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1.0 Introduction

The objective of this Technical Memorandum is to present the results of investigations Basic Remediation Company (BRC) has performed for the Warm Springs Road right-of way (ROW; the Site; Figure 1) within the BMI Common Areas in Clark County, Nevada. The Site represents a continuation of Warm Springs Road that extends approximately 600 feet east of Boulder Highway, and bisects the Southern RIBs sub-area. On October 6, 1998, the Nevada Division of Environmental Protection (NDEP) granted a No Further Action Determination (NFAD) for the segment of Warm Springs Road that extends from Boulder Highway to Pabco Road (see Figure 2 for the location of the NFAD for the existing ROW). Therefore, the focus of this technical memorandum is on the portion of the Warm Springs Road ROW that extends east of Pabco Road (that is, that portion of the ROW not covered by the previous NFAD). 
This revision of the report, Revision 1, incorporates comments received from the NDEP, dated May 12, 2010, on the May 6, 2010 version of the report. The NDEP comments and BRC’s response to these comments are included in Attachment A. Also included in Attachment A is a redline/strikeout version of the text showing the revisions from both the May 6, 2010 version of the report.
The Site is adjacent to Eastside lands located to the north of the Site that contain (1) unlined wastewater effluent evaporation/infiltration ponds that were built and into which various plant wastewaters were discharged from 1942 through 1976; and (2) conveyance ditches associated with the historical effluent discharge (primarily unlined). One of these ditches transects the western-most edge of the Site, beneath the existing Warm Springs Road. The eastern half of the Site traverses an area formerly used by the City of Henderson as Rapid Infiltration Basins (RIBs), which were in use from approximately 1992 to 2002 by the City of Henderson for municipal wastewater treatment. 
Based on the data collected, an NFAD is being sought from the NDEP in order to support the construction of a road on this Site. No residential or commercial use is planned, and no structures will be built on the Site. This technical memorandum, which has been prepared in support of this objective, includes the following primary tasks:

· Conceptual site model (CSM);

· Data usability evaluation;

· Summary of data, including evaluation to comparison levels;

· Screening-level health risk assessment, including statistical comparison to background concentrations; and
· Data quality assessment. 
Each of these tasks is discussed below.
2.0 Conceptual Site Model

The CSM is used to describe relationships between chemicals and potentially exposed human receptor populations, thereby delineating the relationships between the suspected sources of chemicals identified at the Site, the mechanisms by which the chemicals might be released and transported in the environment, and the means by which the receptors could come in contact with the chemicals. The CSM provides a basis for defining data quality objectives and developing exposure scenarios. Additional information for the Site than that presented below is provided in the NDEP-approved Sampling and Analysis Plan for the Southern RIBs Sub-Area (SAP; BRC and ERM 2008; approved by NDEP on September 11, 2008).

The Site comprises approximately 15.6 acres of undeveloped land with very little surface relief that is gently sloping to the northwest.
 As noted above, it is part of an area referred to as the Southern RIBs sub-area. It is located in close proximity to waste conveyance and disposal facilities historically operated by the BMI Complex, including the Beta Ditch and TIMET Ponds, and crosses the municipal wastewater infiltration ponds formerly operated by the City of Henderson (the “Southern RIBs;” see Figure 2). While the Southern RIBs have not been decommissioned, they have not been used since May 2005.
Land use in the vicinity is mixed, ranging from industrial in the BMI Complex itself to light industrial at the margins of the Complex to commercial and residential on the periphery of the Southern RIBs sub-area. Lands surrounding the BMI Complex are zoned commercial and residential, and are mostly developed. Other structures are also located in proximity to the Site, including the St. Rose of Lima Hospital, several shopping centers, a mobile home park, and an apartment complex.
The CSM considers current and potential future land-use conditions. Currently, the Site is undeveloped. Current receptors that may use the Site include on-site trespassers. Therefore, current exposures to native soils at the Site are likely to be minimal. In addition, exposures to future on-site workers will be much greater than current exposures. For example, future receptors include outdoor commercial/industrial workers, who are assumed to be exposed to soil at the Site for 225 days per year for 25 years which is much greater than any current exposures. 

U.S. Environmental Protection Agency (USEPA 1989) guidance states that potential future land use should be considered in addition to current land use when evaluating the potential for human exposure at a site. Therefore, the CSM also considers other future land-uses. For example, the CSM includes the planned use of the Site for redevelopment into roadway for the future development of the Eastside property. The potentially exposed populations and their potential routes of exposure are presented in Figure 3.
2.1 Potential Source Areas

As discussed above potential sources of chemicals in Site soils include (1) nearby features associated with historical discharge of plant wastewater effluent (i.e., unlined wastewater effluent evaporation/infiltration ponds and conveyance ditches); and (2) the former City of Henderson RIBs. 
2.2 Potential Human Exposure Scenarios

Given the planned development of the Site, potential human receptors include on-site construction workers and outdoor workers. Potential migration pathways, exposure pathways, and routes of exposure are shown on Figure 3. Although several potential human receptors may occur on the Site in the future, the screening-level health risk assessment focuses on the outdoor commercial/industrial receptor (as defined in NDEP’s User’s Guide and Background Technical Document for Nevada Division Of Environmental Protection (NDEP) Basic Comparison Levels (BCLs) for Human Health for the BMI Complex and Common Areas [2010]). This receptor is considered to have the highest level of exposure at the Site. Other receptors generally have lower exposures, and thus lower risk estimates. Although there may be some exceptions to this, for example, several metals might generate construction worker risk estimates higher than those for outdoor commercial/industrial receptors, these cannot be evaluated in a screening level process because of the lack of available BCLs. However, given the nature of the Site and potential exposures, it is unlikely that the screening-level health risk assessment underestimates Site risks. This issue is discussed further in Section 6.7. Therefore, risk estimates generated for outdoor commercial/industrial receptors are considered protective of other potential receptors at the Site. 
One exception to this is construction worker exposures to asbestos. This is because asbestos risks are only evaluated for the dust inhalation exposure pathway, with construction activities generating more dust than under normal circumstances. Therefore, the screening-level health risk assessment also evaluates the construction worker receptor for asbestos exposures, using the spreadsheet NDEP has developed for assessing asbestos risks (NDEP 2009a). 
3.0 Data Usability Evaluation

The primary objective of the data review and usability evaluation was to identify appropriate data for use in the screening-level health risk assessment. The analytical data were reviewed for applicability and usability following procedures in the Guidance for Data Usability in Risk Assessment (Part A) (USEPA 1992a) and USEPA (1989) and NDEP’s Data Usability Guidance for the BMI Complex and Common Areas (NDEP 2008). A quality assurance/quality control (QA/QC) review of the analytical results was conducted during the sampling events. According to the USEPA Data Usability Guidance, there are six principal evaluation criteria by which data are judged for usability in risk assessment. The six criteria are: 

· reports to risk assessor (availability of information associated with Site data)

· documentation; 

· data sources; 

· analytical methods and detection limits; 

· data review; and 

· data quality indicators (DQIs), including precision, accuracy, representativeness, comparability, and completeness. 

A summary of these six criteria for determining data usability is provided below. In addition to the six principal evaluation criteria, NDEP’s Data Usability Guidance includes a step for data usability analysis, which is discussed after these six USEPA evaluation criteria. Data usability evaluation tables are provided electronically in Attachment B (on the enclosed CD in Attachment C).

3.1 Criterion I – Availability of Information Associated with Site Data
The usability analysis of the site characterization data requires the availability of sufficient data for review. The required information is available from documentation associated with the Site data and data collection efforts. Data have been validated per the NDEP-approved Data Validation Summary Report, Southern RIBs Sub-Area Soil Investigations October-November 2008; February 2009; September 2009 (Dataset 53) (DVSR; BRC and ERM 2010; approved by NDEP on March 11, 2010). Several TO-15 selective ion mode (SIM) results were initially rejected due to an invalid initial calibration. Attachment D contains memos from Neptune and Company and Dr. Steve Hoyt of Environmental Analytical Service, discussing this issue. The laboratory revised the dataset using a different internal standard which passed quality control parameters. A DVSR for the re-validated surface flux data is currently being prepared as a separate deliverable. This revision of the report incorporates the revised surface flux dataset. The following lists the information sources and the availability of such information for the data usability process:
· A property description provided in the NDEP-approved SAP (BRC and ERM 2008) and Sections 1 and 2 identifies the location and features of the property, the characteristics of the vicinity, and contaminant transport mechanisms.

· A site map with sample locations is provided in Figure 2.

· Sampling design and procedures were provided in the NDEP-approved SAP (BRC and ERM 2008).

· Analytical methods and detection limits are provided on the enclosed CD in Attachment C.

· A complete data set is provided on the enclosed CD in Attachment C.

· Laboratory reports for all samples included in Site data set are provided in the NDEP-approved DVSR (BRC and ERM 2010).
· A narrative of qualified data is provided with each analytical data package, the laboratory provided a narrative of QA/QC procedures and results. These narratives are included as part of the NDEP-approved DVSR (BRC and ERM 2010).

· QC results are provided by the laboratory, including blanks, replicates, and spikes. The laboratory QC results are included as part of the NDEP-approved DVSR (BRC and ERM 2010).

· Data flags used by the laboratory were defined adequately as part of the NDEP-approved DVSR (BRC and ERM 2010).

· Electronic files containing the raw data made available by the laboratory are included as part of the NDEP-approved DVSR (BRC and ERM 2010).

3.2 Criterion II – Documentation Review
The objective of the documentation review is to confirm that the analytical results provided are associated with a specific sample location and collection procedure, using available documentation. For the purposes of this data usability analysis, the chain-of-custody forms prepared in the field were reviewed and compared to the analytical data results provided by the laboratory to ensure completeness of the data set as discussed in the DVSR (BRC and ERM 2010). Based on the documentation review, all samples analyzed by the laboratory were correlated to the correct geographic location at the property. The samples were collected in accordance with the SAP and Confirmation Sampling Plan (BRC and ERM 2008; BRC 2009), the standard operating procedures (SOPs) developed for the BMI Common Areas as provided in the Field Sampling and Standard Operating Procedures (FSSOP; BRC, ERM and MWH 2009). Field procedures included documentation of sample times, dates and locations, other sample specific information such as depth bgs were also recorded. Information from field forms generated during sample collection activities was imported into the project database.
Measurement of asbestos was conducted consistent with NDEP’s Technical Guidance for the Calculation of Asbestos-Related Risk in Soils (2009a). The analytical data were reported in a format that provides adequate information for evaluation, including appropriate quality control measures and acceptance criteria. Each laboratory report describes the analytical method used, provides results on a sample by sample basis along with sample quantitation limits (SQLs), and provides the results of appropriate quality control samples such as laboratory control spike samples, sample surrogates and internal standards, and matrix spike samples. All laboratory reports, except for asbestos, provided the documentation required by USEPA’s Contract Laboratory Program (USEPA 2003a, 2004a,b) which includes chain of custody records, calibration data, QC results for blanks, duplicates, and spike samples from the field and laboratory, and all supporting raw data generated during sample analysis. Reported sample analysis results were imported into the project database. The recommended method for providing asbestos data which are useful for risk assessment purposes was performed by EMSL Analytical Inc in Westmont, New Jersey. This laboratory is not currently certified in the State of Nevada, but has California and national accreditation for asbestos analysis. Because many of the QC procedures associated with other analyses do not apply to asbestos analyses (e.g., laboratory blanks, duplicates and spikes), data validation of the asbestos laboratory reports involved a somewhat lesser level of effort than for other analyses. The asbestos worksheets were thoroughly reviewed to ensure that the reported counts were correct.
3.3 Criterion III –Data Sources
The review of data sources is performed to determine whether the analytical techniques used in the site characterization process are appropriate for risk assessment purposes. The data collection activities were developed to characterize a broad spectrum of chemicals potentially present on the property, including volatile organic compounds (VOCs) (including surface flux), semi-volatile organic compounds (SVOCs), polynuclear aromatic hydrocarbons (PAHs), organochlorine pesticides, poly​chlorinated biphenyls (PCBs), aldehydes, dioxins/furans, metals, perchlorate, radionuclides, and general chemistry. Figure 2 demonstrates that samples were collected over the entire Site.

The State of Nevada is in the process of certifying the laboratories used to generate the analytical data. As such, standards of practice in these laboratories follow the quality program developed by the Nevada Revised Statutes (NRS) and are within the guidelines of the analytical methodologies established by the USEPA. Based on the review of the available information, the data sources for chemical and physical parameter measurements are adequate for use in a risk assessment.

