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1.0 INTRODUCTION

Basic Remediation Company (BRC) has prepared this Annual Groundwater Monitoring Report to summarize the data collected during four quarters of monitoring in 2009 at the BRC Corrective Action Management Unit (CAMU) that is currently being constructed at BRC-owned property in Clark County, Nevada, under the oversight of the Nevada Division of Environmental Protection (NDEP). The activities associated with the first three quarters of 2009 are described in the following previous reports:

· CAMU Groundwater Monitoring Report, 1st and 2nd Quarters 2009 - BRC Corrective Action Management Unit (CAMU) Area, submitted by BRC and ERM-West, Inc, (ERM) in September 2009 (BRC and ERM 2009a); and

· CAMU Groundwater Monitoring Report, 3rd Quarter 2009 - BRC Corrective Action Management Unit (CAMU) Area, submitted by BRC and ERM in November 2009 (BRC and ERM 2009b).
This report describes activities and data collected during the CAMU Area monitoring performed during the fourth quarter of 2009, and summarizes the findings from all four quarters of 2009. This monitoring event was performed in accordance with Groundwater Monitoring Plan – Corrective Action Management Unit (CAMU) Area (GMP; Daniel B. Stephens & Associates, Inc. [DBS&A] 2008), which was approved by NDEP on December 17, 2008. 
This revision of the report, Revision 1, incorporates comments received from the NDEP, dated February 23, 2010, on Revision 0 of the report, dated February 2010. This report also incorporates comments received from the NDEP on the prior 2009 CAMU monitoring reports. The NDEP comments and BRC’s response to these comments are included in Appendix A. Also included in Appendix A is a redline/strikeout version of the text showing the revisions from the February 2010 version of the report. An electronic version of the entire report, as well as original format files (MS Word and MS Excel) of all text and tables are included in Appendix B.
The general purpose of the CAMU groundwater monitoring program is to collect baseline groundwater data in the CAMU area, against which the potential for impacts to groundwater quality due to CAMU construction can be assessed in the future. This first section summarizes the site conditions and content of the report. 
site location and description
The CAMU is located within the boundaries of property owned and operated by BRC, in an area formerly designated as the Clark County Industrial Plant Area (Figure 1-1). The northern boundary is approximately defined by the northern limit of the closed BMI Landfill. The CAMU is bordered by the following former and present industrial facilities of the BMI Industrial Complex:

· To the north and east – by property owned by Tronox (successor to Kerr-McGee Chemical LLC); Olin Chlor Alkali Products (Olin)/Montrose and Tronox operate off-site groundwater extraction, treatment, and re-injection systems to the north and to the east of the CAMU, respectively. The Olin/Montrose system is partially located on BRC property;

· To the south – by the former Pioneer Chlor-Alkali Company, Inc., facility, now owned by Olin; and

· To the west - additional historical BRC property, recently sold to other entities (Parcel 5/6).

Historical features within the CAMU boundaries include the following: 

· The closed BMI Landfill;
· The former Borrow Area (Borrow Pit);
· The Western Ditch Area and Western Ditch Extension; and
· The Slit Trench Area (STA).
Chemical manufacturing, storage, handling, distribution, and waste disposal facilities have historically operated south (upgradient) of the CAMU (Figure 1-2). These operations are documented to have resulted in soil and groundwater impacts with volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs), polychlorinated biphenyls (PCBs), dioxins/furans, organic acids, total dissolved solids (TDS), pesticides, perchlorate, and metals. Additional upgradient soil impacts may exist. 
Groundwater beneath the CAMU has also been impacted with many of the chemicals detected in upgradient soils and/or groundwater, suggesting that chemicals from upgradient off-site locations have migrated northward and beneath the CAMU Site. However, chemical data associated with deep CAMU soils and groundwater suggest that there may also be some contribution of chemicals from the CAMU area to groundwater.

To reduce the potential for chemical leachate in the CAMU area to migrate to and impact groundwater, BRC has recently covered and capped buried waste in the north and south landfill lobes, and surface liquids were removed from ditches. With NDEP-approval,
 impacted materials within and around the Western Ditch, Western Ditch Extension, and Slit Trench Area and other unknown wastes in the area (i.e., within the northeast and northwest detention basins and an additional previously unknown ditch) were also excavated and removed to minimize potential impacts to groundwater quality. 

The CAMU Conceptual Site Model (CSM) report prepared in 2007 presents detailed information regarding historical site operations, the results of prior investigations, and site impacts (BRC and DBS&A 2007). 
site hydrogeology

The CAMU is located on alluvial fan sediments, with a surface that slopes to the north-northeast at a gradient of approximately 0.02 foot per foot (ft/ft) towards the Las Vegas Wash. Regional drainage is generally to the east.

The uppermost strata beneath the CAMU consist of alluvial sands and gravels derived primarily from the volcanic source rocks in the McCullough Range, located to the southwest of the CAMU. These uppermost alluvial sediments were deposited within the last two million years and are of Quaternary age, and are thus mapped and referred to as the Quaternary alluvium (Qal; Carlsen et al. 1991). The Qal is typically on the order of 30 to 70 feet thick at the Site with variations due, in part, to the non-uniform contact between the Qal and the underlying Upper Muddy Creek Formation (UMCf). As described in the GMP (DBS&A 2008), three erosional paleochannels (two major channels and one minor channel) are interpreted as being incised into the UMCf surface in the CAMU area, and increase the local Qal thickness accordingly.
The UMCf underlies the Qal. The Muddy Creek formation, of which the UMCf is the uppermost part, is a lacustrine deposition from the Tertiary Age, and it underlies much of the Las Vegas Valley. It is more than 2,000 feet thick in places. The lithology of the UMCf underlying the CAMU is typically fine-grained (sandy silt and clayey silt), although layers with increased sand content are sporadically encountered. These UMCf materials have typically low permeability, with hydraulic conductivities on the order of 10‑6 to 10‑8 centimeters per second (Weston 1993). The UMCf in the CAMU area was encountered at depths ranging from 30 feet to 70 ft below ground surface (bgs), and extending to the maximum explored depth of 200 feet bgs. 

Two distinct, laterally continuous water-bearing zones are present within the upper 400 feet of the Site subsurface: 

(1) An upper, unconfined water-bearing zone (referred to as the Shallow Zone
). The Shallow Zone is typically encountered within the Qal at the CAMU; however, this zone is first encountered within the uppermost UMCf in the eastern portion of the CAMU area. The water surface in the Shallow Zone generally follows topography, with the water surface sloping towards the Las Vegas Wash.
(2) A deep, confined water-bearing zone that occurs in a sandier depth interval within the silts of the deeper UMCf (referred to as the Deep Zone). 

