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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION ACTIVITIES.  IT IS NOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND EXPERIENCE.  IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE.  BRC CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES, CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) is a guidance document that describes the sampling and analytical methodology prescribed for performing an Air Pathway Analysis (APA). The APA includes using the U.S. Environmental Protection Agency (USEPA) surface emission isolation flux chamber (flux chamber) technology in order to perform an APA at BMI Common Areas site located in Henderson, Nevada and off-site areas of interest. This SOP describes the quality control (QC) and quality assurance (QA) procedures developed to meet the project data quality objectives (DQOs) which are intended to generate a data set that meets the specific project goals and objectives.

Volatile organic compounds (VOCs), specifically chlorinated compounds, have been detected in the groundwater on site. In addition, imported ore that potentially contained radioactive compounds are known to have been used on site. This SOP was prepared for Basic Remediation Company (BRC) with the intent to collect emission data representing potential exposure to VOCs (related to the groundwater contamination) and radon gas (related to the imported ore) via the subsurface air pathway. BRC plans to use the results of the dynamic flux chamber study for VOCs and the static flux chamber study (with activated charcoal [AC] canisters) for radon for risk assessments for current and future land use scenarios. A description of the history, background, and opera​tion of the USEPA-recommend​ed dynamic flux chamber and static flux chamber is provided, along with sampling and analytical protocol, sampling strategies, QC requirements, and sample management protocol. An on-site verification study of the radon assessment technologies, including the static flux chamber with AC canisters, and the USEPA surface emission isolation flux chamber and the PTG-7Rn real time radon detector was conducted in May 2008 (Schmidt 2008). This study concluded that static flux chamber with AC canisters is most useful for the site APA work.
This SOP document is intended to serve as the fundamental technical document under which all sampling and analytical activities as part of the APA are governed. There is no site or area specific sample collection information such as parcel number or location, sample count, sample frequency, sample collection location, rational for sample count, frequency or location information provided in the SOP. Rather, the SOP provides the methodology and QA procedures that will be followed for all APA or site assessment work conducted related to the site. Project, area, or parcel information as described above will be provided in separate Sampling and Analysis Plans (SAPs) as appropriate, and the SAP documents will include: parcel number or location, sample count, sample frequency, sample collection location, rational for sample count, frequency or location information. Thus, the combined use of this SOP, plus site or sub-area assessments described in the SAPs, will in concert fully describe as site investigation work.
2.0 PROJECT DESCRIPTION

VOCs, specifically chlorinated compounds, have been detected in the groundwater on site. In addition, imported ore that potentially contained radioactive compounds are known to have been part of the effluent disposal. The goal of the APA work for this site is to assess the surface flux of study compounds meeting data collection needs of the multiple site sub-areas on a project schedule meeting overall program needs.

This test protocol is intended to provide area source flux data representative of air emissions of selected VOCs and radon on any properties on or off site. Testing for VOCs will be focused on the 12 sub-areas at the site that range in size from 44 acres to 283 acres. Testing of specific sub-areas will be described in SAPs. Individual test locations will be selected based on meeting a variety of sub-area specific needs and may be: 1) co-located with existing or future groundwater wells, 2) selected to serve as a transect array across groundwater flow patterns, 3) geographically distributed to represent specific sub-areas, or 4) may be selected based on historic land use (effluent disposal patterns in particular). Additional testing may be needed depending on the results of each round of testing, depending on the results of the testing efforts described in each sub-area SAP, and locations tentatively selected for testing may be relocated using more current and relevant groundwater characterization data. If additional test data are needed, a revised SAP will be prepared, submitted for review, and a second round of testing will be conducted after the first round of flux samples are collected and evaluated. Testing off site will include any area or interest in support of the APA, and individual test locations will likewise be selected to meet area-specific project needs. 
Compounds found in groundwater are the primary source for potential surface flux of VOCs and it is this source that is the focus of the VOC sample collection strategy. As such, the site groundwater database will be used, as is possible, to select locations for flux chamber testing. In the absence of groundwater data, locations for VOC/flux chamber testing may be selected to spatially represent a given test area. 

The potential source for radon emissions is imported ores that were historically part of the effluent disposal. The test locations for radon (static flux chamber with AC canisters) will be based on the soil matrix data and/or groundwater data and these test locations will be identified in the SAP.
2.1 USEPA Emission Measurement Technology-Dynamic Flux Chamber
For this study, assessment of VOCs will be performed using the USEPA recommended surface emission isolation flux chamber (emission flux chamber) and appropriate sample collection/analytical technologies. A schematic diagram of the USEPA emission flux chamber is provided below. 
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The emission flux chamber is a dynamic environmental chamber designed for operation on land surfaces, but is applicable to sludge and liquid surfaces as well. The chamber qualifies as a mixed tank reactor or a ‘continuously stirred tank reactor’ (CSTR) and has been designed to assess flux without a significant bias, even for diffusion-limited sources. The chamber is pressure vented and operated at 5.0 liters per minute (L/min; sweep air flow rate) and sample gas is withdrawn from the chamber at equilibrium (5 residence times or 30 minutes; chamber volume is 30 liters and the flow rate of sweep air gas is 5.0 L/min). Because the emission chamber equipment is identical to the USEPA/Environmental Monitoring Systems Laboratory (EMSL) design, and because the protocol for use is followed to exact specifications, the data generated by this technology can be used to quantify area source emission fluxes to within the specifications of accuracy, precision, and repeatability of the published method. All data collected for this research effort, since all data will be collected following the USEPA protocol for dynamic flux chamber testing, will be directly comparable to previously collected flux data by this technology, and will be within the method QA/QC specifications. The comparison to flux data collected using the USEPA flux chamber technology may be useful for project purposes.

Samples are collected from the USEPA flux chamber at equilibrium using appropriate and valid sample collection and analytical methodology. The analytical methods, combined with the field QC testing (minimum amount of field system blank tests and replicate sample tests) will be adequate to demonstrate compliance with method performance.

Several studies have been conducted using the USEPA emission flux chamber at sites with subsurface soil gas sources, and the technology is highly applicable to this type of land application (e.g., diffusive flow subsurface VOC source). The strengths of the flux chamber technology for this application are:

1. The air emissions from a given sub-area measured using flux chambers are unaffected by upwind sources including other sub-areas or upwind sources;

2. The sensitivity VOCs is less than 0.02 µg/m2‑min‑1 for TO-15 VOC full scan analysis (0.1 parts per billion by volume [ppbv] method detection limit [MDL]) and less than 0.002 µg/m2‑min‑1 VOC for TO-15 selective ion mode (SIM) analysis for a short list of compounds (0.01 ppbv MDL).;

3. Other flux chamber studies have been conducted for sites with groundwater sources, and all flux data collected from a given sub-areas by this technology will be directly comparable to the data collected on other sub-areas and other sites;

4. All data collected will be of known accuracy and precision; 

5. The technology is a direct measurement approach and no modeling is required to obtain emission factor information since data are reported in engineering units, for example: mass per time/surface area, which can be used to estimate process specific emissions if the overall surface area is known. 

6. The USEPA technology, using the USEPA/EMSL User’s Guide (available on ceschmidt.com website) and specified equipment, is a verified approach producing data that can be used to estimate emissions from a process by knowing the surface area and measured flux of the test source.

Thus, the strength of this approach is that it provides accurate and specific flux data from a given test location that can meet the project objectives. Unfortunately, this strength can also be a weakness, since the exact areas tested must be carefully selected so that they represent the sub-area specific fugitive emissions. Therefore, proper planning is needed prior to testing including the selection of representative test locations. Test locations will be recommended and rationale for selection will be provided in each sub-area SAP. 
2.2 Radon Emission Assessment Using a Static Flux Chamber with AC Canisters Technique

The static flux chamber with AC canisters technique can be used to assess radon flux for site assessment purposes. Static chamber techniques do not use a sweep air like a dynamic chamber. In this case, radon flux is assessed in a static chamber by using an AC canister sealed in a chamber over a 48-hour time-period or duration of exposure, to assess radon flux.

The AC canister has historically been the analytical method of choice for assessing radon gas concentration in confined areas, non-ventilated structures, and environmental chambers. The reason for this is that the AC canisters are very sensitive (0.1 pCi/L or 100 pCi/m3), easy to use, and are very inexpensive. This technique was designed for testing in structures such as basements. The AC canisters are prepared for testing by removing the adhesive covering on the active face of the canister, placing the AC canister in the room where radon gas can be absorbed on to the device over time, and then collecting the canisters post sampling interval (typically 48-hours). The exposure period for the duration of the sample collection is used to estimate the time-constant in the calculation of radon flux over the sample collection interval. Static chamber assessment works best when the sample collection approach used is passive sample collection, since active chamber gas is not removed during the sample collection time period, and no adverse pressure gradients or sample dilution effects are experienced. As such, the static chamber technique exactly replicates the indoor room ‘head space’ assessment which is what the technique was designed to test (indoor air concentration). 

