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APH Air Phase Hydrocarbon

bgs below ground surface

CMA Corrective Measures Assessment

COC Chain-of-Custody

DEQ Montana Department of Environmental Quality

DQO Data Quality Objective

inHg Inches of Mercury

JSA Job Safety Analysis

LEL Lower Explosive Limit

LFG Landfill Gas

MADEP Massachusetts Department of Environmental Protection

QA/QC Quality Assurance/Quality Control

RL Reporting Limit

RSL Regional Screening Level

SAP Sampling and Analysis Plan

SIM Select-Ion Monitoring

SOP Standard Operating Procedure

SVOC Semi-Volatile Organic Compound

VOC Volatile Organic Compound
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1.0 INTRODUCTION

This document includes a Sampling and Analysis Plan (SAP) and a Job Safety Analysis (JSA)
prepared for the City of Bozeman as part of the ongoing investigation of soil gas in the vicinity of
the Bozeman Landfill. The project is funded by the City of Bozeman.

This SAP was prepared to guide the Indoor Air Quality Investigation which is being conducted in
response to the recent discovery of elevated concentrations of volatile organic compounds
(VOCs) in soil gas near the southern border of the Bozeman Landfill and the neighboring
community (Tetra Tech, 2013c).

This SAP is organized as follows: Section 1 presents the Introduction, Section 2 presents a Site
Summary, Section 3 the Investigation Objectives, and Section 4 the Methodology. Appendix A
presents the project JSA; Appendix B presents Tetra Tech’s Standard Operating Procedures
(SOPs); Appendix C presents a copy of the Household Survey; Appendix D presents the
Laboratory Chain-of-Custody Form.

1.1 Objectives

There are two primary objectives of the proposed investigation: (1) determine whether vapor
intrusion has the potential to occur in residences along the southern border of the Bozeman
Landfill, and (2) develop recommendations for additional sampling and vapor mitigation if
necessary.

Vapor intrusion refers to the process by which volatile chemicals migrate from subsurface
contaminant sources such as contaminated soil or groundwater into the indoor air of overlying
structures. Soil vapor is the air found in the pore spaces between soil particles which can
become contaminated when volatile chemicals migrate from contaminant sources. Volatile
chemicals are chemical that generate vapors and mainly include VOCs and some semi-volatile
organic compounds (SVOCs). Contaminated soil vapors may enter structures through cracks in
slabs or basement walls, through the junction between the slab footing and the basement floor,
through dirt floors, and through openings around sump pumps or where pipes and electrical
wires go through the foundation (DEQ, 2011).

To achieve the first objective Tetra Tech proposes to conduct two indoor air sampling events
from participating residents and have the samples analyzed for VOCs. Laboratory results will
then be compared to soil gas results that were collected during the fall 2012 and spring 2013
soil gas monitoring events (Tetra Tech, 2013a, 2013b, 2013c). In the event that indoor air
concentrations of VOCs correlate with subsurface soil gas results, then more invasive measures
such as sub-slab soil gas monitoring may be recommended. Additionally, groundwater samples
will be collected simultaneously during the first indoor air sampling event to further assess the
impact that potentially contaminated aquifers may have on vapor intrusion.
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2.0 SITE SUMMARY

The City of Bozeman purchased approximately 200 acres for use as a landfill in 1969. The
location of the Bozeman Landfill is shown in Figure 1. Disposal of garbage at the site began
soon afterwards. Class II, III, and IV wastes have been accepted. The majority of waste has
been class II and includes decomposable wastes such as municipal and household solid waste
including food, paper, cardboard, cloth, glass metal, and plastics. Class II designation prohibits
the disposal of regulated hazardous wastes.

Garbage disposal was conducted in an unlined waste cell between 1969 and 1995. The unlined
waste cell is in the southeastern corner of the landfill property. The cell is approximately 32
acres and contains waste up to approximately 100 feet in thickness.

Garbage disposal was conducted in a second waste cell between 1995 and 2008. The second
cell has an impermeable liner with a leachate collection system connected to the municipal
sewer. The second cell is approximately 12 acres and up to approximately 100 feet in
thickness.

Groundwater contamination issues were identified in the late 1970s. Groundwater monitoring
wells were installed and a groundwater monitoring program was implemented in 1981.
Monitoring results have shown that groundwater quality has been impacted primarily by VOCs
originating from the unlined waste cell. The network of groundwater monitoring wells is shown
in Figure 2.

Bridger Creek Golf Course opened with adjacent residential development in 1994. The
residential subdivisions surrounding the Bridger Creek Golf Course are within City of Bozeman
limits and are connected to City water and sewer.

A Corrective Measures Assessment (CMA) was prepared in 1995 to address VOC impacts to
groundwater at the Bozeman Landfill site. Various cleanup alternatives were evaluated in the
CMA with the preferred alternative being an active landfill gas (LFG) extraction system installed
in the unlined, closed cell. The LFG extraction system was installed and operating by 1997 and
continuously operates, at present. The system collects approximately 1,100 pounds of VOCs
per year from the extracted LFG. The VOCs are thermally destroyed using a candlestick flare.
The network of LFG extraction wells is shown in Figure 2.

Groundwater monitoring is being conducted twice per year, in June and December. Monitoring
results indicate a southwesterly groundwater flow. Three groundwater wells (wells LF-2, LF-3,
and MW-10) and one spring (McIlhattan Seep) are monitored downgradient and outside of the
landfill property. These off-site monitoring stations indicate that groundwater is impacted with
low concentrations of VOCs including tetrachloroethene and trichloroethene. The concentration
of these VOCs have not met or exceeded regulatory action levels in groundwater outside of the
landfill property since June 2003. There are two monitoring wells in the western portion of the
residential neighborhood south of the landfill property (wells LF-2 and LF-3 shown in Figure 2).
These wells indicate that depth to groundwater in the neighborhood is approximately 14 feet.

Methane monitoring is being conducted on a monthly basis to confirm that no explosive
concentrations of methane are leaving the landfill property. In addition, oxygen, carbon dioxide,
and nitrogen are measured. The monitoring also determines the effectiveness of the operating
LFG extraction system. Methane has intermittently exceeded regulatory limits (25 percent of the
lower explosive limit (LEL)) in several of the perimeter gas probes during springtime when soil
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has the greatest amount of moisture. Methane is now rarely detected in the perimeter gas
monitoring probes following repairs to the LFG extraction well-heads and near continuous
operation of the system. Location of the perimeter gas monitoring probes is shown in Figure 2.

Routine monitoring activities, attendant to LFG extraction system upgrades, detected additional
VOCs in soil gas near the south boundary of the landfill in late 2012. In this initial investigation,
gas samples were collected from four perimeter gas monitoring probes near the south boundary
of the landfill property. Samples were analyzed for 62 VOC constituents by TO-15 analysis.
Chloroform; benzene; trichloroethene; tetrachloroethene; ethylbenzene; and 1,2,4-
trimethylbenzene were detected above U.S. Environmental Protection Agency (EPA) Resident
Regional Screening Levels (RSL) for air. Concerned with potential health impacts to residents
in the neighborhood south of the landfill, the City of Bozeman then conducted follow-up
investigations in March through May 2013, in a residential neighborhood south of the landfill and
again, along the south property boundary of the landfill. The analyte list included those
parameters that had exceeded EPA RSLs in the first investigation and some additional
petroleum hydrocarbon compounds and degradation compounds of tetrachloroethene. The
subsequent investigations resulted in the detection of chloroform, benzene, trichloroethene,
tetrachloroethene, and ethylbenzene exceeding EPA RSLs in a residential neighborhood south
of the landfill. In addition, 1,2,4-trimethylbenzene and vinyl chloride were detected in excess of
EPA RSLs in one soil gas location within the landfill property but near the south property
boundary. The source of VOCs in soil gas is believed to be from the unlined closed cell and
groundwater impacted with VOCs originating from the unlined closed cell.
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3.0 INVESTIGATION OBJECTIVES

This section describes the objectives of the indoor air quality investigation. It identifies the study
area boundaries, contaminants of potential concern, data quality objectives, and quality
assurance and quality control (QA/QC) considerations for the project.

3.1 Project Objectives

The objectives of this indoor air quality investigation are to identify whether the vapor intrusion
exposure pathway is being completed in residences in the project area. This will be completed
by ascertaining whether VOCs are present in residential indoor air, and comparing indoor air
concentrations to known soil gas concentrations in the vicinity of each residence (Tetra Tech,
2013c).

3.2 Contaminants of Potential Concern

Tetra Tech has identified the following contaminants of potential concern at or above laboratory
analytical reporting limits in soil gas beneath residences along the southern border of the
Bozeman Landfill.

