47 - 3311

Volatile Analysis Report for Non-potable Water

Client: Leader Professional Services, Inc.

Client Job Slie: ROCO Lab Project Numbar: 08-1219
Lab Sample Number: 4322

Client Job Number: 147.007

Field L.ocation: GW-7 Date Sampled: 04/18/2006

Field ID Number: N/A Date Received: 04/20/2006

Sample Type: Water Date Analyzed: 04/21/2008
[Halocarbons Resultsinug/L___ ]| |[Aromatics Results in ug / L
Bromodichloromethane — ND< 20.0 Benzene < 7.00
Bromomethane ND< 20.0 Chlorobenzang ND< 20.0
Bromoform ND< 20.0 Ethytbenzene ND< 20.0
Carbon Tetrachloride ND< 20.0 Toluene ND< 20.0
Chloroethane ND< 20.0 m,p-Xylene ND< 20.0
Chloromethane ND< 20.0 o-Xylene ND< 20.0
2-Chloroethyl vinyl Ether ND< 20.0 Styrane ND< 20.0
Chioroform ND< 20.0 1.2-Dichlorobsnzene ND< 20.0
Dibromochloromethane ND< 20.0 1.3-Dichlorobenzene ND< 20.0
1,1-Dichloroethane ND< 20.0 1,4-Dichlorobenzene ND< 200
1,2-Dichlorosthane ND< 20.0 _
1,1-Dichicrosthene ND< 20.0 "Katunes Results In u% 7L “
cis-1,2-Dichloroethene 2,080 Acetone ND< 1
trans-1,2-Dichloroethene ND< 20.0 2-Butanone ND< 50.0
1,2-Dichloropropane ND< 20.0 2-Hexanone ND< 50.0
cls-1,3-Dichloropropens ND«< 20.0 4-Mathyl-2-pentanone ND< 50.0
trans-1,3-Dichioropropene ND< 20.0
Methylene chloride ND< 50.0 [Mizcelianeous Results in ug 7T ﬂ
1,1,2,2-Tetrachloroethane ND< 20.0 Carbon disulfide < 50.0
Tetrachloroethene ND< 20.0 Vinyl acelate ND< 50.0
1,1,1-Trichloroethane ND< 20.0
1,1,2-Trichloroethane ND< 20.0
Trichloroethene 128
Trichlorofluoromethane ND< 20.0
Vinyl chloride ND< 20.0
ELAP Number 10958 Method: EPA 8260B Data File; V35929.0

Comments: ND denotes Non Detect
ug / L = microgram per Liter

Signature;

Bruce Hoogestegaf: Téchnical Director

This report Is part of a multipage document and should only ba evaluated in lis entiraty. Chaln af Custody provides addilional informalion, Including eompllance with sampéa condlition
requiremants upon fecelpt, 081218V3.XLS
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bl PARADIGM

ENVIRONMENTAL SERVIGES, INC.

Analytical Report Cover Page
For Lab Project # __ (o™ | Iréaz

The reported results relate only to the samples as they have been received by the
laboratory.

Any noncompliant QC parameters having impact on the data are flagged or
documented on the final report.

All soil or solid samples have been reported on a dry weight basis, unless qualified
“reported as received”.

This page is part of a multipage document. This document may not be reproduced
except in its entirety, without the prior consent of Paradigm Environmental
Services, Inc.

The Chain of Custody provides additional information, including compliance with
sample condition requirements uporl receipt. Sample condition requirements are
defined under the 2003 NELAC Standard, sections 5.5.8.3.1 and 5.5.8.3.2.

Data qualifiers are used, when necessary, to provide additional information about
the data. This information may be commmunicated as a flag or as text at the bottom
of the report. Please refer to the following list of frequently used data flags and their
meaning:

“ND” = analyzed for but not detected.

“E” = Result has been estimated, calibration limit exceeded.

“p" = Puplicate results outside QC limits. May indicate a non-homogenous matrix.
“M” = Matrix spike recoveries outside QC limits. Matrix bias indicated.

“B" = Method blank contained trace levels of analyte. Refer to included method blank
report,

This report contains a total of 9 . pages.

179 Lake Avenue * Rochester, NY 14608 ' (585) 647-2530 - Fax {585} 647-3311 -
ELAP ID# 10958



=] PARADIGM

479 Lake Avenue Rochester New York 14608 {585) 647-2530 FAX (SB5} 647-3311

ENVIRONMENTAL SERVIGES, ING.

LABORATORY REPORT OF ANALYSIS

Client: Leader Professional Services, Inc. Lab Project No.: 06-1787
Lab Sample No.: 6111
Client Job Site: ROCO
Sample Type:  Waler
Client Job No.: 147.007
Date Sampled: 6/14/2006
Field Location: GW-1 Date Received: 6/15/2006
Analytical Result
Parameter Date Analyzed Method (mghl)
Sulfate 6/16/2006 EPA 300 36.0
Total Organic Carbon 6/22/2006 SM 5310C 2.5

Comments: ND denotes Non Detected.

Approved By Technical Director:

Bre€e Hoogesteger

Chain of Custody provides additional sampte Information.

ELAP iD.No.: 10709

File ID: Leader Prof. SUTQC06-1219.xls



pa PARADIGM

179 Lake Avenue Rochester New York 14608 {585) 647-2530 FAX (585) 647-3311

" ENVIHONMENTAL SERVICES, ING.

LABORATORY REPORT OF ANALYSIS

Client: Leader Professional Services, Inc. Lab Project No.: 06-1787
Lab Sample No.: 6112
Client Job Site: ROCO
Sample Type:  Waier
Client Job No.: 147.007
Date Sampled:  6/14/2006
Field Location: GW-3 Date Received: 6/15/2006
“ Analytical Result
Parameter Date Analyzed Method (mg/)
Sulfate 6/16/2006 EPA 300 ND<2.0
Total Organic Carbon 6/21/20086 SM 5310C 750
ELAP ID.No.; 10709
Comments: ND denotes Non Detected.

Approved By Technical Director:

Bruce Hé)gesteger

Chain of Custody provides additiona! sample informalion.

File ID: Leader Prof. SUTOC06-1219.xls



=] PARADIGM

179 Lake Avenue Rochester New York 14608 {585) 647-2530 FAX (585} 647-3311

" ENVIRONMENTAL SERVICES. ING.

L ABORATORY REPORT OF ANALYSIS

Client: Leader Professional Services, inc. Lab Project No.: 06-1787
Lab Sample No.: 6113
Client Job Site: ROCO
Sample Type:  Water
Client Job No.. 147.007
Date Sampled: 6/14/2006
Field Location: GW-7 Date Recelved: 6/15/2006
' Analy;cal Resuit |
Parameter Date Analyzed Method (mg/l)
Sulifale 6/16/2006 EPA 300 71.0
Total Organic Carbon 6/22/2006 SM 5310C 7.1

Comments: ND denotes Non Detected.

Approved By Technical Director;

Chain of Custody provides additional sample information.

ELAP ID.No.: 10709

File ID: Leader Prof. SUTOC06-1219.xls



179 Lake Avenue, Rochester, NY 14608 (585) 847-2530 FAX (585) 647-3311

=] PARADIGM

ENVIRONMENTAL SERVICES. ING.

Client: Leader Professional Services, Inc. Lab Project No.:  08-1787
Client Job Site: ROCO Sample Type: Water

Method: EPA 2007
Client Job No.: 147.007

Date(s) Sampled: 06/14/2006
Date Received: 06/15/2006
Date Analyzed: 08/20/2006
Date Reissued: 06/26/2006

Lahoratory Report for Metals Analysis in Water

[——————— e e —————
Lab Sample]Field ID No. Field Location Dissolved Iron
No. Results (mg/L)
8111 N/A GW-1 <(0.100
6112 N/A GwW-3 86.1
6113 NIA GW-7 1.08

ELAP |D No.: 10958

Comments:

Approved By:

Bruce Hoogbsteger, Technical Director

This report is part of a muttipage document and should only be avaluated in ils entirely. Chain of Custody provides additlonal sample
information, Including compliance with sample condition requirements upon receipt. File 1D:061787.XLS



(w1 PARADIGM

ENVRONMENTAL SERVICES, D. {79 Lake Avenue Rochester, New York 14608  (585) 647 - 2530 FAX (585) 647 - 3311

Volatile Analysis Re for Non-potable Wat

Client: Leader Professional Services, Inc

Cliant Job Site: Roco {.ab Project Number: 06-1787
{ ab Sampte Number: 6111

Cliant Job Number: 147.007

Field Location: GW-1 Date Sampled: (6/14/2006

Fleld ID Number: N/A Date Recelved: 06/15/2006

Sample Type: Water Date Analyzed: 06/21/2006
Halocarhons Resulls In ug/L |] [Aromatics Results inug /L |
Bromodichioromethane ND< 2.00 Benzene < 0,700
Bromomethane ND< 2.00 Chlorobenzene ND< 2.00
Bromoform ND< 2.00 Ethylbenzene ND< 2.00
Carbon Tetrachloride ND< 2.00 Toluene ND< 2.00
Chloroethane ND< 2.00 m,p-Xylene ND< 2.00
Chloromethane ND< 2.00 o-Xylene ND< 2.00
2-Chloroethyl vinyl Ether ND< 2.00 Styrene ND< 2.00
Chloroform ND< 2.00 1,2-Dichiorabenzene ND< 2.00
Dibromochloromethane ND< 2.00 1,3-Dichlorobanzene ND< 2.00
1,1-Dichloroethane ND< 2,00 1,4-Dichlorobenzene ND< 2.00
1,2-Dichloroethane ND< 2.00 }
1,1-Dichloroethene ND< 2.00 Ketones Results i ug / L
cis-1,2-Dichloroethene 152 cetone ND< 10.0
trans-1,2-Dichloroethene ND< 2.00 2-Butanone ND< 5.00
1,2-Dichloropropane ND< 2.00 2-Hexanone ND< 5.00
cis-1,3-Dichloropropene ND< 2.00 4-Methyl-2-pentanone ND< 5.00
trans-1,3-Dichloropropens ND< 2.00 _
Methylene chioride ND< 5.00 “MIscellamoffs Resulls in ug /L I
1,1,2,2-Tetrachloroethane ND< 2.00 Carbon disulfide ND< 5,00
Tetrachloroethene ND< 2.00 Vinyl acetate ND< 5.00
1,1,1-Trichloroethane ND< 2.00
1,1,2-Trichlorosthane ND< 2.00
Trichloroethene ND< 2.060
Trichlorofluoromethane ND< 2.00
Vinyi chioride 20.8
ELAP Number 10858 Method: EPA 82508 Data File: V37097.D

Comments: ND denotes Non Detect
ug / L = microgram per Liter

Signature:

Bruce Hoogdslegar/Technica) Dirsctor

This report Is part of a multipage document and should only be evalualed in its entirely. Chain of Cusiody provides additional informatien, includng compliance with sample condillon
requiremants upen receipt. 081787V1.XLS



b1 PARADIGM

' ENVEDMMENTAL SERVIGES. IKC. 179 Lake Avenue Rochester, New York 14608 _(585) 647 - 2530 FAX (585) 847 - 3311

Volatile Analysis Report for Non-potabie Water

Client: Leader Professional Services, Inc

Cliant Job Site: Roco Lab Project Number: 06-1787
Lab Samplae Number: 6112

Cllent Job Number: 147.007

Fiald Location: GW-3 Date Sampled: 06/14/2006
Fleld ID Numbar: N/A : Date Recelved: 06/15/20Q08
Sample Type: Water Date Analyzed: 06/21/2006
rlHa!ocarbons “Resulls In ug /L | Aramatics Rasults Inug /L
Bromodichloromethane ND< 2,000 Banzene ND< 700
Bromomethane ND< 2,000 Chlorobenzene ND< 2,000
Bromoform ND< 2,000 Ethylbenzene ND< 2,000
Carbon Tetrachloride ND< 2,000 Toluene ND< 2,000
Chloroethane ND< 2,000 m,p-Xylene ND< 2,000
Chloromethane ND=< 2,000 o-Xylene ND< 2,000
2-Chioroethyl vinyl Ether ND< 2,600 Styrene ND< 2,000
Chloroform ND< 2,000 1,2-Dichlorobenzene ND< 2,000
Dibromochloromathane ND< 2,000 1,3-Dichlorobanzene ND< 2,000
1,1-Dichloroethane ND< 2,000 1,4-Dichlorobsnzene ND< 2,000
1,2-Dichloroethane ND< 2,000
1,1-Dichloroethene ND< 2,000 |%gom —Results In g T
cis-1,2-Dichloroethene 48,600 cotone ND< 10,000
trans-1,2-Dichloroethene ND< 2,000 2-Butanone ND< 5,000
1,2-Dichloropropane ND< 2,000 2-Hexanone ND< 5,000
cis-1,3-Dichloropropene ND< 2,000 4-Mathyl-2-pentanone ND< 5,000
trans-1,3-Dichloropropene ND< 2,000
Methylene chloride ND< 5,000 Miscellanaous esults in U
1,1,2,2-Tetrachloroethane ND< 2,000 arbon disulfide ND< 5,000
Tetrachloroethene ND< 2,000 Vinyl acetate ND< 5,000
1,1,1-Trichlorosthane ND< 2,000
1,1,2-Trichloroethane ND< 2,000
Trichloroethene ND< 2,000
Trichlorofluoromethane ND< 2,000
Vinyl chloride 34,700
ELAP Number 10958 Mathod: EPA 82608 Pata File: V37106.0

Comments: ND denotes Non Detect
ug / L = microgram per Liter

Signature:

Bruce Hoogssteger: Technical Director

This report is part of a multipage document and shouid only be avatualed In its enliraly. Chaln of Cuslody provides addilional informalion, Inciuding compliance wiih sample condition
requiremeants upon racelpl. OB1787V2.XLS



PARADIGM

ENVIEONMENTAL SERYICES. INE.

179 Lake Avenue Rochester, New York 14608 (585) 647 - 2530 FAX (585) 647 - 3311

Volatile Analysis Re

Client: Leader Professional Services, In¢

for Non-potable Water

Client Job Site: Roco Lab Project Number: 06-1787
Lab Sample Number: 6113

Client Job Number: 147.007

Field Location: GW-7 Date Sampled: 06/14/2006

Fleld ID Number: N/A Date Recelved: 06/15/20086

Sample Type: Water Date Analyzed: 06/21/2008
[Malocarbons Results in ug/ L | \lfromagi Results inug/ L |
Bromodichloromethane ND< 200 Benzene < 70,
Bromomethane ND< 200 Chlorobenzene ND< 200
Bromoform ND< 200 Ethylbenzene ND< 200
Carbon Tetrachloride ND< 200 Toluene ND< 200
Chlorosthane ND< 200 m,p-Xylene ND< 200
Chloromethane ND< 200 o-Xylene ND< 200
2-Chloroethyl vinyt Ether ND< 200 Styrene ND< 200
Chloroform ND< 200 1,2-Dichlorobenzene ND< 200
Dibromochloromethane ND< 200 1,3-Dichlorcbenzens ND< 200
1,1-Dichloroethane ND< 200 1,4-Dichlorobenzene ND< 200
1,2-Dichloroethane ND< 200
1,1-Dichloroethens ND< 200 Eatonas Results in U9/ L
cis-1,2-Dichioroethene 1,770 cetone < 1,
trans-1,2-Dichloroethene ND< 200 2-Butanone ND< 500
1,2-Dichloropropane ND< 200 2-Hexanone ND< 500
cls-1,3-Dichloropropene ND< 200 4-Methyl-2-pentancne ND< 500
trans-1,3-Dichloropropense ND< 200
Methylene chloride ND< 500 Miscellnoﬁ Results inug /L
1,1,2,2-Tetrachloroethane ND< 200 arbon disullide ND< §
Tetrachlorosthene ND=< 200 Vinyl acetate ND< 500
1,1,1-Trichloroethane ND< 200
1,1,2-Trichlorgethane ND< 200
Trichloroethene ND< 200
Trichlorofluoromethane ND< 200
Vinyl chioride 342
ELAP Number 10958 Method: EFPA 8260B Data File: V37107.D

Comments; ND dencles Non Detect
ug / L = microgram per Liter

Signature:

Bruce H

This report is part of @ mwltipage document and should only be evaluated In its enlirely. Chain of Custody providas additional Information, including complisnce with sample

raquiremenis upoa receipl.

estegerMechnical Director

condition

081787VINLS



PARADIGM
o ENVIRONMENTAL

.CHAIN OF CUSTODY

SERVICES, INC. COMPANY: | EADER PROFESSTONAL SERVICES, INC, [CMPA: SAME AR PROJECT#: [CLENT PROJECT
|ADORESS: ADDRESS:
178 Lake Avenue 2300 WEHRLE DRIVE re 147.007
iy Sate 7P o STATE: T TURNAROUND TIME; (NORKING DAYS)
Rochester, NY 14608 WILLTAMSVILLE NY 14221
(716) 647-2530 * (800) 724-1987 | O 716-565-0963 FX  716-565-0964 PHONE: FaX: STD OTHER
PROJECT NAME!SITE NAME: ATTM: KAREN C. MAY ATTN: 1 _ —M — _@ — ”” _m
COMMENTS:
ROCO e
o REQUESTED ANALYSIS
o g
N w
. o 2 H PARATIGM LAB
DATE TIME o A SAMPLE LOCATION/FIELE ID g - m REMARKS SAMELE NUMBER
S o I ‘=
T Elz | .| B
T s £ 2 2
£ g 1 5 | 3 ¢
1 e/bans X i 6W-1 X | x| x| X L/
2 sfY2006 X | ew-3 3 | x| x| x| x Gl 12
3 efYa00s X | ew7 | o3 | x | x | x| X Gl 13
1
4 "
5
6
7
8
9
10
B ISEONE ; 6
wm_j_u_m OO:n_:O: m.o_. Zm_LPO_,m_LPv N‘_ Qu.hd. 24212431244 . :
Receipt Parameter NELAL Compliance e
. . (1[0
Container Type: Y B N _H_ { g
Comments: Jﬁ:?m Total Cost:
Pregervation: ; L Y N . ]
Comments: P HOSOROL < R.QQ. .AulQmQ. _H_ g 7 _ﬁ.\ Dmam i
Halding Time: Y N{] \\ \ h
Comments: N”_ T _umﬁm.._._.h mé P.LF,
Temperature: Y D N E L. r\‘mu.?hg\kl m\n \\hm\OO.u \\\u aore}
Comments: JeeC ic e Recéived @ Lab By Date/Time




PARADIGM

ERVIRONMENTAL SERVICES. INC.

Analytical Report Cover Page
For Lab Project # Clﬂ "Q%—“

The reported results relate only to the samples as they have been received by the
laboratory.

Any noncompliant QC parameters having impact on the data are flagged or
documented on the final report.

All soil or solid samples have been reported on a dry weight basis, unless qualified
“reported as received”. '

This page.is part of a multipage document. This document may not be reproduced
except in its entirety, without the prior consent of Paradigm Environmental
Services, Inc.

The Chain of Custody provides additional information, including compliance with
sample condition requirements upon receipt. Sample condition requirements are
defined under the 2003 NELAC Standard, sections 5.5.8.3.1 and 5.5.8.3.2.

Data qualifiers are used, when necessary, to provide additional information about
the data. This information may be communicated as a flag or as text at the bottom
of the report. Please refer to the following list of frequently used data flags and their
meaning:

“ND” = analyzed for but not detected.

“E” = Result has been estimated, calibration limit exceeded.

“D" = Duplicate results outside QC limits. May indicate a non-homogenous matrix.
“M*" = Matrix spike recoveries outside QC limits. Matrix bias indicated.

“B*” = Method blank contained trace levels of analyte. Refer to included method blank
report. : .

This report contains a total of ‘ pages.

179 Lake Avenue - Rochester, NY 14608 - (585) 647-2530 - Fax (585) 647-3311 -
ELAP ID# 10958



[®1 PARADIGM

ENYIAUNMENTAL SERVICER, INC. 179 Lake Avenue Rochester, New York 14608 (585) 647 - 2530 FAX (585) 647 - 3311

Volatile Analysis Report for Non-potable Water

Client: Leader Professional Services. Inc.

Client Joh Site: ROCO Lab Projact Number: 06-2371
Lab Sample Number: 7822
Client Jois Number: 147.007
Field Location: GW-1 Date Sampled: 08/08/2006
Field ID Number: N/A Date Raceived: 08/09/2006
Sample Type: Water Date Analyzed: 08/14/2006
| Halocarbons Results in ug /L [. ]!éromatlcs Results inug /L .
[Bromodichloromethane ND< 2.00 Benzene ND< 0.700 |
Bromomethane ND< 2.00 Chlorobenzene ND< 2.00
Bromofarm ND< 2,00 Ethylbenzens ND< 2,00
Carbon Tetrachloride ND< 2,00 Toluene ND< 2.00
Chlorgethane ND= 2.00 m,p-Xylens ND< 2.00
Chloromethans ND< 2.0C o-Xylene ND< 2.00
2-Chloroethyl vinyi Ether ND< 2,00 Styrene ND< 2.00
Chloroform ND< 2.00 1,2-Dichlorobenzene ND< 2.00
Dibromachloromethane ND< 2.00 1.3-Dichlorobenzane ND< 2.00
1,1-Dichloroethans ND< 2.00 1,4-Dichlorobenzene ND< 2.00
1,2-Dichloroethane ND< 2.00
1,1-Dichloroethene ND< 2.00 Ketones esults in ug / L
cis-1,2-Dichlorosthene 195 Acetone ND< 100 |
trans-1,2-Dichlorosthene ND< 2.00 2-Butanone ND< 5.00
1,2-Dichloropropane ND< 2.00 2-Hexanone ND< 5.00
cls+1,3-Dichloropropene ND< 2.00 4-Methyl-2-pentanone ND< 5.00
trans-1,3-Dichloropropene ND< 2.00 .
Methylene chloride ND< 5,00 l[MIsceIianeous Wg .
1,1,2,2-Tetrachloroethane ND< 2.00 Carbon disuifide ND< 5.00
Tetrachloroethene ND< 2.00 Vinyl acetate ND< 5.00
1,1,1-Trichloroethane ND< 2.00
1,1,2-Trichloroethane ND< 2.00
Trichloroethene 2,04
Trichlorofluoromethane ND< 2.00
Vinyl chloride 102
ELAP Numbser 10958 Method: EPA 82608 Data File: V38215.D

Comments: ND denotes Non Detect
ug / L = mlcrogram per Liter

Signature:

Bruce Hoogesteger: Techni

This raport is part of a muitipage documant and should only ba evaluated in Hs entiraty. Chain of Custody provides additional information, Inctuding compliance with sample condition
062371V1.XLS

requirements upon receipt.



= PARADIGM

| ENVIRONMENTAL BERVICES. INC.

179 Lake Avenue Rochester, New York 14608 (585) 847 - 2530 FAX (585) 647 - 3311

Volatile Analysis Report for Non-potable Water

Client: Leader Professional Services, Inc.

Cllent Job Site: ROCO

Lal: Project Number: 06-2371
Lab Sample Number: 7823

Client Job Number: 147,007

Field Location: GW-3 Date Sampled: 08/08/2006

Field ID Number: N/A Date Raceived: 08/09/2006

Sample Type: Water Date Analyzed: 08/15/2006
||Halocarhons Results inug /L il ||Aromatlcs Results inug /L |
Bromodichloromethanse ND< 1,000 [ enzene ND< 350
Bromomethane ND< 1,000 Chlorobenzene ND< 1,000
Bromoform ND< 1,000 Ethytbenzene ND< 1,000
Carbon Tetrachloride ND< 1,000 Toluene ND< 1,000
Chloroethane ND< 1,000 m,p-Xylene ND< 1,000
Chioromethane ND< 1,000 o-Xylene ND< 1,000
2-Chioroethy! vinyl Ether ND< 1,000 Styrene ND< 1,000
Chioroform ND< 1,000 1,2-Dichlorobenzensa ND< 1,000
Dibramochloromethane ND< 1,000 1,3-Dichlorobenzens ND=< 1,000
1,1-Dichlorosthane ND< 1,000 1,4-Dichlorobenzena ND=< 1,000
1,2-Dichloroethane ND< 1,000
1,1-Dichloroethene ND< 1,000 ([Ketones Results in ug /L .
cis-1,2-Dichlorogthene 26,300 Acetone NO< 5,000
trans-1,2-Dichloroethene ND< 1,000 2-Butanone ND< 2,500
1,2-Dichloropropans ND< 1,000 2-Hexanone ND< 2,500
cls-1,3-Dichloropropene ND< 1,000 4-Methyl-2-pentanone ND< 2,500
trans-1,3-Dichloropropene ND< 1,000 _
Methylene chloride ND< 2,500 [Miscellangous Results in ug / L
1,1,2,2-Tetrachloroathane ND< 1,000 Carbon disulflde D< 2,500
Tetrachlorosthene ND< 1,000 Vinyl acetate ND< 2,500
1,1,1-Trichloroethane ND< 1,000
1,1,2-Trichlorosthane ND< 1,000
Trichloroethens ND< 1,000
Trichloroflugromethane ND< 1,000
Vinyl chloride 48,700
ELAP Number 10858 Method: EPA 8260B Dala File: V38234.D

Comments: ND denotes Non Detact
ug / L = microgram per Liter

Signature:

Bruce Hoogestegbr: TaoHnical Director

This report is part of a multipage document and should only be avalualed in lis enticety, Chain of Cuslody provides addilonal Informat

requirements upan recelpl.

jon, Including complisnce with sampie condilion

D62ITIV2XLS



PARADIGM

ENVIRONMENTAL SEXVICES, TNC.

179 Lake Avenue Rochester, New York 14608

(585) 647 - 2530 FAX (586) 647 - 3311

Volatile Analysis Report for Non-potable Water

Client: Leader Professional Services. Inc.

Clignt Joh Site: RQOCO Lab Project Number: 06-2371
Lab Sample Number: 7824

Client Job Number: 147.007

Field Location: GW-7 Date Sampled: 08/08/2006

Field ID Number: N/A Date Racaived: 08/09/2006

Sample Type: Water Date Analyzed: 08/15/2006
|Halocarbon§- Resuils inug /L |' “Aromatlcs Resulis inug /L |

romodichloromethane < 20.0 Benzene ND< 7.00

Bromomethane ND< 20.0 Chlorobenzene ND=< 20.0
Bromoform ND=< 20.0 Ethylbenzene ND< 20.0
Carbon Tetrachloride ND< 20.0 Toluene ND< 20.0
Chloroethane ND< 20.0 m,p-Xylene ND< 20.0
Chloromethane ND< 20.0 o-Xyiene ND< 20.0
2-Chloroethyl vinyi Ether ND< 20.0 Styrense ND< 20.0
Chloroform ND=< 20.0 1,2-Dichlorobenzene ND< 20.0
Dibremochloromethane ND< 20.0 1,3-Dichlorobenzene ND< 20.0
1,1-Dichloroethane ND=< 20.0 1,4-Dichlorobenzene ND< 20.0
1,2-Dichlorosthane ND< 20.0
1,1-Dichloroethene ND< 20.0 [Ketones Resultsinug/L__ |
cis-1,2-Dichlorosthene 648 fAcetone ND< 100
trans-1,2-Dichlorosthene ND< 20.0 2-Butanong ND< 50.0
1.2-Dichloropropane ND< 20.0 2-Hexanone ND< 50.0
cis-1,3-Dichloropropene ND< 20,0 4-Methyl-2-pentanone ND< 50.0
trans-1,3-Dichloropropene ND< 20.0 )
Methylene chloride ND< 50.0 IMS — Resultsinug/L ||
1,1,2,2-Tetrachloroethane ND< 20.0 Carbon disuifide ND< 50.0 '
Tatrachloroethene ND=< 20.0 Vinyl acetate ND< 50.0
1,1,1-Trichlorosthane ND< 20.0
1,1,2-Trichlorgethane ND< 20.0
Trichioroethene ND< 20.0
Trichioroflupromethane ND< 20.0
Vinyl chloride 992
ELAP Number 10958 Method: EPA 82608 Data File; V38235.D

Commenis: ND denotes Non Detect
ug / L. = microgram per Liter

Signature:

Bruce Hoogestegap? Technital Director

This repont Is part of a multipage document and should anty be evaluated In its entiraty. Chaln of Cusiody provides additional infarmation, Including compliance with sample condition

requiremanis upon recelpl.

0623ITIVINLS



Ba PARADIGM

ENVIRONMEMTAL SERVICES. INC.

179 L.ake Avenue Rochester New York 14808 (585) 647-2530 FAX (585) 847-3311

Client:

Client Job Site:

Client Job No.:

Field Location:

Comments:

Approved By Technical Director:

LABORATORY REPORT OF ANALYSIS

Leader Professional Services, Inc. Lab Project No.: 06-2371
LLab Sample No.: 7822
ROCO
Sample Type:  Water
147.007
Date Sampled: 8/8/2006
GW-1 Date Received: 8/9/2006
“ Analytical Resuit
Parameter Date Analyzed Method (mgfl)
Sulfate 8/15/2006 EPA 300 36.0
Total Organic Carbon 8/14/2006 SM 5310C 2.6
ELAP ID.No.: 10709
ND denotes Non Detected.
ﬂce Hoogesteger

Chaln of Custody provides additional sample information.

Fite 1D: SulTOC06-2371.xIs



B2 PARADIGM

ENVIRONMENTAL SERVICES. ING 479 Lake Avenus Rochester New York 14608 {585) 847-2530 FAX {585} 647-3311

LABORATORY REPORT OF ANALYSIS

Client: Leader Professional Services, Inc. Lab Project No.: 06-2371
Lab Sample No.: 7823
Client Job Site: ROCO
Sample Type:  Water
Client Job No.: 147.007
Date Sampled: 8/8/2006
Field Location: GW-3 . Date Received: 8/9/2006
Analytical Result
Parameter Date Analyzed Mothod (mgl)
Sulfate 8/15/2006 EPA 300 ND<2.0
Total Qrganic Carbon 8/14/2006 SM 5310C 770
ELAP ID.No.: 10709
Comments: ND denotes Non Detected.

Approved By Technical Director: %

éruce Hoogesteger

Chain of Custody provides additional sample information. File ID: SuiTOC06-2371.xls



pa PARADIGM

ENVIRONMENTAL SERVICES. INC 179 Lake Avenua Rochester New York 14608 (585) 647-2530 FAX {585} 847-3311

LABORATORY REPORT OF ANALYSIS

Client: Leader Professional Services, Inc. Lab Project No.: 06-2371
Lab Sample Neo.: 7824
Client Job Site: ROCO
Sample Type:  Waler
Client Job No.: 147.007
Date Sampled: 8/8/2006
Field Location: GW-7 Date Received: 8/9/2006
Analytical Result
Parameter Date Analyzed Method (mgll)
Sulfate 8/15/2006 EPA 300 62.0
Total Organic Carbon 8/14/2006 8M 5310C 4.6
ELAP ID.No.: 10709
Comments: ND denotes Non Detected.

Approved By Technical Director:

4 >
7 Bruce Hoogesteger

Chain of Custody provides additional sampte information. File ID: SulTOC06-2371.xls



= PARADIGM

ENVIRONMENTAL SERVICES. INC.

179 Lake Avenue, Rochester, NY 14608 (585) 647-2630 FAX (585) 847-3311

———— e~ - —
Client: Leader Professional Services, Inc, Lab Project No.:  (6-2371
Client Job Site: ROCO Sample Type: Water
Method: EPA 200.7
Client Job No.: 147.007
Date(s) Sampled: 08/08/2006
Date Received: 08/09/2006
Date Analyzed: 08/15/2006
Laboratory Report for Metals Analysis in Water
TLab Sample| Field ID No. Field Location tron Results
No. (mglL)
—— e — —————
7822 N/A GW-1 <0.100
7823 N/A GW-3 <0.100
7824 N/A GW-7 <0.100
ELAP ID No.: 10858
Comments:
Approved By:
Bruce Hoogésteger, Technical Director
This report is part of a multipage document and should only be evaluated in its entirety. Chain of Custody provides additiona} sample

information, inciuding compliance with sample condition reguirements upon receipt.

File 1D:062371.XLS



. PARADIGM

S ENVIRONMENTAL

H

"LEADER PROFESSTONAL SERVICES, INC. [COMPANY:

CHAIN OF CUSTODY

T AS PROJECT #:

SERVICES, INC. CLIENT PROJECT #
179 Lake Avenue ADORESS: 2300 WEHRLE DRIVE ADDRESS: vat O\N..\o. 7 ! 147.007
Rochester, NY 14608 CITY: S\HE..H);M(\H__L\m State: Z,\ P M.&NNH Gy &TATE:" 23P: TURNAROUND TIME: {WORKING DAYS) ,
(716) 647-2530 * (B00) 7241997 | o 716-565-0963 P 716-565-0964 PHONE: FAX: OTHER
PROJECT NAME/SITE NAME: ATTN: KAREN C. MAY ATTN:

COMMENTS:

RCCO

[ T [xk

5 B
o| g
° M N & g
u G A uT m .m
DATE TIME M .m SAMPLE LOGATIONFIELD ID ._“ M w g : 8 REMARKS mﬂﬂﬂ.ﬂﬂuﬂmm
8 ! EN 2 = &
: x |re | § 1 B2l 5| &
T R | 7 3 = %
£ s 28 [&2 123 |¢
s/%r2006 | JO° x | ew- w1 3 | x| x| x1 x 7181212,
8/82006 | 1€ % X | &6w-3 W | 3 X X X X 7183
882006 | 729 x | ew-7 Wl s b x| x| x| x 71821y

M o | |lNim |k jw N>

Sample Condition: Per NELAC/ELAP 2101241/242/243/244 .
Receipt Parameter NELAC Compliance
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(= PARADIGM

ENVIRONMENTAL SERVICES. ING.

179 Lake Avenue Rochester New York 14608 (585) 647-2530 FAX (585) 647-3311

Client:

Client Job Site:

Client Job No.:

Field Location:

Comments:

Approved By Technical Director:

LABORATORY REPORT OF ANALYSIS

Leader Professional Services, Inc. Lab Project No.:
Lab Sample No.:
ROCO
Sample Type:
147.007
Date Sampled:
GW-1 Date Received:
Analytical Result
Parameter Date Analyzed Method (mgll)
Sulfate 10/26/2006 EPA 300 25.0
Total Organic Carbon 10/24/2006 SM 5310C 3.1

ND denotes Non Detected.