The static headspace technique, as described by the USEPA in Volume II of the area source assessment technical guidance series, is an environmental assessment technique intended to determine the volatilization potential of a surface or material. Static chambers are designed for operation on land surfaces, but are applicable to sludge and liquid surfaces as well. A static chamber does not qualify as a mixed tank reactor, but in this application, it emulates a closed room or crawl space. When used with passive sample collection, assessment of study compounds can be made without a significant sample collection bias, even for diffusion-limited sources. The chamber is not vented, it is sealed to the ground, and light shielded to avoid unnecessary solar heating. The chamber is weighted-down to prevent disturbance by wind, left for a time period of about 48-hours, and samples are collected after the sampling interval and shipped off site for analysis. 

The detection limit of the radon AC canister sorption method is about 0.1 picoCurie/liter (pCi/L), resulting in a radon surface flux of 0.12 pCi/m2-min in the static chamber technique. 
2.3 Analysis of Flux Samples

Many compounds have been identified for analysis, and sample analysis will be completed for both full scan species analysis for VOCs, low level detection for specific VOCs by SIM analysis, and radon gas.

The QA program will include strict adherence to sampling and analytical procedure, QC procedures, and project plan specifications. Blank, replicate field, and laboratory QC samples will be collected and analyzed at a frequency of at least five percent as described in the SAPs. All QA procedures will focus on insuring and assessing the quality of program data.

2.4 Calculation of Flux Data

The compound-specific VOC flux in the dynamic flux chamber will be calculated using the laboratory data for compound concentration in the flux chamber Summa canister (µg/m3), the sweep air inflow rate (0.005 m3/min), and the surface area of the chamber (0.13 m2). The calculation result gives a direct measure of the flux rate of compounds (µg/m2-min) from a given surface.


(µg/m3)(0.005 m3/min)/(0.13 m2) = VOC Flux (µg/m2-min)
Eqn. 2-1
The radon flux in the static flux chamber with AC canisters will be calculated using the laboratory data for compound concentration in the AC canister (pCi/L), the chamber volume (5 gallons or 21.8 L), the time duration of exposure planned for 48 hours (2,880 min), and the surface area of the chamber (0.0613 m2). The calculation result gives a direct measure of the flux rate of compounds (pCi/m2-min) from a given surface.


(pCi/L)(21.8 L)/(2,880 min)(0.0613 m2) = Radon Flux (pCi/m2-min)
Eqn. 2-2
2.5 Calculation of Emission Rate Data

The emission rate of compounds from a land surface area will be calculated using the flux data (µg/m2-min; pCi/m2-min) and the surface area of the area source tested (m2). The emission rate of compounds from a given sub-area can be estimated by summing the emission rate (per compound) from each specific location of the sub-area.
3.0 PROJECT ORGANIZATION AND RESPONSIBILITY

The organization for the program includes overall project management by BRC and subcontract by Dr. CE Schmidt as contractor to the BRC. Environmental Analytical Service in San Luis Obispo, CA (for TO-15 VOC SIM and full scan analyses), and Radon Testing Laboratory of America in Elmsford, NY (for radon analyses) will provide laboratory services. The subcontractor to CE Schmidt for field testing is Katie Schmidt or other.
The field sampling and analytical activities are the responsibility of Dr. CE Schmidt. Dr. Schmidt will: arrange for the field sampling, coordinate with key personnel at BRC, coordinate with the subcontract laboratories for analytical services, conduct the field sampling, ship samples for analysis, receive and review laboratory data, and report (Technical Memorandum) the results of the field sampling to BRC. Contact information is provided below:

	Contact
	Address
	Phone/Fax
	Email

	Ranajit Sahu
	Basic Remediation Co.

875 W. Warm Springs 

Henderson, NV  89011
	P (702) 567-0465

F (702) 567-0475
	sahuron@earthlink.net

	Mark Jones
	ERM 

2525 Natomas Park Dr., Ste 350

Sacramento, CA  95833
	P (916) 924-9378

F (916) 920-9378
	mark.jones@erm.com

	CE Schmidt
	19200 Live Oak Road

Red Bluff, CA  96080
	P (530) 529-4256

F (530) 529-4878
	schmidtce@aol.com

	Steve Hoyt
	EAS

173 Cross Street

San Luis Obispo, CA  93401
	P (805) 781-3585

F (805) 541-4550
	stevehoyt@easlab.com

	Nancy Bredhoff
	Radon Testing Corp of America

2 Hayes Street

Elmsford, NY  10523
	P (914) 345-3380

F (914) 345-8546
	rtca.com


4.0 QUALITY ASSURANCE OBJECTIVES

The purpose of a QA/QC program is to produce data of known quality that satisfy the project objectives set forth in this document. The QA/QC program shall:

· Provide a mechanism for ongoing control and evaluation of measurement data quality

· Provide an estimate of data quality in terms of accuracy, precision, completeness, representativeness, and comparability for use in data interpretation
Two VOC methods have been selected for this study; USEPA Method TO-15 for 20 study compounds with ultra low method detection limits (gas chromatography with mass spectroscopy detection operated in SIM), and USEPA Method TO-15 for a full list of compounds with low method detection limits (gas chromatography with mass spectroscopy detection operated in the full scan mode).

The DQO level and laboratory contact information is provide in Table 1, and the QA objectives for accuracy and precision are presented by sample matrix for all sampling and analytical parameters in Table 2. These values are estimates of the degree of uncertainty that is considered acceptable in order for the data to fulfill the needs of the program area source testing. The QA/QC program focuses on controlling and quantifying measurement error within these limits, and provides a basis for understanding the uncertainty associated with these data. In the first step of data validation, measurement data are compared to the QA objectives to determine whether gross performance problems occurred.

	Table 1. Sample Matrix and Parameters

	
Parameter
	
Method
	Instrument or
Laboratory
	DQO
Level

	20 target compounds
	USEPA Method TO-15 Selective Ion Mode (SIM) Analysis
	EAS

173 Cross Street

San Luis Obispo, Ca 93401

(805) 781-3585
	4

	70 target compounds
	USEPA Method TO-15

(Full Scan Mode-edited list)
	EAS

173 Cross Street

San Luis Obispo, Ca 93401

(805) 781-3585
	4

	Radon gas
	Methods for measuring radon in air
	Radon Testing Corp of America

2 Hayes Street

Elmsford, NY 10523

(914) 345-3380
	4


Table 2. Accuracy, Precision, and Sensitivity of Analysis

	Parameter
	Method
	Accuracy
	Precision
	Sensitivity

	TO-15 VOCs SIM
	GC/MS
	+30% Multi-Component Standard
	+30%
	0.01 ppbv



	TO-15 VOCs Full Scan
	GC/MS
	+30% Multi-Component Standard
	+30%
	0.1 ppbv



	Radon
	Gamma Count
	+30% -Standard
	+30%
	100 pCi/m3


The basis for assessing precision, accuracy, completeness, representativeness, and comparability is discussed in the following subsections. Specific calculations for data quality measurements are presented in Section 13. VOC method QC specifications are provided in Table 3.

	Table 3. QC Specifications for USEPA TO-15 SIM and TO-15 Full Scan

	Parameter
	EAS 
	Comments

	Instrumentation
	GC with FPD and all Teflon Concentrator
	USEPA 15 GC/FPD

ASTM D-5504M Sievers Detector

	Initial Calibration
	3 points minimum

Single injections

Span range of 0.5 to 10.0 ppmv based on 1 ml inj.
	Method calls for 3 replicate injections with RSD < 5%

	Calibration Check Sample (CCS)
	After Initial Calibration

< 30% RSD
	The CCV is run as an LCS

	Continuing Calibration Verification (CCV)
	Daily (24 hours)

< 30% RSD

Ending Calibration Std to check for drift

< 30% RSD (Carb 15 only)
	The method does not specify a CCV 

Method specifies a triplicate ending standard <5% of beginning triplicate

	Method Blank
	No target analytes above 3xMDL
	

	Laboratory Control Spike
	1 per Daily Batch

70-130% recovery
	No QC specified in method other than replicate standard analysis

	Matrix Spike(5)
	1 per Daily Batch if Requested

70-130% recovery
	There is an extra charge for matrix spike

	Duplicate (One of below)

      Lab Control Dup

      Sample

      Matrix Spike Dup
	1 duplicate with each 20 samples

<30% RSD
	Only one duplicate is done in each DAB. This is usually an LCD

	Holding Times
	72 hours in Tedlar bag, and 7 days in Silio canister, from sampling date
	

	Silico can Certification
	Certification by TO-14
	Certification can be done by USEPA 15 if requested

	Field Duplicates
	50% concentrations over 1 ppbv
	


DQOs are qualitative and quantitative statements, which specify the quality of the data to satisfy the end uses of the data to be collected. As such, different data uses may require different levels of data quality. There are five analytical levels, which address various data uses, and the methods required to achieve the desired level of quality. These levels are:

· Screening (DQO Level 1): This provides the lowest data quality but the most rapid results. It is often used for health and safety monitoring at the site, preliminary comparison to local regulations or criteria, initial site characterization to locate areas for subsequent and more accurate analyses, and for engineering screening of alternatives. These types of data include those generated on-site (field analysis) through the use of real-time monitoring equipment at the site like the Organic Vapor Analyzer (OVA).