3.4 Criterion IV – Analytical Methods and Detection Limits
In addition to the appropriateness of the analytical techniques evaluated as part of Criterion III, it is necessary to evaluate whether the detection limits are low enough to allow adequate characterization of risks. At a minimum, this data usability criterion can be met through the determination that routine USEPA and U.S. Department of Energy (DOE) reference analytical methods were used in analyzing samples collected from the property. The USEPA and DOE methods that were used in conducting the laboratory analysis of soil and surface flux samples are identified in the electronic dataset on the enclosed CD in Attachment C. Each of the identified USEPA methods is considered the most appropriate method for the respective constituent class and each was approved by NDEP as part of the SAP (BRC and ERM 2008).

Laboratory practical quantitation limits (PQLs) were based on those outlined in the reference method, the SAP, and the BRC Closure Plan (BRC, ERM, and DBS&A 2007). In accordance with respective laboratory SOPs, the analytical processes included performing instrument calibration, laboratory method blanks, and other verification standards used to ensure quality control during the analyses of collected samples. The range of SQLs achieved in field samples was compared to NDEP’s BCLs (NDEP 2010). None of the SQLs exceeded the BCLs. Therefore, the SQLs are considered adequate for risk assessment purposes.

3.5 Criterion V – Data Review
The data review portion of the data usability process focuses primarily of the quality of the analytical data received from the laboratory. Soil and surface flux sample data were subject to data validation. A DVSR was prepared as a separate deliverable (BRC and ERM 2010). The analytical data were validated according to the internal procedures using the principles of USEPA National Functional Guidelines (USEPA 1999, 2004c, 2005, 2008) and were designed to ensure completeness and adequacy of the data set. Additionally, the DVSR (BRC and ERM 2010) was prepared utilizing NDEP’s two Supplemental Guidance on Data Validation documents (NDEP 2009b,c). Any analytical errors and/or limitations in the data have been addressed and an explanation for data qualification provided in the respective data tables. The results of ERM’s data review for these issues are presented in the DVSR and are summarized below.

A small number of results for certain analytes/samples (two data points, all non-detections) were rejected as unusable due to calibration violations:

· The flux results for dibromochloropropane and hexachlorobutadiene for SRC1-AI19 were rejected due calibration violations.
Given the general lack of detections of these constituents none of the rejections reflected a larger concern for a particular compound, sample, or method. Data qualifications are discussed in the subsections that follow.

Holding Time Exceedances/Sample Condition Qualifications

Holding time refers to the period of time between sample collection and the preparation and/or analysis of the sample. The accuracy of analytical results may depend upon analysis within specified holding times and sample temperature. In general, a longer holding time is assumed to result in a less accurate measurement due to the potential for loss or degradation of the analyte over time. Sample temperature is of greatest concern for VOCs that may volatilize from the sample at higher temperatures. As described in the DVSR (BRC and ERM 2010), sample results were reviewed for compliance with the method-prescribed preparation and analysis holding times. 

USEPA guidance for validation allows professional judgment to be used in evaluating qualification due to holding time exceedances. Sample results that were generated after the required holding time but less than two times after the holding time were qualified as estimated (J or UJ). If the samples were prepared after two times the holding time was exceeded, non-detect results were qualified as rejected (R). No data were rejected due to holding time exceedances. Qualifications to eight samples were made on the basis of exceeded holding times (see Table 2-2 of the DVSR), as follows:

· Hexavalent chromium results for two soil samples in one laboratory data package (TestAmerica data package F8K150163 [2 samples]) were qualified as estimated due to holding time exceedances. Holding time was exceeded by one day for these samples.

· VOC results for five soil samples in two laboratory data packages (TestAmerica data package F9I150136 [three samples] and F9I180183 [two samples]) were qualified as estimated due to holding time exceedances. Holding time was exceeded by four or eight days for these samples.

· VOC results for one surface flux sample in one laboratory data package (EAS data package 208610) was qualified as estimated due to holding time exceedances. Holding time was exceeded by one day for these samples.

As noted in the DVSR (BRC and ERM 2010), all samples were received at the laboratory within the required temperatures range of 4°± 2° Celsius. No sample results were qualified based on sample temperatures. 

Sixty-five SPLP sample results (SRC1-AJ19-11) were qualified since they were not filtered immediately upon extraction. The affected results were pesticides, metals, and general chemistry. Eight SPLP sample results (SRC1-AJ19-11) were qualified for the lack of sample preservation. The affected results were radionuclides analyzed by method HASL 300 (thorium‑228, thorium‑230, and thorium‑232, and uranium‑233/234, uranium‑235/236, and uranium‑238). The soil samples were tumbled but not acidified prior to shipment for SPLP analysis. The acid was added upon receipt at the laboratory. Per preparation method EPA 1312, the acidification should be “immediate;” therefore the samples were qualified as estimated.

Blank Contamination

Blanks are artificial samples designed to evaluate the nature and extent of contamination of environmental samples that may be introduced by field or laboratory procedures. Field and laboratory blanks, consisting of contaminant-free water, were prepared and analyzed as part of standard QA/QC procedures to monitor for potential contamination of field equipment, laboratory process reagents, and sample containers. As presented in the DVSR (BRC and ERM 2010) 240 results were qualified as undetected (U) or estimated (J+) due to laboratory blank contamination, and 59 results were qualified as undetected (U) or estimated (J+) due to field blank contamination as discussed below. Detections of constituents qualified as non-detections due to comparable detections in laboratory or field blanks are known as “censored” data, and are presented in Tables 2-5 and 2-6 of the DVSR (BRC and ERM 2010). In these cases, non-detections are represented in the database as “< [the PQL]” in the case of inorganics detected below the PQL, or as “<[result value]” for all others. 

These censored data are summarized in Attachment B, Table B-11 (on the enclosed CD in Attachment C) by compound class. As seen in Attachment B, in 275 instances, analytes were initially reported as detections in samples, but were later qualified as non-detections based on the presence of comparable concentrations of that analyte in blank samples. Compounds most often censored for soil or surface flux results included the following:

	· Cadmium (14 samples)
	· Formaldehyde (11 samples)

	· Benzene (35 samples)
	· Total Organic Carbon (17 samples)

	· Cyanide (10 samples)
	· 1,2,4-Trimethylbenzene (17 samples)

	· Dichloromethane (22 samples)
	· Unknown aldol condensate (SVOC TIC) (24 samples)


In addition, the following eight sample results were flagged as estimated with a high bias (J+) due to the presence of the respective metals at comparable concentrations in the associated laboratory or field blanks. 

	Field
Sample ID
	Lab
Sample ID
	Analyte
	Result
	Unit
	SQL
	Reported Concen-tration
	Blank Concen-tration

	SRC1-AJ19-11
	F8L020248002
	Sodium
	13500
	ug/l
	10
	13500
	3530

	'SRC1-AJ20-0
	F8K060286013
	Cadmium
	0.26
	mg/kg
	0.08
	0.26
	0.073 mg/kg, 0.2 ug/L

	SRC1-AJ21-12
	F8K070216012
	Total Organic Carbon
	3
	g/kg
	0.065
	3
	2

	SRC1-AK21-18
	F8K070216010
	Total Organic Carbon
	3.1
	g/kg
	0.065
	3.1
	2

	SRC1-AK21-8
	F8K070216009
	Total Organic Carbon
	3.3
	g/kg
	0.065
	3.3
	2

	SRC1-AL25-0
	F8K110239005
	Total Organic Carbon
	6.4
	g/kg
	0.065
	6.4
	2

	SRC1-AK21-0
	F8K070216007
	Tin
	0.42
	mg/kg
	0.3
	0.42
	3.0 ug/L

	SRC1-AL24-18
	F8K070216006
	Tin
	0.45
	mg/kg
	0.3
	0.45
	3.0 ug/L


Sample/Duplicate Differences Outside Permissible Range or Greater than Permissible Values

During the data validation process, sample/duplicate results are evaluated to determine whether differences in those results suggest potential issues with data quality. Specifically, the analyst reviews the following:

· Matrix spike/matrix spike duplicate (MS/MSD) RPDs, to determine whether the RPDs are outside acceptance limits; 

· Laboratory control sample/laboratory control sample duplicate (LCS/LCSD) RPDs, to determine whether the RPDs are outside acceptance limits; 

· Sample/field duplicate results to determine whether differences are greater than the permissible value; and

· Sample/laboratory duplicate results to determine whether differences are greater than the permissible value.

Qualifications due to MS/MSD Recoveries Outside Acceptance Criteria

As discussed in the DVSR (BRC and ERM 2010), inorganic constituent results for 26 samples were qualified as estimated (either UJ for non-detections or J for detections; “+” or “ – “ added to denote potential high or low bias, respectively) based on MS/MSD recoveries; there were no rejections of data associated with MS/MSD recoveries. The qualifications applied on the basis of MS/MSD recoveries were as follows:
· The radium-228 result for one soil sample (SRC1-AJ19-0) was qualified as estimated due to a recovery below than the acceptance criteria.

· Metals results for soil samples in seven laboratory data packages (TestAmerica packages F8K0101440 [three samples], F8K0402270 [four samples], F8K0602860 [three samples], F8K0702160 [nine samples], F8K1102390 [two samples], F8K1202310 [two samples] and F9I1501360 [three samples] were qualified due to recoveries outside the acceptance criteria, as summarized in the table below:
	Laboratory Data Package
	Antimony
	Barium
	Copper
	Magnesium
	Silver
	Sodium
	Strontium
	Tungsten
	Vanadium
	Zinc

	F8K0101440
	-
	
	
	
	+
	
	+
	
	
	-

	F8K0402270
	-
	
	-
	-
	
	
	
	
	
	

	F8K0602860
	-
	+
	
	
	+
	
	
	-
	-
	

	F8K0702160
	-
	
	-
	-
	
	-
	
	-
	
	-

	F8K1102390
	-
	
	
	
	+
	
	
	-
	
	-

	F8K1202310
	-
	-&+
	
	
	+
	
	
	-
	-
	

	F9I1501360
	-
	+
	
	
	
	
	-
	-
	
	

	+ = Recovery greater than the acceptance limits

	- = Recovery less than the acceptance limits

	Blank entry signifies that the recovery was within the acceptance limits


· Total Kjeldahl Nitrogen results for soil samples in two laboratory data packages (Test America packages F8K0702160 [nine samples] and F9I1501360 [two samples]) were qualified due to recoveries greater than the acceptance criteria.

· Total Organic Carbon results for soil samples in two laboratory data packages (Test America packages F8K0402270 [two samples] and F8K0101440 [three samples]) were qualified due to recoveries greater than the acceptance criteria.

· Perchlorate results for one soil sample (SRC1-AK21-0) was qualified due to recoveries greater than the acceptance criteria.

Attachment B, Table B-12 (on the enclosed CD in Attachment C) lists the samples and associated analytes exhibiting MS/MSD percent recoveries below the laboratory control limits. In cases where the recoveries were higher than the acceptance criteria, the results have the potential of being similarly biased high and using these data in the screening-level health risk assessment could result in risks being calculated that are higher than would be associated with actual Site conditions. Of more concern for the screening-level health risk assessment is underestimation of risk, which could be associated with the use of data that are biased low. 

As indicated in that table, reported detections and non-detects for soil data were flagged as estimated (“J-” or “UJ,” respectively) due to low MS/MSD recoveries (i.e., from 30 to 74 percent for metals)
. Detections associated with “very low” MS/MSD recoveries (i.e., less than 30 percent for metals), are generally rejected as unusable. Because none of the MS/MSD recoveries were that low, no data were rejected on this basis.

The data flagged as estimated based on low MS/MSD recoveries were subjected to further review in terms of data usability for the Site, as discussed in Section 3.7.
Qualifications due to LCS/LCSD Recoveries Outside Acceptance Criteria

Organic and inorganic constituent results for 18 samples were qualified as estimated (either UJ for non-detections or J for detections; “+” or “ – “ added to denote potential high or low bias, respectively) based on LCS/LCSD recoveries. The qualifications applied on the basis of LCS/LCSD recoveries were as follows:

· Benzyl alcohol result for one SPLP sample (GEL data package 219578) was qualified due to a recovery lower than the acceptance criteria.

· Arsenic results for three soil samples (TestAmerica data package F8K0602860) were qualified due to recoveries higher than the acceptance criteria.

· Molybdenum results for nine soil samples (TestAmerica data package F8K0702160) were qualified due to recoveries higher than acceptance criteria.