Between these two distinct water-bearing zones, a series of saturated sand stringers were sporadically and unpredictably encountered during drilling (referred to as the Middle Zone).
As presented in the GMP, structure contours of the UMCf contact have delineated two relatively major paleochannels (one west of the CAMU and one traversing the center of the CAMU) and one relatively minor paleochannel near the northeast corner of the CAMU (Figure 1-2). Although preferred groundwater flow and chemical transport might be expected to be associated with these paleochannels, the GMP concluded that the Shallow Zone groundwater flow pattern for the area did not indicate that these paleochannels affected groundwater flow near the CAMU. However, the GMP indicated that regional isoconcentration contour maps for various Site-related chemicals suggested that off-site sources are impacting the CAMU area from the south in a northerly flow direction consistent with the direction of the paleochannel thalweg (DBS&A 2008). 
According to previous groundwater monitoring, the depth from the surface to first groundwater at the Site is approximately 30 to 50 feet bgs. Wells completed in the Shallow Zone are not highly productive, with sustainable flows typically less than five gallons per minute. 
report CONTENT and organization
This report provides tabulated and graphical presentations of groundwater data collected during the 4th Quarter 2009 groundwater monitoring event conducted in the CAMU Area. In addition, in this annual report, interpretation of all the 2009 results is also provided. Following this introductory section, this report includes the following:
· Section 2 describes the activities during the 4th Quarter 2009 groundwater monitoring event, including inspection and depth to water measurements, sample collection, equipment decontamination, management of investigation-derived waste, the analytical procedures, and data review and validation procedures; 
· Section 3 presents the results of the 4th Quarter 2009 groundwater monitoring event, including groundwater depth and flow direction and chemical detections; 
· Section 4 provides an interpretation of potentiometric and chemical occurrence trends over time, based on the results from the four quarters of monitoring; 

· Section 5 presents recommendations for future monitoring events, associated with (1) filling data gaps associated with the baseline monitoring program; and (2) long-term monitoring to assess whether CAMU operations are impacting groundwater quality.

· Section 6 provides a list of references used in the preparation of this report.
Figures and tables summarizing the monitoring well details, scope, and findings of the monitoring event follow the main text. Appendix B provides the historical project database for the CAMU monitoring program and an electronic version of this report (on CD). Hydrographs and concentration trend graphs (selected constituents) for all the CAMU monitoring wells are presented in Appendices C and D, respectively. In addition, Appendix E provides figures depicting occurrence patterns for selected constituents across the CAMU area for all four 2009 groundwater monitoring events.
2.0 Groundwater Monitoring Program
Groundwater monitoring and sampling procedures were performed as specified in the GMP (DBS&A 2008), and in accordance with associated project-specific Field Sampling and Standard Operating Procedures (FSSOP; BRC, ERM and MWH 2009) and the BRC Quality Assurance Project Plan (QAPP; BRC and ERM 2009c).

The following sections briefly describe the field procedures and analytical program implemented by BRC contractors during field activities associated with the CAMU 4th Quarter 2009 groundwater monitoring event.

CAMU Monitoring Well Network
As specified in the GMP (DBS&A 2008), 29 wells are included in the monitoring program for the CAMU area, as summarized in Table 2-1 and depicted on Figure 2-1. Construction details for these CAMU Area wells are provided in Table 2-2. As seen in Tables 2-1 and 2-2, the majority of the wells (20) are screening in the Shallow Zone. In addition to those Shallow Zone wells, five wells in the monitoring program are screened in the Middle Zone, and four wells are screened in the Deep Zone.

Table 2-3 identifies the monitoring activities that are associated with each well under the GMP. For fifteen of these CAMU Area wells (all Shallow Zone), per the GMP, quarterly monitoring was to be performed by BRC. For the remaining fourteen wells (a combination of Shallow, Middle, and Deep zone wells), data collected by upgradient Companies as part of separate on-going monitoring programs were to be used to augment BRC’s CAMU area data. It should be noted that three wells listed in the GMP as proposed wells were installed in June 2009 (MC‑MW-31, MC‑MW-30, and DMC-MW-28, respectively). Construction details for these wells are provided in Table 2-2. Water level data were collected during the 4th Quarter 2009 groundwater monitoring event for all wells specified in the GMP, except MC80, which could not be located and is presumed destroyed.
According to the GMP, the following wells were to be sampled by Companies other than BRC:

· Shallow: AA-BW-08A, AA-BW-12A, AA-MW-07, EC-2, and MCF-BW-11A;
· Middle: MC-MW-10, MC-MW-11, MC-MW-12, MC-MW-31, and MC‑MW‑30; and
· Deep: MW-8, DMC-MW-28, TR-11, and TR-12.
However, the finalized upgradient Companies’ monitoring programs did not include several of the wells specified in the GMP for sampling by the Companies. Therefore, during the 4th Quarter 2009 groundwater monitoring event, as noted in Table 2-3, BRC collected samples from the following wells for analysis:

	· AA-BW-08A
	· EC-2
	· MCF-BW-11A

	· AA-BW-12A
	· M7B

	· MC-MW-12

	· AA-MW-07
	
	


The upgradient Companies provided water level data and chemical data to BRC for the other wells listed above.
field measurements

Field measurements, including depth to water, thickness of free product, and depth of well, were performed in accordance with procedures described in the project specific Standard Operating Procedure (SOP) (SOP-5 - Water Sampling and Field Measurements). 
During the CAMU 4th Quarter 2009 groundwater monitoring event, water level measurements and groundwater samples were collected by BRC between October 20, 2009, and November 17, 2009. In addition, the upgradient Companies collected water level measurements between October 12, 2009, and October 14, 2009. Equipment used and the various observations and measurements collected during well purging activities for the CAMU 4th Quarter 2009 groundwater monitoring event were recorded by the BRC field crew on Monitoring Well Low-Flow Purge/Sampling Forms, copies of which are provided in Appendix C for the wells monitored by BRC. 

Water level measurements provide a measure of water potential (hydraulic head) at specific geographic locations and depths beneath the CAMU. The primary purpose for measuring CAMU area water levels in the monitoring wells is to determine horizontal groundwater flow directions and gradients. These measurements were converted to elevations relative to a standard datum (i.e., mean sea level, which is used for the Site) and posted on a map, and were contoured to prepare potentiometric surface maps, which indicate the direction of groundwater flow. Horizontal gradients are calculated as the difference in groundwater elevations between wells screened in the same monitoring zone divided by the horizontal distance between the wells. The horizontal gradients indicate the horizontal direction of groundwater flow, from higher to lower elevations. The results of the water level measurements collected during the CAMU 4th Quarter 2009 groundwater monitoring event are discussed in Section 3.1. 
Sample collection
BRC and upgradient Companies contractors used the micro-purge and sampling methodology for the CAMU 4th Quarter 2009 groundwater monitoring event, as established and implemented during quarterly monitoring events at the BMI Common Areas (Eastside) Site.

Most of the BRC-owned wells sampled during the monitoring event were equipped with QED® Well Wizard (A-system) dedicated bladder pumps for the monitoring and sampling of wells at the Site. QED® MP10H high pressure micro-purge controllers were used during the event. The Well Wizard A-system was installed in all Shallow Zone wells due to their relative shallow well design (less than 100 feet deep). Generally, pump (sample) intakes were installed approximately 1 to 3 feet from the bottom of the wells. Six non-BRC wells and BRC-owned well MCF-BW-08 were monitored and sampled using a QED® brand SamplePro portable bladder pump system. The portable pump (sample) intakes were generally placed near the bottom of the screen interval for groundwater monitoring and sampling collection. Well purging details and sampling summary data are presented in Appendix C.

