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1. Introduction and Objectives

The Western Hook Development subarea (Western Hook Subarea) is one of several subareas of the BMI Common Areas (Site) located in Clark County, Nevada (Figure 1) and encompasses approximately 227 acres (Figure 1).  The Western Hook Subarea formerly included unexcavated ponds, previously excavated ponds, three ditches, and areas that were not used for any known waste disposal (BRC et al., 2007).
This report summarizes the methods and results of an evaluation of Western Hook Subarea arsenic concentrations detected in shallow soil and the conclusions based on the assessment.  This report also incorporates comments received from the State of Nevada Division of Environmental Protection (NDEP) dated March 4, 2010, regarding the draft Western Hook Subarea report dated February 8, 2010 (Appendix A).
In August 2008, Basic Remediation Company (BRC) prepared a Sampling and Analysis Plan (SAP) for the Western Hook Subarea.  The purpose of the SAP was to evaluate soil and soil vapor that may have been impacted at the Western Hook Subarea from former activities and adjoining lands.  As described in the SAP, planned clearing activities were completed prior to collecting soil samples throughout the Western Hook Subarea on a systematic sampling basis.  Samples were collected over a regular grid across the property from a randomly placed location within each grid cell.  Additional biased sampling locations were selected within or near small-scale contamination points of interests, including but not limited to previous debris locations, ponds, berm walls near previously excavated ponds, and conveyance ditches.  

This sampling procedure was planned to provide enough samples for completion of a statistically robust assessment of potential contaminant distribution and to provide a robust data set upon which to perform a human health risk assessment in support a no further action determination (NFAD) for this area (BRC, 2008).  The scope of the SAP was limited to soil and soil vapor flux sampling in an effort to assess issues that might directly impact the Western Hook Subarea development potential consistent with the Closure Plan (BRC et al., 2007).

The soil samples were analyzed for a broad suite of analytes, including metals.  This report addresses the detected concentrations of arsenic (As), which was detected in several Western Hook Subarea surface and subsurface soil samples (and in the adjoining Open Space Subarea) above the shallow soil background arsenic concentration of 7.2 milligrams per kilogram (mg/kg) (BRC and ERM, 2010a, 2010b, 2010c) (Figures 2and 3).  (For reference only, the data were also compared to the upper Tertiary Muddy Creek formation (UMCf) background arsenic concentration of 24.8 mg/kg.  Three surface soil samples and four subsurface soil samples exceeded 24.8 mg/kg.)  

As discussed in Section 3.1, arsenic occurs naturally throughout the environment, and elevated arsenic concentrations are widespread in the Western United States in nonthermal water that is unaffected by mining (Welch et al., 1988).  Arsenic is regulated in drinking water.  The federal maximum contaminant level (MCL) is 10 micrograms per liter ((g/L).

Daniel B. Stephens & Associates, Inc. reviewed the Western Hook Subarea arsenic data along with historical and current Western Hook Subarea conditions to determine if the arsenic detections are anthropogenic or naturally occurring.  To accomplish the objective of this reporting effort, the following tasks were completed: 

· Geology was evaluated and summarized (including pedogenic, hydrogeologic and geochemical site conditions).
· Western Hook Subarea use history was evaluated and summarized (including potential anthropogenic sources and potential arsenic mobilization and/or accumulation mechanisms).
· Supplementary laboratory analyses were completed.

2. Supplemental Western Hook Subarea Investigation

As described in the August 7, 2009 work plan (DBS&A, 2009) (work plan), DBS&A conducted document research and a supplemental field investigation to investigate the arsenic detections in Western Hook Subarea soils.  These tasks are described in Section 2.1 and 2.2.

2.1 Document Research

DBS&A reviewed available geologic maps of the area to evaluate natural geologic sources of arsenic such as the presence of arsenic-bearing rocks, minerals, or formations.  Soil type maps and pedogenic information from the Natural Resources Conservation Service (NRCS) were also obtained and reviewed along with logs for Western Hook Subarea borings and wells.  Arsenic in regional groundwater was also mapped as part of this task using available data from the upgradient Plants Area reports (Figure 4).  
DBS&A also reviewed historical aerial photographs for the Site area (Section 3.2.4) to identify past site uses in the area, including buildings, roads, pits, ponds, wetlands, streams, mining pits, and surface water bodies.  Available reports were also obtained and reviewed to further evaluate the occurrence and fate of arsenic in the environment (Section 3).

2.2 Field Investigation

A supplemental field investigation was conducted by GES Nevada (GES) in August and September 2009 that included soil sampling, water sampling, and tamarisk plant tissue sampling according to the work plan (GES, 2009a; 2009b).

2.2.1 Methods

As described in the GES field reports (GES 2009a; 2009b), surface soil samples were collected from the following locations (Figure 2):

· WHD-As-BP04

· WHD-As-BP08

· WHD-As-P-14

· WHD-As-BL03

· WHD-As-BN10

· WHD-As-BG05

GES also obtained deeper soil samples from 4 to 12 feet below ground surface (ft bgs) from the following locations (Figure 3):
· WHD-As-BP03

· WHD-As-BP08

· WHD-As-BN01

· WHD-As-BK03

· WHD-As-BH04

· WHD-As-BG05

The soil samples were submitted for the following analyses: 

· Grain size

· pH

· Total arsenic
· Arsenate

· Arsenite

· Phosphate 

· Orthophosphate 

· Total organic carbon

· Sulfide 

· Sulfate 

· Monosodium-methylarsonate (CH3AsO3HNa)

· Sodium-dimethylarsinate ((CH3)2AsO2Na) 

BRC also completed electron dot mapping for arsenic on the mineral grains from soil sample WHD-As-BN-10-0 to determine if arsenic-bearing minerals are present.  Electron dot mapping is a technique that uses scanning electron microscopy (SEM) and energy-dispersive x-ray (EDX) spectrometry to identify the presence of arsenic in a particulate sample.    

