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1.0  Introduction 

In commenting on the Tronox LLC (Tronox) Semi-Annual Performance Report, for Chromium and Perchlorate 
(February 28, 2007), the Nevada Division of Environmental Protection (NDEP)(2007a) requested that Tronox 
evaluate the effectiveness of its groundwater capture systems by considering at least three of six United 
States Environmental Protection Agency (USEPA) “lines of evidence” (USEPA 2002, 2005).  In response to 
that request, a draft work plan was provided to NDEP on May 30, 2007.  On June 26, 2007, NDEP provided 
comments on the Draft Work Plan to Evaluate Effective Groundwater Capture at Tronox Extraction Systems 
(ENSR 2007a).  Additionally, McGinley and Associates (McGinley 2007) also provided a report dated June 30, 
2007 describing the results of capture analysis using both an analog approach and a numerical groundwater 
model constructed for the Athens Road well field.  In their report, McGinley evaluated well field capture 
efficiency and provided recommendations to further evaluate the capture zone at Athens Road.  Following 
discussions with NDEP, and in response to their June 2007 comments, and in consideration of the 
recommendations provided by McGinley (2007), a revised work plan (ENSR 2007c) was prepared and 
submitted on August 29, 2007.  Subsequently, NDEP provided additional comments on October 3, 2007.  On 
November 28, 2007, Tronox provided a letter responding to the NDEP comments.  On December 11, 2007 
NDEP approved the revised work plan with a few exceptions noted for the administrative record.  
Attachment A contains copies of the NDEP and Tronox correspondence. 

This report evaluates the hydraulic data in support of converging lines of evidence that hydraulic capture is 
occurring at each extraction system and offers recommendations to improve and strengthen the effectiveness 
of the systems. 

Field work, consisting of borehole drilling, lithologic sample description, geotechnical sampling, well 
completion, well development, and well testing began on November 26, 2007 and continued intermittently until 
March 19, 2008.  Borehole lithology logs and well completion diagrams are located in Attachment B of this 
report, and well/piezometer development records are presented in Attachment C.  The scope of work for the 
on-site barrier wall, Interceptor well field, and Athens Road well field was completed as proposed 
(ENSR 2007c).  However, access agreement issues for the Seep well field prevented the installation of the 
proposed groundwater monitor wells in this area.  These issues have been resolved and drilling and well 
completion will commence by the 4th quarter 2008. 

1.1 Operational History 

Tronox operates three primary groundwater containment and extraction systems associated with its facility in 
Henderson, Nevada (Figure 1):  

• On-Site Barrier Wall and Interceptor Well Field – A bentonite-slurry wall constructed as a physical 
barrier across the higher concentration portion of the perchlorate plume on the Tronox site.  The 
barrier wall is 1,600 feet in length, is about 60 feet in depth, and is combined with an upgradient 
series of 23 groundwater extraction wells that are situated due south of the barrier wall.  The 
upgradient well field pumps about 61 gallons per minute (gpm), effectively dewatering the alluvial 
aquifer and upper portion of the Muddy Creek Formation in the vicinity of the barrier wall.  Most of 
the wells comprising the Interceptor well field are completed in the alluvial aquifer and upper and 
unconfined portion of the Muddy Creek Formation (see Figure 2 of the accompanying 2008 
Annual Remedial Performance Report for Chromium and Perchlorate [ENSR 2008d]). 
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• Athens Road Well Field – Located approximately 8,200 feet north of the barrier wall and 
interceptor well field, the Athens Road well field includes a series of 14 groundwater extraction 
wells at seven paired well locations (see Figure 3 of the accompanying 2008 Annual Remedial 
Performance Report for Chromium and Perchlorate [ENSR 2008d]).  The wells span roughly 
1,200 feet of the alluvial paleochannel and pump at a combined rate of about 266 gpm. 

• Seep Area Collection System – Located near Las Vegas Wash, approximately 4,500 feet north of 
the Athens Road well field, the system includes a surface capture pump for the intermittent 
surface stream (Seep) flow and 10 groundwater extraction wells in the Seep well field to capture 
subsurface flow (see Figure 4 of the of the accompanying 2008 Annual Remedial Performance 
Report for Chromium and Perchlorate [ENSR 2008d]).  The Seep area collection system pumps 
at a combined rate of about 630 gpm. 

All groundwater from the hydraulic containment systems is routed for treatment to the Tronox facility and is 
discharged to the Las Vegas Wash under a National Pollutant Discharge Elimination System (NPDES) permit. 