>

ELAP ID.No.: 10709

/) Bruce Hoogesteger

Chain of Custody provides addilional sample information.

06-3205
10705

Water

10/18/20086
10/20/2006

File ID: LeaderSulTOC06-3205.xls



pa PARADIGM

ENVIRONMENTAL SERVIGES. INC.

179 Lake Avenue Rochester New York 14608 {585) 847-2530 FAX {585) 647-3311

Client:

Client Job Site:
Client Job No.:

Field Location:

Comments:

LABORATORY REPORT OF ANALYSIS

06-3205
10706

Water

10/18/2006
10120/2006

Leader Professional Services, Inc. Lab Project No.:
Lab Sample No.:
ROCO
Sample Type:
147.007
Date Sampled:
GwW-3 Date Received:
i
Analytical Result
Parameter Date Analyzed Method (mg/l)
Sulfate 10/25/2006 EPA 300 5.1
Total Organic Carbon 10/24/2006 SM 5310C 285

ND denotes Non Detected.

Approved By Technical Director:

ELAP ID.No.: 10702

ruce Hoogesteger

Chain of Custady provides additional sampte Information.

File ID: LeaderSulTOC06-3205.xls



Ba PARADIGM

ENVIRNWMENTAL SERVICES. INC.

179 Lake Avenue Rochester New York 14608 {585} 647-2530 FAX (585) 647-3311

Client:

Client Job Site:
Client Job No.:

Field Location:

Comments:

Approved By Technical Director:

LABORATORY REPORT OF ANALYSIS

Leader Professional Services, Inc.

Lab Project No.: 06-3205
Lab Sample No.;: 10707

ROCO
Sample Type:  Water
147.007
Date Sampled: 10/18/2006
GW-7 Date Received: 10/20/2006
Analytical Result
Parameter Date Analyzed Method (mal)
Sulfate 10/25/2006 EPA 300 10
Total Organic Carbon 10/24/2006 SM 5310C 4.1

ND denotes Non Detected.

ELAP ID.No.: 10709

Brﬁe Hoogesteger

Chaln of Custody provides additional sample informalion.

File ID: LeaderSulTOC06-3205.xIs



179 Lake Avenue, Rochester, NY 14608 (585) 647-2530 FAX {585) 647-3311

B PARADIGM

ENVIRONMENTAL SERVICES. ING.

Client: Leader Profassicnal Services, Inc, Lab Project No.:  06-3205
Client Job Site: ROCO Sample Type: Water

Method: EPA 200.7
Client Job No.: 147.007

Date(s) Sampled: 10/18/20086
Date Recelved: 10/20/2006
Date Analyzed: 10/25/2006

Laboratory Report for Metals Analysis in Water

[ = — — — e — —}
Lab Sample| Field 1D No. Field Location Dissolved Iron
No. Results {myg/L.)
10705 NIA GW-1 <0,100
10706 NIA GW-3 60.0
10707 N/A GW-7 <0.100

ELAP ID No.: 10958

Comments:
Approved By: %

Bruce Hoog%eger, Technical Director

This report is part of a mullipage document and should only be evaluated in its entirety. Chain of Custady provides additional samg
information, including compliance with sample condition requirements upon receipt. File ID:063205 XLS



(=1 PARADIGM

ENYIIONMENTAL SERVICES. IMC. 179 Lake Avenue Rochaster, New York 14608 (585) 647 - 2530 FAX {585) 647 - 3311

Volatile Analysis Report for Non-potable Water

Ciient: Leader Professional Services, Inc,

Client Job Site: ROCO Lab Project Number: 06-3205
' Lab Sample Number: 10705
Client Job Number: 147.007

Field Location: GW-1 Date Sampled: 10/18/2006
Field ID Number: NIA Date Recelved: 10/20/2006
Sample Type: Water Date Analyzed: 10/23/2006
IHaiocarbons Results in ug / L . Mromaﬂcs Results inug /L .
Bromodichloromethane < 2.00 Benzaene ND< 0.700
Bromomethane . ND< 2.00 Chlorobenzene ND< 2.00
Bromoform ND< 2.00 Ethylbenzene ND< 2.00
Carbon Tetrachloride ND< 2,00 Toluene ND< 2.00
Chlorosthane ND< 2.00 m,p-Xylene ND< 2.00
Chloromethane ' ND< 2.00 o-Xylens ND< 2.00
2-Chioroethyl vinyl Ether ND< 2.00 Styrena ND< 2.00
Chloroform ND< 2,00 1,2-Dichlorobenzene ND< 2.00
Dibromochloromethane ND< 2.00 1,3-Dichlorobenzene ND< 2.00
1,1-Dichloroethane ND< 2,00 1,4-Dichlorobenzeng ND< 2.00
1,2-Dichloroethane ND< 2.00 _
1,1-Dichloroethene ND< 2.00 I—lthones Results inug /L ||
cis-1,2-Dichloroethene 153 Acetone ND< 10.0
trans-1,2-Dichloroethene ND< 2.00 2-Butanone ND< 6.00
1,2-Dichloropropane ND< 2.00 2-Hexanone ND< 5.00
cis-1,3-Dichloropropene ND< 2.00 4-Methyl-2-pantanone ND< 5.00
trans-1,3-Dichloropropene ND=< 2.00
Methylene chioride ND< 5.00 ]!Mlgcsllanmus Results In g / L ]
1,1,2,2-Tetrachloroethane ND< 2.00 arbon disulfide ND< 5.00 |
Tetrachlorcethene ND< 2.00 Vinyl acetate ND< 5.00
1,1,1-Trichloroethane ND< 2,00
1,1.2-Trichloroethane ND< 2.00
Trichloroethene ND< 2.00
TrichloroRuoromethane ND< 2.00
Vinyl chloride 4.15
ELAP Number 10858 Method: EPA 82608 Data File: V40328.D

Comments: ND denotes Non Detect
ug / L. = microgram per Liter

Signature:

Bruce Hoodesteger: &chnicat Director

This raport Is padt of a multipage document and should only be evaluated in ils entirely. Chaln of Custady provides additiona! information, including compliance with sample condilion
requirements upon receipl. 0B83205V1.XLS



=

PARADIGM

EHYINDRMENTAL SERYICES. INE.

179 Lake Avenue Rochester, New York 14608 (585) 647 - 2530 FAX (585) 647 - 3311

Volatile Analysis Report for Non-potable Water

Client: Leader Professional Services, Inc.

Ctlient Job Site: ROCO Lab Project Number: 06-3205
Lab Sample Number: 10706
Client Jobh Number: 147.007
Fleld Location: Gw-3 Date Sampled: 10/18/2006
Fleld ID Numbar: N/A Date Recelved: 10/20/2006
Sample Type: Water Date Analyzed: 10/24/2006
[{Halocarbons Results In ug / L [Qomit‘lcs Results inug/L
romodichloromethane ND< 160 Benzene < 35.
Bromomethane ND< 100 Chlorobenzene ND< 100
Bromaform ND< 100 Ethylbenzene ND< 100
Carbon Tetrachloride ND< 100 Toluens ND< 100
Chioroethane ND< 100 m,p-Xylene ND< 100
Chloromethane ND< 100 o-Xylene ND< 100
2-Chloroethyl vinyi Ether ND< 100 Styrene ND< 100
Chtoroform ND< 100 1,2-Dichlorobenzene ND< 100
Dibromochloromethane ND< 100 1,3-Dichlorobenzene ND< 100
1,1-Dichloroethane ND< 100 1,4-Dichlorobenzene ND< 100
1,2-Dichioroethane ND< 100
1,1-Dichloroethene ND< 100 [Ketones _ Resulls in ug /L JI
cis-1,2-Dichloroethene 2,580 Acetone ND< 500
trans-1,2-Dichloroethene ND< 100 2-Butanone ND< 250
1,2-Dichloropropane ND< 100 2-Hexanone ND< 250
cis-1,3-Dichlcropropene ND< 100 4-Mathyl-2-pentanone ND< 250
frans-1,3-Dichloropropense ND< 100 _
Methylene chloride ND< 250 I—_]MI scallanaous Results in ug /T
1,1,2,2-Tetrachloroethane ND< 100 Carbon disulfide ND< 250
Tetrachloroethene ND< 100 Vinyl acetate ND< 250
1,1,1-Trichloroethane ND< 100
1,1,2-Trichloroethane ND< 100
Trichloroethene ND< 100
Trichtorofluoromethane ND< 100
Vinyi chloride 5,730

ELAP Number 10358

Method: EPA 8260B

Comments: ND denotes Non Detect
ug / L = microgram per Liter

Signature;

This reporl is part of & multipage document and should only be evaluated In ils entirety. Chaln of Custody provides additional Information, including compliance with sampls condition
063205v2.XLS

Bruce Hoogesteger: Tethnical Director

requiremenls upon recelpt.

Data File: V40352.D



L PARADIGM

-—‘V’
ENRDWMENTA) SERYVIGES. IM6. 170 Lake Avenue Rochester, New York 14608 (585) 647 - 2530 FAX (585) 647 - 3311

Volatile Analysis Report for Non-po Water

Client: Leader Professional Services, Ing.

Client Job Site: ROCO Lab Project Number: 06-3205
Lab Sample Number: 10707

Client Job Number: 147.007

Field Location: GW-7 Date Sampled: 10/18/2006
Field 1D Numbaer: N/A Date Received: 10/20/2006
Sample Type: Water Date Analyzed: 10/24/2006
||Halocarbons Results inug /L |{Aromatics Results in ug /1. |
Bromodichloromethane ND< 2.60 Benzene NG< 0.700 |
Bromomethane ND< 2.00 Chlorobenzene ND< 2.00
Bromoform ND< 2.00 Ethylbenzene ND< 2.00
Carbon Tetrachloride ND< 2.00 Toluene ND< 2,00
Chloroethane ND< 2.00 m,p-Xylene ND< 2.00
Chloromethane ND< 2.00 0-Xylene ND< 2.00
2-Chioroethyl vinyl Ether ND< 2.00 Styrene ND< 2.00
Chloroform ND< 2.00 1,2-Dichlorobenzene ND< 2.00
Dibromochleromethane ND< 2.00 1,3-Dichlgrobenzene ND< 2.00
1,1-Dichloroethane ND< 2.00 1,4-Dichlorobenzene ND< 2.00
1,2-Dichlorcethane ND< 2.00 _
1,1-Dichlorosthene ND< 2.00 I@ Resulls in ug /L
cis-1,2-Dichloroethene 9.09 Acstone ND< 10.0
trans-1,2-Dichloroethene ND< 2.00 2-Butanone ND< 5.00
1,2-Dichloropropane ND< 2.00 2-Hexanone ND< §.00
cis-1,3-Dichloropropene ND< 2.00 4-Mathyl-2-pentanone ND< 5.00
trans-1,3-Dichleropropene ND< 2.00
Methylene chloride ND< 5.00 "MIscaliangous = ROSU@'
1,1,2,2-Tetrachioroethane ND< 2.00 Carbon disulfide ND< 5.00
Tetrachloroethene ND< 2.00 Vinyl acetatle ND< 5,00
1,1,1-Trichloroethane ND< 2,00
1,1,2-Trichloroethane ND< 2.00
Trichloroethene ND< 2.00
Trichlorofluorcmethane ND< 2.00
Vinyl chloride 24.7
ELAP Number 10958 Method: EPA 82608 Data File: V40349.D

Comments: ND denotes Non Detect
ug / L = microgram per Liter

Signature:

Bruce Hoogesteger: Teghnical Director

This report Is pan of a mullipage document and should only be evaluated in its entirely. Chain of Cuslody provides addittonal Inf lon, ncluding compliance with sample condition
requirements upen receipl. 063205VI.XLE
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PARADIGM

CHAIN OF CUSTODY

ENVIRONMENTAL
SERVICES, INC. COMPANY: FmMMEmB.s  [FENT PROJECTS:
179 Lake Avenue AOORESS: 063200 147 007
TITY: : ZIP: GTY: STATE: ZP: TURNARGUND TIME: (WORKING DAYS} N
Rochester, NY 14608 Latheom suhe NY 134
PHPN FAX: . PHONE: FAX:
(585) 647-2530 * (800) 724-1997 1) 546 -0 Jmmm\ox £ STD OTHER
PROJECT NAME/SITE NAME: ATTN: ATTN:
mlvzm.b Aoz 1 _H_N _.I_ u_ﬂm
Plec pe O P whi o2, 2} |Quotation #
. PR i O L
¢
o v |
G a | vt |[M%
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Sample Condition: Per NELAC/ELAP 21 0/241/242/2431244

NELAT Tompliance

Receipt Parameter
Container Type:
Comments:
Preservation;
Comments: mbT oric Qﬁml

added +oTOC In Jab

Holding Time:
Comments:

Temperature:
comens____Jj 0C_iced

<& N

\o_\a&m
Date/T

(2t
amp! Total Cost:
\n\_n AL Qa (7/0¢  3US o
elinguished By ate/Time v
[ \ /0 J2 /o4 3950
i \ DatelTime 7 P.IE.
Etlicabedd Q. Honele 10/10[0w /105

Received’@ Lab By Date/Time




PARADIGM

ENVIRONMENTAL SERVICES. INC.

Analytical Report Cover Page

For Lab Project # ©lp - Q0%

The reported results relate only to the samples as they have been received by the
laboratory.

Any noncompliant QC parameters having impact on the data are flagged or
documented on the final report.

All soil or solid samples have been reported on a dry weight basis, unless qualified
“reported as received”.

This page is part of a multipage document. This document may not be reproduced
except in its entirety, without the prior consent of Paradigm Environmental
Services, Inc.

The Chain of Custody provides additional information, including compliance with
sample condition requirements upon receipt. Sample condition requirements are
defined under the 2003 NELAC Standard, sections 5.5.8.3.1 and 5.5.8.3.2.

Data qualifiers are used, when necessary, to provide additional information about
the data. This information may be communicated as a flag or as text at the bottom
of the report. Please refer to the following list of frequently used data flags and their
meaning:

“ND” = analyzed for but not detected.

“E” = Result has been estimated, calibration limit exceeded.

«D” = Duplicate results outside QC limits. May indicate a non-homogenous matrix.
“M” = Matrix spike recoveries outside QC limits. Matrix bias indicated.

«B” = Method blank contained trace levels of analyte. Refer to included method blank
report.

This report contains a total of 3 pages.

179 Lake Avenue - Rochester, NY 14608 - (585) 647-2530 : Fax (585) 647-3311 -
ELAP ID# 10958



[®] PARADIGM

_-"'-_-",
ENVIRONMENTAL SERVICES. IC. 179 Lake Avenue Rochester, New York 14608  (585) 647 - 2530 FAX (585) 647 - 3311

Volatile Analysis Report for Non-potable Water

Client: Leader Professional Servicgs, Inc.

Client Job Site: RCCO Lab Project Number: 06-3812
Lah Sample Number: 12700

Cllent Job Number: 147.007

Field Location: GW-1 Date Sampled: 1211112006

Fleld iD Number: NIA Date Raceived: 12/15/2006

Sample Type: Water Date Analyzed: 12/20/2006
l Eg!ggarbons _Resultsinug /T | [[Aromatics Resultsinug /L__ ]|
Bromodichloromethane ND< 2,00 Benzene ND< 0.700
Bromomethane ND< 2.00 Chlorobsnzene ND< 2.00
Bromoform ND< 2.00 Ethylbenzene ND< 2.00
Carbon Tetrachlorlde ND< 2.00 Toluene ND< 2.00
Chlorosthane ND< 2.00 m,p-Xylene ND=< 2.00
Chloromsthane ND< 2.00 o-Xylene ND< 2.00
2-Chloroethyi vinyl Ether ND< 2.00 Styrene ND< 5.00
Chioroform ND< 2.00 1,2-Dichlorobenzens ND=< 2.00
Dibromochloromethana ND< 2.00 1,3-Dichlorebenzene ND< 2.00
1,1-Dichloroethane ND< 2.00 1.4-Dichlorobenzene ND< 2.00
1,2-Dichlorosthane ND< 2.00 : _
1,1-Dichioroethens ND< 2.00 [Ketones Resullsinug /L ___|
cis-1,2-Dichlorosthene 158 183 | [Acetona ND< 100 |
trans-1,2-Dichlorogthene ND< 2.00 2-Butancne ND< 10.0
1,2-Dichloropropane ND< 2.00 2-Hexanone ND< 5.00
cls-1,3-Dichloropropene ND< 2.00 4-Methyl-2-pentanone ND< 5.00
trans-1,3-Dichloropropene ND< 2.00
Methylene chloride ND< 5.00 Miscellanaous Results inug /T |
1.1,2,2-Tetrachloroethane ND< 2.00 arbon disulfide < 5.00
Tetrachloroethene ND< 2.00 Vinyl acetate ND< 5,00
1,1,1-Trichioroethane ND< 2.00
1,1,2-Trichlorosthane ND< 2.00
Trichioroethene 328 AD
Trichlorofluoromsthane ND< 2.00
Vinyl chlorlde ND= 2.00 &
ELAP Number 10858 - Msthod: EPA 8260B Data File: V41554.D

Commenis: ND danotes Non Detect
ug / L = microgram per Liter

Signature:
v N (F!ruce Hoogestefer: Technical Director

Tris report is parl of a muitipage document and should only be evaluated In Iis entirety. Chaln of Gustody provides additional informafion, including compiianes with sample condition
requiramenis upan raceipt, QBABL2VI XLS




PARADIGM

ERVIRONMENTAL SERYICES, IKC.

b2

170 Lake Avenue Rochester, New York 14608  (585) 647 - 2630 FAX (585) 847 - 3311

Volatile Analysis Report for Non-potable Water

Client: }.gader Professional Services, Inc.

Signature:

Cliant Job Site: ROCO Lab Project Number: 06-3812
Lab Sample Number: 12701

Client Job Number: 147.007 2111720

Fiald Location; GW-3 Date Sampled: 12/11/2006

Field ID Number: NFA Date Received: 12/15/2006

Sample Type: Water Date Analyzed: 122012006
Halocarbons Resultsinug/L | |[Aromatics Resullsinug /L
Bromedichloromethane < 2,000 Benzene ND< 700
Bromomethane ND= 2,000 Chlorobenzsne ND< 2,000
Bromoform ND< 2,000 Ethylbenzene ND< 2,000
Carbon Tetrachloride ND< 2,000 Toluene ND< 2,000
Chlorosthane ND< 2,000 m,p-Xylene ND< 2,000
Chloromethane ND< 2,000 o-Xylene ND< 2,000
2-Chlorosthyl vinyl Ether ND< 2,000 Styrene ND< 5,000
Chloroform ND< 2,000 1,2-Dichlorobanzene ND< 2,000
Dibromechioromethane ND< 2,000 1,3-Dichlorobanzens ND< 2,000
1,1-Dichloroathane ND< 2,000 1,4-Dichlorobenzene ND< 2,000
1,2-Dichloroethane ND< 2,000 f0
1,1-Dichioroethene ND< 2,000 4, 511" [Retones Resulshug /L]
cis-1,2-Dichloroathene 19,800 cetone ND< 10,000
trans-1,2-Dichlorosthene ND< 2,000 2-Butanone ND< 10,000
i,2-Dichloropropane ND< 2,000 2-Hexanone ND< 5,000
cis-1,3-Dichloropropene ND< 2,000 4-Mathyl-2-pentanoneg ND< 5,000
trans-1,3-Dichloropropene ND< 2,000 _
Methylene chtoride ND< 5,000 [Miscallaneous Hesults In ug‘ N |
1,1,2,2-Tetrachloroethane ND< 2,000 Carbon disulfide ND< 5,0
Tetrachlorosthene ND< 2,000 Vinyl acetate ND< 5,000
1,1,1-Trichloroethane ND< 2,000
1,1,2-Trichloroethane ND< 2,000
Trichioroathens ND< 2,000
Trichlorofluoromethane ND< 2,000
Vinyi chlorlde s0700 5, 780

ELAP Number 10958

Method: EPA 8260B

Comments: NO denotes Non Datect
ug { L = micrograrm per Lller

uce Hoogesteder: Technicat Director

Data Flle: V41555.0y

Pz,

This report is parl of a mullipage document and should anly be evaluated in iis entlrety. Chaln of Cusiody provides addilional infarmatlan, inciuding compliance wilh ssmpla condition
fequiements upon receipl. 063B12V2.XLS



= PARADIGM

ENVIROMMENTAL SERVICES, IKE. 170 | ake Avenue Rochester, New York 14608 (585) 647 - 2530 FAX {686) 647 - 3311

Volatile Analysis Report for Non-potable Water

Client: Leader Professional Services, Inc.

Client Job Site: ROCO Lab Project Number: 08-3812
Lab Sample Number: 12702

Client Job Numbar: 147.007

Fleld Locatlon: GW-7 Date Sampled: 12/11/2008

Field ID Number: NIA Date Recaived: 12/15/2008

Sample Type: Water Date Analyzad: 12/20/2008
Halocarhons Resulis inug /L IfAromatlcs Resulls inug / L |
Bromodichlotemethane ND< 20.0 [ [Benzens ND< 7.00
Bromomethana ND< 20,0 Chlorohenzene ND< 20.0
Bromoform ND< 20.0 Ethylbenzene ND< 20.0
Carbon Tefrachloride ND< 20.0 Toluene ND< 20.0
Chioroethane ND< 20.0 m,p-Xyleno ND< 20.0
Chloromethane ND< 20.0 o-Xylene ND< 20.0
2-Chlcroethyl vinyl Ether ND< 20.0 Siyrene ND< 50.0
Chloroform ND< 20.0 1.2-Dichlorobenzene ND< 20.0
Dibromochloromethane ND< 20.0 1.3-Dichlorobenzens ND< 20.0
1,1-Dichloroethane ND< 20.0 1,4-Dichlorobenzene ND< 20.0
1,2-Dichlorosthane ND< 20.0
1,1:Dichioroethene ND< 20.0 [Ketones “Resulfs in ug /L
cis-1,2-Dichloroethene aos 9.69 TAcetone ND< 100 '
trans-1,2-Dichloroathene ND< 20.0 2-Butanons ND< 100
1,2-Dichloropropane ND< 20.0 2-Hexanane ND< 50.0
cis-1,3-Dichloropropene ND< 20.0 |4-Methyl-2-pentanone ND< 50.0
trans-1,3-Dichloropropene ND< 20.0 _
Mathylens chioride ND< 50.0 Miscellaneous Resullsinug /L]
1,1,2,2-Tetrachloroethane ND< 20.0 Carbon disuliide ND< 50. [
Tetrachloroethena ND< 20.0 Vinyi acetate ND< 50.0
1.1,1-Trichloroethane ND< 20.0
1,1,2-Trichloroethane ND< 20.0
Trichloroethene ND< 20.0
Trichlorofluorermethane ND< 20.0 7
Vinyl chioride ND< 200 2%
ELAP iMumber 10958 Method: EPA 82608 Data File: V41556.D

Comments: ND denotes Non Detacl
ug / L = microgram per Liter

Signature:
A uce Hoogesigger: Technical Director

This repart is parl of a mullipage document and showld only be evalualed in its enlirety. Chain of Cuslody provides addilional information, Ingluding compilance with sample condition
requiramants upen recelpl. 063812v3.XLS




179 Lake Avanus, Rochester, NY 14608 {585) 647-2830 FAX (585) 647-3311

k1 PARADIGM

ENVIRDNMENTAL SERVICES. INC.

Client: Leader Professional Services, Inc. Lab Project No.:  06-3812
Client Job Site: ROCO Sample Type: Water

Method: EPA 200.7
Client Job No.: 147.007

Date(s) Sampled: 12/11/2006
Date Recelved: 12/15/2006
Date Analyzed: 12/18-19/2006

Laboratory Report for Metals Analysis in Water

Lab Sample|[Field ID No. Field Location Dissolved Iron
No. Results (mg/L}
—
12700 N/A GW-1 <0.100
12701 N/A GW-3 47.4 60.0
12702 NIA GW-7 <0.100 -

ELAP ID No.: 10958

Commenis:

Approved By:

This repart Is parl of & mullipage document and should only be evaluated in ils entirety. Chain of Cugtody provides additional sample
infarmalion, including compliance with sample cendilion requirements upon receipt. File |D:063812.XLS



= PARADIGM

ENVIRONMENTAL SERVICES. INC, 179 Lake Avepue Rochester New York 14808 (585) 647-2630 FAX {585) 647-3311

LABORATORY REPORT OF ANALYSIS

Client: Leader Professional Services, Inc. Lab Project No.: 06-3812
Lab Sample No.: 12702
Client Job Site: ROCO
Sample Type:  Waler
Client Job No.: 147.007 .
Date Sampled:  12/11/2006
Field Location: GW-7 Date Received: 12/15/2006
Analytical Result
Parameter Date Analyzed Method (mg/)
Sulfate 12/20/2006 EPA 300 35,0 1o
Total Organic Carbon 12/2112006 8M 5310C 34 q ,
ELAPR ID.No.: 10709
Comments: ND denotes Non Detected.

-
Approved By Technical Director: 1’%

2. C Bruce Hoogesteger

Chain of Gustody provides additional sample information, File ID: LeaderSulTOC06-3812.xls



pa PARADIGM

ENVIRONMENTAL SERVIGES. INC.

179 Laka Avenue Rochester New York 14608 (585) §47-2530 FAX (585) 647-3311

—— =

LABORATORY REPORT OF ANALYSIS

Client: Leader Professional Services, Ing. Lab Project No.: 06-3812
Lab Sample No.: 12701
Client Job Site: ROCO
Sample Type:  Walter
Client Job Ne.: 147.007
Date Sampled: 12/11/2008
Fleld Location: GW-3 Date Recelved: 12/15/2006
Analytical Resuit
Parameter Date Analyzed Method (mgt)
Sulfate 12120/2006 EPA 300 ND<2.0 5.
Total Qrganic Carbon 12{21/2008 SM 5310C 227 Q'XS
ELAP 1D.No.; 10708
Comments: ND denotes Non Detected.

P "
Approved By Technical Direclé /

/ == (Bruce Hoogesteger

Chain of Custody provides additional sample information. Fite ID: LeaderSulTOC06-3812.xls



= PARADIGM

ERYIRONMENTAL SERVICES. ING.

179 Lake Avenue Rochester New York 14608 {585) 647-2530 FAX {585} 647-3311

Client:

Cliant Job Site:

Cliant Job No.:

Field Location:

Comments:

Approved By Technlical Director:

LABORATORY REPORT OF ANALYSIS

Leader Professional Services, Inc.

Lab Project No.: 06-3812
Lab Sample No.: 12700

ROCO
Sample Type:  Water
147.007
Date Sampled:  12/11/2006
GW-1 Date Received: 12/15/2006
- Analytical Result
Parameter Date Analyzed Method (mgll)
Sulfate 122012008 EPA 300 26.0 v ’
Total Organic Carbon 12/21/2006 SM 5310C 22 3. (
ELAP 1D.No.; 10709
NI denotes Non Detected.

/ Fge. ™ Bruce Hoogesteger

Chaln of Custody provides additional sample information.

File ID: LeaderSulTOC06-3812.x)s
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=1 PARADIGM

ENVIHONMENTAL SERVICES. INC. 9L

a Rochester Na I

08 {585} 647-2530 FAX {685 -

Client:
Client Job Site:
Cliant Job No.:

Field Location:

Comments:

Approved By Technical Director:

LABORATORY REPORT OF ANALYSIS

Leader i.ab Project No.: 07-0694
Lab Sample No.: 2889
ROCO
Sample Type:  Water
147.007
Date Sampled: 2/26/2007
GW-1 Date Recelved: 2/28/2007
Rl — -~
Analytical
Parametar Date Analyzed Method Result (mg/L)
Sulfate 3/2/2007 EPA 300 27.0
Totat Organic Carbon 3/5/2007 SM 5310C 3.0

ND denotes Non Detected.

Y~

ELAP ID.No.: 10709

4

Chain of Custady provides additional sample Information.

Bruce Hoogesteger

File ID: SULFTOCO7-0684.xls



=] PARADIGM

ENVIRONMENTAL SERVICES. INC. 179 Lake Aven chester Ne rk 1 585) 647- F.

585) 647-32

LABORATORY REPORT OF ANALYSIS

Client: Leader Lab Project No.: 07-0684
L.ab Sample No.: 2880
Client Job Site: ROCO
Sample Type:  Water
Client Job No.: 147.007
Date Sampled:  2/26/2007
Field Location: GW-3 Date Recelvad: 2/28/2007
. e
Analytical
Parameter Date Analyzed Method Result {(mg/L}
Suifate 3/212007 EPA 300 ND<2 -
Total Organic Carbon 3/6/2007 SM 5310C 202
ELAP ID.Na.: 10708
Comments: ND denotes Non Detected,
Approved By Technical Director: M
d Bruce Hoogesteger

Chain of Custody provides additional sample information. ' Fila ID: SULFTQC07-0604.xIs



= PARADIGM

L och r rk 14808 (585) §47-2530 FAX (585 -3311

ENVIRUNMENTAL SERVIGES. INC.

LABORATORY REPORT OF ANALYSIS

Cliant: Leader Lab Project No.: 07-0684
Lab Sample No.: 2891
Client Job Site: ROCO
Sample Type:  Water
Client Job No.: 147.007
Date Sampled:  2/26/2007
Fisld Location: GW-7 Date Recelvad: 2/28/2007
—— 4 |
Analytical
Paramster Date Analyzed Method Resuit {mgll)
_ — -
Sulfate 31212007 EPA 300 88
Total Organic Carbon 3/5/2007 SM 5310C 4.4
ELAP ID.No.: 10702
Comments: ND denotes Non Detected.
Approved By Technical Director: ’M—

7 Bruce Hoogestager

Chaln of Custody provides additional sample Information. File ID; SULFTOC07-0694.xls



b2 PARADIGM

ENVIRONMENTAL SERVIGES, ING.

179 Lake Avenue, Rochester, NY 14608 (585) 647-2530 FAX {585) 647-3311

Client: Leader Lab Project No.: 07-0884
Client Job Site: ROCO Sample Type: Water

Method: EPA 2007
Client Job No.: 147.007

Date{s) Sampled: 02/26/2007
Date Received: 02/2812007
Date Analyzed: 03/01/2007

Laboratory Report for Metals Analysis in Water

Lab Sample[Field ID No. Field Location Dissolved Iron
No. Rasults {mgil)
2889 N/A GW-1 <(.100
2890 NIA GW-3 44.1
2891 N/A GW-7 <0.100

ELAP ID No.: 10958

Comments: Samples were filtered prigr to digestion per client.
Approved By: ’M

Bruce pfc’:ogesteger. Technical Director

This report is part of a multipage document and should only be evaluated in its entiraty. Chain of Custody provides additional sampte
information, including compliance with sample condition requirements upon receipl. File {D:070694.XLS



LA PARADIGM

JLake Avenue Rochester, New York 14608 (585) 647 - 2530 FAX (585) 647 - 3311

ENVIRONMENTAL SERVIDER. ING.

Volatile Analysis Report for Non-potable Water

Client: Leader

Client Jok Site: ROCO Lab Project Number: 07-0694
Lab Sample Number: 2689

Cliant Job Number: 147.007

Field Location: Gw-1 Date Sampled: 02/26/2007

Fietd ID Number: NIA Date Recaived: 0212812007

Sample Type: Water Date Analyzed: 03/02/2007
Halocarbons Resultlsinug /L Mﬁé Rasults [n ug [L
Bromodichloromethane ND< 2.00 Benzens ND< 0.700
Bromomethane ND< 2.00 Chlorobenzene ND< 2.00
Bromoform ND< 2.00 Ethyibenzene ND< 2.00
Carbon Tetrachloride ND< 2.00 Toluens ND< 2.00
Chloroethane ND< 2.00 m,p-Xylene ND< 2.00
Chioromethane ND< 2.00 o-Xylene ND< 2.00
2-Chloroethy! vinyt Ether ND< 2.00 Styrene ND< 5.00
Chloroform ND< 2.00 1,2-Dichlorobenzene NDb=< 2.00
Dibroemochloromethane ND< 2.00 1,3-Dichlorobenzene ND< 2.00
1,1-Dichloroathane ND< 2.00 1,4-Dichlorobanzens ND< 2.00
1,2-Dichlorosthane ND< 2.00 N
1,1-Dichloroethene ND< 2,00 |[Ketones Resuits In u% /L |
cis-1,2-Dichloroethene 112 Acetone ND< 10.0
trans-1,2-Dichloroethene ND< 2.00 2-Butanone ND< 10.0
1,2-Dichforapropane ND< 2.00 2-Hexanone ND< 5.00
cis-1,3-Dichloropropene ND< 2.00 4-Mathyl-2-pentanone ND< 5.00
trans-1,3-Dichloropropene ND< 2.00
Methylene chloride ND< 5.00 Miscellanoous — Resulisinug/L
1,1.2,2-Tetrachloroethane ND< 2.00 Carbon disulfide ND< 5.00
Tetrachloroethene ’ ND< 2.00 Vinyl acetate ND< 5,00
1,1,1-Trichlorpethane ND< 2.00
1,1,2-Trichloroethane ND< 2.00
Trichlorosthene 3.26
Trichlorofluoromethane ND< 2.00
Vinyl chloride 3.80

ELAP Number 10958

Comments: ND denotes Non Detect
ug / L. = microgram per Liter

Signature:

Method: EPA 82608

Bruce Hoogesteger: ngﬁnlca! Director

This report |s part of @ multipage decument and should anly be evaluated in its entirety. Chain of Cuslody provides addilional Informatlon, Including compliance with sempie

requirgmens upon receipl.

