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EXECUTIVE SUMMARY
A detailed air pathway analysis (APA) was conducted on the Black Mountain Industrial (BMI) complex and commons area property located in Henderson, Nevada.  Field testing was conducted in the Galleria North sub-area on February 11-12, 2009 by Dr. CE Schmidt and assistants, and representatives of the Basic Remediation Company.  An APA was conducted for project-specific volatile organic compounds (VOCs) in order to achieve the project objective of site assessment.  The work was conducted following the work plans titled: Basic Remediation Company Standard Operating, Procedures BMI Commons Areas Clark County, Nevada, SOP-16, Flux Chamber Source Testing, July 2008; and Sampling and Analytical Protocol (SAP) for Flux Chamber Source Testing at the Galleria North and Sunset North Sub-Area Development Site Located in Henderson, Nevada, February 2009.  
The purpose of this testing effort was to conduct a detailed VOC flux APA on selected sites on the Galleria North sub-area in order to achieve the project goal of site assessment.  The site assessment on the Galleria North sub-area included:
· Testing at 49 locations (see Figure 1) for VOC flux in the dynamic flux chamber.

The project scope of work that was accomplished is provided below including a summary of the project QC samples (replicate samples and blank samples).

	TEST LOCATION
	TO-15 FULL SCAN AND SIM LIST, DYNAMIC CHAMBER
	COMMENT

	Galleria North Sub-Area
	49 
	Static chamber and single dynamic chamber test per location

	System or Media Blank Samples
(minimum)
	4
	Used for both Galleria North and Sunset North sub-areas; Minimum 5% Blank Samples

	Additional Locations Tested
	2
	GNC1-BE28 VOC only 

GNC1-JP01 VOC only

	Replicate Samples
(minimum)
	4
	Minimum 5% Replicate Samples; 100% AC canister replicates

	TOTAL
	59
	


The analytical study compound list included 69 VOCs as measured by USEPA Method TO-15 (GC/MS) full scan analysis and USEPA Method TO-15 (GC/MS) selective ion mode (SIM) analysis for a short list of 22 study compounds.  The full scan mode of operation provided for a longer and more inclusive list of VOCs, and the SIM provided for the quantitation of key compounds at the lowest possible detection limits.  All flux testing was conducted on open soil with a foot or two of the surveyed test location marker. Laboratory and field quality control data indicated acceptable sampling method performance. Data above the reporting limits are indicted as those without a ‘J’ flag as provided on the laboratory sheets and summary tables (J flag values are above method detection but below reporting limit).  Note that 1,2,4-trichlorobenzene, which is normally analyzed by GC/MS full scan, was analyzed by GC/MS SIM and reported as both a SIM reported and full scan reported compound.  The laboratory was unable to quantitate this compound to acceptable QC standards by full scan at the time of analysis.  
In general, the results of the VOC flux testing conducted on the Galleria North sub-area showed a low-level flux of VOCs.  The VOC flux was found at low levels, typically much less than 1 ug/m2,min-1 with a total of 13 of the 22 SIM compounds found at one or more test locations above the reporting limits, and 32 of the 69 full scan compounds found above the reporting limits in one or more samples.  The maximum flux detected for both the SIM and full scan VOC analysis is shown below, with the highest compound flux detected as n-butanone (10.4 ug/m2,min-1).  
	ANALYTICAL 
	COMPOUND
	MAX Flux

	 METHOD
	 
	ug/m2,min-1

	GC/MS SIM 
	Dichloromethane
	0.0944

	GC/MS SIM 
	Chloroform
	0.4454

	GC/MS SIM 
	Benzene
	1.4299

	GC/MS SIM 
	Carbon tetrachloride
	0.4325

	GC/MS SIM 
	Trichloroethene
	0.0173

	GC/MS SIM 
	1,2-Dibromoethane
	0.0110

	GC/MS SIM 
	Tetrachloroethene
	0.0190

	GC/MS SIM 
	Dibromochloromethane
	0.0215

	GC/MS SIM 
	1,3-Dichlorobenzene
	0.0104

	GC/MS SIM 
	1,4-Dichlorobenzene
	0.0180

	GC/MS SIM 
	1,2-Dichlorobenzene
	0.1260

	GC/MS SIM 
	Naphthalene
	0.0298

	GC/MS SIM 
	Hexachlorobutadiene
	0.2336

	
	 