1.2 NDEP Guidance Concerning Evaluation of Groundwater Capture 

NDEP (2007a) requires verification that the Tronox systems are effectively removing contaminants passing 
through the capture zones.  The evaluation of the containment must consider three-dimensional capture 
including flow contributions from both the alluvium in the paleochannels and the upper portion of the Muddy 
Creek Formation (NDEP 2007a). 

At least three of six possible lines of evidence are required by the USEPA (2002, 2005) to demonstrate 
adequate capture.  The possible lines of evidence include the following: 

1. Estimation of capture zone through calculations of flow-budget or analytical modeling 

2. Demonstration of overlapping cones of depression via flow nets both in plan view and vertical 
cross section 

3. Demonstration of inward flow from a compliance boundary using groundwater elevations at two or 
more locations perpendicular to the boundary 

4. Concentration trends over time at sentinel wells located downgradient of the containment 

5. Particle tracking using a calibrated numerical model 

6. Tracer testing 
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2.0  EVALUATION OF GROUNDWATER CAPTURE  

Section 2 discusses each of the three groundwater capture systems and the results of recent capture-related 
field work and provides a performance evaluation based on recent data in the Annual Remedial Performance 
Report for Chromium and Perchlorate, July 2007-June 2008 (ENSR 2008d).  Data gaps in demonstrating 
effective capture are identified, and a scope of work to address those gaps is presented. Figures 2, 4, and 6 
show the locations of the recently installed groundwater monitor and extraction wells, and the proposed 
additional monitor wells.  Table 1 presents the well completion and geotechnical information for the recently 
installed wells.  Survey data for the newly installed wells is provided in Attachment D. 

A total of 16 wells were installed between November 2007 and March 2008 using sonic drilling equipment.  
Lithology logs and well completion diagrams for these new wells are located in Attachment B of this report 
and chemical data and groundwater elevation information are presented Table 1 and in Appendices A and D 
of the accompanying 2008 Annual Remedial Performance Report for Chromium and Perchlorate (ENSR 
2008d).   Six soil samples were collected for physical properties measurements consisting of pore fluid 
saturation, porosity, density, moisture content, effective permeability, and vertical hydraulic conductivity (see 
Table 1).   

As part of the capture-related field work, 22 of 23 Interceptor wells were redeveloped.  Well development 
records for the new wells and Interceptor wells are presented in Attachment C.  A summary of well 
development data for the Interceptor well field is shown in Table 2.   

2.1 On-Site Barrier Wall and Interceptor Well Field 

There is significant interaction between the perchlorate and chromium plume and the total dissolved solids 
(TDS) plume, which affects plume geometry at the groundwater capture systems on- and off-site.  The location 
and extent of the perchlorate, chromium, and TDS plumes interpreted from groundwater samples collected in 
May 2008 are shown on Plates 3, 4, and 5, respectively, of the accompanying 2008 Annual Remedial 
Performance Report for Chromium and Perchlorate (ENSR 2008d).  Plate 5 shows that a very high level of 
TDS, up to 54,000 milligrams per liter (mg/L), exists west of the Tronox facility and that this plume of high TDS 
enters the Main Channel beneath the northwestern corner of the Tronox property.  Likewise, east of the 
Tronox facility a high TDS area, up to 19,000 mg/L, exists beneath the northern portion of the Timet property.   

On the site, the highest TDS concentration (18,000 mg/L) is found due south of the interceptor well field and 
barrier wall.  TDS concentrations above 10,000 mg/L are present upgradient of the barrier wall and trend about 
1,800 feet south to an area around the Chemstar property.  TDS concentrations below the unit buildings 
further to the south are generally below 5,000 mg/L, indicating that the area beneath the process plants is 
clearing up over time.  North of the slurry wall TDS concentrations are in the 2,800 to 8,000 mg/L range due to 
the effective groundwater capture at the interceptor well field and barrier wall and the recharge of low-TDS 
Lake Mead water. 

Plates 3 and 4 of the 2008 Annual Remedial Performance Report for Chromium and Perchlorate (ENSR 
2008d) show the configuration of the chromium and perchlorate plumes, respectively, from the site to the Las 
Vegas Wash.  As mapped, both plumes occupy the inter-fluvial area east of the Main Channel from south of 
Warm Springs Road to Sunset Road where they begin to enter the channel.  This is due to the higher density, 
high TDS-bearing groundwater in the channel prohibiting the chromium and perchlorate plumes from entering 
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the channel until the density difference dissipates downgradient.  Both chromium and perchlorate behave as 
soluble ions and perchlorate is assumed to migrate at the rate of groundwater flow. 