Data Flle: V42893.D

condllion

070694V1.XLS



=1 PARADIGH

1 Lake Avenue Rochester. New York 14608 (585) 647 - 2530 FAX (585) 647 - 3311

EHVIRONMENTAL SERYIGES. INC.
Volatile Analysis Report for Non-patable Water

Client: Leader

Client Job Site: ROCO Lab Project Number: 07-0694
Lak Sample Number: 2890

Client Job Number: 147,007

Flald Location: Gw-3 Date Sampled: 02/26/2007

Fiald ID Number: N/A Date Receivad: 02/28/2007

Sample Type: Water Date Analyzad: 03/02/2007
[FHalocarbons Results mug /T | |Arcmatics Resultsinug /L
Bromodichloromethane ND< 1,000 Benzene ND< 55%
Bromomethane ND< 1,000 Chiorobenzens ND< 1,000
Bromofarm ND< 1,000 Ethylbanzene ND< 1,000
Carbon Tetrachloride ND< 1,600 Tolusne ND< 1,000
Chloroethane ND< 1,000 m,p-Xylene ND< 1,000
Chloromethane ND< 1,000 o-Xylene ND< 1,000
2-Chlerosthyl vinyl Ether NO< 1,000 Styrene ND< 2,500
Chloroform ND< 1,000 1,2-Dichiorobenzene NB=< 1,000
Dibromochloromethane ND< 1,000 1,3-Dichlorobsnzena ND< 1,000
1.1-Dichlorcethane ND< 1,000 1,4-Dichiorobenzene ND< 1,000
1,2-Dichiorcethans ND< 1,000
1,1-Dichlorosthane ND< 1,000 I;Ketones Results inug /L |
cis-1,2-Dichloroethene 16,100 cetone ND=< 5,000
trans-1,2-Dichlorosthene ND< 1,000 2-Butanone ND< 6,000
1,2-Dichloropropane ND< 1,000 2-Hexanone ND< 2,500
cis-1,3-Dichloropropene ND< 1,000 4-Methyl-2-pentanone ND< 2,600
trans-1,3-Dichloropropena ND< 1,000 . )
Methylene chloride ND< 2,500 Miscellaneous Results inug /L |
1,1,2.2-Tetrachloroethane ND< 1,000 Carbon disulfide ND< 2,5
Tetrachloroethene ND< 1,000 Vinyl acetate ND< 2,500
1,1,1-Trichloroethane ND< 1,000
1,1,2-Trichloroethane ND< 1,000
Trichloroethene ND< 1,000
Trichlorofluoromethane ND< 1,000
Vinyl chloride 21,500

ELAP Number 10958 Mathod: EPA 82608 Data File: V42894.D

Commeants: ND denofes Non Datect
ug / L = microgram per Liter

Signature:

Bruce Hoogesteger: T}aﬁnical Director

Tis ceport Is part of & multipage document and should only bs evalualed in ks entirety. Chatn of Custody provides additional information, including compiiance with sampla coadition
requirements upon receipl, 070594V2.XLS



= PARADIGM -

ERVIRONMENTAL SERVIEES. IHG.; Lake Avenue Rochester, New York 14608  (585) 647 - 2630 FAX (585) 647 - 3311

Volatile Analysis Report for Nop-potable Water

Client: Leader

Cllent Joh Slte: ROCO Lab Project Number: 07-0694
Lab Sample Number: 2891

Cllent Job Number: 147.007

Field Location: GW-7 Date Sampled: 02/26/2007

Fiold ID Number: N/A Date Recelved: 02/28/2007

Sample Type: Water Date Analyzed: 03/02/2007
Halocarbons Results in ug /7 L [Aromatics Resulls nug /L
Bromodichloromethane D< 20.0 | [Benzene ND< 7.00
Bromomethane ND< 20.0 Chlorohenzene ND< 20.0
Bromoform ND< 20.0 Ethylbenzens ND< 20.0
Carbon Tetrachloride ND< 20.0 Toluane ND< 20.0
Chloroethane ND< 20.0 m,p-Xylene ND< 20.0
Chtoromethane ND< 20.0 o-Xylene ND< 20.0
2-Chloroethyl vinyl Ether ND< 20.0 Styrene ND< 50.0
Chiloreform ND< 20.0 1,2-Dichlorobenzene ND< 20.0
Dibromachloromethane ND< 20.0 1,3-Dichlorobenzene ND< 20.0
1,1-Dichloroethane ND< 20.0 1.4-Dichlorohaenzene ND< 20.0
1,2-Dichlorcethane ND< 20.0
1.1-Dichloroethene ND< 20.0 etonas Results inug /L i
¢is-1,2-Dichioroethene 616 [Acetone <100 [
trans-1,2-Dichloroethene ND< 20.0 2-Butanone ND< 100
1,2-Dichlorepropans ND< 20.0 2-Hexanone ND< 50.0
cis-1,3-Dichloropropene ND< 20.0 4-Mathyl-2-pentanone ND< 50,0
trans-1,3-Dichloropropene ND< 20.0
Methylene chioride ND< 50.0 Miscellaneous Results in ug / L |
1,1,2,2-Telrachforoethane ND< 20.0 lmmaé ~ND< 50.0
Tetrachloroethene ND< 20.0 Vinyl acetale ND< 50.0
1,1,1-Trichlorosthane ND< 20.0
1,1,2-Trichloroethans ND< 20.0
Trichloroethene ND< 20.0
Trichlorofluoromethane ND< 20.0
Vinyi chloride ND< 20.0
ELAP Number 10958 Method: EPA 8260B Data File: V42895.D

Comments: ND denotes Non Detect
ug / L = microgram per Llter

Slgnature: M
Bruce Hoogestager: egxﬂc.al Direclor

This repant |5 part of a multipage document and should only ba evaluated inils enlirety. Chain of Custody provides additional information, Including compliance wilh sampie condilion
requiremenls upon receipt. Q70B84VA.XLS
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Appendix B
NYSDEC Correspondence
(David Locey, July 2007)




. Kew York State Department of Environmental Conservation -

Division of Environmental Remediation, Region 9

270 Michigan Avenue, Buffalo, New York, 14203-2899 ~
Phone: (7186) 851-7220 « FAX: (716) 851-7226

" Website: www.dec.ny.gov

Alexander B. Grannis
Commissioner

July 13, 2007

Mr. Dennis Harkawik

Jaeckle, Fleischmann & Mugel, LLP
Fleet Bank Building

Twelve Fountain Plaza

Buffalo, New York 14202-2292

Dear Mr. I-Ia_rkawik:

ROCO, Inc.
Site #V-00422-9
Cheektowaga, Erie County

The New York State Department of Environmental Conservation (NYSDEC) has reviewed
the April 2007 Remedia! Action Plan Report and the subsequent groundwater monitoring data for
the June 2007 sampling event that was submitted via email. It is agreed that further groundwater
monitoring may be appropriate before making any decisions regarding additional HRC treatment;
degradation products still appear to be increasing in concentration and the initial HRC injected may
not yet be completely expended. We concur with the recommendation to continue the groundwater
monitoring program for another six months, until October 2007. At that point, the NYSDEC
would expect a Remedy Evaluation report to follow with a recommendation made about the need
for additional groundwater treatment.

However, from the data gathered to date, we are not convinced that groundwater
concentrations will likely ever be reduced to the levels where the potential health risks from soil
vapors entering the building can be entirely discounted. The NYSDEC requires that an evaluation
of intrusive soil vapors be conducted as soon as appropriate after the start of the upcoming heating
season, i.e. eatly Fall 2007. The evaluation would include the sampling and testing of soil vapor
from beneath the slab floor of the building and the air from within and outside the building. A
brief work plan for the evaluation, following current New York State Department of Health
(NYSDOH) guidelines, should be submitted to NYSDEC for review no later than
September 30, 2007,



Mr. Dennis Harkawik
July 13, 2007
Page 2

It would seem most appropriate to schedule the intrusive vapor sampling to ocour
concurrent with the Fall groundwater sampling event, The results of both could then be
incorporated into the Remedy Evaluation report. NYSDEC would expect the report to be
submitted no later than December 31, 2007.

The 2003 Remedial Action Plan recommended that the issue of intrusive vapors would be
evaluated after the groundwater was remediated. The plan also allowed that groundwater may
never actually reach drinking water standards. The groundwater monitoring data to date suggests
that there will be residual contamination, so I believe that the time for the vapor evaluation is now.
If the soil vapors are evaluated and addressed, a certificate of completion might be issued even as
we continue to monitor and treat the groundwater.

If you have any questions or wish to discuss the matter further, please call me at
716-851-7220.

Sincerely,

David P. Locey
Environmental Engineer 1

DPL:sz

ce: Mr. Martin Doster - NYSDEC, Division of Environmental Remediation
James Charles, Esq. - NYSDEC, Division of Environmental Enforcement
Mr. Cameron O’Connor - NYSDOH '
Mr. Jeffrey Wittlinger - Leader Professional Services, Inc. \/



Appendix C
EPA Analysis Method TO-15 Analyte List




Anabytical Methods TO-14a and TO-15: What are the Differences?

Determining the presence of volatile organic compounds in air can be complex given the many
choices available. Many options exist for sample collection (sorbent tubes, bags, filters, and
canisters), as well as, a variety of analytical techniques. To assist in providing technical
assistance with the options for the organic compounds EPA has available a compendia of
methods in the Compendium of Methods for the Determination of Toxic Organic Compounds in
Ambient Air -- Second Edition (EPA/625/R-96/010b, January 1999)!.  Specifically this
guidance document includes two methods using the specially-treated canister: Method TO-14a
and Method TO-15. Method TQ-15 is a new method available in the second edition of the
compendium and Method TO-14a is a revision to Method TO-14 available from the 1987
compendium. Although Methods TO-14a and TO-15 are similar, there are differences that may
impact the outcome of the desired results.

For sampling, Method TO-15 and Method TO-14a are identical; therefore, the analyte list and
detection limit become the deciding factors when selecting the method of choice.

Method Specifications TO-14a TO-15
Non-polar VOCs (e.g., toluene, benzene) ~ v
Polar VOCs (e.g., methanol, alcohols, ketones) N]
GC/MS instrumentation A N
Sample collection by prepared canister (holding time = 30d) v v
Sample collection by sorbent tube N v
Water management techniques (avoid loss of polar compds) N
Enhanced provisions for quality control v
Method performance criteria v
Selected Ion Monitoring (SIM) v
Specific Cleaning procedures v
Air sample concentrated onto solid sorbent trap v y
Use of other detectors for GC (e.g., GC/MD) v )
Detection Limit 0.2 —25 ppbV V N

! The Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air and updates can
be obtained from the EPA’s OAQPS Technology Transfer Network website at
http:/www.epa.gov/tin/amtic/airtox.html,

Page I of 5
Quality Assurance Team
October 14, 2004



Method TO-15

Method TO-15 is applicable to a subset of the 97 volatile organic compounds (VOCs) that are
from the list of 189 hazardous air poliutants (HAPs) included in Title HI of the Clean Air Air
Amendments. By employing water management steps, this method reduces the losses of water-
soluble VOCs. Because of this, the analyte list includes polar and non-polar VOCs. Table 1 of
the compendium provides the list of VOCs with a cross-reference to Method TO-14a and the

CLP-SOW.

The analytical instrumentation for Method TO-1 5 is the high resolution gas chromatograph (GC)
coupled to a mass spectrometer (MS). This instrument can be operated in a continuously
scanning mode (SCAN mode) or using select-ion monitoring mode (SIM). Method TO-15 does
not provide the option for a different detector such as FID, ECD, PID, or a multi-detector
arrangement as specified in TO-14a. However, the GC/MS provides a more definitive
identification technique and, with the SIM option, the lower detection limits can be achieved.

As written, Method TO-15 provides specific method performance criteria to allow for alternative
techniques and provides inherent quality control with criteria for internal standards, system
verifications, method blanks, and compound identification. With the quality control tools more
assurances of good data are possible.

In summary, Method TO-15 provides information on alternative water management systems that
allow for the analysis of polar compounds, has a more complete quality control section, provides
performance criteria for any monitoring technique employed, and provides guidance specifically
directed at compound identification by mass spectrometry.

Select Method TO-15 when:

- An expanded analyte list is needed; especially polar compounds

- Need for special canisters considerations

- Need for specified quality control tools; method performance criteria for
acceptance of data

Some difficulties do exist when using Method TO15. Calibration difficulties do exist for some
of the compounds listed in Table 1, such as, formaldchyde and diazomethane. In addition, some
compounds may be subject to interferences or contamination.

Page 2 of 5
Quality Assurance Team
October 14, 2004



Method TO-14a

Method TO-14a is a revised method for TO-14 and the target analyte list is provided in Table |
of the method. The revision addresses technological updates and provides more explanations
where necessary. The use of pressurized and sub-atmospheric pressure canisters is described for
sample collection.

The analytical instrumentation for TO-14 is the high-resolution gas chromatograph (GC) coupled
1o one or more appropriate GC detectors. These non-specific detectors include, but are not
limited to, the nitrogen-phosphorous detector (NPD), the flame ionization detector (FID), the
electron capture detector (ECD), and the photo-ionization detector (PID). The specific detector
includes MS operating in the SCAN mode or SIM mode. The non-specific detectors can
provide lower detection limits but mis-identification can occur due to the reliance on the peak
assignment in the chromatogram. Since most toxic VOCs in urban air are of low concentration
in complex mixtures the use of the specific detectors is highly recommended by Method TO-14a.

In Method TO-14a, the Nafion® permeable membrane dryer is used to remove the water vapor
from the air sample but this may cause the loss of polar organic compounds. For analysis of
polar organic compounds Method TO-15 is recornmended.

Select Method TO-14a when:

- Screening of analytes (can use non-specific detectors which may be cheaper)
- When only interested in a sub-set of analytes (ron-polar compounds only)

Page3of 5
Quatity Assurance Team
QOctober 14, 2004



TABLE 1. VOLATILE ORGANIC COMPOUNDS ON THE TITLE III CLEAN AIR AMENDMENT
LIST-- MEMBERSHIP IN COMPENDIUM METHOD TO-14A LIST AND THE SOW-CLP LIST OF

vOCs
Compound CAS No. TO-14A | TO-15 | CLP-
sow?

1,1-Dimethylhydrazine; C2H8N2 57-14-7 X
1,1,2-Trichlorocthane; C2H3CI3 79-00-5 X X X
1,2-Propyleneimine (2-methylaziridine), C3HTN 75-55-8 X

1,2, 4-Trichlorobenzene; C6oH3CI3 120-82-1 X X X
1,2-Dibromo-3-chloropropane; C3H5Br2CI 96-12-8 X
1,2-Epoxybutane (1,2-butylene oxide); C4HRO 106-38-7 X
1,3-Butadiene ; C4H6 106-99-0 X X
1,3-Dichloropropene; C3IHACI2 (cis) 542-75-6 X X X
1,3-Propane sultone; C3IH6035 1120-71-4 X

1 4-Dioxane (1,4-diethylene oxide); C4HBO2 123-91-1 X

1 4-Dichlorobenzene (p-); C6HACI2 106-46-7 X X X
2,2 4-Trimethyl pentane C8H18 540-84-1 X
2-Nitropropane; C3HTNO2 79-46-9 X
Acetaldehyde (ethanal); C2H40O 75-07-0 X
Acetonitrile (cyanomethane); C2ZH3N 75-05-8 X X
Acetophenone; CEHBO 98-86-2 X

Acrolein (2-propenal); C3H40 107-02-8 X X
Acrylamide; C3HSNO 79-06-1 X

Acrylic acid; C3H402 79-10-7 X
Acrylonitrile (2-propenenitrile); C3H3N 107-13-1 X X

Allyl chloride (3-chloropropene); C3HSCI 107-05-1 X X X
Aniline (aminobenzene); COH7N 62-53-3 X

Benzene; C6H6 71-43-2 X X X
Benzyl chloride (a-chlorotoluene); C7H7CI 100-44-7 X X X
Beta-Propiolactone; C3H402 57-57-8 X
Bis(2-Chloroethyl)ether; C4HSCI20 111-44-4 X
Bis(chioromethyl) ether; C2H4CI20 542-88-1 X
Bromoform (tribromomethanc); CHBr3 75-25-2 X

Carbon disulfide; CS2 75-15-0 X

Carbon tetrachloride; CCl4 56-23-5 X X X
Carbonyl suifide; COS 463-58-1 X

Catechol {o-hydroxyphenol); C6H602 | 120-80-9 X

Catechol (o-hydroxyphenol); C6H602 120-80-9 X
Chloroacetic acid; C2H3C102 79-11-8 X
Chlorobenzene; C6HSCI 108-90-7 X X X
Chloroform; CHCI3 67-66-3 X X X
Chloromethyl methyl ether; C2ZHSCIO 107-30-2 X
Chloroprene (2-chloro-1,3-butadiene); C4HS5C! 126-99-8 X

Cresylic acid (cresol isomer mixture);CTH8O 1319-77-3 X

Cumene (isopropylbenzene); CSHI2 08-82-8 X
Diazomethane; CH2N?2 334-88-3 X

Diethyl sulfate; C4H10048S 64-67-5 X

Dimethyl sulfate; C2H6048 77-78-1 X
Dimethylcarbamy] chloride; C3H6CINO 19-44~7 X
Epichlorohydrin (1-chloro-2,3-epoxy propane); C3HSCIO 106-89-8 X

Ethy} acrylate; CSH802 140-88-5 X

Ethyl carbamate (urethane); C3HTNO2 51-79-6 X

Ethyl chloride (chloroethane); C2H5Cl 75-00-3 X X X

2 Gyatement of Work (SOW) for the Analysis of Air Toxics at Superfund Sites, Winberry W.T. Jr., et.al. USEPA,
0SW, CLP, Washington D.C., Draft Report June 1950.
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TABLE 1. VOLATILE ORGANIC COMPOUNDS ON THE TITLE 11 CLEAN AIR AMENDMENT
LIST-- MEMBERSHIP IN COMPENDIUM METHOD TO-14A LIST AND THE SOW-CLP LIST OF

VOCs
Compound CAS No. TO-14A | TO-15 | CLP-
sow?

Fthylbenzene; CBHI0 100-41-4 X X X

Ethylene dibromide (1,2-dibromoethane); C2H4Br2 106-93-4 X X X

Ethylene dichloride (1,2-dichloroethane); C2HACI2 107-06-2 X X X

Ethylene oxide; C2H40 75-21-8 X

Ethyleneimine (aziridine); C2ZH5N 151-56-4 X

Ethylidene dichloride (1,1-dichloroethane); C2HA4CI2 75+-34-3 X X

Formaldehyde ; CH20 50-00-0 X

Hexachlorobutadienc; C4Cl6 §7-68-3 X X X

Hexachloroethane; C2C16 67-72-1 X

Hexane; C6H14 110-54-3 X X

Isophorone; CIH140 78-59-1 X

1.1.2,2-Tetrachloroethane; C2H2CI4 79-34-5 X X X

Methanol; CH40O 67-56-1 X X

Methyl bromide (bromomethane); CH3Br 74-83-9 X X X

Methyl chloride {chloromethane); CH3Cl 74-87-3 X X X

Methy! chioroform (1,1,1-trichloroethane); C2H3C13 71-55-6 X X X

Methy] ethyl ketone (2-butanone); CAHZO 78-93-3 X X

Methyl iodide (iodomethane); CH31 74-§8-4 X

Methyl isobutyl ketone (hexone); C6H120 108-10-1 X

Methy! isocyanate; C2H3NO 624-83-9 X

Methyl methacrylate; CSH802 80-62-6 X

Methyl tert-butyl ether; CSH120 1634-04-4 X

Methylene chloride; CH2ZCI2 75-09-2 X X X

Methylhydrazine; CHGN2 60-34-4 X

m-Xylene; C8H10 103-38-3 X X X
| N,N-Dimethyianiline; C8H11N 121-69-7 X

N,N-Dimethylformamide; C3HTNO 68-12-2 X

Nitrobenzene; C6HSNO2 98-95-3 X

N-Nitrosodimethylamine; CZH6N2O 62-75-9 X

N-Nitrosomorpholine; C4H8N202 59-89-2 X

N-Nitroso-N-methylurea; CZHSN302 684-93-5 X

¢-Cresol; CTH80O 95-48-7 X

o-Xylene; C8H10 95-47-6 X X X

Phenol; C6H60 108-95-2 X

Phosgene; CCl20 75-44-5 X

Propionaldehyde; CZH5CHO 123-38-6 X

Propylene dichloride (1,2-dichloropropane); C3H6C12 78-87-5 X X X

Propylene oxide; C3H60O 75-56-9 X

p-Xylene; C8H10 106-42-3 X X X

Styrene oxide; CBHRO 96-09-3 X

Styrenc; C8H8 100-42-5 X X X

Tetrachloroethylene; C2Cl4 127-18-4 X X X

Toluene; CTHR 108-88-3 X X X

Trichloroethylene; C2HCI3 79-01-6 X X X

Triethylamine; C6H15N 121-44-8 X

Vinyl acetate; C4H602 108-05-4 X X

Vinyl bromide (bromoethene); C2H3Br 593-60-2 X

Vinyl chloride (chiorocthene); C2ZH3Cl 75-01-4 X X X

Vinylidene chloride (1,1-dichioroethylene); C2H2CI12 75-35-4 X X X

Xylenes (isomer & mixtures); C8H10 1330-20-7 X X X

Page 5 of 5
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_ Appendix D
Soil Vapor Intrusion Questionnaire
and Building Inventory Forms




OsR -3
T OF HEALTH
VENTORY

NEW YORK STATE DEP ARTMEN
24 QUESTIONNAI AND BUILDING 1N
ENVIRO NTAL HEALTH

involved in indoor ait testing.

Date/Time prepared

Preparer’ s Name
Phone No- —

Preparer’s Affiliation
estigation i

Purpose of Inv

1. OCCUPANT :
Interviewed'. vIN
Last Name: First Name: _

Address:

County’
Office Phone:
Age of Occupants 7

Home Phone:
Number of Occupantslpersons at this jocation
2. OWNER OR LANDLORD: (Check if same a8 occupant )

Interviewed: Y /N _
Last Name: First Name:
Address:

County: '
Office Phone-

Home Phone:
3. BUILDING CHARACTERISTICS
Type of Building: (Circle appropriate £esponse)
Residential gchool Commercial{Mulﬁ—use
Church Othert

lndustrial



5, BASEMENT AN

Identify potential soil vapor entry peint

3

D CONSTRUCTION CHARACTERISTICS (Circle all that apply)

a. Above grade construction: wood ftame  concrete stone brick
b. Basement type: full crawlspace | glab other
¢. Basement floor: concrefe dirt stone other
d. Basement floor: unco;fered covered covered with R
e. Concrete floor: unsealed sealed sealed with
f. Foundation walls: poured block stone other
g. Foundation walls: unsealed sealed scaled with
h. The basement is: wet damp dry moldy
i. The basement is: finished unfinished partially finished
j. Sump present? Y/N
k. Water in sump? Y / N/ not applicable

Basement/Lowest level depth below grade: (feet)

s and approximate slze (e.g., cracks, utility ports, drains)

6. HEATING, VENTING and AIR CONDITIONING (Circle all that apply)

Type of heating system(s) used in this building: (ci

Hot air circulation

Space Heaters

Flectric baseboard

The primary type of fuel used is:

Natural Gas

Electric
Wood

Domestic hot water tank fucled by:

Boiler/furnace located in:

Air conditioning:

Basement

Central Air

rcle all that apply — note primary)

Heat pump Hot water baseboard

Stream radiation Radiant floor

Wood stove Outdoor wood boiler Other

Fuel Oil Kerosene

Propane Solar

Coal
Outdoors Main Floor Other
Window units Open Windows None



5
j. Has painting/staining been done in the last 6 months?
k. Is there new carpet, drapes or other textiles?
1. Have air fresheners been used recently?
m. Is there a kitchen exhaust fan?
n. Ts there a bathroom exhaust fan?
o. I's there a clothes dryer?

p. Has there been a pesticide application?

Are there edors in the building?
If yes, please describe:

Y/N
Y/N
Y/N
Y/N
Y/N
Y/N

Y/N

Y/N

Where & When? _

Where & When?

When & Type?

If yes, where vented?
If yes, where vented?
If yes, is it vented outside? ¥ /N

When & Type?

Do any of the building occupants use solvents at work?

YIN

(e.g., chemical manufacturing or laboratory, auto mechanic or auto body shop, painting, fuel oil delivery,

boiler mechanic, pesticide application, cosmetologist

If yes, what types of solvents are used?

If yes, are their clothes washed at work?

Y/N

Do any of the building occupants regularly use or work at a dry-cleaning service? (Circle appropriate

Iesponse)

Yes, use dry-cleaning regularly (weekly)
Yes, use dry-cleaning infrequently (monthly or less)
Yes, work at a dry-cleaning service

No
Unknown

Is there a radon mitigation system for the building/structure? Y /N Date of Installation:

Is the system active or passive? Active/Passive
9, WATERR AND SEWAGE
Water Supply: Public Water  Drilled Well  Driven Well

Sewage Disposal: Public Sewer  Septic Tank  Leach Field

Dug Well Qther:

Dry Well Other:

16. RELOCATION INFORMATION (for oil spill residential emergency)

a. Provide reasons why relocation is recommended:

b. Residents choose to: remain in home relocate to friends/family relocate to hotel/motel

¢. Responsibility for costs associated with reimbursement explained? Y/N

d. Relocation package provided and explained to residents?

Y/N



12. OUTDCOR PLOT

Draw a sketch of the area surrounding the building being sampled. I applicable, provide information
on spill locations, potential air contamination sources (industries, gas stations, repair shops, landfills,
etc.), outdoor air sampling focation(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 on a topographic map.

|




Example i Correct

OSR-3
NEW YORK STATE DEPARTMENT OF HEALTH
INDOOR AIR QUALITY QUESTIONNAIRE AND BUILDING INVENTORY
CENTER FOR ENVIRONMENTAL HEALTH
“This form must be completed for each residence involved in indoor air testing.
Preparer’s Name Mar j :Tone S Date/Time Prepared _{() IZZ.!O"I [(1:00a
Preparer’s Affiliation _X "12. Cons u('{"l‘n?\j Phone No. S {8-555 - |212

Purpose of Investigation_ | hamasville Soil Vapar Intrysian Inwshga-ﬁm (Site¥32 1)

1. OCCUPANT:

Interviewed: (XN

Last Name: _Smith Fivst Name: _(arol

Address: 2.9 mm'n Streed Thomasyille , Mew Yofk A5430
County: Ptlban Y

Home Phone: 513 -55-23 33 _ Office Phone: _513.- 55 o= 2400

Nurnber of Occupants/persons at this location & Ageof Ocoupants 3le, D

2. OWNER OR LANDLORD: (Check if same as occupant __)

Interviewed: Y @

Last Neme: White First Name: _F rank

Address: o4 Mountein Road Ba:‘nbn‘dgc Nows York 2390

County: ! W tg; hﬁ SS
Home Phone: 3'{5—’8 7(0 =130 | Office Phone: THS - 1= Qlf 30

3, BUILDING CHARACTERISTICS

Type of Bnildin‘g: (Circle appropriate response)

School Commercial/Multi-Use
Industria

Church Other:




f;Xampfe Lorrect 3

5. BASEMENT AND CONSTRUCTION CHARACTERISTICS (Circle all that apply)

a. Above grade construction: cc;ncrete stone brick
b. Basement fype: @ crawlspace slab other
¢. Bascment floor: dirt stone other
d. Basement floor: covered covered with

¢. Cancrete floor: sealed sealed with

f. Foundation walls: block stone other
g. Foundation walls: gealed sealed with

h. The basement Is: wet damp moldy
i. The basement is: finished partially finished

. Sump present? Y@
k. Water in sump? Y /N {hot applicable

Basement/Lovwest level depth below grade: é (feet)
Identify potential soil vapor entry points and approxiinate size (e.g., cracks, utility ports, dratns)

Floor drain_n Iaun({(j Qv eo

6. HEATING, VENTING and ATR CONDITIONING (Circle all that apply)
Type of heating system(s) used in this building: (circle all that apply — note primary)
Heat pump Hot water baseboard
Space Heaters Strearn radiation Radiant floor
Electric baseboard Wood stove Qutdeor wood boiler  Other

The primary type of fuel nsed is:

Natural Gas Kerosene
Electric Propane Solar
Wood Coal

Domestic hot water tank fueled by: 3 as

Boiler/furnace located in: Outdoors . Main Floor Other
Air Conditioning: Central Air Open Windows None




EXQMPRZ Correct 5

j- Has painting/staining been done in the last 6 months? Y /@ Where & When?

k. Is there new carpet, drapes or other textiles? @ N  Where & When? (farég \L in dmmﬁ Foomn

I. Fiave air fresheners been used recently? Y /@ When & Type?

m. Is there a kitchen exhaust fan? @’ N If yes, where vented? ( Q;H::S(‘d&
n. Is there a bathroom exhaust fan? Y I@ If yes, where vented?

o, Is there a clothes dryer? @ N If yes, is it vented outside’@ N

p. Has there been a pesticide application? ~ Y/Y) When & Type?

Are there odors in the building? Y @

If yes, please describe:

Do any of the building occupants use solvents at work? @ N
(e.2., chemical manufacturing or laboratory, automechanic or autébody shop, painting, fuel oil delivery,
boiler mechanic, pesticide application, cosmetologist etc.)

If yes, what types of solvents are used? hatr salon dggg, alcohels ,'Qﬁm Efgf{ﬁ ,Qcm‘me,

If yes, are their clothes washed at work? Y @

Do any of the building occupants regularly use or work at a dry-cleaning service? (Cirele appropriate
response)} :

use dry-sleaning regularly (wee No
Yes, use dry-cleaning infrequently (monthly or less Unknown
Yes, work at a dry-cleaning service

Is there a radon mitigation system for the bulldlnystmctur'e?@ N Date of Installation: JUne. 2000
Is the system active or passive? oY Passive

9. WATER AND SEWAGE
Water Supply: Public Water (Drilled Welld Driven Well  Dug Well Other:
Sewage Disposal: Public Sewer Leach Field  Dry Well Other:

10. RELOCATION INFORMATION (for oil spill residential emergency)

a. Provide reasons why relocation is recommended: no-(’ aio ]D i Cab le

b, Residents choose to: remain in home relocate to friends/family relocate to hotel/motel
c. Responsibility for costs associated with reimbursement explained? Y /N

d. Relocation package provided and explained to residents? Y/N




Example Correc+ 7
i12. OUTDOOR PLOT

Draw 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,
ete,), 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 on a topographic map.
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Product Inventory Attachment — 25 Main Street, City
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Soil Vapor Intrusion Guidance Release History
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Contact Information

Comments and questions on the guidance may be sent to the following:

New York State Department of Health

Bureau of Environmental Exposure Investigation
Flanigan Square, Room 300

547 River Street

Troy, New York 12180-2216

Email: BEEI@health.state.ny.us
Telephone: 1-800-458-1158, extension 27850

New York State Departments of Health and Environmental Conservation —
Web Sites on Soil Vapor Intrusion

This guidance, policy documents, training documents, fact sheets, etc. are available to the
public on the following web sites:

New York State Department of Health
http://www.health.state.ny.us/environmentai/indoors/vapor_intrusion

New York State Department of Environmental Conservation
http://www.dec.state.ny.us/website/der/guidance/vapor/index.html

As new information becomes available (e.g., revisions or amendments to the guidance, new
fact sheets, etc.), these web sites will be updated accordingly.
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Preface .

This guidance has been prepared by the New York State Department of Health (NYSDQOH) in
consultation with the New York State Department of Environmental Conservation (NYSDEC)
— collectively referred to as "the State" throughout this document. It is intended as general
guidance for parties evaluating soil vapor intrusion in the State of New York. The guidance
is not a regulation, rule or requirement.

The guidance describes the State's methodology for evaluating soil vapor intrusion at a site.
It reflects our experience in conducting soil vapor intrusion investigations and presents a
reasonable and practical approach to identifying and addressing current and potential
human exposures to contaminated subsurface vapors associated with known or suspected
volatile chernical contamination. The approach presented is analogous to the approach
taken when investigating contamination in other environmental media (e.g., groundwater,
soil, etc.) and addressing corresponding eéxposure concerns.

The guidance is organized into five sections:

Section 1 introduces the concept of soil vapor intrusion, associated human exposure
issues, factors affecting soil vapor intrusion, factors affecting indoor air quality, and the
general approach recommended to evaluating vapor intrusion;

Section 2 provides guidance on collecting appropriate and relevant data that can be
used to identify current or potential human exposures;

Section 3 discusses how the investigation data are evaluated, recommends actions
based on the evaluation, and presents tools that are used when determining appropriate
actions to address exposures;

Section 4 provides an overview of soil vapor intrusion mitigation methods and basic
recommendations pertaining to their selection for use, installation and design, post-
mitigation testing, operation, maintenance and monitoring, termination of operation, and
annual certification; and

Section 5 describes outreach techniques commonly used to inform the community
about soil vapor intrusion issues,

The State recommends that the guidance be considered anywhere soil vapor intrusion is
evaluated in the State of New York — whether the evaluation is undertaken voluntarily by a
corporation, a municipality, or private citizen, or whether it is performed under one of the
State's environmental remediation programs.

PLEASE NOTE:

« While soil vapor intrusion can also occur with "naturally-occurring” subsurface gases
(e.g., radon, methane and hydrogen sulfide), the document discusses soil vapor intrusion
in terms of environmental contamination only.

» The guidance document addresses soil vapor intrusion. However, vapor intrusion can
also occur through direct volatilization of contaminants from groundwater into indoor air.
This can occur when, for example, a basement slab is in contact with contaminated
groundwater, contaminated groundwater enters (floods) a basement or crawl space, or
contaminated groundwater enters a sump pit drainage system. In such cases, volatile
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chemicals can be transferred directly from groundwater to indoor air without the
intervening contamination of soil vapor. Although exposures of this nature are not
discussed in this guidance, they should he addressed on a site-specific and building-

specific basis.
« Throughout the guidance references are made to specific brands of field equipment.