	 

	GC/MS Full Scan
	Dichlorodifluoromethane
	0.103

	GC/MS Full Scan
	Chloromethane
	0.059

	GC/MS Full Scan
	Chloroethane
	0.301

	GC/MS Full Scan
	Ethanol
	6.168

	GC/MS Full Scan
	Acetonitrile
	0.567

	GC/MS Full Scan
	Acetone
	2.357

	GC/MS Full Scan
	Dichloromethane
	0.239

	GC/MS Full Scan
	Carbon disulfide
	1.132

	GC/MS Full Scan
	Vinyl acetate
	0.179

	GC/MS Full Scan
	2-Butanone
	10.432

	GC/MS Full Scan
	Chloroform
	0.224

	GC/MS Full Scan
	Benzene
	1.402

	GC/MS Full Scan
	Carbon tetrachloride
	0.166

	GC/MS Full Scan
	n-Heptane
	1.753

	GC/MS Full Scan
	1,2-Dichloropropane
	2.490

	GC/MS Full Scan
	1,4 Dioxane
	0.064

	GC/MS Full Scan
	Methyl Isobutyl Ketone
	0.259

	GC/MS Full Scan
	Toluene
	3.033

	GC/MS Full Scan
	2-Hexanone
	0.266

	GC/MS Full Scan
	Tetrachloroethene
	0.212

	GC/MS Full Scan
	Ethylbenzene
	0.312

	GC/MS Full Scan
	m & p-Xylene
	1.923

	GC/MS Full Scan
	o-Xylene
	0.335

	GC/MS Full Scan
	n-Propylbenzene
	0.113

	GC/MS Full Scan
	Isopropylbenzene
	0.425

	GC/MS Full Scan
	1,3,5-Trimethylbenzene
	0.415

	GC/MS Full Scan
	1,2,4-Trimethylbenzene
	0.571

	GC/MS Full Scan
	Isopropyltoluene
	0.349

	GC/MS Full Scan
	n-Butylbenzene
	0.295

	GC/MS Full Scan
	1,2-Dichlorobenzene
	0.593

	GC/MS SIM
	1,2,4-Trichlorobenzene
	1.856

	GC/MS Full Scan
	Hexachlorobutadiene
	1.374


I.
INTRODUCTION
This technical memorandum describes the field testing that was conducted in order to assess the measured surface flux of study compounds at the BMI on-site Galleria North sub-area located in Henderson, Nevada.  Area source flux data were collected with the intention of assessing the effect of the surface flux of VOCs from subsurface sources on site.  Field testing was conducted by Dr. C.E. Schmidt and associates on February 11-12, 2009 with a representative of Basic Remediation present for the testing program.  Test locations are shown in Figure 9 of the main report.     
The objective of this study was to provide a site characterization data representative of air emissions of project-specific VOCs from the selected areas.  The sampling location descriptions and sample collection information are provided in Table 1.  Surface flux chamber data for detected VOC study compounds outdoors on open soil are reported as area source flux values (micrograms per square meter per minute, ug/m2,min-1).  The surface flux data can be used to assess the fugitive emissions of study compounds from the surface of the test areas as related to compounds found in the subsurface soils.   

This memorandum includes a discussion of the testing methodology, quality control procedures, results, discussion of the results, and summary statements.

II.
TEST METHODOLOGY
Testing for surface VOC flux was conducted using the US EPA recommended Surface Isolation Flux Chamber (US EPA.  Radian Corporation, February 1986). Flux chamber sampling locations were selected using the historic site characterization data from earlier site investigations.

The operation of the surface flux chamber is given below:

1. The flux chamber equipment was decontaminated by washing with Alconox soap and water and rinsing with water prior to the equipment use.  New sample lines were prepared and used for the application.

2. Flux chamber, sweep air, sample collection equipment, and field documents were located on-site.  Site test locations were identified and recorded on a site plot map.