· Field Analyses (DQO Level 2): This provides rapid results and better quality than in Level 1. This level may include mobile lab generated data depending on the level of QC exercised.

· Engineering (DQO Level 3): This provides an intermediate level of data quality and is used for site characterization. Engineering analyses may include mobile lab generated data and some analytical lab methods (e.g., laboratory data with quick turnaround used for screening but without full QC documentation). 

· Conformational (DQO Level 4): This provides the highest level of data quality and is used for purposes of risk assessment, and evaluation of remedial alternatives. These analyses require full Contract Laboratory Program (CLP) analytical and data validation procedures in accordance with USEPA recognized protocol.

· Non‑Standard (DQO Level 5): This refers to analyses by non‑standard protocols, for example, when exacting detection limits or analysis of an unusual chemical compound is required. These analyses often require method development or adaptation. The level of QC is usually similar to DQO Level 4 data. 

The data collected for the APA includes Level 3 engineering data using the static flux chamber with AC canisters sample collection, and Level 4 detailed data for USEPA flux chamber and VOC/radon off-site (fixed laboratory) analysis. The laboratory will perform under DQO Level 4 analysis, however, will not be asked to prepare or submit a CLP type data package. These back-up data will be archived and available upon request.

4.1 Precision

Precision measures the reproducibility of repetitive measurements. It is strictly defined as the degree of mutual agreement among independent measurements as the result of repeated application of the same process under similar conditions. Analytical precision (estimated at 30 percent) is a measurement of the variability associated with duplicate (two) or replicate (more than two) analyses of the same sample in the laboratory. Total precision is a measurement of the variability associated with the entire sampling and analysis process. It is determined by analysis of duplicate or replicate field samples, and incorporates the variability caused by matrix variability, field sampling procedures, and analytical variability. The results of total and analytical precision must be interpreted by taking into consideration all possible sources of variability. Duplicate samples will be analyzed to assess field and laboratory precision, and the results will be reported as the relative percent difference (RPD) between duplicate measurements. In all cases, field precision objectives for RPD will be less than 50 percent. Analytical precision objectives are presented for each method and matrix in Table 2.

4.2 Accuracy
Accuracy is a statistical measurement of correctness, and includes components of random error (variability due to imprecision) and systematic error (bias). As such, it reflects the total error associated with a measurement. A measurement is accurate when the value reported does not differ from the true value, or known concentration, of the spike or standard. Analytical accuracy is typically measured by determining the percent recovery of known target analytes that are spiked at known concentrations into a field sample (a matrix spike) or reagent water (a method spike) before extraction at known concentrations. The stated accuracy limits apply to spiking levels at five times the MDL or higher. The individual methods provide equations for acceptance criteria at lower spiking levels. 

Surrogate compound recovery is also reported and is used to assess method performance for each sample analyzed for volatile compounds. Sampling accuracy is assessed by evaluating results for field and trip blanks.

Both accuracy and precision are calculated for specific sampling or analytical batches, and the associated sample results must be interpreted considering these specific measures. Application of calculated precision and accuracy to measurement sample results will be discussed in Section 13. An additional consideration in applying accuracy and precision is the concentration level of the samples; a procedure capable of producing the same value within 50 percent would be considered precise for low-level (near the detection limit) analyses of minor constituents, but would be unacceptable, and possibly useless, for major constituents at high concentrations.

4.3 Completeness

Completeness, also referred to as percent data capture, is defined as the percentage of valid data reported compared to the total number of samples collected for analysis. Valid data are determined during the data assessment process and satisfy the QA objectives. Completeness is determined after precision and accuracy are calculated. The objective for completeness for all measurement parameters and all sample matrices is 90 percent. 

4.4 Representativeness

Objectives for representativeness will be defined for each sampling and analysis task and will be a function of the investigative objectives. Representativeness will be achieved through use of the standard sampling and analytical procedures described in this SOP and the frequency of testing as described in Section 5. Adequate representativeness will be evaluated and documented and will consider source and exposure information, area-specific results, data distribution, analyte toxicity, and human receptor locations.
4.5 Comparability

Comparability is the confidence with which one data set can be compared to another. The objectives for this QA/QC program are to produce data with the greatest degree of comparability possible. The number of matrices sampled and the range of field conditions encountered must be considered in ultimately determining comparability. Comparability will be achieved by using the same (standard) methods for sampling and analysis, reporting data in standard units, and using standard and comprehensive reporting formats. Analysis of reference samples may also be used to provide additional information that can be used to assess comparability of analytical data produced within the program.
5.0 AIR SAMPLING PROCEDURES

This section contains detailed descriptions of the sample collection protocols to be used for field sampling. All field personnel will be familiar with the procedures they will be using and will have a copy of the SOP available for reference.

The following subsections describe two distinct types of flux chamber testing with VOC and radon air sampling as is appropriate for the chamber technology:

5.1 Dynamic Flux Chamber Sampling using the USEPA Surface Flux Chamber Technology
5.2 Sampling for VOCs in the Dynamic Flux Chamber
5.3 Static Flux Chamber Sampling Using a 5-Gallon Bucket

5.4 Sampling for Radon in the Static Flux Chamber
5.1 Surface Emission Isolation Flux Chamber Sampling

Isolation emission flux chamber sampling is a dynamic direct measurement of emission rates of air contaminants. Flux chambers can be used for measuring source emissions from:

· Liquid surface, quiescent or agitated;

· Solid land surfaces or sludge surfaces;

· Open ports in processes; and

· Cracks or vents in a process or landfill cover.

Flux measurements will be conducted on solid (soil). All flux chamber measurements will be conducted as per the USEPA guidance document, Measurement of Gaseous Emission Rates from Land Surfaces Using an Emission Isolation Flux Chamber, February 1986. All solid surface testing will be conducted by placing the chamber directly on the solid surfaces. The method is briefly described below.

The enclosure device, referred to as the flux chamber, is used to sample gaseous emissions from a defined surface area. Clean, dry sweep air is added to the chamber at a fixed, controlled rate. The chamber temperature and volumetric flow rate of air through the chamber is recorded and the concentration of the species of interest is measured at the exhaust of the chamber. The emission rate is calculated as:
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where:


ERi
=
Emission rate of species i (µg/m2-min-1, pCi/m2-min-1)


Ci
=
Measured concentration of species i (µg/m3, pCi/m3)


Q
=
Air flow rate (L/min)


A
=
Exposed Surface Area (m2)

The response time of the flux chamber is characterized by the residence time. The chamber reside time (t) is a function of chamber volume (V) and air flow rate (Q). The quotient of volume and flow rate (V/Q = t) is the theoretical residence time. Four to five residence times are normally needed to establish steady-state conditions in the chamber at which time representative sampling can occur. This will require 24 to 30 minutes per sampling point.

The chamber is an acrylic topped, stainless steel cylinder designed to penetrate the sampling surface. The chamber has a 0.13 m2 exposed surface area and a volume of approximately 0.03 m3. One 1/4 inch port will be used to withdraw sample gas.

Dry, hydrocarbon-free sweep air (zero grade air) will be provided from compressed gas cylinders. The sweep air will pass through a calibrated rotometer with a needle-valve flow control. Inlet and outlet lines are made of Teflon and all fittings in contact with the gas will be Teflon or stainless steel. The outlet line will include a sampling manifold for monitoring and/or collection of the gaseous specie of interest. This manifold will consist of ports for gas-canister sampling and gas-syringe collection. A thermocouple and readout will be used (when possible) to measure the surface and air temperatures at the sample point.

The flux chamber will be wiped clean and dried before each use and then placed over the sampling area. The sweep air is added at a flow rate of 5.0 L/min and the time noted when the chamber is placed on the test surface. Samples for VOCs will be collected using evacuated stainless steel canisters.

Data will be recorded on the data form shown in Attachment 1. The following data collection steps will be taken:

· Locate equipment at the sampling location;

· Document location of measurement, date, time, and operator;

· Initiate sampling by starting sweep air, checking the flow rate, and placing the chamber on the testing location;

· Document the gas flow rate and the initial and final temperatures of ambient air, of air inside the chamber, and of the bulk soil/waste;

· Document any other data such as waste characteristics, meteorological conditions, etc., for possible correlations with emission rate measurements;

· Collect gas samples at steady state indicated by time readings; and
· Fill out appropriate chain-of-custody forms and master sample log entries for sample collected.