These references are for discussion purposes only and are intended to be illustrative.
They should not be interpreted as endorsements by the State of any one company or

their products.
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ASTM
ATSDR
BASE
BTSA

CME
C5EMs

DUSR
ELAP

EPA

GC
HEI
HVAC

mcg/m3
MeCl
MEK

MTBE
NAPL
NYSDEC

NYSDOH

Qctober 2006

ACRONYMNS and ABBREVIATIONS

American Society for Testing and
Materials

Agency for Toxic Substance and
Disease Registry

Building Assessment and Survey
Evaluation

[NYSDOH] Bureau of Toxic
Substance Assessment

Continuing Medical Education

Case Studies in Environmental
Medicine

Data Usability Summary Report

Environmental Laboratory
Approval Program

United States Environmental
Protection Agency

Gas Chromatograph
Health Effects Institute

Heating, Ventilating and Air-
conditioning

micrograms per cubic meter
Methylene Chloride

Methyl Ethyl Ketone;
2-Butanone

Methyl-tert-Butyl Ether
Non-Agueous Phase Liquid

New York State Department
of Environmental Conservation

New York State Department
of Health

OoMaM
OSHA

OVM
PCBs
PCE

PID
QA/QC

RIOPA

5Fs
55D

SIM
SMD
SVE
SVOCs

TAL
TCA
TCDD

TCE
TCL
VOCs

Page ii

Operation, Maintenance and
Monitoring

Occupational Safety and Health
Administration

QOrganic Vapor Monitor
Polychlorinated Biphenyls

Tetrachloroethene or
Perchloroethylene

Photoionization Detector

Quality Assurance/Quality
Control

Relationship of Indoor, Outdoor,
and Personal Air

Sulfur Hexafluoride

Sub-slab Depressurization
System

Selective Ion Monitoring
Sub-Membrane Depressurization
Soil Vapor Extraction

Semi-volatile Organic
Compounds

Target Analyte List
Trichloroethane

Tetrachlorodibenzo-p-Dioxin
Equivalents

Trichloroethene

_ Target Compound List

Volatile Qrganic Compounds
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r- oo s o section 1: Introduction - . . o J

This section introduces the concept of soil vapor intrusion, associated human exposure
issues, factors affecting soil vapor intrusion, factors affecting indoor air quality, and the
general approach to evaluating vapor intrusion.

1.1 Soil vapor intrusion

The phrase "soil vapor intrusion” refers to the process by which volatile chemicals migrate
from a subsurface source into the indoor air of buildings. Soil vapor, also referred to as soil
gas, is the air found in the pore spaces between soil particles (Figure 1.1). Primarily
because of a difference between interior and exterior pressures, soil vapor can enter a
building through cracks or perforations in slabs or basement floors and walls, and through
openings around sump pumps or where pipes and electrical wires go through the
foundation. For example, heating, ventilation or air-conditioning (HVAC) systems and/or
the operation of large mechanical appliances (e.g., exhaust fans, dryers, etc.) may create a
negative pressure that can draw soil vapor into the building. This intrusion is similar to how
radon gas enters buildings from the subsurface.

Slab-on-grade Craw space with dirt floor full basement with slab
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Soil vapor can become contaminated when chemicals evaporate from subsurface sources.
Chemicals that can emit vapors are called "yvolatile chemicals." Volatile chemicals inciude
volatile organic compounds (VOCs), some semi-volatile organic compounds (SVOCs), and
some inorganic substances such as elemnental mercury. Subsurface sources of volatile
chemicats can include the following:

a. groundwater or soil that contains volatile chemicals;
b. non-aqueous phase liquid (NAPL);
¢. buried wastes; and
d. underground storage tanks or drums.
If soil vapor is contaminated and enters a building, indoor air quality may be affected.

When contaminated vapors are present in the zone directly next to or under the foundation
of a building, vapor intrusion is possible. Soll vapor can enter a building whether the
building is old or new, or whether it is on a slab or has a crawl space or basement {Figure
1.1). However, the subsurface source of the contaminated vapor {e.9., contaminated soil or
groundwater) does not need to be directly beneath a structure to contaminate the vapor
immediately beneath the building's foundation (as suggested in Figure 1.1).

1.2 Soil vapor intrusion and human exposure

Humans can be exposed to contaminated soil vapor when the vapor is drawn into the
building due to pressure differences [Section 1.1] and mixed with the indoor air. Inhalation
is the primary route of exposure, or the manner in which the volatile chemicals, once in the
indoar air, actually enter the body.

Both current and potential exposures are considered when evaluating soil vapor intrusion at
sites (i.e., locations of suspected or known environmental contamination). feb

exposures exist when vapor intrusion is documented in an occupied buiiding. &th
exposures exist when volatile chemicals are present in the vapor phase beneath a building,
but have not affected indoor air quality due to current site conditions. Potential exposures
also exist when there is a chance that contaminated soil vapors may move beneath existing
buildings not currently affected, when indoor air is affected but the building is currently
unoccupied, or when there is a chance that new buildings can be built over existing
subsurface vapor contamination.

Exposure to a volatile chemical due to vapor intrusion does not necessarily mean that heaith
effects will occur. Whether or not a person experiences health effects depends on several
factors, including the length of exposure (short-term or acute versus tong-term or chronic),
the amount of exposure (i.e., dose), the frequency of exposure, the toxicity of the volatile
chemical and the individual's sensitivity to the chemical.

1.3 Factors affecting soil vapor migration and intrusion

Predicting the extent of soil vapor contamination from soil or groundwater contamination, as
well as the potential for human exposure from soil vapor intrusion into buildings, is
complicated by factors that can affect soil vapor migration and intrusion. For example, soil
vapor contaminant plumes may not mimic groundwater contaminant plumes since different
factors affect the migration pattern of each medium. In addition to the operation of HVAC
systems, the operation of kitchen vents in restaurants or of elevators in office buildings may
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induce pressure gradients that result in the migration of vapor-phase contaminants away
from a groundwater source of vapors and toward these buildings. This is similar to when
the pumping of production wells or water supply wells draws contaminated groundwater
away from its natural flow path.

Factors that can affect soil vapor migration and intrusion generally fall into two categories:
environmental and building factors. Examples of environmental factors are provided In
Table 1.1, and examples of building factors in Table 1.2, These factors are considered when
conducting an investigation of the soil vapor intrusion pathway [Section 2] and when
evaluating the results [Section 3].
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Table 1.1 Environmental factors that may affect soil vapor intrusion

Environmental Factor

Description

Soil conditions

Generally, dry, coarse-grained soils facilitate the migration of
subsurface vapors and wet, fine-grained or highly organic seils retard
migration.

Volatiie chemical
concentrations

The potential for vapor intrusion generally increases with increasing
concentrations of volatile chemicals in groundwater or subsurface
soils, as well as with the presence of NAPL.

Source location

The potential for vapor intrusion generally decreases with increasing
distance between the subsurface source of vapor contamination and
overlying buildings. For example, the potential for vapor intrusion
associated with contaminated groundwater decreases with increasing
depth to groundwater.

Groundwater conditions

Volatile chemicals dissolved in groundwater may off-gas to the vadose
zone from the surface of the water table. If contaminated
groundwater is overlain by clean water (upper versus lower aquifer
systems or significant downward groundwater gradients), then vapor
phase migration or partitioning of the volatile chemicals is unlikely.

Additionally, fluctuations in the groundwater table may results in
contaminant smear zones. The "smear zone" is the area of subsurface
soil contamination within the range of depths where the water table
fluctuates. Chemicals floating on top of the water table, such as
petroleitm components, ¢an sorb onto soils within this zone as the
water table fluctuates. Sorption of chemicals can influence their
gaseous and aqueous phase diffusion in the subsurface, and ultimately
the rate at which they migrate.

Surface confining layer

A surface confining layer (e.g., frost layer, pavement or buildings)
may temporarily or permanently retard the migration of subsurface
vapors to outdoor air. Confining layers can also prevent rainfall from
reaching subsurface soils, creating relatively dry soils that further
increase the potential for soil vapor migration.

Fractures in bedrock and/or
tight clay soils

Fractures in bedrock and desiccation fractures in clay can increase the
potential for vapor intrusion beyond that expected for the bulk,
unfractured bedrock or clay matrix by facilitating vapor migration {in
horizontal and vertical directions) and movement of contaminated
groundwater along spaces between fractures.

Underground conduits

Underground conduits {e.g., sewer and utility lines, drains or tree
roots, septic systems) with highly permeable bedding materials
relative to native materials can serve as preferential pathways for
vapor migration due to relatively low resistance to flow.

Weather conditions

Wind and barometric pressure changes and thermal differences
between air and surrounding solls may induce pressure gradients that
affect soil vapor intrusion.

Biodegradation processes

Depending upon environmental conditions (e.qg., soil moisture, oxygen
levels, pH, mineral nutrients, organic compounds, and temperature),
the presence of appropriate microbial populations, and the
degradability of the volatile chemical of concern, biodegradation in the
subsurface may reduce the potential for vapor Intrusion. For example,
readily biodegradable chemicals In soil vapor may not migrate a
significant distance from a source area while less degradable
chemicals may travel farther.
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Table 1.2 Building factors that may affect vapor intrusion

Building Factor Description

Operation of HVAC systems, fireplaces, Operation may create a pressure differential between the
and mechanical equipment (e.g., clothes | building or indoor air and the surrounding soil that induces
dryers or exhaust fans/vents) or retards the migration of vapor-phase contaminants
toward and into the building., Vapor intrusion can be
enhanced as the air vented outside is replaced.

Heated building When buildings are closed up and heated, a difference in
temperature between the inside and outdoor air induces a
stack effect, venting warm air from higher floors to the
outside. Vapor intrusion can be enhanced as the air Is
replaced in the lower parts of the building.

Alr exchange rates The rate at which outdoor air replenishes indoor air may
affect vapor migration into a building as well the indoor air
quality. For example, newer construction is typically
designed to limit the exchange of air with the outside
environment. This may result in the accumulation of
vapors within a building.

Foundation type Earthen floors and fieldstone walls may serve as
preferential pathways for vapor intrusion.

Foundation integrity Expansion joints or cold joints, wall cracks, or block wall
cavities may serve as preferential pathways for vapor
intrusion.

Subsurface features that penetrate the Foundation perforations for subsurface features {e.g.,

building's foundation electrical, gas, sewer or water utility pipes, sumps, and

: drains) may serve as a preferential pathway for vapor
intrusion. :

1.4 Factors affecting indoor air quality

Chemicals are a part of our everyday life. They are found in the household products we use
and in items we bring into our homes. As such, chemicals are found in indoor air of homes
not affected by intrusion of contaminated soil vapor. Examples of alternate sources of
volatile chemicals in indoor air are given in Table 1.3. Similarly, volatile chemicals can be in
the outdoor air that enters a home or place of business. Certain commercial and industrial
facilities, such as gasoline stations and dry cleaners, and vehicle exhaust are examples of
possible sources of volatile chemicals in outdoor air.

Commonly found concentrations of these chemicals in indoor and outdoor air are referred to
as "background levels." These levels are generally determined from the results of samples
collected in homes, offices and outdoor areas not known to be affected by external sources
of volatile chemicals {for example, a home not known to be near a chemical spill, a
hazardous waste site, a dry-cleaner, or a factory). Background sources of volatile chemicals
are considered when conducting an investigation of the soil vapor intrusion pathway
[Section 2] and when evaluating the results [Section 3].
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Table 1.3 Alternate sources of volatile chemicals in indoor air

Source Description

Outdoor air Outdoor sources of pollution can affect indoor air quality due to the
exchange of outdoor and indoor air in buildings through natural
ventilation, mechanical ventilation or infiltration. Qutdoor sources of
volatile compounds include automobiles, lawn mowers, oit storage tanks,
dry cleaners, gasoline stations, industrial facilities, etc.

Attached or underground Volatile chemicals from sources stored in the garage (e.g., automobiies,
garages lawn mowers, oil storage tanks, gasoline containers, etc.) can affect
indoor air quality due to the exchange of air between the garage and
indoor space.

Off-gassing Volatile chemicals may off-gas from building materiais (e.g., adhesives
or caulk), furnishings (e.g., new carpets or furniture), recently dry-
cleaned clothing, or areas (such as floors or walis) contaminated by
historical use of volatile chemicals in a building. Volatile chemicals may
also off-gas from contaminated groundwater that infiitrates into the
basement (e.g., at a sump) or during the use of contaminated domestic
well water (e.g., at a tap or in a shower).

Household products Household products include, but are not limited to, cleaners, mothballs,
cigarette smoke, paints, paint strippers and thinners, air fresheners,
lubricants, glues, solvents, pesticides, fuel oil storage, and gasoline
storage.

QOccupant activities For example, In non-residential settings, the use of volatile chemicals in
industrial or commercial processes or in products used for building
maintenance. In residential settings, the use of products containing
volatile chemicals for hobbies (e.g., glues, paints, etc.) or home
businesses. People working at industrial or commercial facilities where
volatile chemicals are used may bring the chemicals into their home on
their clothing.

Indoor emissions These include, but are not limited to, combustion products from gas, oil
and wood heating systems that are vented outside improperly, as well
as emissions from industrial process equipment and operations.

1.5 General approach to evaluating soil vapor intrusion

Since no two sites are exactly alike, the approach to evaluating soil vapor intrusion is
dependent upon site-specific conditions. A thorough understanding of the site, including its
history of use, characteristics (e.g., geology, geography, identified environmental
contamination, etc.) and potentially exposed populations, is used to develop an
investigation plan. Existing Information is reviewed to determine what data are available
and what additional data should be coliected (i.e., to guide the investigation). In addition,
factors affecting soll vapor migration and intrusion [Section 1.3] and indoor air quality
[Section 1.4] are also considered when both conducting an investigation [Section 2] and
evaluating the results [Section 3].
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This data gathering and review process should be repeated until each of the following
questions can be answered:

{1] Are subsuiface vapors contaminated (i.e., soil vapor as defined in Section 1.1,
including vapors located immediately beneath the foundation or stab of a building)?
If s0, what are the nature and extent of contamination? What is/are the source(s)
of the contamination?

[2] What are the current and potential exposures to contaminated subsurface vapors
via soil vapor intrusion?

[3] What actions, if any, should be taken to prevent or mitigate exposures related to
soil vapor intrusion and to remediate subsurface vapor contamination?

When determining what actions, if any, are appropriate to mitigate current or prevent future
human exposures, all information known about a site is considered (i.e., a "whole picture"
approach is taken) because each site presents its own unigue set of circumstances. This
information includes, but is not limited to, the following: nature and extent of
contamination in all environmental media, factors affecting vapor migration and intrusion,
current and future site uses, off-site land uses, presence of alternate sources of volatile
chemicals, and completed or proposed remedial actions.

Actions taken to minimize or prevent exposures typically do not preclude the site from being
used for a desired purpose or from being developed. If appropriate, mitigation systems can
be installed at existing buildings or installed during the construction of new buildings. In
many cases, installation of mitigation systems on new buildings may be a prudent, proactive
action. The costs associated with installing a system at the time of a building's construction
are often considerably {ess than the costs associated with retrofitting a system to the
building after construction is completed. Furthermore, in many parts of New York State, the
mitigation system would also address concerns about human exposures to radon. To learn
more about radon in New York State, please refer to the Radon: Frequently Asked
Questions Fact Sheet in Appendix H or visit the NYSDOH's web site at
http://www.health.state.ny.us/nysdoh/radon/radonhom.htm or contact the NYSDOH's
Radon Program at 1-800-458-1158.

1.6 Conceptual site model

In accordance with the NYSDEC's Aot

Hath (NYSDEC 2002), subsurface vapors and soil vapor intrusion should be
included in an overall conceptual model for the site. As described in the NYSDEC's technical
guidance, a conceptual site model should be used to develop a general understanding of the
site to evaluate potential risks to public health and the environment and to assist in
identifying and setting priorities for the activities to be conducted at the site. The
conceptual site model also identifies potential sources of contamination, types of
contaminants and affected media, release mechanisms and potential contaminant pathways,
and actual/potential human and environmental receptors.

The components of a conceptual site model specific to soil vapor intrusion are provided
throughout Section 1 of the guidance. The general approach for evaluating soil vapor
intrusion described in Section 1.5 is analogous to the development of a conceptual site
model specific to soil vapor intrusion. For additional information about the use of
conceptual site models in the investigation and remediation of sites or a description of the
conceptual site model process, the reader is referred to the NYSDEC's technical guidance.
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1.7 Applicability of guidance

This guidance should be considered anywhere soil vapor intrusion is evaluated in the State
of New York, whether the evaluation is being undertaken voluntarily by a corporation, a
municipality, or private citizen, or under one of the state's environmental remediation
programs.

1.7.1 Residential and non-residential settings

The guidance should be followed in residential and non-residential settings where people
may be exposed involuntarily to chemicals from soil vapor intrusion.

1.7.2 Chlorinated and non-chlorinated volatile chemical sites

The guidance should be used when evaluating soil vapor intrusion at chlorinated and non-
chlorinated volatile chemical sites, including petroleum hydrocarbon sites and manufactured
gas plant sites. While the likelihood for exposures related to soil vapor intrusion may differ
between sites due to site-specific conditions and chemical-specific properties, the extent of
volatile chemical contamination and the nature of the contamination, these factors should
be considered when developing the conceptual site model and implementing an
investigation plan (as discussed in Sections 1.5 and 1.6). For example, if the conceptual
site model suggests that soil vapor intrusion is not a concern at a petroleurn hydrocarbon
site due to biodegradation, the work plan might include the measurement of select
bioparameters (e.g., oxygen, carbon dioxide, methane, etc.), along with the petroleum
hydrocarbons, at varying depths to demonstrate bioattenuation in the vadose. The work
plan might include sub-slab vapor sampling as well to demonstrate that conditions beneath
nearby buildings are also resulting in bloattenuation of the petroleum hydrocarbons.

1.7.3 Current, new and _past remedial sites

As discussed in the NYSDEC's Program Policy &teg réttpo

friBab: bk (NYSDEC 2006), the soil vapor intrusion
pathway will be evaluated at all completed, current and future remedial sites New York
State. This soil vapor intrusion guidance document complements the NYSDEC's policy by
providing recommendations on how to evaluate soil vapor intrusion. The combined goal of
the policy and guidance documents is to conduct soil vapor intrusion evaluations as
efficiently and effectively as possible at all remedial sites in New York.

1.8 Updates to the guidance

The investigation, evaluation, mitigation and remediation of soil vapor are evolving
disciplines and this guidance document will be updated periodically, as appropriate. The
history of the document’s release is provided on the inside of the cover page. In addition,
changes to the document are noted in Appendix A. The current version of the document
supercedes previous versions. The current version of the guidance is available on the
NYSDOH's web site (ftpkéden At

gotré ) or by contacting the NYSDOH's Bureau of Environmental Exposure
Investigation [see Contact Information on the inside of the cover page]. Revisicns or
amendments to the guidance will be posted on the NYSDOH's web site.
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| Section 2: Investigation of the Soil Vapor Intrusion Pathway j

Soil vapor is an envirenmental medium, like groundwater and soil, that should be
characterized during the investigation of a site. This section provides guidance on collecting
appropriate and relevant data that can be used to identify current or potential human
exposures to contaminated subsurface vapors associated with a site. As discussed in
Section 1.5, no two sites are exactly alike. Site-specific and/or building-specific conditions
may warrant modifying the recommendations herein. Therefore, guidance provided in this
section is presented in terms of general steps and strategies that should be applied when
approaching an investigation of soil vapor intrusion.

2.1 Sites at which an investigation is appropriate

Data collected to date do not support the use of pre-determined concentrations of volatile
chemicals (i.e., screening criteria) in either groundwater or soil to trigger a soil vapor
intrusion investigation. Therefore, although the level of investigation may vary, the
pathway should be investigated at any site with the following:

a. an existing subsurface source (e.g., on the basis of preliminary environmental
sampling) or likely subsurface source (e.g., on the basis of known previous land
uses) of volatile chemicals [Section 1.1; and

b. existing buildings or the possibility that buildings may be constructed near a
subsurface source of volatile chemicals.

2.2 Types of samples
The following are types of samples that are collected to investigate the soil vapor intrusion
pathway:

a. subsurface vapor samples:

1. soif vapor samples (i.e., soil vapor samples not beneath the foundation or slab
of a building) and

2. sub-slab vapor samples (i.e., soil vapor samples immediately beneath the
foundation or slab of a building);

b. crawl space air samples;
¢. Indoor air samples; and

d. outdoor air sampies.

The types of samples that should be collected depend upon the specific objective(s} of the
sampling, as described below.

2.2.1 5Soil vapor

Soil vapor samples are collected to determine whether this environmental medium is
contaminated, characterize the nature and extent of contamination, and identify possible
sources of the contamination. Our experience to date indicates soil vapor results alone
typically cannot be relied upon to rule out sampling at nearby buildings. For example,
concentrations of volatile chemicals in sub-slab vapor samples have been substantially
higher (e.g., by a factor of 100 or more) than concentrations found in nearby soil vapor
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samples (e.q., collected at 8 feet below grade near the building). This may be due to
differences in factors such as soil moisture content and pressure gradients. Therefore,
exposures are evaluated primarily based on sub-slab vapor, indoor alr and outdoor air
sampling results and soil vapor results are primarily used as a tool to guide these
investigations. '

Soil vapor sampling results are also used when evaluating the effectiveness of direct or
indirect measures to remediate contaminated subsurface vapors. (Soil vapor extraction is
an example of a direct remedial measure, and groundwater pumping and treating an
indirect measure.)

2.2.2 Sub-slab vapor

Sub-slab vapor samples are collected to characterize the nature and extent of soil vapor
contamination immediately beneath a building with a basement foundation and/or a slab-
on-grade. Sub-slab vapor sampling results are used in conjunction with indoor air and
outdoor air sampling results when evaluating the following:

a. current human exposures;

b. the potential for future human exposures (e.d., if the structural integrity of the
building changes or the use of the building changes); and

¢. site-specific attenuation factors (i.e., the ratio of indoor air to sub-slab vapor
concentrations).

Sub-slab vapor samples are often collected after soil vapor characterization and/or other
environmental sampling (e.g., soil and groundwater characterization) indicate they are
warranted. Sub-slab samples are typically collected concurrently with indoor and outdoor
air samples. However, outside of the heating season, sub-slab vapor samples may be
collected independently depending on the sampling objective (e.g., to characterize the
extent of subsurface vapor contamination outside of the heating season to develop a more
comprehensive, focused investigation plan for the heating season).

2.2.3 Crawl space air

Similar to sub-slab vapor samples, crawl space air samples are collected to characterize the
nature and extent of contamination immediately beneath a building with a crawi space
foundation. Craw! space air sampling results are used in conjunction with indoor air and
outdoor air sampling results when evaluating the following:

a. current human exposures; and

b. the potential for future human exposures (e.g., if the structural integrity of the
building changes or the use of the building changes).

2.2.4 Indoor air

Indoor air samples are collected to characterize exposures to air within a building, including
those with earthen floors. Indoor air sampling results are used when evaluating the
foliowing:
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current human exposures;

the potential for future exposures (e.g., if a currently vacant building should becorme
occupied); and

c. site-specific attenuation factors (e.g., the ratio of indoor air to sub-slab vapor
concentrations).

Indoor air samples are often collected after subsurface vapor characterization and other
environmental sampling (e.g., soil and groundwater characterization) indicate they are
warranted. When indoor air samples are collected, concurrent sub-sfab vapor, craw! space
air (if applicable) and outdoor air samples are collected to evaluate the indoor air results
appropriately. However, indoor air and outdoor air samples, without sub-slab vapor
samples, may be collected when confirming the effectiveness of a mitigation system
[Section 4].

In addition, site-specific situations may warrant collecting indoor air samples prior to
characterizing subsurface vapors and/or without concurrent sub-slab vapor sampling to
examine immediate inhalation hazards. Examples of such situations may include, but are
not limited to, the following:

a. in response to a spill event to qualitatively and/or quantitatively characterize the
contamination;

b. if high readings are obtained in a building when screening with field equipment (e.qg.,
a photoionization detector (PID), an organic vapor analyzer, or an explosimeter) and
the source is unknown;

c. If significant odors are present and the source needs to be characterized; or

if groundwater beneath the building is contaminated, the building is prone to
groundwater intrusion or flooding (e.g., sump pit overflows), and subsurface vapor
sampling is not feasible. In these situations, the collection of water samples from
the sump may also be appropriate.

2.2.5 Outdoor air

Outdoor air samples are collected to characterize site-specific background outdoor air
conditions. Outdoor air samples should be coliected simultaneously with indoor air samples
to evaluate the potential influence, if any, of outdoor air on the indoor air sampled. Qutdoor
air samples may also be collected concurrently with soil vapor samples to identify potential
outdoor air interferences associated with infiltration of outdoor air into the sampling
apparatus while the soil vapor was collected.

2.3 Phase of a site investigation in which to sample

There is no single phase (e.g., preliminary site characterization or remedial investigation) of
a site investigation during which sampiing to evaluate the scil vapor intrusion pathway is
appropriate. Initiation of investigation activities for this specific purpose should be
determined on a site-by-site basis. However, if exposures due to soil vapor intrusion
appear likely at any point during the investigation, evaluation of this exposure pathway
should not be delayed.
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If the locations of likely source areas are reasonably known, sampling eartier during the
investigation of a site rather than later is recommended because of the iterative nature of
the sampling process [Section 2.5]. However, if current site conditions are not well-defined,
then sampling after contamination in other environmental media (e.g., groundwater and
s0il) has been characterized may be considered. In the latter scenario, groundwater, soil
and other site information may be used to guide an investigation of the soil vapor intrusion
pathway, such as selecting locations for subsurface vapor samples based on likely migration
pathways and source areas [Sections 2.6.1 and 2.6.2]. Ata rinimum, depth to
groundwater and soil stratigraphy should be identified prior to collecting soil vapor samples.

Sampling may be delayed at parcels that are undeveloped or contain unoccupied buildings
provided :

a. characterization of the parcel is not needed to
1. address exposures in the surrounding area;
2. design remedial measures for subsurface vapor contamination; or
3. monitor or confirm the effectiveness of remedial measures; and

b. measures are in place that assure that the parcel will not be developed, or buildings
occupied, without addressing exposure concerns [Section 3.6].

If exposures due to soil vapor intrusion appear likely, and a delay of sampling is
contemplated, the State (i.e., the NYSDEC and NYSDOH) should be informed of the
contemplated delay and the rationale for the delay. Furthermore, the party contemplating
the delay should consider any comments the State may have on the information provided.

2.4 Time of year in which to sample

2.4.1 Soil vapor

Soil vapor samples are collected at any time during the year. Often, sampling is completed
during the summer so the results can be used as a tool when selecting buildings to be
sampled during the heating seasorn.

2.4.2 Buildings

Sub-slab vapor samples and, unless immediate sampling is appropriate, indoor air samples
are typically collected during the heating season because soil vapor intrusion is more likely
to occur when a building's heating system is in operation and doors and windows are closed.
In New York State, heating systems are generally expected to be operating routinely from
November 15th to March 31st. However, these dates are not absolute; the timeframe for
sampling may vary depending on factors such as the location of the site (e.g., upstate
versus downstate) and the weather conditions for a particular year. :

A soil vapor intrusion investigation at a building may be conducted outside of the heating
season If the concern for vapor intrusion is greater during another time of year. This may
occur at certain industrial bulldings, for instance, where HVAC systems are actively
managed to control the ratio of recirculated indoor air to make-up air from outside the
building. Information about the site and potentially affected structures, including the
factors discussed in Section 1.3, should be considered in determining the timing of an
investigation.
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Samples may be collected at any time of year if exposures due to soil vapor intrusion
appear likely. However, samples collected at times when soil vapor intrusion is not
expected to have its greatest effect on indoor air quality (typically, samples collected
outside of the heating season) should not be used to rule out exposures. For example,
results indicating "no further action" or "monitoring required" should be verified when soil
vapor intrusion is believed to be maost likely to ensure these actions are protective
throughout the year.

2.5 Number of sampling rounds

Investigating the soil vapor intrusion pathway usually involves more than one round of
subsurface vapor, indoor air and/or outdoor air sampling, for reasons such as the following:

a. to characterize the nature and extent of subsurface vapor contamination (sirnilar to
the delineation of groundwater contamination) and to address corresponding
exposure CONcerns;

b. to evaluate fluctuations in concentrations due to
1. different weather conditions (e.g., seasonal effects),

2. changes in building conditions (e.g., various operating conditions of a building’s
HVAC system),

changes in source strength, or

vapor migration or contaminant biodegradation processes (particularly when
degradation products may be more toxic than the parent compounds); or

c. to confirm sampling results or the effectiveness of mitigation or remedial systems.

Overall, as discussed in Section 1.5, successive rounds of sampling should be conducted
until the following questions can be answered:

a. Are subsurface vapors contaminated? If so, what are the nature and extent of
contamination? What is/are the source(s) of the contamination?

b. What are the current and potential exposures to contaminated subsurface vapors?
¢. What actions, if any, are appropriate to prevent or mitigate exposures and to
remediate subsurface vapor contamination?
Toward this end, multiple rounds of sampling may be appropriate to characterize the nature
and extent of subsurface vapor contamination such that
both potential and current exposures are addressed [Section 2.6];

b. measures can be designed to remediate subsurface vapor contamination, either
directly (e.g., SVE system) or indirectly (e.g., soil excavation or groundwater
remediation), given that monitoring and mitigation are considered temporary
measures implemented to address exposures related to vapor intrusion until
contaminated environmental media are remediated [Section 3.4]; and

¢. the effectiveness of remedial measures can be monitored and confirmed (e.g.,
endpoint sampling) [Section 4.5].
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2.6 Sampling locations

The general approach for selecting sampling locations as part of a soil vapor intrusion
investigation is simtilar to the approach for the investigation of other environmental media
(e.g., soil and groundwater). Sampling locations should be selected with consideration of
the conceptual site model [Section 1.6]. These locations should be selected to meet the
stated objectives of the sampling program. Additicnally, similar to the investigation of soil
and groundwater, it is typical to start at a known or suspected source and work outward.
The specific approach, however, will be dependent upon site-specific and building-specific
canditions.

2.6.1 Soil vapor

If available, existing environmental data (e.g., groundwater and soil data) and site
background information should be used to select locations for sampling soil vapor as part of
a vapor intrusion investigation. Locations will vary depending upon surface features (e.q.,
presence or absence of buildings, areas of pavement, or vacant fot) and subsurface
characteristics (e.g., soil stratigraphy, buried structures, utility corridors, or clay lenses), as
well as the specific purpose of the sampling. Therefore, a figure illustrating proposed
sampling locations (with respect to both areal position and depth), actual locations sampled
in the field, and relevant on-site and off-site features should be included in all sampling
work plans and reports.

Examples of how locations may vary given the specific purpose of the sampling follow. They
include general guidelines that should be followed when selecting soil vapor sampling
locations:

a. to evaluate the potential for current on-site or off-site exposures, samples
should be collected

1, in the vicinity of a building's foundation [see special sampling consideration at
the end of Section 2.6.1 if sampling around a building with no surrounding
surface confining layer], as well as between the building's foundation and the
source (if known and not located beneath the building),

2. along the site's perimeter, and

at a depth comparable to the depth of foundation footings (determined on a
building-specific or site-specific basis) or at least 1 foot above the water table in
areas where the groundwater table is less than 6 feet below grade;

b. to evaluate the potential for future exposures if development on a known or
suspected contaminated area on-site or off-site is possible, representative samples
should be collected '

1. in areas with either known or suspected subsurface sources of volatile
chemicals, in areas where elevated readings were obtained with field equipment
during previous environmental investigations, and in areas of varying
concentrations of contamination in the upper groundwater,

2. in a grid pattern across the area (at an appropriate spacing interval for the size
of the area) if information is limited for the area, and

3. at multiple depths from the suspected subsurface source, or former source, to a
depth comparable to the expected depth of foundation footings,;
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c. to evaluate the potential for off-site soil vapor contamination, samples shouid
be collected

along the site's perlmeter,

2. in areas of potential subsurface sources of vapor contamination (e.g., @
groundwater plume that has migrated off-site), and

3. at a depth comparable to the depth of foundation footings (determined on a
site-specific basis) or at least 1 foot above the water table in areas where the
groundwater table is less than 6 feet below grade;

d. to evaluate on-site and off-site preferential migration pathways in areas with low
permeability soils, samples should be collected

1. along preferential soil vapor flow paths, such as sewer lines, utility corridors,
trenches, pipelines, and other subsurface structures that are likely to be bedded
with higher permeability materials, and

2. at depths corresponding to these subsurface features (will depend on site-
specific conditions);

e to characterize on-site or off-site contamination in the vadose zone, samples
should be collected

1. in areas with either known or suspected sources of volatile chemicals, in areas
where elevated readings were obtained with field equipment (e.g., PID) during
previous soil and groundwater investigations, and in areas of varying
concentrations of contamination in the upper groundwater regime, and

2. at appropriate depths associated with these areas (will depend on site-specific
conditions); and

f. to investigate the influence of contaminated groundwater or soil on soil vapor
and to characterize the vertical profile of contamination, samples should be
collected from clusters of soil vapor probes at varying depths in the vadose zone
[Figure 2.2, Section 2.7.1] and preferably in conjunction with the collection of
groundwater or soil samples.

Soil vapor samples collected at depths shallower than 5 feet below grade may be prone to
negative bias due to infittration of outdoor air. Therefore, samples from these depths
should be collected only if appropriate (based on site-specific conditions), and sampling
procedures and results should be reviewed accordingly. The depth of sampling near
buildings with slab-on-grade foundations is dependent upon site-specific conditions (e.g.,
building surrounded by grassy or surface confining layer).

When collecting soil vapor samples around a building with no surrounding surface confining
layer {e.qg., pavement or sidewalk), samples should be located in native or undisturbed soils
away from fill material surrounding the building (approximately 10 feet away from the
building) to avoid sampling in an area that may be influenced by the building's operations.
For example, operation of HVAC systems, fireplaces, or mechanical equipment {e.g., clothes
dryers or exhaust fans/vents) in a building may exacerbate the infiltration of outdoor air
into the vadose zone adjacent to the building. As a result, soil vapor samples collected in
uncovered areas adjacent to the building may not be representative.

Investigations of soil vapor contamination should proceed outward from known or suspected
subsurface sources, as appropriate, on an areal basis until the nature and extent of
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subsurface vapor contamination has been characterized and human exposures have been
addressed.

2.6.2 Sub-slab vapor

Existing environmental data {e.g., soil vapor, groundwater and soil data), site background
information, and building construction details (e.g., basement, slab-on-grade, or multiple

types of foundations, HVAC systems, etc.) should be considered when selecting buildings

and locations within buildings for sub-slab vapor sampling.