In addition, BRC retained the following soil samples from the first round of soil sampling at the Site (BRC, 2008) and submitted them for grain size testing:

· WHC1-BG05-0

· WHC1-BM06-0

· WHC1-BO10-0

· WHC1-BP04-0

· WHC1-D11-0

· WHC1-P14-0

· WHC1-BH05-10

· WHC1-BK03-12

· WHC1-BN01-12

· WHC1-BO10-10

· WHC1-BP03-11

· WHC1-P10-10

As discussed in the work plan, BRC recognized that tamarisk leaf litter was also potentially a source of relatively high arsenic detected in soil.  A tamarisk plant tissue field sampling task was therefore conducted to evaluate if arsenic could potentially be bioaccumulated in tamarisk leaves and redistributed onto soil through leaf litter deposition.  BRC identified existing live tamarisk stands near the Western Hook Subarea (Figure 5), and GES collected one sample of live leaves, a separate sample of leaf litter, and shallow soil samples from each stand to evaluate potential arsenic concentrations in soil.  The shallow soil samples were collected from the following depths (GES, 2009a):

· 0 to 1 inch
· 3 to 4 inches
· 6 to 7 inches
· 9 to 10 inches  

GES also collected two surface water samples from the western side of the Western Hook Subarea (Figure 2).  One sample (WHD-As-SW01) was collected from the concrete-lined drainage ditch exiting the east side of the South Valley Ranch development, and the other sample (WHD-As-SW-02) was collected northeast of WHD-As-SW01 where the drainage ditch discharges to unpaved grade.

2.2.2 Results

The results of the tamarisk sampling and associated shallow soil sampling and analysis are presented in Table 1.  The results of the laboratory analyses of the soil and surface water samples collected in the Western Hook Subarea supplemental investigation are presented in Figures 2 and 3 and Table 2.  The results of the sampling efforts are discussed in Section 2.3.  Grain size data, presented for reference, are included in Appendix B.  In addition, Table 3 summarizes the grain size data and presents the interpreted Unified Soil Classification System (USCS) symbol for each soil sample submitted for grain size analysis.  

2.3 Current Arsenic Distribution

2.3.1 Tamarisk Sampling Results

As shown in Table 1, total arsenic was not detected in live tamarisk leaf samples from any of the stand locations and only at relatively low concentrations (0.98 to 9.6 mg/kg) in the leaf litter samples (Figure 5).  Arsenic was detected, however, in the soil samples collected at the tamarisk stand locations from 3.8 to 29.8 mg/kg.  These soil results are broadly comparable to the results of prior soil sampling for arsenic in the Western Hook Subarea. 

2.3.2 Surface Water Sampling Results

Arsenic was detected in both surface water samples collected from the drainage ditch exiting the east side of the South Valley Ranch development.  Arsenic was detected at 35.1 (g/L in sample WD-As-SW01 collected from the lined portion of the ditch.  In sample WHD-As-SW02, collected where the ditch water discharges to unpaved grade, arsenic was detected at 42.8 (g/L.  

2.3.3 Soil Sampling Results

As shown in Figure 5 and Table 2, total arsenic was detected in each of the Western Hook Subarea soil samples collected for this investigation.  The detected total arsenic concentrations ranged from 5.4 mg/kg (WHD-BG05-0) to 24.3 mg/kg (WHD-AS-BN10-0) and are consistent with prior results.  Arsenic was also speciated in each sample to obtain a result for arsenic III (As (III)) and arsenic V (As (V)).  As shown in the data, As (III) was detected only in relatively low concentrations (all <0.3 mg/kg); most of the total arsenic detections are due to the presence of As (V).  Organic species of arsenic (dimethylarsinic acids [DMAs] and methylarsenates [MMAs]) were not detected.  

SEM/EDX analysis was conducted in an effort to try and determine if arsenopyrite (FeAsS), a common arsenic mineral, is present in Western Hook Subarea soils.  The report of the SEM/EDX analysis is included in Appendix C.  The main minerals detected were common silicates, ilmenite, celesite, barite, and iron oxide.  Arsenopyrite was not detected.  As discussed in the laboratory report (Appendix C), if arsenic were present in the sample (WHD-AS-BN10-0) as FeAsS in the size range of 1 to 100 micrometers ((m), the particles should have been detected.  Because no such particles were detected, the arsenic is interpreted to be likely present in one or more of the following forms:

· Particles larger than 110 (m that were screened out for the analysis or were present within the interior of other particles that are beyond the range of method detection

· Particles smaller than 0.5 (m or colloidal particles not individually detectable

· Water-soluble particles that dissolved during density preparation and sample preparation (rinsing)

· Trace element (< 2 weight percent) dispersed in minerals or rocks

· Mineral species in the light fraction separated out for the analysis.

2.3.4 Arsenic in Regional Groundwater

A map of regional detections of arsenic in shallow groundwater was constructed using BRC data from the 2006 groundwater sampling event and historical data from sampling in the upgradient Plants Area (Olin, Montrose, Stauffer, Syngenta, Tronox and Timet) and AMPAC wells.  BRC’s 2006 data were used because the data were roughly contemporaneous with the available off-site data.  BRC does have more recent data from its 2009 sampling event and will update the map with a 2009 data set when validated, contemporaneous shallow groundwater data are available from all of the upgradient Plants Area and AMPAC wells.  Nonetheless, BRC believes that the conclusions that can be drawn from the 2006 data set are unlikely to be different.  
As shown in Figure 4, the highest arsenic detection in the region is located in the Plants Area at well EC-09 (1,000 (g/L).  Wells near EC-09 are also impacted with relatively high arsenic ranging up to 530 (g/L (at well EC-06).  An arsenic contour line of 200 (g/L has been drawn around the approximate center of the Plants Area to delineate the reported arsenic detections.  Contour lines for 150 (g/L and 100 (g/L extend from the Plants Area to the north-northeast into the Pittman residential area.  The 50‑(g/L contour is broader and extends north and northeast from the Plants Area to the Las Vegas Wash.  Some concentrations higher than 200 (g/L are also detectable to the north at wells PC-28 (210 (g/L) and MW-S (240 (g/L).  Lower concentrations are evident near the former City of Henderson (COH) Northern and Southern rapid infiltration basins (RIBs).

3. Arsenic Sources

3.1 Geologic

Naturally occurring arsenic is commonly found in a variety of solid phases.  Arsenic can be a component of volcanic glass in volcanic rocks of rhyolitic to intermediate composition, adsorbed to and co-precipitated with metal oxides (especially iron oxides), adsorbed to clay-mineral surfaces, and associated with sulfide minerals and organic carbon (Hinkle and Polette, 1999).

Welch et al. (1988) state that high concentrations of arsenic are common throughout much of the western United States and are generally associated with one of four geochemical environments:  (1) basin-fill deposits of alluvial-lacustrine origin, particularly in semiarid areas, (2) volcanic deposits, (3) geothermal systems, and (4) uranium- and gold-mining areas.