During a prior sampling event, dense non-aqueous phase liquid (DNAPL) was observed in well AA-BW-08B. Evidence of DNAPL was not observed in this or any of the other wells monitored during the CAMU 4th Quarter 2009 groundwater monitoring event. It should be noted that the upgradient Companies have reported false positive DNAPL readings based on the density of the groundwater relating to TDS concentrations. The upgradient Companies have also reported fouling of DNAPL probes due to this issue. The upgradient Companies have also reported that the high TDS water has been found to be denser than the site-related DNAPLs. BRC has discussed these issues with the upgradient Companies and has modified the field protocols to address these site-specific issues.
Sampling and field measurement procedures were performed in accordance with the standard sampling and documentation procedures developed for performing water level measurements and monitoring well sampling, well maintenance, general field operations, and instrument calibration, as presented in the GMP and the BRC FSSOP (BRC, ERM and MWH 2009). Adherence to these procedures promotes consistency in field procedures and comparability of data collected over time. 

Field quality control (QC) measures implemented during the 4th Quarter 2009 groundwater monitoring event were performed according to BRC QAPP requirements and BRC FSSOP. The QC sample frequencies and field QC measures included:

· Collection of field duplicates, at a frequency corresponding to approximately 10 percent of the samples (two samples per event); field duplicates were collected from wells 
AA-BW-04A and AA-BW-05A during the CAMU 4th Quarter 2009 groundwater monitoring event; 
· Collection of equipment blanks, at a frequency corresponding to approximately 10 percent of the samples collected using non-dedicated or non-disposable equipment (1 sample per event);

· Procurement and use of trip blanks, at a frequency of one per shipping container containing samples for VOC analysis;

· Providing accurate, detailed field documentation; and
· Proper sample packaging and shipment under chain of custody (COC) procedures.

decontamination procedures
Equipment decontamination was performed to minimize the potential for cross contamination between wells or investigation and sampling locations. Decontamination procedures were used for all non-dedicated, non-disposable equipment. BRC SOPs were followed to ensure proper decontamination of sampling equipment. 

Decontamination equipment was prepared at each well location for cleaning sampling equipment. Supplies included five-gallon buckets, bottle brushes, potable water, distilled water, and non-phosphate cleaning solution (Liquinox(/Alconox(). 

Prior to and after use at each location, all groundwater sampling equipment was washed in a non‑phosphate cleaning solution, rinsed with potable water, and then rinsed twice with distilled water. 

Submersible pumps and downhole equipment were cleaned prior to and after use at each location during groundwater sampling activities as described above. Decontamination water was transferred into secured and properly labeled Department of Transportation-approved 55-gallon steel drums located on-site at a centralized collection area.

management of investigation-derived waste
During the CAMU 4th Quarter 2009 groundwater monitoring event, all purge and decontamination water resulting from groundwater sampling was temporarily contained on-site in 55-gallon drums. All drums were labeled by field personnel to identify contents, date, and source location. BRC has subsequently disposed of these sampling wastes. Information of this disposal has been provided separately to the NDEP.

analytical program
Analytical procedures for the CAMU 4th Quarter 2009 groundwater monitoring event were implemented according to the BRC QAPP. The list of chemicals and analytical methods for the CAMU monitoring events is provided in Table 2-4. The QAPP specifies the project-specific detection and quantitation limits, calibration and calibration verification, and QC procedures and specifications. The QAPP also requires that analyses be performed according to the method-specific SOPs, which have also been revised to be site specific stand-alone documents. Analytical laboratories performing analyses for the Site have Nevada State certification for the methods performed. 
The following sections summarize the groundwater analytical program conducted for the 2009 CAMU groundwater monitoring events. Additional detail about the analytical program is provided in the GMP (DBS&A 2008). Analytical methods used during the program were selected based on data requirements for investigating Comprehensive Environmental Response, Compensation, and Liability Act sites and for conducting human health and ecological risk assessment, and to provide data to evaluate impacts to groundwater and surface water quality. The analytical methods used are primarily referenced U.S. Environmental Protection Agency (USEPA)-approved testing procedures. The sampling team followed method-prescribed requirements for sample containers, preservation, and holding times, as summarized in 
Table 2-5. Samples were packaged and shipped with proper COC documentation to the analytical laboratories as described in the BRC FSSOP and QAPP.

Groundwater samples from 26 monitoring wells were analyzed for a broad spectrum of chemical analytes and chemical classes during the CAMU 4th Quarter 2009 groundwater monitoring event. The samples were analyzed for general chemistry parameters, cations/anions, total metals, hexavalent chromium, perchlorate, radionuclides, VOCs, SVOCs, organochlorine pesticides, PCBs, dioxins/furans, methyl mercury, and white phosphorus. Analyses were performed as specified in the GMP for the wells sampled by BRC, with the following exceptions:
· Analyses for dioxins/furans and PCBs (with congeners) were performed for samples collected from wells AA-BW-01A, -02A, -03A, and -07A, despite their not being specified in the GMP for these four wells;

· The upgradient Companies collected a sample from well H-21R for VOC analysis; BRC collected samples for the remaining analyses specified in the GMP.

Analytical results are described in Section 3.2. 

2.1 analytical laboratories
The following Nevada-certified laboratories were utilized during the CAMU 4th Quarter 2009 groundwater monitoring event:

	Laboratory Name
	Location
	Analyses Performed

	TestAmerica Laboratories 
(TA St. Louis)
	Earth City, Missouri
	Alkalinity, Anions, Ion Balance, TDS, Metals/Hardness, Organo​chlorine Pesticides, VOCs

	TestAmerica Laboratories 
(TA West Sacramento)
	West Sacramento, California
	PCBs, Dioxins/Furans

	TestAmerica Laboratories
(TA Irvine)
	Irvine, California
	Chlorite

	General Engineering Laboratories (GEL)

	Charleston, South Carolina
	Perchlorate, SVOCs, PAHs, Radionuclides, Radon 

	Advanced Technology Laboratories (ATL)

	Las Vegas, Nevada
	Hexavalent Chromium

	Brooks Rand Labs
	Seattle, Washington
	Methyl Mercury

	ALS Laboratory Group (formerly DataChem Laboratories)
	Salt Lake City, Utah
	White Phosphorus 


2.2 quality assurance/quality control
Measurement data were consistently assessed and documented to determine whether objectives were met. The review assesses data quality and identifies potential limitations on data use. The data quality review process provides information on overall method performance and data usability. Section A7 of the BRC QAPP defines the basis for assessing the elements of data quality. Laboratory data and data quality review reporting procedures and formats are also addressed in Section A7 of the BRC QAPP.

Quality assurance (QA) activities include performing technical systems audits, performance audits, and data validation at the frequency recommended in the BRC QAPP. Field audits are not required, but may be performed in the event significant discrepancies are identified that warrant evaluation of field practices. No field audits were performed during the CAMU 4th Quarter 2009 groundwater monitoring event.