3. The site information, location information, equipment information, date, and proposed time of testing were documented on the Emissions Measurement Field Data Sheet (see Attachment A).
4. The exact test location was selected and the lower lip of the chamber was placed about 1/4" into the land surface sealing the chamber for open soil surface testing.  Thermocouples were placed in order to monitor surface/air temperatures outside of the chamber.

5. The sweep air flow rate was initiated and the rotometer, which stabilizes the flow rate, was set at 5.0 liters per minute. A constant sweep air flow rate was maintained throughout the measurement for each sampling location.

6. Flux chamber data were recorded every residence interval (6 minutes) for five intervals, or 30 minutes.

7. At steady-state (assumed to be greater than 5 residence intervals),  the sample collection was performed by interfacing a canister to the purged, sample line and filling a canister with sample gas.  
8. After sample collection, all field data were documented on the data sheet.

9. After sampling, the flux measurement was discontinued by shutting off the sweep air, removing the chamber, and securing the equipment.  The chamber was cleaned by dry wipe with a clean paper towel and the sample lines were purged with UHP air.

10. Sampling locations were recorded on the field data sheet.  The equipment was then relocated to the next test location and steps 1) through 9) were repeated.

III.
QUALITY CONTROL
Control procedures that were used to assure that data of sufficient quality resulted from the flux chamber study are listed and described below.  The application and frequency of these procedures were developed to meet the program data quality objectives as described in the project work plan.
Field Documentation -- A field notebook containing data forms, including sample chain-of-custody (COC) forms, was maintained for the testing program.  Attachment A contains the Emission Measurement Data Sheets.

Chain-of-Custody -- COC forms were not used for field data collection.  Field data were recorded on the Flux Chamber Data Forms provided in Attachment A.

USEPA Method TO-15 GC/MS; Full Scan Analysis 
Laboratory Control Spike Recovery Analysis and Duplicate –Twenty four control spike samples were analyzed using a standard containing seventeen of the study compounds.  Twelve of the 17 spike compounds were reported outside the QC criteria of 70%-to-130%for one or more of these samples as shown below (%REC or percent recovery as the difference between standard and response). 
	Compound
	Exceeded
	Max

	 
	Criteria
	% REC

	Vinyl chloride
	1 of 24
	62

	1,1-Dichloroethene
	1 of 24
	59

	Dichloromethane
	None
	 

	1,1-Dichloroethane
	1 of 24
	63

	Chloroform
	1 of 24
	64

	1,1,1-Trichloroethane
	1 of 24
	57

	1,2-Dichloroethane
	1 of 24
	60

	Benzene
	6 of 24
	133 to 168

	Carbon tetrachloride
	1 of 24
	57

	Trichloroethene
	4 of 24
	134 to 152

	Toluene
	None
	 

	1,2-Dibromoethane
	None
	 

	Tetrachloroethene
	None
	 

	Chlorobenzene
	3 of 24
	133 to 145

	Ethylbenzene
	None
	 

	m & p-Xylene
	1 of 24
	131

	o-Xylene
	1 of 24
	132


A similar result was found with a duplicate analysis of the control spike samples as shown below.

	Compound
	Exceeded
	Max

	 
	Criteria
	% REC

	Vinyl chloride
	None
	 

	1,1-Dichloroethene
	1 of 12
	30

	Dichloromethane
	1 of 12
	34

	1,1-Dichloroethane
	1 of 12
	33

	Chloroform
	None
	 

	1,1,1-Trichloroethane
	1 of 12
	30

	1,2-Dichloroethane
	1 of 12
	38

	Benzene
	2 of 12
	30 to 73

	Carbon tetrachloride
	1 of 12
	36

	Trichloroethene
	1 of 12
	39

	Toluene
	1 of 12
	49

	1,2-Dibromoethane
	1 of 12
	46

	Tetrachloroethene
	1 of 12
	49

	Chlorobenzene
	1 of 12
	59

	Ethylbenzene
	1 of 12
	49

	m & p-Xylene
	1 of 12
	53

	o-Xylene
	1 of 12
	52


The duplicate control spike analysis (twelve of the 24 control spike samples were run in duplicate) showed improved recovery for the duplicate analysis for the data set, with the exception of one duplicate analysis that showed all but one of the 17 compounds exceeding criteria.  Considering the full data set of 24 control spike samples and 12 duplicate analysis, and the gross number of compounds recovered within criteria, these data indicate acceptable method performance.