 Tetrahydrofuran
 1,2,4 trimethylbenzene
 Vinyl chloride
 cis 1,2-dichloroethene
 Benzene
 Trichloroethene
 Toluene
 Tetrachloroethene
 Ethylbenzene
 Xylenes
 Chloroform

3.3 Scope of Work

The scope of work for this investigation was developed based on analytical data from previous
soil gas investigations conducted in October 2012, April 2013, and May 2013 (Tetra Tech,
2013a, 2013b, 2013c). Tetra Tech proposes to complete the following as part of the scope of
work for this project.

 Conduct two indoor air sampling events at up to 26 homes near the southern border of
the Bozeman Landfill located on Saint Andrews Drive, Turnberry Court, and Caddie
Court in Bozeman, Montana. Air samples will be collected and submitted for VOC
analysis.

 Collect groundwater samples from residential irrigation wells belonging to homes within
the project area and submit samples for VOC analysis.

 Prepare one progress report after the initial sampling event and one Indoor Air Quality
Investigation Report which presents the results of the investigation.

The investigation work will be performed in June and July 2013, and November and December
2013. It is anticipated that the first set of analytical data will be received by mid-August, and a
progress report will be submitted to the City of Bozeman by August 31, 2013. The second set of
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analytical results will likely be received by mid-January. A progress report will be prepared
following receipt of each monitoring event’s lab results and submitted to City of Bozeman. Lab
results for each home investigated will be shared with each owner of that home.

A Draft Indoor Air Quality Investigation Report will be submitted by January 31, 2014. A Final
Indoor Air Quality Investigation Report will subsequently be submitted once comments have
been received by the City of Bozeman.

3.4 Quality Assurance/Quality Control

Where applicable, Tetra Tech will follow procedures outlined in the Montana Department of
Environmental Quality (DEQ) Vapor Intrusion Guide (DEQ, 2011). Field staff will utilize Tetra
Tech Standard Operating Procedures (SOPs) while collecting field samples and duplicates. This
SAP provides details on the collection frequency requirements for each QA/QC sample, as well
as other QA/QC requirements and procedures for this project.

3.4.1 Data Validation

Data validation consists of completing a review of raw analytical data. The laboratory will
validate raw data using EPA Contract Laboratory program National Functional Guidelines and
according to specific analytical method requirements. The analytical laboratory will perform data
validation on raw analytical data prior to preparing a final analytical report.

Data evaluation consists of completing a review of laboratory analytical reports that have
undergone internal laboratory validation. The objective of data validation and evaluation is to
identify any unreliable or invalid laboratory measurements and qualify data for interpretive use.
The data evaluation will include review of field QA/QC data and additional review of qualifiers
assigned to the data by the analytical laboratory. Additional qualifiers will be assigned to the
data as necessary based on, but not limited to, precision and accuracy of results, blank
contamination, and holding time exceedances.

Project personnel will complete data evaluation checklists, as outlined in Appendix C. The
checklists provide a guide for review of the laboratory and field procedures and data collected.
The review will evaluate whether the following were completed according to SAP requirements,
EPA guidelines and/or method specifications:

• Chain-of-custody procedures;
• Temperatures;
• Holding times;
• Laboratory QA/QC (i.e. review of results for method blanks, control samples,

calibration results, duplicates, matrix spike/matrix spike duplicates; and
review detection limits are met);

• Lab data evaluation will also consider instrument tuning and system
performance, calibration results, and detection limits; and,

• Field QA/QC (sample handling, duplicates, and field and equipment blanks).

Knowing the limitations of the data assists the data user when making interpretations. Data with
limitations are usable for evaluation as long as the limitations are considered. Professional
judgment is required and will be used to assess the impact of field QC on the overall quality and
usability of the field data.
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3.5 Project Organization

The overall project manager for the investigation is Mr. Dustin Johnson, P.E., City Engineer for
the City of Bozeman. Mr. Mark Pearson is the Tetra Tech Project Manager. Mr. Nicholas Sovner
is the Tetra Tech staff scientist assigned to work with Mr. Pearson to assist in executing field
activities and project administration. Mr. Kirk Miller is the Tetra Tech Senior Project Manager
and will provide technical oversight, assistance with public outreach, and will ensure field crews
adhere to Tetra Tech health and safety protocols.

3.6 Data Quality Objectives

Data quality objectives (DQOs) for this investigation were developed to ensure data quality and
to define procedures for data collection. The DQO process allows Tetra Tech to evaluate the
level of data quality required for specific data collection activities.

3.6.1 Problem Statement

The City of Bozeman is interested in addressing the issue of vapor intrusion in residences along
the southern border of the Bozeman Landfill which encompasses the neighborhood along Saint
Andrews Drive, Turnberry Court, and Caddie Court. Media affected by contaminants of potential
concern at the Site may include groundwater, subsurface soil, soil gas, and residential indoor
air. This investigation is necessary to confirm or deny the presence of environmental
contamination at the above-mentioned neighborhood and to determine the extent and
magnitude of any impacts to indoor air.

3.6.2 Decision Statement

The indoor air quality investigation will involve collecting environmental data to confirm or deny
the presence of VOCs in residential indoor air. Collected media will include indoor air and
groundwater from residential irrigation wells. Tetra Tech will evaluate available data and make
decisions based on the following decision statements:

 Do residences in the selected area contain VOC concentrations that are believed to
have originated from the subsurface and meet or exceed federal indoor air quality
regulatory standards?

 What actions will be necessary after the completion of the investigation to confirm the
findings and what mitigation measures (if any) are necessary?

3.6.3 Site Conceptual Model

VOCs have been detected in soil gas at the south boundary of the landfill and along Saint
Andrews Drive, Turnberry Court, and Caddie Court. The presence of these VOCs may be due
to landfill gas escaping from closed waste cells, or from impacted groundwater that has leached
from these waste cells. The Bozeman Landfill is known to contain household and commercial
waste products that may contain sources of VOCs (see Section 2.0).

The primary exposure pathway of concern for potential Site contaminants includes inhalation of
soil vapors within residences. The secondary exposure pathway of concern includes dermal
contact or ingestion of groundwater impacted with VOCs through the use of private irrigation
wells within the project area. Residences are known to utilize the municipal water supply for
domestic use which is not believed to be impacted.
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Sampling activities will investigate potential exposures at the Site. Indoor air exposure will be
investigated through the direct sampling of indoor air throughout participating residences.
Groundwater will also be sampled in irrigation wells at participating residences.

3.6.4 Temporal Boundaries

The horizontal study boundary for the Site includes the residences shown in Figure 2 which are
referenced in Section 3.6.3. The vertical study boundary includes first encountered groundwater
which is believed to exist at its shallowest elevation: 14 feet below ground surface (bgs) in the
western part of the Site, soil gas from a maximum depth of approximately 30 feet bgs to its
shallowest depth of approximately at or less than 6 feet bgs, and indoor air within the selected
residences.

3.6.5 Decision Rule

Federal regulatory standards will be used to evaluate residential indoor air quality and State
water quality standards will be used to evaluate groundwater quality.

 EPA Region 9, May 2013 RSLs for Residential Air will be used to determine whether
analytical results from air samples pose a health risk (EPA, 2013);

 Circular DEQ-7 October 2012 Montana Numeric Water Quality Standards for
groundwater will be used to determine whether analytical results from water samples
pose a health risk (DEQ, 2012b).

If the investigative work indicates that impacted media is present at concentrations above the
applicable screening levels, standards, or guidelines for a particular reuse scenario, then further
assessment or remediation may be required.

3.6.6 Tolerable Limits of Decision Errors

Decision errors are incorrect conclusions about a site caused by using data that are not
representative of site conditions due to sampling or analytical error. Limits on decision error are
typically established to control the effect of sampling and measurement errors on decisions
regarding a site, thereby reducing the likelihood that an incorrect decision is made. The null
hypothesis is that a site is contaminated. A false positive decision error is one that decides a
site is clean when, in actuality, it is not clean. A false negative decision error is one that decides
a site requires cleanup when, in actuality, it requires no cleanup. False positive and negative
decision errors should be minimized as much as possible during this project.

This SAP identifies specific field and laboratory methods and sampling strategies that reduce
sampling error. The total study error will be reduced by collecting an appropriate number of
environmental samples deemed necessary by the assessment team that are intended to
represent the range of concentrations present at the Site. The sampling program is designed to
reduce sampling error by specifying an adequate number and distribution of samples to meet
project objectives.
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4.0 METHODOLOGY

4.1 Air Quality Investigation

Tetra Tech will conduct two indoor air sampling events within the project area at participating
residential properties. The first event will occur in late June and early July, 2013 to assess
current VOC concentrations. The second event will occur in either November or December 2013
to optimize winter conditions where concentrations are considered worst case. Where
practicable, methodology will closely follow DEQ procedures outlined in the April 2011 Montana
Vapor Intrusion Guide (DEQ, 2011).