Two of the environments cited by Welch et al. (1988) as sources of arsenic (basin-fill deposits and volcanic deposits) clearly exist in the vicinity of the Western Hook Subarea.  A third, geothermal systems, may also be relevant in the Site vicinity.  Warm wells (~37°C) are located approximately 2.3 miles west-northwest of the Site, and hot wells (>37°C) are located approximately 10 miles east of the Site within the basin (Shevenell et al., 2000).

Welch et al. (1988) discuss that, within alluvial basins in the Western United States, the source of the arsenic is possibly weathering of volcanic rocks, and elevated arsenic concentrations in groundwater may be a result of reactions occurring within volcanically derived sediments.  The proposed mechanism is the concentration of arsenic onto phases such as ferric oxyhydroxide that are deposited within the sediments.  Subsequent dissolution by chemically reduced groundwater of the phases containing arsenic could then generate elevated dissolved (more mobile than the sorbed phase) arsenic concentrations. 
3.1.1 McCullough Mountains

The local surface topography slopes in a northerly to northeasterly direction from the McCullough Range, a north-south trending range that extends from the California-Nevada state line to just south of Henderson.  The northern part of the range in the Henderson area is predominantly Tertiary volcanic rock (Bell and Smith, 1980).  The volcanic rocks of the McCullough Range are comprised of numerous flows of gray to dark-gray dacite with plagioclase, biotite, and hornblende phenocrysts (Bell and Smith, 1980).  

Cycling of arsenic between sulfides and iron oxides (and weathered biotite) in response to changes in geochemical environments caused by cycles of erosion and burial was discussed as a source of arsenic by Thomas et al. (2005).  Other potential sources of arsenic from geologic materials are thought to be weathering of arsenic-rich coatings on the surface of quartz and biotite grains, impurity within biotite, and dissolution of arsenic-containing iron oxides under anaerobic conditions.

3.1.2 River Mountains

The land surface slopes from east to northwest from the River Mountains toward the Site.  The River Mountain range is located to the northwest of Hoover Dam between Las Vegas Valley and Lake Mead.  The bedrock consists of a thick pile of dacite flows and mudflow breccia and pyroclastic deposits (Bell and Smith, 1980).  Near Lake Mead Drive, this sequence is interbedded with basalt and andesite flows (Bell and Smith, 1980).  The exposed rocks are mapped as grayish red to red dacite flows with plagioclase, biotite, and hornblende as phenocrysts (Bell and Smith, 1980).

As with the McCullough Range, the volcanic origin of the River Range indicates that it is a natural source of arsenic in the Western Hook Subarea vicinity. 

The Three Kids Mine is located in the River Range, approximately 5 miles east of the Western Hook Subarea.  The manganese-bearing sedimentary rocks in this location are gray to black tuffaceous sandstone and siltstone, moderately to well bedded.  They are dominantly of pyroclastic origin and have been variably reworked by water.  These deposits underlie the Tertiary Muddy Creek formation (TMCf) in this location and are likely older than the TMCf (Bell and Smith, 1980).  CH2M Hill (2006) report that sampling conducted by the University of Nevada, Las Vegas (UNLV) at and in the vicinity of the Three Kids Mine indicated that naturally occurring arsenic may exist at concentrations ranging from below 70 to greater than 500 milligrams per kilogram (mg/kg) (Sims, 1997; Naugle, 1997).  (CH2M Hill noted that the UNLV data were not obtained from an EPA-approved laboratory, but were included for informational purposes.)  
CH2M Hill (2006) also noted that volcanic intrusions that exist on-site at the Henderson Landfill are composed of basalt flows containing phenocrysts of plagioclase and augite that are commonly brecciated and that the intrusions with flows containing phenocrysts of plagioclase, biotite, and hornblendes are commonly flow-banded and may be equivalent to River Mountain formations found to the south of Lake Mead Drive bordering the Three Kids Mine.  BRC notes that its Open Space subarea lies to the west of the COH Landfill.  
Volcanic intrusions that subcrop in other areas of the Site, including the Western Hook Subarea, may also be equivalent to either the River Mountain or the McCullough Mountain volcanic formations.  
3.1.3 Quaternary Alluvium

The soils in the Western Hook Subarea are forming in Quaternary alluvium (Qal) derived from pediment and alluvial fan deposits (Bell and Smith, 1980).  These deposits are generally characterized by silty, sandy pebble gravel composed dominantly of volcanic clasts derived from the volcanic rocks of the McCullough Range (Bell and Smith, 1980).  The deposits are branching and recombining channels deposits of undifferentiated alluvium, occurring in non-indurated low wash terraces and modern wash deposits (Bell and Smith, 1980).

Since these deposits were derived from the volcanic McCullough Range and possibly the volcanic River Range, the sediments within these deposits are also of volcanic origin and, representing a more advanced stage of weathering of the volcanic rocks, could similarly be a source of arsenic.   

3.1.4 Muddy Creek Formation

The TMCf unconformably underlies the Qal in the Western Hook Subarea.  The TMCf is comprised of extensive basin-fill sediments of lacustrine and subaerial origin (Bell and Smith, 1980).  The coarse-grained facies (TMCc) occur primarily in upslope positions, for example in the Plants Area.  However, coarse-grained lenses, which are sporadically encountered during drilling, at depth are also interpreted to be equivalent to the TMCc.  When encountered, these lenses of TMCc are generally coarser in texture.  Wells have been completed in these lenses to monitor the Middle and Deep water-bearing zones at the site because of the increased possibility of water yield from these lenses, indicating a higher permeability than the fine-grained facies.   

The TMCc typically consists of yellowish to reddish brown fanglomerate, well cemented coarse sandy to pebbly to cobbly gravel.  The TMCc locally contains interbedded gypsiferous silt and pebbly sand.  The upper portion of the TMCc is described as well bedded and containing volcanic pebbles (Bell and Smith, 1980).

The fine-grained facies of the TMCf consists of dominantly gypsiferous pink to red siltstone, sandy siltstone, and claystone.  The upper portion of this facies is described as containing massive beds of white to light pink gypsum, locally manganese-rich (Bell and Smith, 1980).   

The TMCf sediments are of the same general age as the volcanic source-area mountains from which they are derived.  The sediments within these deposits are also of volcanic origin and, representing a more advanced stage of weathering of the volcanic rocks, could similarly be a source of arsenic.

3.1.5 Previous Regional and Local Arsenic Investigations

Arsenic is ubiquitous in the Western Hook (and adjacent Open Space) Subarea vicinity, and several investigations have been conducted to determine the source of arsenic in water and industrial waste.  Four of these studies focused on the occurrence of arsenic in the Site vicinity, two on the source of arsenic in water, and two on arsenic levels in soils.  The two water quality investigations were conducted across the western United States and in the Las Vegas Valley, respectively.  The soil investigations were conducted on sites in the Henderson area south of the Las Vegas Wash.