As discussed in Section 2.3, various types of QC samples were collected to aid in evaluating the analytical data quality, including field duplicate groundwater samples and equipment blank samples, which were analyzed for the broad suite of analytes included in the CAMU monitoring program. In addition, trip blanks were prepared by the laboratory and were included in each groundwater sample shipment containing VOCs, for analysis of VOCs. 
2.3 data review and validation
The data generated during the CAMU 4th Quarter 2009 groundwater monitoring event were subjected to a data review in accordance with the QAPP, SOP-40 (Data Review/Validation; FSSOP), USEPA National Functional Guidelines (USEPA, 1999, 2001, 2004, 2005, and 2008), and the NDEP Supplemental Guidance on Data Validation (NDEP 2009b,c), Additional Gui​dance on Completion of Quality Checks for Cation-Anion Balance (NDEP 2007), and Cation-Anion Balance – Updated Guidance (NDEP 2009d). These guidance documents provided direc​tion for the data review and validation activities conducted for data collected during these events. 

All of the data were subjected to a Stage 2B review. Stage 2B data validation consisted of a manual review of all parameters related to sample analysis, including holding times, instrument performance check (as applicable), initial calibration, continuing calibration, blank contamination, laboratory control sample (LCS), matrix spike/matrix spike duplicate (MS/MSD), surrogates and internal standards (as applicable), and compound identification. In addition to the Stage 2B review, 20 percent of all data collected during the course of the investigation were subject to full Stage 4 data validation. Stage 4 data validation consisted of review of all parameters reviewed as part of the Stage 2B review with additional review of the raw data including chromatograms, log books, quantitation reports, and spectra. Data validation qualifiers and reason codes used during this process are summarized in Table 2-6. Laboratory Data Consultants (LDC) was subcontracted to conduct all the data validation. A Data Validation Summary Report (DVSR) for all data collected during the CAMU 4th Quarter 2009 groundwater monitoring event (DVSR 55d) has been prepared and submitted separately as a stand-alone report by BRC and ERM (2009d). DVSR 55d was approved by the NDEP on January 30, 2010. 

Subsequent to the data validation, ERM observed anomalously elevated perchlorate detections for the 4th Quarter 2009 groundwater monitoring event for certain wells (e.g., AA-BW-04A, AA‑BW-05A, H-21R, and H-28). Perchlorate detections reported for these four wells during the 4th Quarter 2009 groundwater monitoring event ranged from 1,810 µg/L to 12,900 µg/L, whereas prior events had consistently reported non-detections. BRC initiated investigation of potential analytical explanations for these anomalous detections. The laboratory re-ran the samples and while the results were confirmed, it was more apparent that there were matrix interferences in these samples. The laboratory indicated that the identified peak reported as perchlorate in the analytical report does not appear to be perchlorate. BRC has requested that the laboratory revise the analytical reports accordingly, however, revised laboratory reports were not available at the time of this report submittal. Furthermore, while researching the anomalous perchlorate detections, BRC determined that the cation/anion balances conducted by the TestAmerica for the 4th Quarter 2009 groundwater monitoring event were not representative of site conditions because they incorporated only those cations/anions that were part of the analytical suite that TestAmerica had been asked to analyze (and included additional cations boron and silica while excluding the anions nitrate, fluoride and perchlorate listed in NDEP’s guidance). Upon performing a revised cation/anion balance (see Section 3.2); BRC determined that several of the perchlorate detections should be rejected due to issues with balances falling outside the acceptable ranges of results. 
Based on the evaluation of the datasets, the majority of the data obtained during the monitoring event are valid (that is, not rejected) and acceptable for their intended use (99.17 percent of the 
CAMU 4th Quarter 2009 groundwater monitoring event data). All analyses were performed as requested on the COC. No assumptions of data quality were made based on information that was not provided. Some data were qualified based on the data review. All data results qualified with ‘J’, ‘U’, or ‘UJ’ are considered valid and acceptable for their intended use. All data results qualified with ‘R’ are considered invalid and are rejected for use.
3.0 GROUNDWATER MONITORING RESULTS
General groundwater conditions and analytical results for the CAMU 4th Quarter 2009 groundwater monitoring event are summarized in this section. The monitoring wells included in these monitoring events are presented on Figure 2-1.
GROUNDWATER CONDITIONS
This section describes the general groundwater conditions at the Site during the CAMU 4th Quarter 2009 groundwater monitoring event including depth to groundwater, groundwater gradient, and groundwater flow direction. 

Depth to Groundwater
Groundwater level measurements were collected from 28 wells across the Site during the CAMU 4th Quarter 2009 groundwater monitoring event. Well-specific measured depths to water and calculated groundwater elevations for the CAMU 4th Quarter 2009 groundwater monitoring event are presented in Groundwater Elevation Data Table 3-1. These groundwater level data are summarized below for each water-bearing zone.

	Zone
	
Range of
Depth to Water Measurements (feet btoc)
	
Range of
Groundwater Elevations
(feet amsl)

	Shallow
	
31.97 (H-21R) to
55.94 (EC-2)
	
1693.24 (AA-BW-04A) to
1730.35 (MCF-BW-11A)

	Middle
	
26.82 (MC-MW-30) to
56.97 (MC-MW-11)
	
1687.69 (MC-MW-31) to
1758.71 (MC-MW-12)

	Deep
	All artesian
	
1725.87 (TR-12) to
1803.63 (MW-8)


btoc – below top of casing

amsl – above mean sea level

Based on this summary, the depth to water and groundwater elevations for all three zones are highest in wells located upgradient of the CAMU and lowest in wells located downgradient. The Shallow Zone measurements are posted and contoured on Figure 3-1. Well hydrographs summarizing all available water level data for the CAMU wells are presented in Appendix C.

Groundwater Flow Direction
As illustrated on Figure 3-1, the general groundwater flow direction beneath the Site in the Shallow Zone during the CAMU 4th Quarter 2009 groundwater monitoring event varies from the northeast to the northwest, at an average gradient of 0.013 feet per foot to 0.017 feet per foot. Groundwater flow directions for the other two water-bearing zones are consistent with the Shallow zone flow direction.
analytical results
Groundwater analytical results are presented in this section for the CAMU 4th Quarter 2009 groundwater monitoring event performed at the Site. Data validation for the data set was completed by ERM personnel and LDC as discussed in Section 2.9. Summaries of Shallow Zone groundwater analytical results from the four CAMU 2009 groundwater monitoring events are presented in Tables 3‑2a through 3-2d. Groundwater analytical results for the CAMU 4th Quarter 2009 groundwater monitoring event and prior historical sampling events are presented by individual chemical class in Tables 3-3 through 3-14 (wells from all zones included). 