2.1.1 Previously Identified Data Gaps and Discussion of Results 

In order to strengthen the lines of evidence for capture, Tronox identified the following data gaps and proposed 
methods to address them in the Revised Work Plan to Evaluate Effective Groundwater Capture at Tronox 
Extraction Systems (ENSR, 2007c): 

1. Data Gap: Demonstrate the barrier wall is continuous and does not leak significantly along its 
length.  

Proposal:  Pump wells M-70 and M-71 on the downgradient side of the barrier wall and monitor 
the perchlorate concentrations over time. Concentrations of perchlorate are expected to decrease 
over time indicating that the barrier wall is functioning as designed. Tronox proposed to pump 
these two wells north of the barrier wall at a rate of about one gpm each or as formation 
transmissivity permits.  Capacity to handle the water in the Groundwater Treatment Plant (GWTP) 
will be made available by routing the discharge from selected wells connected to the west header, 
directly to the GW-11 pond. 

Results:  In anticipation of pumping these wells, M-70, M-71, and M-72 were redeveloped.  
During this time they were found to be very poor producers – with M-71 yielding the most water at 
0.75 gpm (see Table 2).  It appears that with the recharge trenches clogging up with salt cedar 
roots, the wells were unable to infiltrate the usual amount of water; therefore, the groundwater 
mound to the south in the area of these wells had dissipated.  With the recent completion of the 
rehabilitation of the trenches, water levels are rising in these wells and pumping activities will start 
by the 4th quarter 2008. 

This data gap has been partially addressed, since with reduced mounding from the injection 
trenches the water elevation downgradient of the barrier wall has decreased, indicating that the 
barrier wall has negligible leakage.   

2. Data Gap: Demonstrate the upward gradient from the Muddy Creek to the alluvium. 

Proposal: Install nested monitor wells at the west and east end of the barrier wall.  Complete 
these wells in the alluvium and at different depths within the Muddy Creek and compare their 
respective static water levels to determine vertical groundwater gradient.  The proposed nested 
wells consisted of two wells each completed in the Muddy Creek at depths of between 60 and 70 
feet below the ground surface (bgs) and 80 and 90 feet bgs adjacent to shallow wells that were 
completed in the shallow saturated portion of the Muddy Creek (i.e., depths of about 20 to 40 feet 
bgs) and used to evaluate horizontal flow around the west and east end of the barrier wall. 

Results: Wells M-132 and M-133 were completed in close proximity to M-74 on the east end of 
the barrier wall (see Figure 2).  Table 1 provides the well completion data and shows that the 
May 2008 water elevation in the deepest well (M-132, 90 feet total depth) is higher than the 
adjacent shallower well M-133; thus indicating an upward vertical gradient.  Further, the water 
level data for the second quarter 2008, provided in Appendix A of the accompanying 2008 
Annual Remedial Performance Report for Chromium and Perchlorate, shows that the water 
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elevation for well M-74, completed in the uppermost portion of the Muddy Creek, is lower than the 
water level measured in wells M-132 and M-133.  This also indicates that there is an upward 
vertical gradient into the shallowest saturated portion of the Muddy Creek.  Likewise, on the 
western end of the barrier, wells M-134, M-135, and M-136 were drilled and screened at different 
depths to a maximum of 90 feet (M-136).  The May 2008 water elevations from these wells also 
show an upward vertical gradient (Table 1).   

Core samples of the Muddy Creek formation were taken from three borings on the east end of the 
barrier (M-129, M-130, and M-132) and one from the west end (M-136) and tested for physical 
property measurements which showed all samples to have hydraulic conductivities in the 10-6 to 
10-7 centimeters per second (cm/s) range (see Table 1). 

Calculations of vertical gradient for these nested well sets utilized an USEPA tool found at 
www.epa.gov/Athens/learn2model/part-two/onsite/vgradient.htm.  Calculated vertical gradients 
ranged from 0.01 to 0.19 feet per foot (ft/ft) (all upward), averaging 0.07ft/ft, as shown on Table 3. 

This data gap has been addressed. 