Laboratory Method Blank – Twelve laboratory method blank samples were analyzed and five of the 69 compounds in this batch were reported above reporting limits in one or more samples.  Most compounds were near or below the method detection limit.  The highest detection of the full scan study compounds in the method blank samples are given below.
	Compound
	Amount
	Amount
	Frequency

	 
	ug/m3
	ug/m2,min-1
	 

	Acetone
	4.70
	0.18
	3 of 12

	2-Butanone
	0.87
	0.033
	2 of 12

	Benzene
	2.83
	0.11
	1 of 12

	1,4 Dioxane
	2.00
	0.077
	6 of 12

	Trichloroethene
	1.88
	0.072
	2 of 12


These data indicate acceptable method performance.
Media Sample Blank – Five media blank samples were collected by filling a canister sample with  high purity air and submitting the sample blind for analysis.  Of the 69 compounds, four compounds, chloroethane, ethanol, carbon disulfide, and benzene were reported above the reporting limits in one or more samples.  These data show a few compounds exceeding MDL, with low reported detections of compounds in the field samples.  In other words, these low level detections do not affect the sample data quality.  These data indicate acceptable method performance.
	Compound
	Frequency
	ug/m2,min-1

	Chloroethane
	1 of 5
	0.054

	Ethanol
	2 of 5
	0.301

	Carbon disulfide
	3 of 5
	0.045

	Benzene
	1 of 5
	0.063


Field Replicate QC Sample – Three field replicate samples were collected and analyzed.   The precision criteria for field replicate samples is 50 relative percent difference (RPD).  The three sample/replicate pairs had only three compounds with detection in both sample and replicate, and of these, two of the three were within criteria and one exceeded criteria (acetone at 148 RPD).  These data are typical for low-level sample detection, and these data indicate acceptable method performance.

USEPA Method TO-15 GC/MS; Selective Ion Mode Analysis 
Laboratory Control Spike Recovery Analysis and Duplicate – Fourteen  control spike samples were  analyzed in duplicate using a standard containing 10 of the study compounds.  Most of the spike compounds were within the QC criteria of 70%-to-130% except for two compounds in one or more samples, vinyl chloride and trichloroethene.  Vinyl chloride was out of criteria one of 28 recovery samples and trichloroethene 12 of 28 recovery samples.  These data indicate marginal performance for trichloroethene, however these exceedances were very close to criteria with a range of response of 53 to 13 % recovery.
	Compound
	Frequency
	% REC

	Vinyl chloride
	1 of 28
	132

	Dichloromethane
	None
	 

	Chloroform
	None
	 

	1,2-Dichloroethane
	None
	 

	Benzene
	None
	 

	Carbon tetrachloride
	None
	 

	1,2-Dichloropropane
	None
	 

	Trichloroethene
	12 of 28
	53 to 133

	1,2-Dibromoethane
	None
	 

	Tetrachloroethene
	None
	 


These data show acceptable method performance but marginal response for trichloroethene.  
Laboratory Duplicate QC Sample – Fourteen laboratory control samples were analyzed in duplicate and most of the data was found within the precision criteria of 30 relative percent difference (RPD) except the following in one or more duplicate samples (greatest exceedance shown):

	Compound
	Frequency
	RPD %

	Vinyl chloride
	2 of 14
	45

	Dichloromethane
	None
	 

	Chloroform
	1 of 14
	33

	1,2-Dichloroethane
	None
	 

	Benzene
	None
	 

	Carbon tetrachloride
	None
	 

	1,2-Dichloropropane
	None
	 

	Trichloroethene
	4 of 14
	31

	1,2-Dibromoethane
	2 of 14
	33

	Tetrachloroethene
	None
	 


These data indicate acceptable method performance.