At a minimum, these general guidelines should be followed when selecting buildings to
sample for sub-slab vapors:

a. buildings, including residential dwellings, located above or directly adjacent to known
or suspected areas of subsurface volatile chemical contamination should be sampled;

b. buildings in which screening with field equipment (e.g., PID, ppbRAE, Jerome
Mercury Vapor Analyzer, etc.) suggests a completed migration pathway, such as
when readings are above background and from unidentified sources or when
readings show increasing gradients, should be sampled; and

c. buildings within known or suspected areas of subsurface volatile chemical
contamination that are used or occupied by sensitive population groups (e.9.,
daycare facilities, schools, nursing homes, etc.) should be given special consideration
for sampling.

Investigations of sub-slab vapor and/or indoor air contamination should proceed outward
from known or suspected sources, as appropriate, on an areal basis until the nature and
extent of subsurface vapor contamination has been characterized and potentlal and current
human exposures have been addressed. In cases of widespread vapor contamination and
depending upon the basls for making decisions {e.g., a "blanket mitigation" approach within
a specified area of documented vapor contamination [Section 3.3.1]), a representative
number of buildings from an identified study area, rather than each building, may be
sampled. Prior to implementation, this type of sampling approach should be approved by
State agency personnel.

Within a building, sub-slab vapor samples should be collected

a. in at least one central location away from foundation footings, and

b. from the soil or aggregate immediately below the basement slab or slab-on-grade.
The number of sub-slab vapor samples that should be collected in a building depends upon
the number of slabs {e.g., multiple slabs-on-grade in a large warehouse) and foundation

types (e.g., combined basement and slab-on-grade in a residence). At least one sub-slab
vapor sample should be collected from each representative area.

2.6.3 Indoor air

Existing environmental data (e.g., soil vapor, groundwater and soil data), site background
information, and building construction details (e.g., basement, slab-on-grade, or multiple
types of foundations; number and operation of HVAC systems; elevator shafts; tunnels or
other confined-space entry peoints; etc.) should be considered when selecting buildings and
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locations within buildings for indoor air sampling. Indoor air samples are typically collected
concurrently with sub-slab vapor and outdoor air samples [Section 2.2.4].

At a minimum, these general guidelines should be followed when selecting buildings to
sample for indoor air:

a. where sub-slab vapor samples were collected without indoor air samples, buildings in
which elevated concentrations of contaminants were measured in sub-slab vapor
samples should be sampled;

b. buildings, including residential dwellings, located above or directly adjacent to known
or suspected subsurface sources of volatile chemicals or known soil vapor
contamination should be sampled;

c. buildings in which screening with field equipment (e.g., PID, ppbRAE, Jerome
Mercury Vapor Analyzer, etc.} suggests a completed migration pathway, such as
when readings are above background and from unidentified sources or when
readings show increasing gradients, should be sampled; and

d. buildings within known or suspected areas of subsurface volatile chemical
contamination that are used or occupied by sensitive population groups {e.g.,
daycare facilities, schools, nursing homes, etc.) should be given special consideration
for sampling.

To characterize contaminant concentration trends and potential exposures, indoor air
samples should be collected

a. from the crawl space area,

b. from the basement (where vapor infiltration is suspected, such as near sump pumps
or indoor wells, or in a central location) at a height approximately three feet above
the floor to represent a height at which occupants normally are seated and/or sleep,

c. from the lowest level living space (in centrally-located, high activity use areas) at a
height approximately three feet above the floor to represent a height at which
occupants normally are seated and/or sleep, and

d. if in a commercial setting (e.g., a strip mal!), from multiple tenant spaces at a height
approximately three feet above the floor to represent a height at which occupants
normally are seated.

These locations are illustrated in Figure 2.1.

Investigations of indoor air contamination should proceed outward from known or suspected
subsurface sources, as appropriate, on an areal basis until potential and current human
exposures associated with soil vapor intrusion have been addressed. In cases of
widespread vapor contamination and depending upon the basis for making decisions (e.g., a
"blanket mitigation” approach within a specified area of documented vapor contamination),
a representative number of buitdings from an identified study area, rather than each
building, may be sampled. Prior to implementation, this type of sampling approach should
be approved by State agency personnel.
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Figure 2.1
Schematic of indoor and outdoor air sampling locations

2.6.4 Qutdoor air

Typically, an outdoor air sample is collected outside of each building where an indoor air
sample is collected. However, if several buildings are being sampled within a localized area,
representative outdoor air samples may be appropriate. For example, one outdoor air
sample may be sufficient for three houses being sampled in a cul-de-sac. Qutdoor air
samples should be collected from a representative upwind location, away from wind
obstructions (e.g., trees or bushes), and at a height above the ground to represent
breathing zones (3 to 5 feet) [Figure 2.1]. A representative sample is one that is not biased
roward obvious sources of volatile chemicals (e.g., automobiles, lawn MOoOwers, oil storage
tanks, gasoline stations, industrial facilities, etc.). For buildings with HVAC systems that
draw outdoor air into the building, an outdoor air sample collected near the outdoor air

intake may be appropriate.

2.7 Sampling protocols

The procedures recommended here may be modified depending on site-specific conditions,
the sampling objectives, or emerging technologies and methodologies. Alternative sampling
procedures should be described thoroughly and proposed in a work plan submitted for
review by the State. The State will review and comment on the proposed procedure and
consider the efficacy of the alternative sampling procedure based on the objectives of
investigation. In all cases, work plans should thoroughly describe the proposed sampling
procedure. Similarly, the procedures that were implemented in the field should be
documented and included in the final report of the sampling results.
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2.7.1 Scil vapor

Soil vapor probe installations [Figure 2.2] may be permanent, semi-permanent or
temporary. In general, permanent or semi-permanent installations are preferred for data
consistency reasons and to ensure outdoor air infiltration does not occur. Temporary probes
should only be used if measures are taken to ensure that an adequate surface seal is
created to prevent outdoor air infiltration and if tracer gas is used at every sampling
location. [See Section 2.7.5 for additional information about the use of tracer gas when
collecting soil vapor samples.] Soil vapor implants or probes should be constructed in the
same manner at all sampling locations to minimize possible discrepancies. The following
procedures should be included in any permanent construction protocol:

a. implants should be installed using an appropriate method based on site conditions
(e.g., direct push, manually driven, auger — if necessary to attain the desired depth
or if sidewall smearing is a concern, etc.);

b. porous, inert backfill material (e.g., glass beads, washed #1 crushed stone, etc.)
should be used to create a sampling zone 1 to 2 feet in length;

c. implants should be fitted with inert tubing (e.g., polyethylene, stainless steel, nylon,
Teflon®, etc.) of the appropriate size (typically 1/8 inch to 1/4 inch diameter) and of
laboratory or food grade quality to the surface;

d. soil vapor probes should be sealed above the sampling zone with a bentonite sturry
for a minimum distance of 3 feet to prevent outdoor air infiltration and the remainder
of the borehole backfilled with clean material;

e. for multiple probe depths, the borehole should be grouted with bentonite between
probes to create discrete sampling zones or separate nested probes should be
installed [Figure 2.2]; and

f. steps should be taken to minimize infiltration of water or outdoor air and to prevent
accidental damage (e.9., setting a protective casing around the top of the probe
tubing and grouting in place to the top of bentonite, sloping the ground surface to
direct water away from the borehole like a groundwater monitoring well, etc.).
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Schematics of a generic permanent soil vapor probe
and permanent nested soil vapor probes

[Note: Many variations exist and may be proposed in a work plan. Proposed installations should meet the
sampling objectives and requirements of the analytical methods.]

To obtain representative samples and to minimize possible discrepancies, soil vapor samples
should be collected in the following manner at all locations:

a. at least 24 hours after the installation of permanent probes and shortly after the
installation of temporary probes, one to three implant volumes (i.e., the volume of
the sample probe and tube) should be purged prior to collecting the samples;

b. flow rates for both purging and collecting should not exceed 0.2 liters per minute to
minimize outdoor air infiltration during sampling;

¢. samples should be collected, using conventional sampling methods, in an appropriate
container — one which

i. meets the objectives of the sampling (e.g., investigation of areas where low
or high concentrations of volatile chemicals are expected; to minimize
losses of volatile chemicals that are susceptible to photodegradation),

ii. is consistent with the sampling and analytical methods (e.g., low flow rate;
Summa® canisters if analyzing by using EPA Method TO-15), and

iil. is certified clean by the laboratory;
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d. sample size depends upon the volume of that will achieve minimum reporting limits
[Section 2.9]; and

e. a tracer gas (e.g., helium, butane, sulfur hexafluoride, etc.) should be used when
collecting soil vapor samples to verify that adequate sampling technigues are being
implemented (i.e., to verify infiltration of outdoor air is not occurring) [Section
2.7.5].

In some cases, weather conditions may present certain limitations on soil vapor sampling.
For example, condensation in the sample tubing may be encountered during winter
sampling due to low outdoor air temperatures. Devices, such as tube warmers, may be
used to address these conditions. Anticipated limitations to the sampling should be
discussed prior to the sampling event so appropriate measures can be taken to address
these difficulties and produce representative and reliable data.

When soil vapor samples are collected, the following actions should be taken to document
local conditions during sampling that may influence interpretation of the resuits:

a. If sampling near a commercial or industrial building, uses of volatile chemicals during
normal operations of the facility should be identified;

b. outdoor plot sketches should be drawn that include the site, area streets,
neighboring commercial or industrial facilities (with estimated distance to the site),
outdoor air sampling locations (if applicable}, and compass orientation (north);

c. weather conditions (e.g., precipitation and outdoor temperature) shouid be noted for
the past 24 to 48 hours; and

d. any pertinent observations should be recorded, such as odors and readings from field
instrumentation.

Additional information that could be gathered to assist in the interpretation of the results

includes barometric pressure, wind speed and wind direction.

The field sampling team should maintain a sample log sheet summarizing the following:
a. sample identification,
b. date and time of sample collection,

sampling depth,

identity of samplers,

sampling methods and devices,

purge volumes,

volume of soil vapor extracted,

e ™o oo

if canisters used, the vacuum before and after samples were collected,

apparent moisture content (dry, moist, saturated, etc.) of the sampling zone, and

j. chain of custody protocois and records used to track samples from sampling point to
analysis.
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2.7.2 Sub-slab vapor

During colder months, heating systems should be operating 1o maintain normal indoor air
temperatures (i.e., 65 - 75 °F) for at least 24 hours prior to and during the scheduled
sampling time. Prior to installation of the sub-slab vapor probe, the building floor should be
inspected and any penetrations (cracks, floor drains, utility perforations, sumps, etc.)
should be noted and recorded. Probes should be installed at locations where the potential
for ambient air infiltration via floor penetrations is minimal.

Sub-slab vapor probe installations [Figure 2.3] may be permanent, semi-permanent or
temporary. A vacuum should not be used to remove driliing debris from the sampling port.
Sub-slab implants or probes should be constructed in the same manner at all sampling
locations to minimize possible discrepancies. The following procedures should be included in
any construction protocol:

a. permanent recessed probes should be constructed with brass or stainless steel
tubing and fittings;
b. temporary probes should be constructed with inert tubing (e.g., polyethylene,

stainless steel, nylon, Teflon®, etc.) of the appropriate size (typically 1/8 inch to 1/4
inch diameter), and of laboratory or food grade quality;

tubing should not extend further than 2 inches into the sub-slab material;

porous, inert backfill material (e.g., glass beads, washed #1 crushed stone, etc.)
should be added to cover about 1 inch of the probe tip for permanent Installations;
and

e. the Implant should be sealed to the surface with non-VOC-containing and non-
shrinking products for temporary installations (e.g., permagum grout, mefted
beeswax, putty, etc.) or cement for permanent installations.

Permanent sample
location iabel

Non-VOC emitting S Basement floor / slab

surface sealing matetial ;
{cement, cement-bentonite, for perm. probes |
or modelling clay, beeswax fer temp. probes)

Sub-slab aggregate

7
Inert sampling tube
{polyethylene. stainlass, or Teflon™

Figure 2.3

Schematic of a generic sub-slab vapor probe

[Note: Many variations exist and may be proposed in & work plan. Proposed instaliations should meet the
sampling objectives and requirements of the analytical methods.]

To obtain representative samples that meet the data quality objectives, sub-slab vapor
samples should be collected in the following manner:
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after installation of the probes, one to three volumes (i.e., the volume of the sample
probe and tube) must be purged prior to collecting the samples to ensure samples
collected are representative;

flow rates for both purging and collecting must not exceed 0.2 liters per minute to
minimize ambient air infiltration during sampling; and

samples should be collected, using conventional sampling methods, in an appropriate
container — one which

i, meets the objectives of the sampling (e.g., investigation of areas where low
or high concentrations of volatile chemicals are expected; to minimize
losses of volatile chemicals that are susceptible to photodegradation),

ii. is consistent with the sampling and analytical methods (e.g., low flow rate;
Summa® canisters if analyzing by using EPA Method TO-15), and

iii. is certified clean by the laboratory;

sample size depends upon the volume of that will achieve minimum reporting limits
[Section 2.9], the flow rate, and the sampling duration; and

ideally, samples should be collected over the same period of time as concurrent
indoor and outdoor air samples.

When sub-slab vapor samples are coltected, the following actions should be taken to
document conditions during sampling and ultimately to aid in the interpretation of the
sampling results [Section 3]:

a.

historic and current storage and uses of volatile chemicals should be identified,
especially if sampling within a commercial or industrial building (e.g., use of volatile
chemicals in commercial or industrial processes and/for during building
maintenance);

the use of heating or air conditioning systems during sampling should be noted;

floor plan sketches should be drawn that include the floor layout with sampling
locations, chemical storage areas, garages, doorways, stairways, location of
basement sumps or subsurface drains and utility perforations through building
foundations, HVAC system air supply and return registers, compass orientation
(north), footings that create separate foundation sections, and any other pertinent
information should be completed;

outdoor plot sketches should be drawn that include the building site, area streets,
outdoor air sampling locations (if applicable), compass orientation {north), and
paved areas;

weather conditions (e.g., precipitation and indoor and outdoor temperature) and
ventilation conditions (e.g., heating system active and windows closed) should be
reported; and

any pertinent observations, such as spills, floor stains, smoke tube results, odors and
readings from field instrumentation (e.g., vapors via PID, ppbRAE, Jerome Mercury
Vapor Analyzer, etc.), shouid be recorded.

Additional documentation that could be gathered to assist in the interpretation of the results
includes information about air flow patterns and pressure relationships obtained by using
smoke tubes or other devices (especially between floor levels and between suspected
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contaminant sources and other areas), the barometric pressure and photographs to
accompany floor plan sketches.

The field sampling team should maintain a sample log sheet summarizing the following:
sample identification,

date and time of sample collection,

sampling depth,

identity of samplers,

sampling methods and devices,

soil vapor purge volumes,

volume of soil vapor extracted,

SO ™o a0 T o

if canisters used, vacuum of canisters before and after samples collected,

apparent moisture content (dry, moist, saturated, etc.) of the sampling zone, and

j. chain of custody protocols and records used to track samples from sampling point to
analysis,

2.7.3 Indoor air
[Reference: NYSOOH's Indoor Air Sampling & Analysis Guidance (February 1, 2005)}]

During colder months, heating systems should be operating to maintain normal indoor air
temperatures (i.e., 65 -~ 75 °F) for at least 24 hours prior to and during the scheduled
sampling time, If possible, prior to collecting indoor samples, a pre-sampling inspection
[Section 2.11.1] should be performed to evaluate the physical layout and conditions of the
building being investigated, to identify conditions that may affect or interfere with the
proposed sampling, and to prepare the building for sampling. This process is described in
Section 2.11.1.

In general, indoor air samples should be collected in the following manner:

a. sampling duration should reflect the exposure scenario being evaluated without
compromising the detection limit or sample collection flow rate (e.g., an 8 hour
sample from a workplace with a single shift versus a 24 hour sample from a
workplace with multiple shifts). To ensure that air is representative of the locations
sampled and to avoid undue influence from sampling personnel, samples should be
collected for at least 1 hour. If the goal of the sampling is to represent average
concentrations over longer periods, then longer duration sampling periods may be
appropriate. Typically, 24 hour samples are collected from residential settings;

b. personnel should avoid lingering in the immediate area of the sampling device while
samples are being collected;

c. sample flow rates must conform to the specifications in the sample collection method
and, if possibie, should be consistent with the flow rates for concurrent outdoor air
and sub-slab samples; and

d. samples must be collected, using conventional sampling methods, in an appropriate
container — one which
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i, meets the objectives of the sampling (e.g., investigation of areas where low
or high concentrations of volatile chemicals are expected; to minimize
losses of volatile chemicals that are susceptible to photodegradation),

il. is consistent with the sampling and analytical methods (e.g., low flow rate;
summa® canisters if analyzing by using EPA Method TO-15), and

iit. is certified clean by the laboratory.

At sites with tetrachloroethene contamination, passive air monitors that are specifically
analyzed for tetrachloroethene (i.e., "perc badges") are commonly used to collect indoor
and outdoor air samples. If site characterization activities indicate that degradation
products of tetrachloroethene also represent a vapor intrusion concern, perc badges may be
used to indicate the likelihood of vapor intrusion (i.e., by using tetrachloroethene as a
surrogate) followed, as appropriate, by more comprehensive sampling and laboratory
analyses to quantify both tetrachloroethene and its degradation products. Perc badge
samples ideally should be collected over a twenty-four hour period, but for no less than
eight hours.

The following actions should be taken to document conditions during indoor air sampling
and ultimately to aid in the interpretation of the sampling results [Section 3]:

a. historic and current uses and storage of volatile chemicals should be identified,
especially if sampling within a commaercial or industrial building (e.g., use of volatile
chemicals in commercial or industrial processes and/or during building
maintenance);

b. a product inventory survey documenting sources of volatile chemicals present in the
building during the indoor air sampling that could potentially influence the sample
results should be completed [Section 2.11.2];

the use of heating or air conditioning systems during sampling should be noted;

d. floor plan sketches should be drawn that include the floor layout with sampling
locations, chemical storage areas, garages, doorways, stairways, location of
basement sumps or subsurface drains and utility perforations through building
foundations, HVAC system supply and return registers, compass orientation (north},
footings that create separate foundation sections, and any other pertinent
information should be completed;

e. outdoor plot sketches should be drawn that include the building site, area streets,
outdoor air sampling locations (if applicable), compass orientation (north), and
paved areas;

f.  weather conditions (e.g., precipitation and indoor and outdoor temperature} and
ventilation conditions (e.g., heating system active and windows closed) should be
reported; and

g. any pertinent observations, such as spills, floor stains, smoke tube results, odors and
readings from field instrumentation (e.g., vapors via PID, ppbRAE, Jerome Mercury
Vapor Analyzer, etc.), should be recorded.

Additional documentation that could be gathered to assist in the interpretation of the results
includes information about air flow patterns and pressure relationships obtained by using
smoke tubes or other devices (especially between floor levels and between suspected
contaminant sources and other areas), the barometric pressure and photographs to
accompany floor plan sketches.
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The field sampling team should maintain a sample log sheet summarizing the following:

sample identification,

oW

date and time of sample collection,

sampling height,

identity of samplers,

sampling methods and devices,

depending upon the method, volume of air sampled,

if canisters are used, vacuurn of canisters before and after samples collected, and

T o o an

chain of custody protocols and records used to track samples from sampling point to
analysis.

2.7.4 Qutdoor air

Outdoor air samples should be collected simultaneously with indoor air samples to evaluate
the potential influence, if any, of outdoor air on indoor air quality. They may also be
collected simultaneously with soil vapor samples to identify potential outdoor air
interferences associated with infiltration of outdoor air into the sampling apparatus while the
soil vapor was collected. To obtain representative samples that meet the data quality
objectives, outdoor air samples should be collected in a manner consistent with that for
indoor air samples (described in Section 2.7.3).

The foilowing actions should be taken to document conditions during outdoor air sampling
and ultimately to aid in the interpretation of the sampling results [Section 3]

a. outdoor plot sketches should be drawn that include the building site, area streets,
outdoor air sampling locations, the location of potential interferences {e.g., gasoline
stations, factories, lawn movers, etc.), compass orientation (north), and paved
areas;

b. weather conditions (e.g., precipitation and outdoor temperature) should be reported,
and

¢. any pertinent observations, such as odors, readings from field instrumentation, and
significant activities in the vicinity (e.g., operation of heavy equipment or dry
cleaners) should be recorded. :

2.7.5 Tracer gas

When collecting soil vapor samples as part of a vapor intrusion evaluation, a tracer gas
serves as a quality assurance/quality control measure to verify the integrity of the soil vapor
probe seal. Without the use of a tracer, there is no way to verify that a soil vapor sample
has not been diluted by outdoor air.

Depending on the nature of the contaminants of concern, a number of different compounds
can be used as a tracer. Typically, sulfur hexafluoride (SFe) or helium are used as tracers
because they are readily available, have low toxicity, and can be monitored with portable
measurement devices. Butane and propane (or other gases) could also be used as a tracer
in some situations. Compounds other than those mentioned here may be appropriate,
provided they meet project-specific data quality objectives. Where applicable, steps should
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be taken to ensure that the gas used by the laboratory to clean the air sampling container is
different from the gas used as a tracer during sampling (e.g., helium).

The protocol for using a tracer gas is straightforward: simply enrich the atmosphere in the
immediate vicinity of the area where the probe intersects the ground surface with the tracer
gas, and measure a vapor sample from the probe for the presence of high concentrations (>
10%) of the tracer. A cardboard box, a plastic pail, or even a garbage bag can serve to
keep the tracer gas in contact with the probe during the testing. If there are concerns
about infiltration of ambient air through other parts of the sampling train (such as around
the fittings, not just at the probe/ground interface), then consideration should be given to
ensuring that the tracer gas is in contact with the entire sampling apparatus. In these
cases, field personnel may prefer to use a liquid tracer — soaking paper towels with a liquid
tracer and placing the towels around the probe/ground interface, around fittings, and/or in
the corner of a shroud.

There are two basic approaches to testing for the tracer gas:
1. include the tracer gas in the list of target analytes reported by the laboratory; or

2. use a portable monitoring device to analyze a sample of soil vapor for the tracer
prior to and after sampling for the compounds of concern. (Note that the tracer gas
samples can be collected via syringe, Tedlar® bag etc. They need not be collected in
Summa® canisters or minicans.)

The advantage of the second approach is that the real time tracer sampling results can be
used to confirm the integrity of the probe seals prior to formal sample collection.

Figure 2.4 depicts common methods for using tracer gas. In examples a, b and ¢, the
tracer gas is released in the enclosure prior to initially purging the sample point. Care
should be taken to avold excessive purging prior to sample collection. Care should also be
taken to prevent pressure build-up in the enclosure during introduction of the tracer gas.
Inspection of the installed sample probe, specifically noting the integrity of the surface seal
and the porosity of the soil in which the probe is installed, will help to determine the tracer
gas setup. Figure 2.4a may be most effective at preventing tracer gas infiltration, however,
it may not be appropriate in some situations depending on site-specific conditions. Figures
2.4b and 2.4c¢ may be sufficient for probes installed in tight soils with well-constructed
surface seals. Figure 2d provides an example of using a liquid tracer. In all cases, the
same tracer gas application should be used for all probes at any given site.
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Schematics of generic tracer gas applications when collecting soil vapor samples

Because minor leakage around the probe seal should not materially affect the usability of
the soil vapor sampling results, the mere presence of the tracer gas in the sample should
not be a cause for alarm. Consequently, portable field monitoring devices with detection
limits in the low ppm range are more than adequate for screening samples for the tracer. If
high concentrations (> 10%) of tracer gas are observed in a sample, the probe seal should
be enhanced to reduce the infiltration of outdoor air.

Where permanent or semi-permanent sampling probes are used, tracer gas samples should
be collected at each of the sampling probes during the initial stages of a soil vapor sampling
program. If the results of the initial samples indicate that the probe seals are adequate,
reducing the number of locations at which tracer gas samples are employed may be
considered. At a minimum, tracer gas samples should be collected with at least 10% of the
soil vapor samples collected in subsequent sampling rounds. When using permanent soil
vapor probes as part of a long-term monitoring program, annual testing of the probe
integrity is recommended. Where temporary probes are used, tracer gas should be used at
every sampling location, every time.
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2.8 Quality assurance/quality control (QA/QC)
[Reference; NYSDOH's Indoor Air Sampling & Analysis Guidance (February 1, 2005)]

In general, appropriate QA/QC procedures should be followed during all aspects of sample
collection and analysis to ensure that sampling error is minimized and high quality data are
obtained. Sampling team members should avoid actions (e.g., fueling vehicles, using
permanent marking pens, wearing freshly dry-cleaned clothing or personal fragrances, etc.)
which can cause sample interference in the field. Portable air monitoring equipment or field
instrumentation should be properly maintained, calibrated and tested to ensure validity of
measurements. Air sampling equipment should be stored, transported and between
samples decontaminated in a manner consistent with the best environmental consulting
practices to minimize problems such as field contamination and cross-contamination.
samples should be collected using certifled clean sample devices. Where applicable, steps
should be taken to ensure that the gas used by the laboratory to clean the sample device is
different from the gas used as a tracer during sampling (e.g., helium). Samples should
meet sample holding times and temperatures, and should be delivered to the analytical
laboratory as soon as possible after collection. In addition, laboratory accession procedures
should be followed, including field documentation (sample collection information and
locations), chain of custody, field blanks, field sample duplicates and laboratory duplicates,
as appropriate,

Some methods call for collecting samples in duplicate (e.g., indoor air sampling using
passive sampling devices for tetrachloroethene) to assess errors, Duplicate and/or split
samples should be collected in accordance with the sampling and analytical methods being
implemented.

For certain regulatory programs, a Data Usability Summary Report (DUSR) or equivalent
report may be required to determine whether or not the data, as presented, meets the site
or project specific criteria for data quality and data use. This requirement may dictate the
level of QC and the category of data deliverable to request from the laboratory. Guidance
on preparing these reports is available by contacting the NYSDEC's Division of
Environmental Remediation.

New York State Public Health Law requires laboratories analyzing environmenta samples
collected from within New York State to have current Environmental Laboratory Approval
Program (ELAP) certification for the appropriate analyte and environmental matrix
combinations. If ELAP certification is not currently required for an analyte {e.g.,
trichloroethene), the analysis should be performed by a laboratory that has ELAP
certification for similar compounds in air and uses analytical methods with minimum
reporting limits similar to background (e.g., tetrachloroethene via EPA Method TO-15).
Questions about a laboratory's current certification status should be directed to an ELAP
representative at 518-485-5570 or by email at elap@health.state.ny.us.

The work plan should state that all samples that witl be used to make decisions on
appropriate actions to address exposures and environmental contamination will be analyzed
by an ELAP-certified laboratory. The name of the laboratory should also be provided.
Similarly, the name of the laboratory that was used should be included in the report of the
sampling results. For samples collected and tested in the field for screening purposes by
using field testing technology, the qualifications of the field technician should be
documented in the work plan.
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2.9 Analytical methods
[Reference: NYSDOH's Indoor Air Sampling & Analysis Guidance (February 1, 2005)]

Proposed analytical procedures should be identified in work plans. Simiiarly, the analytical
procedures that were used and corresponding reporting limits should be identified when
reporting the sampling results. When selecting an appropriate analytical method, the data
quality objectives shouid be considered. As described in Section 3, comparing sampling
results for volatile chemicals with background concentrations and with indoor air/sub-slab
vapor matrices are critical components of the data evaluation process. Therefore, samples
should be analyzed by methods that can achieve minimum reporting limits to allow for
comparison of the results with background levels and with the levels presented in the
matrices [Section 3.4.2]. If there are additional data quality objectives, they should be
considered also. Typically, 8 minimum repoiting limit of 1 microgram per cubic meter (1
mcg/m?) or less is sufficient for most analytes. Examples of commonly used analytical
methods include the following:

a. EPA Method TO-15 for a wide range of VOCs (e.g., samples from evacuated
canisters),

b. NYSDOH Method 311-9 for tetrachloroethene {i.e., samples from perc badges),
EPA Method TO-17 for VOCs (e.g., samples collected with sorbent tubes), and

d. EPA Method TO-15 for VOCs with selective ion monitoring (SIM) (e.g., to achieve
minimum reporting limits lower than those achieved with Method TO-15 alone).
The laboratory should verify that they are capable of detecting the appropriate analytes and
can report them at the appropriate reporting limit,

2.9.1 Subsurface vapor

Soil vapor and sub-slab vapor samples should be analyzed for a wide range of volatile
chemicals during the first round of sampling (at a minimum) — unless it can be
demonstrated that an abbreviated or site-specific analyte list is appropriate. This is
analogous to analyzing groundwater samples for a suite of compounds (e.g., EPA's target
analyte list/target compound list (TAL/TCL) chemicals) during the Initial rounds of site
characterization, Based on the initial sampling resuits, development and application of a
site-specific analyte list may be considered for analysis of subsequent soil vapor and sub-
slab vapor samples.

If a site-specific analyte list is developed, it should inctude the following:

a. volatile chemicals which have been previously detected in environmental media
(e.g., soil, groundwater and air) at the site; '

b. volatile chemicals which are known or demonstrated constituents of the
contamination in question (e.g., petroleum products or tars from former
manufactured gas plants); and

c. expected degradation products of the chemicals mentioned In a or b.

A site-specific analyte list might also include indicator compounds to assist in identifying and
differentiating subsurface sources of volatile chemical contamination. The following are
examples of indicator compounds that have been included in site-specific analyte lists given
the nature of the contamination or type of site:
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a. gasoline: benzene, toluene, ethylbenzene, xylenes, trimethylbenzene isomers,
individuat C-4 to C-8 aliphatics (e.g., hexane, cyclohexane, dimethylpentane, 2,2,4-
trimethylpentane, etc.), and appropriate oxygenate additives {e.qg., methyl-fert-butyl
ether, ethanol, etc.);

b. middle distillate fuels (#2 fuel oil, diesel and kerosene): n-nonane, n-decane, n-
undecane, n-dodecane, ethylbenzene, xylenes, trimethylbenzene isomers,
tetramethylbenzene isomers, naphthalene, 1-methylnaphthalene, and 2-
methyinaphthalene;

c. manufactured gas plant sites: trimethylbenzene isomers, tetramethylbenzene
isomers, thiopenes, indene, indane, and naphthalene;

d. natural gas: propane, propene, butane, iso-butane, methytbutane, and n-pentane
with lower levels of higher molecular weight aliphatic, olefinic, and some aromatic
compounds; and

e. solvent-using industries: the sclvent and its expected degradation products (e.q.,
tetrachloroethene, trichloroethene, dichloroethene(s), and vinyl chioride).

2.9.2 Indoor air

Indoor and outdoor air samples should be analyzed for a wide range of volatile chemicals if
there are no existing data for subsurface vapors — unless it can be demonstrated that an
abbreviated or site-specific analyte list is appropriate. If indoor air sampling is appropriate
based on the levels of volatile chemicals in subsurface vapors, analysis of indoor air samples
specifically for those volatile chemicals may be considered.

2.9.3 Qutdoor air

Qutdoor air samples should be analyzed in a manner consistent with corresponding indoor
air samples.

2.10 Field laboratories and mobile gas chromatographs (GCs)

Use of field labaoratories and mobile GCs as screening tools when collecting soil vapor
samples may be considered on a site-specific basis. However, without ELAP certification,
screening tools such as these are not acceptable when collecting sub-slab vapor, indoor air
and outdoor air samples for the purpose of evaluating exposures related to soil vapor
intrusion. ELAP certification for a particular laboratory does not indicate mobile laboratory
or GC certification. Mobile laboratories and GCs have specific certification requirements
through ELAP. Questions regarding a mobile laboratory's certification should be directed to
the laboratory itseif.

2.11 Surveys and pre-sampling building preparation
[Reference: NYSDOH's Indoor Air Sampling & Analysis Guidance (February 1, 2005)]

2.11.1 Pre-sampling building inspection and preparation

A pre-sampling inspection should be performed prior tc each sampling event to identify and
minimize conditions that may interfere with the proposed testing. The inspection should
evaluate the type of structure, floor layout, air flows and physical conditions of the
building(s) being studied. This information, along with information on sources of potential
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indoor air contamination [Section 2.11.2], should be identified on a building inventory form.
An example of a building inventory form is given in Appendix B. Items to be included in the
building inventory include the following:

a. construction characteristics, including foundation cracks and utility penetrations or
other openings that may serve as preferential pathways for vapor intrusion,

b. presence of an attached garage;

c. recent renovations or maintenance to the building {e.g., fresh paint, new carpet or
furniture);

d. mechanical equipment that can affect pressure gradients (e.g., heating systems,
clothes dryers or exhaust fans);

e. use or storage of petroleum products (e.g., fuel containers, gasoline operated
equipment and unvented kerosene heaters}; and

f. recent use of petroleum-based finishes or products containing volatile chemicals.

Each room on the floor of the building being tested and on lower floors, if possible, should
be inspected. This is important because even products stored in another area of a building
can affect the air of the room being tested.

The presence and description of odors (e.g., solvent, moldy) and portable vapor monitoring
equipment readings (e.g., PIDs, ppbRAE, Jerome Mercury Vapor Analyzer, etc.) should be
noted and used to help evaluate potential sources, This includes taking readings near
products stored or used in the building. Where applicable, readings should be provided in
units that denote the calibration gas (e.g., isocbutylene-equivalent ppm, benzene-equivalent

ppm, etc.).

Potential interference from products or activities releasing volatile chemicals should be
controlted to the extent practicable. Removing the source from the Indoor environment
prior to testing is the most effective means of reducing interference. Ensuring that
containers are tightly sealed may be sufficient. When testing for volatile organic
compounds, containers should be tested with portable vapor monitoring equipment to
determine whether compounds are leaking. The inability to eliminate potential interference
may be justification for not testing, especially when testing for similar compounds at low
levels. The investigator should consider the possibility that chemicals may adsorb onto
porous materials and may take time to dissipate.

In some cases, the goal of the testing is to evaluate the impact from products used or
stored in the building {e.qg., pesticide misapplications, school renovation projects}. If the
goal of the testing is to determine whether products are an indoor volatile chemical
contaminant source, the removing these sources does not apply.

