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I.
Introduction
As part of the soils closure process for the BMI Common Areas (Eastside) property that has been approved by the Nevada Division of Environmental Protection (NDEP), human health risk assessments are conducted 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 land use conditions. The human health risk assessments are to follow the basic procedures outlined in U.S. Environmental Protection Agency (USEPA) and NDEP guidance documents. The human health risk assessment also conforms to the methodology included in the BRC Closure Plan (BRC, ERM, and DBS&A 2007). 
Various transfer pathways for which chemicals can migrate from impacted soil to other media are identified during the risk assessment process. One exposure pathway expected for the Eastside property is the migration of radon upward from impacted groundwater. Risks associated with potential future intrusion of radon into indoor air was initially intended to be evaluated using surface flux measurements collected during site-specific sampling in accordance with an approved Sampling and Analysis Plan (SAP). 
However, due to possible issues associated with characterizing the results of radon measurements collected using flux chambers based on BRC standard operating procedure (SOP) 16 (BRC, ERM, and MWH 2009), BRC elected to address the issue of radon risk in the vapor intrusion pathway more directly. In January 2010, pursuant to a work plan approved by NDEP on December 21, 2009, BRC conducted radon sampling of indoor air and proximate groundwater at two representative locations for the Eastside property. The measured indoor air radon concentrations were below the USEPA Action Level (4 pCi/L), and the residential measurements were also at or below the USEPA Action Level for homeowners to consider mitigation (2 pCi/L). Based on NDEP comments, in July 2010, the radon evaluation was expanded to include radon groundwater sampling at thirteen additional locations across the Eastside property covering the entire Site. Finally, in August 2010 indoor radon air sampling was conducted at one additional structure. 
The purpose of this field work was to evaluate whether the presence of radon in groundwater throughout the Eastside property is likely to cause elevated radon levels in indoor air for any structures that may be built on the Eastside property, once developed.
 For risk assessment, this direct measurement approach for indoor air is considered more reliable as a reflection of actual conditions than using modeled data to predict indoor air radon activities. Because development has not yet occurred at the Eastside property, it is not currently possible to collect indoor air radon data within the property boundaries. However, it was possible to collect measurements at existing buildings constructed on three adjacent/representative properties.
This document is a revised version of a Technical Memorandum submitted by BRC to NDEP in March 2010, which has been expanded to include additional radon data subsequently collected by BRC, and to respond to NDEP comments on that prior memorandum (Attachment A). The scope and findings of the three above-referenced sampling events are summarized below, followed by conclusions regarding application of the findings to the Eastside closure process.
II.
Scope of the January 2010 Fieldwork
Initially, BRC identified two structures where indoor radon could readily be measured (that is, access was currently available): a residence at 1041 Via Sanguinella in the Tuscany Hills housing edition, and BRC Offices at 875 W Warm Springs Rd. Two shallow zone groundwater monitoring wells were also located from the pool of existing monitoring wells, one near each of these two structures, such that it would be possible to collect roughly co-located indoor air and shallow zone groundwater samples. The indoor air sample locations and co-located shallow zone groundwater monitoring wells sampled in January 2010 were as follows (see Figure 1):
	Indoor Air Sampling Address
	
	Nearby Monitoring Well

	Residence at 1041 Via Sanguinella
	
	DBMW-13

	BRC Office at 875 W Warm Springs Rd
	
	WS1-14


Both locations are considered representative for the purposes of this study because (1) they are located in areas where there are not likely to be radon activities in soils beyond what would be expected for background conditions; (2) they are representative of conditions applicable to different areas of the Eastside property; and (3) they provide a range of depths to shallow zone groundwater (the depth to water measured in DBMW-13 in August 2009 was 59.69 feet bgs; no depth to groundwater data were located for WS1-14 [screened from 14 to 34 feet bgs]). 
Indoor Air Sampling Procedures and Data
The indoor air sampling was conducted from January 11 to January 14, 2010, by Converse Consultants (Converse) at two locations within each structure, as discussed in a letter report dated January 27, 2010 (enclosed as Attachment B). The indoor air samples were submitted to Environmental Microbiology Laboratory, Inc. (Phoenix, Arizona) for analysis for radon. As summarized in that letter, the indoor air radon testing results are as follows:
	