3. Data Gap: Reconcile the flow budget around the west and east end of the barrier wall. 

Proposal:  To further evaluate the movement of groundwater around the west and east ends of 
the barrier wall, Tronox proposed to install at total of five monitor wells just past the ends of the 
barrier wall. 

Results:  As shown on Figure 2, wells M-129 and M-130 were installed east of the barrier wall on 
TIMET property and wells M-131, M-135 and M-136 were installed west of the barrier wall.  Well  
I-AA was also installed, though to support an enhancement to groundwater recovery on the west 
end of the barrier wall.  Table 1 summarizes the well completion, water elevation and chemical 
data for each well.  The cross section of the Interceptor well field (Figure 2 of the accompanying 
2008 Annual Remedial Performance report for Chromium and Perchlorate) shows that the M-130 
boring encountered the previously inferred Muddy Creek formation ridge that separates I-K from 
CLD2-R, that the water table is in the Muddy Creek, and that the Quaternary alluvium (Qal) is dry.  
On the west, Figure 2 shows that I-AA and M-131 intersected an at least 12-foot-wide previously 
unknown alluvial channel to the west of an unsaturated Muddy Creek formation high.  The 
thickness of saturated Qal in I-AA and M-131 is about 0.25 feet and 0.46 feet, respectively.  After 
well I-AA was developed, short-term pumping showed that the well could only sustain a maximum 
pumping rate of about 1.3 gpm (see Table 2 of this report). Extraction well I-AA will be hooked up 
to the Interceptor well field and begin pumping by the 4th quarter 2008. 

As discussed in Section 2.1.2 below, the significant majority of groundwater flow, and thus mass 
flux, is within the saturated alluvium in the area of the barrier wall and interceptor well field.  As 
seen on the cross section (Figure 2 of the accompanying 2008 Annual Remedial Performance 
report for Chromium and Perchlorate) there is no alluvial groundwater flowing past the east side of 
the barrier wall and minimal alluvial groundwater (0.35 feet of average saturation) flowing around 
the west side.  Additional information is required to complete the evaluation of the heretofore 
unknown alluvial channel on the west end of the barrier wall in the area of well M-131.  However, it 
appears that groundwater flow in the alluvium around the barrier wall would be minimal by 
comparison to the flow captured by the barrier wall and interceptor well field.   
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Additionally, in an effort to improve well efficiency, 21 of 23 Interceptor wells were video taped to 
check for well screen encrustations (none were found) and 22 of 23 of the wells were redeveloped 
using the surge, bail and pump development method (see Table 2).  Theoretical pumping rates for 
most of the wells were improved.  Attachment C presents the redevelopment records for each 
well. 

This data gap has been partially addressed.  Two additional borings (M-147 and M-148) are 
proposed on the west end of the barrier wall in the area of well M-131 to further evaluate the 
lateral extent of the alluvial channel identified in this area (Figure 2).  The proposed borings will 
be drilled to a depth of 35 feet bgs or to a sufficient depth to delineate the extent of saturated 
alluvium. 

4. Data Gap:  Demonstrate that there are overlapping cones of depression for the Interceptor 
extraction wells. 

Proposal: Conduct short-term shutdowns of up to four interceptor wells with low pumping rates in 
areas lacking monitoring coverage within the well field in order to obtain water elevation data to 
aid in contouring cones of depression.  Perform distance drawdown plots following procedures 
outlined in Driscoll (1986 pg. 244-245) to evaluate pumping well efficiency. 

Results: Between June 2 and 4, 2008, extraction wells I-B, I-E, I-F, I-J, I-K, I-N, I-R, I-T, and I-U 
were turned off for between 7 to 19 hours and water levels were allowed to recover.  The static 
water levels were recorded and used to construct the cross section (Figure 2) provided in the 
accompanying 2008 Annual Remedial Performance report for Chromium and Perchlorate.   

Secondly, utilizing this data, distance drawdown tests were performed in wells I-K, I-N, I-R and I-T, 
wherein the wells were pumped at rates ranging from 0.4 to 4.2 gpm for a period between 150 
and 200 minutes (Attachment E).  The results from well I-T provided adequate drawdown data in 
adjacent observation wells to estimate the pumping well efficiency, which was estimated to be 
about 84 percent.  In the case of the other three wells (I-K, I-N and I-R), either drawdown could 
not be measured or there was only one well with measurable drawdown, which precluded 
evaluation of well efficiency following the methods described by Driscoll (1986).  With regard to 
the influence measured during the short-term pumping, measureable drawdown was observed in 
observation wells located about 20 to 25 feet from the pumping well.  Beyond this distance, 
measureable drawdown was not recorded in observation wells during the period of short-term 
pumping.  The absence of drawdown beyond 20 to 25 feet is likely a function well spacing and the 
short-term nature of the testing, which may not have been long enough to adequately assess the 
influence of the pumping and the boundary affect that would be induced by the barrier wall.  It 
would be anticipated that with a longer period of testing the extent of the influence would have 
been greater than measured.  Additionally, in addition to the boundary caused by the barrier, 
additive effects of adjacent well pumping would also improve influence in these areas.  .  