· 1,1-Dichloroethane, 1,1-dichloroethene, benzene and vinyl chloride results for one surface flux sample were qualified due to recoveries lower than the acceptance criteria.
· Tetrachloroethene results for four surface flux samples were qualified due to recoveries below and above the acceptance criteria.

· Trichloroethene results for two surface flux samples were qualified due to recoveries below the acceptance criteria.

As noted above, recoveries below the lower laboratory limits are of the most concern in terms of data usability. Attachment B, Table B-12 (on the enclosed CD in Attachment C) lists the samples and associated analytes exhibiting LCS/LCSD percent recoveries below the lower laboratory control limit. The data flagged as estimated based on low LCS/LCSD recoveries were subjected to further review in terms of data usability for the Site, as discussed in Section 3.7.
Qualifications due to Sample/Field Duplicate Differences Outside Acceptance Criteria

The following five soil field duplicates were collected during the sampling activities

	· SRC1-AK21-0-FD
	· SRC2-J33-0-DUP

	· SRC1-AI19-FD
	· SRC1-AK21-FD

	· SRC2-AI19W-FD
	


In addition, the following two surface flux field duplicates were also collected during the sampling activities:
	· SRC1-AI19
	· SRC1-AL25


Field duplicate differences in excess of acceptance limits were noted in three field duplicate pairs of soil samples and in two field duplicate pair of surface flux samples. The differences are presented in Attachment B, Table B-13 (on the enclosed CD in Attachment C). Field duplicates are treated as independent samples and the variability noted in the samples does not differ from the variability of results across the Site. All associated data were flagged as estimated (J/UJ). No data were rejected on the basis of sample/field duplicate differences.

Qualifications due to Sample/Laboratory Duplicate Differences Outside Acceptance Criteria

Of the samples representing post-remediation conditions (i.e., not including those data points associated with samples from soil intervals subsequently removed from the Site), the following seven samples had sample/laboratory duplicate differences greater than the 1 picoCurie per gram (or liter; pCi/g or pCi/L) permissible value:

	Lab Sample ID
	Field Sample ID
	Analyte
	Result
	Units
	Notes

	218570014
	SRC1-AI19-0
	Thorium-232
	1.62 J
	pCi/g
	Difference = 1.14

	218570016
	SRC1-AI19-16
	Thorium-232
	2.27 J
	pCi/g
	Difference = 1.14

	218570015
	SRC1-AI19-6
	Thorium-232
	2.17 J
	pCi/g
	Difference = 1.14

	219578002
	SRC1-AJ19-11
	Thorium-230
	<0.512 UJ
	pCi/L
	Difference = 1.215

	219578001
	SRC1-AJ19-0
	Radium-228
	2.68 J
	pCi/g
	Difference = 1.45

	219578005
	SRC1-AK28-0
	Radium-228
	2.02 J
	pCi/g
	Difference = 1.45

	219578006
	SRC1-AK28-11
	Radium-228
	1.3 J
	pCi/g
	Difference = 1.45


The above data flagged as estimated based on sample/laboratory duplicate differences were subjected to further review in terms of data usability for the Site, as discussed in Section 3.7. No data were rejected on the basis of sample/laboratory duplicate differences.
Internal Standards Outside Acceptance Criteria

Internal standards are prepared for certain organic GC/MS and ICP/MS analyses by adding compounds similar to target compounds of interest to sample aliquots. Internal standards are used in the quantitation of target compounds in the sample or sample extract. The evaluation of internal standards involved comparing the instrument response and retention time from the target compounds in the sample with the response and retention time of specific internal standards added to the sample extract prior to analysis. 

No results were rejected due to internal standard exceedances. The following results were qualified due to internal standard exceedances:

· PCB results for one soil sample (SRC1-AL25-0).
· Metals results for two soil samples (SRC1-AJ21-0 and SRC1-AL24-18).

· VOC results for one surface flux sample (SRC1-AI18).
· VOC results for 11 soil samples as follows:

	Laboratory Data Package #
	Sample ID

	F8K0402270
	SRC1-AI18-11
	

	F8K0101440
	SRC1-AI19-0
	

	F8K0602860
	SRC1-AJ20-0
	

	F8K0702160
	SRC1-AJ21-12

SRC1-AK21-8
	SRC1-AK21-0-FD

	F8K1102390
	SRC1-AL25-0
	SRC1-AL25-11

	F9I1501360
	SRC2-J30-0

SRC2-J32-0
	SRC2-J31-0


· Dioxin/furan results for six soil samples as follows

	Laboratory Data Package #
	Sample ID

	F8K010440
	SRC1-AI19-6
	

	F8K0402270
	SRC1-AI16-0
	

	F8K0602860
	SRC1-AJ20-0
	

	F8K0702160
	SRC1-AK21-0
	

	F8K1102390
	SRC1-AL25-0
	

	F9I1501360
	SRC2-J30-0
	


Surrogate Percent Recoveries Outside Laboratory Control Limit

As discussed in the DVSR (BRC and ERM 2010), surrogate spikes were added to each of the samples submitted for organic analysis to monitor potential interferences from the matrix. Results associated with unacceptable surrogate recoveries were qualified as estimated (J+). Generally, when surrogate recoveries are less than 10 percent, associated non-detect results are qualified as rejected (R) because false negatives are a possibility. No sample results were rejected due to surrogate recoveries. All of the recoveries outside the acceptance criteria were higher than the upper laboratory control limit, and as such did not warrant further review in terms of data usability for the Site.

Calibrations Outside Laboratory Control Limits

Requirements for instrument calibration ensure that the instrument is capable of producing acceptable quantitative data. Initial calibration demonstrates that the instrument is capable of acceptable performance in the beginning of analytical run. Continuing calibrations checks document satisfactory maintenance and adjustment of the instrument on a day-to-day basis. As presented in the DVSR (BRC and ERM 2010), certain data were qualified due to initial or continuing calibration issues. Of specific concern, are analytes with a final qualifier indicating a low bias due to calibration. In the following tables the percentage of analyte recovered is based on the percent difference of the actual amount and recovered amount reported from the continuing calibration. As the percentage decrease the potential for false negatives increases. 

The following table summarizes those analytes for organochlorine pesticides:

	
Laboratory Data Package #
	

Analyte
	
# of Samples Qualified
	Percent of Qualified Non-detect
	Percentage of Analyte Recovered as Indicated by Outlier

	TestAmerica #F8K0402270
	4,4-DDD
	6
	100%
	83%

	TestAmerica #F8K0402270
	4,4-DDT
	6
	83%
	80%

	TestAmerica #F8K1102390
	Alpha-Chlordane
	2
	100%
	84%

	TestAmerica #F8K1102390
	Endosulfan II
	2
	100%
	80%

	TestAmerica #F8K0402270
	Endosulfan sulfate
	6
	100%
	80%

	TestAmerica #F8K0402270
	Endrin aldehyde
	6
	100%
	75%

	TestAmerica #F8K0402270
	Endrin ketone
	6
	100%
	75%

	TestAmerica #F8K1102390
	Gamma-chlordane
	2
	100%
	80%

	TestAmerica #F8K0402270
	Methoxychlor
	6
	100%
	75%

	TestAmerica #F8K0402270
	Toxaphene
	5
	100%
	80%


Of those listed, only 4,4-DDT was detected at the Site. The maximum SQLs for the analytes listed in the table were compared to the outdoor commercial/industrial worker BCL using the percentage recovered provided in the table above. It is very unlikely that any of the analytes, even with a potential false negative that the bias could affect the result to such a degree that the hypothetical missed detections were in excess of the BCL.

The following table summarizes those analytes for SVOCs:

	
Laboratory Data Package #
	

Analyte
	
# of Samples Qualified
	Percent of Qualified Non-detect
	Percentage of Analyte Recovered as Indicated by Outlier

	GEL #218843
	1,4-Dioxane
	4
	100%
	70%

	GEL #218570
	1,4-Dioxane
	3
	100%
	70%

	GEL #219578
	1,4-Dioxane
	2
	100%
	65-70%

	GEL #218845
	1,4-Dioxane
	3
	100%
	55%

	GEL #218980
	1,4-Dioxane
	2
	100%
	70%

	GEL #219578
	3-Nitroaniline
	1
	100%
	60%

	GEL #218845
	3-Nitroaniline
	3
	100%
	70%

	GEL #218980
	3-Nitroaniline
	2
	100%
	75%

	GEL #218570
	4-Nitroaniline
	3
	100%
	60%

	GEL #219578
	4-Nitroaniline
	1
	100%
	50%

	GEL #218980
	4-Nitroaniline
	2
	100%
	60%

	GEL #218980
	4-Nitrophenol
	2
	100%
	70%

	GEL #219578
	Acetophenone
	1
	100%
	65%

	GEL #218845
	Acetophenone
	3
	100%
	70%

	GEL #237201
	Benzyl alcohol
	3
	100%
	55%

	GEL #237201
	Phthalic acid
	3
	100%
	70%


Of those listed, only acetophenone was detected at the Site. The maximum SQLs for the analytes listed in the table were compared to the outdoor commercial/industrial worker BCL using the percentage recovered provided in the table above. It is very unlikely that any of the analytes, even with a potential false negative that the bias could affect the result to such a degree that the hypothetical missed detections were in excess of the BCL.
The following table summarizes those analytes for VOCs:

	
Laboratory Data Package #
	

Analyte
	
# of Samples Qualified
	Percent of Qualified Non-detect
	Percentage of Analyte Recovered as Indicated by Outlier

	TestAmerica #F8K1102390
	2,2,3-Trimethylbutane
	2
	100%
	60%

	TestAmerica #F8K1102390
	3-Methylhexane
	2
	100%
	65%

	TestAmerica #F8K0402270
	Freon-12 [Dichlorodifluoromethane]
	4
	100%
	73%

	TestAmerica #F8K0101440
	Freon-12 [Dichlorodifluoromethane]
	3
	100%
	73%

	TestAmerica #F8K0602860
	Freon-12 [Dichlorodifluoromethane]
	3
	100%
	73%

	TestAmerica #F8K0702160
	Freon-12 [Dichlorodifluoromethane]
	9
	100%
	73%


None of the above listed chemicals were detected at the Site. The maximum SQLs for the analytes listed in the table were compared to the outdoor commercial/industrial worker BCL using the percentage recovered provided in the table above. It is very unlikely that any of the analytes, even with a potential false negative that the bias could affect the result to such a degree that the hypothetical missed detections were in excess of the BCL. In addition, all of the acetonitrile and ethanol results were qualified as estimated with no bias direction. Acetonitrile and ethanol were non-detect in all samples. These two both had a low response on the instrument and have a potential for false negatives. Both were detected in flux samples.
The following table summarizes those analytes for surface flux VOCs:

	
Laboratory Data Package #
	

Analyte
	
# of Samples Qualified
	Percent of Qualified Non-detect
	Percentage of Analyte Recovered as Indicated by Outlier

	EAS #208610
	1,2,3-Trichloropropane
	2
	50%
	68%

	EAS #208610
	1,2,4-Trichlorobenzene
	2
	100%
	43%

	EAS #208610
	1,2-Dichlorobenzene
	7
	86%
	49-60%

	EAS #208610
	1,3-Dichlorobenzene
	6
	83%
	59-68%

	EAS #208610
	1,4-Dichlorobenzene
	1
	100%
	60%

	EAS #208610
	Acetonitrile
	3
	33%
	67%

	EAS #208610
	Benzyl chloride
	4
	100%
	62-70%

	EAS #208610
	Chlorobromomethane
	1
	100%
	65%

	EAS #208610
	Dibromochloropropane
	1
	100%
	62%

	EAS #208610
	Ethanol
	3
	0%
	63-67%

	EAS #208610
	Heptane
	1
	100%
	52%

	EAS #208610
	n-Propylbenzene
	1
	100%
	58%

	EAS #208610
	Tert-Butylbenzene
	5
	100%
	54-67%

	EAS #208610
	Vinyl acetate
	1
	0%
	49%

	EAS #208610
	1,2-Dichloropropane
	4
	100%
	65-67%


Surface flux data are compared to the ambient air BCLs. The percentages below 50 percent are of particular concern. Those are reported for the surface flux analytes, 1,2,4-trichlorobenzene, 1,2-dichlorobenzene, and vinyl acetate. The maximum SQLs were compared to the ambient air BCLs using the percentage recovered provided in the table above. It is very unlikely that that any of the analytes, even with a potential false negative that the bias could affect the result to such a degree that the hypothetical missed detections were in excess of the BCL.