Once interfering conditions are corrected (if applicable), ventilation may be appropriate prior
to sampling to minimize residual contamination in the indoor air. If ventilation is
appropriate, it should be completed 24 hours or more prior to the scheduled sampling time.
Where applicable, ventilation can be accomplished by eperating the building's HVAC system
to maximize outside air intake. Opening windows and doors, and operating exhaust fans
may alse help or may be appropriate if the building has no HVAC system.

Air sampfles are sometimes designed to represenf typical exposure in a mechanically
ventilated building and the operation of HVAC systems during sampling should be noted on
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the building inventory form [Appendix B]. When samples are coliected, the building's HVAC
system should be operating in a manner consistent with normal operating conditions when
the building is occupied (e.g., schools, businesses, etc.). Unnecessary building ventilation
should be avoided within 24 hours pricr to and during sampling. During colder months,
heating systems should be operating to maintain normal indoor alr temperatures (i.e., 65 ~
75 °F) for at least 24 hours prior to and during the scheduled sampling time.

Depending upon the goal of the indoor air sampling, some situations may warrant deviation
from the above protocol regarding building ventilation. In such cases, building conditions
and sampling efforts should be understood and noted within the framework and scope of the
investigation.

To avoid potential interferences and dilution effects, occupants should make a reasonable
effort to avoid the following for 24 hours prior to sampling:
a. opening any windows, fireplace dampers, openings or vents;
operating ventllation fans unless speclal arrangements are made;
smoking in the building;
painting;

® a0 o

using a wood stove, fireplace or other auxiliary heating equipment (e.g., kerosene
heater);

~h

operating or storing automobile in an attached garage;

allowing containers of gasoline or oil to remain within the house or garage area,
except for fuel oil tanks;

h. cleaning, waxing or polishing furniture, floors or other woodwork with petroleum- or
oil-based products;

i. using air fresheners, scented candles or odor eliminators;

engaging in any hobbies that use materials containing volatile chemicals;

o

using cosmetics including hairspray, nail polish, nail polish removers,
perfume/cologne, etc.;

lawn mowing, paving with asphalt, or snow blowing;
. applying pesticides;
using building repair or maintenance products, such as caulk or roofing tar; and

© =2 3

bringing freshly dry-cleaned clothing or furnishings into the building.

2.11.2 Product inventory

The primary objective of the product inventory is to identify potential air sampling
interference by characterizing the occurrence and use of chemicals and products throughout
the building, keeping in mind the goal of the investigation and site-specific contaminants of
concern. For example, it is not appropriate to provide detailed information for each
individual container of like items. However, it is appropriate to indicate that "20 bottles of
perfume" or "12 cans of latex paint" were present with containers in good condition. This
information is used to help formulate an indoor environment profile.
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An inventory should be provided for each room on the floor of the building being tested and
on lower floors, if possible. This is important because even products stored in ancther area
of a building can affect the air of the room being tested,

The presence and description of odors (e.g., solvent, moldy) and portable vapor monitoring
equipment readings (e.g., PIDs, ppbRAE, Jerome Mercury Vapor Analyzer, etc.) should be
noted and used to help evaluate potential sources. This includes taking readings near
products stored or used in the building. Where applicable, readings should be provided in
units that denote the calibration gas (e.g., isocbutylene-equivalent ppm, benzene-equivalent
ppm, etc.).

Products in buildings should be inventoried every time air is tested to provide an accurate
assessment of the potential contribution of volatile chemicals. If available, chemical
ingredients of interest (e.g., analyte list) should be recorded for each product. If the
ingredients are not listed on the labe!, record the product's exact and full name, and the
manufacturer's name, address and telephone number, if available, In some cases, material
Safety Data Sheets may be useful for identifying confounding sources of volatile chemnicals
in air. Adequately documented photographs of the products and their labeled ingredients
can supplement the inventory and facilitate recording the information.

2.12 Role of modeling

At sites where there is a potential for human exposures to subsurface contamination due to
soil vapor intrusion (as described in Section 2.1), use of modeling as the sole means of
evaluating potential exposures should be avoided. The limitations of modeling (e.g.,
exclusion of preferential migration pathways) introduce uncertainty as to whether human
exposure is occurring, in absence of actual field data. Conclusions drawn from modeling
should be verified with actual field data. For example, if modeling results indicate indoor air
concentrations are predicted to be below applicable guidelines or levels of concern, indoor
air and/or sub-slab vapor sampling would be appropriate to verify a conclusion that
mitigation or other actions are not needed.

Modeling may, however, be used as a tool in the evaluation process. Examples of situations
in which modeling may be used as a tool include, but are not limited to, the following:

a. to help identify potential migration pathways on the basis of site-specific conditions;

b. to estimate potential exposures when field samples cannot be collected (e.g., access
to collect the samples is denied or buildings have not yet been constructed over the
subsurface contamination); and

¢. to identify a preferred order for sampling buildings by predicting expected indoor air
concentrations within each of the buildings if there are numerous buildings overlying
the subsurface contamination.

Use of any model at a site should be discussed with the agencies prior to the model's
development and application. If a model is used, it should incorporate site-specific
parameters (e.g., attenuation factors, soil conditions, concentrations of volatile chemicals,
depth to subsurface source, characteristics of subsurface source, and foundation slab
thickness) as much as possible. Furthermore, both the limitations of the model (e.g.,
exclusion of preferential migration pathways) and the sensitivity of the variables in the
model should be understood and identified with the modeling results.
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Section 3: Data Evaluation and Recommendations for Action J

Section 3 describes the process by which data obtained during the investigation are
evaluated. The goals of the evaluation are as follows:

a. to determine what volatile chemicals, if any, are present in the investigated media;

b. to identify the likely cause(s) of their presence; and

c. to identify completed and potential human exposures whether actions to address
exposures should be taken.

Also discussed are actions typically recommended based on the evaluation. Actions to
remediate the source(s) of soil vapor contamination, such as soil excavation or air-
sparge/soil vapor extraction systems, are beyond the scope of this guidance and are not
included.

3.1 Data quality

Before the data are evaluated, their representativeness and reliability should be verified. To
assess analytical errors and the usability of the data, a qualified person should review the
analytical data package and all associated QA/QC information to make sure that

a. the data package is complete;

b. holding times have been met;

c. the QC data fall within the protocol limits and specifications;
d

. the data have been generated using established and agreed upon analytical
protocols; )

e. the raw data confirm the results provided in the data summary sheets and QC
verification forms; and

f. correct data qualifiers have been used.

As discussed in Section 2.8, for sites in an environmental remediation program (e.g., State
Superfund), a DUSR or equivalent report should be generated in accordance with NYSDEC
guidance and should be submitted for regulatory review and approval.

If the investigation was not completed in accordance with the guidelines set forth in Section
2, additional investigation may be appropriate to either replace or complement the existing
data. For example, preduct inventories [Section 2.11.2] filled out incompletely or
incorrectly may need to be redone (and in some cases with additional air sampling) so that
likely sources of volatile chemicals In the indoor air can be identified and appropriate actions
to mitigate exposures can be recommended.

3.2 Overview

The results of individual soil vapor, sub-slab vapor, indoor air and outdoor air samples are
not reviewed in isolation. Rather, they are evaluated with the consideration of several
additional factors, which include the following:

a. the nature and extent of contamination in al/f environmental media;

b. factors that affect vapor migration and intrusion;
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completed or proposed remedial actions;

sources of volatile chemicats;

background levels of volatile chemicals in air;
relevant standards, criteria and guidance values; and

past, current and future land uses.

These factors are described in detail in this subsection.

3.2.1 Nature and extent of contamination in all environmental media

The type of volatite chemicals present and the extent of contamination in all environmental
media — including soil, groundwater, subsurface vapors, indoer air and outdoor air — is
considered when evaluating the data. Trends in environmental data (e.g., groundwater
monitoring results show concentrations of volatile chemicals are decreasing) are also
considered. This information is used to identify possible sources of contamination and
migration pathways, as well as to recommend appropriate actions to address exposures.

3.2.2 Factors that affect vapor migration and intrusion

As discussed in Section 1.3, there are numerous site-specific environmental factors {Table
1.1] and building factors [Table 1.2] that can affect soil vapor migration and intrusion. This
information is used to identify possible sources of contamination and migration pathways, as
well as to recommend appropriate actions to address exposures.

3.2.3 Sourcges of volatile chemicals

An understanding of the likely sources of the chemicals is crucial for determining
appropriate actions to address exposure, as well as identifying the parties responsible for
implementing the actions. Volatile chemicals that are not site-related may be present in the
investigated media for reasons such as the following:

d.

subsurface vapors — misuse, misapplication, or improper disposal of the chemicals
to the subsurface, unidentified subsurface sources of vapor contamination, presence
of septic systems (where products, such as cleaning agents or degreasers, may be
disposed), biodegradation of natural organic matter in soil, infiltration into the
subsurface from a building under positive pressure in which the chemicals are
heavily used (i.e., reverse process from soil vapor intrusion), etc.;

indoor air — use and storage {current or historic) of volatile chemical-containing
products, off-gassing from building materials or new furnishings, use of
contaminated groundwater during private well usage, infiltration of outdoor air
containing volatile chemicals, etc. {Table 1.3]; and

outdoor air — emissions from automobiles, lawn mowers, oil storage tanks, gasoline
stations, dry cleaners or other commercial/industrial facilities, etc. [Table 1.3].

Site-related chemicals may also be present for these same reasons. Information about
household products and their ingredients are available on web sites, such as the National
Institute of Health's site at http://householdproducts.nIm.nih.gov.
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3.2.4 Background levels of volatile chemicals in air

Chemicals are part of our everyday life [Section 1.4]. As such, they are found in the indocor
air of buildings not affected by intrusion of contaminated soil vapor. They are also found in
the outdoor air that enters a home or place of business. Commonly found concentrations of
these chemicals in indoor and outdoor air are referred to as "background levels."
Background levels of volatile chemicals are one of the factors considered when evaluating
sampling results at a site [Section 3.3.2 - 3.3.4]. Estimates of background levels come
from studies where air samples were collected in homes, offices and outdoor areas.

Saveral studies have been conducted, both nationally and in the State of New York, to
provide information on indoor and outdoor air background levels in a variety of settings
(e.g., residential or commercial buildings). Each of these studies offers useful information
and has its own limitations. Each database provides statistical measures of background
levels and the criteria used to select sampling locations. The criteria in some of the studies
required that sampling locations not be located near known sources of volatile chemicals
(for example, not near a chemical spill, hazardous waste site, dry-cleaner, or factory). The
criteria may atso have included checking containers of volatite chemicals in or near the
building to make sure they are tightly closed or removing those products before samples are
taken. Depending on the criteria for site selection and sampting conditions, statistical
measures of background levels in a given study may differ from what would be expected if
indoor air were sampled in randomly selected homes.

The background databases that are used for evaluating indoor and outdoor air data are
introduced below. A more detailed description of each database along with statistical
measures of background levels are provided in Appendix C.

a. NYSDOH 2003: Study of Volatile Organic Chemicals in Air of Fuel Oil Heated Homes

Results of indoor and outdoor air samples collected from 104 single-family fuel oil
heated homes throughout New York State. Samples collected in evacuated canisters
and analyzed for 69 aromatic, aliphatic, and halogenated hydrocarbens, and ketones
by modified EPA Method TO-15. Limitations: only fuel oil heated homes were
included, homes were not randomly selected, and five boroughs of New York City
were excluded.

b. EPA 2001: Building Assessment and Survey Evaluation (BASE) Database

Study of measured concentrations of volatile organic compounds from 100 randomly
selected public and commercial office buildings. Samples collected by evacuated
canisters and/or tube methodologies. Limitations: only represents office settings,
two methodologies used for sampling and analysis that are not completely
overlapping and do not show agreement in results in some cases.

c. NYSDOH 1997: Control Home Database
Indoor and outdoor air samples compiled from 53 residences in New York State that
were considered "control Homes" with neighborhood, construction, and occupancy
similar to potentially impacted homes that were being investigated at the time.
Limitations: multiple methodologies for sampling and analysis, small sample size,
and varying detection limits often higher than current background levels.

d. EPA 1988: National Ambient Volatile Organic Compounds (VOCs) Data Base Update

published and unpublished air data compiled by the EPA in 1988. The document
includes data from studies between 1970 to 1987. The database covers more than
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300 chemicals in indoor and outdoor settings. Limitations: data are compiled from
numerous studies with limitations on selection or screening criteria, data are 20-35
years old, indoor air data include both residential and office spaces, sample size for
some analytes is very small (less than 10). Outdoor air data include rural, suburban,
urban, source dominated and remote locations.

e. Health Effects Institute (HEI} 2005: Relationship of Indoor, Outdoor, and Personal
Afr (RIOPA)
Indoor, outdoor and personal air concentrations of 18 VOCs, 10 carbonyl compounds
and particulate matter (PM2.5) were measured in 100 homes in each of 3 cities
between the summer of 1999 and the spring of 2001. Limitations: limited numbers
of VOCs, passive organic vapor badge method is subject to sampling bias in
stationary versus mobile locations, the passive organic vapor badge method is only
approved for tetrachloroethene in New York State.

Among the databases, the Upper Fence (see *NOTE below) values from the NYSDOH Fuel
Oil Study data may be used as initial benchmarks when evaluating residential indoor air
(see Appendix C.1) and the 90th percentile values from the EPA BASE data for indoor air in
office and commercial buildings (see Appendix C.2). These initiai benchmark values should
be considered along with the overall distribution of results in the background database to
characterize sampling results from a single building or from multiple buildings in a
community. The Health Effects Institute 2005 database and the older NYSDOH and EPA
databases can also provide useful information on the range of concentrations found in air.
The database or combination of databases that best represents site-specific conditions
should be used as the basis for comparison. State agency personnel should review and
have the opportunity to comment on the proposed use of other databases or subsets of data
within a database for evaluating test results.

*NOTE: The Upper Fence is calculated as 1.5 times the interquartile range (difference between the

25th and 75th percentile values) above the 75th percentile value. Itis a boundary estimate used to
account for outliers in the data.

3.2.5 Relevant standards, criteria and quidance values

a. Subsurface vapors

The State of New York does not have any standards, criteria or guidance values for
concentrations of volatile chemicals in subsurface vapors (either soil vapor or sub-slab
vapor).

b. Indoor and outdoor air

The NYSDOH has developed several guidelines for chemicals in air. The development
process s initiated for specific situations. For example, in New York State, particularly in
New York City, dry cleaners are often located in apartment buildings. Because air in
buildings mixes to some extent and the dry cleaning chemical tetrachloroethene (PCE) is
volatile, it may migrate to residential apartments. When the NYSDOH became aware of
this problem and how widespread it is, the NYSDOH developed an air guideline for PCE
of 100 micrograms per cubic meter (mcg/m?). In addition to PCE, the NYSDCOH has
developed guidelines for methylene chloride (also referred to as dichloromethane) and
trichloroethene (TCE) in air, as well as dioxin and polychlorinated biphenyls (PCBs) in
indoor air. Each guideline went through a peer review process, in which expert
scientists outside of the NYSDOH reviewed the technical documentation that describes
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the scientific basis for the guidance value. The peer reviewers provided technical
comments on the data and methods used to derive the guidelines, each of which were
addressed by the NYSDOH. Upon completion of the reviews and responses to
comments, the guidelines were finalized.

Air guideline values derived by the NYSDOH are summarized in Table 3.1. Additional
information about these guidelines is provided in the following:

« Appendix D — overview of how the NYSDOH develops air guidelines; and

« Appendix H — copies of fact sheets that discuss the air guidelines for PCE and
TCE.

The purpose of a guideline is to help guide decisions about the nature of efforts to
reduce exposure to the chemical. Reasonable and practical actions should be taken to
reduce exposures when indoor air levels are above background, even when they are
below the guideline. The urgency to complete these actions increases with indoor air
levels, particularly when air levels are above the guideline, and additional actions taken
if the initial actions do not sufficiently reduce levels. In all cases, the specific corrective
actions to be taken depend on a case-by-case evaluation of the situation. The goal of
the recommended actions is to reduce chemical levels in indoor air to as close to
background as practical. ‘

Table 3.1 Air guideline vatues derived by the NYSDOH

Chemical Alr GU|deI|ne3Value Reference
{(mcg/m~)

methylene chloride
(also referred to as dichloromethane) Mecl 60 1
polychlorinated biphenyls PCBs 1" 2,3
tetr:achlorodlbenzo-p-dmxin TCDD 0.00001" 3,4
equivalents
tetrachloroethene PCE 100 5
trichlorcethene TCE 5 6,7
*The guideline is specific to Indoor air.
References:

[1] NYSDOH. 1988. Letter from N. Kim to T. Alien, Division of Air, New York State Department of
Environmental Conservation. November 28, 1988.

[2] NYSDOH. 1985, Binghamton State Office Building {BSOB) Re-Entry Guidelines: PCBs. Document 13307,
Atbany, NY: Bureau of Toxic Substance Assessment.

[3] NYSDOH. 1988, Letter from D. Axelrod to 1. Egan, New York State Office of General Services, March 8,
1988. .

{4] NYSDOH. 1984, Re-Entry Guidelines. Binghamton State Office Building. Document 0549F. Albany, NY:
Bureau of Toxic Substance Assessment.

[5] NYSDOH. 1597. Tetrachloroethene Ambient Air Criteria Document. Albany, NY: Bureau of Toxic
Substance Assessment.

[6] NYSDOH. 2003, lLetter from N. Kim to D. Desnoyers, Division of Environmental Remediation, New York
State Department of Environmental Conservation. October 31, 2003. [Provided in Appendix D.}

[7] NYSDOH. 2006. Final Report: Trichloroethene {TCE) Air Criteria Document. Center for Environmental
Health, Bureau of Toxic Substance Assessment. Troy, NY.
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3.2.6 Completed or proposed remedial actions

The status and effectiveness of actions taken to remediate environmental contamination
(e.g., soil removal, groundwater treatment, soil vapor extraction, etc.} are considered when
making decisions pertaining to additional sampling and the selection of mitigation actions.
For example,

a. if a comparison of pre-remediation and post-remediation subsurface vapor sampling
results indicates negligible improvement in the quality of subsurface vapors,

1. additional sampling may be appropriate to document a decreasing trend in
subsurface vapor concentrations;

2. termination of mitigation system operations may not be appropriate without
additional sampling; or

3. additional remedial actions may be appropriate to address contaminated
subsurface vapors;

b. when monitoring a building is appropriate, it may be more cost-effective to install a
mitigation system if subsurface contamination is wide-spread and is expected to take
many years to remediate; and

¢. if exposures in an on-site building will be addressed concurrently by a method
selected to remediate subsurface contamination (e.g., a soit vapor extraction
systemn), installation of a mitigation system may be redundant. However, if the
remedial system is not expected to be operational in the immediate future, or if it is
not expected to mitigate indoor air levels in a reasonable time frame, a mitigation
system may still be appropriate. [Refer to Section 4.1 for a description of the
appropriate use of concurrent techniques.]

3,2.7 Past, current and future |and uses

Past, current and future land uses are considered when evaluating the investigation data
and determining appropriate actions for further investigation or measures to address
exposures. For example, :

a. if the parcel or buildings were historicalty used for commercial or industrial purposes
(e.g., gasoline station, automotive repair facility, electroplating facllity, etc.), but are
currently used for residential purposes or commercial or industrial purposes where
volatile chemicals are not used in current operations, off-gassing of volatile
chemicals from building materials [Table 1.3] or additional subsurface sources should

be considered;

b. subsurface vapor sampling of a parce! that is undeveloped or contains unoccupied
buildings may be appropriate based on the data evaluation. However, sampling may
be delayed as discussed in Section 2.3;

c. air sampling of a building may be approbriate based on the data evaluation.
However, provisions may be put in place to defer sampling until occupancy of the
building is expected; or

d. if actions should be taken to mitigate exposures related to soil vapor intrusion should
the site be developed, the appropriate mitigation method will depend upon the
proposed land use — a parking lot, recreational field, single-family home, commercial
building, high-rise building with underground parking, occupied or unoccupied
building, etc. — since each presents a different exposure scenario.
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3.3 Sampling results and recommended actions

This subsection describes the process for evaluating sampling results. It aiso describes
actions that may be recommended based on the evaluation. The evaluation procedures and
actions described may not be directly applicable to samples collected as part of an
emergency response. For guidance on how to proceed in such situations, refer to Section

3.5.

3.3.1 Soil vapor

If soil vapor samples are collected from locations where there are no known sources of
volatile chemicals, we do not expect the chemicals to reach detectable levels in the samples,
However, concentrations of volatile chemicals in soil vapor are commonly detected. This is
likely due to several factors, including infiltration of outdoor air into the subsurface (to a
limited extent) and background interferences (similar to indoor and outdoor air [Section
3.2.41).

New York State currently does not have any standards, criteria or guidance values for
concentrations of compounds in soil vapor. Additionally, there are currently no databases
available of background levels of volatile chemicals In soil vapor. In the absence of this
information, soil vapor sampling results are reviewed "as a whole," in conjunction with the
results of other environmental sampling and the site conceptual model, to identify trends
and spatial variations in the data [Section 3.2.1]. To put some perspective on the data, soil
vapor results might be compared to background outdoor air levels [Section 3.2.4}, site-
related outdoor air sampling results, or the NYSDOH's guidelines for volatile chemicals in air

[Table 3.1].

These comparisons are used to
a. identify areas of relatively elevated concentrations of volatile chemicals in soil vapor;
b. select buildings for sub-slab vapor, indoor air and outdoor air sampling;
c. identify possible sources of subsurface vapor contamination;

d. monitor the progress, or verify the completion, of efforts to remediate subsurface
vapor contamination (either directly or indirectly); and

e. characterize the nature and extent of subsurface vapor contamination.

When determining appropriate actions, the following should also be considered:

a. Soll vapor results may not indicate a traditional plume-iike pattern of contamination
(as is often described for groundwater). Rather, the nature and extent of
contamination may follow a "hit and miss" pattern,

b. Our experience to date indicates soil vapor results alone typically cannot be relied
upon to rule out sampling at nearby buildings. For example, concentrations of
volatile chemicals in sub-slab vapor samples have been substantlally higher (e.g., by
a factor of 100 or more) than concentrations found in nearby soil vapor samples
(e.g., collected at 8 feet below grade near the building). This may be due to
differences in factors such as soil moisture content and pressure gradients.
Therefore, exposures are evaluated primarily based on sub-slab vapor, indoor air and
outdoor air sampling results and soil vapor results are primarily used as a tool to
guide these investigations.
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There are no concentrations of volatite chemicals in soil vapor that automatically trigger
action or no further action. Based on the comparisons and considerations described, the

following actions may be recommended:

da.

- 42 -

No further soil vapor sampling

The nature and extent of subsurface vapor contamination has been adequately
characterized with respect to addressing exposures and designing measures to
remediate subsurface vapor contamination (either directly or indirectly).

Sub-slab vapor samples, rather than soil vapor samples, will be used to identify
potential exposures and to characterize the nature and extent of subsurface vapor
contamination since soil vapor results are not following a consistent pattern (f.e., hit
and miss).

Additional soil vapor sampling

To characterize the nature and extent of subsurface vapor contamination if soil vapor
results are following a consistent pattern (e.g., traditional plume-like pattern).

To identify possible sources of subsurface vapor contamination.

To verify sampling results that appear inconsistent with previous sampling and/or the
current understanding of the site [Sections 3.2.1 and 3.2.2].

To resample locations where results may have been invalidated by short-circuiting
(outdoor air infiltration), cross contamination, or other problems.

To monitor the progress, or verify the completion, of efforts to remediate subsurface
vapor contarnination (either directly or indirectly).

Sub-slab vapor, indoor air and outdoor air sampling

Generally, if soil vapor results are fairly consistent throughout the study area,
buildings closest to the site are sampled first. The investigation then proceeds
outward, as appropriate, on an areal basis until potential and current human
exposures have been adequately addressed. If there is an area of relatively elevated
concentrations of volatile chemicals in soil vapor (when looking at the soil vapor
results as a whole), then the buildings in this area are also sampled.

Address exposures refated to soil vapor intrusion

Provisions on parcels may be appropriate so that the parcel will not be developed or
buildings occupied without addressing exposure concerns [Sections 2.3 and 3.6].

As discussed previously, soil vapor sampling results alone typically do not drive
actions to mitigate exposures in existing buildings. Rather, they guide sampling
efforts in buildings. However, a "blanket mitigation" approach may be taken
provided the nature and extent of soll vapor contamination has been sufficiently
characterized. A "blanket mitigation" approach is where an area is defined within
which each building may be offered a mitigation system. The offer is made
regardless of what actions may be appropriate based on an evaluation of air results
(e.g., no further action or monitoring).
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Notes:

a. The recommended actions may be modified or supported upon consideration of the
factors given in Section 3.2,

b. Additional sampling may become appropriate based on the migration of subsurface
contamination (e.g., contaminated groundwater or vapors) or if environmental
monitoring indicates a change in chemical constituents (e.g., the production of
degradation products that may be more toxic than the parent compaounds).

3.3.2 Subh-slab vapor

The goals of collecting sub-slab vapor samples are to identify potential and current (when
collected concurrently with indoor and cutdoor air samples) exposures associated with soil
vapor intrusion and to characterize the nature and extent of subsurface vapor
contamination. As discussed in Sections 3.2.5 and 3.3.1, New York State currently does not
have any standards, criteria or guidance values for concentrations of compounds in sub-slab
vapor. Additionally, there are no databases available of background ievels of volatile
chemicals in subsurface vapors.

The detection of volatile chemicals in sub-stab vapor samples does not necessarily indicate
soil vapor intrusion is occurring or actions should be taken to acddress exposures. When
making these decisions, the State considers the following:

a. the sampling results — sub-slab vapor, indoor air, outdoor air, soil vapor;
b. background concentrations of volatile chemicals in indoor air;

¢. the NYSDOH's guidelines for volatile chemicals in air [Table 3.11;
d

human health risks (i.e., cancer and non-cancer health effects) associated with
exposure to the volatile chemical in air;

attenuation factors (i.e., the ratio of indoor air to sub-slab vapor concentrations),

®

f. the NYSDOH's decision matrices [described in Section 3.4], and
g. the factors described in Section 3.2.

Based on this evaluation, the following actions may be recommended:
a. No further action

When the volatile chemical is not detected in the indoor air and sub-slab sample
results are not expected to substantially affect indoor air quality.

b. Take reasonable and practical actions to identify source(s) and reduce exposures

The concentration detected in the indoor air sample is likely due to indoor and/or
outdoor sources rather than soil vapor intrusion given the concentration detected in
the sub-slab vapor sample. Therefore, steps should be taken to identify potential
source(s) and to reduce exposures accordingly {(e.g., by keeping containers tightly
capped or by storing volatile organic compound-containing products in places where
people do not spend much time, such as a garage or outdoor shed). Resampling
may be recommended to demonstrate the effectiveness of actions taken to reduce
exposures.
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C.

Resampling

Resampling may also be recommended when the results are not consistent with the
conceptual site model. For example, when the sub-stab vapor results of a building
do not indicate a need to take action, but the sub-slab vapor results of adjacent
buildings indicate a need to take actions to address exposures related to soil vapor
intrusion.

Resampling may be appropriate if samples were collected outside of the heating
season. As discussed in Section 2.4.2, results obtained outside of the heating
season should not be used to rule out exposures related to soil vapor intrusion.

Monitoring

Monitoring, including sub-siab vapor, basement air, lowest occupied living space air,
and outdoor air sampling, may be recommended to determine whether

~ concentrations in indoor air or sub-slab vapor have changed. Itis also

Notes:
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recommended to determine what affect, if any, active soil and groundwater
remediation techniques (e.g., chemical oxidation, air sparging, etc.) may be having
on subsurface vapor and indoor alr quality. The type and frequency of monitoring is
determined on a site-specific and building-specific basis, taking into account
applicable environmental data and building operating conditions.

Mitigate

Mitigation may be appropriate to minimize current or potential exposures associated
with soi! vapor intrusion. Mitigation methods are described in Section 4.

The recommended actions may be modified or supported upon consideration of the
factors given in Section 3.2.

Additional sampling may be appropriate based on the migration of subsurface
contamination (e.g., contaminated groundwater or vapors) or if environmental
monitoring indicates a change in chemical constituents (e.g., the production of
degradation products that may be more toxic than the parent compounds).

Monitoring and mitigation measures to address exposures related to soil vapor
intrusion are considered interim measures implemented until contaminated
environmental media (e.g., soil, groundwater and/or soil vapor) are remediated.

Actions more protective of human health may be proposed. For example, such a
decision may be based on a comparison of the costs associated with resampling or
monitoring to the costs associated with installation and monitoring of a mitigation
system. :

Additional sampling associated with post-mitigation testing, operation, maintenance
and monitoring activities, and termination of mitigation system operations is
described in Section 4.
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3.3.3 Indoor air

Indoor air samples are used to assess current exposures to volatile chemicais in air. The
detection of volatile chemicals in indoor air samples does not necessarily indicate soil vapor
intrusion is occurring or actions should be taken to address exposures. When making
these decisions, the State considers the following:

a. the sampling results — sub-slab vapor, indoor air, outdoor air, soil vapor;
b. background concentrations of volatile chemicals in indoor air;

c. the NYSDOH's guidelines for volatile chemicals in air [Table 3.1
d

human health risks (i.e., cancer and non-cancer health effects) associated with
exposure to the volatile chemical in air;

e. attenuation factors (i.e., the ratio of indoor air to sub-slab vapor concentrations),
and

f. the NYSDOH's decision matrices [described in Section 3.4], and
g. the factors described in Section 3.2.

When evaluating indoor air data, the results are compared to background levels of volatile
chemicals in indoor air [Section 3.2.4], the NYSDOH's guidelines for volatile chemicals in air
[Table 3.11, the NYSDOH's decision matrices [Section 3.4], and human health risks (i.e.,
cancer and non-cancer health effects) associated with exposure to the volatile chemical in
air. This helps to put the results into perspective and to determine the need for action and
the urgency with which actions should be taken. As discussed in Section 3.2.5, the urgency
to complete reasonable and practical actions to reduce exposures increases with indoor air
levels, particularly when air levels are above a guideline.

Generally, if the results are comparable to background levels, then no further action is
needed to address current human exposures. However, additional sampling may be
appropriate if

a. samples were collected at times when vapor intrusion is not expected to have its
greatest effect on indoor air quality (typically, samples collected outside of the
heating season). As discussed in Section 2.4, these results may not be used to rule
out exposures related to soil vapor intrusion;

b. the potential for exposures related to soil vapor intrusion should be monitored based
on the sub-slab vapor results [Section 3.3.2]; and/or

c. subsurface conditions change over time (e.g., due to the migration of contaminated
groundwater or vapors).

If the concentrations of volatile chemicals are not consistent with background levels, then
the likely cause of the exposure should be determined. Understanding the source is crucial
for selecting the best method to address exposures. For example, although a volatile
chemical may be detected in the sub-slab vapor sample, the results may indicate that
indoor air effects are more likely to be coming from products stored in the building or from
outdoor air rather than from contaminated soil vapors. Therefore, a sub-slab
depressurization system to minimize exposures associated with soil vapor intrusion may not
be appropriate.

As discussed in Sections 1.4 and 3.2.3, volatile chemicals may be present in the indoor air
due to any one, or a combination, of the following:
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c.
d.

the indoor environment itself and/or building characteristics;

off-gassing of volatile chemicals from contaminated water that may enter the
building at the tap or shower head, or during flooding events, or contaminated water
that rests In a sump or a subsurface drain;

outdoor sources; and/or

migration from the subsurface (i.e., soil vapor intrusien).

To determine the likely cause, the following assessment is completed:

d.

qualitative and quantitative comparisons are made between the types and
concentrations of the contaminants found in the indoor air sample(s) and those
found in the outdoor air and sub-slab vapor sample;

gualitative and quantitative comparisons are made between indoor air results
obtained in different locations of the building (e.g., different floors or rooms);

indoor air results are compared to the product inventory to evaluate the extent to
which indoor sources are affecting Indoor air quality; and

the indoor air quality questionnaire and building inventory form is reviewed to
identify potential preferential pathways for soil vapor intrusion into the building,
potential outdoor sources of volatile chemicals to the outdoor air {e.g., gasoline
station or dry cleaner), and routes of air distribution within the building (e.g., HVAC
system operations, airflow observations, etc.).

If a likely source or multiple sources can be identified from the available information, one or
more of the following actions may be recommended given the source:

a.
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Indoor source or building characteristics

Products containing volatile chemicals should be tightly capped. Aiternatively, the
products can be stored in places where people do not spend much time, such as a
garage or outdoor shed. If the products are no longer needed, consideration should
be given to disposing of them properly (e.g., hazardous waste cleanup days). The
list of products and corresponding readings from field instrumentation provided in
the product inventory [Appendix B] can help identify products that may be
contributing to the levels that were detected in the indoor air.

If exposures are assumed to be associated with off-gassing of new building
materials, paint, etc., resampling may be appropriate to confirm this assumption or
to confirm that actions taken to address these exposures have been effective,

Off-gassing from contaminated groundwater within the building

Measures should be taken to prevent contaminated groundwater from entering the
house (e.g., filter on private well supply, sealed sump, etc.).

Cutdoor source

No further action to address exposures related to soil vapor intrusion, unless the
evaluation for soit vapor intrusion cannot be completed until outdoor interferences
are addressed.
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d. Soil vapor intrusion

Depending upon the relationship between indoor air concentrations and sub-slab
vapor concentrations and the results of environmental sampling in the area,
rasampling, monitoring or mitigation may be recommended by the State.

1. Resampling, including sub-slab vapor, basement air, lowest occupied living
space air, and outdoor air sampling, may be recommended when the results
are not consistent with the conceptual site model. For example, when indoor
air results are comparable or higher than the corresponding sub-slab vapor
results and the results do not appear to be due to building characteristics or
alternate sources (either indoor or outdoor).

2. Monitoring, including sub-slab vapor, basement air, lowest occupied living
space air, and outdoor air sampling, may be recommended to determine
whether concentrations in indoor air or sub-slab vapor have changed. Itis
also recommended to determine what affect, if any, active scil and
groundwater remediation techniques (e.g., chemical oxidation, air sparging,
etc.) may be having on subsurface vapor and indoor air quality. The type and
frequency of monitoring is determined on a site-specific and building-specific
basis, taking into account applicable environmental data and building
operating conditions.