5.2 Sampling for VOCs in the Dynamic Flux Chamber
Samples will be collected as grab samples in evacuated canisters for VOCs. Evacuated, summa-polished canisters will be used to collect exhaust gas grab samples for VOC analyses under ambient or near-ambient conditions from the flux chamber. Canisters will be used in the vacuum mode; that is, the vacuum in the clean canisters will be used to pull a sample of gas into the container. The sampling rate will be maintained by opening the valve to the canister, listening to the filling of the canister and filling the canister over a time period to provide a sample collection rate that does not exceed 2 L/min. Note that locations for sample analysis by TO-15 full scan and TO-15 SIM will be identified in the SAP, as will the criteria for selection for those locations analyzed by TO-15 full scan and TO-15 SIM.

Grab Sampling

Grab samples will be collected in evacuated, summa-polished 6-liter canisters. The canister will be used to collect exhaust gas samples for VOC analyses using USEPA Method TO‑15 full scan and TO-15 SIM. Both TO-15 full scan and TO-15 SIM analyses will be conducted from the same canister; not all canister will be analyzed for both full scan and SIM. Methods of analysis will be identified in each specific SAP. Canisters will be used in the vacuum mode; that is, the vacuum in the clean canisters will be used to pull a sample of gas into the container.

Prior to sample collection, each canister will be cleaned and evacuated in the laboratory, and the absolute pressure will be recorded. 

To collect canister samples from the flux chamber:

· The canister pressure (vacuum) is checked prior to sampling and recorded. The initial pressure should be between -30 and -27 inches of mercury. However, the canister will be considered acceptable (useable) if the value is >-24 inches of mercury;

· Attach sampling line from the to flux chamber to the canister using a clean, 1/4 inch Teflon or stainless steel tube with 1/4 inch Swagelok fittings;

· Record start time on data sheet and open canister inlet valve slowly. A slight hissing sound can be heard during sampling by placing an ear against the canister;

· The canister grab samples will be collected over a 3 minute period. Sample time is controlled by slowly opening the inlet valve so that the hissing sound is barely audible or the vacuum gauge begins to drop. A stopwatch or watch with a second hand should be used;

· After sample collection is completed, the canister inlet valves are closed and the sample line is disconnected from the canister;

· The absolute canister pressure is again measured and recorded on the data sheet and the canister chain-of-custody form;

· Prior to transporting to the laboratory, all canister valves are tightened and stem nuts sealed with Swagelok plugs;

· Complete appropriate chain-of-custody forms, master sample log entries, and canister tags for samples collected, and ship canisters.

5.3 Static Flux Chamber Sampling Using a 5-Gallon Bucket
The assessment of radon gas may be performed using a static chamber method. Static chamber sampling for radon offers the advantage of low MDL detection (0.1 pCi/L) using the AC canister sample collection approach. This passive sorbent technology, originally intended to be placed in a basement or room where radon gas can be absorbed on to the device over time, provides for an assessment of the radon gas concentration collected in the static chamber (5-gallon bucket) over the exposure period for the duration of the sample collection taken to be 48-hours. Static chamber assessment works best when the sample collection approach used is passive sample collection (such as the radon method), since active chamber gas is not removed during the sample collection time period, and no adverse pressure gradients or sample dilution effects are experienced. As such, the static chamber technique exactly replicates the indoor room ‘head space’ assessment that the ambient air radon detection technique was intended for.

The static headspace chamber emulates a closed room or crawl space. When used with passive sample collection, assessment of study compounds can be made without a significant sample collection bias, even for diffusion-limited sources. The chamber is not vented (5-gallon plastic bucket with a volume of 21.8 L, a diameter of 11.5 inches, and a surface area of 0.0613 m2), it is sealed to the ground, and light shielded to avoid unnecessary solar heating. The chamber is weighted to prevent disturbance by wind, left for a time period of about 48-hours (approx. 2,880 minutes), and samples are collected after the sampling interval and shipped off site for analysis. 

The detection limit of the radon sorption method in the static chamber with an exposure period of 48 hours is about 0.1 pCi/L (100 pCi/m3), resulting in a surface flux of 0.012 pCi/m2-min as calculated below:

(0.1 pCi/m3)(21.8 L)/(2,880 min)(0.0613 m2) = 0.012 pCi/m2-min
5.4 Sampling for Radon in the Static Flux Chamber
Radon samples will be collected as approximately 48-hour integrated samples. The sampling media is a passive dosimeter, and activated charcoal is located inside the canister which is accessed through a ventilated surface of the canister. The AC canisters come sealed from the manufacture (Radon Testing Lab of America) with an adhesive cover over the ventilated face of the canister filled with activated charcoal. A three-part sticker is located on the other side of the canister that has two, tear-off sections- each of which is labeled with identical bar codes. One bar code is to be fixed on the chain-of-custody form; the other is to be fixed on the sample data sheet. After documentation, 1) the AC canister is fixed to the bottom of the 5-gallon bucket (active, ventilated portion exposed to the interior of the bucket), 2) invert the bucket (static chamber) on the test surface, 3) seal the bucket to the test surface, and 4) weight the bucket with a flat brick. Leave the static chamber sealed and in place for approximately 48 hours, then remove the AC canister from the bucket, seal the ventilated face of the canister with the adhesive cover provided by the lab, record the end of the sampling interval, and re-box the canisters for shipping to the laboratory.
6.0 SAMPLE CUSTODY FORMS
Sample possession during all testing efforts must be traceable from the time of collection until the results are verified and reported. Sample custody procedures provide a mechanism for documentation of all information related to sample collection and handling to achieve this objective.

Dr. Schmidt will be responsible for seeing that the field team adheres to proper custody and documentation procedures for all sampling operations. Preformatted field data and Chain‑of-Custody forms will be used as the primary documentation mechanism to ensure that information pertaining to each sample is properly recorded. In addition, a master sample logbook will be maintained for all samples collected. Examples of these data documentation forms are presented in this section. Copies of the Chain‑of-Custody forms and the field logs will be retained in the project file.

6.1 Documentation Procedures

6.1.1 Field Records
Field personnel will be required to keep accurate written records of their daily activities in a bound logbook. All entries will be legible, written in waterproof ink, and contain accurate and inclusive documentation of an individual’s field activities, including field data and observations, any problems encountered, and actions taken to solve the problem. The type of data recorded in the field logbook includes field measurements, ambient conditions, and any other information pertinent to sample collection. Entry errors or changes will be crossed out with a single line, dated, and initialed by the person making the correction. Entries made by individuals other than the person to whom the logbook was assigned will be dated and signed by the individual making the entry. Field logbooks will be available for review by interested parties.

6.1.2 Sample Labels
Each sample collected will receive a sample label that identifies the sample by a unique sample identification number. These labels are affixed to the sample container prior to sample collection.

6.1.3 Sample Log Book
A sample master log will be maintained for all samples collected. Each sample will be assigned a unique identification number; a full description of the sample, its origin, and disposition will be included in the log entry.

6.2 Chain-of-Custody Procedures

After the samples are collected and documented in the master logbook, a Chain‑of-Custody form will be completed and will accompany the samples to the laboratory. A Chain‑of-Custody form is used for sample types. Team members collecting the samples are responsible for the care and custody of the samples until they are transferred or dispatched to the appropriate laboratory. When transferring samples, the individuals relinquishing and receiving the samples will sign, date, and note the time on the record. 

This record documents sample possession from collection to the laboratory sample control center. When the samples are received by the laboratory, the sample control officer will verify the Chain‑of-Custody form against the samples received. If any discrepancies are observed, they will be recorded on the Chain‑of-Custody form and Dr. Schmidt will be notified to correct the problem.

6.3 Shipment
All sample shipments will be accompanied by the Chain‑of-Custody record, which identifies the contents of each crate. The person relinquishing the samples to the laboratory will request the signature of a laboratory representative to acknowledge receipt of the samples. Sample collection and shipment will be coordinated to ensure that the receiving laboratory has staff available to process the samples according to method specifications.

All shipping containers will be secured for safe transportation to the laboratory. The method of shipment, courier name(s), and other pertinent information is entered in the “Remarks” section when the samples are to be shipped (i.e., FedEx, Express Mail, etc.) instead of hand-delivered.

6.4 Sample Handling Procedures

The objective of sample handling procedures is to ensure that samples arrive at the laboratory intact, at the proper temperature, and free of external contamination. VOC canister samples will be shipped via Federal Express to EAS in San Luis Obispo, CA. The AC canisters will be shipped to the Radon Testing Lab of America via Federal Express to Elmsford, NY.
Sample packaging requirements for hazardous materials requiring interstate transport are defined in the Code of Federal Regulations 40 (CFR) 49, Chapter 1, Part 171. These requirements outline in detail the proper classification and transportation procedures for hazardous materials that will be used in the transporting of samples. 

6.5 Sample Preservation

Once the samples have been collected, the methods specify preservation, storage requirements and holding time limitations. Table 4 summarizes the preservation requirements for the type of samples collected during this program.