Tentatively Identified Compounds
For the GC/MS methods used for soil samples, a list and estimated concentrations for tentatively identified compounds (TICs) were provided if detected. Many of the reported TICs were identified as “unknown”. The TICs that were identified are as follows:

	· 1,1-Difluoroethane
	· ,2,3,3,4-pentamethyl-Cyclopentene

	· 3-(hexahydro-1H-aze 1,2-Benzisothiazole 
	· 1,2,3,4,5-pentamethyl-Cyclopentene

	· 11,12-Dibromo-tetradecan-1-ol acetate
	· E-8-Methyl-9-tetradecen-1-ol acetate

	· 1-Bromo-11-iodoundecane
	· Eicosane

	· 2,4-DDE
	· Ethisterone

	· 28-Nor-17.beta.(H)-hopane
	· 2-(1,1-dimethylethyl)-4-methyl-Furan

	· 2-Dodecen-1-yl(-)succinic anhydride
	· Hexadecanamide

	· 4-[3-Ethoxypropylamino]benzo-1,2,3-triaz
	· oxybis[dichloro-Methane 

	· 2-amino-1,5-dihydro-4H-Imidazol-4-one 
	· n-Hexadecane

	· 5-Methyl-2-thiophenecarboxaldehyde thios
	· Octadecanamide

	· (z)-9-Octadecenamide
	· Octamethylcyclotetrasiloxane

	· Androstane
	· Pentadecane

	· (5.beta.)-Androstane
	· 11-[(trimethylsilyl Pregnane-3,20-dione

	· Chloroform
	· trichlorooctadecyl-Silane 

	· dodecamethyl-Cyclohexasiloxane
	· Tributyl phosphate

	· octadecamethyl-Cyclononasiloxane
	· Triphenylphosphate

	· decamethyl Cyclopentasiloxane
	· 


Of those listed above, two are target analytes, 2,4-DDE and chloroform. 2,4-DDE was identified as a TIC in the SVOC (SW-8270C) analysis of one sample (SRC1-AI18-0) but was not detected in the organochlorine pesticide (SW-8081) analysis of the same sample. Similarly, chloroform was identified as a TIC in the SVOC analysis of three samples (SRC1-AI16-0, SRC1-AI16-10, and SRC1-AK21-8), but was not detected in the VOC (SW-8260) analysis of the same samples. 1,1-Difluoroethane was indentified as a TIC in three VOC samples (SRC1-AI16-0, SRC1-AI19-0 and SRC1-AI19-16). It is used as an internal standard in some analyses and is not anticipated to be found at the Site. Triphenyl phosphate was detected in one sample (SRC1-AK21-0) and is a plasticizer. According to the Hazardous Substances Databank (HSDB) it has low toxicity and is used as a component of adhesives in the food industry. Tributyl phosphate was identified as a TIC in only one sample.

In addition to the above, an unknown aldol condensate was also reported by the laboratory as being present in 27 samples; 24 of those reported concentrations were flagged “U” due to blank contamination. With the exception of the compounds discussed above, the other above named compounds are indicative of column breakdown and are not likely site related. Toxicity criteria have not been established for any of these TICs.
Data Review Summary

For 1,671 out of 10,063 analytical results, quality criteria were not met and various data qualifiers were added to indicate limitations and/or bias in the data. The definitions for the data qualifiers, or data validation flags, used during validation are those defined in SOP-40 (BRC, ERM and MWH 2009) and the BRC Quality Assurance Project Plan (QAPP; BRC and ERM 2009a). Sample results were rejected based on findings of serious deficiencies in the ability to properly collect or analyze the sample and meet QC criteria. Only rejected data were considered unusable for decision-making purposes and rejected analytical results are not used in the screening-level health risk assessment. No soil data were rejected. Other data points were excluded from the risk assessment if the sample was re-analyzed by the laboratory. These are presented in Attachment B, Table B‑14 (on the enclosed CD in Attachment C). It includes six PAH results for samples SRC1-AJ19-11, SRC1-AI16-0, SRC1‑AI16-10, and SRC1-AK21-0, one VOC sample, SRC1-AK21-0-FD and results for seven flux samples, SRC1-AI16, SRC1-AI18, SRC1-AI19, SRC1-AJ20, SRC1-AJ21, SRC1-AL24, and SRC1-AL25.

3.6 Criterion VI – Data Quality Indicators
DQIs are used to verify that sampling and analytical systems used in support of project activities are in control and the quality of the data generated for this project is appropriate for making decisions affecting future activities. The DQIs address the field and analytical data quality aspects as they affect uncertainties in the data collected for site characterization and risk assess​ment. The DQIs include precision, accuracy, representativeness, comparability, and complete​ness (PARCC). The project QAPP provides the definitions and specific criteria for assessing DQIs using field and laboratory QC samples and is the basis for determining the overall quality of the dataset. Data validation activities included the evaluation of PARCC parameters, and all data not meeting the established PARCC criteria were qualified during the validation process using the guidelines presented in the National Functional Guidelines for Laboratory Data Review, Organics and Inorganics and Dioxin/Furans (USEPA 1999, 2004c, 2005, 2008). 

Evaluation of Data Precision

Precision is a measure of the degree of agreement between replicate measurements of the same source or sample. Precision is expressed by RPD between replicate measurements. Replicate measurements can be made on the same sample or on two samples from the same source. Precision is generally assessed using a subset of the measurements made. The precision of the data was evaluated using several laboratory QA/QC procedures. Based on ERM’s review of the results of these procedures, the general level of precision for the Site data and the background data (BRC and ERM 2010) does not appear to limit the usability of a particular analyte, sample, method, or dataset as a whole.

Evaluation of Data Accuracy

Accuracy measures the level of bias that an analytical method or measurement exhibits. To measure accuracy, a standard or reference material containing a known concentration is analyzed or measured and the result is compared to the known value. Several QC parameters are used to evaluate the accuracy of reported analytical results:

· Holding times and sample temperatures;

· LCS percent recovery;

· MS/MSD percent recovery;

· Spike sample recovery (inorganics);

· Surrogate spike recovery (organics); and

· Blank sample results.

Detailed discussions of and tables with specific exceedances, with respect to precision and accuracy, are provided in the NDEP-approved DVSR (BRC and ERM 2010) and data qualified as a result of this evaluation are presented with qualifiers in the data usability tables in Attachment B (on the enclosed CD in Attachment C). As discussed in Section 3.5, the data validation process resulted in numerous sample results being qualified as estimated, and a few results being rejected (four data points, all non-detections). The four results were all surface flux data qualified due to calibration violations. The remaining results were considered sufficiently accurate for risk assessment purposes, as discussed in Section 3.7. 
Evaluation of Data Representativeness

Representativeness is the degree to which data accurately and precisely represent a characteristic of the population at a sampling point or an environmental condition (USEPA 2002a). There is no standard method or formula for evaluating representativeness, which is a qualitative term. Representativeness is achieved through selection of sampling locations that are appropriate relative to the objective of the specific sampling task, and by collection of an adequate number of samples from the relevant types of locations. The sampling locations at the Site were based on both systematic sampling with random point placement, as well as focused samples collected from specific areas to further investigate potential areas. 
The samples were analyzed for a broad spectrum of chemical classes across the Site. Samples were delivered to the laboratory in coolers with ice to minimize the loss of analytes. In a few instances, such as samples being analyzed beyond the holding time or delayed preservation of SPLP samples, the representativeness of the associated data is in question; however, there were limited instances of this, as discussed in Section 3.7. As previously noted, no sample results were qualified based on sample temperatures.
Sample specific results are discussed in the DVSR (BRC and ERM 2010). A discussion of representativeness for the background dataset is provided in the Background Shallow Soil Summary Report, BMI Complex and Common Areas Vicinity (BRC/TIMET 2007).

Evaluation of Data Completeness

Completeness is commonly expressed as a percentage of measurements that are valid and usable relative to the total number of measurements made. Analytical completeness is a measure of the number of overall accepted analytical results, including estimated values, compared to the total number of analytical results requested on samples submitted for analysis after review of the analytical data. Some of the data were eliminated due to data usability concerns. The percent completeness for the Site is 99.9 percent and includes the surface flux data. The percent completeness for the soil only dataset is 100 percent and the percent completeness for the surface flux only dataset is 99.9 percent. This exceeds the BRC completeness goal of 90 percent. The asbestos results are not included in the completeness calculation.
Evaluation of Data Comparability

Comparability is a qualitative characteristic expressing the confidence with which one dataset can be compared with another. The desire for comparability is the basis for specifying the analytical methods; these methods are generally consistent with those used in previous investigations of the Site. The comparability goal is achieved through using standard techniques to collect and analyze representative samples and reporting analytical results in appropriate units. The ranges of detected sample results from the current investigation are generally comparable to recent results at the Eastside property, as well as the site background dataset (see Section 5). There are differences in SQLs among datasets which may affect data comparability for datasets comprised primarily of non-detected values. An example of the differences in SQLs at the Site and in background for several analytes with low detection frequency is shown in the following table. 

	
Analyte
	Background
Min SQL
	Background
Max SQL
	Site
Min SQL
	Site
Max SQL


	Antimony
	0.0394
	0.3298
	0.126
	0.315

	Boron
	3.2
	3.2
	2.99
	16.5

	Mercury
	0.0072
	0.0072
	0.005
	0.0115

	Thallium
	0.5428
	0.5428
	0.105
	0.6


All results in units of mg/kg.

Cumulative probability plots and side-by-side boxplots for the Site and background and Site datasets are included in Attachment E. For these datasets, left-censored data can result in difficulties in differentiating whether datasets are actually different or merely an artifact of detection limits. Note that for constituents with SQLs that meet project limit requirements, comparisons between Site and background may be less important as these left-censored data are likely to indicate conditions that pose an “acceptable” risk and further evaluation is not necessary.
3.7 Data Analysis
Data validation and usability evaluations tend to look at the data on a result by result basis. The data analysis step is intended to take a step back and look at the dataset as a whole. The intent of this is to identify any anomalies or unusual data trends that may indicate any potential laboratory issues. This is performed by reviewing summary statistics, cumulative probability plots and side-by-side boxplots, or other visual aids. The soil dataset used for the screening-level health risk assessment is summarized in tabular format in Table 1. While it is not feasible to present all the detected analytes in a graphical format, cumulative probability plots and side-by-side boxplots are provided in Attachment E for the analytes included in the background comparisons (that is, metals and radionuclides). If there were any identified risk drivers, they would also be presented graphically. However, based on the results of the screening-level health risk assessment (see Section 6.8), all risk estimates were below the target risk levels. No anomalies in the dataset were identified.
As discussed in Section 3.5, the data validation process resulted in numerous sample results being qualified as estimated, with only the above-listed results being rejected. Sample results qualified as estimated are likely to be quantitatively biased to some degree; estimated analytical results are used in the screening-level health risk assessment. Data qualified as anomalous, as defined in the DVSR, refers to data that were qualified (“U”) due to blank contamination, and are used in the screening-level health risk assessment. These data usability decisions follow the guidelines provided in the Guidance for Data Usability in Risk Assessment (Part A) (USEPA 1992a).

For the screening-level health risk assessment, all data that were not rejected during data validation or replaced by re-analysis results were included. Data were often qualified as estimated due to recoveries being outside the acceptance criteria. In cases where the recoveries were higher than the acceptance criteria, the results have the potential of being similarly biased high and using these data in the screening-level health risk assessment could result in risks being calculated that are higher than would be associated with actual Site conditions. Of more concern for the screening-level health risk assessment is underestimation of risk, which could be associated with the use of data that are biased low. Results associated with the following QA/QC issues could lead to results that are biased low, and were subjected to further scrutiny during the data usability evaluation:

· Detections qualified during the data review as being non-detections due to laboratory or field blank contamination;
· Results associated with holding time exceedances;

· Results associated with calibration violations indicating a low bias; and/or

· Results associated with MS/MSD or LCS/LCSD recoveries below acceptance criteria.

Such data, which are listed above in Section 3.5, were evaluated during the data usability process to determine whether it was appropriate to use them in the screening-level health risk assessment. With the exception of the rejected data points, the data usability determined that the estimated results listed in Section 3.5 were appropriate for use in the screening-level health risk assessment, as discussed below.
Blank Contamination

As noted in Section 3.5, certain detections were flagged during the data review as being non-detections or estimated with a high bias due to laboratory or field blank contamination. If the associated constituent qualified as being a non-detection, in fact, were present in the samples related to the affected blank sample, revising its status to non-detect could result in risk underestimation. The constituents for which this potential concern has the most bearing in risk assessment are those in soil samples for which the detections are close to or exceed either 1) background conditions, or 2) relevant human health screening levels (i.e., BCLs). As determined during that evaluation, qualification of detections as non-detects based on blank contamination are not likely to have an appreciable effect on the risk calculations.