Two of the four geochemical environments identified by Welch et al. (1988) (Section 3.1) as associated with arsenic in groundwater are found in the McCullough Range and River Mountains (volcanic deposits) and the TMCf (basin-fill sedimentary deposits of alluvial-lacustrine origin).  Arsenic concentrates in certain minerals because it can substitute for silicon, ferric iron, and aluminum in silicates.  Biotite and hornblende are both iron magnesium silicate minerals that may contain high concentrations of arsenic.  Welch et al. (1988) provides a range for arsenic in basalt of 0.18 to 113 milligrams per kilogram (mg/kg).

The United States Geological Survey (USGS) investigated the water quality in the Las Vegas Valley as part of the National Water-Quality Assessment Program (Bevans et al., 1998).  The report concluded that arsenic in the Las Vegas Wash came from natural volcanic rocks.  The authors identify the source of arsenic as volcanic rocks.  These volcanic rocks are found south of the Las Vegas Wash and correspond to the McCullough Range and River Mountains.  The volcanic rocks are shown in a figure, but no more specific information is provided.

Local investigations of arsenic in soil have been conducted at the Three Kids Mine and the COH Landfill.  At Three Kids Mine, the investigation focused on contamination impacting off-site water quality (Sims and Bottenberg, 2008).  The Henderson Landfill investigation focused on obtaining the information needed to demonstrate that arsenic in landfill soils was of natural origin and that no remediation would be necessary (CH2M Hill, 2006).

The Three Kids Mine is located in the River Mountains on the east side of Henderson.  Manganese extraction activities at the mine produced waste containing arsenic as well as other contaminants.  The mine’s waste management practices allowed sediments with arsenic to get into washes that conduct flow to the Las Vegas Wash.  One aspect of the investigation included the collection and analysis of four background soil samples collected in locations not impacted by mining.  The background samples were collected near outcrops of bedrock volcanics from depths not exceeding 3 inches (Sims, 1997).  The background concentration of arsenic was reported as 25 mg/kg (Sims and Bottenberg, 2008).

The Henderson Landfill is located south of the Las Vegas Wash approximately 2.5 miles east of the Western Hook Subarea.  In 2003, CH2M Hill conducted an investigation focused on characterizing soils in areas that were candidates for use as borrow material.  In 2006, supplemental samples were collected within three geologic-based areas on the Henderson Landfill site (Western Area, Central Area, and North-Central Area).  The supplemental samples were collected to create appropriate sample populations for comparing arsenic concentrations in background samples and samples potentially impacted by waste.  Shallow supplemental samples were collected from depths of 6 to 12 inches.  Deep supplemental samples were collected from 18 inches to 5 feet at each location.  Samples were collected from either undisturbed soils or soils associated with the waste.  
The comprehensive data sets were evaluated to demonstrate that arsenic found in the soils represents naturally occurring arsenic, and as such, arsenic could be removed from the site’s contaminants of potential concern list.  The Western and Central Areas were located over alluvial sediments and the North-Central Area was located by volcanic deposits.  Western Area soil samples from undisturbed areas had arsenic concentrations between 3.7 mg/kg and 20.5 mg/kg.  Central Area soil samples from undisturbed areas had arsenic concentrations between 8.8 mg/kg and 34 mg/kg.  
The average arsenic concentrations from undisturbed samples were not statistically different from samples associated with the waste.  In the Central Area, shallow samples had an average arsenic concentration of 20.4 mg/kg and deep samples had an average arsenic concentration of 22.0 mg/kg.  In the North-Central Area, the undisturbed samples had arsenic concentrations between 40 mg/kg and 910 mg/kg with a mean concentration of 346 mg/kg.  These relatively high concentrations are reported to be natural for soils associated with volcanic rock outcrops in the vicinity.  The report concluded that all of the arsenic on the site was of natural origin.
Borings advanced by BRC and others in the Western Hook Subarea have penetrated the Qal and identified its contact with the underlying TMCf.  Figure 6 presents a cross section oriented northwest to southeast through the Western Hook Subarea.  The minimum thickness of the Qal in this area is 39 feet at wells AA-21 and MCF-08B-R.  The maximum Qal thickness measured is 68 feet at well AA-08.  
Figure 6 also shows the horizontal extent and estimated depth of the CoH infiltration basin (birding ponds) in this area.  Although the exact depths of the ponds are not known, they are not anticipated to be deeper than the minimum thickness of Qal in this area (39 feet).  As a result, it is considered unlikely that soil samples for arsenic collected in the Western Hook Subarea were collected from the TMCf formation or that the CoH pond berms were constructed with TMCf soils brought to the surface from depth.  
3.2 Plants Area Sources

3.2.1 POSSM Companies

NDEP has noted that it is their understanding that the Pioneer-Olin-Stauffer-Syngenta-Montrose (POSSM) companies did not use arsenic in their pesticide production.  However, NDEP stated that there may have been a tenant at the Tronox facility that did (NDEP, 2009).

In a Conceptual Site Model (CSM) report that was prepared on behalf of Montrose, Stauffer Management Company, LLC/Syngenta Crop Protection, Inc. (SMC/Syngenta) and Pioneer (collectively known as “The Companies”), Hargis (2008a) reported that, based on data collected in August 2006, arsenic was detected in each of the wells in the extraction well network of the groundwater extraction and treatment system (GWETS) located just north of the northern BRC Corrective Action Management Unit (CAMU) boundary.  The arsenic concentrations in the GWETS extraction wells ranged from 92 (g/L to 270 (g/L.  Hargis reported that arsenic was prevalent throughout the downgradient area wells at levels exceeding the MCL of 10 (g/L in 16 of the 22 monitoring wells sampled (Hargis, 2008a).  Though the GWETS system is designed to extract, treat, and re-inject treated water downgradient, arsenic is not treated by the GWETS system.   

DBS&A (2007) observed that all of the chemicals found historically in any of the wells located downgradient or cross-gradient from the CAMU site were also found in upgradient wells and that historical isoconcentration plots indicated that significant groundwater sources exist for these chemicals at off-site, upgradient locations.  The most current groundwater arsenic concentration data (as presented on Figure 4) are consistent with and support this interpretation.  The groundwater data indicate that one or more significant sources of arsenic is present at locations upgradient of the CAMU, most likely emanating from the properties owned by the POSSM Companies.  This groundwater impacted by arsenic is flowing beneath the CAMU where it is, in part, captured by the GWETS.  The captured groundwater is run through the treatment system (which does not include treatment for arsenic) and re-injected downgradient where it proceeds to flow and disperse generally northward.  As indicated in Figure 4, the data indicate that this arsenic plume is impacting groundwater in the Western Hook Subarea.