4.1.1 Household Survey

Prior to sample collection a household survey will be conducted with the assistance of a primary
resident. The purpose of the survey to document potential background sources of VOCs that
could potentially bias the samples and to gather information regarding home construction and
ventilation types that may affect the movement of vapors through the structure.

Indoor sources of VOCs may include consumer products such as cleaners, solvents, strippers,
polish, adhesives, water repellants, lubricants, air fresheners, aerosols, mothballs, scented
candles, insect repellents, plastics. Other sources of VOCs are from fuel storage and/or
combustion processes such as smoking, cooking, home heating, attached garages, dry cleaning
and other hobby related activities (DEQ, 2012a).

The survey will be provided to each resident prior to the sampling event, and will be thoroughly
reviewed by Tetra Tech field personnel upon arrival at the residence. At this time field personnel
will ensure that known sources of VOC’s were removed from the residence at least 48 hours
prior to sampling.

4.1.2 Sample Locations

Sample location selections will be based on a variety of factors including the number floors of
the home, the square footage of each floor, typical breathing height, and in an area that is not
intrusive for the occupant.

Samples will be collected from one to three locations within each residence to provide a
representative survey area and to provide a vertical gradient for analyte concentrations. One
sample will be collected from a basement and/or crawlspace if present. At least one sample will
be collected from the first floor and the second floor of each home. Where applicable, a sample
should represent up to 1,500 square feet in an area, and should be collected from typical
breathing height at approximately 3 to 5 five feet above the floor (EPA, 2012).

One ambient outdoor air sample will be collected from a representative upwind location each
day that indoor air sampling is conducted. If necessary, multiple ambient air samples may also
be collected to account for spatial variability across the Site depending on daily indoor air
sample locations (i.e. simultaneous ambient air collection on the east and west end of the
project area).

4.1.3 Sample Containers

The number of canisters used at the project will be based on the number of residents requesting
that samples be collected at their homes. 24 residences are present within the project area.
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The number of canisters used will depend on the size of the home and the number of floors,
excluding a second floor. A canister will be placed in a basement floor, if furnished. A maximum
of three samples will be collected from each residence.

The project is expected to take approximately five days thus five ambient air samples could be
collected. In total, up to 77 field samples may be collected during the course of each sampling
event ([24 x 3] + 5 = 77).

Tetra Tech will request individually certified 6-Liter Summa Canisters from Eurofins Air Toxics
Laboratory (Air Toxics) in Folsom, California. Included with each canister will be a flow controller
and a pressure gage. Flow controllers will be preset by the laboratory to collect air samples over
a 24 hour period. Prior to collecting samples the vacuum pressure will be checked with the
laboratory supplied vacuum gage in each canister to ensure canisters were shipped with an
acceptable pressure (greater than -25 inches mercury (inHg)). Samples will be collected when
canister vacuum pressures are between -10 and -5 inHg.

4.1.4 Analytical Methods

Air samples will be analyzed for Air Phase Hydrocarbons (APH) according to the Massachusetts
Department of Environmental Protection (MADEP) December 2009 method and EPA Method
TO-15. The analyses will include 13 constituents. Table 1 displays target detection limits in
order to reach the May 2013 EPA RSLs.

4.1.5 Sample Shipment

Samples will be shipped overnight delivery back to Air Toxics within 24 hours after sample
collection to ensure that 30 day holding time limits are met. Summa Canisters and assembly
components will be returned in the shipping containers in which they were received.

4.1.6 Methane Monitoring

In addition to air sample analysis for APH and VOCs, field personnel will monitor methane gas
while inside each residence. A Gas Data LMSx Multigas Analyzer will be used to screen for
methane gas and will be measured in nitrogen percent by volume.

Residents will be notified if methane is detected. The regulatory limit of methane is 25 percent of
LEL.

4.2 Groundwater Sampling

Field personnel will sample available on-Site irrigation water supply wells where encountered.
Field personnel will collect the water sample from the closest tap to the well. If the open well
head is accessible water level measurements will be collected using a Solinist Water Level
Probe. The water level probe will be decontaminated according to SOP 11 between each use. A
garden hose will be attached to the faucet and the well will be pumped in an attempt to clear
approximately 3 well casing volumes from the well. Water from the irrigation well will be
discharged to a nearby drainage or lawn.

Field personnel will record the approximate pumping rate for each well using a bucket and
stopwatch, and will attempt to purge three well casing volumes using the equation below:
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V=0.13(d²)W

Where: V = Volume (in gallons)
d = Casing diameter (in inches)
W = Water column (in feet)

The garden hose will be removed following purging of the well and prior to sampling.
Calculations, well purging, monitoring, and sampling activities will be documented in field
notebooks and on field logs.

Samples will be analyzed by Pace Laboratories, Inc. in Billings, Montana by EPA method 8260B
for VOCs. Sample results will be compared to October 2012 Circular DEQ-7 Montana Numeric
Water Quality Standards (DEQ, 2012) to determine whether exposure to groundwater
potentially causes a risk to human health. Table 2 presents the laboratory detection limits for
EPA method 8260B analytes.

4.3 Field Methods

Field crews will mobilize from Tetra Tech’s Bozeman (851 Bridger Drive, Suite 6) and Helena
(303 Irene Street), Montana offices. The Bozeman office will serve as the support facility during
field activities and the center for supplies and equipment. The following sections describe Tetra
Tech’s methods for conducting field investigations.

4.3.1 Standard Operating Procedures

Filed personnel will use the Tetra Tech SOPs listed below during this investigation. Appendix B
presents copies of the listed SOPs.

SOP-11 Equipment Decontamination
SOP-12 Sample Documentation
SOP-13 QC Samples
SOP-18 Ground Water Sampling
SOP-19 Preparation and Preservation of Acid Soluble Samples
SOP-20 Field Measurement of Ground Water Level

4.3.2 Field Notes

All field observations will be recorded in project-dedicated field notebooks in accordance with
SOP-12, Sample Documentation. The standard project field books that will be used by all
personnel will be the equivalent of the pocket-sized “Rite in the Rain”® All-weather Transit
Notebook No. 301 (4-5/8 x 7” with numbered pages). Each field book will be labeled on the front
cover with the project name, beginning entry date, final entry date, and general contents of
notes (e.g. indoor air sampling).

The field team leader is responsible for recording information such as weather conditions, field
crew members, visitors to the site, samples collected, the date and time of sample collection,
procedures used, any field data collected, problems encountered in the field, and any deviations
from this SAP. The field notebook will be the master log of all field activities. As such, in addition
to standard field notations, information entered into the field notebook will also include: the
number and type of measurements taken, the location and types of data recorded by another
means (i.e. field forms), the number of samples collected each day, sample packaging and
shipping summaries (i.e. number and type of shipping containers, shipping carrier, date and
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time of shipment, etc.), and any other information relevant to the field event. Field personnel will
also provide a sketch showing the position of sample locations relative to site features and
structures, or record this information on a copy of the building plans. All field forms/field notes
will be completed prior to leaving the Site.

4.3.3 Sample Shipping and Chain-of-Custody Procedures

After samples have been collected, they will be maintained under strict chain-of-custody
protocols. The field sampling personnel will complete a chain-of-custody record (COC) form for
each shipping container (i.e., laboratory supplied shipping boxes) of samples to be delivered to
the laboratory for analysis. The sampler is responsible for initiating and filling out the COC form.
The COC will be signed by the sampler when he or she relinquishes the samples to anyone
else.

The sampling personnel whose signature appears on the COC is responsible for the custody of
the samples from the time of sample collection until custody of the samples is transferred to a
designated laboratory, a courier, or to another project employee for the purpose of transporting
the sample to the designated laboratory. The sample is considered to be in custody when the
sample is: (1) in the direct possession of the sample custodian; (2) in plain view of the sample
custodian; or (3) is securely locked in a restricted-access area by the sample custodian.

Custody is transferred when both parties to the transfer complete the portion of the COC under
“Relinquished by” and “Received by.” Signatures, printed names, company names, dates and
times are required. Upon transfer of custody, the sampling personnel who relinquished the
samples will retain the third sheet (pink copy) of the COC. It is not necessary for courier
personnel to sign the COC.

Samples will be shipped at the end of the sampling event, or sooner if required to meet holding
time requirements. Upon receipt by the laboratory, the samples will be inspected for sample
integrity. The COC will be reviewed to verify completeness. Any discrepancies between the
COC and sample labels and any problems noted upon sample receipt will be communicated
immediately to Tetra Tech. The laboratory will be responsible for following their internal custody
procedures from the time of sample receipt until sample disposal.