In Section 3.5, the constituents that have a censored value that exceeds either the maximum background concentration or BCL were listed. This evaluation provides an analysis of those results below:
	Constituent
	# Records Revised (Maximum Detection)
	Concern for Risk Underestimation?
	Rationale

	Antimony
	5 (0.78 mg/kg)
	No
	No detections in dataset; values < 454 mg/kg BCL

	Boron
	4 (6 mg/kg)
	No
	Limited number of detections in dataset (5); values < 100,000 mg/kg BCL

	Cadmium
	16 (0.17 mg/kg)
	No
	Values < 553 mg/kg BCL

	Molybdenum
	6 (1 mg/kg)
	No
	Maximum value lower than maximum background (2 mg/kg); values < 5,680 mg/kg BCL

	Selenium
	3 (1.2 mg/kg)
	No
	No detections in dataset; values < 5,680 mg/kg BCL


Holding Time Exceedances/Sample Condition

There is a potential for analyte loss if the holding time for a sample is exceeded. For the Site, holding times were exceeded in two samples for chromium (VI) analysis, five soil samples and one surface flux sample for the VOC analyses. All samples were qualified as estimated. Since only two of 32 of the chromium (VI) analyses and five of 32 of the soil VOC analyses had holding times in exceedance, there is a low potential for a low bias to the datasets. Since one of seven surface flux VOC analyses had holding times in exceedance, there is a moderate potential for a low bias, however, the exceedance was only one day past holding time.

As noted in the DVSR (BRC and ERM 2010), all samples with temperature requirements were received at the laboratory within the required range of 4°± 2° Celsius. No sample results were qualified based on sample temperatures. 

Sixty-five SPLP sample results (SRC1-AJ19-11) were qualified since they were not filtered immediately upon extraction. The affected results were pesticides, metals, and general chemistry. Eight SPLP sample results (SRC1-AJ19-11) were qualified for the lack of sample preservation. Given the manner in which the SPLP data are incorporated in the risk assessment, as indicators of the leaching potential of the soils, the estimated results should pose no data usability concerns for the Site.
Calibration Violations Indicating a Low Bias

The instrument calibration checks which resulted in a low bias are summarized in the tables presented in Section 3.5. No concerns were identified for the results with associated BCLs, however, there were three TO-15 flux analytes, 1,2,4-trichlorobenzene, 1,2-dichlorobenzene, and vinyl acetate which had recoveries below 50 percent in some samples. All of the 1,2‑dichlorobenzene samples were qualified. The ambient air BCL for 1,2-dichlorobenzene is greater than 100 times the detected concentration and the SQLs for 1,2-dichlorobenzene. It is unlikely that risks for the Site were underestimated significantly due to 1,2-dichlorobenzene.
MS/MSD or LCS/LCSD Recoveries Below Acceptance Criteria

During the data usability review, results associated with MS/MSD and/or LCS/LCSD recoveries that were only slightly lower than the lower acceptance limit (i.e., 50 to 75 percent recoveries for inorganics and the higher of greater than 30 percent or one-half the lower limit for organics) were accepted as usable without further evaluation. Samples with lower percent recoveries (i.e., recoveries lower than 50 percent for inorganics and one-half the lower limit or 30 percent, whichever is greater, for organics) were reviewed more closely to assess whether it was appropriate to use them in the risk assessment. Inorganic results with MS/MSD recoveries less than 50 percent were as follows:

· Vanadium results for two soil samples in TestAmerica data package F8K1202310 (both detections);

· Antimony results for nine soil samples in TestAmerica data package F8K0702160 (all non-detections); 
· Antimony results for two soil samples in TestAmerica data package F8K1102390 (all non-detections); 
· Antimony results for three soil samples in TestAmerica data package F8K0602860 (all non-detections); and 
· Antimony results for two soil samples in TestAmerica data package F8K1202310 (all non-detections).
The vanadium recovery was not significantly lower than the 50 percent recovery limit (i.e., 47.5 percent). Vanadium was detected in 100 percent of site samples and the qualified results are both above the mean. It is unlikely to have been biased to such a degree that the risk calculations would be underestimated. The antimony recoveries were not significantly lower than the 50 percent recovery limit (lowest was 36.9 percent). In addition, antimony was not detected in any Site soil samples and it is unlikely that it was present in these 16 samples. 

As noted in Section 3.5, LCS/LCSD recoveries lower than the lower laboratory control limit were observed for benzyl alcohol for one SPLP sample. The SPLP data is used to assess leaching potential and not to quantify risk. Therefore, the result would not lead to an underestimation of risk.
The other low LCS/LCSD recoveries (1,1-dichloroethene, 1,1-dichloroethane and vinyl chloride results for one surface flux sample) were slightly lower than the lower laboratory control limit and only affected one sample. No concerns were identified regarding their usability.

Surrogate Percent Recoveries Below Laboratory Control Limit

As previously noted, it was not necessary to further scrutinize results associated with surrogate recoveries outside laboratory control limits because no samples were identified with low surrogate recoveries during the data review. 

Data Usability Summary

As discussed above, few results were found during the data usability evaluation to have potential for low bias that could lead to significant risk underestimation. Most results qualified for this reason were non-detections of constituents rarely, if ever, detected in Site samples or were associated with samples not directly used in risk assessment calculations (e.g., SPLP samples). 
The data usability evaluation also determined that the few rejected results (all non-detections) were associated with constituents either not routinely observed in Site samples or for constituents with SQLs well below the ambient air BCLs. Therefore, the rejected data do not pose a data gap or the potential for risk underestimation.
4.0 Data Summary

The chemical dataset compiled for this Site consists of analytical results associated with 36 samples collected from 18 soil sampling locations across the length of the Site.
 Surface flux samples were also collected at seven locations across the Site for VOC analysis.
 Finally, leachate generated from one sample (the 11 ft below ground surface [bgs] sample from location SRC1-AJ19) using the Synthetic Precipitation Leaching Procedure (SPLP) was also analyzed for a broad suite of site-related compounds. Sample locations within the Site are shown on Figure 2. Sampling results are summarized on Tables 1 through 3 for the above-referenced analyses. The data associated with these analyses are included in the database excerpt provided on the enclosed CD in Attachment C. The complete dataset for the Site is provided electronically on the enclosed CD in Attachment C along with all report files in their native format and all calculation spreadsheets used for the screening-level health risk assessment.
Site data were collected during a two-phase sampling program conducted initially in October and November 2008 (samples with “SRC1” prefix), with follow-on sampling conducted in September 2009 (samples with “SRC2” prefix). As noted above, the initial sampling event was not conducted based on a Site-specific SAP, but samples within the Site were collected as part of the sampling and analysis for the Southern RIBs sub-area, which this Site was part of prior to extracting the footprint of the Warm Springs Road ROW.
 Therefore, sampling and analysis was performed in accordance with an NDEP approved work plan (BRC and 2008; approved by NDEP on September 11, 2008). Sample results identified a localized area within the Site (at sample location SRC1-AI19), at which elevated dioxins/furans concentrations were reported in surface soils (i.e., the dioxin/furan toxic equivalency [TEQ] concentration of 121 parts per trillion [ppt] was higher than the Agency for Toxic Substances and Disease Registry [ATSDR] screening value and NDEP BCL of 50 ppt). In response to this result, BRC conducted a limited soil removal action in this area (as well as other areas in the Southern RIBs sub-area), in accordance with a letter work plan dated August 31, 2009 (BRC 2009). This work plan, which included confirmation sampling, was approved by NDEP on August 31, 2009. Confirmation samples near SRC1-AI19 were included in the confirmation sampling within the Site, with three of these samples falling within the Site (see Figure 2). At that time, BRC performed sampling at four more locations within the Site, due to changes to the boundary of the Southern RIBs sub-area. Data validation results are presented in the DVSR (BRC and ERM 2010), which was approved by NDEP on March 11, 2010.

During these two investigations, soil samples at various depths (maximum depth 21 feet bgs; note that sample depths are based on development plans for cut/fill as specific in the SAP [BRC and ERM 2008]) were collected and analyzed for VOCs, SVOCs, PAHs, organochlorine pesticides, PCBs, aldehydes, dioxins/furans, metals, perchlorate, radionuclides, and general chemistry. The data associated with these investigations are included in the database excerpt provided on the enclosed CD in Attachment C.
A summary of compound-specific chemical data for the Site is presented in Table 1 (soil data, all locations, all depths included), Table 2 (surface flux data), and Table 3 (SPLP data). Location-specific sampling results associated with the Site are provided in Attachment C, Tables C-1 through C-11 for soil samples and Table B-12 for surface flux samples, and are included electronically on the enclosed CD in Attachment C. Sample locations are shown on Figure 2. 
4.1 Soil Data
As noted above, chemical data associated with soil samples collected within the Site boundaries are summarized in Table 1, and Attachment C, Tables C-1 through C-11. Various applicable constituent-specific comparison levels are provided on the tables for reference, specifically: 

· NDEP BCLs for outdoor worker (NDEP 2010), hereinafter “BCLOW”; and
· NDEP BCLs for protection of groundwater (LBCL), assuming dilution attenuation factors (DAF) of 1 and 20 (NDEP 2010), hereinafter “LBCL.”
To assess the potential threat to human health, chemical detections in Site soils were compared to the BCLOW. In addition, to assess the potential for impacts to groundwater quality, chemical detections at the Site were also compared to the LBCL (DAF 1; LBCLDAF1) established for each chemical. 
For comparing the Site data to background conditions, the background soil dataset for the BMI Common Areas presented in Background Shallow Soil Summary Report, BMI Complex and Common Areas Vicinity (BRC/TIMET 2007), which was approved by NDEP on July 26, 2007, was used. Establishment of background conditions for the BMI Common Areas project is complicated by the unique geologic conditions in the area, specifically, the BMI Common Areas location at the confluence of alluvial fan deposits from the McCullough Range to the southwest and the River Mountains to the east. The Site appears to be underlain by sediments that are derived from the McCullough Range, and background conditions associated with shallow soils in this area are expected to be comparable to those used as comparison levels in this report, which are primarily associated with alluvial fan deposits derived from the McCullough Range. The scope of the background comparisons are summarized in Section 5. 
Chemical occurrence patterns for all constituents detected in the Site soil samples at concentrations in excess of the above comparison levels, including background comparisons, are provided below. 
Asbestos
No long amphibole and only two long chrysotile fibers (at one sample location; SRC1-AK21) were detected in 13 Site soil samples in which they were analyzed (all surface samples; Table B-1). Asbestos is evaluated in the screening-level health risk assessment (Section 6).

Aluminum

Aluminum was detected in all 32 of the Site soil samples in which it was analyzed (17 surface and 15 subsurface samples; Table B-5). All of the detections were lower than the 100,000 mg/kg BCLOW, but all were higher than the 75 mg/kg LBCLDAF1. The maximum detection was associated with a sample collected from 18 feet bgs at location SRC1-AL24 (18,400 mg/kg). Because the Site dataset was statistically higher than the background dataset (see Section 5), aluminium was included in the screening-level health risk assessment (Section 6). 
Arsenic

Arsenic was detected in all 32 of the Site soil samples in which it was analyzed (17 surface and 15 subsurface samples; Table B-5). All of the detections were higher than the 1.77 mg/kg BCLOW and the 1 mg/kg LBCLDAF1. The maximum detection was associated with a surface soil sample collected at location SRC1-AI18 (9.5 mg/kg). Because the Site dataset was statistically comparable to the background dataset (see Section 5), arsenic was not included in the screening-level health risk assessment (Section 6).
Barium

Barium was detected in all 32 of the Site soil samples in which it was analyzed (17 surface and 15 subsurface samples; Table B-5). All of the detections were lower than the 100,000 mg/kg BCLOW, but all were higher than the 82 mg/kg LBCLDAF1. The maximum detection was associated with a surface soil sample collected at location SRC1-AI19 (490 mg/kg). Because the Site dataset was statistically higher than the background dataset (see Section 5), barium was included in the screening-level health risk assessment (Section 6).
Chromium (Total)
Chromium (total) was detected in all 32 of the Site soil samples in which it was analyzed (17 surface and 15 subsurface samples; Table B-5). All of the detections were lower than the 100,000 mg/kg BCLOW, but all were higher than the 2 mg/kg LBCLDAF1. The maximum detection was associated with a surface soil sample collected at location SRC1-AK28 (19.7 mg/kg). Because the Site dataset was statistically higher than the background dataset (see Section 5), chromium (total) was included in the screening-level health risk assessment (Section 6).
Chromium (VI)
Chromium (VI) was detected in all 17 of the Site soil samples in which it was analyzed (17 surface and 15 subsurface samples; Table B-5). All of the detections were lower than the 454 mg/kg BCLOW, and lower than the 2 mg/kg LBCLDAF1. The maximum detection was associated with a surface soil sample collected at location SRC1-AI18 (0.58 mg/kg). Because the Site dataset was statistically higher than the background dataset (see Section 5), chromium (VI) was included in the screening-level health risk assessment (Section 6).