3.2.2 AMPAC

Limited data are available regarding arsenic concentrations in AMPAC groundwater monitoring wells.  It is known, however, that AMPAC has impacted groundwater with perchlorate and is actively pursuing its remediation.  The AMPAC perchlorate plume map as depicted on the NDEP website (http://ndep.nv.gov/BCA/perchlorate05.htm) clearly depicts migration of the AMPAC plume onto the Western Hook Subarea.  For the purposes of this evaluation, perchlorate serves as a conservative tracer in that unremediated perchlorate travels essentially unretarded and at the approximate speed of groundwater.  The fact that the AMPAC perchlorate groundwater plume is impacting the Western Hook Subarea indicates that chemical impacts to groundwater from the AMPAC plant have the potential to travel downgradient in groundwater and impact the Western Hook Subarea. 

NDEP has published data on their web site (http://ndep.nv.gov/bmi/docs/table_​downgradient07.pdf) that includes arsenic concentrations from AMPAC wells MW-APX-5-16, MW-K1, MW-K5, MW-R, and MW-S.  Published arsenic concentrations in these wells range from 87 to 190 (g/L, with all published arsenic detections above the MCL of 10 (g/L. 

It cannot be determined from this limited data set whether arsenic releases from AMPAC are impacting groundwater in the Western Hook Subarea.  However, the data do indicate that groundwater has been impacted by arsenic at these monitoring well locations.  The potential that arsenic has followed the same flow path indicated by the path of the AMPAC perchlorate plume cannot be ruled out at this time.  Further investigation should be conducted to determine whether AMPAC operations have impacted groundwater with arsenic in the Western Hook Subarea.

3.2.3 Tronox

No data could be identified and located upon which to base an evaluation of distribution of arsenic in groundwater at the Tronox facility as an indicator of a potential source of arsenic to groundwater.  The isoconcentration plot of arsenic concentrations in Shallow Zone groundwater indicates that an arsenic plume is migrating across the Tronox plant property and that Tronox is possibly a source of arsenic and possibly contributing to the larger plume that is migrating northward across the Site vicinity.  Additional data are needed to evaluate this possibility. 

NDEP has noted that it is their understanding that Tronox did not use arsenic in their pesticide production, but that there may have been a tenant at the Tronox facility that did (NDEP, 2009).

In the report of the Conceptual Site Model of the Tronox facility (ENSR, 2005), previously known as Kerr-McGee, it was noted that arsenic, as arsenic trioxide (As2O3), constituted 0.01 percent by weight of the analytical composition of the manganese dioxide ore used at the Tronox facility.  Arsenic trioxides are moderately soluble in water (O’Day, 2006).

3.2.4 Aerial Photograph Review 

In 1941, approximately 5,000 acres of empty desert in the southeastern quadrant of the Las Vegas Valley was deeded by the United States for use as the site of what was to become the world’s largest magnesium plant, which played a critical role in World War II.  Construction on the project began on September 15, 1941 (BRC et al., 2007).

Since that time, various parts of the original site have remained industrialized, been used for the disposal of a variety of industrial wastes, been abandoned, been converted to other uses, or remained virgin desert (BRC et al., 2007).

A review of historical aerial photographs was conducted in order to identify if any anthropogenic and/or natural features potentially played a role in the transport of arsenic to the Western Hook Subarea.  However, as discussed in Section 3.2.5, no additional arsenic sources were identified.  The aerial photographs reviewed are presented in Appendix D.

3.2.5 Ditch Soil Sampling

Soil sampling for arsenic in the former Western Ditch (W. Ditch) at the CAMU was reported in 2007 (DBS&A, 2007).  Between 2003 and 2005, a total of 43 soil samples were collected for arsenic analysis at depths between 0 and 130 ft bgs in the Western W. Ditch and the Eastern W. Ditch.  
In the Eastern W. Ditch samples, detected arsenic ranged from 2.4 to 6.7 mg/kg from 0 to 15 ft bgs (4 samples).  (In deeper samples well below the ditch between 18 and 50 ft bgs [9 samples], detected arsenic ranged from 3.7 to 10.9 mg/kg.  Also, detected arsenic in 3 soil samples from 73 to 130 ft bgs [UMCf samples below the Qal] ranged from 10.8 to 16.7 mg/kg.)  

In the Western W. Ditch samples, detected arsenic ranged from 2.2 to 3.9 mg/kg from 0 to 10 ft bgs (10 samples).  Arsenic was not detected (<5 mg/kg) in 5 of the samples collected between 0 and 10 ft bgs.  From 15 to 35 ft bgs (20 samples), arsenic was detected between 3.4 and 19 mg/kg.  The maximum detected concentration (19 mg/kg) was measured in a sample from 35 ft bgs.  In addition, arsenic was not detected (<5 or <5.3 mg/kg) in 5 of the samples from 15 to 35 ft bgs (DBS&A, 2007).  

The Northwestern Ditch was also sampled for arsenic in 2007 (BEC and ERM, 2008).  The sample (JB-NW DITCH) was collected along the south side of Warm Springs Road, northeast of the CAMU, in the trace of the former ditch.  Arsenic was detected at 3.1 mg/kg in the JB-NW DITCH sample reported to be collected from 0 ft bgs.  Arsenic was also detected at 6.3 mg/kg in the JB-NW DITCH sample reported from 10 ft bgs.  
Soil pH was also measured in the Eastern W. Ditch soil samples (DBS&A, 2007).  In 2 surface soil samples (0 ft bgs), pH was measured at 6.8 and 8.3.  In the remaining 6 soil samples between 18 and 49 feet bgs, pH ranged from 8 to 9.2.  (Below the Qal, pH was measured between 8.5 and 9.1 in samples from the UMCf).  
The ditch sampling data indicate that total arsenic was not present at significant concentrations in the former soils.  In fact, these concentrations are generally consistent with background levels of arsenic.  It is expected that if the Western or Northwestern Ditches (the Ditches) had conveyed significant concentrations of arsenic in the liquid effluent, a fingerprint of significant concentrations of total arsenic would have been present in the soil profile beneath the Ditches.  Since the soil profiles beneath the Western and Northwestern Ditches are low in total arsenic concentrations at all sampled depths, it can be concluded that significant arsenic was not conveyed by the Ditches.
In addition, the pH data indicate that soil conditions were not acidic in the former Western Ditch soils and indicate that soil redox and Eh/pH conditions favorable for arsenic reduction, mobilization, and leaching beneath ditch soil were not present.  
4. Arsenic Transport

4.1 Soils

4.1.1 Review of Western Hook Subarea Monitoring Well Boring Logs

Boring logs from three wells in the Western Hook Subarea were examined.  The presence of volcanic rocks, moisture, and depth to water were noted.  Gleying or mottling is not noted in the boring log notes.