Laboratory Method Blank – Fourteen laboratory method blank samples were analyzed and one of  the 22 SIM listed compounds (benzene, 8 of 14 samples above RLs) were detected above reporting limits, and 11 of the 22 compounds were detected above method detection limits (‘J’ values) as listed below (maximum response in the blank data set.  These data have been used by the lab to qualify the data set (note- benzene assigned a ‘B’ flag when appropriate) as indicted in Table 3.  
	Compound
	Highest
	 

	
	ug/m3
	Flag

	Vinyl chloride
	0.027
	U

	Dichloromethane
	0.023
	J

	Chloroform
	0.029
	J

	1,2-Dichloroethane
	0.043
	U

	Benzene
	0.400
	 

	Carbon tetrachloride
	0.066
	U

	1,2-Dichloropropane
	0.050
	U

	Trichloroethene
	0.075
	J

	Bromodichloromethane
	0.047
	U

	1,2-Dibromoethane
	0.202
	J

	1,1,2-Trichloroethane
	0.119
	J

	Tetrachloroethene
	0.086
	J

	Dibromochloromethane
	0.065
	U

	1,2,3-Trichloropropane
	0.050
	U

	1,1,2,2-Tetrachloroethane
	0.143
	J

	1,2-Dibromo-3-chloropropane
	0.214
	U

	1,3-Dichlorobenzene
	0.063
	J

	Benzyl chloride
	0.041
	U

	1,4-Dichlorobenzene
	0.063
	J

	1,2-Dichlorobenzene
	0.055
	J

	Naphthalene
	0.116
	U

	Hexachlorobutadiene
	0.070
	J


These data indicate typical low-level sensitivity for the SIM method and indicate acceptable method performance.    
Media Sample Blank – Five media blank sample was collected by filling a canister sample with  high purity air and submitting the sample blind for analysis.  The media blank samples provides an indication of contamination from the media as shipped for use by the laboratory, the ultra high purity air supply used in the measurement, and the laboratory instrumentation and method.  The media or field blank samples show acceptable blank levels, with three of 22 compounds exceeding reporting limits. This is common for low level SIM analysis and indicate acceptable method performance.  
	Compound
	Frequency
	ug/m2,min-1

	Benzene
	2 of 5
	0.0068

	1,2-Dibromoethane
	2 of 5
	0.0171

	1,1,2-Trichloroethane
	3 of 5
	0.0082


Laboratory Duplicate QC Sample – Fourteen QC samples were analyzed in duplicate by the laboratory.   The precision criteria for field replicate samples is 25 relative percent difference (RPD). Most of the sample/duplicate pairs were within criteria and four of the sample/duplicate pairs had one or more pairs exceeding criteria as listed below.  These data indicate acceptable method performance.
	Compound
	Frequency
	RPD %

	Vinyl chloride
	2 of 14
	45

	Dichloromethane
	None
	 

	Chloroform
	1 of 14
	33

	1,2-Dichloroethane
	None
	 

	Benzene
	None
	 

	Carbon tetrachloride
	None
	 

	1,2-Dichloropropane
	None
	 

	Trichloroethene
	4 of 14
	31

	1,2-Dibromoethane
	2 of 14
	33

	Tetrachloroethene
	None
	 


Field Replicate QC Sample – Three field replicate samples were collected and analyzed.   The precision criteria for field replicate samples is 50 relative percent difference (RPD).  There were three pairs of detections in the data set, and one of the three exceeded the precision QC criteria (RPD: 13, 27, 28, and 53).  These data indicate acceptable  method performance.

AC Canister Method

Media Sample Blank – Sixteen media blank samples were submitted to the laboratory for analysis.  The media blank samples were prepared by: removing the adhesive covering on the canister, applying the return canister adhesive covering, and labeling the AC canister as per the manufacture instructions.  

The media blank samples showed a range of response from 0.1 pCi/L to 0.2 pCi/L.  The average of media blank samples was 0.12 pCi/L.  These blank levels are at or near the MDL for the method (0.1 pCI/L), and these data indicate acceptable method performance.