Table 3-2d summarizes the Shallow Zone data collected during the CAMU 4th Quarter 2009 groundwater monitoring event; the table presents the compound-specific number of detections, ranges of reporting limits, ranges of concentrations, number of detections exceeding USEPA maximum contaminant level (MCLs) and NDEP Basic Comparison Levels (BCLs: NDEP 2009e). Tables 3-2a, 3-2b, and 3-2c present similar information for the prior three quarters of monitoring. In addition, a small number of constituents representing the main chemical classes of interest in the CAMU area were selected for graphic presentation of historical trends in concentrations and chemical occurrence within the Shallow Zone. Specifically, graphical presentations are provided for the following:
	Compound Class
	Example Analyte Presented Graphically

	Metals
	Arsenic

	Organochlorine Pesticides
	alpha-BHC

	VOCs
	Benzene 
Chlorobenzene
Chloroform
1,4-Dichlorobenzene
Tetrachloroethene (PCE)

	SVOCs
	Pentachlorophenol

	Radionuclides
	Radium-226/228 (sum)
Radon-222

	General Chemistry
	Perchlorate

	General Water Quality
	TDS


Concentration trend graphs for these constituents are presented in Appendix D. Contoured chemical occurrence maps for these constituents are presented in Appendix E for the 4th Quarter Shallow Zone data; for ease of reference, contoured chemical occurrence maps are provided side-by-side with the other three 2009 CAMU groundwater monitoring events.
 These twelve analytes were generally selected because they were routinely detected at concentrations in excess of applicable screening levels in the Shallow Zone during historical monitoring events (see Table 3-2d for screening level exceedances associated with the CAMU 4th Quarter 2009 groundwater monitoring event). As seen in Table 3-2d, additional analytes (i.e., beyond those depicted graphically) exceeded screening levels during the CAMU 4th Quarter 2009 groundwater monitoring event.
As part of the data review process, BRC in conjunction with the project laboratory performed tests for cation-anion balances, TDS checks, and TDS and electrical conductivity checks for data generated during the CAMU 4th Quarter 2009 groundwater monitoring event. The results of this evaluation are presented in Table 3-14. In the water samples collected and analyzed for the CAMU 4th Quarter 2009 groundwater monitoring event, sample pH ranged from 5.68 to 8.25. Due to the reported pH range of results, alkalinity was composed nearly entirely of bicarbonate, therefore the bicarbonate results were used in the balance calculation rather than the hydroxide results. 

In conducting the cation-anion balance for the CAMU 4th Quarter 2009 groundwater monitoring event, the variance between the cation and anion sum (as represented by the difference between the cation and anion sum, divided by the total ion sum, expressed as a percentage) ranged between 1.14 and 9.21 percent. Eighteen primary and two field duplicate samples were used in the cation-anion balance calculations. Sample AA-BW-09A was not subjected to cation-anion balance calculations because the anion sum was greater than 800 meq/L; a charge balance error check was instead performed for this sample, per NDEP (2009d) guidance. 

Based on these data, as presented in Table 3-14, 12 of 20 cation-anion balances were within acceptable range of 5 percent. The samples with variances outside the acceptable range were associated with wells AA-BW-04A (and field duplicate), AA-BW-05A (and field duplicate), AA-BW-06A, H-21R, M7B, and MC-MW-12. TDS laboratory/sum ratio checks were within acceptable result ratios of 1.0 – 1.2 in only seven of the 20 samples. It should be noted that the balance results may be influenced by elevated sample results, and estimated laboratory results due to matrix interference and laboratory dilution requirements. TDS and electrical conductivity checks were within acceptable ratios of 0.55 – 0.070 in seven of the 20 samples. This test may also be influenced by elevated sample results, and estimated laboratory results due to matrix interference and laboratory dilution requirements. As noted above, a charge balance error check was performed for sample AA-BW-09A. As presented in Table 3-14, the charge balance error check was within the acceptable range of 5 percent. All these evaluations were done using NDEP’s most recent Cation-Anion Balance – Updated Guidance (NDEP 2009d) as amended by more recent communication with NDEP regarding the cation-anion balances presented in the CAMU Groundwater Monitoring Report 1st and 2nd Quarters 2009 (BRC and ERM 2009a; see Appendix A).
4.0 summary of groundwater flow and chEmical occurrence patterns over time
This section summarizes the results of the CAMU monitoring events conducted during 2009 to establish baseline conditions in the area. As discussed below, the water level and chemical data are relatively consistent between the four events. Based on this observation, BRC has concluded that the monitoring results are likely representative of baseline conditions, and can be used for future monitoring events, with upgradient samples, to assess whether CAMU operations are impacting groundwater quality. 

Groundwater flow patterns

Interpreted contoured potentiometric surface maps for the Shallow Zone based on water levels measured during the four quarters of 2009 are presented on Figure 3-1. As seen in that figure, the groundwater flow patterns are consistent for all four periods, depicting a northeast to northwest average gradient of 0.013 feet per foot to 0.017 feet per foot. The interpreted contours deflect in the immediate vicinity of the inferred location of the central paleochannel, with a flow direction along the paleochannel thalweg. Similarly, the interpreted flow directions in the immediate vicinities of the western paleochannel and the minor paleochannel to the northeast also parallel the thalweg for each paleochannel, respectively. Based on this observation, it appears that the presence of the paleochannels has an effect on groundwater flow patterns. 
Chemical occurrence patterns

Chemical detections in CAMU area wells for the 2009 monitoring period are summarized in Tables 3-2a-d, for each quarter, respectively) and Tables 3-3 through 3-13 for individual chemical classes. Chemical occurrence patterns for the chemicals detected in Shallow Zone groundwater from the CAMU monitoring wells are discussed below for each compound class.
 For data evaluation purposes, the detections were compared to the following, where established: 

· USEPA MCLs; and
· The NDEP residential water BCL (BCLW).
4.1.1 Volatile Organic Compounds
As seen in Tables 3-2a-d and Table 3-3, VOCs were detected in all of the Shallow Zone wells. The most commonly detected VOCs (those detected in more than 50 percent of the samples) in Shallow Zone wells were as follows:
	Chemical Name
	1st Quarter
	2nd Quarter
	3rd Quarter
	4th Quarter
	Location of Highest Concentration

	1,1-Dichloroethane
	100%
	100%
	88%
	79%
	AA-BW-01A

	1,1-Dichloroethene
	59%
	56%
	6%
	42%
	H-21R

	1,1,2-Trichloroethane
	41%
	56%
	13%
	32%
	AA-BW-04A

	1,2,3-Trichlorobenzene
	71%
	81%
	38%
	37%
	EC-2

	1,2,4- Trichlorobenzene
	65%
	81%
	50%
	68%
	AA-BW-08A

	1,2- Dichlorobenzene
	94%
	100%
	88%
	95%
	AA-BW-08A

	1,2-Dichloroethane
	82%
	94%
	75%
	79%
	AA-MW-07

	1,3,5-Trichlorobenzene
	53%
	44%
	13%
	33%
	AA-BW-01A

	1,3-Dichlorobenzene
	76%
	81%
	50%
	56%
	AA-BW-08A

	1,4-Dichlorobenzene
	100%
	94%
	88%
	89%
	AA-BW-08A

	2-Chlorotoluene
	65%
	63%
	6%
	26%
	AA-BW-08A

	4-Chlorotoluene
	59%
	63%
	6%
	26%
	AA-BW-08A

	Acetone
	6%
	64%
	0%
	6%
	AA-BW-09A

	Benzene
	88%
	94%
	94%
	95%
	AA-BW-04A

	Chlorobenzene
	94%
	100%
	100%
	89%
	AA-BW-04A

	Chloroethane
	53%
	25%
	13%
	47%
	H-21R

	Chloroform
	65%
	81%
	81%
	74%
	AA-MW-07

	Chloromethane
	35%
	75%
	0%
	11%
	AA-MW-07

	Dichloromethane
	76%
	50%
	13%
	26%
	AA-MW-07

	Tetrachloroethene
	82%
	63%
	75%
	68%
	AA-BW-04A

	Toluene
	82%
	69%
	0%
	42%
	AA-BW-04A

	Trichloroethene
	82%
	88%
	50%
	58%
	H-43

	Vinyl chloride
	59%
	31%
	6%
	37%
	AA-BW-01A

	o-Xylene
	24%
	50%
	0%
	21%
	AA-BW-08A


As seen above and in the chemical occurrence maps presented in Appendix E for selected VOCs (i.e., benzene, chlorobenzene, chloroform, 1,4-dichlorobenzene, and PCE; Figures E-1 through E-5), the highest VOC detections are generally associated with the following wells:

· AA-BW-08A, AA-BW-09A, and EC-2, located at the upgradient CAMU edge in the vicinity of the central paleochannel (AA-BW-09A and EC-2 along the presumed eastern and western edges, respectively);

· AA-BW-04A and H-21R, located at the downgradient CAMU edge, in the vicinity of the central paleochannel (AA-BW-04A on the presumed eastern edge of the central paleochannel near the northeastern paleochannel); and

· AA-MW-07 and AA-BW-01A, located in the southeastern (upgradient) corner of the CAMU.