Well PC-108 is located on the southern edge of the eastern arm of the Site, just north of a pond in the COH Birding Preserve.  The sediments to the depth of 19 ft bgs were described as dark yellowish brown sands and volcanic gravels with some silt.  Water was encountered at 9 ft bgs.  

Well AA-08 is located along the northern boundary of the Site.  The soil was described as silty sand with some volcanic gravel and cobbles to a depth of 44 ft bgs.  The color was light gray at the surface, changed to very dark grayish brown at 5 ft bgs, and lightened to dark grayish brown at 20 ft bgs with no further changes to 44 ft bgs.  The top 5 feet were dry and water was first encountered at 9.5 ft bgs.

Well AA-10 is located in the south-central part of the Western Hook Subarea along a channel.  The soil was described as silty sand to a depth of 32 ft bgs with the variable presence of volcanic cobbles to a depth of 10 ft bgs.  The color was yellowish brown at the surface and changed to brown at 5 ft bgs, to dark grayish brown at 10 ft bgs, and to grayish brown at 30 ft bgs.  The only moisture information provided was that the surface soils were wet from rain infiltration.  Water was not encountered during the boring process.

4.1.2 Pedogenic Information

Soil type data were downloaded from the NCRS database (NCRS, 2009).  The Western Hook Subarea is comprised of four described soil types.  Soils in the northern arm are described as slickens which is further defined as a fine layer of silt.  The soil type described in the northwest corner of the Western Hook Subarea is a McCarran very fine sandy loam.  The McCarran series consists of deep, well drained soils that formed in gypsiferous and calcareous alluvium with low slopes and mean annual precipitation of about 5 inches (NRCS, 2003).  The soil type of the western arm of the Western Hook Subarea is Caliza extremely cobbly fine sandy loam.  The soil type of the southeastern corner of the Western Hook Subarea is Caliza extremely very gravelly sandy loam.  The Caliza series consists of deep well drained soils that formed in gravelly alluvium of alluvial fans or river deposits of Pleistocene age.  Caliza series soils have slopes between 1percent and 50 percent and a mean annual precipitation of about 8 inches (NRCS, 2008).

A review of boring logs from the Western Hook Subarea shows that Unified Soil Classification System (USCS) soils that were observed in the surface to 20 ft bgs depth interval during drilling and sampling are laterally and vertically heterogeneous and comprised of gravelly sands (GP), gravelly silts (GM), clays (CL), silty sands (SM), well graded sands (SW), poorly graded sands (SP), and variants of the above.  The logs typically contain documented observations of subangular to rounded volcanic gravel and cobbles within the top 20 feet of the soil profile.  The degree of weathering (edge-rounding) on these coarse fragments is an indication that the soils were transported and emplaced by a combination of water-borne and gravitational processes.  The volcanic nature of the coarse fragments indicates that they are likely sourced in either the McCullough Range or River Mountains.
4.1.3 Arsenic Speciation in Soils

Arsenic is commonly found throughout the environment in a variety of chemical species that vary in toxicity and mobility.  The chemical variability of arsenic stems from its electronic structure and bonding properties, which give rise to a variety of forms in the solid, aqueous, and gas states (O’Day, 2006).  Arsenic chemical species can be transformed due to biological activity or a change in oxidation-reduction potential and pH (Melamed, 2004). 

In a review of arsenic geochemistry, EPA (Melamed, 2004) reported that the main species of arsenic found in the environment are the As (III) and As (V) oxyacids.  In aqueous solutions, arsenic forms the ox anions arsenite, H3As3+O3 [or commonly written As3+(OH)3] and arsenate, H3As5+O4 (O’Day, 2006).  In many environments, the As (V) is often de-protonated as an As (V) or arsenate anion.  In contrast, the As (III) oxyacid remains in its neutral form as arsenite.  In contaminated soils, inorganic arsenate is the predominant species (Melamed, 2004).  In general, the arsenate and other As (V) species are immobilized on geologically available surfaces, usually as iron oxides.  The redox potential of arsenic ox-anions is such that arsenite is expected to be the stable aqueous form under moderately reducing conditions, roughly from oxidation potentials (Eh) of about +300 mV at pH 4 to –200 mV at pH 9, while arsenate is stable in oxidized aqueous solutions (O’Day, 2006).

As (III) commonly partitions to the aqueous phase in anoxic environments, and would be more mobile.  As (V) usually remains bound to minerals, such as ferrihydrite and alumina, limiting its mobility and bioavailability (U.S. Department of Health and Human Services, 2007).  As (III) is moderately unstable in the presence of oxygen; however, it can be found under aerobic conditions as well (U.S. Department of Health and Human Services, 2007).  While As (V) is strongly sorbed by soils under aerobic conditions, it is rapidly desorbed as the system becomes anaerobic.  Once it is desorbed, As (V) can be reduced to As (III), which exhibits greater mobility in soils (U.S. Department of Health and Human Services, 2007).  Transformations between the various oxidation states and species of arsenic occur as a result of biotic or abiotic processes (U.S. Department of Health and Human Services, 2007).

Table 2 and Figures 2 and 3 present the results of field sampling conducted to speciate arsenic and evaluate the predominant form in which arsenic is present.  Sample collection points were distributed from the southern end of the Western Hook Subarea to the north in an attempt to sample the range of conditions that might impact the speciation of arsenic.

In the Western Hook Subarea surface soils, the predominant species of arsenic present was As (V).  In the seven surface soil samples collected for the specific purpose of speciating arsenic, the As (V) ranged in concentration from 3.33 to 23.2 mg/kg with a mean As (V) concentration of 9.73 mg/kg, while the As (III) ranged from nondetected (< 0.057 mg/kg) to 0.249 mg/kg.  The organic forms of arsenic, DMA and MMA, were both below the detection limits (which ranged from 0.268 to 0.490 mg/kg) in all surface soil samples.  