Field Replicate QC Sample – All field samples were collected in replicate, averaged, and reported as the field sample detection for that static chamber.  The precision criteria for field replicate samples is 50 relative percent difference (RPD).  The RPD values were reported for each sample/replicate pair, and the range of RPD for the first field event was 0.5-to-12.7 RPD.  
IV.
RESULTS AND DISCUSSIONS
Field sample collection information is provided in Table 1.  Field QC data for TO-15 full scan mode operation and TO-15 SIM are presented in Table 2.  Both blank data and precision data are reported, along with a QC qualifier that is a summary of reported blank levels per compound.
Open soil flux data for TO-15 SIM and full scan mode operation are presented in Table 3.  Open soil flux data are reported in flux units per square meter of exposed surface (ug/m2,min-1).  All data are qualified as below method detection limit (‘U’ and reported as non-detect; ND), reported as a ‘J’ flag value or above method detection limits but below reporting limits, or above the reporting limit (data shown without a qualifier).  Further, all data found above the reporting limits are shown in bold print.  
In addition, the maximum detections of compounds per both methods (TO-15 SIM and full scan) are shown in Table 4.  Compounds not detected above reporting limit in one or more compounds are not shown in Table 4 as this table is a summary of compounds detected above the reporting limit.  Summary QC data are also provided as attached data tables.
Surface flux data for VOCs in the dynamic USEPA flux chamber are calculated using measured target compound concentrations and flux chamber operating parameter data (sweep air flow rate of 5.0 liters per minute [L/min], surface area 0.13 square meters [m2].  The site emissions can be calculated by multiplying the flux by the surface area of the source.  The flux is calculated from the sweep air flow rate Q (cubic meters per minute [m3/min]), the species concentration Yi (micrograms per cubic meter [ug/m3)], and exposure to the chamber surface area (square meters [m2]), as follows:

 (Q) (Yi)

Fi VOC =
________

   
(A)
Quality control field blank data and background data were collected and these data were used to qualify the field data.  A review of the project QC data indicated acceptable laboratory and method performance.  
V.
SUMMARY

Surface flux measurements were made at multiple locations on open soil on-site at the Galleria North sub-area.  Testing was conducted for the purpose of obtaining air emission flux data of sufficient quality to assess the potential impact to surface emissions associated with the subsurface sources for VOCs.  The following is a summary of activities and results associated with this objective:

· Surface flux measurements of study compounds were measured at multiple outdoor, open soil locations on the study property using the USEPA recommended surface flux chamber technology for VOCs.  This technology quantitatively measures vapor fluxes at the land surface due to the presence of subsurface VOCs.  

· Laboratory and field quality control data indicated acceptable sampling method performance. However, the laboratory QC data for the full scan analysis and the SIM and full analysis showed a few compounds found in the laboratory blanks, in particular benzene.  This resulted in a ‘B’ flag on some samples which indicates the possible presence of benzene in one or more field samples.  Baseline subtraction can be performed if needed but has not been performed on the data set.  In addition, it appears that some of the spike recovery, duplicate spike recovery, and QC duplicate sample recovery were low for benzene and trichloroethene.  These results do not indicate a method performance since most of the compounds and QC sample were with the various QC criteria.  The GC/MS data appear to meet all the method QC requirements and demonstrate acceptable method performance.  

· Data above the reporting limits are indicted as those without a ‘J’ flag as provided on the laboratory sheets and summary tables (J flag values are above method detection but below reporting limit).  
· In general, the results of the VOC flux testing conducted on the Galleria North sub-area showed infrequent and low-level flux of VOCs.  

· The VOC flux was also found at low levels with a total of 13 of the 22 SIM compounds found at one or more test locations above the reporting limits, and 32 of the 69 full scan compounds found above the reporting limits in one or more samples.  The maximum VOC flux detected was n-butanone (10.4 ug/m2,min-1).  

· These open soil flux per compound can be used to estimate surface emissions of study compounds from the test areas.  The reader is free to choose either of the TO-15 full scan or SIM data when common compounds are reported for the same sample; both data are valid.
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