Indoor Air Sampling Address
	Minimum Measured
Activity (pCi/L)
	Maximum Measured
Activity (pCi/L)

	Residence at 1041 Via Sanguinella
	0.9
	1.3

	BRC Office at 875 W Warm Springs Rd
	2.0
	2.0


According to the report, all four measured activities were below the 4 pCi/L USEPA Action Level and the 2 pCi/L USEPA Action Level for homeowners to consider mitigation. The report also noted that the indoor air measurements at the Tuscany house were also at or below the national average radon activity level in homes (1.3 pCi/L). Based on these findings, Converse noted that no further action was recommended per USEPA guidelines. BRC also believes that these data are consistent with indoor radon levels measured by others in Clark County. For example, measured indoor radon levels in the vicinity of the Eastside property range up to 6.9 pCi/L (NREP 2010).
Groundwater Sampling Procedures and Data
Groundwater sampling of the two wells was conducted by Converse on January 14, 2010. The samples were submitted to GEL Laboratories LLC (Charleston, South Carolina) for radon analysis. The analytical results are provided in the attached laboratory report (Attachment C [electronically on CD]) and are as follows:

	Well ID/Location
	Result (pCi/L)
	Uncertainty

	DBMW-13 (near Tuscany Residence)
	223
	+/- 58.1

	WS1-14 (near BRC Office)
	435
	+/- 66.5


III.
Scope of the July 2010 Groundwater Sampling
The results of the January 2010 field investigation were provided to NDEP in a technical memorandum dated March 25, 2010. In response to NDEP comments (see NDEP comments and BRC responses in Attachment A) and upon further review of the data, BRC determined that it would be appropriate to collect additional groundwater radon data in order to support a working hypothesis regarding the potential for vapor intrusion impacts associated with site conditions. BRC received NDEP concurrence to proceed with the additional groundwater sampling.

During this sampling event, BRC collected ground water samples from Shallow Zone wells within or near each sub-area, representing the range of shallow soil types across the Eastside property and a range of depths to water. The wells selected for this purpose are depicted on Figure 1, and are as follows:

	

Sub-Area
	

Representative Well
	Depth to Water
(feet bgs)

	Radon Concentration (pCi/L)

	Western Hook
	AA-10 (south side)
AA-08 (north side)
	20.30
15.61
	1,180
563

	Open Space
	PC-56
	24.65
	363

	Galleria North
	DBMW-3 (west side)
DBMW-5 (north side)
	31.64
27.67
	657
320

	Sunset North Commercial
	No wells within sub-area, but DBMW‑3 is immediately downgradient
	--
	--

	Upper Ponds
	BEC-10 (east side)
BEC-9 (central area)
AA-15 (west side)
	59.08
52.86
Dry
	251
266
--

	Spray Wheel
	POD8
	70.34
	423

	First Eight Rows
	MCF-16C (north side)
BEC-6 (south side)
	66.94
67.64
	-1.34 U
51.3 U

	TIMET Ponds
	AA-09 (west side)
AA-13 (east side)
	38.32
62.54
	897
810

	Staging Area
	POU3
	40.87
	135

	Southern RIBs
	No wells within sub-area, but AA-13 and POU3 are immediately downgradient
	--
	--

	Mohawk
	DBMW-13 (sampled during prior event
	59.69
	223


Groundwater sampling of the wells listed above
 was conducted by Converse on 
July 6 through July 8, 2010. The samples were submitted to GEL Laboratories LLC (Charleston, South Carolina) for radon analysis. As presented on Figure 1 and in the Table above, the detected radon analytical results ranged from 135 pCi/L to 1,180 pCi/L (laboratory reports provided in Attachment D [electronically on CD]). The highest radon measurement was associated with well AA-10 in the Western Hook, which also exhibited one of the shallowest measured depths to groundwater (20.30 ft bgs). 