In the Western Hook Subarea subsurface soils, the predominant species of arsenic present was also As (V).  In the seven surface soil samples collected for the specific purpose of speciating arsenic, the As (V) ranged in concentration from 3.82 to 21.1 mg/kg with a mean As (V) concentration of 13.10 mg/kg, while the As (III) ranged from 0.63 to 0.294 mg/kg.  As in the surface soil samples, the organic forms of arsenic, DMA and MMA, were both nondetect for all subsurface soil samples.  The sample detection limit ranged from <0.130 to <0.467 mg/kg.

The data indicate that, under the present redox conditions, the less-mobile and less toxic (U.S. Department of Health and Human Services, 2007) As (V) is the predominant form of arsenic present in the Western Hook Subarea.

4.2 Groundwater

Figure 4 presents isoconcentration contours of total arsenic concentrations in groundwater.  The figure presents an interpretation and illustration of the distribution of total arsenic in groundwater from Lake Mead Parkway on the south to Las Vegas Wash on the north, from approximately Interstate 515 on the southwest to the COH Landfill on the northeast.  The basis of the interpretation is a compilation of multiple data sets collected at various times between 2006 and 2008.  While it is recognized that the interpretation is not based on precisely contemporaneous data, the interpretation is nonetheless useful in understanding the distribution of arsenic in the BMI Complex region, including the Western Hook Subarea.

The data indicate that a significant groundwater source concentration of total arsenic in groundwater beneath the POSSM plants area feeds an arsenic groundwater plume that is moving northward towards the Western Hook Subarea and northeasterly across the BMI Eastside Evaporation Pond area.  It appears that infiltration from operation of the COH Northern and Southern RIBs has provided a hydraulic barrier to the easterly migration of arsenic and perhaps flushed some arsenic mass to Las Vegas Wash, thus preventing significant expansion of the arsenic groundwater plume to the east.  Smaller secondary sources are potentially indicated by a localized area of elevated arsenic groundwater concentrations in the approximate vicinity of (1) East Merlayne Road and Melton Street in the Pittman residential area, (2) immediately adjacent to the western edge of the COH Birding Preserve Ponds, and (3) beneath the approximate northern boundary of the COH Landfill.  An off-site arsenic source may be indicated east of the Tuscany Village area, east of Lake Mead Parkway, in the direction of the Three Kids Mine.

Hydrographs were plotted for wells in which water elevations have been measured in the Western Hook Subarea and vicinity, including groundwater monitoring wells PZ-13, HMW-16, AA-08, AA-10, AA-21, PC-103, PC-104, PC-106, and PC-108 (Figure 7).  No groundwater elevation data exist for PC-107.  The hydrographs are provided in Appendix E. 

Depth to groundwater in the Western Hook Subarea is generally shallow.  During the period of record (2004 through 2009), monitoring wells on the west side of COH Birding Preserve Ponds (PZ-13, HMW-16, AA-08, AA-10, AA-21, PC-106 [Figure 7]) had the shallowest recorded depths to water ranging from less than 5 ft bgs (PC-106) to approximately 20 ft bgs (AA-10).  Monitoring wells to the east side (PC-103, PC-104, PC-108 [Figure 7]) have had somewhat deeper recorded depths to water, ranging from approximately 10 to 13 ft bgs (PC-108) to 30 to 32 ft bgs (PC-104). 

The hydrographs for monitoring wells AA-08 and AA-10 along with the original boring logs (BRC-SB-08-B and BRC-SB-10-B, respectively [BRC et al., 2007]) indicate that shallow groundwater at depths less than 20 ft bgs has been measured in the Western Hook Subarea since 2004. 

In areas where the groundwater is shallow and evapotranspiration exceeds precipitation, as occurs in the Site vicinity, upward capillary water flow occurs from shallow groundwater.  The soils become wetted above the water table, and evapotranspiration depletes the applied water but leaves solutes behind, leading to increased solute concentrations in the vadose zone and shallow ground water (Hendrickx and Buchanan, 2009).  Figure 8 depicts the process of water table rise, capillary rise, and soil salination.

The amount of water and salts that move with capillary rise from a shallow ground water table into the root zone depends on the soil texture, the depth and type of the root zone, and the groundwater table.  Hendrickx and Buchanan (2009) compiled published investigations that have evaluated the height to which capillary rise from groundwater can affect the solute concentration in overlying soils.  Table 4 illustrates the maximum height of capillary rise for ten example upward flux rates.  The data presented in the table show that, at low flux rates over long periods of time, upward solute transport from the water table through capillary rise can be significant.  The data demonstrate that, for finer-textured soils such as loamy sands and clay loams (as described by the United States Department of Agriculture [USDA] Soil Taxonomy system), the capillary rise influence can be over 5 to 6 meters (over 16 to 20 feet).  

As discussed in Section 4.1.1, boring logs from the Western Hook Subarea indicate that USCS soils that were observed in surface to 20 ft bgs depth interval during drilling and sampling are laterally and vertically heterogeneous and comprised of gravelly sands (GP), gravelly silts (GM), clays (CL), silty sands (SM), well graded sands (SW), poorly graded sands (SP), and variants of the above.  Figure 9 presents a side-by-side comparison of the of the USDA and USCS systems of soil classification (Dragun, 1988).  From this comparison, it can be concluded that significant capillary rise and upward solute transport could have occurred over the relevant time frame in the soil types that have been observed in the Western Hook Subarea. 

4.3 Surface Water

4.3.1 Effluent Ditches

The Western Ditch Extension and the Northwest Ditch historically carried effluent northward to ultimately the Lower Ponds area and the Las Vegas Wash.  Effluent ditch soil sampling results (Section 3.2.5) indicate that these streams did not transport significant levels of arsenic to the Western Hook Subarea. 
4.3.2 Runoff

In the 1961 aerial photograph, it is evident that the Western Ditch Extension was not channelized and flowed overland as braided stream runoff that covered a wide swath of desert, at times exceeding 2,000 feet in width.  The general pattern of flow was to the northeast.  The Western Ditch Extension merged with the Northwest Ditch, and they flowed in a braided stream regime over what is now the Western Hook Subarea.  
Currently subsurface water is draining from the South Valley Ranch residential development immediately west of the Western Hook Subarea.  French drains are removing the subsurface water, and that water is mixing with surface storm drain water and flowing in a channelized ditch that traverses the Western Hook Subarea on its way northward to Las Vegas Wash.  Before it reaches the wash, the channel broadens and the drainage water flows across open ground.  
As part of the Western Hook Subarea evaluation two drain water samples were collected to evaluate arsenic concentrations (Table 2, Figure 5).  Sample WHD-As-SW01 contained 35.1 (g/L of arsenic and sample WHD-As-SW02 contained 42.8 (g/L.  These concentrations indicate that groundwater beneath the residential area is likely impacted by arsenic above the MCL.  The drainage water arsenic concentrations are consistent with concentrations observed in the regional arsenic groundwater plume.  Any of this arsenic-impacted drainage water that infiltrated from the bottom of the channelized drainage ditch could have resulted in leaching of arsenic into soil, and possibly into groundwater, in the Western Hook Subarea.