4.3.4 Quality Assurance/Quality Control Sample Requirements

The project manager and field staff will coordinate the field effort and be responsible for QA/QC
for the project. The project manager will manage all data for the project once it has been
collected. The data will be maintained in the project file in Bozeman, Montana. The project
manager and field staff will be responsible for coordinating the project and ensure equipment is
ready for use and sample containers have been ordered from the laboratory. The field team
leader will be responsible for inspection of field equipment prior to use and periodically over the
course of the project. Field personnel will be working near Tetra Tech’s Bozeman office.
Additional field equipment and tools will be stored at the Bozeman office should field equipment
become compromised or damaged. Field personnel will collect QA/QC samples to evaluate
precision, accuracy, representativeness, completeness, and comparability. Field personnel will
use SOP 13 for guidance.

For every ten indoor air samples, one blind duplicate will be collected (10 percent ratio). Blind
duplicates will be collected using a laboratory supplied T assembly component that allows for
the simultaneous collection of indoor air samples. Samples will be labeled as if there is an
additional floor in the residence and noted in the field book. Duplicates will be submitted to the
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laboratory for the same analytical methods as the field samples. Duplicates of ambient air
samples will not be collected, the frequency at which ambient air samples are collected will
serve as a QC measure of precision and accuracy.

A 10 percent ratio will also be applied to the number of blind duplicate groundwater samples. If
less than ten samples are collected during each sampling event then only one blind duplicate
groundwater sample will be collected. A trip blank and a temperature blank will also be included
in each water sample shipment to the laboratory.

4.3.5 Reporting

A progress report will submitted to the City of Bozeman within 15 days of receiving analytical
results from the first indoor air monitoring event. The progress report will include a summary of
any special considerations that were made during the sampling event, brief description of the
analytical results, and recommendations for any changes that should be made for the second
winter monitoring event.

A Draft Indoor Air Quality Investigation Report will be submitted to the City of Bozeman within
15 days of receiving analytical data from the second air monitoring event. The Report will
summarize the results of the field investigation. Within 15 days of receipt of comments on the
draft, final versions of the Report will be issued. The project reports will be submitted both in
hardcopy and electronic format.

The reports will include a description of background conditions, field activities, investigative
findings, conclusions and recommendations for corrective action. They will include tables
depicting field results, laboratory results with relevant action levels, and will include maps and
diagrams for documentation of sample locations. The project report will reconcile the information
from the investigation that is critical and what is for information purposes only.

A section of the report will be devoted to QA/QC issues and will include: sample holding times,
temperatures; results of field and laboratory blanks; consistency between recent data and any
previous data; data validation results; and the impact of any QA/QC issues on the data. Report
appendices will include laboratory data sheets, laboratory data validation package, and data
validation forms; field logs; a photographic log of sampling locations; and all borehole logs. All
information collected in the field and analytical data is considered critical.
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TABLES



Compound RL* (µg/m³) EPA RSL (µg/m³)

Benzene 0.16 0.312

Chloroform 0.098 0.106

1,2-cis-Dichloroethylene 0.079 -

1,2-trans-Dichloroethylene 0.40 62.6

Ethylbenzene 0.087 0.973

Tetrahydrofuran 1.5 2,090

Tetrachloroethylene 0.14 9.39

Toluene 0.075 5,210

Trichloroethylene 0.11 0.234

1,2,4-Trimethylbenzene 0.49 7.30

Vinyl Chloride 0.026 0.161

p-Xylene 0.17 104

m-Xylene 0.17 104

0-Xylene 0.087 104

*Reporting Limit is from the modified TO-15 Hi/Lo method which

combines TO-15 and TO-15 SIM

Summary of Air Sample Reporting Limits vs. EPA Residential RSLs

Table 1

April and May 2013 Monitoring Events

Bozeman Landfill

Bozeman, Montana



Compound RL (µg/L)

1,1,1,2-Tetrachloroethane 0.5

1,1,1-Trichloroethane 0.5

1,1,2,2-Tetrachloroethane 0.5

1,1,2-Trichloroethane 0.5

1,1-Dichloroethane 0.5

1,1-Dichloroethene 0.5

1,1-Dichloropropene 0.5

1,2,3-Trichloropropane 0.5

1,2-Dibromoethane 0.5

1,2-Dichlorobenzene 0.5

1,2-Dichloroethane 0.5

1,2-Dichloropropane 0.5

1,3-Dichlorobenzene 0.5

1,3-Dichloropropane 0.5

1,4-Dichlorobenzene 0.5

1,4-Dichlorobenzene-d4 0

2,2-Dichloropropane 0.5

2-Chloroethyl vinyl ether 0.5

2-Chlorotoluene 0.5

4-Chlorotoluene 0.5

Benzene 0.5

Bromobenzene 0.5

Bromochloromethane 0.5

Bromodichloromethane 0.5

Bromoform 0.5

Bromomethane 0.5

Carbon tetrachloride 0.5

Chlorobenzene 0.5

Chlorobenzene-d5 0

Chlorodibromomethane 0.5

Chloroethane 0.5

Chloroform 0.5

Chloromethane 0.5

cis-1,2-Dichloroethene 0.5

cis-1,3-Dichloropropene 0.5

Dibromomethane 0.5

Dichlorodifluoromethane 0.5

Ethylbenzene 0.5

Fluorobenzene 0

m+p-Xylenes 0.5

Methyl ethyl ketone 10

Methyl tert-butyl ether (MTBE) 0.5

Methylene chloride 0.5

o-Xylene 0.5

Styrene 0.5

Tetrachloroethene 0.5

Toluene 0.5

trans-1,2-Dichloroethene 0.5

trans-1,3-Dichloropropene 0.5

Trichloroethene 0.5

Trichlorofluoromethane 0.5

Vinyl chloride 0.5

Xylenes, Total 1

Table 2

for Groundwater VOC Analysis

June/July 2013 Monitoring Event

Bozeman Landfill

Bozeman, Montana

Summary of Laboratory Reporting Limits
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SOP-11

STANDARD OPERATING PROCEDURE

EQUIPMENT DECONTAMINATION

The purpose of this section is to describe general decontamination procedures for field equipment in contact
with mine/mill tailings, soil, or water. During field sampling activities, sampling equipment will become
contaminated after it is used. Sampling equipment must be decontaminated between sample collection
points if it is not disposable. Field personnel must wear disposable latex or vinyl gloves while
decontaminating equipment at the project site. Change gloves between every sample. Every precaution
must be taken by personnel to prevent contaminating themselves with the wash water and rinse water used
in the decontamination process.

Table A-1 lists equipment and liquids necessary to decontaminate field equipment.

The following should be done in order to complete thorough decontamination:

1. Set up the decontamination zone upwind from the sampling area to reduce the chances of windborne
contamination.

2. Visually inspect sampling equipment for contamination; use stiff brush to remove visible material.

3. The general decontamination sequence for field equipment includes: wash with Liquinox or an
equivalent degreasing detergent; deionized water rinse; 10% dilute nitric acid rinse (if sampling for
metals); deionized water rinse; rinse with sample water three times.

4. Rinse equipment with methanol in place of the nitric rinse if sampling for organic contamination. Follow
with a deionized water rinse.

5. Decontaminated equipment that is to be used for sampling organics should be wrapped in aluminum foil
if not used immediately.

6. Clean the outside of sample container after filling sample container.

Alternatively, field equipment can be decontaminated by steam cleaning, rinsing with 10% dilute nitric acid,
and rinsing with deionized water.

All disposable items (e.g., paper towels, latex gloves) should be deposited into a garbage bag and disposed
of in a proper manner. Contaminated wash water does not have to be collected, under most circumstances.

If vehicles used during sampling become contaminated, wash both inside and outside as necessary.

TABLE A-1. EQUIPMENT LIST FOR DECONTAMINATION

5-gallon plastic tubs Liquinox (soap)
5-gallon plastic water-container Hard bristle brushes
5-gallon carboy DI water Garbage bags
1-gallon cube of 10% HNO3 Latex gloves
1-gallon container or spray bottle of Squeeze bottles
10% Methanol or pesticide grade Paper Towels

acetone for organics
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SOP-12

STANDARD OPERATING PROCEDURE

SAMPLE DOCUMENTATION

Sample documentation is an important step to ensure the laboratory, project manager, and field personnel
are informed on the status of field samples. Depending on the specifics required for each project, a number
of forms will need to be filled out. Most sample documentation forms are preprinted carbonless triplicates,
enabling copies to be filed or mailed from labs or offices. The forms will be completed by field personnel,
who have custody of the samples. The office copy will be kept in the project file and subsequent copies sent
to the laboratory, or other designated parties. The responsibility for the completion of these forms will be with
each field crew leader. It is important the field crew leader is certain field personnel are familiar with the
completion process for filling out forms, and the expected information is included.