Iron

Iron was detected in all 32 of the Site soil samples in which it was analyzed (17 surface and 15 subsurface samples; Table B-5). All of the detections were lower than the 100,000 mg/kg BCLOW, but all were higher than the 7.56 mg/kg LBCLDAF1. The maximum detection was associated with a surface soil sample collected at location SRC1-AJ19 (23,700 mg/kg). Because the Site dataset was statistically higher than the background dataset (see Section 5), iron was included in the screening-level health risk assessment (Section 6).
Magnesium

Magnesium was detected in all 32 of the Site soil samples in which it was analyzed (17 surface and 15 subsurface samples; Table B-5). All of the detections were lower than the 100,000 mg/kg BCLOW, but all were higher than the 649 mg/kg LBCLDAF1. The maximum detection was associated with a surface soil sample collected at location SRC1-AL25 (15,400 mg/kg). Because the Site dataset was statistically comparable to the background dataset (see Section 5), magnesium was not included in the screening-level health risk assessment (Section 6).
Manganese

Manganese was detected in all 32 of the Site soil samples in which it was analyzed (17 surface and 15 subsurface samples; Table B-5). All of the detections were lower than the 13,700 mg/kg BCLOW, but all were higher than the 3.26 mg/kg LBCLDAF1. The maximum detection was associated with a surface soil sample collected at location SRC1-AI19 (1,800 mg/kg). Because the Site dataset was statistically higher than the background dataset (see Section 5), manganese was included in the screening-level health risk assessment (Section 6).
Nickel

Nickel was detected in all 32 of the Site soil samples in which it was analyzed (17 surface and 15 subsurface samples; Table B-5). All of the detections were lower than the 20,100 mg/kg BCLOW, but all were higher than the 7 mg/kg LBCLDAF1. The maximum detection was associated with a surface soil sample collected at location SRC1-AL25 (30.3 mg/kg). Because the Site dataset was statistically comparable to the background dataset (see Section 5), nickel was not included in the screening-level health risk assessment (Section 6).
Thallium

Thallium was detected in seven of the 32 Site soil samples in which it was analyzed (17 surface and 15 subsurface samples; Table B-5). All of the detections were lower than the 79.5 mg/kg BCLOW, but three were higher than the 0.4 mg/kg LBCLDAF1 (surface soil samples SRC1-AI19 and SRC1-AI18 [0.86 and 0.96 mg/kg, respectively]; and subsurface sample SRC1-AJ19 at 11 feet bgs [0.58 mg/kg]). Because the Site dataset was statistically comparable to the background dataset (see Section 5), thallium was not included in the screening-level health risk assessment (Section 6).
Organochlorine Pesticides

Organochlorine pesticides were not routinely detected in the 32 Site soil samples in which they were analyzed (17 surface and 15 subsurface samples; Table B-6). Beta-BHC was the only organochlorine pesticide detected at a concentration higher than a comparison level. Two of the detections were higher than the 0.0001 mg/kg LBCLDAF1 (surface soil samples SRC1-AI19 and SRC-AJ20 exhibited reported detections of 0.01 mg/kg and 0.003 mg/kg, respectively); both of these detections were lower than the 1.4 mg/kg BCLOW. 
Radionuclides

Radionuclides were detected in all 31 of the Site soil samples in which they were analyzed (16 surface and 15 subsurface samples; Table B-9). Three of the isotopes (radium-226 and radium‑228, and thorium-228) were consistently detected at activities higher than the applicable BCLOW and LBCLDAF1. In addition, the detections of thorium-230 and thorium-232 were higher than the LBCLDAF1. However, because radionuclides were statistically comparable to the background dataset (see Section 5), they were not included in the screening-level health risk assessment (Section 6).
Volatile Organic Compounds

With the exception of acetone (detected in more than 50 percent of the samples), VOCs were not routinely detected in the 32 Site soil samples in which they were analyzed (17 surface and 15 subsurface samples; Table B-11). Dichloromethane was the only VOC detected at a concentration higher than its comparison levels. Three detections of this constituent (all at location SRC1-AI19) were higher than the 0.001 mg/kg LBCLDAF1 (0.011 mg/kg at 0 feet bgs; 0.0052 mg/kg at 6 feet bgs; and 0.0093 mg/kg at 16 feet bgs). All of these detections were lower than the 22.3 mg/kg BCLOW.

Other Organic Compounds

As seen on Table 1, no other organic compounds were detected at concentrations in excess of the soil comparison levels.
Potential Re-Alignment Data

With limited exceptions the maximum detected values present in data within the potential re-alignment were below the maximum detection of the original Site dataset. Those that exceed Site values are presented in the following table.

	Analyte
	Original ROW Max Detect
	Re-Alignment ROW Max Detect
	Worker
BCL
	Maximum

Background

	Bromide
	2.6 mg/kg
	3.3 mg/kg
	--
	--

	Strontium
	443 mg/kg
	484 mg/kg
	100,000 mg/kg
	808 mg/kg

	Uranium
	1.9 mg/kg
	2.1 mg/kg
	3390 mg/kg
	2.7 mg/kg

	Uranium-233/234
	1.67 pCi/g
	1.89 pCi/g
	11 pCi/g
	2.84 pCi/g


-- No value has been established.

As shown above, none of the maximum detections for the realignment data exceed their respective maximum background levels, where available, are all well below their respective BCLs. Therefore, data within the potential re-alignment would not affect the results and conclusions of this report.
4.2 Surface Flux Data
VOC data (TO-15 full scan and SIM analyses) associated with the seven surface flux samples collected within the Site boundaries are summarized in Table 2, and Attachment C, Table C‑12. Ambient air concentrations were calculated from these data by first converting the surface flux data, in µg/m3, to a flux rate, in µg/m2-min (from BRC, ERM, and MWH 2009 [SOP-16]):

VOC Flux (µg/m2-min) = (µg/m3)(0.005 m3/min)/(0.13 m2)
An outdoor air concentration was then obtained using the dispersion factor for volatiles (Q/Cvol = 83.1 g/m2-s per kg/m3) from the BRC Closure Plan (BRC, ERM, and DBSA 2007). For reference, Table 2 includes constituent-specific comparison levels (NDEP’s ambient air BCLs [NDEP 2010]). As seen in Table 2, no VOCs were detected at concentrations in excess of their respective ambient air BCLs. 
The comparison of outdoor air concentrations (derived from surface flux chamber data) to ambient air BCLs does not account for multiple chemical exposures. However, ambient air BCLs were developed for residential exposures, which are greater than those for a worker receptor. In addition, maximum outdoor air concentrations were generally an order of magnitude less than ambient air BCLs. With only two exceptions the maximum detected values present in data within the potential re-alignment were below the maximum detection of the original Site dataset. Those that exceed Site values, 1,4,-dioxane and Freon-11, are well below their respective BCLs. Therefore, BRC concludes that the residual concentrations of VOCs in Site soils are not likely to pose a threat to human health.
4.3 Leachate Data

As specified in the Southern RIBs SAP, one sample collected within the Site during those sampling activities was submitted for SPLP analysis, a sample collected from location SRC1‑AJ19, from 11 feet bgs. As seen in Attachment C, this soil sample was analyzed for aldehydes, general chemistry/ions, metals, organochlorine pesticides, and VOCs. Formaldehyde was the only organic constituent detected in this sample, but this soil sample represented some of the higher general chemistry and metals detections in Site samples. The maximum values reported at the Site for beryllium, titanium, and vanadium are associated with this sample, and the detections of several other inorganic constituents fell within the highest quartile of the dataset (i.e., chloride, sulfate, barium, chromium [total], cobalt, copper, iron, lithium, nickel, silver, sodium, and uranium).
 Because of this, this sample is considered a good choice for evaluation of leachable potential. 
Data associated with this SPLP sample are summarized in Table 3. For reference, Table 3 includes constituent-specific comparison levels (NDEP’s residential water BCLs and USEPA Maximum Contaminant Levels). As summarized in Table 3, there were few detections in the leachate sample from SRC1-AJ19. All of the detections in this leachate sample were inorganic constituents (i.e., general chemistry ions, metals and radionuclides); organic compounds were not detected. Of these detections, only the arsenic (0.003 mg/L) detection was higher than the comparison level used for this evaluation. The remaining detections were appreciably lower than the comparison levels (at least one order of magnitude lower, often two or more orders of magnitude lower). 

BRC has concluded that the residual concentrations of chemicals in Site soils are not likely to pose a threat to groundwater quality in the future because of the following considerations:

· The future land use for the Site is as a road, and as such, the Site will be paved with an impermeable surface, which will reduce the potential for surface water to percolate into Site soils and to enhance chemical migration into groundwater;
· As discussed above, few constituents were detected in Site soils at concentrations above the LCBL DAF1, a conservative screening level developed for protection of groundwater quality;
· Chemical detections measured in leachate from a representative sample are relatively low for the majority of chemicals at the Site. The only SPLP detection higher than its leachate comparison level is arsenic, which had a soil concentration from this sample comparable to the background dataset established for Site soils; and 
· Groundwater beneath the Site is greater than 50 feet bgs (based on Shallow water-bearing zone monitoring well HMWWT‑4, within the Site, which is screened from 36 to 51 feet bgs and was dry during August 2009 water level measurement event). It should be noted that groundwater will be evaluated separately and remedial alternatives will be evaluated, as appropriate.
5.0 Evaluation of Concentrations Relative to Background Conditions
As noted above, the comparison of Site-related soil concentrations to background levels was conducted using the existing, shallow soils background data set presented in the Background Shallow Soil Summary Report, BMI Complex and Common Area Vicinity (BRC/TIMET 2007).
 Background comparisons were performed using the Quantile test, Slippage test, the t-test, and the Wilcoxon Rank Sum test with Gehan modification. The computer statistical software program, Guided Interactive Statistical Decision Tools (GiSdT®; Neptune and Company 2009), was used to perform all background comparison statistics. 
For radionuclides, the reported activities were used without censoring to conduct the statistical analyses, as well as in all descriptive statistics and plots (e.g., boxplots). For metals, a value of one-half the SQL was used as a replacement value for non-detected data to conduct the statistical analyses. The SQL was used in all descriptive statistics and plots. For this evaluation, a nominal family-wise significance level of 0.05 was desired; thus, an adjusted significance level of 0.025 was used. A significance level of 0.025 is consistent with NDEP (2009d) guidance.
The results of the background comparison evaluation are presented in Table 4. The results of the comparisons noted above indicate that levels of the following metals exceed background levels: 

	· Aluminum
	· Cobalt
	· Strontium

	· Barium
	· Copper
	· Titanium

	· Beryllium
	· Iron
	· Tungsten

	· Cadmium
	· Lead
	· Vanadium

	· Chromium (Total)
	· Manganese
	· Zinc

	· Chromium (VI)
	· Sodium
	


Although the comparison statistics indicate that these metals levels at the Site are above background, small analytical differences or small differences related to geologic or depth differences as seen in the background dataset may be responsible for these results. Given that these chemicals are not expected to be found as contaminants at the Site, it is likely that the property and background datasets are representative of a single population. However, as discussed below, these metals are considered in the screening-level health risk assessment. Cumulative probability plots and side-by-side boxplots were also prepared and are included in Attachment E.
For radionuclides, secular equilibrium exists when the quantity of a radioactive isotope remains constant because its production rate (due to the decay of a parent isotope) is equal to its decay rate. In theory, if secular equilibrium exists, the parent isotope activity should be equivalent to the activity of all daughter radionuclides. Pure secular equilibrium is not expected in environmental samples because of the effect of natural chemical and physical processes. However, approximate secular equilibrium is expected under background conditions (NDEP 2009e). Only the uranium-238 chain was determined to be in approximate secular equilibrium following equivalence testing outlined in NDEP’s Guidance for Evaluating Secular Equilibrium at the BMI Complex and Common Areas February (NDEP 2009e). No analytical reasons were discovered as to why the thorium-232 chain data are not in secular equilibrium. The results of the equivalence testing for secular equilibrium are as follows:
	
Chain
	Equivalence Test
	Secular Equilibrium?
	Mean Proportion

	
	Delta
	p-value
	
	Ra-226
	Th-230
	U-233/234
	U-238

	U-238
	0.1
	0.0045
	Yes
	0.2575
	0.2641
	0.2433
	0.2351

	
	Ra-228
	Th-228
	Th-232
	

	Th-232
	0.1
	0.0825
	No
	0.3678
	0.3302
	0.3020
	


As noted in Tables 1 and 4, background comparisons indicate that radionuclide levels do not exceed background levels. Background comparisons with metallic uranium also indicate that it is consistent with background levels. Coupled with the summary statistics, cumulative probability plots and side-by-side boxplots, and background comparisons for the individual radionuclides, it is reasonably to assume that radionuclides are similar to background. Therefore, these constituents are not considered in the screening-level health risk assessment.
6.0 Screening-Level Health Risk Assessment
The comparison levels in the Data Review section above do not take into account cumulative effects, nor do they consider all potential exposure pathways (for example, the construction dust pathway). Therefore, the purpose of the screening-level health risk assessment is to determine if chemical concentrations in Site soils are: (1) either representative of background conditions; or (2) do not pose an unacceptable risk to human health and the environment under current and anticipated future use conditions. 