In general, the wells in the eastern half of the CAMU area have appreciably higher VOC detections than those collected from the western side of the CAMU. It should be noted that for many VOCs, results from well H-21R are anomalous as compared to nearby wells AA-BW-05A and H-43. Specifically, benzene and chlorobenzene are anomalously high in H-21R and 1,4‑dichlorobenzene is anomalously low. One possible explanation is that H-21R is screened at intervals deeper in the UMCf (possibly by more than 25 feet) than the other two wells, which are reportedly screened only in the Qal (Table 2-2).
 An east-west trending cross-section along the northern (downgradient) boundary of the CAMU (Figure 4-1) illustrates this relationship. Well H-21R may therefore be more representative of Middle Zone conditions than those of the Shallow Zone. As seen in Table 3-3, VOC detections in the upgradient Middle Zone (as represented by well MC-MW-12) are higher than in any of the Shallow Zone wells. 
4.1.2 Semi-Volatile Organic Compounds

As seen in Tables 3-2a-d and Table 3-4, SVOCs were detected less routinely than VOCs in the Shallow Zone samples in which they were analyzed (generally in fewer than 40 percent of the samples). The SVOCs consistently detected at the highest frequencies and the highest concentrations for all four quarters were bis(p-chlorophenyl)disulfide, diphenyl disulfide, and p‑chlorobenzenethiol. The SVOC detections in Shallow Zone wells are summarized below: 
	Chemical Name
	1st Quarter
	2nd Quarter
	3rd Quarter
	4th Quarter
	Location of Highest Concentration

	1,2,4,5-Tetrachlorobenzene
	6%
	14%
	7%
	0%
	EC-2

	1,4-Dioxane
	6%
	29%
	27%
	11%
	AA-BW-04A

	2,4,5-Trichlorophenol
	18%
	21%
	13%
	16%
	AA-BW-01A

	2,4,6-Trichlorophenol
	24%
	21%
	13%
	5%
	AA-BW-01A

	2,4-Dichlorophenol
	47%
	43%
	40%
	26%
	AA-MW-07

	2-Chloronaphthalene
	12%
	0%
	7%
	11%
	AA-BW-04A

	2-Chlorophenol
	35%
	29%
	27%
	26%
	AA-BW-09A

	2-Methylnaphthalene
	12%
	14%
	7%
	11%
	EC-2

	4-Chlorothioanisole
	0%
	7%
	7%
	16%
	AA-BW-12A

	Acetophenone
	0%
	14%
	0%
	0%
	AA-BW-04A

	Benzenethiol
	47%
	50%
	27%
	32%
	AA-BW-08A

	bis(p-Chlorophenyl)sulfone
	6%
	0%
	0%
	0%
	EC-2

	bis(p-Chlorophenyl)disulfide
	31%
	36%
	33%
	35%
	AA-BW-12A

	Diphenyl disulfide
	41%
	50%
	33%
	37%
	AA-BW-08A

	Diphenyl sulfide
	0%
	0%
	13%
	5%
	AA-BW-08A

	Naphthalene
	24%
	29%
	13%
	21%
	AA-BW-01A

	p-Chlorobenzenethiol
	47%
	50%
	27%
	37%
	AA-BW-12A

	Pentachlorobenzene
	6%
	0%
	13%
	0%
	M7B

	Pentachlorophenol
	18%
	14%
	0%
	0%
	AA-BW-04A

	Phenol
	24%
	21%
	13%
	21%
	EC-2


For a given SVOC, the highest detections are generally associated with the following wells:

· AA-BW-08A, AA-BW-12A and EC-2, located at the upgradient CAMU edge within and near the central paleochannel;

· AA-BW-04A, located at the downgradient CAMU edge, between the central and the northeastern paleochannels; and

· AA-MW-07, located in the southeastern (upgradient) corner of the CAMU.

As with VOCs, the wells in the eastern half of the CAMU area have appreciably higher SVOC detections than those collected from the western side of the CAMU. Chemical occurrence patterns for pentachlorophenol are presented graphically in Figure E-6.
4.1.3 Polynuclear Aromatic Hydrocarbons
As seen in Tables 3-2a-d and Table 3-5, PAHs were detected infrequently in the Shallow Zone samples in which they were analyzed. A given PAH was detected in no more than three samples collected during any one of the monitoring events. Acenaphthene was detected the most frequently, in nine samples; the highest detection was 0.367 µg/L (EC-2). Phenanthrene, the only other PAH detected in more than one sample, was detected in three samples, all from EC-2. All of the other PAH detections were associated with EC-2 (1st Quarter). The PAH detections are summarized below.
	Chemical Name
	1st Quarter
	2nd Quarter
	3rd Quarter
	4th Quarter
	Location of Highest Concentration

	Acenaphthene
	18%
	21%
	13%
	5%
	EC-2

	Anthracene
	6%
	0%
	0%
	0%
	EC-2

	Benzo(a)pyrene
	6%
	0%
	0%
	0%
	EC-2

	Benzo(b)fluoranthene
	6%
	0%
	0%
	0%
	EC-2

	Benzo(g,h,i)perylene
	6%
	0%
	0%
	0%
	EC-2

	Benzo(k)fluoranthene
	6%
	0%
	0%
	0%
	EC-2

	Dibenzo(a,h)anthracene
	6%
	0%
	0%
	0%
	EC-2

	Indeno(1,2,3-cd)pyrene
	6%
	0%
	0%
	0%
	EC-2

	Phenanthrene
	6%
	0%
	7%
	5%
	EC-2

	Pyrene
	6%
	0%
	0%
	0%
	EC-2


The PAH detections in CAMU area groundwater are all associated with wells in the immediate vicinity of the central paleochannel: upgradient wells AA-BW-08A and EC-2, and downgradient wells H-21R and AA-BW-05A.
4.1.4 Organochlorine Pesticides 

As seen in Tables 3-2a-d and Table 3-6, organochlorine pesticides were detected frequently in the Shallow Zone samples in which they were analyzed. Delta-BHC was detected in all of the Shallow Zone wells during all four sampling events except MCF-BW-11A, and beta-BHC was detected in all of the Shallow Zone samples except those collected from M7B and MCF‑BW‑11A. The organochlorine pesticide detections are summarized below:

	Chemical Name
	1st Quarter
	2nd Quarter
	3rd Quarter
	4th Quarter
	Location of Highest Concentration