Table 4. Parameters for Sample Preservation

	Parameter
	Preservation and Storage Requirements
	Maximum Holding
Time (Days)

	6-Liter Summa Polished Stainless Steel Canisters for VOCs
	Cool storage area; avoid direct sunlight when/if possible. Wrap valves; ship in cardboard.
	14 Days

	AC Canisters
	Seal the ventilated face, store in cardboard, and ship to the lab.
	10 Days


7.0 CALIBRATION PROCEDURES AND FREQUENCY

Information is presented in this section pertaining to the laboratory calibration of sampling equipment. Included are descriptions of each procedure or references to applicable SOPs, the frequency of calibrations, and the calibration standards to be used.

7.1 Laboratory Instrument Calibration

Laboratory instruments are calibrated according to manufacturer’s specifications and are in compliance with the analytical method requirements. Detailed calibration procedures and recommended frequencies are included along with the analytical SOPs, which can be found in the appendix to this volume. A brief description of the analytical methodologies, and their associated calibration procedures, is included in Section 9.

7.2 Sampling Equipment Calibration Procedures

An important function in maintaining data quality is the check-out and calibration of all sampling equipment. Using referenced procedures, the equipment will be calibrated prior to field sampling. These results will be properly documented and retained. If a referenced calibration technique for a particular piece of apparatus is not available, then state‑of‑the-art techniques are used. A discussion of the procedures used to calibrate equipment is presented below. Calibration frequency of the field sampling equipment is presented in Table 5.

Table 5. Calibration Frequency of Field Sampling Equipment

	Sampling Equipment
	Calibration Before Sampling
	Frequency

	
	
	Annual
	Project Needs

	Rotometer
	X
	X
	X


Rotometers used be to control the flow rate of sweep air gas into the flux chamber. Rotometers will be calibrated using a primary gas flow standard (DC Lite—frictionless piston device) generating a multipoint (minimum of three points up to 5 L/min) calibration curve. The calibration will be performed prior to the testing event and the calibration curve data will be available on request. Note that only pure, dry air is delivered through the rotometers.
8.0 DATA REDUCTION, VALIDATION AND REPORTING

The data reduction, validation, and reporting procedures described in this section will ensure that complete documentation is maintained throughout the program, that transcription and data reduction errors are minimized, that the quality of the data is reviewed and documented, and that the reported results are properly qualified and in a conventional format. 

8.1 Data Reduction

The reduction of raw data generated at the laboratory bench is the responsibility of the analyst producing it. The data interpretation that is required to calculate sample concentrations follows the methodology described in the specific analytical SOP. After all analyses have been completed, a preliminary laboratory report is generated for review by the laboratory supervisors who verify that the analyses were properly performed and interpreted. After the final review by the laboratory supervisor, the raw data is transferred to sample control and presented for review by the QA coordinator. Raw data, together with all supporting documentation, are stored permanently in confidential files by sample control.

The QA coordinator reviews the data for adherence to the QC method limits. In addition, the data are reviewed for the presence of outliers. An outlier is an unusually large (or small) value in a set of observations. There are many possible reasons for outliers, among which are:

· Faulty instruments or component parts

· Inaccurate reading of a record, dialing error, etc.

· Errors in transcribing data 

· Calculation errors 

Sometimes analysts or operators can identify outliers by noting the above types of occurrences when they record observations. In these instances, the errors are corrected, or if correction is not possible the suspect observations may be removed from the data before calculations are performed. If no such information exists, the Dixon Criteria are used to test suspected outliers at the five percent significance level if there are three or more points in the data set containing the outlier. Outliers identified by this method may be removed from the data before further processing (see W.J. Dixon, “Processing Data for Outliers,” Biometrics, 1953, Vol. 9, No. 1, pp. 74-89).

8.2 Data Transfer and Verification

A laboratory database is used to store and transfer analytical data from the laboratory. Sample control staff is responsible for entering into the system and verifying sample and result information and generating hard copies of the analytical results.

8.3 Data Validation

Dr. Schmidt will review field documentation and all measurement data for acceptable sample collection and analysis procedures, consistency with expected results or other results, adherence to prescribed QA procedures, and agreement with the acceptance criteria described in Section 4.

Initially, the reviewer will determine whether hold times were met and that all required analytical QC checks were reported with the data. Then, all QC sample results will be reviewed to evaluate the sampling and analytical performance. Reagent blank results will be evaluated to identify any systematic contamination; spike and duplicate results will be compared to the QA objectives presented in Section 4, and the results will be used to calculate precision and accuracy for the data set. This process will identify any analytical methods and compounds for which the QA objectives are not satisfied, and corresponding sample data will be qualified with a “flag” indicating the problem. Samples collected on the same day, analyzed in the same run or batch, or individual samples may be flagged, depending on the type of problem that has been identified. Reanalysis or re-sampling may be recommended at this time if data are determined to be unacceptable for the intended application.

The qualifier codes, or “flags,” will be stored with the data and printed with the data when reported or transferred for any purpose. The specific statistical procedures and qualifier codes used in the validation process are described in detail in Section 13. After data are received from the laboratory, entered, checked, and qualified, they are a permanent part of the database and cannot be deleted or altered.

The data validation process is one where the USEPA National Functional Guidelines will be followed as applied systematically to the APA data set. The following data qualifiers may be used, depending on the results of the QC data for the data set:

B- Compound found in the laboratory or method blank data

U- Compound reported as less than the method detection limit

J- Compound reported at above the method detection limit but below the reporting limit

E- Compound exceed the instrument calibration range

8.4 Reporting

Data reporting for this project will consist of QA reporting, investigative data reporting, and QC data reporting.

General reporting practices for measurement data will include:

· Heading information identifying the sample batch and the analytical method

· Unique sample identification number or code

· Consistent units of measure

· Consistent number of significant figures

· No blank or dashed places reported; all spaces will contain a designation (i.e., not analyzed, not sampled, etc.)

· Explanation of outlier values or the cause for deviation from historical data

· Comparison with regulatory threshold values if applicable

· QA flags 

· Quantification of accuracy and precision for analytical data

· Non-detect results will be recorded as “< [reporting limit]”
8.4.1 Investigative Data Reporting
Measurement data generated during the course of an investigation will be reported in tabular form from the computerized database. The formats of the reports will vary, depending on the objectives of the investigation. In general, data will be presented according to sampling location, analytical method, parameter, and/or matrix. All data will be reported with the qualifiers discussed above, and units will be specified. Commonly used reporting formats will be catalogued and used repeatedly, while specialized formats will be developed as needed.

8.4.2 General Reporting Procedures
The procedures employed to ensure report quality involve the following:

· All calculations and measurements will be verified by recalculation by the person initially providing data. The calculations and measurements are then checked by another individual who signs and dates the calculation sheets. Any calculations and measurements that differ from the initial totals are resolved by both individuals. Once the calculations and measurements are included in an internal working copy of a document, the figures are rechecked during peer review. If there are many such calculations within a report, a certain percentage (10 to 50 percent) are checked again during peer review.

· Numerical values presented in reports and comparisons of numbers appearing in text, tables, and appendixes will be addressed in the manner discussed above.

8.4.3 QC Data Reporting
QC results will be reported by sample matrix and method in tabular form. How these QC results influence the measurement data will be delineated. For example, matrix spike interference will influence specific samples, while laboratory blank contamination will influence all samples extracted or analyzed on a specific day or during a specific analytical run. Two levels of tables may be constructed for each type of QC check. The first level table will contain all QC data, and will present one line per parameter or analysis. First level table formats will be used in presenting duplicate samples and analyses, matrix and method spikes, and system blank results. First level QC data tables will be generated for all investigations.

Specially developed table formats will be used occasionally as an aid to interpretation of the investigative data. The particular format will depend on how the QC results are expected to influence the investigative data. This type of table might be used to identify corresponding investigative results (samples analyzed on corresponding dates), which may be inaccurate. Specialty tables will be generated automatically or manually, depending on the volume of data to be processed and the complexity of the calculations.
9.0 ANALTYICAL PROCEDURES AND CALIBRATION

This section contains brief descriptions of calibration procedures and analytical methodology for the analysis of air samples that will be collected during the testing. Reproductions of the methods used during this program are included as an appendix to this volume. Each method is briefly described in the following sections.

9.1 Method Detection Limits

The MDL is defined as the minimum concentration of a substance that can be measured and reported with 99 percent confidence that the analyte concentration is greater than zero. Laboratories perform MDL studies on an annual or quarterly basis (depending on the method) to demonstrate that they can meet or exceed the method-recommended MDLs. The USEPA procedure used for establishing MDLs is described in Appendix B of Part 136 Definition and Procedure for the Determination of the Method Detection Limit -Revision 1.1, 40 CFR 136, 1984. This procedure consists of analyzing seven aliquots of a standard spiked at three‑to-five times the expected MDL, which is taken through all the sample processing steps of the analytical method. The MDL is defined as three times the standard deviation of the mean value for the seven analyses. In the few cases where the individual laboratory has experimentally determined MDLs higher than recommended MDLs, the method-recommended MDL is shown in parentheses in the appropriate table or text.