Potential documents to be completed clearly in ink for each sample generated include:

 Field Form
 Chain-of-Custody
 Custody Seal

If working on Superfund activities, the following additional forms will also be prepared:

 EPA Sample Tags
 SAS Packing Lists
 Sample Identification Matrix Forms
 Organic Traffic Report (if applicable)
 Inorganic Traffic Report (if applicable)
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SOP-13

STANDARD OPERATING PROCEDURE

QUALITY CONTROL (QC) SAMPLES

Quality Control (QC) samples are submitted along with natural samples to provide supporting laboratory data
to validate laboratory results. QC samples typically are submitted blind, and do not have any unique
identifying codes that would enable the lab or others to bias these samples in any way. Usually, the time or
sampling location is modified in a way which will separate blank and standard samples from the rest of the
sample train. QC samples are identified only on field forms and in field notebooks. The following codes are
typically used:

N - Natural Sample Soil, water, air, or other material from a field site

SP - Split Sample A portion of a natural sample collected for independent analysis;
used in calculating laboratory precision

D - Duplicate Sample Two samples taken from the same media under similar conditions;
also used to calculate laboratory precision

BB - Bottle Blank Deionized water collected in sample bottle; used to detect
contamination in sample containers

CCB - Cross Contamination Blank Deionized water run through decontaminated equipment and
analyzed for residual contamination

BFS - Blind Field Standard Certified chemical constituent(s) of known concentration; used to
determine laboratory accuracy

TB - Travel or Trip Blank Inert material (deionized water or diatomaceous earth) included in
sample cooler; sent by the lab, the sample is used to determine if
contamination by volatiles is present during collection or shipping

In general, selected QC samples will be inserted into the sample train within a group of 10 to 20 samples.
Unless otherwise specified, QC samples will be prepared in the field. Deionized water for bottle blanks and
cross-contamination blanks will be collected from carboys and cubitainers used in the field. An exception to
field preparation of QC samples is some blind field standards. Since the analytes in some blind field
standards are to be mixed according to specific manufacturer's instructions, field conditions may not provide
the needed laboratory atmosphere. This is especially true for volatile organic compounds, which need to be
prepared just before analyzing. Under these circumstances, such blind field standards will be shipped to the
laboratory for preparation, keeping the concentration or manufacturer's QC Lot Number as blind as possible.

The number and types of samples submitted for each group of natural samples will be determined by the
project manager and others, including state or Federal agencies, and will be defined in the project work plan.
Each field crew leader will be responsible for all QC samples prepared in the field.

Methods for computing data validation statements can be found in EPA documents or obtained from the
laboratory.
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SOP-18

STANDARD OPERATING PROCEDURE

GROUNDWATER SAMPLING

EQUIPMENT:

five gallon bucket graduated in gallons pH meter/thermometer (optional)
coolers and ice specific conductance meter (optional)
sample bottles bailer(s)
preservatives bailer rope or teflon reel
filter apparatus field sampling forms
decontamination equipment & fluids indelible marker
water level probe stop watch
purge pump(s) generator
discharge hose fuel

All sampling equipment shall be inspected for damage, and repaired if necessary, prior to arriving on-site.

GENERAL PROCEDURE - PURGING

Purging must be performed on all wells prior to sample collection. If required by the project workplan, the
stability of pH, specific conductivity, and temperature will be evaluated. A minimum of three volumes of
groundwater in the well casing shall be withdrawn prior to sample collection. The volume of water present in
each well shall be computed using the length of water column, monitoring well inside diameter, and casing
diameter. The total volume of water in the well (gallons) can be approximated using the following formula
(depth and water level measurements in feet; borehole diameter in inches):

(1/25)(Total Depth - Measured Water Level)(Casing Diameter)
2

= gallons

Several general methods are used for well purging. Well purging may be achieved using bailers, bladder
pumps and submersible pumps. The specific pumping method shall be chosen based on depth to
groundwater, diameter of well, existing well configuration and contaminant(s) of concern. Specific
conductance, pH, temperature, and purge volume values will be entered on the Field Sampling Forms. If
sampling for hydrocarbon compounds, wells shall be checked for the presence of free product prior to
purging and sampling.

If specified by the project workplan, field parameters will be measured periodically during well purging. The
well is ready for sampling when either or both of the following conditions are met: 1) measured field
parameters stabilize at plus or minus five percent of the reading, over three successive readings or, 2) three
to five casing volumes have been evacuated from the well.

If the recovery of a low-yield well exceeds two hours after purging, the sample shall be extracted as soon as
sufficient volume is available in the well for a sample to be extracted. At no time will a monitoring well be
pumped dry if the recharge rate causes formation water to cascade down the well casing causing an
accelerated loss of volatiles and change in pH.
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COLLECTING WATER QUALITY SAMPLES

1. Generally, wells shall be sampled from the least contaminated to the most contaminated, if known.
Open well and measure water level (SOP-20).

2. Decontaminate sampling equipment using the following procedure: scrub with brush and Liquinox
solution; rinse with 10% dilute nitric acid (if sampling for metals); rinse with methanol, if sampling for
organic compounds; rinse three times with deionized water. Use disposal latex or vinyl gloves
throughout decontamination and sampling procedure and new gloves for each sampling point.

3. Sampling Monitoring Wells

a. To collect a water quality sample, use a new disposable polypropylene, decontaminated stainless
steel, or teflon bailer and a spool of polypropylene rope or equivalent bailer cord (teflon-coated
stainless steel cable). Tie a bowline knot through the bailer loop to secure.

b. Slowly lower bailer or other sample collection device to the bottom of the well and remove an
additional 5 feet of rope from the spool. Secure end of rope to steel well casing or wrist.

c. Purge well by bailing or pumping, collecting evacuated water in a graduated 5 gallon bucket to
measure the total volume discharged.

d. Collect a sufficient quantity of water using the bailer or pump into a decontaminated one gallon
sample container to fill all sample bottles.

4. Sampling Domestic Wells

a. Turn-on household fixture (preferably an outside faucet without a hose connected) that is on the well-
side of any household water conditioning device.

b. Using the above equation, calculate the volume of water to be evacuated. Measure the discharge
rate from the faucet in a graduated 5 gallon bucket, or other suitable container, to compute the rate
of discharge. Calculate the time needed to evacuate the predicted volume from the well. Record all
measurements and calculations on field forms.

c. Samples should be collected directly from hydrant or faucet and prior to entry of the water through
any water conditioning devices. Do not collect samples through rubber hoses.

5. If specified by the project work plan, measure pH and specific conductance (SOP-05 and SOP-06).
Continue monitoring field parameters (pH and specific conductance) periodically during purging process.
The well is ready for sampling when either or both of the following conditions are met: 1) the purged
volume is equal to three to five casing volumes and/or, 2) measured field parameters are within plus or
minus five percent (+ 5%) over three successive readings.

6. If sampling for dissolved metals, field filter sample according to SOP-04.

7. Label each sample container with project number, sample location, well owner, date, military time,
sampler's initials, preservative, and analysis required. For inorganics samples, rinse sample containers,
without preservatives, three times with sample water before final collection. Do not rinse containers for
organics analysis.

8. Pour the sample into the appropriate sample containers and and any needed preservatives in
accordance with SOP-42. Also see ("Handbook for Sampling and Sample Preservation of Water and
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Wastewater", EPA-600/4-82-029; "Guidelines Establishing Test Procedures for the Analyses of
Pollutants Under the Clean Water Act", 40 CFR 136; and "Test Methods for Evaluating Solid Wastes,"
EPA SW-846). A few common sample preservatives are listed below:

Dissolved Metals Add 3-4 ml. Nitric Acid to 500 ml. sample

Nutrients Refrigerate to 4C; Add 3-4 ml. Sulfuric Acid to 500 ml.sample

Common Ions Refrigerate to 4C

Hydrocarbon VOA Refrigerate to 4C; Add 3-4 drops HCl*

Diesel Range Organics Refrigerate to 4C; Add 80 drops (4ml) HCl

Fluorescent Tracer Dye Refrigerate to 4C; Prevent exposure to light

For additional bottling and sample preservation information, consult Tetra Tech laboratory.

9. For volatile analyses add preservative to sample vial and fill vials at the rate of 100 milliliters per
minute (24 seconds for 40 milliliter vial); form positive meniscus over vial brim and cap. After
capping, invert vial, gently tap and look for air bubbles. If bubbles are present, un-cap vial, add more
water and repeat procedure.

10. If required by the project workplan, perform field parameter tests including pH, SC, Eh, and
temperature on water sampled from the well. Record field measurements on field forms.

11. Complete the necessary shipping and handling paperwork, and record all pertinent information on
Field Sampling Form in accordance with SOP-10.
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SOP-19

STANDARD OPERATING PROCEDURE

PREPARATION AND PRESERVATION OF ACID SOLUBLE SAMPLES

1. Allow samples arriving from field to adjust to room temperature.

2. Obtain initial pH measurement of sample in accordance with SOP-06. If sample pH is less than
1.65 discard sample.

3. Adjust pH of sample by adding drops of HNO3 as necessary to attain a pH reading of 1.75 + 0.1.
This adjustment of sample pH must be completed within 3 days of sample collection time.