This data gap has been addressed.  In the future, additional distance drawdown testing will be 
considered to further evaluate well efficiency during period where portions of the interceptor well 
field are shutdown.  These data will be used to determine formational pumping levels and will be 
used to support future construction of the net-drawdown map.  Well efficiency data derived from 
the testing of well I-T will be used to contour pumping data from this well. 
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2.1.2 Performance Evaluation 

The current lines of evidence for effective groundwater capture include: 

Capture Zone:  The 1,600-foot wide barrier wall was designed to provide a physical barrier to groundwater 
migration across most of the identified perchlorate plume.  As mapped on Plate 4 of the accompanying 2008 
Annual Remedial Performance report for Chromium and Perchlorate (ENSR 2008d) the barrier wall and 
Interceptor well field is stopping the downgradient flow of perchlorate above 35 mg/L on the east end and 120 
mg/L on the west end.  The average perchlorate concentration from water samples collected from wells behind 
the barrier wall in May 2008 is 1,001 mg/L.  Considering this average concentration upgradient of the barrier 
wall, and the highest reported concentration in water samples from wells east and west of the barrier wall, the 
effective capture rate equates to about 88 percent [(1001-120)/1001=0.88)] on the west end of the barrier, and 
about 97 percent [(1001-35)/1001=0.97)] on the east end of the barrier.  

Flow Budget:  The barrier wall, installed in 2001, has dramatically improved groundwater capture.  Current 
capture rates of about 61 gpm are double those before the wall was installed.  Water level data indicate the 
alluvial aquifer has been mined and is effectively dewatered behind the barrier wall.  The barrier wall is keyed 
into at least 30 feet of the fine-grained facies of the Muddy Creek Formation (MCf), and as noted above there 
is an upward vertical gradient in the vicinity of the wall.  It would be anticipated that the upward flow of 
groundwater is enhanced by pumping upgradient of the barrier wall.  Given this enhancement to upward flow, 
perchlorate mass present within the upper portion of the MCf would be drawn upward in the vicinity of the 
Interceptor well field and barrier wall. 

The possible sources of water contributing to the Qal for ultimate capture by the Interceptor well field and 
barrier wall are: 

• Upgradient (offsite) contribution of groundwater to the Qal 

• MCf “daylighting” groundwater into the Qal upgradient of the Interceptor well field and barrier wall 

• MCf upwelling groundwater into the Qal upgradient of the Interceptor well field and barrier wall 

• Rainfall 

• Onsite water line leaks 

Upgradient (Offsite) Contribution of Groundwater to the Qal:  Previous subsurface investigations in the 
southern (upgradient) portion of the facility indicate that the water table resides in either the Mc coarse-
grained unit (vicinity of Lake Mead Parkway) or the Mc fine-grained unit (vicinity of the unit buildings). The 
Qal unconformably overlies both.  Water occurring in the Qal in the upgradient area is due to precipitation 
and over-watering of residential landscaping and is subject to evapotranspiration.  Any water that 
percolates through the vadose zone joins groundwater in the MCf.  

MCf Daylighting Groundwater into the Qal:  Groundwater flow from the upgradient MCf begins to 
“daylight” into the overlying Qal northeast of the unit buildings within one discrete alluvial channel cut into 
the MCf.  The average beginning point of this daylighting occurs approximately 1200 feet south of the 
Interceptor well field.  The width of this zone is defined as approximately the length of the barrier wall.  
Saturated alluvium thicknesses vary based on the topography of the MC erosion surface. 

MCf upwelling groundwater into the Qal:  Since the vertical hydraulic gradient has been shown to be 
upward from the MC into the alluvium the upward movement of groundwater continues to supplement the 
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water already in the alluvium within this same area.  This upwelling groundwater is in addition to the 
daylighting groundwater. 