9.2 Laboratory Standards and Reagents

Laboratory standards and reagents are obtained from the following suppliers:

For organic analysis, analytical standards are obtained from USEPA sources, SUPELCO, Radian laboratory in Austin, and MSD isotopes. Spectral grade and reagent grade solvents and reagents are obtained from chemical suppliers such as Aldrich, Sigma, Burdick and Jackson, EM Science, and Baxter.

All standards and laboratory reagents, with the exception of common laboratory solvents, are dated upon receipt. The preparation and use of all standards are recorded in bound laboratory notebooks that document standard traceability to USEPA or National Institute of Standards and Technology (NIST) standards. Additional information recorded includes date of preparation, concentration, name of the preparer, and expiration date, if applicable.

9.3 Methods of Canister Analysis

The following describes the analysis procedure to be used for the determination of VOCs. When a sample is received from the field, it is first assigned a sample delivery group (SDG) number and a laboratory number. The sample information is logged into a master log notebook and the computer Laboratory Information System (LIMS). The canister pressure is measured and logged into the computer and then the canister is pressurized with Ultra High Purity (UHP) nitrogen or helium to 5 pounds per square inch gauge (psig). The final pressure is then measured and recorded. The canisters are pressurized to provide positive pressure for removing the sample.
9.3.1 USEPA Method TO-15 Full Scan Analysis, Canister Sampling Gas Chromato​graphy/Mass Spectroscopy (GC/MS) for VOCs
USEPA Method TO-15 GC/MS full scan method uses a sorbent trapping system with a high-resolution capillary column to analyze for VOCs using full scan GC/MS. This method can be used for many hazardous air pollutants (HAPs) compounds including polar organics, since no dryer is used. The method can measure most compounds down to 0.1 ppbv. The list of compounds selected for the program APA is provided in Attachment 2 (70 compounds), and a copy of the EAS protocol is provided in Attachment 3. Note that quantitation of up to 86 compounds can be achieved by this method, and 70 compounds have been selected for the APA based on compounds known to have been used on site, and compounds known or suspected to be found in the subsurface. That is, only compounds listed on BRC’s site-related chemical (SRC) list are included in the full scan mode analyte list. The SRC list can be found in BRC’s project Closure Plan (BRC, ERM, and DBS&A 2007). The 16 compounds not included are: 2‑propanol, 4‑ethyltoluene, acrolein, acrylonitrile, allyl chloride, cyclohexane, Freon 114, hexane, meth​acrylo​nitrile, methyl methacrylate, methylstyrene, octane, propionitrile, t-1,4-dichloro-2-butene, tetraethyl lead, and tetrahydrofuran. Limiting the compound list to project related or potentially project related compounds reduces unnecessary data as well as improves the analytical sensitivity of the method.
Samples are analyzed on an HP 5890 Series II gas chromatograph and HP 5971 MSD quadrapole mass spectrometer detector. A 1.0 milliliter (mL) to 200 mL gas sample is loaded from the air sampling canister or bag onto the sorbent trap. A gas phase internal standard mixture is injected with each sample prior to sample loading. The sample is concentrated on a solid sorbent which affords large sample volume and low detection limits for target analytes. After the sample is trapped, it is thermally desorbed and focused onto the beginning of a 0.32 mm ID deactivated fused silica capillary column; 60 meter, DB-5, 0.25 mm ID fused silica capillary column in the GC. The GC is temperature programmed from -10( C to 220( C at a ramp rate of 13( C/min. As the column is heated, the compounds elute off the column and enter the mass spectrometer. The MS is scanned from 45 to 300 atomic mass units (amu) with a scan rate of 1 to 2 seconds for the full scan mode of operation. The GC/MS is tuned and operated according to the specifications outlined in the USEPA (1999) draft scope of work for VOC compounds in ambient air, and USEPA Method 8260 in the SW-846 Test Methods. Compounds are calibrated by the external standard procedure using NIST traceable air standards as described below. The RPD of a duplicate pair is less then 30% at 10 ppbv and the average MDL is approximately 0.1 ppbv for most compounds at a 500 mL load volume.

The standards used for the routine analytical tests are commercial NIST traceable gas standards normally ordered at a concentration of 2 to 10 parts per million by volume (ppmv). Commercial standards are available for the TO-14 GC/MS list and special in-house standards are prepared for those compounds where commercial standards are not readily available.

The GC/MS compounds are calibrated by using a dilution of the NIST traceable standard. The initial calibration curve consists of three to five calibration points. The continuing calibration consists of one point for the GC/MS full scan. The response factors for the initial calibration curve are to be within 30% RSD. If the response factor for the daily standard is more than 30% RPD from the average response factor of the initial calibration a new calibration curve is prepared. Standards are prepared by using a gas dilution system on the gas chromatograph or by making static dilutions to atmospheric levels. The gas dilution system is constructed from an eight-port gas sampling valve with various size sample loops. The loops are filled with the standard and flushed with “zero air.” The gas dilution system is used for the daily instrument calibration. The concentration of the individual target compounds is determined using the initial calibration curve response factors.

Laboratory data for TO-15 full scan will be reported in concentration units of ppbv and µg/m3 and flux units of µg/m2-min.

9.3.2 USEPA Method TO-15 SIM, Canister Sampling Gas Chromatography/Mass Spectroscopy (GC/MS) for VOCs
USEPA Method TO-15 GC/MS SIM operation method uses a sorbent trapping system with a high-resolution capillary column to analyze for VOCs for a selected list of VOCs. This method can be used for many VOCs, except that the number of compounds is limited in order to achieve the lowest detection limits possible. SIM operation is similar to the description provided above for TO-15 full scan, except that the instrument if focused to a handful of ‘ion windows’ as opposed to a full spectra of ion counts. The advantage to this is that lower MDLs can be achieved. The method can measure most compounds on the SIM list down to less than 0.01 ppbv.

Compound selection was based on Method TO-15 full scan not being able to meet conservative risk-based target levels. Attachment 4 presents the Method TO-15 full scan reporting limits, the reporting limits needed to meet risk-based target levels (based on calculated indoor air concentration using the equations and parameters in BRC’s project Closure Plan [BRC, ERM, and DBS&A 2007] and comparison to USEPA Region 6 media-specific screening levels [MSSLs] for air), and whether the Method TO-15 full scan mode reporting limits achieves these risk-based target levels. There are 20 compounds for which Method TO-15 full scan mode does not meet the required report limits. The list of the 20 compounds selected for the program APA SIM analysis is provided in Table 6.
	Table 6. Compounds Included in the TO-15 SIM Analysis and Detection Limits 

	Compound
	CAS
Number
	MDL
ppbv
	Reporting
Limit
ppbv
	MDL
µg/m3
	Reporting
Limit
µg/m3

	1,1,1,2-Tetrachloroethane
	630-20-6
	0.005
	0.026
	0.035
	0.18

	1,1,2,2-Tetrachloroethane
	79-34-5
	0.005
	0.026
	0.035
	0.18

	1,1,2-Trichloroethane
	79-00-5
	0.005
	0.026
	0.028
	0.14

	1,2,3-Trichloropropane
	96-18-4
	0.005
	0.026
	0.031
	0.16

	1,2-Dibromo-3-chloropropane
	96-12-8
	0.01
	0.026
	0.098
	0.26

	1,2-Dibromoethane
	106-93-4
	0.005
	0.026
	0.039
	0.20

	1,2-Dichloroethane
	107-06-2
	0.005
	0.026
	0.021
	0.11

	1,2-Dichloropropane
	78-87-5
	0.005
	0.026
	0.024
	0.12

	1,4-Dichlorobenzene
	106-46-7
	0.005
	0.026
	0.031
	0.16

	Benzene
	71-43-2
	0.005
	0.026
	0.016
	0.085

	Benzyl chloride
	100-44-7
	0.005
	0.026
	0.026
	0.14

	Bromodichloromethane
	75-27-4
	0.005
	0.026
	0.034
	0.18

	Carbon tetrachloride
	56-23-5
	0.005
	0.026
	0.032
	0.17

	Chloroform
	67-66-3
	0.005
	0.026
	0.025
	0.13

	Dibromochloromethane
	124-48-1
	0.005
	0.026
	0.043
	0.23

	Hexachlorobutadiene
	87-68-3
	0.01
	0.026
	0.11
	0.28

	Naphthalene
	91-20-3
	0.01
	0.026
	0.53
	0.14

	Tetrachloroethene
	127-18-4
	0.005
	0.026
	0.035
	0.18

	Trichloroethene
	79-01-6
	0.005
	0.026
	0.027
	0.14

	Vinyl chloride
	75-01-4
	0.005
	0.026
	0.013
	0.068


1) The MDL = 3.14 * standard deviation of seven replicate measurements

2) The actual reported MDL may vary based on Canister dilution or matrix interferences

9.4 USEPA Recommended Method for Measuring Radon Gas in Air with AC Canisters

AC canisters, collected from static flux chambers, will be sampled and analyzed following the USEPA Office of Air and Radiation (6604J)guidance document titled “Indoor Radon and Radon Decay Product Measurement Device Protocols’ dated August, EPA 402-R-92-004, July 1992 revised, (www.epa.gov/radon/pubs/devprot1.html). This protocol describes the use of passive dosimetry for radon adsorbed onto AC with detection by gamma scintillation or gamma spectroscopy. The commercial laboratory Quality Manual used for conducting the analysis is included in Attachment 3.