4. Cap sample bottles and allow samples to remain idle for at least 16 hours but not longer than 24
hours at room temperature.

5. Filter sample through decontaminated filtration apparatus containing 0.45 u filter. Pour filtered
sample back into an acid rinsed sample bottle.

6. Place bottles in cooler and prepare for sample shipment to laboratory.
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SOP-20

STANDARD OPERATING PROCEDURE

FIELD MEASUREMENT OF GROUND WATER LEVEL

1. Calibrate well probe to a steel tape prior to and following each data gathering episode. Note any
corrections to well probe measurements on field forms.

2. Check well probe prior to leaving for field for defects by placing probe in water and testing buzzer and
light. Repair as necessary. Make certain the well probe, a tape measure calibrated to tenths of feet and
extra batteries are in the carrying case.

3. Measure all wells (monitoring and domestic) from the top of the well casing in the north quadrant or from
a designated measuring point, as appropriate. Measure and record distance from measuring point to
ground level. Make sure measuring point is labeled on well, so future measurements can be made from
the same location.

4. Obtain a depth to water from measuring point to the nearest hundredth of a foot. Record data on
appropriate field forms.

5. Decontaminate well probe between each measurement by rinsing with deionized water. Additional
decontamination, such as liquinox scrubbing, may be required for certain wells; consult the project work
plan.
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DATA VALIDATION REPORT 

 

1. Introduction 

 

 This should include a brief summary of the number and type of samples. 

 

 This validation applies to ___number of samples, organic/inorganic analyses, 

and media (soil/water); i.e. 73 inorganic soil samples and 16 inorganic water 

samples  for ___facility name    project ___date of SAP  .  From the total of 73 

soil samples there were 4 field duplicates.  Within the 16 water samples there 

were 2 soil rinsate blanks, 2 water rinsate blanks and 1 duplicate. 

 

 Validation procedures used are generally consistent with: 

___  EPA CLP National Functional Guidelines for Inorganic Data Review  

___  Work Plan, Phase I Remedial Investigation (may need to be modified based 

        upon specific facility work), Field Sampling and Quality Assurance Project  

        Plan for  facility name 

___   Other 

 

 Overall level of validation: 

___   Contract Laboratory Program (CLP) 

___   Standard 

___   Visual 

 

2. Deliverables 
 

 All laboratory document deliverables were present as specified in the CLP-

Statement of Work (CLP-SOW), EPA, 1993 and/or the project contract.  

___   Yes 

___   No 

 

 All documentation of field procedures was provided as required. 

___   Yes 

___   No 

 

3. Condition of Samples Upon Receipt 

 

Review the sample receipt checklist from the laboratory and note any problems. 

 

 Temperature of samples 

 VOA vials had zero headspace 

 pH of samples 

 Proper container/bottle used 

 Container intact 

 Other 
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4. Field Quality Control Samples 

  

Blanks:  Please note that the highest blank value associated with any particular 

analyte is the blank value used for the flagging process. 

 

DI, trip, rinsate, or any other field blanks have been carried out at the 

proper frequency. 

___   Yes 

___   No 

___   NA 

 

  

Reported results on the field blanks are less than the contract required 

detection limits (CRDL) or the project required detection limits (PRDL) if 

project detection limits have been specified. 

___   Yes 

___   No 

 

Explain the discrepancies, if any are noted.  For example: 

The DI blank was below the reporting limit of 0.05 (mg/l).  However, the 

reporting limit was not in agreement with the PRDL of 0.003 (mg/l).  The 

consultant requested that the lab rerun the sample to meet the PRDL, but 

the lab was unable to locate the sample. 

 

Notes:  When an analyte is detected in a blank, associated results up to 5 

(concentration above a blank concentration that is flagged depends upon 

the analysis being performed) times the blank level are flagged to indicate 

that the results may be biased high due to samples collected on the same 

day as the blank. 

   

 Field duplicates 
Field duplicates have been collected at the proper frequency. 

___   Yes 

___   No 

___   NA 

 

Field duplicate relative percent differences (RPDs) were within the 

required control limits (RPD of 20% or less for water matrix, 35% or less 

for soil matrix).  If the sample or duplicate result is less than 5 times the 

PRDL, the RPD criteria are not used.  In these cases, the difference 

between the sample and the duplicate results must be within  the PRDL 

for water matrix, within  2 times the PRDL for soil matrix. 

___   Yes 

___   No 

___   NA 
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5. Laboratory Procedures 

  

 Laboratory procedures followed 
___   CLP-SOW 

___   SW-846 

___   Methods for Chemical Analysis of Water and Wastes 

___   XRF Standard Operating Procedures 

___   Other 

  

 Holding times met 
___   Yes 

___   No 

  

Be sure to check both extraction and analysis holding times. 

 

 Consistency with project requirements 
 

Analyses were carried out as requested. 

___   Yes 

___   No 

 

Project specified methods were used. 

___   Yes 

___   No 

___   NA 

 

Clarify if the lab procedures are not the ones outlined in the SAP.  If there were 

deviations, provide an explanation. 

  

6. Detection Limits 
  

 Reporting detection limits met project required detection limits (PRDLs). 

___   Yes 

___   No 

___   NA 

 

Provide an explanation for any detection limits outside of the project 

requirements.  For example: 

In the first analyses of the water samples, the reporting limit(0.05) did not 

meet the PRDL (0.003).  After contacting the lab, they agreed to reanalyze 

the samples at the project required detection limit of 0.003.  However, two 

samples (WLM-GW02 and a DI blank) were not available for reanalysis 

so the first results were included in the database, and the representative 

quality control batch was incorporated in the validation. 
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7. Laboratory Blanks 
  

Please note that the highest blank value associated with any particular analyte is 

the blank value used for the flagging process. 

 

 Preparation blanks 
Preparation blanks were prepared and analyzed at the required frequency. 

___   Yes 

___   No 

 

If no, please provide an explanation.  For example: 

The frequency requirements for laboratory quality control samples (1/20) 

were not met with the exception of analytical batch 00-90835(2-14) of the 

first analyses.  The frequency exceedance of each laboratory batch is as 

follows:  waters—00-90835(1-27) (2
nd

 analysis), 00-90730-1(25), 00-

90731(1-25), 00-90732(1-24); there were no exceedances for the soil 

analyses. 

  

All the analytes in the preparation blank were less than the CRDL (or the 

PRDL if a project detection limit has been specified).  

  ___   Yes 

  ___   No 

  

8. Laboratory Matrix Spikes 
  

 A matrix spike sample (pre-digestion) were prepared and analyzed at the required 

frequency. 

___   Yes 

___   No 

  

 If no, please provide an explanation.  For example: 

The frequency requirements for laboratory quality control samples (1/20) 

were not met with the exception of analytical batch 00-90835(2-14) of the 

first analyses.  The frequency exceedance of each laboratory batch is as 

follows:  water—00-908351(1-27) (2
nd

 analysis), 00-907301(1-25), 00-

90731(1-25), 00-90732(1-24); there were no exceedances for the soil 

analyses. 

  

 Samples were spiked at levels appropriate to the sample concentrations. 

___   Yes 

___   No 

  

 Matrix spike recoveries were within the required control limits (75-125%). 

___   Yes 

___   No 
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9.  Laboratory Duplicates 

 

 Laboratory duplicate samples were analyzed at the proper frequency. 

___   Yes 

___   No 

  

 If no, please provide an explanation.  For example: 

The frequency requirements for laboratory quality control samples (1/20) 

were not met with the exception of analytical batch 00-90835-2-14 of the 

first analyses.  The frequency exceedance of each laboratory batch is as 

follows:  waters—00-90835(1-27) (2
nd

 analysis), 00-90730(1-25), 00-

90732(1-24); there were no exceedances for the soil analyses. 

 

 The laboratory duplicate relative percent differences (RPDs) were within the 

required control limits (RPD of 20% or less for water matrix, 35% or less for soil 

matrix).  For low concentration data, that is if the sample or duplicate result is less 

than 5 times the PRDL, the RPD criteria are not used.  In these cases, the 

difference between the sample and the duplicate results must be within ± the 

PRDL for water matrix, within ± 2 times the PRDL for soil matrix 

___   Yes 

___   No 

  

10. Laboratory Control Standards 
 

 The reference material used was of the correct matrix and concentration. 

___   Yes 

___   No 

  

 LCSs were prepared and analyzed at the proper frequency. 

___   Yes 

___   No 

  

 If no, please provide an explanation.  For example: 

The frequency requirements for laboratory quality control samples (1/20) 

were not met with the exception of analytical batch 00-90835(2-14) of the 

first analyses.  The frequency exceedance of each laboratory batch is as 

follows:  00-90835(1-27) (2
nd

 analysis), 00-90730(1-25), 0090731(1-25), 

and 0090732(1-24). 