Rainfall:  Rainfall is not considered to be a significant source of recharge to the Qal at the site due to the 
minimal amount of annual precipitation (4 to 5 inches/year).  

Onsite Water Line Leaks:  The majority of the older water distribution lines at the facility carry untreated 
Lake Mead water.  These lines were installed in the 1940s and have been the source of line failures and 
leaks many times in the past.  Even though subsurface water delivery line leaks have occurred and are 
occurring onsite, the volume of water released to the subsurface cannot be quantified. 

Since the installation of the barrier well, the Interceptor well field at the barrier wall is recovering between 60 to 
65 gpm.  Based on this review of possible water sources for the saturated alluvium at the Interceptor well field, 
the only significant source for the groundwater in the Qal is groundwater moving from the MCf laterally into and 
upward into the alluvium and sporadic water distribution line leaks.  Whereas a volume calculation for 
groundwater moving from the MCf can be determined, the actual total groundwater budget available for 
recovery at the Interceptor well field cannot be determined due to the non-quantifiable nature of water line leak 
contributions.   

An estimate of the groundwater flow at the interceptor well field and barrier wall was developed based on a 
solution of Darcy’s Law assuming two main sources of groundwater potentially available for capture (ignoring 
the contribution of water line leaks): 

• Groundwater in the Qal upgradient of the barrier wall;  

• Groundwater in the MCf upwelling into the Qal upgradient of the barrier wall 

Groundwater in the Qal:  As mentioned above, an area upgradient of the barrier wall contains variable 
thicknesses of saturated Qal.  A flow budget was prepared using saturated alluvial thicknesses from 
the May 2008 data plotted on the hydrogeologic cross section (Figure 2) found in the accompanying 
2008 Annual Remedial Performance report for Chromium and Perchlorate (ENSR, 2008d).  The cross 
sectional area used in the calculations is the plane of the barrier wall.  From this estimate, a total of 
about 52.3 gpm is flowing toward the barrier wall in the Qal.  Calculations and assumptions are shown 
on Table 4 of this report.  

Groundwater upwelling from the MCf:  As previously confirmed, groundwater in the MCf has an 
upward vertical hydraulic gradient averaging about 0.07ft/ft and hydraulic conductivities on the order of 
10-6 centimeters per second (cm/s) or about 0.06 gpd/ft2.  The southernmost upwelling occurs at about 
1,200 feet upgradient of the barrier wall and the width of the zone is the length of the barrier or about 
1,600 feet.  This is an area of about 1,900,000 ft2. Solving for Darcy’s Law (Q = KiA) gives 0.06 gpd/ft2 

X 0.07 ft/ft X 1,900,000 ft2 = 8,064 gpd or 5.6 gpm flowing upward into the alluvium from the MCf 
upgradient of the barrier wall. Calculations and assumptions are shown on Table 4 of this report.  

The total flow budget approaching the barrier wall from these two sources is about 57.9 gpm and that an 
undeterminable amount – probably due to water line leaks – also makes a contribution.  It is not possible to 
calculate a more exact flow budget because of the unknown quantity of water released from line leaks.  
However, the flow is estimated to be no more than about 67 gpm based on the technique described in the next 
section. 
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Downgradient Concentration Declines over Time:  Perchlorate itself is an effective tracer, since it migrates 
advectively, and is not readily adsorbed to soils.  The perchlorate plume map (Plate 4) found in the 2008 
Annual Remedial Performance report for Chromium and Perchlorate (ENSR, 2008d) indicates expansion of a 
zone containing less than 100 mg/L perchlorate downgradient of the recharge trenches where stabilized lake 
water is added to offset extracted groundwater and maintain groundwater flow.  As the recharge water flow is 
slightly less than the water volume being extracted upgradient of the barrier wall, the rapidly expanding area 
containing less than 100 mg/L perchlorate indicates perchlorate capture.  Recently, because of trench clogging 
and diminished water infiltration, the expansion of the area of less than 100 mg/L perchlorate has slowed.  
With the recent refurbishment of the trenches this expansion is expected to accelerate.  Comparison of the 
current plume map with previous maps shows a continuing trend moving the 100 mg/L perchlorate contour line 
eastward.  The expansion of the less than 100 mg/L perchlorate zone is occurring in an area that has 
historically contained greater than 1,000 mg/L perchlorate.  This is a 10:1 (90 percent) decrease of perchlorate 
concentrations.  If the infiltration of about 60 gpm of clean [(less than 5 micrograms per liter (µg/L) perchlorate)] 
Lake Mead water in the recharge trenches is totally responsible for this 10:1 decrease then no more than 6 
gpm (60 gpm X 10 percent remaining) can be leaking around the barrier wall to keep the downgradient 
perchlorate plume at about 100 mg/L.  The Interceptor well field was pumping 61 gpm in June 2008 (ENSR 
2008d).  The flow budget at the well field is therefore no more than 67 gpm (61 + 6), which demonstrates a 90 
percent capture efficiency [(61-6)/61=0.902].  Therefore the amount of water line leakage upgradient of the 
barrier wall is about 9 gpm (67-58.9 = 9.1 gpm). 