Comparing the maximum value from the initial radon groundwater sampling (where the radon levels in the collocated indoor structures were below the USEPA action levels) to the July 2010 groundwater radon levels indicates that radon levels in the following wells were elevated by comparison: AA-08, AA-09, AA-10, AA-13, and DBMW-3. As noted, the maximum radon level measured in groundwater was 1,180 pCi/L at well AA-10, where the depth to groundwater was also the shallowest. 
IV.`
Scope of the August 2010 Indoor Air Sampling
Upon review of the above groundwater sampling results, BRC elected to conduct one additional round of indoor air sampling at an accessible indoor location close to well AA-10, where the highest radon in groundwater was measured. This structure is the AMPAC office at 900 Weisner Way adjacent to the Western Hook-Development sub-area. This location was specifically selected because the July 2010 sampling indicated that this portion of the Eastside property is underlain by the highest radon activities in groundwater (AA-10), and groundwater is relatively shallow in this area. Furthermore, the unsaturated zone is characterized by silty sands (see boring log for BRC-SB-10-A, which presents stratigraphic information for AA-10, in Attachment E), which are typical of shallow unsaturated sediments at the Eastside property and would not tend to inhibit upward migration of radon through the soil column. For these reasons, BRC believes that the AA-10/AMPAC office Building area represents reasonable ‘worst case” conditions in terms of potential vapor intrusion concerns due to radon in groundwater at the Eastside property. 

The indoor air sampling was conducted from August 6 to August 10, 2010, by Converse Consultants (Converse) at two locations within the structure, as discussed in a letter report dated August 23, 2010 (enclosed as Attachment F). The indoor air samples were submitted to Environmental Microbiology Laboratory, Inc. (Phoenix, Arizona) for analysis for radon. As summarized in that letter, the reported indoor air radon testing measurements were 0.7 pCi/L and 0.6 pCi/L. 
According to the report, both measured activities were below the 4 pCi/L USEPA Action Level and the 2 pCi/L USEPA Action Level for homeowners to consider mitigation. The report also noted that the indoor air measurements were at or below the national average radon activity level in homes (1.3 pCi/L). Based on these findings, Converse noted that no further action was recommended per USEPA guidelines. Similar to the prior indoor air sampling results, these data are consistent with indoor radon levels measured by others in Clark County (NREP 2010).

V.
Summary and Conclusions
Figure 1 summarizes the data from the three sampling events described above that were conducted by BRC to evaluate the relationship between radon activities in the Eastside property groundwater and indoor air. As seen on Figure 1, radon activities in groundwater ranged from non-detect to 1,180 pCi/L (maximum at location AA-10). Indoor air radon measurements ranged from 0.6 pCi/L to 2.0 pCi/L. Based on the these data, it appears that the presence of radon in groundwater in the vicinity of and under the Eastside property is not resulting in radon levels in indoor air that pose a threat to human health. None of the indoor air activities exceeded the 4 pCi/L USEPA Action Level for mitigation or the 2 pCi/L USEPA Action Level for homeowners to consider mitigation.
Based on these findings, BRC concludes that radon is not likely to be a vapor intrusion concern. Note that although the depth to water in the Western Hook-Open Space sub-area is expected to be less than 20 feet bgs in some locations, substantial fill material will be brought into these sub-areas to facilitate future development plans. Also plans in this area do not include structures intended for human occupation. Therefore, it is reasonable to conclude that at no location in the Eastside is it likely that radon is a vapor intrusion concern. No further radon testing or evaluations are necessary.
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�  Radon activities in soils were not measured at indoor air sampling locations areas.  For the purpose of this evaluation, it was assumed that radon levels in indoor structures were due to radon in groundwater and that radon activities in soil were representative of background conditions. 


�  Depth to water entries based on measurements collected during August 2009.


� 	All the wells listed above were sampled, except for AA-15, which was dry.