Human health risks are represented by estimated theoretical upper-bound cancer risks and non-cancer hazards derived in accordance with standard USEPA methods. The acceptable risk levels defined by USEPA for the protection of human health, and following those discussed previously with NDEP during development of the BRC Closure Plan (BRC, ERM, and DBS&A 2007) are:

1.  For non-carcinogenic compounds, the acceptable criterion is a cumulative hazard index (HI) of one or less. If the screening HI is determined to be greater than 1.0, target organ-specific HIs will be calculated for primary and secondary organs. The final risk goal will be to achieve target organ-specific non-carcinogenic HIs of less than 1.0;
2.  For known or suspected chemical and radionuclide carcinogens, the acceptable ceiling for a cumulative incremental lifetime cancer risk (ILCR) ranges from 10-6 to 10-4. The risk goal established by the NDEP is 10-6;
3.  Where background levels exceed risk level goals, metals and radionuclides in Site soils are targeted to have risks no greater than those associated with background conditions; and
4.  For asbestos, calculations are based upon cancer criterion and a risk goal of 10‑6.
This screening-level health risk assessment follows the basic procedures outlined in USEPA Risk Assessment Guidance for Superfund: Volume I—Human Health Evaluation Manual (RAGS; USEPA 1989). Other guidance documents, including NDEP’s User’s Guide and Background Technical Document for Nevada Division Of Environmental Protection (NDEP) Basic Comparison Levels (BCLs) for Human Health for the BMI Complex and Common Areas (2010), were also consulted for the screening-level health risk assessment.
6.1 Selection of Chemicals of Potential Concern

The broad suite of analytes sampled for was the initial list of chemicals of potential concern (COPCs) at the Site. However, in order to ensure that a risk assessment focuses on those substances that contribute the greatest to the overall risk (USEPA 1989); only one procedure was used to eliminate the chemicals for quantitative evaluation in the screening-level health risk assessment:

· identification of chemicals with detected levels which are at or less than background concentrations (where applicable).

The procedure for evaluating chemicals relative to background conditions was presented in Section 5 above. 
Another criterion that may warrant chemical reduction is the frequency of detection. In general, chemicals exhibiting a low frequency of detection will not contribute significantly to the risk estimates. USEPA (1989) suggests that chemicals with a frequency of detection less than or equal to five percent, with the exception of metals, known human carcinogens, and persistent, bioaccumulative, and toxic (PBT) chemicals as defined by the USEPA PBT program (USEPA 2010), may be considered for elimination. However, no chemicals were eliminated from further evaluation based on the frequency of detection criteria. 
6.2 Determination of Exposure Point Concentrations
Non-Asbestos COPCs
A representative exposure concentration is a COPC-specific and media-specific concentration value. In risk assessment, these exposure concentrations are values incorporated into the exposure assessment equations from which potential baseline human exposures are calculated. Due to the uncertainty associated with determining the true average concentration at a site, where direct measurements of the site average are unavailable, the USEPA recommends using the lower of the maximum detected concentration or the 95 percent upper confidence limit (UCL) as the concentration of a chemical to which an individual could be exposed over time (USEPA 1992b). For the 95 percent UCL concentration approach, the 95 percent UCL is typically computed in order to represent the area-wide exposure point concentrations. The 95 percent UCL is a statistic that quantifies the uncertainty associated with the sample mean. If randomly drawn subsets of site data are collected and the UCL is computed for each subset, the UCL will equal or exceed the true mean roughly 95 percent of the time. The purpose for using the 95 percent UCL is to derive a conservative, upper-bound estimate of the mean concentration, which takes into account the different concentrations a person may be exposed to at the Site. That is, an individual will be exposed to a range of concentrations that exist at an exposure area, from non-detect to the maximum concentration, over an entire exposure period.
However, while it may be more realistic to develop exposure concentrations consistent with the proposed development of the Site, the maximum detected concentration was selected as the exposure point concentration for each COPC, regardless of location, for evaluating Site risks in order to identify the worst-case risks for the Site.
 It is conservatively assumed that individuals will be exposed to a consistent maximum COPC concentration in soil, based on the assumptions used in the assessment, regardless of where they are on the Site. That is, fluctuations in chemical concentrations, either spatially or temporally, are not considered.
Asbestos
The exposure point concentrations for asbestos were based on the pooled analytical sensitivity of the dataset (USEPA 2003b, NDEP 2009a). The asbestos data and analytical sensitivities are presented in Attachment C. Therefore, asbestos exposure point concentrations are determined differently than those for the other COPCs. The pooled analytical sensitivity was calculated as follows:
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Two estimates of the asbestos concentration were evaluated, best estimate and upper bound as defined in the draft methodology (USEPA 2003b). The best estimate concentration is similar to a central tendency estimate, while the upper bound concentration is comparable to a reasonable maximum exposure estimate. The pooled analytical sensitivity is multiplied by the number of chrysotile or amphibole structures to estimate concentration:
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For the best estimate, the number of fibers measured across all samples is incorporated into the calculation above. The upper bound of the asbestos concentration was also evaluated. It is calculated as the 95 percent UCL of the Poisson distribution where the mean equals the number of structures detected. In EXCEL, the following equation may be employed to calculate this value: 

95% UCL of Poisson Distribution (106 s/gPM10) = CHIINV(1-upper confidence percentile, 2 × (Long fiber count + 1))/2

This value is then multiplied by the pooled analytical sensitivity to estimate the upper bound concentration. The intent of the risk assessment methodology was to predict the risk associated with airborne asbestos. 

In order to quantify the airborne asbestos concentration, the estimated dust levels or particulate emission factors (PEFs) were used:
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See NDEP’s Technical Guidance for the Calculation of Asbestos-Related Risk in Soils (2009a) for further explanation on asbestos risk calculations and estimates.
The USEPA guidance for dust generated by construction activities (USEPA 2002b; from NDEP 2009a) was used for assessing short-term construction worker exposures:
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where:


PEFsc
=
Subchronic particulate emission factor for construction activities (m3/kg)

PEFsc_road
=
Subchronic particulate emission factor for unpaved road traffic (m3/kg)
The construction dust model and all relevant equations and parameters utilized to generate the construction worker PEF from this guidance are provided in Table 5.
6.3 Risk Assessment Methodology
The method used in this screening-level health risk assessment consists of a simple comparison of maximum detected concentrations to NDEP outdoor commercial/industrial worker BCLs. Several chemicals have both cancer and non-cancer toxicity criteria. For these chemicals NDEP calculates BCLs for both cancer and non-cancer endpoints. These values are included in the calculation spreadsheet tables, and are both used in the screening-level risk assessment calculations.
6.4 Methods for Assessing Non-Cancer Health Effects
In this assessment, adverse non-cancer health effects were characterized by comparing the maximum measured soil concentrations with an exposure level at which no adverse health effects are expected to occur for a long period of exposure (i.e., NDEP’s BCLs). Maximum measured soil concentrations and BCLs are compared by dividing the maximum measured soil concentration by the BCL, as shown below:
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If a person’s representative exposure concentration is less than the BCL (i.e., if the hazard quotient is less than one), the chemical is considered unlikely to pose a significant non-cancer health hazard to individuals under the given exposure conditions assumed in the exposure parameters assumed in deriving the applicable BCL.

In accordance with standard risk assessment protocol, the hazard quotients for multiple chemicals are summed to determine whether the cumulative effect poses a potential health concern. The sum of the hazard quotients is known as a hazard index (HI).
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An HI less than 1.0 indicates the exposure is unlikely to be associated with a potential health concern.
6.5 Methods for Assessing Cancer Risks
Carcinogenic risks are estimated as the incremental probability of an individual developing cancer over a lifetime as a result of a chemical exposure. When utilizing BCLs, carcinogenic risks are evaluated much in the same manner as hazard quotients.
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In this fashion the BCL converts a measured concentration to incremental risk of an individual developing cancer. Because cancer risks are averaged over a person’s lifetime, longer term exposure to a carcinogen will result in higher risks than shorter term exposure to the same carcinogen, if all other exposure assumptions are constant.

It is assumed that cancer risks from various exposure routes are additive. Thus, the result of the assessment is a high-end estimate of the total carcinogenic risk.


[image: image8.wmf]å

=

chemicals

  

individual

Risk

 

 

Risk

 

ic

Carcinogen

 

Total


Upper-bound carcinogenic risk estimates were compared to the USEPA acceptable risk range of 1 in 10,000 (10‑4) and 1 in 1 million (10‑6) and NDEP’s acceptable level of 10‑6. If the estimated risk falls within or below this risk range, the chemical is considered unlikely to pose an unacceptable carcinogenic risk to individuals under the given exposure conditions. A risk level of 1 × 10‑5 (1 E-5) represents a probability of one in 100,000 that an individual could develop cancer from exposure to the potential carcinogen under a defined set of exposure assumptions.
6.6 Methods for Assessing Asbestos Risks

Asbestos risks were assessed using the spreadsheets developed by NDEP in its Technical Guidance for the Calculation of Asbestos-Related Risk in Soils (2009a). See NDEP’s guidance for further explanation on asbestos risk calculations and estimates.
6.7 Uncertainty Analysis
Risk estimates are values that have uncertainties associated with them. These uncertainties, which arise at every step of a risk assessment, are evaluated to provide an indication of the uncertainty associated with a risk estimate. Risk assessments are not intended to estimate actual risks to a receptor associated with exposure to chemicals in the environment. In fact, estimating actual risks is impossible because of the variability in the exposed or potentially exposed populations. Therefore, risk assessment is a means of estimating the probability that an adverse health effect (e.g., cancer, impaired reproduction) will occur in a receptor in order to assist in decision making regarding the protection of human health. The multitude of conservative assumptions used in risk assessments guard against underestimation of risks.

Risk estimates are calculated by combining site data, assumptions about individual receptor’s exposures to impacted media, and toxicity data. The uncertainties in this screening-level health risk assessment can be grouped into three main categories that correspond to these steps:

· Uncertainties in environmental sampling and analysis

· Uncertainties in assumptions concerning exposure scenarios

· Uncertainties in toxicity data and dose‑response extrapolations

Some of the specific uncertainties associated with this screening-level health risk assessment are discussed below.

The screening-level health risk assessment for the Site was based on the sampling results obtained from investigations conducted between 2008 and 2009. Errors in sampling results can arise from the field sampling, laboratory analyses, and data analyses. Errors in laboratory analysis procedures are possible, although the impacts of these sorts of errors on the risk estimates are likely to be low. The environmental sampling at the Site is one source of uncertainty in the evaluation. However, despite the fact that a SAP was not prepared specific for the Site, the number of sampling locations and events is large and widespread, and sampling was performed using approved procedures; therefore, the sampling and analysis data is sufficient to characterize the impacts and the associated potential risks. Through data validation and data usability evaluations it is determined if there were issues with the laboratory analyses which would limit the usability of the data. Qualifiers are applied to the data to provide and indication of uncertainty and bias to the data points. These are discussed in detail in Section 3.