3. Methods to mitigate exposures related to soil vapor intrusion are described in
Section 4.

The party responsible for implementing the recommended actions will differ depending upon
several factors, including the identified source of the volatile chemicals, the environmental
remediation program, and site-specific and building-specific conditions. For example, to the
extent that all site data and site conditions demonstrate that soil vapor intrusion is not
occurring and that the potential for soll vapor intrusion to occur is not likely, the vapor
intrusion investigation would be considered complete. In general, If indoor exposures
represent a concern due to indoor sources, then the State will provide guidance to the
property owner and/or tenant on ways to reduce their exposure. If indoor exposures
represent a concern due te outdoor sources, then the NYSDEC will decide who is responsible
for further investigation and any necessary remediation. Depending upon the outdoor
source, this responsibility may or may not fall upon the party conducting the soil vapor
intrusion investigation.

Likely sources may not be evident given the information available. Therefore, the above
recommendations cannot be made. This situation most often arises for the following
reasons:

a. Interfering indoor sources are identified. However, the possibility of vapor intrusion
cannot be ruled out due to the concentrations of the same volatile chemicals
detected in the sub-slab vapor sample. Differentiating the contribution of each
source is not possible.

b. Indoor air samples were collected without concurrent outdoor air and sub-siab vapor
samples. Depending upon other information that may be available (e.g., building
inventory and well-characterized subsurface vapor contamination), identifying likely
sources and recommending appropriate actions may not be possible.
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c. All appropriate air samples are collected. However, the indoor air quality
questionnaire and building inventory forms are filled out incompletely or incorrectly.
The contribution of indoor sources cannot be evaluated.

When the source(s) of volatile chemicals to indoor air cannot be identified with confidence,
resampling is typically recommended with corrections made as appropriate. For example,
using the three scenarios presented above:

a. resampling occurs after interferences are removed;
b. concurrent indoor air, outdoor air and sub-slab vapor samples are collected; and

c. an indoor air quality questionnaire and building inventory form is filled out
completely and correctly when samples are collected.

Notes: See notes presented in Section 3.3.2.

3.3.4 QOutdoor air

Qutdoor air sampling results are primarily used to evaluate the extent to which outdoor air
may be contributing to the levels of volatile chemicals detected in indoor air. However,
people are also exposed to the outdoor air and the outdoor air results are indicative of
outdoor air conditions. As such, outdoor alr results are also reviewed to determine whether
outdoor air conditions present a potential concern that requires further investigation.

As discussed in Sections 1.4 and 3.2.3, volatile chemicals may be present in outdoor air due
to emissions from automobiles, lawn mowers, oil storage tanks, gasoline stations, and dry
cleaners or other commercial and industrial facilities. To determine what extent, if any,
outdoor air is affecting indoor air quality, indoor air results are compared to outdoor air
results. To determine whether outdoor air conditions present a potential concern that
requires further investigation, the State looks at the data set as a whole and considers the
following:

a. background concentrations of volatile chemicals in outdoor air;
b. the NYSDOH's guidelines for volatile chemicals in air [Table 3.11;

c. human health risks (i.e., cancer and non-cancer health effects) associated with
exposure to the volatile chemical in air; and

d. the factors described in Section 3.2.

3.4 Decision matrices
3.4.1 Qverview

Decision matrices are risk management tools, developed by the NYSDOH in conjunction with
other agencies, to provide guidance on a case-by-case basis about actions that should be
taken to address current and potential exposures related to soil vapor intrusion. The
matrices are intended to be used when evaluating the results from buildings with full slab
foundations. The matrices encapsulate the data evaluation processes and actions
recommended to address exposures discussed in Sections 3.3.2 and 3.3.3. The general
format of a decision matrix is shown in Table 3.2.
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Table 3.2 General format of a decision matrix

QOctober 2006

Indoor Air Concentration of Volatile Chemical {mcg/m?)
Sub-slab Vapor
Concentration of Concentration Concentration Concentration
Volatile Chemical Range 1 Range 2 Range 3
(meg/m?®)
Concentration ACTION ACTION ACTION
Range 1
Concentration ACTION ACTION ACTION
Range 2
Concentration ACTION ACTION ACTION
Range 3

Indoor air and sub-slab vapor concentration ranges in a matrix are selected based on a
number of considerations in addition to health risks. For example, factors that are
considered when selecting the ranges include, but are not limited to, the following:

a. human health risks (l.e., cancer and non-cancer health effects) associated with

exposure to the volatile chemical in air;

analytical capabilities currently available; and

o a0

3.4.2 Matrices

the NYSDOH's guidelines for volatile chemicals in air [Table 3.1];
background concentrations of volatile chemicals in air [Section 3.2.4];

attenuation factors (i.e., the ratio of indoor air to sub-slab vapor concentrations).

The NYSDOH has developed two matrices, which are inciuded at the end of Section 3.4, to

use as tools in making decisions when soil vapor may be entering buildings. The first

decision matrix was originally developed for TCE and the second for PCE. As summarized in
Table 3.3, four chemicals have been assigned to the two matrices to date.

Table 3.3 Volatile chemicals and their decision matrices

Chemical Soil Vapor/Indoor Air Matrix”
Carbon tetrachloride Matrix 1
Tetrachloroethene (PCE) Matrix 2
1,1,1-Trichloroethane (1,1,1-TCA} Matrix 2
Trichloroethene (TCE) Matrix 1

*The decision matrices are available at the end of Section 3.4.
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Because the matrices are risk management tools and consider a number of factors, the
NYSDOH intends to assign chemicals to one of these two matrices, if possible. For example,
if a chemical other than those already assigned to a matrix is identified as a chemical of
concern during a soil vapor intrusion investigation, assignment of that chemical into one of
the existing decision matrices will be considered by the NYSDOH. Factors that will be
considered in assigning a chemical to a matrix include, but are not limited to, the following:

a. human health risks, including such factors as a chemical's ability to cause cancer,
reproductive, developmental, liver, kidney, nervous system, immune system or other
effects, in animals and humans and the doses that may cause those effects;

b. the data gaps in its toxicologic database;
c. background concentrations of volatile chemicals in indoor air [Section 3.2.4]; and
d. analytical capabilities currently available.

If the NYSDOH determines that the assignment of the chemical into an existing matrix is
inappropriate, then the NYSDOH will either modify an existing matrix or develop a new
matrix.

To use the matrices appropriately as a tool in the decision-making process, the following
should be considered:

a. The matrices are generic. As such, it may be appropriate to modify a recommended
action to accommodate building-specific conditions (e.g., dirt floor in basement,
crawl spaces, etc.} and/or factors provided in Section 3.2 of the guidance (e.qg.,
current land use, environmental conditions, etc.). For example, resampling may be
recommended when the matrix indicates "no further action” for a particular
building, but the results of adjacent buildings {especially sub-slab vapor resuits)
indicate a need to take actions to address exposures related to soil vapor intrusion.
Additionally, actions more protective of public health than those specified within the
matrix may be proposed at any time. For example, the party impiementing the
actions may decide to install sub-slab depressurization systems on buildings where
the matrix indicates "no further action” or "monitoring.” Such an action is usually
undertaken for reasons other than public health (e.g., seeking community
acceptance, reducing excesslve costs, etc.).

b. Indoor air concentrations detected in samples collected from the building's
basement or, if the building has a slab-on-grade foundation, from the building's
lowest occupied living space should be used.

c. Actions provided in the matrix are specific to addressing human exposures.
Implementation of these actions does not preciude investigating possible sources of
vapor contamination, nor does it preclude remediating contaminated soil vapors or
the source of soil vapor contamination.

d. When current exposures are attributed to sources other than vapor intrusion, the
agencies should be provided documentation(e.g., applicable environmental data,
completed indoor air sampling questionnaire, digital photographs, etc.) to support a
proposed action other than that provided tn the matrix and to support assessment
and follow-up by the agencies.
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3.4.3 Description of recommended actions

Actions recommended in the matrix are based on the relationship between sub-siab vapor
concentrations and corresponding indoor air concentrations. They are intended to address
both potential and current human exposures and include the following:

a.

No further action

When the volatile chemical is not detected in the indoor air sample and the
concentration detected in the corresponding sub-slab vapor sample is not expected
to substantially affect indoor air quality.

Take reasonable and practical actions to identify source(s) and reduce exposures

The concentration detected in the indoor air sample is likely due to indoor and/or
outdoor sources rather than soil vapor intrusion given the concentration detected in
the sub-slab vapor sample. Therefore, steps should be taken to identify potential
source(s) and to reduce exposures accordingly (e.g., by keeping containers tightly
capped or by storing volatile chemical-containing products in places where people do
not spend much time, such as a garage or shed). Resampling may also be
recommended to demonstrate the effectiveness of actions taken to reduce
exposures.

Monitor

Monitoring, including sub-slab vapor, basement air, lowest occupied living space air,
and outdoor air sampling, is appropriate to determine whether concentrations in the
indoor air or sub-slab vapor have changed. Monitoring may also be appropriate to
determine whether existing building conditions (e.g., positive pressure HVAC
systems) are maintaining the desired mitigation endpoint and to determine whether
changes are appropriate.

The type and frequency of monitoring is determined on a site-specific and building-
specific basis, taking into account applicabte environmental data and building
operating conditions.

Mitigate

Mitigation is appropriate to minimize current or potential exposures associated with
soil vapor intrusion. Methods to mitigate exposures related to soil vapor intrusion
are described in Section 4.

Monitor / Mitigate

Monitoring or mitigation may be recommended after considering the magnitude of
sub-slab vapor and indoor air concentrations along with building- and site-specific
conditions.
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ADDITIONAL NOTES FOR MATRIX 1

This matrix summarizes the minimum actions recommended to address current and potential
exposures related to soil vapor intrusion. To use the matrix appropriately as a tool in the decision-
making process, the following should be noted:

[1]

[2]

[3]

[4]

(5]

(6]

The matrix is generic. As such, it may be appropriate to modify a recommencded action to
accommodate building-specific conditions (e.g., dirt floor in basement, craw! spaces, etc.)
and/or factors provided in Section 3.2 of the guidance (e.g., current land use, environmental
conditions, etc.). For example, resampling may be recommended when the matrix indicates "no
further action™" for a particular building, but the results of adjacent buildings (especially sub-slab
vapor results) indicate a need to take actions to address exposures related to soil vapor
intrusion. Additionally, actions more protective of public health than those specified within the
matrix may be proposed at any time. For example, the party imptementing the actions may
decide to install sub-slab depressurization systems on buildings where the matrix indicates "no
further action" or "monitoring.” Such an action is usually undertaken for reasons other than
public health (e.g., seeking community acceptance, reducing excessive costs, etc.).

Actions provided in the matrix are specific to addressing human exposures. Implementation of
these actions does not preclude investigating possible sources of vapor contamination, nor does
it preclude remediating contaminated soil vapors or the source of soil vapor contamination.

Appropriate care should be taken during all aspects of sample collection to ensure that high
quality data are obtained. Since the data are being used in the decislon-making process, the
laboratory analyzing the environmental samples must have current Environmental Laboratory
Approval Program (ELAP) certification for the appropriate analyte and environmental matrix
combinations. Furthermore, samples should be analyzed by methods that can achieve a
minimum reporting limit of 0.25 microgram per cubic meter for indoor and outdoor air samples,
For sub-slab vapor samples, a minimum reporting limit of 5 micrograms per cubic meter is
recommended for buildings with full slab foundations, and 1 microgram per cubic meter for
buildings with less than a full slab foundation.

Sub-slab vapor and indoor air samples are typically collected when the likelihood of soil vapor
intrusion to occur is considered to be the greatest (i.e., worst-case conditions). If samples are
collected at other times (typically, samples collected outside of the heating season), then
resampling during worst-case conditions may be appropriate to verify that actions taken to
address exposures related to soil vapor intrusion are protective of human health.

When current exposures are attributed to sources other than soil vapor intrusion, the agencies
should be given documentation (e.g., applicable environmental data, completed indoor air
sampling questionnaire, digital photographs, etc.) to support a proposed action other than that
provided in the matrix box and to support agency assessment and follow-up.

The party responsible for implementing the recommended actions will differ depending upon
several factors, including the identified source of the volatile chemicals, the environmental
remediation program, and site-specific and building-specific conditions. For example, to the
extent that all site data and site conditions demonstrate that soil vapor intrusion is not occurring
and that the potential for soil vapor intrusion to occur is not likely, the soil vapor intrusion
investigation would be considered complete. In general, if indoor exposures represent a
concern due to indoor sources, then the State will provide guidance to the property owner
and/or tenant on ways to reduce their exposure, If indoor exposures represent a concern due
to outdoor sources, then the NYSDEC will decide who is responsible for further investigation and
any necessary remediation. Depending upon the outdoor source, this responsibility may or may
not fall upon the party conducting the soil vapor intrusion investigation,

[MATRIX 1 Page 2 of 2_|
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ADDITIONAL NOTES FOR MATRIX 2

This matrix summarizes the minimum actions recommended to address current and potential
exposures related to soil vapor intrusion. To use the matrix appropriately as a tool in the decision-
making process, the following should be noted:

[1]

[2]

(3]

{41

[5]

(6]

The matrix is generic. As such, it may be appropriate to modify a recommended action to
accommodate building-specific conditions (e.g., dirt floor in basement, crawl spaces, etc.)
and/or factors provided in Section 3.2 of the guidance (e.g., current land use, environmental
conditions, etc.). For example, resampling may be recommended when the matrix indicates "no
further action” for a particular building, but the results of adjacent buildings (especially sub-slab
vapor results) indicate a need to take actions to address exposures related to soil vapor
intrusion. Additionally, actions more protective of public health than those specified within the
matrix may be proposed at any time. For example, the party implementing the actions may
decide to install sub-slab depressurization systems on buildings where the matrix indicates "no
further action" or "monitoring." Such an action is usually undertaken for reasons other than
public health (e.g., seeking community acceptance, reducing excessive costs, etc.).

Actions provided in the matrix are specific to addressing human exposures. Implementation of
these actions does not preclude investigating possible sources of vapor contamination, nor does
it preciude remediating contaminated soil vapors or the source of soil vapor contamination.

Appropriate care should be taken during all aspects of sample collection to ensure that high
quality data are obtained. Since the data are being used in the decision-making process, the
laboratory analyzing the environmental samples must have current Environmental Laboratory
Approval Program (ELAP) certification for the appropriate analyte and environmental matrix
combinations. Furthermore, samples should be analyzed by methods that can achieve a
minimum reporting limit of 3 micrograms per cubic meter for indoor and outdoor air samples.
For sub-siab vapor samples, a minimum reporting limit of 5 micrograms per cubic meter is
recommended.

Sub-slab vapor and indoor air samples are typically collected when the likelihood of soll vapor
intrusion to occur is considered to be the greatest (i.e., worst-case conditions). If samples are
collected at other times (typically, samples collected outside of the heating season), then
resampling during worst-case conditions may be appropriate to verify that actions taken to
address exposures related to soil vapor intrusion are protective of human health.

When current exposures are attributed to sources other than soil vapor intrusion, the agencies
should be given documentation (e.g., applicable environmental data, completed indoor air
sampling questionnaire, digital photographs, etc.) to support a proposed action other than that
provided in the matrix box and to support agency assessment and follow-up.

The party responsible for implementing the recommended actions will differ depending upon
several factors, including the identified source of the volatile chemicals, the environmental
remediation program, and site-specific and building-specific conditions. For example, to the
extent that all site data and site conditions demonstrate that soil vapor intrusion is not oceurring
and that the potential for soil vapor intrusion to occur is not likely, the soil vapor intrusion
investigation would be considered complete. In general, if indoor exposures represent a
concern due to indoor sources, then the State will provide guidance to the property owner
and/or tenant on ways to reduce their exposure. If indoor exposures represent a concern due
to outdoor sources, then the NYSDEC will decide who is responsible for further investigation and
any necessary remediation. Depending upon the outdoor source, this responsibility may or may
not fall upon the party conducting the soil vapor intrusion investigation.
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3.5 Emergency response

The NYSDOH's staff are responsible for recommending that residents relocate in cases
where there may be health risks resulting from exposure to petroleum spills. These roles
and responsibilities are outlined in Environmental Health Manual Technical Reference and
Procedural Items BTSA-01. Air sampling is appropriate in some cases for demonstrating
that spill cleanup and engineering controls have been effective in reducing indoor air
impacts and associated health risks to residents. At a minimum, air samples are collected
from the basement, first floor and from outdoors. Whether sub-slab or soil gas sampies will
be taken is evaluated on a case-by-case basis. Air testing data are sometimes used as the
basis for ending emergency relocation financial support. For additional information, please
contact the NYSDOH's Bureau of Toxic Substance Assessment by calling 1-800-458-1158.

Emergency actions not related to petroleum spills are handled on a case-by-case basis.

3.6 Parcels that are undeveloped or contain unoccupied buildings

If investigation of a parcel that is undeveloped or contains unoccupied buildings is being
delayed until the site is being developed or occupied, measures should be in place that
assure the State that no development or occupation will occur without addressing the
exposures. Institutional controls may be used for this purpose. An institutional control is
any non-physical means of enforcing a restriction on the use of real property that

a. limits human or environmental exposure,
b. provides notice to potential owners, operators or members of the public, or

¢. prevents actions that would interfere with the effectiveness of remedial acticns or
with the effectiveness and/or integrity of operation, maintenance or monitoring
activities at a site.

An institutional control that is often used is an environmental easement. An environmental
easement is an enforced mechanism used for property where the remedial actions leave
residual contamination that makes the property suitable for some, but not all uses, or
includes engineering controls that must be maintained for the easement to be effective.
The purpose of the easement is to ensure that such use restrictions or engineering controls
remaln in place. An environmental easement

a. can only be created by the property owner (the grantor) through a written
instrument recorded in the appropriate county recording office. It can only be
granted to the State (the grantee) and can only be extinguished or amended by a
written instrument executed by the Commissioner of the Department of
Environmental Conservation and duly recorded;

b. is binding upon all subsequent awners and occupants of the property. The deed or
deeds far the property (as well as any other written instruments conveying any
interest in the property) must contain a prominent notice that it is subject to an
environmental easement; and '

c. may be enforced in perpetuity against the grantor, subsequent owners of the
property, lessees, and any person using the property by its grantor, by the State, or
by the municipality in which the property Is located.

If these actions cannot be implemented, alternative measures should be in place that assure

the State that the parcel will not be developed or buildings occupied without addressing the.
exposure concerns. For example, arrangements should be made for the town, village or city
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to notify the appropriate party when new construction or tenants are proposed for the
parcel (e.g., permit applications and grants) or ownership of the parcel changes.
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[~ section 4: Soil Vapor Intrusion Mitigation |

As discussed in Section 1.1, soil vapor can enter a building through cracks or perforations in
slabs or basement floors and walls, and through openings around sump pumps or where
pipes and electrical wires go through the foundation primarily because of a difference
between interior and exterior pressures. This intrusion is similar to how radon gas enters
buildings from the subsurface. Fortunately, given this similarity, well-estabiished
techniques for mitigating exposures to radon may also be used to mitigate exposures
related to soil vapor intrusion.

Once it is determined that steps should to be taken to address exposures associated with
soil vapor intrusion, they should be implemented with all due expediency. This section
provides an overview of:

a. methods of mitigation,

b. installation and design of mitigation systems,

c. post-mitigation testing,

d. operation, maintenance and monitoring of mitigation systems,
e. termination of mitigation system operations, and

f. annual certification.

Mitigation is considered to be an interim measure to address exposures untii contaminated
environmental media are remediated, or until mitigation is no longer needed to address
exposures related to soil vapor intrusion.

4.1 Methods of mitigation

The most effective mitigation methods involve sealing infiltration points and actively
manipulating the pressure differential between the building's interior and exterior {ona
continuous basis). As discussed in the following subsections, the appropriate method to use
will largely depend upon the building's foundation design. Furthermore, buildings having
more than one foundation design feature (e.g., a basement under one portion of the house
and a crawl! space beneath the remainder) may require a combination of mitigation
methods. This section describes methods of mitigation that are expected to be the most
reliable options under a wide range of circumstances. Occasionally, there are site-specific
or building-specific conditions under which alternative methods (such as HVAC modification,
sealing, room pressurization, passive ventilation systems, or vapor barriers) may be more
appropriate, Such mitigation proposals may be considered on a case-by-case basis.

4.1.1 Buildings with a basement siab or slab-on-grade foundation

In conjunction with sealfing potential subsurface vapor entry points, an active sub-slab
depressurization system (SSD system} is the preferred mitigation method for buildings with
a basement slab or slab-on-grade foundation. A SSD system uses a fan-powered vent and
piping to draw vapors from the soil beneath the building's siab (i.e., essentially creating a
vacuum beneath the slab) and discharge them to the atmosphere. This results in lower
sub-stab air pressure relative to indoor air pressure, which prevents the infiltration of sub-
slab vapors into the building.
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The most common approach to achieving depressurization beneath the slab is to insert the
piping through the floor slab into the crushed rock or soit underneath. However, the EPA, in
their "Consumer's Guide to Radon Reduction” (EPA 402-K-03-002; revised February 2003),
lists the following approaches as ways to reduce radon levels in a building, either in place of
the more commcen sub-slab suction point method or in conjunction with that method:

a. Drain tile suction — Some houses have drain tiles or perforated pipe to direct water
away from the foundation of the house. Suction on these tiles or pipes is often
effective;

b. Sump hole suction — If the building has a sump pump to remove unwanted water,
the sump can be capped so that it can continue to drain water and serve as the
location for piping. If the sump is not used as the suction or extraction point, the
associated wiring and piping should be sealed and an air-tight cover should be
installed to enhance the performance of the SSD system; and

c. Block wall suction — If the building has hollow block foundation walls, the void
network within the wall may be depressurized by drawing air from inside the wall
and venting it to the outside. This method is often used in combination with sub-
slab depressurization.

The depressurization approach, or combination of approaches, selected for a building should
be determined on a building-specific basis due to building-specific features that may be
conducive to a specific depressurization approach. For example, if the contaminants are
entering the building through a block wall, block wall suction in conjunction with traditional
sub-slab depressurization may be more effective at minimizing exposures related to soil
vapor intrusion rather than sub-slab depressurization alone.

Although sealing is not a reliable mitigation technique on its own, it can significantly
improve the effectiveness of a SSD system since it fimits the flow of subsurface vapors into
the building. All joints, cracks and other penetrations of slabs, floor assemblies and
foundation walls below or in contact with the ground surface should be sealed with materials
that prevent air leakage,

If the State concurs that a SSD system is not a practicable alternative or that exposures will
be mitigated concurrently by a method selected to remediate subsurface contamination,
alternative mitigation methods may be considered, such as the following:

a. MVAC modification — a technique where the building's HVAC system is modified to
avoid depressurization of the building relative to underlying and surrounding soil
(i.e., to maintain a positive pressure within the building}; and

b. Soil vapor extraction (SVE) system — a technique used to remediate contaminated
subsurface soil vapor. SVE systems use high flow rates, induced vacuum or both to
collect and remove contamination, while SSD systems use a minimal flow rate to
effect the minimum pressure gradient (see the EPA's technical guidance documents
for recommended gradients; Section 4.2.3) needed to reverse air flow across a
building's foundation. Depending upon the SVE system's design, the system may
also serve to mitigate exposures. For example, the SVE system’s radius of influence
includes the subsurface beneath affected buildings or horizontal legs of the system
will be installed beneath affected buildings, However, complications can arise if the
SVE system is no longer effective at remediating contaminated vapors, exposures
should still be mitigated due to residual vapor contamination.
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4.1.2 Buildings with a craw! space foundation

A soil vapor retarder with sub-membrane depressurization (SMD) system is the preferred
mitigation method for buildings with a crawl space foundation. A soil vapor retarder is a
synthetic membrane or other comparable material that is placed on the ground in the craw!
space to retard the flow of soil vapors into the building. A SMD system is similar to a 55D
system. It uses a fan-powered vent and piping to draw vapors from beneath the soil vapor
retarder and discharge them to the atmosphere. This results in lower air pressure beneath
the membrane relative to air pressure in the crawl space, which prevents the infiltration of
subsurface vapors into the building.

If the State concurs that a soil vapor retarder with a SMD system is not a practicable
alternative or that exposures will be mitigated concurrently by a method selected to
remediate subsurface contamination, alternative mitigation methods may be considered,
such as the following:

a. HVAC modification — a technique where the building’s HVAC system is modified to
avoid depressurization of the building relative to the crawl space;

b. Craw/ space ventilation with sealing — a technique that uses a fan to draw air out of
the crawl| space; and

c. SVFE system [Section 4.1.1].

4.1.3 Bujldings with_dirt floor basements

Either a SSD system with a newly poured slab or a SMD system with a soil vapor retarder
may be used. However, the former method is preferred.

4.1.4 Buildings with multiple foundation types

Mitigation in a building with a combination of foundations should be achieved by applying
the specific methods described previously [Sections 4.1.1 through 4.1.3] to the
corresponding foundation segments of the building. Special consideration shoutd be given
to the points at which different foundation types join, since additional soil vapor entry
routes exist in such locations. Often, the various systems can be installed and connected to
a common depressurization system and fan.

4.1.5 Undeveloped parcels

If sampling results indicate a mitigation system is recommended to address exposures in
buildings that may be constructed, then a S5D system with sealing, or a SMD system with a
soil vapor retarder, or a combination of these methods is recommended, as appropriate to
the design of the proposed buildings.

4.1.6 Additional references

The following documents provide additional information on sefecting an appropriate
mitigation method:
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a. A Consumer's Guide to Radon Reduction
EPA [EPA 402-K-03-002, revised February 2003]

This document provides assistance in selecting a qualified radon mitigation
contractor to reduce the radon levels in a home, determining an appropriate radon
reduction method, and maintaining a raden reduction system. It is available at the
EPA's web site: http://www.epa.gov/iaq/radon/pubs/index.html; and

b. Reducing Radon in Schools: A Team Approach
EPA [EPA 402-R-94-008, April 1994]

This document will provide assistance in determining the best way to reduce elevated
radon levels found in a school. It provides guidance on the process of confirming a
radon problem, selecting the best mitigation strategy, and directing the efforts of a
multidisciplinary team assembled to address elevated radon levels in a way that will
contribute to the improvement of the overal! indoor air quality of the school. Copies
can be ordered from the EPA's Indoor Air Quality Information Clearinghouse at 1-
800-438-4318.

4.2 Design and instaliation of mitigation systems

Once a mitigation method is selected, it should be designed and installed. The components
of the design and installation of mitigation systems, the procedures for specific mitigation
technigues, and references for technical guidance are provided in the following subsections.

4,2.1 General recommendations

Systems should be designed and installed by a professional engineer or environmental
professional. In most areas of the state, there are contractors who have met certain
requirements and are trained to identify and fix radon problems in buildings. To obtain the
names of local contractors, contact the NYSDOH's Radon Prograrn at 1-800-458-1158,
extension 27556, or visit the Nationat Radon Safety Board's web site (www.nrsb.org) or
Nationa! Environmenta! Health Association's web site (www.neha.org).

Typically, the party responsible for remediating the site is responsible for arranging design
and installation activities. If no responsible party is available, the State will arrange for the
design and installation of the system. All design and installation activities should be
documented and reported to the agencies. Furthermore, once a mitigation system is
installed, an information package should be given to the building's owner and tenants, if
applicable, to facilitate their understanding of the system's operation, maintenance and
monitoring [Section 5.6].

With the exception of SVE systems, the mitigation methods introduced in Section 4.1 are
not intended to remediate the source of subsurface vapors (e.g., contaminated
groundwater, soil, etc.). Rather, they are designed to minimize the infiltration of subsuiface
vapors into a building. For consistency in implementing the techniques in residential
buildings, mitigation systems should be designed and installed in accordance with the
following:

a. Standard Practice for Installing Radon Mitigation Systems in Existing Low-rise
Residential Buildings (ASTM E-2121)
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American Soclety for Testing and Materials (ASTM) International [ASTM E-2121-03,
February 10, 2003}

This document applies to existing buildings. The purpose of this document is to
provide radon mitigation contractors with uniform standards that will ensure guality
and effectiveness in the design, installation, and evaluation of radon mitigation
systems in detached and attached residential buildings three stories or less in height.
Information on how to obtain a copy of this standard is available in Appendix E; and

Mode! Standards and Techniques for Controf of Radon in New Residential Buildings
EPA [EPA 402-R-94-009, March 1994]

This document applies to new construction and contains information on how to
incorporate radon reduction technigues and materials in residential construction. A
copy of this document is provided in Appendix F.

4.2.2 System-specific recornmendations

Basic design and instaliation recommendations for mitigation systems follow. These are
based upon recommendations and requirements given by the EPA for mitigating exposures
refated to radon intrusion (for additional information see EPA's web site on radon at
http://www.epa.gov/iaq/radon/pubs/index.htmI)‘.

a.

b.
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Sealing — To improve the effectiveness of depressurization and ventilation systems
and to limit the flow of subsurface vapors into the building, materials that prevent air
leakage should be used, such as elastomeric joint sealant (as defined in ASTM C520-
87), compatible cautks, non-shrink mortar, grouts, expanding foam, "Dranjer” drain
seals, or airtight gaskets. Some effective sealants may contain volatile organic
compounds; in some situations, this may be a consideration in choosing an
appropriate sealing material.

Soil vapor retarder (membrane) —

1. To retard the infiltration of subsurface vapors into the building and enhance the
performance of a SMD system, a minimum & mil (or 3 mil cross-laminated)
polyethylene or equivalent flexible sheeting material should be used,

2. The sheet should cover the entire floor area and he sealed at seams {with at
least a 12 inch overlap) and penetrations, around the perimeter of interior piers
and to the foundation walls.

3. Enough of the sheeting should be used so it will not be pulled away from the
walis when the depressurization system is turned on and the sheet is drawn
down.

4. If a membrane is installed in areas that may have future foot traffic {e.g., a dirt
floor in a basement), consideration should be given to also installing a wearing
surface such as sand or stone to protect the integrity of the membrane.
Additionally, a layer of fine sand may be prudent beneath the membrane to
protect it from penetrations by sharp objects in the dirt floor.
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¢c. Depressurization systems —

1.

The systems should be designed to avoid the creation of other health, safety, or
environmental hazards to building occupants (e.g., backdrafting of natural draft
combustion appliances).

The systems should be designed to minimize soil vapor intrusion effectively
while minimizing excess energy usage, to avoid compromising moisture and
temperature controls and other comfort features, and to minimize ncise.

To evaluate the potential effectiveness of a SSD before it is installed, a
diagnostic test (commonly referred to as a "communication" test) should be
performed to measure the ability of a suction field and air flow to extend
through the material beneath the slab. This test is commonly conducted by
applying suction on a centrally located hole drilled through the concrete slab
and simultaneously observing the movement of smoke downward into small
holes drilled in the slab at locations separated from the central suction hole. A
similar quantitative evaluation may also be performed by using a digital
micromanometer or comparable instrument. Depending on test results, .
multiple suction points may be needed to achieve the desired effectiveness of
the system.

Passive systems (i.e., a SSD system without a vent fan) are not as effective as
active systems and their performance varies depending upon ambient
temperatures and wind conditions. Therefore, active systems should be used to
ensure exposures are being addressed. '

The vent fan and discharge piping should not be located in or below a livable or
occupied area of the building to avoid entry of extracted subsurface vapors into
the building in the event of a fan or pipe leak.

To avoid entry of extracted subsurface vapors into the building, the vent pipe's
exhaust should be

i, above the eave of the roof (preferably, above the highest eave of the
buiiding at least 12 inches above the surface of the roof),

ii. atleast 10 feet above ground level,

ili. at least 10 feet away from any opening that is less than 2 feet below the
exhaust point, and

iv. 10 feet from any adjoining or adjacent buildings, or HVAC intakes or
supply registers.

Rain caps, if used, should be installed so as not to increase the potential for
extracted subsurface vapors to enter the building.

To avoid accidental changes to the system that could disrupt its function, the
depressurization system should be labeled clearly. An example of such labeling
is shown in Figure 5.1.

A warning device or indicator should be installed to alert building occupants if

the active system stops working properly. Examples of system failure warning
devices and indicators include the following: a liquid gauge (e.g., a
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manometer), a sound alarm, a light indicator, and a dial (needie display)
gauge. The warning device or indicator should be placed where it can be easily
heard or seen. The party installing the system should verify the warning device
or indicator is working properly. Building occupants should be made aware of
the warning device or indicator (what it is, where it i5 located, how it works,
how to read/understand it, and what to do if it indicates the system is not
working properly).

d. HVAC systems — HVAC systems should be carefully designed, installed and operated
to avoid depressurization of basements and other areas in contact with the sail.

e. Crawl space ventilation —

1. Ventilation systems should be designed to avoid the creation of other health,
safety, or environmental hazards to building occupants (e.g., backdrafting of
natural draft combustion appliances).

2. Openings and cracks in floors above the crawl space that would permit
conditioned air to pass into or out of the occupied spaces of the building, should
be identified, closed and sealad.

f. SVFE systems designed to also mitigate exposures —

1. The systems should be designed to avoid the creation of other health, safety, or
environmental hazards to building occupants (e.g., backdrafting of natural draft
combustion appliances).

2. To avoid reentry of soil vapor into the building(s), the exhaust point should be
located away from the openings of buildings and HVAC air intakes. Depending
upon the concentrations of volatile chemicals in subsurface vapors and the
expected mass removal rate, treatment (e.g., via carbon filters) of the SVE
system effluent may be appropriate to minimize outdoor air effects,

3. The SVE system's radius of influence should adequately address buildings
requiring mitigation, as well as subsurface sources requiring remediation. If it
does not, additional actions may be appropriate. For example, if the radius of
influence does not completely extend beneath a building, a complementary air
monitoring program may be appropriate to confirm that exposures are being
addressed adequately while the SVE system is operating.

4.2.3 Technical guidance

To address exposures effectively in larger buildings, some of the same techniques used in
residential buildings can be scaled up in size, number, or performance (e.g., adjustments in
the size and air movement capacity of the vent pipe fan, or installation of multiple suction
points through the slab instead of a single point). The design of the techniques may also be
modified (e.q., installation of horizontal pipes beneath the building instead of a single
suction point).