Overlapping Cones of Depression:  Plate 1 and Table 5 of this report show the drawdown in the Interceptor 
well field between 1987 and May 2008.  Additional monitoring wells (idle pumping wells) were used this year to 
contour this plate and are listed on the cross-section of the Interceptor well field (Figure 2) from the 
accompanying 2008 Annual Remedial Performance report for Chromium and Perchlorate (ENSR, 2008d).  
Plate 1 shows that the maximum drawdown is 15.5 ft and 15.3 ft in wells M-68 and I-J, respectively, and that 
drawdown decreases westward to about 4.6 ft in well I-B. 

Figure 3, The Interceptor Well Field Diagram, is a schematic block diagram summarizing the hydrogeologic 
conditions around the well field as is interpreted to date.  The diagram shows that the groundwater flows 
northward from the MCf coarse-and fine-grained units beneath Lake Mead Parkway, entering into the Qal 
channels south of the well field. Flow is interrupted by the barrier wall and groundwater is extracted at a current 
rate of about 61 gpm by the well field.  North of the barrier the recharge trenches infiltrate Lake Mead water 
back into the aquifer.  Because of the recent problems with the trenches plugging up the water levels, 
downgradient wells (M-98 to M-102) are at or below the Qal/MC contact.  Nested wells, such as the M-74, M-
132 and M-133 set shown here, exhibit upward vertical gradients.  Deeper MCf groundwater flows on to the 
Tronox site in a southwest direction. 

2.1.3 Evaluation of Groundwater Velocity Downgradient of the Barrier 

As suggested by NDEP (2007b), Tronox has completed a qualitative evaluation to determine the times at 
which perchlorate and chromium plumes might reach the Athens Road well field.  The evaluation was done 
through an analysis of “break over”, wherein the effect of the recharged Lake Mead water was used to 
approximate the groundwater velocity south of the barrier.  The resulting groundwater velocity was used to 
approximate the travel time to the Athens Road well field for both the perchlorate and chromium plumes.  The 
calculations indicate that the mitigating effects of the on-site barrier wall will reach the Athens Road well field 
between the years 2010 and 2015, depending on velocity.  This discussion can be found in Appendix C of the 
Revised Work Plan to Evaluate Effective Groundwater Capture at Tronox Extraction Systems (ENSR, 2007c). 
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2.1.4 Data Gaps and Proposed Additional Evaluation  

To strengthen the lines of evidence for capture, Tronox has identified several data gaps and corresponding 
proposals to address them.  These are in addition to the previously identified uncompleted data gaps 
discussed above: 

1. Data Gap:  More impacted groundwater should be recovered from the Interceptor well field. 

Proposal: Tronox will connect wells I-X, I-W, and I-Y to the recovery system by the 4th quarter 
2008. Capacity to handle the additional groundwater in the GWTP will be made available by 
routing the discharge from selected wells connected to the west header, directly to the GW-11 
pond or by removing the GW-11 pond water stream from the chromium treatment plant (GW-11 
chromium concentration about 0.08 mg/L). 

2. Data Gap:  The width of the new alluvial channel intersected by wells I-AA and M-131 is 
unknown. 

Proposal:  Tronox proposes to drill up to two bore holes (M-147 and M-148) at 25-foot spacing 
west of M-131 to a depth of 35 feet bgs to determine the width of the channel.  The locations of 
which are shown on Figure 2 of this report, and on Figure 2 of the of the accompanying 2008 
Remedial Performance Report.  

2.2 Athens Road Well Field 

In their assessment of the Athens Road well field, McGinley (2007) compared both analog methods and 
numerical groundwater modeling to USEPA guidance for determining capture effectiveness and mass 
recovery efficiency.   