Laboratory reporting limits (PQLs) are standardized for the project; however, the SQLs used may vary from sample to sample. In addition to SQLs, results qualified due to blank contamination may have their reporting limits raised to a specific concentration. In particular, this may affect the metals and their comparability between the Site and background datasets. Three metals, boron, selenium and tin, failed one or more background comparison statistical tests, but were determined to be within background by plots and an examination of the data. Selenium was non-detect at the Site due to qualification of three samples due to blank contamination. Since selenium was 100 percent non-detect it is unlikely to provide a potential for risk underestimation. Reporting limits for boron were raised due to blank contamination in four samples. The maximum detect was below the background maximum detect, but the mean and median at the Site were greater than in background. This is biased by the raised reporting limits due to blank qualifications. Additionally, tin had reporting limits raised in five samples due to blank contamination.
The use of maximum concentrations across the Site causes a form of conservatism in the results. That is, if a similar risk assessment had been performed using the 95 percent UCL, then these screening risk assessments would produce lower risks. The use of maximum concentrations also assumes that individuals will be exposed to a consistent maximum concentration regardless of where they are on the Site. That is, fluctuations in chemical concentrations, either spatially or temporally, are not considered.
Because of the surface soil remediation for dioxins/furans, the new surface layer of the Site could have different chemical concentrations than those that were measured prior to remediation. Because only dioxins/furans were re-analyzed for in the post-scrape samples, the original measured surface soil data at the Site for all other chemicals was retained for further evaluation. However, because there are no historical uses of the Site, and based on the depth profiles of the chemicals, it is reasonable to assume that the concentration distribution did not change in any important way. It might also be reasonable to assume that concentrations are now lower for some chemicals because of the removal of some soil.
The screening-level health risk assessment evaluated exposures and risks to outdoor commercial/industrial receptors only (with the exception of asbestos). This receptor is considered to have the highest level of exposure at the Site. However, there are several metals, for example, beryllium, cadmium, chromium (VI), and manganese, for which non-cancer exposures may be higher for a construction worker than for an outdoor commercial/industrial receptor (this is generally not the case for cancer risks since these are average over a lifetime, therefore, the much longer outdoor commercial/industrial exposure [25 years versus 1 year] outweighs any other exposure considerations). These risks to construction workers were not quantitatively evaluated in the screening-level health risk assessment (except for asbestos). The highest individual non-cancer HI in the screening-level health risk assessment was 0.13 for manganese (see Section 6.8). Therefore, Site non-cancer risks for a construction worker would need to be over seven times greater than that evaluated in the screening-level health risk assessment. Given the limited exposures expected at the Site (much lower than the one year typically used to evaluate construction workers), the fact that sub-chronic non-cancer toxicity criteria would apply, and that target organs were not accounted for, it is unlikely that the screening-level health risk assessment underestimates Site risks, even for Site construction workers. 
Overall, the exposure assumptions and toxicity criteria are considered conservative and the risk estimates calculated in this screening-level health risk assessment are likely to overestimate rather than underestimate potential risks.
6.8 Screening-Level Health Risk Assessment Results

This screening-level health risk assessment has evaluated potential risks to human health associated with chemicals detected in soil at the Warm Springs Road ROW, which bisects the Southern RIBs sub-area within the Eastside property. The calculated theoretical upper-bound ILCRs and non-cancer health effects are presented in Table 1. Asbestos risk calculations are presented in Table 6. All calculation spreadsheets for this screening-level health risk assessment are included on the enclosed CD in Attachment C. 
The risk estimates are based on reasonable worst-case exposure scenarios, which results in estimates of the potential high-end risks associated with the Site, which are more conservative than a reasonable maximum exposure scenario. The total cumulative non-cancer HI for future commercial/industrial receptors at the Site is 0.34, which is below the target HI of 1.0. The primary contributor to this HI is manganese with an HI of 0.13. Because the total cumulative HI is below 1.0, the potential for adverse health effects is considered unlikely.
The total theoretical upper-bound ILCR for future commercial/industrial receptors at the Site is 3 ( 10‑7. There are no individual chemicals whose theoretical upper-bound ILCR is greater than 10‑7; the highest individual theoretical upper-bound ILCR is 5 ( 10‑8 (formaldehyde). The ILCR is less than the risk goal of 1 ( 10‑6. Because the total theoretical upper-bound ILCR is less than the risk goal, these results indicate that future receptor exposures at the Site should not result in unacceptable carcinogenic risks.
For construction workers, the best estimate and upper bound concentrations of asbestos range from 2 ( 10‑8 to 5 ( 10‑8 for chrysotile fibers, and from zero to 3 ( 10‑6 for amphibole fibers. No long amphibole structures have been detected at the Site. The upper bound estimated risk for death from lung cancer or mesothelioma is associated with the UCL of the Poisson distribution which assumes the mean amphibole concentration is equal to three long amphibole structures per cubic centimeter. However, the high-end risk estimate for deaths from lung cancer or mesothelioma of 3 ( 10‑6 is an overly conservative value for the following reasons:

· It is based on a 95 percent UCL of the Poisson distribution of three long amphibole structures although no long amphibole structures have been detected at the Site following remediation; and

· The values from Tables 8-2 of USEPA (2003b) should only be used for structures longer than 10 µmand thinner than 0.4 µm; and are recommended only for constant lifetime exposures, not short term exposures such as construction activities.
In addition, for dioxins/furans, the USEPA TEQ procedure, developed to describe the cumulative toxicity of these compounds, is used. This procedure involves assigning individual toxicity equivalency factors (TEFs) to the 2,3,7,8 substituted dioxin/furan and PCB congeners. TEFs are estimates of the toxicity of dioxin-like compounds relative to the toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), which is assigned a TEF of 1.0. Calculating the TEQ of a mixture involves multiplying the concentration of individual congeners by their respective TEF. One-half the detection limit is used for calculating the TEQ for individual congeners that are non-detect in a particular sample. The sum of the TEQ concentrations for the individual congeners is the TCDD TEQ concentration for the mixture. TEFs from USEPA (2000) are used. The target goal for a non-residential land use is the NDEP worker BCL (NDEP 2010) of 1,000 ppt. None of the TCDD TEQ results exceed this level.
Thus, the results of the screening-level health risk assessment indicate that exposures to chemicals in soil at the Site should not result in adverse health effects to all future on-site receptors.
7.0 Data Quality Assessment
Sample size calculations were conducted for four analytes (arsenic, manganese, TCDD TEQ, and benzo[a]pyrene) for the Site.
 Arsenic and TCDD TEQ are chemical of primary concern for the overall project, often exceeding comparison levels, while manganese and benzo(a)pyrene contribute the greatest amount to the non-cancer and cancer risk estimates, respectively. The formula used here for calculation of sample size is based on a non-parametric test (the Wilcoxon signed rank test), and on simulation studies performed by Pacific Northwest National Laboratories that formed the basis for an approximate formula that is based on the normal distribution. Essentially, the formula is the one that would be used if a normal-based test were being performed, but an adjustment is made (multiply by 1.16) to account for the intent to perform a non-parametric test. The formula is as follows:
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where,


n
=
number of samples


s
=
estimated standard deviation of concentrations/fibers


Δ

width of the gray region (the difference between the threshold value in stated in the hypothesis and the point at which β is specified)


α

significance level or Type I error tolerance


β (µ)

Type II error tolerance; and


z

quantile from the standard normal distribution

For each chemical, inputs for the calculations include an estimate of the variance from the measured data, a desired significance level, and desired power of the test that must be specified at a concentration of interest (which determines the tolerable difference from the threshold value). For arsenic, the Site mean concentration exceeds its BCL based on the target cancer risk level of 10-6. It is not appropriate to apply this calculation where the threshold value is less than the mean concentration. Therefore, an adjustment of the threshold value was used based on a 10‑5 target cancer risk level. The calculations provided here cover a range of Type I and Type II error tolerances, and the point at which the Type II error is specified. Results are presented in Table 7. In Table 7, various combinations of input values are used, including: values of ( of 5%, 10% and 15%; values of ( of 15%, 20%, and 25%; and a gray region of width 10%, 20% and 30% of the threshold level. It is clear from Table 7 that the number of samples collected is adequate for the Site.
8.0 Summary
Based on the results of the Site investigation, this data review, and the screening-level health risk assessment, exposures to residual levels of chemicals in soil at the Warm Springs Road ROW Site should not result in adverse health effects to all future receptors and groundwater quality. In summary, BRC concludes and hereby requests that the NDEP grant an NFAD for the Site. Note that this request for an NFAD for the Site includes the potential re-alignment of the Warm Springs Road ROW, as discussed in Section 4 and Attachment F, and shown on Figure 2.
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�  A sampling and analysis plan was not developed specifically for the Site. This Site was originally part of the Southern RIBs sub-area, but schedule constraints necessitated pursuing an NFAD for the Site prior to the remainder of the Southern RIBs sub-area. However, many of the samples for the Southern RIBs sub-area fall within the footprint of the Site. These samples are used in this Technical Memorandum.


� Note that subsequent to the preparation of this report and issuance of the NFAD, a potential re-alignment of the Warm Springs Road ROW has been identified, due to development constraints on the original alignment. This potential re-alignment is shown on Figure 2.


�  If additional validation criteria (aside from the MS/MSD recoveries) did not suggest a low bias for a given result, the sample result was flagged with “J” (no bias inferred).


�  The SQLs reported here may differ from the detection limits reported elsewhere (e.g. background comparisons).  Detection limits may be raised due to blank contamination.


�  For samples with primary and field duplicate results, the Site sample and field duplicate are treated as independent samples and both are included in all subsequent data analyses, regardless of whether one or both are non-detect (see Section 3.5 regarding evaluation of differences between primary and field duplicate samples). This is considered appropriate because field duplicate samples represent a discrete and unique measurement of soil chemical conditions proximal to the primary sample (unlike split samples). The sample number varies by analyses (see Table 1) with a maximum of 32 samples collected for any one particular analyte. However, the total number of samples, when considering all analytes, is 36.


� Note that because the data used is a subset of the data collected during the Southern RIBs investigation, the principal investigator report of findings, which includes descriptions of sampling procedures, is not provided in this technical memorandum, but will be provided in the report for the Southern RIBs sub-area.


�  As noted in Section 2, subsequent to the preparation of this report and issuance of the NFAD, a potential re-alignment of the Warm Springs Road ROW has been identified, due to development constraints on the original alignment. Sample locations associated with this re-alignment are shown on Figure 2. Because the status of this re-alignment is uncertain, the data associated with the sample locations in the re-alignment area have not been included in this report. However, these data are provided on the enclosed CD in Attachment F. A summary table of these data is provided in Attachment F. As shown in Attachment F, none of these results affect the results and conclusions of this report. In addition, these re-alignment data will be included in the closure report to be prepared for the Southern RIBs sub-area, including the data usability evaluation for this sub-area.


�  This does not suggest that this location is indicative of contamination or concentrations increasing with depth (in fact, most of the results are below the maximum measured background concentration and all are similar in concentration to the surface sample at this location); merely that the location is a good choice for evaluating the leaching potential of the analytes via the SPLP results.


� Although some data were collected below 10 feet bgs, comparisons to the deeper background dataset (BRC and ERM 2009b), collected from 20 feet bgs and deeper were not conducted. Only one sample was collected below 20 feet bgs (sample location SRC1-AJ20 at 21 feet bgs). Although for some metals there were significant differences between the shallow and deep datasets (for example, between the shallow and deep McCullough background datasets), for others no significant differences were found (for example, arsenic). For those metals for which differences between shallow and deep background are observed (that is, deep background is generally lower than shallow background, based on a comparison of maximum concentrations for each background dataset), the maximum Site concentrations for those metals that were not included in the screening-level health risk assessment (that is, antimony, boron, calcium, magnesium, mercury, molybdenum, nickel, potassium, thallium, and tin) were well below their respective BCL (less than 1/10th the BCL in all cases), where available.


�  Post-scrape analyses associated with follow-up rounds of remediation focused on the analytes triggering that additional remediation (i.e., dioxins/furans), and did not include the full suite analyses of the original analytical program. Therefore, analytical results from the original sampling dataset were retained for all analytes except those that were re-analyzed after additional scraping.


�  Sample size calculations were not conducted for asbestos. NDEP (2009b) has a worksheet for determining the number of asbestos samples needed to reach prescribed risk target levels. Similar to arsenic, a 10�5 target cancer risk level may be a more appropriate point of comparison for amphibole long fibers. Given this, and the fact that no amphibole long fibers have been detected at the Site, or in the surrounding Southern RIBs sub-area samples, the number of asbestos samples collected is considered adequate for the Site
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