	2,4-DDD
	18%
	29%
	6%
	11%
	H-21R

	2,4-DDE
	41%
	29%
	24%
	32%
	AA-BW-12A

	4,4-DDE
	0%
	6%
	0%
	0%
	AA-BW-08A

	Aldrin
	6%
	6%
	0%
	5%
	AA-BW-09A

	alpha-BHC
	94%
	94%
	94%
	89%
	AA-BW-08A

	alpha-Chlordane
	12%
	18%
	18%
	21%
	AA-BW-08A

	beta-BHC
	53%
	59%
	47%
	53%
	AA-BW-04A

	delta-BHC
	100%
	100%
	100%
	95%
	AA-MW-07

	Dieldrin
	6%
	12%
	6%
	5%
	AA-BW-08A

	Endosulfan I
	6%
	18%
	0%
	0%
	EC-2

	Endosulfan II
	18%
	12%
	12%
	11%
	EC-2

	Endrin
	0%
	0%
	0%
	5%
	AA-MW-07

	Endrin aldehyde
	18%
	12%
	6%
	11%
	H-43

	gamma-Chlordane
	6%
	12%
	6%
	0%
	AA-BW-05A

	Heptachlor
	0%
	12%
	0%
	5%
	AA-BW-05A

	Lindane
	71%
	71%
	59%
	58%
	AA-BW-08A

	Methoxychlor
	6%
	6%
	6%
	11%
	H-43


As seen above, in Table 3-6, and in the alpha-BHC occurrence map presented in Appendix E (Figure E-7), the highest detections are generally associated with the following wells:

· AA-BW-08A, located at the upgradient CAMU edge in the central paleochannel;
· AA-BW-04A, located on the presumed eastern edge of the central paleochannel near the northeastern paleochannel; and
· AA-MW-07, located in the southeastern (upgradient) corner of the CAMU.
In general, the wells in the eastern half of the CAMU area have appreciably higher organochlorine pesticide detections than those collected from the western side of the CAMU. As shown in Figure E-7, the H-21R results appear anomalously low relative to the two adjacent wells. 
4.1.5 Metals 

As seen in Tables 3-2a-d and Table 3-7, metals were routinely detected in the Shallow Zone samples. Detections of the most commonly reported metals (those detected in more than 75 percent of the samples) are summarized below:

	Chemical Name
	1st Quarter
	2nd Quarter
	3rd Quarter
	4th Quarter
	Location of Highest Concentration

	Arsenic
	100%
	100%
	100%
	100%
	AA-BW-09A

	Barium
	100%
	100%
	100%
	100%
	EC-2

	Boron
	100%
	100%
	100%
	100%
	M7B

	Calcium
	100%
	100%
	100%
	100%
	AA-BW-09A

	Cobalt
	100%
	71%
	47%
	63%
	H-28

	Iron
	100%
	88%
	100%
	100%
	H-43

	Lithium
	88%
	100%
	100%
	100%
	AA-BW-09A

	Magnesium
	100%
	100%
	100%
	100%
	AA-BW-09A

	Manganese
	100%
	94%
	88%
	100%
	AA-BW-09A

	Molybdenum
	100%
	100%
	71%
	74%
	AA-BW-09A

	Nickel
	94%
	100%
	94%
	100%
	AA-BW-09A

	Potassium
	100%
	100%
	100%
	100%
	AA-BW-09A

	Sodium
	100%
	100%
	100%
	100%
	AA-BW-09A

	Strontium
	100%
	100%
	100%
	100%
	AA-BW-09A

	Titanium
	41%
	76%
	94%
	21%
	AA-BW-09A

	Uranium
	100%
	100%
	94%
	79%
	AA-BW-09A

	Vanadium
	24%
	76%
	65%
	68%
	AA-BW-05A/-07A


As seen above, in Table 3-7, and in the arsenic occurrence map presented in Appendix E (Figure E-8), the highest detections are routinely associated with AA-BW-09A, located at the upgradient CAMU edge along the eastern boundary of the central paleochannel.
The lateral variability in concentrations suggests that their presence is due to a combination of naturally-occurring conditions, as well as upgradient off-site influences. 
4.1.6 Dioxins/Furans

As seen in Tables 3-2a-d and Table 3-8, dioxins/furans were detected infrequently in the Shallow Zone samples in which they were analyzed. 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) was detected the most frequently, in samples collected in 2009 from six wells; this compound was also detected at the highest concentrations of any compounds in this class. The other detections are as follows:
· 1,2,3,4,6,7,8-HpCDF, 1,2,3,4,7,8,9-HpCDF, 1,2,3,4,7,8-HxCDF, and OCDF were detected in only one sample (H-21R, 1st Quarter);

· 1,2,3,4,6,7,8-HpCDD was detected in one sample (EC-2, 3rd Quarter); and
· OCDD was detected in two samples (H-21R, 1st Quarter and EC-2, 3rd Quarter).
The seven wells associated with dioxin/furans detections are all located in the vicinity of the central paleochannel, and are as follows:
· Upgradient wells AA-MW-07, AA-BW-08A, and EC-2; and

· Downgradient wells H-43, H-21R, AA-BW-04A, and AA-BW-05A.

The highest concentrations are associated with upgradient wells AA-BW-08A and EC-2 
(2,3,7,8-TCDD).

4.1.7 PCBs

As seen in Tables 3-2a-d and Table 3-9, PCBs were detected occasionally in the Shallow Zone samples in which they were analyzed. PCB-118 was detected the most often; wells H-21R and AA-BW-08A were associated with the largest number of detected congeners and the highest concentrations. The PCB detections are summarized below:
	Chemical Name
	1st Quarter
	2nd Quarter
	3rd Quarter
	4th Quarter
	Location of Highest Concentration

	PCB 105
	9%
	0%
	0%
	18%
	H-21R

	PCB 118
	64%
	0%
	0%
	24%
	AA-BW-08A

	PCB 156
	0%
	0%
	0%
	12%
	H-21R

	PCB 167
	0%
	0%
	0%
	12%
	AA-BW-08A


The eight wells associated with PCB detections are as follows:

· Upgradient well AA-BW-08A; and

· Downgradient wells AA-BW-04A, AA-BW-05A, AA-BW-06A, M7B, H-28, H-21R, and 
H-43.