The AC canisters are sampled by removing the cylindrical canister from the shipping container, opening the access port on the canister, suspending the canister in the static flux chamber for the duration of the sample collection interval, removing the canister from the flux chamber, fixing the lid on the canister, repackaging the canister for shipping, and then shipping the AC canister to the laboratory for analysis. The canister is analyzed in the laboratory for radon decay products by placing the canister in a gamma detector. The gamma count is used, along with the exposure time period, to calculate a radon concentration expressed as pCi/L. Calibration is performed by exposing the detector to known radon standards. Water content corrections (water may be adsorbed on the AC which reduces the adsorption of the charcoal) may be conducted by the laboratory depending on the canister configuration and the weight of the canister as it is received by the laboratory. The MDL for this technique is about 0.1 pCi/L. Laboratory data for the radon method will be reported in concentration units of pCi/L. The data analysis will report the flux of radon in the units of pCi/m2-min.

10.0 INTERNAL QUALITY CONTROL

Internal QC consists of collecting and/or analyzing a series of duplicate, replicate, blank, and matrix spike samples to ensure that the analytical results are within QC limits specified for the program. Laboratory QC samples are documented at the bench and reported with the analytical results. The QC sample results are used to quantify precision and accuracy, and identify any problems or limitations in the associated sample results. Field QC samples will be documented in field logbooks and submitted “blind” to the laboratory. These components of the sampling program will help produce data of known quality throughout the sampling and analysis component of the program.

The USEPA methods selected for use on this program (USEPA TO-14, USEPA TO-15, and AC dosimetry for radon), will meet the USEPA QA/QC specifications in the respective methods.

10.1 Analytical Laboratory Quality Control Samples

Laboratory QC is necessary to control the analytical process, to assess the accuracy and precision of analytical results, and to identify assignable causes for atypical analytical results. The QC checks in the laboratory protocol are specific to the analytical method and generally include the use of one or more of the following QC samples.

10.1.1 Calibration Standards
Initial calibration is performed as required for each analytical method, usually using a range of calibration standards with the low standard near the detection limit for the compound. These standards are used to determine the linear dynamic range for the initial instrument calibration.

10.1.2 Quality Control Check Samples
QC check samples are standard samples containing the analytes of interest at a specified concentration, usually in the mid-calibration range. These samples are prepared independent of the calibration standard, and are used to demonstrate that the instrument is operating within acceptable accuracy and precision limits. QC check samples are required for GC/MS analyses. They are usually analyzed at the beginning and after every 10 samples are analyzed.

10.1.3 Reagent Blanks

A reagent blank is a sample composed of all the reagents (in the same quantities) used in preparing a real sample for analysis. It is carried through the same sample preparation procedure as a real sample. Reagent blanks are used to ensure that interferences from the analytical system, reagents, and glassware are under control. The required frequency for analyzing VOC method reagent blanks is specified in the analytical SOP for each method, and generally consists of one per day for each method/instrument and/or one per extraction batch.

10.1.4 Method Spike/Method Spike Duplicates
A method spike is a sample of target analytes at known concentrations that is spiked into a field sample before sample preparation and analysis. Two aliquots of the sample may be spiked and used for the duplicate analysis. The results of the analysis of the duplicate spiked samples are used to measure the percent recovery of each spiked compound and to compare the recovery between samples, which provides an estimate of the accuracy and precision of the method. The calculations for accuracy and precision are outlined in Section 13, and the QA objectives for accuracy are given in Section 4.

10.1.5 Laboratory Duplicates (Duplicate Analyses)
Laboratory duplicates are repeated but independent determinations of the same sample by the same analyst, at essentially the same time and under the same conditions. The sample is split in the laboratory and each fraction is carried through all stages of sample preparation and analysis. Duplicate analyses measure the precision of each analytical method. The method of calculation for precision is outlined in Section 4, and QC objectives for precision are listed in Table 1. Laboratory duplicate analyses are performed for 10 percent of samples analyzed, or at least one per day, for analytical methods that do not require matrix spike-matrix spike duplicates.

Attachment 3 summarizes the specific internal QC checks performed as required for the analytical methods. This attachment also includes information relating to the initial calibration and ongoing calibration checks.

10.2 Field Quality Control Samples

Field QC includes QC for the TVA-1000 instrument and replicate and blank sample collection and analysis. Field QC is summarized in Attachment 5.

10.2.1 Field Duplicate Samples
A field duplicate sample is a second sample collected at the same location with the original sample. Duplicate sample results are used to assess precision, including variability associated with both the laboratory analysis and the sample collection process. Duplicate samples will be collected simultaneously or in immediate succession using identical recovery techniques, and treated in an identical manner during storage, transportation, and analysis.

Recovery and analysis of five percent or at least one duplicate sample per day for each method will be performed. The sample containers will be assigned a control number such that they cannot be identified (blind duplicate) as duplicate samples by laboratory personnel performing the analysis.

10.2.2 Field Blanks
Field blanks are samples of purified air that are collected and processed in the field using the same sampling and handling procedures as other samples. Field blanks are used to assess the potential introduction of contaminants to the samples during sample collection in the flux chamber and analysis in the laboratory. The frequency requirements for preparing field blanks will be five percent of the samples collected over the course of the sampling program.

11.0 PERFORMANCE AND SYSTEM AUDITS

Systems audits, performance audits, and data quality audits are independent assessments of sample collection and analysis procedures. Audit results are used to evaluate the ability of the system to produce data that fulfill the objectives established for the program, satisfy the QC criteria, and identify any areas requiring corrective action. A systems audit is a qualitative review of the overall sampling or measurement system, while a performance and data quality audit is a quantitative assessment of a measurement system.

11.1 Technical Systems Audit

A technical systems audit is an on-site, qualitative review of the sampling or analytical system. Sampling systems will be inspected at the beginning of the sampling task by Dr. Schmidt. Due to the limited activity and adherence to standard protocols, no formal systems auditing will be performed. Based on the results of Phase 1, performance auditing may be included in Phase 2 testing activities. It is assumed that the Nevada Division of Environmental Protection (NDEP) will conduct systems auditing during the field and data reduction activities. 

The internal laboratory systems reviews routinely include:

· Calibration procedures and documentation 

· Completeness of data forms, notebooks, and other reporting requirements 

· Data review and validation procedures 

· Data storage, filing, and record-keeping procedures 

· Sample custody procedures 

· QC procedures, control limits, and documentation 

· Operating conditions of facilities and equipment 

· Documentation of maintenance activities 

· Systems and operations overview 

The field systems review will include:

· Calibration procedures and documentation for field meters and other measurement devices 

· Complete documentation of field logbooks and sampling data sheets 

· Organization and minimization of potential contamination sources while in the field 

· Proper sample collection, storage, and transportation procedures

· Compliance with the established Chain-of-Custody procedures for sample documentation and transfer to the laboratory 

11.2 Performance Audits and Data Quality Audits

Performance audits and data quality audits quantitatively assess the data produced by a measurement system. A performance audit involves submitting accepted reference standards for analysis for each analytical method and/or analytical instrument. The standards for each matrix are selected to reflect the range of concentrations expected for the sampling program. The performance audit answers questions about whether the measurement system is within control limits and whether the data produced meet the analytical QA specifications. The data quality audit evaluates data quality indicators, and identifies limitations that may be encountered in data applications.

Because selected laboratories are licensed by the State of Nevada as certified testing laboratories and participate in an approved Performance Evaluation Program, no laboratory audits will be performed. 

12.0 PREVENTATIVE MAINTENANCE PROCEDURES

12.1 Field Equipment/Instruments

The field equipment for this project includes the calibrated rotometers used to control sweep air flowrate into the flux chamber. Specific preventative maintenance procedures to be followed for field equipment are those recommended by the manufacturer. 

Critical spare parts and disposable or expendable items will be kept on-site to minimize instrument down time. Backup rotometers and primary standard instrumentation should be available on-site or within one-day shipment to avoid delays in the field schedule. 