  

 Laboratory control samples (LCSs) were prepared in the same way as the 

associated samples. 

___   Yes 

___   No 

  

 LCS recoveries were within the required control limits (80-120% for water, 

within the certified range for soils). 

___   Yes 

___   No 
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11. Data Quality Objectives 
  

 Project data quality objectives (DQO’s) met. 

___   Yes 

___   No 

 

Accuracy 

The overall accuracy objectives were met, as 100% of the laboratory 

matrix spikes and laboratory control standards were within control limits. 

 

Precision 

The overall precision objectives were met, as 100% of the field and lab 

duplicates were within control limits. 

 

Completeness 

The overall completeness objectives were met, as 100% of the data were 

deemed valid. 

 

DATA VALIDATION REPORT 

 

Prepared by:  

Reviewed by:   

 

NOTE:  This document is modeled after a form used by Hydrometrics, a Helena based 

consulting firm, in a report submitted to DEQ.  It may require modification to meet 

specific project needs.  In addition, DEQ may request additional information regarding 

the data validation and impacts to specific samples (i.e. are results biased high or low). 



APPENDIX C
DATA VALIDATION REPORT



 1 

DATA VALIDATION REPORT 

 

1. Introduction 

 

 This should include a brief summary of the number and type of samples. 

 

 This validation applies to ___number of samples, organic/inorganic analyses, 

and media (soil/water); i.e. 73 inorganic soil samples and 16 inorganic water 

samples  for ___facility name    project ___date of SAP  .  From the total of 73 

soil samples there were 4 field duplicates.  Within the 16 water samples there 

were 2 soil rinsate blanks, 2 water rinsate blanks and 1 duplicate. 

 

 Validation procedures used are generally consistent with: 

___  EPA CLP National Functional Guidelines for Inorganic Data Review  

___  Work Plan, Phase I Remedial Investigation (may need to be modified based 

        upon specific facility work), Field Sampling and Quality Assurance Project  

        Plan for  facility name 

___   Other 

 

 Overall level of validation: 

___   Contract Laboratory Program (CLP) 

___   Standard 

___   Visual 

 

2. Deliverables 
 

 All laboratory document deliverables were present as specified in the CLP-

Statement of Work (CLP-SOW), EPA, 1993 and/or the project contract.  

___   Yes 

___   No 

 

 All documentation of field procedures was provided as required. 

___   Yes 

___   No 

 

3. Condition of Samples Upon Receipt 

 

Review the sample receipt checklist from the laboratory and note any problems. 

 

 Temperature of samples 

 VOA vials had zero headspace 

 pH of samples 

 Proper container/bottle used 

 Container intact 

 Other 
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4. Field Quality Control Samples 

  

Blanks:  Please note that the highest blank value associated with any particular 

analyte is the blank value used for the flagging process. 

 

DI, trip, rinsate, or any other field blanks have been carried out at the 

proper frequency. 

___   Yes 

___   No 

___   NA 

 

  

Reported results on the field blanks are less than the contract required 

detection limits (CRDL) or the project required detection limits (PRDL) if 

project detection limits have been specified. 

___   Yes 

___   No 

 

Explain the discrepancies, if any are noted.  For example: 

The DI blank was below the reporting limit of 0.05 (mg/l).  However, the 

reporting limit was not in agreement with the PRDL of 0.003 (mg/l).  The 

consultant requested that the lab rerun the sample to meet the PRDL, but 

the lab was unable to locate the sample. 

 

Notes:  When an analyte is detected in a blank, associated results up to 5 

(concentration above a blank concentration that is flagged depends upon 

the analysis being performed) times the blank level are flagged to indicate 

that the results may be biased high due to samples collected on the same 

day as the blank. 

   

 Field duplicates 
Field duplicates have been collected at the proper frequency. 

___   Yes 

___   No 

___   NA 

 

Field duplicate relative percent differences (RPDs) were within the 

required control limits (RPD of 20% or less for water matrix, 35% or less 

for soil matrix).  If the sample or duplicate result is less than 5 times the 

PRDL, the RPD criteria are not used.  In these cases, the difference 

between the sample and the duplicate results must be within  the PRDL 

for water matrix, within  2 times the PRDL for soil matrix. 

___   Yes 

___   No 

___   NA 
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5. Laboratory Procedures 

  

 Laboratory procedures followed 
___   CLP-SOW 

___   SW-846 

___   Methods for Chemical Analysis of Water and Wastes 

___   XRF Standard Operating Procedures 

___   Other 

  

 Holding times met 
___   Yes 

___   No 

  

Be sure to check both extraction and analysis holding times. 

 

 Consistency with project requirements 
 

Analyses were carried out as requested. 

___   Yes 

___   No 

 

Project specified methods were used. 

___   Yes 

___   No 

___   NA 

 

Clarify if the lab procedures are not the ones outlined in the SAP.  If there were 

deviations, provide an explanation. 

  

6. Detection Limits 
  

 Reporting detection limits met project required detection limits (PRDLs). 

___   Yes 

___   No 

___   NA 

 

Provide an explanation for any detection limits outside of the project 

requirements.  For example: 

In the first analyses of the water samples, the reporting limit(0.05) did not 

meet the PRDL (0.003).  After contacting the lab, they agreed to reanalyze 

the samples at the project required detection limit of 0.003.  However, two 

samples (WLM-GW02 and a DI blank) were not available for reanalysis 

so the first results were included in the database, and the representative 

quality control batch was incorporated in the validation. 
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7. Laboratory Blanks 
  

Please note that the highest blank value associated with any particular analyte is 

the blank value used for the flagging process. 

 

 Preparation blanks 
Preparation blanks were prepared and analyzed at the required frequency. 

___   Yes 

___   No 

 

If no, please provide an explanation.  For example: 

The frequency requirements for laboratory quality control samples (1/20) 

were not met with the exception of analytical batch 00-90835(2-14) of the 

first analyses.  The frequency exceedance of each laboratory batch is as 

follows:  waters—00-90835(1-27) (2
nd

 analysis), 00-90730-1(25), 00-

90731(1-25), 00-90732(1-24); there were no exceedances for the soil 

analyses. 

  

All the analytes in the preparation blank were less than the CRDL (or the 

PRDL if a project detection limit has been specified).  

  ___   Yes 

  ___   No 

  

8. Laboratory Matrix Spikes 
  

 A matrix spike sample (pre-digestion) were prepared and analyzed at the required 

frequency. 

___   Yes 

___   No 

  

 If no, please provide an explanation.  For example: 

The frequency requirements for laboratory quality control samples (1/20) 

were not met with the exception of analytical batch 00-90835(2-14) of the 

first analyses.  The frequency exceedance of each laboratory batch is as 

follows:  water—00-908351(1-27) (2
nd

 analysis), 00-907301(1-25), 00-

90731(1-25), 00-90732(1-24); there were no exceedances for the soil 

analyses. 

  

 Samples were spiked at levels appropriate to the sample concentrations. 

___   Yes 

___   No 

  

 Matrix spike recoveries were within the required control limits (75-125%). 

___   Yes 

___   No 
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9.  Laboratory Duplicates 

 

 Laboratory duplicate samples were analyzed at the proper frequency. 

___   Yes 

___   No 

  

 If no, please provide an explanation.  For example: 

The frequency requirements for laboratory quality control samples (1/20) 

were not met with the exception of analytical batch 00-90835-2-14 of the 

first analyses.  The frequency exceedance of each laboratory batch is as 

follows:  waters—00-90835(1-27) (2
nd

 analysis), 00-90730(1-25), 00-

90732(1-24); there were no exceedances for the soil analyses. 

 

 The laboratory duplicate relative percent differences (RPDs) were within the 

required control limits (RPD of 20% or less for water matrix, 35% or less for soil 

matrix).  For low concentration data, that is if the sample or duplicate result is less 

than 5 times the PRDL, the RPD criteria are not used.  In these cases, the 

difference between the sample and the duplicate results must be within ± the 

PRDL for water matrix, within ± 2 times the PRDL for soil matrix 

___   Yes 

___   No 

  

10. Laboratory Control Standards 
 

 The reference material used was of the correct matrix and concentration. 

___   Yes 

___   No 

  

 LCSs were prepared and analyzed at the proper frequency. 

___   Yes 

___   No 

  

 If no, please provide an explanation.  For example: 

The frequency requirements for laboratory quality control samples (1/20) 

were not met with the exception of analytical batch 00-90835(2-14) of the 

first analyses.  The frequency exceedance of each laboratory batch is as 

follows:  00-90835(1-27) (2
nd

 analysis), 00-90730(1-25), 0090731(1-25), 

and 0090732(1-24). 

  

 Laboratory control samples (LCSs) were prepared in the same way as the 

associated samples. 