Detailed technical guidance on designing and installing mitigation systems in residential and

non-residential buildings is provided in various documents, such as the following, released
by the EPA and others:
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a. References provided in ASTM's E-2121 (see Appendix E for information on how to
obtain a copy) and the EPA's Mode/ Standards and Techniques for Controf of Radon
in New Residential Buildings (Appendix F);

b. Radon Reduction Techniques for Existing Detached Houses: Technical Guidance
(Third Edition) for Active Soil Depressurization Systems
EPA [EPA 625/R-93-011, October 1993]

This technica! guidance document has been prepared to serve as a comprehensive
aid in the detailed selection, design, installation, and operation of indcor radon
reduction measures for existing houses based on active soil depressurization
techniques. Tt is intended for use by radon mitigation contractors, building
contractors, concerned homeowners, state and local officials and other interested
persons. Coples can be ordered from the EPA's Indoor Air Quality Information
Clearinghouse at 1-800-438-4318;

c. Protecting Your Home From Radon: A Step-by-Step Manual for Radon Reduction
Kladder et af., 1993

This manual is designed to provide sufficient information to a homeowner to make
many of the basic repairs that can significantly reduce radon fevels in the home;

d. Building Radon Out: A Step-by-Step Guide on How to Build Radon-Resistant Homes
EPA [EPA 402-K-01-002, April 2001]

This fully illustrated guide contains all the information needed in one place to
educate home builders about radon-resistant new construction (RRNC), including the
following: basic questions and detailed answers about radon and RRNC, specific
planning steps before installing a system, detailed installation instructions with
helpful illustrations, tips and tricks when installing a system, marketing know-how
when dealing with homebuyers, and architectural drawings. This document is
available at the EPA's web site: http://www.epa.gov/iag/radon/pubs/index.html;
and

e. Radon Prevention in the Design and Construction of Schools and Other Large
Buildings
EPA [EPA 625-R-92-016, June 1994]

1t is typically easier and much less expensive to design and construct a new building
with radon-resistant and/or easy-to-mitigate features, than to add these features
after the building is completed and occupied, Specific guidelines on how to
incorporate radon prevention features in the design and construction of schools and
other large buildings are detailed in this manual. Copies can be ordered from the
EPA's Indoor Air Quality Information Clearinghouse at 1-800-438-4318. This
document is also available on the EPA Office of Research and Development's web
site: http://www.epa.gov/ORD/NRMRL/pubs/625r92016/625r92016.htm.

4.3 Post-mitigation or confirmation testing

Once a mitigation system is installed, its effectiveness and proper installation should be
confirmed. The party that installed the system should conduct post-mitigation testing and
for developing a post-mitigation testing plan. Minimum objectives for post-mitigation
testing associated with specific mitigation methods are provided in the following
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subsections. All post-mitigation testing activities should be documented and reported to the
agencies.

4.3.1

a.

- 66 -

55D systems with sealing

Reasonable and practical actions should be taken to identify and fix leaks. With the

depressurization system operating, smoke tubes are used to check for leaks through
concrete cracks, floor joints, and at the suction point. Any leaks identified should be
resealed until smoke is no longer observed flowing through the opening.

Once a depressurization system is instalied, its operation may compete with the
proper venting of fireplaces, wood stoves and other combustion or vented appliances
(e.qg., furnaces, clothes dryers, and water heaters), resulting in the accumulation of
exhaust gases in the building and the potential for carbon monoxide poisoning.
Therefore, in buildings with natural draft combustion appliances, the building should
be tested for backdrafting of the appliances. Backdrafting conditions should be
corrected before the depressurization system is placed in operation.

The distance that a pressure change is induced in the sub-slab area (i.e., a pressure
field extension test) should be conducted. Analogous to a communlcation test, this
test is commonly conducted by operating the depressurization system and
simultaneously observing the movement of smoke downward into small holes (e.g.,
3/8 inch) drilled through the slab at sufficient locations to demonstrate that a
vacuum Is being created beneath the entire slab. A similar quantitative evaluation
may also be performed by using a digital micromanometer or comparable
instrument. If adequate depressurization is not occurring, the reason (e.g., improper
fan operation) should be identified and corrected.

Adequate operation of the warning device or indicator should be confirmed.

Except as indicated below, post-mitigation indoor and outdoor air sampling should be
conducted in all buildings where pre-mitigation samples were collected and in all
buildings where physical data suggest possible impediments to comprehensive sub-
slab communication of the depressurization system (i.e., locations with wet or dense
sub-slab soils, multiple foundations and footings, minimal pressure differentials
between the interior and sub-slab). Generally, indoor and outdoor air sampling
locations, protocols and analytical methads should be consistent between pre-
mitigation and post-mitigation sampling, where applicable. In buildings with
basements, post-mitigation indoor air sampling from the basement alone (i.e.,
without a concurrent indoor air sample from the first floor) is recommended in most
circumstances.

Typically, post-mitigation sampling should be conducted no sooner than 30 days
after installing a depressurization system. If the system is installed outside of the
heating season or at the end of a season, post-mitigation air sampling may be
postponed until the heating season.

In cases of widespread mitigation due to vapor contamination and depending upon
the basis of making decisions {e.g., a "blanket mitigation" approach within a
specified area of documented vapor contamination [Section 3.3.1]), a representative
number of buildings from an identified study area, rather than each building, may be
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4.3.2

4.3.3

sampled. Prior to implementation, this type of post-mitigation sampling approach
should be approved by State agency personnel.

In newly constructed buildings, a site-specific and building-specific indoor air
sampling plan is recommended due to potential interferences caused by the off-
gassing of volatile chemicals in new building materials {e.g., paints, carpets,
furniture, etc. [Section 1.41). In these situations, if indoor air sampling is
appropriate samples should be

i. coliected while the system is operational but before potentially Interfering
factors are brought into the building,

ii. analyzed for a targeted list of volatile chemicals based on previous
environmental sampling (e.g., groundwater, soil, soil vapor, etc.), and/or

iii. collected while the system is operational but after potentially interfering
factors have had an cpportunity to off-gas.

If post-mitigation sampling results do not indicate a significant decrease in the
concentrations of volatile chemicals previously believed to be present in the indoor
air due to soil vapor intrusion, the reason (e.g., indoor or outdoor sources, improper
operation of the mitigation systemn, etc.) should be identified and corrected as
appropriate.

SMD systermns with soil vapor retarder

Reasonable and practical actions should be taken to identify and fix leaks. With the
depressurization system operating, smoke tubes are used to check for leaks in the
membrane at seams, edge seals and at locations where the sheet was sealed around
obstructions. Any leaks identified should be resealed until smoke is no longer
abserved flowing through the opening.

Rackdrafting conditions should be evaluated and corrected [Section 4,3.1].
Adequate operation of the warning device or indicator should be confirmed.

Post-mnitigation indoor and outdoor air testing should be conducted in buildings
where pre-mitigation samples were collected [as discussed in Section 4.3.1].

HVAC maodificaticns

Check the building for positive pressure conditions (e.g., verify a pressure controller
is maintaining the desired pressure differential and/or measure the pressure
differential between the sub-slab and indoor air by using field instruments).

Backdrafting conditions should be evaluated and corrected {Section 4.3.1].

Adequate operation of the warning device or indicator, if applicable, should be
confirmed.

Post-mitigation indoor and outdoor air testing should be conducted in buildings
where pre-mitigation samples were collected [Section 4.3.1].
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4.3.4 Crawl space ventilation and sealing
a. Reasonable and practical actions should be taken to identify and fix leaks. With the
ventilation system operating, smcke tubes are used to check for leaks in openings
and cracks in floors above the crawl space that were sealed during installation of the
system. Any leaks identified should be resealed until smoke is no longer observed
flowing through the opening.

b. Backdrafting conditions should be evaluated and corrected [Section 4.3.1].

c. Adequate operation of the warning device or indicator, if applicable, should be
confirmed.

d. Post-mitigation indoor and outdoor air testing should be conducted in buitdings
where pre-mitigation samples were collected [as discussed in Section 4.3.1].

4.3.5 SVE systems designed to glso mitigate exposures
a. Backdrafting conditions should be evaluated and corrected [Section 4.3.1].

h. The distance that a pressure change is induced In the sub-slab area should be
conducted. This may be done by operating the SVE system and simultaneously
observing the movement of smoke downward into small holes (e.g., 3/8 inch) drilled
through the building's slab at sufficient locations to demonstrate that a vacuum is
being created beneath the entire slab.

c. Adequate operation of the warning device or indicator, if applicable, should be
confirmed. ‘

d. Post-mitigation indoor and outdoor air testing should be conducted in buildings
where pre-mitigation samples were collected [Section 4.3.1].

4.4 Operation, maintenance and monitoring of mitigation systems

When mitigation systems are Implemented at a site, the operation, maintenance and
monitoring (OM&M) protocols for the systems should be inciuded in a site-specific site
management plan (formerly referred to as operation, maintenance and monitoring plan).
The party that installed the system should conduct OM&M activities and should develop the
site management plan. Recommendations for minimum OM&M activities associated with
specific mitigation methods are provided In the following subsections. Also included is a
discussion of non-routine maintenance. All routine and non-routine OM&M activities should
be documented and reported to the agencies.

4.4.1 SSD and SMD systems

Routine maintenance should commence within 18 months after the system becomes
operational, and should occur every 12 to 18 months thereafter. Based upon a
demonstration of the system's reliability, the State recommends that, if a different
frequency is desired, a petition describing the alternative frequency and the reasons that
frequency is preferred be submitted to the State. Any comments the State may have on
the petition should be considered before the frequency is altered,
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During routine maintenance, the following activities (at a minimum) should be conducted:

a. a visual inspection of the complete system (e.g., vent fan, piping, warning device or
indicator, labeling on systems, soil vapor retarder integrity, etc.),

b. identification and repair of leaks [Sections 4.3.1 and 4.3.2], and

¢. inspection of the exhaust or discharge point to verify no air intakes have been
located nearby.

As appropriate preventative maintenance (e.g., replacing vent fans), repairs and/or
adjustments should be made to the system to ensure its continued effectiveness at
mitigating exposures related to soil vapor intrusion. The need for preventative maintenance
will depend upon the life expectancy and warranty for the specific part, as well as visual
observations over time. The need for repairs and/or adjustments will depend upon the
results of a specific activity compared to that obtained when system operations were
initiated.

If significant changes are made to the system or when the system's performance is
unacceptable, the system may need to be redesigned and restarted. Many, if not all, of the
post-mitigation testing activities, as described in Sections 4.3.1 and/or 4.3, may be
appropriate. The extent of such activities wilt primarily depend upon the reason for the
changes and the documentation of sub-slab depressurization.

Generally, air monitoring is not recommended if the system has been instalted properly and
is maintaining a vacuum beneath the entire slab.

In addition to the routine OM&M activities described here, the building's owner and tenants
are given information packages that explains the system's operation, maintenance and
monitoring [Section 5.6]. Therefore, at any time during the system's operaticon, the
building's owner or tenants may check that the system is operating properly.

4.4.2 Other mitigation systems

For other mitigation systems (e.g., HVAC modifications, crawl space ventilation, ete.),
routine maintenance activities are generally comparable to post-mitigation testing activities
[Section 4.3]. Activities typically include a visual inspection of the complete system, and
identification and repair of feaks. System performance checks, such as air stream velocity
measurements of ventilation systems, also should be performed.

As appropriate, preventative maintenance (e.g., replacing filters, cleaning lines, etc.),
repairs and/or adjustments should be made to the system to ensure its continued
effectiveness at mitigating exposures related to soil vapor intrusion. If significant changes
are made to the system or when the system's performance is unacceptable, redesigning and
restarting the system may be appropriatelSection 4.4.1].

Air monitoring, such as periodic sub-slab vapor, indoor air and outdoor air sampling, may be
appropriate to determine whether existing building conditions are maintaining the desired
mitigation endpoint and to determine whether changes are appropriate. The type and
frequency of monitoring is determined based upon site-specific and building-specific
conditions, taking into account applicable environmental data, building operating conditions,
and the mitigation method employed. '

- 69 -



Octeber 2006 Final NYSDOH CEH BEEI Soil Vapor Intrusion Guidance

4.4.3 Non-routine maintenance

Non-routine maintenance may also be appropriate during the operation of a mitigation
system. Examples of such situations inciude the following:

a. the building's owners or occupants report that the warning device or indicator
indicates the mitigation system Is not operating properly;

b. the mitigation system becomes damaged; or

c. the building has undergone renovations that may reduce the effectiveness of the
mitigation system.

Activities conducted during non-routine maintenance visits will vary depending upon the
reason for the visit. In general, building-related activities may include examining the
building for structural or HVAC system changes, or other changes that may affect the
performance of the depressurization system (e.g., new combustion appliances, deterioration
of the concrete slab, or significant changes to any of the building factors listed in Table 1.2).
Depressurization system-related activities may include examining the operation of the
warning device or indicator and the vent fan, or the extent of sub-siab depressurization.
Repairs or adjustments should be made to the system as appropriate. If appropriate, the
system should be redesigned and restarted [Section 4.4.1].

4.5 Termination of mitigation system operations

Mitigation systems should not be turned off, until the State receives, and has had the
opportunity to comment on, & proposal to turn off mitigation systems. The party seeking to
turn off the mitigation systems should consider any comments the State may have on the
proposal, except in emergency situations. Systems should remain in place and operational
until they are no tonger needed to address current or potential exposures related to soil
vapor intrusion. This determination should be based upon several factors, including the
following:

a. subsurface sources (e.g., groundwater, soil, etc.) of volattie chemical contamination
in subsurface vapors have been remediated based upon an evaluation of appropriate
post-remedial sampling results;

b. residual contamination, if any, in subsurface vapors is not expected to affect indoor
air quality significantly based upon soil vapor and/or sub-slab vapor sampling
results; :

c. residual contamination, if any, in subsurface vapors is not affecting indoor air quality
when active mitigation systems are turned off based upon indoor air, outdoor air and
sub-slab vapor sampling results at a representative number of buildings; and

d. there is no "rebound"” effect for which additional mitigation efforts would be
appropriate observed when the mitigation system is turned off for prolonged periods
of time. This determination should be based upon indoor air, outdoor air and/or sub-
slab vapor sampling from the building over a time period, determined by site-specific
conditions.

Given the prevalence of radon throughout the State of New York, consideration should be
given to leaving the system in place and operating to address exposures related to radon
intrusion after concurrence is reached that the system is no longer needed to mitigate
exposures related to soil vapor intrusion. This action should be done only with permission
of the property owner and after the property owner is aware of their responsibilities in
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operating, monitoring and maintaining the sysfem for this specific purpose. If the property
owner declines the offer, the system should be shut down and, if requested, removed in a
timely manner.

4.6 Annual certification and notification recommendations

Mitigation systems are considered engineering controls, defined as any physical barrier or
method employed to

1. actively or passively contain, stabilize, or monitor hazardous waste or petroleum,

2. restrict the movement of hazardous waste or petroleum to ensure the long-term
effectiveness of remedial actions, or

3. eliminate potential exposure pathways to hazardous waste or petroleum.

Therefore, depending upon the remedial program, submission of an annual certification to
the State may be required. This certification must be prepared and submitted by a
professional engineer or environmental professional and affirm that the engineering controls
are in place, are performing properly and remain effective, This requirement of certification
remains in effect until the State provides notification, in writing, that this certification is no
longer needed.

If a property owner declines a mitigation system, the party responsible for arranging the
design and installation of the system should renew the offer on an annual basis, unless they
demonstrate environmental conditions have changed such that a system is no longer
needed.
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[ .. Section 5;: Community Outreach .. ~ - 7

While community outreach is an essential component of the investigation and remediation
of any site, it is particularly critical when evaluating soil vapor intrusion at a site due to the
following:

a. a heightened awareness by environmental professionals and the general public (both
nationaily and state-wide) for the importance of soil vapor intrusion;

b. the relatively complicated nature of the exposure pathway (e.g., chemicals in
groundwater or soil ending up in the indoor air of buildings versus contaminated
groundwater entering the house through the use of a private well);

c. the unknowns associated with the evolving science of investigating, evaluating, and
mitigating exposures related to soil vapor intrusion; and

d. the relatively complicated nature of mitigating the exposure pathway (e.g., the
design, instailation and operation of a sub-slab depressurization system in a home
versus an immediate switch from using private well water to using bottled water).

When people have been or may be exposed to contamination, providing them with accurate
and timely information about those exposures is extremely important. This information
should include details about the types of chemicals, the jevels of exposure, and possible
health effects from those exposures. In addition, information should include details about
the planning and progress of the investigation and remediation efforts. Techniques
commonly used to inform the community about soil vapor intrusion issues are described in
this section. The type, or types, of techniques selected for a site will vary depending upon
the community's needs, site-specific conditions and remedial program-specific
requirements.

5.1 Site contact list

A contact list contains names, addresses and telephone numbers of individuals and
organizations with interest or involvement in a site. They may be affected by or interested
in the site, or have information that staff needs to make effective remedial decisions.
Contact lists typically include residents near the site, elected officials, appropriate federal,
state, and local government contacts, local media, organized environmental groups and the
responsible party, as well as local businesses, civic and recreational groups, religious
facilities, school district officials, and all staff (NYSDEC, NYSDOH, county health department,
EPA, etc.) involved in the site. The checklist provided in Appendix G.1 will help to identify
who should be included in a particular site's contact list.

With respect to soil vapor intrusion, the site contact list is often used to

a. send a fact sheet announcing a proposed investigation in the area, a major project
decision or proposal, the project's status or progress, a public meeting or availability
session, or the availability of documents in the repositories;

b. contact building owners and tenants to arrange sampling dates and times and to
transmit sampling results (in written form and/or verbally); and

c. provide community members with verbal updates on the project's status or progress.

The member of the project team (defined as the NYSDEC, NYSDOH, responsible party, etc.)
that develops and maintains the site contact list is determined on a site-specific and/or
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program-specific basis. Development and revision of the contact list are ongoing activities
throughout the site's Investigation and remediation. Guidance on how to create a site
contact list is provided in Appendix G.1.

5.2 Project staff contact sheet

As implied by the name, this is @ summary of the contact information for staff working on
the site that can be handed out to the community. Often included on the sheet are the
name, title, affiliation, role or area of expertise, address, telephone number, email address,
facsimile number for each staff member. The contact sheet provides the community with a
quick reference on whom to call with questions, comments or concerns about the site.
Project staff may also use the site contact sheet to direct inquiries to the most appropriate
person. This is particularly useful when there are many agencies working on the site and
many issues, such as site investigation, health studies, medical outreach, etc., being
addressed. :

The site contact sheet should be handed out at public meetings or availability sessions,
when door-to-door visits and sampling are conducted, and in conjunction with other
appropriate outreach activities. The sheet should be developed early on in the process and
kept up-to-date. The member of the project team that develops and maintains the staff
contact sheet is determined on a site-specific and/or program-specific basis.

5.3 Fact sheetls

A fact sheet is a written summary of important information about a site. It presents
information in clear and concise terms for the community. Fact sheets aid consistent
distribution of Information and citizens' understanding of significant issues assoclated with
site-related activities. With respect to soil vapor intrusion, fact sheets are often used to

a. announce a proposed soil vapor intrusion investigation in the area, either as a stand-
alone activity or in conjunction with the site's overalt investigation;

b. summarize the results of an Investigation and the anticipated next steps in the
process;

¢. invite the public to a meeting or availability session to discuss the proposed
investigation, the results of a recently completed investigation, the anticipated next
steps, etc.; and

d. provide additiona! information on topics associated with soil vapor intrusion, such as
specific air guidelines for volatile chemicals.

The member of the project team that plans, develops and distributes the fact sheet is
determined on a site-specific and/or program-specific basis. Factors to consider when
designating the lead include the site's remedial program, the expectad content of the fact
sheet, and the relationship of various team members with the community. For example, if
the community strongly distrusts the responsible party and wants to know how the state is
determining that their actions are appropriate, the state should be the lead. A combination
of tearn members may also be suitable.

All team members should be included in reviewing and finalizing the fact sheet. Once the

state approves the fact sheet, it may be released to the public. Timely distribution of the
fact sheet is important. Sufficient time should be allowed in the development and review

-73-



QOctober 2006 Final NYSDOH CEH BEEI Soil Vapor Intrusion Guidance

schedule to ensure that the fact sheet is distributed — and that it is received — before the
critical activity takes place. Specific timeframes for release include the following:

a. 2 weeks prior to a public meeting or availability session, or commencement of field
activities;

b. within 24 hours of receiving a specific request for an available fact sheet from the
community (e.g., members of the community that did not receive a copy of the fact
sheet in the mail);

c.. if applicable, before a comment period begins (otherwise a 30-day comment period
becomes, in reality, a 25-day comment period); and

d. if appropriate, concurrently with letters to the community explaining sampling
results.

Copies of fact sheets commonly used to supplement discussions related to soil vapor
intrusion are provided in Appendix H. They are also available from the NYSDOH's soil vapor
intrusion web page: http://www.health.state.ny.us/environmentaI/indoors/vapor_intrusion/.
Additional guidance on how to plan, develop and distribute fact sheets is provided In
Appendix G.2.

5.4 Public gatherings

The following are several types of public gatherings where project staff can meet with the
community:

a. Traditional Public Meetings: Project staff generally present information and answer
questions. Citizens are encouraged to ask questions and provide comments;

b. Public Availability Sessions: The session is held in a casual setting, without a formal
agenda and presentation. Staff generally conduct an availability session about a
specific aspect of a site, which it publicizes ahead of time. The format promotes
detailed individual or small group discussion between staff and the public. An
availability session may be targeted to a specific subgroup of the overall community.
For example, a session may be held where project staff meet with building owners
and tenants to discuss their individual sampling results;

¢. Public Forum: The forum is held in a casual setting, without a formal presentation.
Typically, the format is one of "question and answer" — a panel of project staff (or, if
applicable, outside experts) answer questions asked by community members in an
open discussion; and

d. Other: Project staff may be invited to give presentations or to make themselves
available for questions at community group meetings, such as community or
neighborhood board meetings, school hoard meetings, etc.

If appropriate, a combination of the above may be used. The type, or combination of types,
of gathering (if any) selected should be decided based on site-specific, program
requirements and community-specific conditions, such as the following:

a. Is the investigation limited to on-site buildings, to a localized area of off-site
buildings, or to the off-site neighborhood surrounding the site?;

b. Is the soil vapor investigation being performed as part of ongoing site investigation
activities (and consequently ongoing outreach activities), or is this issue being
revisited at a site where remediation was considered "complete?”;
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What type of outreach has the community favored in the past?;

d. What are the objectives of the meeting? Can one meeting type accomplish each of
the objectives or are different meeting types needed on successive days (e.g., public
meeting followed by an availability session)?; and

e. Who is the desired audience? Should the meeting be held in the afterncon to
accommodate an elderly population and repeated in the evening for people who work
during normat business hours?

The member of the project team that coordinates and implements the gathering is
determined on a site-specific and/or program-specific basis. Factors to consider when
designating the lead include the site's remedial program, the expected subject of the
meeting, and the relationship of various team members with the community. A combination
of team members may also be appropriate.

Additional guidance on how to plan and conduct a public meeting and an availability session
is provided in Appendices G.3 and G.4.

5.5 lLetters transmitting results

When indcor air and/or sub-slab vapor samples are collected from within or beneath a
building, a letter providing the sampling results and the conclusions drawn from the data
evaluation should be transmitted to the building's owner. If the building is a rental
property, the transmittal letter should be sent to the tenants residing in the areas where the
samples were collected and a copy to the property owner/landlord. In some cases where
responsible parties are carrying out indoor air sampling, access agreements are commaoniy
executed between such a party and the property owner. Consequently, the transmittal
letter may be sent to the property owner, and where feasible by prior arrangement with the
property owner and/or tenant, with a copy to the tenant.

A transmittal letter should include the following (as applicable):
a. the address of the building sampled;
the date samples were collected;

b
~¢. the type of samples collected (e.g., sub-slab vapor, indoor air and outdoor air);
d

indoor air sampling locations (e.g., basement, crawl space, first floor living room,
etc.)

e. who collected the samples (e.g., the state, or [Consultant Name] on behalf of
[Responsible Party name], etc.);

f. why samples were collected (e.qg., to evaluate the potential for exposures associated
with soil vapor intrusion);

the site name and number (usually included in the subject line);

h. the compound(s) or group of compounds of concern (e.g., trichloroethene or volatile
organic compounds);

i. an overview of the sampling results (e.g., a table summarizing compounds detected
in each sample and/or a figure illustrating sampling locations and corresponding
results);
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j. copies of the laboratory sheets for each sample collected and the completed building
guestionnaire/inventory;

k. a statement of the conclusions drawn and the next steps (e.g., soil vapor intrusion
appears to be the likely source of volatile chemicals in your indoor air and we would
like to install a sub-siab depressurization system to minimize exposures);

I. if applicable, what information should be shared with employees and/or patrons of
the facility (e.g., the transmittal letter and enclosed fact sheets, a situation-specific
fact sheet and cover memorandum, etc.);

m. contact information for project staff, and
n. fact sheets that supplement information provided in the letter.

The member of the project team that transmits the letter is typically the member that
conducted the investigation. A representative of each member should be copied on each
transmittal. For example, for investigations conducted by the state, letters are transmitted
by the NYSDOH; state and local agencies, as well as a representative for the responsible
party (or other non-agency project staff), should be copied. For investigations conducted by
the responsible party, the responsible party should transmit letters that have been reviewed
and approved by the state, and copy state and local agency representatives.

The level of detail provided in the letter will depend upon who transmits the letter. For
example, letters written by the NYSDOH may recommend actions to reduce exposures to
indoor sources (i.e., not site-related sources) of volatile chemicals, or address expected
risks associated with an identified exposure. Letters transmitted by a responsible party
generally focus on site-related contamination and their identified next steps. These letters
generally refer the recipients to the state for questions regarding non-site-related
compounds and health concerns. For additional guidance on the content of the transmittal
letters, contact the NYSDOH's Bureau of Environmental Exposure Investigation at 1-800-
458-1158, extension 27850.

Timely distribution of the transmittal letter is important. Generally, final (i.e., verified)
sampling results from the laboratory are available 6 to 8 weeks after the samples are
submitted. As soon as they are available, final results should be forwarded to the team
member that is transmitting them. Sufficient time should be allowed in the development
and review schedule to ensure that the letter is transmitted within 2 weeks after final
results are available.

If there is significant community interest in the sampling results, reasonable attempts
should be made to inform the building owners and tenants of their results verbally in
addition to sending a transmittal letter. Other interested community members, such as
residents, press and elected officials, may be given an overview of the investigation results
and the conclusions drawn after each building owner and tenant has been notified.

5.6 Soil vapor intrusion mitigation information

Once a mitigation system (e.g., sub-slab depressurization system) is installed in a bullding,
an information package should be given to the building's owner and tenants, if applicable, to
facilitate their understanding of the system's operation, maintenance and monitoring. This
package should include the following:

a. a description of the mitigation system installed and its basic operating principles;

-76 -



Final NYSDOH CEH BEEI Soif Vapor Intrusion Guidance October 2006

how the owner or tenant can check that the system is operating properly;
how the system wili be maintained and monitored and by whom;

a list of appropriate actions for the owner or tenant to take if the system's warning
device or indicator (e.g., pressure gauge, alarm, etc.) indicates system degradation
or failure; and

contact information (e.g., names, telephone numbers, etc.) if the owner or tenant
has questions, comments or concerns.

The building's owner should also receive the following information:

d.

any building permits required by local codes;
copies of contracts and warranties; and

a description of the proper operating procedures of any mechanical or electrical
system instatled, including manufacturer's operation and maintenance instructions

and warranties.

Wherever possible, illustrations should be provided. For example, pictures of a manometer
under normal operating conditions [Figure 5.1], as well as drawings or schematics showing

the system at work [Figure 5.2].

The member of the project team who provides this information is the member who installed
the mitigation system,

Figure 5.1
Manometer indicating the SSD system is operating properly.
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Sub-Slab Depressurization System
(commonly called a radon mitigation system)

‘-“‘n\ P N S S S S G N S
The vent pipe is routed uo the ) " I 1
side of the structure to a location _

above the roof line.

A fan is used to draw soil vapor
from beneath the slab.

A fiquid gauge, or manometer is .
used to verify that the system is Sub-Siab Soil VBDOI‘

operating properly A sub-slab depressurization system vents contaminated soil vapor
before it enters a structure. The fan draws vapor from beneath the
building outside to the roof line where it is released to the cutside air.

Figure 5.2
Example of an illustration showing how a SSD system works.
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5.7 Toll-free "800" numbers

Toll-free information numbers provide quick, easy access for people who have questions,
comments or concerns about a site. At a minimum, the NYSDOH site project manager's
name and the following "800" number should be shared with the community in fact sheets
and transmittal letters, at public gatherings, when samples are collected, and with other
outreach techniques for their use if they have health-related questions, concerns or
comments related to soil vapor intrusion at the site.

NYSDOH
Center for Environmental Health
Bureau of Environmental Exposure Investigation
Toll-free Information Line

1-800-458-1158, ext. 27850

Note: The "800" number is an information line — not a "hotline" — because callers may not
receive immediate response, such as on nights or weekends.

Similarly, applicable toll-free numbers setup and maintained by other project team
members should also be shared with the community whenever appropriate. Additional
information on the use of toll-free "800" numbers as an outreach tool is provided in

Appendix G.5.

5.8 Door-to-door visits

Door-to-door visits involve gathering or distributing site information by meeting individuals
at their residences or businesses. Typically, this outreach technique is used to supplement
other communication, such as telephone calls and letters. With respect to soil vapor
intrusion, project staff may visit residents near a site to provide information, answer
questions, or obtain permission for activities on private properties. Alt team members
should be aware of the specifics of the door-to-door visits {(e.g., who will be conducting the
visits, the reason, the dates, etc.}.

Additional information on conducting door-to-door visits Is provided in Appendix G.6.

5.9 Document repositories

A document repository is a collection of documents and other information developed during
the investigation and remediation of a site. It is located in a convenient, public facility, such
as a library, so that affected and interested members of the public can easily access and
review important information about the site. A repository is maintained through the site's
operation and maintenance phase, or until its release from the applicable remedial program,

A site document repositery helps the public review
a. documents about which the state is seeking public comment;

b. studies, reports and other information; and

c. complete versions of documents summarized in fact sheets, meeting presentations
or media releases (summaries should note the locations of local repositories where
the complete documents are available).
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The member of the project teamn that establishes and maintains the document repository is
determined on a site-specific and/or program-specific basis. Additional guidance on how to
establish and maintain a document repository is provided in Appendix G.7.

5.10 Medical community outreach

Outreach to the medical community is an activity or combination of activities undertaken to
assist local health care providers in caring for people who have concerns about site-specific
environmental exposures. The goal of this type of outreach is to assist the individual
pravider by giving him/her much of the site-specific information related to the contaminants
and to provide information about the site itself. This type of outreach is undertaken
whenever the NYSDOH and/or other health agencies determine that the site-specific
contaminants may be unfamiliar to the local medical community. Conversely, this outreach
can be undertaken when community members express the concern that their health care
providers may be unfamiliar with potential adverse health effects related to contaminants at
the site.

The targeted audience for this type of outreach consists of specific groups of health care
providers most likely to treat people with concerns about potential environmental
exposures. Some examples of targeted groups of specialists could include any combination
of the following: Family Practice, Internal Medicine, Preventive Medicine, Oncology,
Neurology, Allergy, Pediatrics, Obstetrics, Dermatology and Emergency Medicine. Likewise,
materials can be sent to medical and nursing schools, residency programs, and medical
libraries if they are focated nearby. Developing the targeted list of health-care providers is
a cooperative effort between local and state departments of health, with input from the
community as well.

The NYSDOH, in partnership with the Agency for Toxic Substance and Disease Registry
(ATSDR) and the local health department, can conduct these activities, which could include
any one or a combination of the following:

a. announcements made at public meetings that the NYSDOH Center for Environmental
Health will mail out information packets to individual physicians at the request of any
concerned citizen;

b. an article ptaced in a local newspaper, or, if applicable, in a newsletter periodicaily
sent to residents, stating that the NYSDOH Center for Environmentai Health will mail
out packets to individual physicians at the request of any concerned citizen. The
NYSDOH "800" number and two NYSDOH contact names would be given;

c. an article submitted to the newsletter of the tocal county medical society, stating
that the NYSDOH and the ATSDR have information to help providers with guestions
about site-related contamination in the area of the site. The NYSDOH "800" number
and two NYSDOH contact names would be given; and

d. materials sent to medica! and nursing schools, residency programs, and medical
libraries if they are located nearby.

Local and state departments of health, and ATSDR, have developed appropriate outreach
materials. The information packets should contain a letter to the physician, site-specific fact
sheets, brochures, and booklets about potential exposures and about the contaminants in
the area of the site. As an example, here is a list of fact sheets and pamphlets that an
information packet for a site with PCE and TCE as contaminants of concern might contain:
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a.

> v

a letter of explanation to the provider, including the NYSDQOH "8C0" number to call
for access to more information, as well as two NYSDOH contacts with whom to speak

initiafly;
a site-specific fact sheet written for the community, explaining various site-related
issues;

a compact disc of ATSDR case studies in environmental medicine (CSEMs), with
opportunitias for earning many free continuing medical education (CME) credits
through the Centers for Disease Control and Prevention;

a hard copy of both the "Trichloroethylene (TCE) Toxicity" and "Taking an
Environmental Exposure History” case studies;

two small "quick reference guides" produced by ATSDR about evaluating
environmental exposures and doing an exposure history;

a NYSDOH fact sheet on Trichloroethene (TCE) in indoor and outdoor air;

an ATSDR fact sheet on Trichloroethylene (TCE);

a NYSDOH fact sheet on Tetrachloroethene (PERC) in indoor and outdoor air; and
an ATSDR fact sheet on Tetrachloroethylene (PERC).

For additional Information on this outreach tool, please contact the NYSDQOH Center for
Environmental Health's Outreach and Education Unit at 1-800-458-1158, extension 27530.
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