12.2 Laboratory Instruments

As part of their QA/QC Program, a routine preventative maintenance program will be conducted by the selected laboratory to minimize the occurrence of instrument failure and other system malfunctions. Designated laboratory personnel will be responsible for performing routine scheduled maintenance, and coordinate with the vendor for the repair of all instruments. All laboratory instruments are maintained in accordance with manufacturer’s specifications and the requirements of the specific method employed. This maintenance will be carried out on a regular, scheduled basis, and will be documented in the laboratory instrument service logbook for each instrument. Emergency repair or scheduled manufacture’s maintenance is provided under a repair and maintenance contract with factory representatives. Routine preventative maintenance schedules will be provided with the selected laboratories SOPs.

13.0 SPECIFIC ROUTINE PROCEDURES USED TO ACCESS DATA PRECISION

The assessment of measurement data is required to ensure that the QA objectives for the project are met, and that quantitative measures of data quality are provided. A distinction must be made between routine QC and data assessment that is conducted as a part of laboratory operations, and the project-related data assessment process conducted after the data have been reported. It must be assumed that the planning and monitoring that have gone into the sampling and analysis process have served to control the process as much as possible to produce data of sufficient quality for project needs. After the data have been reported, it is necessary to identify any part of the process that could not be controlled, and to what extent that may affect the quality of the reported data.

The routine QC procedures conducted in the laboratory are established in the analytical SOPs. The laboratory is responsible for following those procedures and operating the analytical systems within statistical control limits. These procedures include proper instrument maintenance, calibration checks, and internal QC sample analyses at the required frequencies (i.e., reagent blanks, matrix spike/matrix spike duplicates [MS/MSD], laboratory duplicates). One of the additional ongoing data assessment processes is to maintain control charts for representative QC sample analyses in order to monitor system performance. This provides verification that the system is in statistical control and indicates when performance problems occur, so the problems can be corrected as soon as possible. When reporting the sample data, the laboratory is required to provide the results of associated QC sample analyses. 

Problems occur in spite of all precautions taken in planning and execution of the sampling and analysis task. In these cases, the data assessment conducted by Dr. Schmidt after the data have been reported must identify the problem, determine which data are affected, and state how these data may be limited for use in the intended applications.

The discussion of data assessment presented in this section pertains to the project-related assessment of data that have been reported after laboratory analyses have been completed. Data assessment procedures established for the testing include:

· Evaluation of blank results to identify systematic contamination

· Statistical calculations for accuracy and precision using the appropriate QC sample results 

· Estimation of completeness in terms of the percent of valid data 

· Recommendations for corrective actions such as reanalysis or resampling if data are critically affected 

· Assignment of data qualifier flags to the data as necessary to reflect limitations identified by the process 

Some basic statistical calculations used in the data assessment process are presented along with a discussion of specific applications to environmental sample results.

13.1 Blank Data Assessment

Reagent blank results indicate whether any of the contaminants reported in sample results may be attributed to laboratory sources and, therefore, would not likely present in the sampled medium. The most common laboratory contaminants are methylene chloride, phthalates, acetone, and toluene. These are recognized as being potentially ubiquitous in the laboratory environment and controlling them to within acceptable low levels is part of standard laboratory procedure.

If contamination from these compounds is reported in blank samples, the samples associated with the blank‑‑either the same analytical or extraction batch‑‑may be qualified using a data qualifier (B) to indicate that some or all of these compounds may be from laboratory sources. If the concentrations reported in the samples are similar to the blank concentrations, it is likely that all of the contamination was introduced; this assessment is then made in the report for the sampling task.

13.2 Accuracy

As previously defined, accuracy is associated with correctness and is a comparison between a measured value and a known, or ‘true,’ value. Accuracy is calculated from method spike (spikes of the pure matrix) or matrix spike results.

Spike results are reported by the laboratory as percent recovery and are compared to the accuracy objectives stated in Section 4. Results that do not satisfy the objectives are assigned a data qualifier flag (A) to indicate uncertainty associated with inaccuracy.

Method spikes are spikes of a reference material into a sample matrix (e.g., canister or cryotrap) in the lab. If recovery is outside the established limits, samples from the same batch may be qualified. If any results appear atypical and could be related, those results may also be qualified. The flagged data will be discussed in the report for the sampling task, and specific limitations such as poor or enhanced recovery for specific compounds will be stated.

The percent recovery of matrix spike samples will be calculated using Equation 13‑1.
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Eqn. 13-1

Where:


A
=
The analyte concentration determined experimentally from the spiked sample;


B
=
The background level determined by a separate analysis of the unspiked sample and;


C
=
The amount of the spike added.

13.3 Precision

Precision is a measure of variability between duplicate or replicate analyses and is calculated for field and laboratory replicates. By definition, field precision incorporates laboratory precision. Precision is calculated as the RPD between duplicate analyses or MS or MSD as appropriate. The calculated RPDs are compared to the objectives stated in Section 4. Results that do not satisfy the objectives are assigned a data qualifier flag indicating uncertainty associated with imprecision (P).

An average RPD may be calculated and reported as a measure of overall analytical precision for compounds with multiple measurements. The specific samples collected or analyzed in duplicate are flagged if they do not satisfy the QA objectives. In addition, associated samples may be flagged to indicate variability due to poor precision. For poor field duplicate precision, samples collected by the same sampling team, from the same equipment, or on the same day may be affected; close evaluation of those results should indicate the most likely source of variability and the corresponding samples will be qualified as warranted. For poor laboratory precision, samples processed and analyzed in the same batch will be more closely evaluated, and any anomalous results will be qualified.

Dr. Schmidt is responsible for ensuring that these codes are assigned to the data as required by the established QC criteria, and that they are reported and understood by project staff using the data for specific applications. He is also responsible for initiating corrective actions for analytical problems identified during the QC data assessment process. These corrective actions range from verifying that the method was in statistical control during the analytical runs, to reanalysis of the sample, to resampling.

The RPD will be calculated for each pair of duplicate analysis using the Equation 13‑2.
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Eqn. 13-2

Where:

S
=
First sample value (original or MS value)

D
=
Second sample value (duplicate or MSD value)

13.4 Completeness

Completeness is determined after the QC data have been evaluated and the results applied to the measurement data. In addition to results identified as being outside of the QC limits established for the method, the occurrence of matrix effects, and lost samples, samples that could not be analyzed for any other reason are included in the assessment of completeness. The percentage of valid results is reported as completeness.

Data completeness will be calculated using Equation 13‑3.
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13.5 Corrective Action

Review of sampling logs and/or analytical results may indicate problems that invalidate the results or critically influence their use. In these cases, corrective action may be required to ensure that valid data are provided. Corrective actions include: recalibration and reanalysis if the analytical system is shown to be out of statistical control; reanalysis if systematic contamination has occurred; resampling if sampling procedures or sample handling have been improper or caused contamination. The severity of the problem and the importance of affected samples will dictate when one of these actions will be required.

General recommendations in any case are to follow good laboratory practice and good management practice for all aspects of the sampling and analysis program. These include development and strict adherence to SOPs for all areas, and the establishment of clear responsibilities and lines of communication within the sampling and analytical staff, as well as between project and laboratory staff. 

14.0 CORRECTIVE ACTION

During the course of the testing program, it is the responsibility of the Dr. Schmidt to see that all measurement procedures are followed as specified and that measurement data meet the prescribed acceptance criteria. In the event a problem arises, it is imperative that prompt action be taken to correct it.

14.1 Reporting Malfunctions

Problems that require corrective action will be documented by Dr. Schmidt as presented in the field log book. He will initiate the corrective action request in the event that QC results exceed acceptability limits or upon identification of some other problem or potential problem. Corrective action may also be initiated by the laboratory coordinators or a representative of BRC based upon QC data. Depending upon the severity of the problem, corrective actions range from use of data qualifier flags, to reanalysis of the sample or samples affected. 

14.2 Quality Assurance Reports to Management

Effective management of a field sampling and analytical effort requires timely assessment and review of field activities. This will require effective interaction between the field team members, the laboratory, and the client.

Dr. Schmidt will be responsible for informing team members on the status of their respective tasks and results of the QC activities. This will ensure that quick and effective solutions can be implemented should any data quality problems arise. The use of frequent, oral reporting provides an effective mechanism for ensuring ongoing evaluation of measurement efforts. These discussions will address some of all of the following:

· Summary of activities and general program status

· Summary of calibration and QC data

· Summary of unscheduled maintenance activities

· Summary of corrective action activities

· Status of any unresolved problems

· Assessment and summary of data completeness 

Summary of any significant QA/QC problems, corrective action, and recommended and/or implemented solutions not included above.
15.0 HEALTH AND SAFETY

All project personnel working on site are required to:

1. Contact facility site health and safety personnel and obtain information on facility health and safety requirements, and

2. Adhere to the health and safety plan for the site.

Common sense will help to keep field personally out of harms way, which may include but is not limited to the usual slip-trip hazards, lifting injuries, and awareness of working with compressed gases, but also extends to working on rough terrain.
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