___   Yes 

___   No 

  

 LCS recoveries were within the required control limits (80-120% for water, 

within the certified range for soils). 

___   Yes 

___   No 
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11. Data Quality Objectives 
  

 Project data quality objectives (DQO’s) met. 

___   Yes 

___   No 

 

Accuracy 

The overall accuracy objectives were met, as 100% of the laboratory 

matrix spikes and laboratory control standards were within control limits. 

 

Precision 

The overall precision objectives were met, as 100% of the field and lab 

duplicates were within control limits. 

 

Completeness 

The overall completeness objectives were met, as 100% of the data were 

deemed valid. 

 

DATA VALIDATION REPORT 

 

Prepared by:  

Reviewed by:   

 

NOTE:  This document is modeled after a form used by Hydrometrics, a Helena based 

consulting firm, in a report submitted to DEQ.  It may require modification to meet 

specific project needs.  In addition, DEQ may request additional information regarding 

the data validation and impacts to specific samples (i.e. are results biased high or low). 



APPENDIX D
HOUSEHOLD SURVEY



 

This questionnaire was prepared using guidelines published by the California Department of Toxic Substances Control, the New Jersey Department of Environmental 
Protection, the New York State Department of Health, and the Oregon Department of Environmental Quality (CADTSC 2005, NJDEP 1997; ORDEQ 2010; NYSDOH 
2005) 

Page 1 of 6 

INDOOR AIR QUALITY ASSESSMENT 
BUILDING SURVEY FORM 

 

Project Information 

Preparer’s name:                Date:        

Project Number:             Phone #:          

Site Name:                        

Part I – Occupant Information 

Building Address:                      

Property Contact:          Owner / Renter / other:        

Contact’s Phone: home ( )       work ( )         cell ( )        
(Check primary number if more than one supplied) 

Number of building occupants: Children under age 13    Children age 13‐18   Adults      

Part II – Building Characteristics 

1)  Building type:  
residential / multi‐family residential / mixed use residential / office / strip mall / commercial / industrial 

2)  Describe building:                      

                          

3)  Building use: 

Floor  General use of each floor (e.g., family room, bedroom, workshop, storage)  

Basement:   

Ground floor:   

2nd Floor:   

3rd Floor:    

4th Floor:   

 

4)  Municipal Zoning:           Year constructed:      

5)  Number of floors below grade:         (includes full basement / crawl space / slab on grade) 

6)  Number of floors at or above grade:      

7)  Depth of basement below grade surface:     ft. Basement size:      ft2 



IAQ Assessment Form 
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8)  Basement and Construction Characteristics (Circle all that apply): 

Above Grade Construction:  Wood frame Concrete Brick  Other
Basement type:  Full  Crawlspace Slab Other
Basement Floor:  Bare earth Concrete Stone Other:  
Concrete floor (slab on grade): Unsealed Sealed Seal Material:
Foundation walls:  Poured  Block Stone Other:
Foundation wall finish  Unsealed Sealed Seal Material:
The basement is:  Unfinished Finished Partially finished:
The basement is :  Wet  Damp Dry Moldy
Sump present?  Yes  No If yes is water present?  Y/N/Not accessible

 

9)  If the basement is finished or partially finished does it include a bathroom or half‐bath?   Yes / No  

10)  Type of heating system(s) (circle all that apply): 
hot air circulation  hot air radiation subfloor radiant steam radiation
heat pump  hot water radiation kerosene heater electric baseboard
other (specify):            

 

11)  Where is the furnace/boiler located?                   

 

12)  Type of ventilation system(s) (circle all that apply): 
central air conditioning  mechanical fans bathroom ventilation fans  outside air intake
individual AC units  kitchen range hood fan other (specify):    

 

 

13)  Are there whole house fans, kitchen fans, or bath fans?  List each if present and where it is vented:    

                         

                           

14)  Types of heating / cooking fuel utilized (circle all that apply): 
Natural gas / electric / fuel oil / wood / coal / kerosene / other:         

15)  Is a private irrigation or drinking water well on site?   Yes / Yes (but not used) / No 

16)  Taste and/or odor problems noticed with water?   Yes / No 
If yes, describe taste/odor:                  

                         

  If yes, how long has it been present?                 

17)  Is the water chlorinated, brominated, or ozonated?  Yes / No            

18)  Is there a septic system?   Yes / Yes (but not used) / No   

Distance of septic system from building/home:               

Distance of septic system from site water well (if present):              

19)  Type of ground cover outside of building:  grass / concrete / asphalt / other (specify)      

                         



IAQ Assessment Form 
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20)  Is an existing subsurface depressurization (radon) system in place?   Yes / No    If yes:  active / passive 

21)  Is a sub‐slab vapor/moisture barrier in place?   Yes / No 
If yes, type of barrier:                      

Part III ‐ Outside Contaminant Sources 

22)  Regulated contaminated site (1000‐ft. radius):                  

23)  Other stationary sources nearby (gas stations, emission stacks, etc.):            

24)  Heavy vehicular traffic nearby (or other mobile sources):               

Part IV – Miscellaneous  

25)  Do any occupants of the building smoke?  Yes / No How often?              

Last time someone smoked in the building?      hours / days ago 

26)  Does the building have an attached garage directly connected to living space?   Yes / No 
If so, is a car usually parked in the garage? Yes / No 
Are gas‐powered equipment/machines stored in the garage? Yes / No 
If yes, what types (mower, ATV, PWC, etc.):                 

Are cans of gasoline/fuels stored in the garage? Yes / No 
Are paints or chemicals stored in the garage? Yes / No  
Does the garage have a separate heating system? Yes / No 

27)  Do the occupants of the building have their clothes dry cleaned? Yes / No 
If yes, how often?   weekly / monthly / 3‐4 times a year 

28)  Do any of the occupants use solvents or volatile chemicals in their workplace? Yes / No 
If yes, what types of solvents are used?                  

If yes, where are their clothes washed?  At work  At home   Other:         

29)  Has the building/home been fumigated for termites/other pests within the last 12 months? Yes / No 
If yes, when and which chemicals?                 

                         

30)  Have any pesticides/herbicides been applied around the building or in the yard? Yes / No 
If yes, when and which chemicals?                 

                         

31)  Has there ever been a fire in the building? Yes / No If yes, when?              

32)  Has painting or staining been done in the building (including basement) within the last 6 months? Yes / No 
If yes, when         and where?              

33)  Are new carpets, drapes, other textiles, or upholstered furniture in the building? Yes / No 
If yes, when         and where?              
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34)  Have cleaning chemicals been used in the building recently?  Yes / No   
If yes, what types?                      

35)  Have cosmetic products been used in the building recently?  Yes / No    
If yes, what types?                      

36)  Have air fresheners been used in the building recently (including basement)?  Yes / No  
If yes, what types?                      

37)  Have any “hobby” chemicals (glues, paints) been used in the building recently (including basement)?   Yes / No  
If yes, what types?                      

38)  Have any other chemicals been used in the building recently (including basement)?   Yes / No  
If yes, what types?                      

Part V – General Observations 

Provide any additional information that may be pertinent to the survey and may assist in the data interpretation 
process below, and include floor plan(s) on a separate sheet. 
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Part VI – Indoor Contaminant Sources 
Identify all potential indoor sources found in the building (including attached garages), the location of the source (floor and room), and whether the item was 
removed from the building 48 hours prior to indoor air sampling event. Any ventilation implemented after removal of the items should be completed at least 
24 hours prior to commencement of the indoor air sampling event. 

Potential Sources  Location(s)  Volatile Ingredients in Product, Container Type, and Size 
Removed 

(Yes/No/NA)

Gasoline storage cans          

Gas‐powered equipment          

Kerosene storage cans          

Paints / thinners / strippers          

Cleaning solvents          

Oven cleaners          

Carpet / upholstery cleaners          
Other house cleaning 
products          

Moth balls          

Polishes / waxes          

Insecticides          

Furniture / floor polish          

Nail polish / polish remover          

Hairspray          

Cologne / perfume          

Air fresheners          

Fuel tank (inside building)          NA 

Wood stove or fireplace          NA 

New furniture / upholstery          

New carpeting / flooring          NA 

Hobbies ‐ glues, paints, etc.          
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Floor Plan ___ of ___ 

Floor Plan 

Building Address:                  Floor:     

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

                             

 



Inspection Item Yes No NA Comment
System Operation

Is the manometer or pressure gauge indicating a vacuum?
Vacuum:_________inH2O

Pipe Integrity

Is the piping free of any visible damage?

Do pipe joints appear to be sealed?

Slab-Integrity

Is the seal around the pipe penetrating the slab intact?

Is the slab free of visible cracks or other damage?

Note:

NA   Not applicable

If a leak is suspected, perform a smoke test to confirm.

SUB-SLAB DEPRESSURIZATION SYSTEM INSPECTION CHECKLIST
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