4.1.8 Perchlorate
As seen in Tables 3-2a-d and Table 3-10, perchlorate was detected in nine of the Shallow Zone wells in which it was analyzed. As seen in the graphic presentations in Figure E-9, the highest perchlorate concentrations were consistently associated with (1) M7B, located along the northeast corner of the CAMU; and (2) upgradient well AA-BW-09A, which is located along the upgradient edge of the CAMU within the central paleochannel. As noted in Section 2.9, the perchlorate data for the 4th Quarter are considered unreliable due to matrix interference.
4.1.9 General Water Quality

As seen in Tables 3-2a-d and Table 3-11, TDS is generally high in groundwater samples collected from the CAMU area. As seen in the graphic presentations in Figure E-10, the highest TDS measurements were consistently associated with upgradient well AA-BW-09A and downgradient well AA-BW-05A, both located along the central paleochannel. The highest alkalinity measurements are also associated with AA-BW-09A.
4.1.10 Radionuclides

As seen in Tables 3-2a-d and Table 3-12, radionuclides were detected in all of the Shallow Zone wells in which they were analyzed. After the 1st Quarter 2009, the analytical program for radionuclides used for the CAMU monitoring was revised, and the list of analytes was reduced to Radium-226, Radium-226/228, Radium-228, and Radon-222. Radon-222 was detected at appreciably higher activities than radium. 
As seen in the graphic presentations in Figure E-11, the highest Radium-226/228 measurements were consistently associated with upgradient well AA-BW-09A located along the upgradient edge of the CAMU just east of the central paleochannel. In contrast, the highest Radon-222 measurements were consistently associated with upgradient well EC-2, downgradient well AA‑BW-04A, and AA-BW-07A, located along the western CAMU boundary (Figure E-12).
4.1.11 Methyl Mercury/White Phosphorus

As seen in Tables 3-2a-d and Table 3-13, methyl mercury was detected in each well. The only wells in which it was not detected were AA-BW-02, H-43, and M7B. The highest detections were associated with AA-BW-04A, located on the presumed eastern edge of the central paleochannel near the northeastern paleochannel. 
White phosphorus was not detected in any CAMU groundwater samples collected during 2009.

4.1.12 Summary of 2009 Detections

As presented above, chemical detections reported in the Shallow Zone during the four quarters of baseline monitoring are relatively consistent.
 These data indicate that baseline groundwater conditions in the CAMU area include the presence of numerous chemical constituents and every chemical class included in the analytical program. The highest chemical detections are generally associated with wells located in close proximity to the subsurface paleochannels, most commonly the central paleochannel.

Because these constituents are present in upgradient monitoring wells, the presumed sources of these constituents are off-site. Therefore, CAMU impacts, if any, on groundwater quality will be assessed in the future by comparing downgradient data collected as part of a long-term monitoring program (see Section 5) to upgradient data collected at the same time, as well as these baseline data. 
5.0 proposed Groundwater Monitoring 
As noted in Section 1, the general purpose of the CAMU groundwater monitoring program was to collect baseline groundwater data in the CAMU area, against which the potential for impacts to groundwater quality due to CAMU construction can be assessed in the future. This section presents a proposed program for long-term monitoring to assess whether CAMU operations are impacting groundwater quality. 

As discussed in Section 4, while the data collected during four rounds of monitoring in 2009 are relatively consistent in terms of observed chemical occurrence patterns, certain wells were not included in all four monitoring rounds, and the lack of data represents a data gap. These data gaps will be addressed by the long-term monitoring program.
The proposed monitoring program will include a sub-set of the Shallow Zone wells used for establishing baseline conditions, as summarized below:
	Hydraulic Position
	Shallow Zone Well IDs

	Upgradient
	AA-MW-07

AA-BW-08A

AA-BW-09A

AA-BW-12A

EC-2

MCF-BW-11A

	Crossgradient
	AA-BW-02A

	Downgradient
	H-28

H-43

AA-BW-04A

AA-BW-05A

AA-BW-06A


Because the intent of this monitoring program is to assess for potential impacts due to CAMU operations, it is appropriate to focus on the uppermost water-bearing zone. If there are no impacts to that zone (the Shallow Zone) from CAMU operations, the threat to the underlying Middle and Deep Zones is negligible. However, to fill data gaps in the Middle and Deep zone datasets, the following Middle and Deep Zone wells will be included in the long-term monitoring program for the first four semi-annual monitoring events (i.e., 2nd and 4th Quarters of 2010 and 2011): 
	Hydraulic Position
	Middle Zone Well IDs

	Upgradient
	MC-MW-10
MC-MW-11
MC-MW-12



	Downgradient
	MC-MW-30
MC-MW-31



	Hydraulic Position
	Deep Zone Well IDs

	Upgradient
	MW-8
DMC-MW-28



	Downgradient
	TR-11

TR-12




After completion of the first four monitoring events, NDEP and BRC will determine whether any further monitoring will be required in the CAMU area for the Middle and Deep zones.

Each of the wells listed above (all three zones, presented on Figure 5-1) will be monitored semi-annually, including measurement of water levels and collection of representative groundwater samples. Because materials being placed in the CAMU originated from across the Eastside and contain a variety of Site-related chemicals at varying concentrations, the groundwater samples will be analyzed for the following BMI Common Areas Site-related chemicals classes:
· General water quality (ions, hardness, TDS, and alkalinity) by EPA Method 300.0, 130.2, 160.1, and 310.1;

· Perchlorate, by EPA Method 6850;

· Metals, by EPA Method 6020/6010B;

· Organochlorine pesticides, by EPA Method 8081A;
· PAHs, by EPA Method 8270SIM;
· Radionuclides, EPA Method 903.1/904.0, HASL A-01-R, and SM7500;

· SVOCs, by EPA Method 8270C; and

· VOCs, by EPA Method 8260B.

The specific analytes to be included in each analytical method listed above are as specified in Table 2-4.
 Given the general lack of detections in Eastside soils and their general immobility, the monitoring program does not include analysis for dioxins/furans or PCBs. The scope and findings of the monitoring events will be documented in reports submitted semi-annually to NDEP.
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�  Documents describing the approved excavation and disposal operations include: Corrective Action Plan dated September 2006 (approved by NDEP September 25, 2006), Record of Decision – Remediation of Soil in the Slit Trench Area of the BMI Common Areas (NDEP issuance September 17, 2007), and Permit for Hazardous Remediation Waste Management Activity (issued by NDEP September 24, 2007).


�  Note: hydrogeologic and lithologic nomenclature is based on NDEP (2009a).	


�  As specified in the GMP, BRC and the Upgradient Companies are both to sample this well, for analysis for different parameters. Because the Upgradient Companies did not sample this well, BRC ran analyses for all required parameters.


�  It should be noted that in response to NDEP comments, selected contour maps from the earlier 2009 monitoring events have been revised since their presentation in the earlier reports. 


�  Given the limited available Middle and Deep Zone chemical data, chemical occurrence in these zones is not presented in this report. The data for these two zones are presented in the data tables (Tables 3-3 through 3-13).


�  BRC has been unable to locate boring logs or well construction diagrams for well H-21R, which was reportedly installed in the early 1980s. The GMP presents the screened interval as being from 40 to 50 feet bgs, and penetrating the Muddy Creek formation by 9.5 feet. However, the depth to the bottom of H-21R was measured at 66.55’ bgs during the last monitoring event, which indicates that either (1) the actual screened depth is greater than 50 feet bgs, or (2) more than 15 feet of blank casing extends below the end of the well screen in the well. Based on the stratigraphy noted for downgradient Middle Zone wells, if H-21R is in fact screened to 66.55’ bgs, it is possible that it is screened across both the Shallow and Middle Zones. Without having reliable construction information, BRC cannot make that determination.


�  The only compound with significantly variable detections across the monitoring period was perchlorate, which had anomalously elevated concentrations reported in samples from several wells during the 4th Quarter. These samples also had issues in terms of cation/anion balance. Accordingly, these 4th Quarter data are considered unreliable. 


�  Note that Table 2-4 reflects the analytical program that has been approved for the BMI Common Area, and includes certain analytical methods not proposed for long-term CAMU monitoring. 
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