4.3.3 Wastewater Sources

Wastewater in the form of industrial effluent from operational activities in Plants area was historically conveyed northward to the Western Hook Subarea, to the Lower Ponds Area, and to the Las Vegas Wash (Sections 4.3.1 and 4.3.2).

Two sewage holding ponds were constructed and can be first observed in the aerial photograph record in 1961.  These ponds were located southeast of the Western Hook Subarea and west of the current COH water reclamation facility.  It is unknown whether the holding ponds were designed and constructed with low permeability liners.  Also unknown is the precise chemical constituency of the liquids placed in the holding ponds.  
The regional map of arsenic in Shallow Zone groundwater shows that an elevated concentration of arsenic of 240 (g/L was detected in monitoring well MW-S (Hargis, 2008b).  This well is situated on the east side of the Western Hook Area, at the current location of the COH wastewater ponds, where the Lower Ponds and the terminus of the former Northwest Ditch were formerly located.  Data regarding the construction of the pond liners and the arsenic content of the wastewater in the COH ponds are not available.  As a result, it is not possible to evaluate whether the COH wastewater ponds could be acting as a current source of arsenic to groundwater or as a source of low redox water infiltrating into surrounding soil and mobilizing arsenic. 
It is noted, however, that these ponds were operated by the CoH as RIBs.  RIB water quality data—such as pH, total dissolved solids (TDS), oxidation-reduction potential (ORP), total organic carbon (TOC), and other parameters—would be useful in the evaluation of detected Western Hook Subarea arsenic concentrations in soil; however, no such data are available from the CoH. 
4.4 Vegetative Plant Material

Arsenic is a nonessential element for plants.  At higher concentrations, arsenic interferes with plant metabolic processes and can inhibit growth, often leading to death (Tu and Ma, 2002).  Nonetheless, terrestrial plants may accumulate arsenic by root uptake (U.S. Department of Health and Human Services, 2007).  However, even when grown on highly polluted soil or soil naturally high in arsenic, the arsenic level taken up by the plants is comparatively low (U.S. Department of Health and Human Services, 2007).  
Uptake of four arsenic species (arsenite, arsenate, MMA, and DMA) by turnips grown under soilless culture conditions showed that while uptake increased with increasing arsenic concentration in the nutrient, the organic arsenicals showed higher upward translocation than the inorganic arsenical (Carbonell-Barrachina et al. 1999).  The total amount of arsenic taken up by the turnip plants (roots and shoots) was highest for MMA, sequentially less for DMA and arsenite, and least for arsenate.  In a similar experiment, conducted with tomato plants, the total amount of arsenic taken up by the tomato plants was highest for DMA, sequentially less for MMA, and least for arsenate and arsenite (U.S. Department of Health and Human Services, 2007).  Arsenic was mainly accumulated in the root system (85 percent), with smaller amounts (1 percent) translocating to the fruit, (U.S. Department of Health and Human Services, 2007).

Consistent with previous research indicating that arsenic uptake by plants is limited, total arsenic was not detected in the tamarisk leaf samples collected in the Western Hook Subarea (Table 1).  The relatively low concentrations of arsenic detected in the leaf litter samples are likely indicative of plant materials mixing with soil and sediment near the surface.  Though no analytic data were collected from tamarisk roots, the Tu and Ma (2002) and U.S. Department of Health and Human Services (2007) research described above indicates that it is likely that arsenic taken up by tamarisk would be primarily located below ground surface in the root mass.  

The primary effect that tamarisk would have on transport of arsenic in the Western Hook Subarea is related to its characteristic high consumptive use of water, high evapotranspiration rates, deep rooting, and the maintenance of an upward gradient for water to move upward from a shallow water table, through the capillary fringe, and into the vadose zone.  Tamarisk is a phreatophyte (a deep rooted plant able to secure a portion of its water requirement from groundwater sources) and a halophyte (a plant that is able to thrive in a saline environment), (Devitt, 2006 [copy included in Appendix F]) and is capable of sending roots 25 to 30 ft bgs (Devitt, 2006).  Given that the arsenic level taken up by the plants is comparatively low (U.S. Department of Health and Human Services, 2007), tamarisk that historically existed in the Western Hook Subarea would act to preferentially take up water and mostly exclude the uptake of dissolved arsenic.  The result would be an increase in arsenic concentration in soils where tamarisk grew over relatively shallow groundwater impacted by arsenic.

5. Findings

Arsenic occurs naturally in many geologic settings in the western United States.  The local geology in the Western Hook Subarea contains volcanic rocks and basin-fill sedimentary deposits of alluvial-lacustrine origin, both of which are sources of arsenic.  Geologic maps show that the Western Hook Subarea soils are formed in alluvial fan sediments originating from volcanic rocks.  These volcanic rocks contain silicates and iron-bearing minerals that often contain arsenic.  Site investigations east of the Western Hook Subarea found background arsenic concentrations above 20 mg/kg.  At the Henderson Landfill near volcanic rock outcrops, background soil concentrations of arsenic between 40 mg/kg and 910 mg/kg were measured.  Boring logs for three wells at the Western Hook Subarea contain gravel and cobbles of volcanic origin.  
There is a significant groundwater plume of arsenic that extends from the Plants Area northward to beneath the Western Hook Subarea and then to Las Vegas Wash.  The groundwater in the vicinity of the Western Hook Subarea is relatively shallow and a mechanism, tamarisk evapotranspiration and capillary rise, has been identified that can potentially explain upward movement of arsenic into the vadose zone beneath the Western Hook Subarea.

Transport of historical effluent through the Western and Northwestern Ditches is not a likely source of arsenic transport to the Western Hook Subarea.  

The weight of evidence indicates that natural concentrations of arsenic in the Western Hook Subarea are elevated due to the chemical characteristics of the geologic source material that formed the soils.  Other information and data, however, indicate that anthropogenic sources (i.e., a Shallow Zone groundwater plume that is currently present) could have also impacted soils in the Western Hook and adjacent Open Space Subareas. 
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