Results of the numerical groundwater model showed: 

• Two-hundred and sixty particles released at the southern boundary of the model were all captured 
by the Athens Road well field; and, 

• A mass flux evaluation indicated the well field was over 99 percent efficient in mass recovery. 

Results of the analog assessment showed: 

• Flow vectors using triangulated extraction wells (“ART”) and downgradient monitor wells (“ARP”) 
did not show inward flow, suggesting capture might not be achieved using the ARP wells as the 
compliance boundary. 

McGinley (2007) concluded that the numerical groundwater model provided some use in showing the well field 
had a high degree of efficiency, but that installed well pairs did not exist that could validate model predictions.  
They recommended that: 

• Analog capture analysis be considered using a standard procedure; 

• Additional nested monitor wells be located to evaluate inward flow and to provide vertical definition 
across the extraction well field; and 

• Data gathered from pump tests conducted on the proposed new wells be used in expanding the 
site conceptual model and for possible updating of the numerical groundwater model. 
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The McGinley groundwater modeling results fairly match the results from a model previously constructed by 
Tronox that was used in designing the Athens Road well field.  In both cases, calibrated numerical models, 
constructed independently, demonstrated complete particle capture, one of the USEPA criteria required to 
demonstrate capture.  Further, McGinley’s 99+ percent mass recovery is also a significant result that would 
support the demonstration of effective well field capture. 

2.2.1 Previously Identified Data Gaps and Discussion of Results 

To further evaluate the capture zone at Athens Road and strengthen the lines of evidence for capture, Tronox 
identified the following data gaps and proposed methods to address them: 

1. Data Gap: In contrast to numerical modeling results, McGinley (2007) was not able to demonstrate 
inward flow using water level data from the second half of 2006 due to the absence of sufficient 
monitor wells.  Also, there are insufficient data to demonstrate influence from pumping of the Athens 
Road well field on water within the underlying MCf. 

Proposal:  In order to demonstrate upward vertical head and inward flow, two additional nested wells 
will be completed within 100 feet downgradient of recovery wells ART-3 and ART-9 in the western and 
eastern sub-channels, respectively.  The new wells will allow calculation of flow vectors and vertical 
head to confirm capture. 

Results:  Nested wells PC-134 and PC-135 were constructed 41 and 38 feet north, respectively, of 
ART-3, whereas nested wells PC-136 and PC-137 were constructed 47 and 54 feet north, 
respectively, of ART-9 (see Figure 4 of this report).  The cross-section of the Athens Road well field 
(Figure 3) from the accompanying 2008 Annual Remedial Performance report for Chromium and 
Perchlorate (ENSR, 2008d) shows the new wells projected into the plane of the section.  The May 
2008 water data from the PC-134/135 pair (Table 1) show that the water elevation is highest in the 
deepest well confirming upward vertical gradient. Likewise, in the PC-136/137 pair the deepest well 
has the highest water elevation.  Calculations of vertical gradient for these nested well sets utilized an 
USEPA tool found at www.epa.gov/Athens/learn2model/part-two/onsite/vgradient.htm.  Calculated 
vertical gradients ranged from 0.08 to 0.09 ft/ft (both upward), averaging 0.085 ft/ft, and are shown on 
Table 3. 

One core sample from each of the two well pairs was collected from the MCf and tested for various 
physical properties including hydraulic conductivity.  Table 1 shows the tests performed and that the 
hydraulic conductivities of both samples are in the 10-6 cm/s range.  

Calculations of flow vectors using the US EPA online tool at www.epa.gov/athens/learn2model/part-
two/onsite/gradient3ns.htm and May 2008 water elevations indicates inward flow is being achieved at 
ART-3, but not at ART-9.  The ART-3 three-point problem consisted of a triangle of wells made up of 
ART-4A, PC-17, and PC-135.  The resultant hydraulic gradient is 0.01157 ft/ft and the flow vector is 
S40E. The ART-9 three-point problem consisted of a triangle of wells made up of ART-6, ART-7A, and 
PC-136.  The resultant hydraulic gradient is 0.01152 ft/ft and the flow vector is N32E.  Concerning the 
ART-9 well triangle, the differences in groundwater elevation among the wells is very slight – ART-7A 
is at 1584.30 ft whereas PC-136 is at 1584.22 ft, and ART-6 is at 1584.99 ft – indicating that additional 
pumping may be all that is necessary to form a flow divide and produce inward flow under this 
configuration of wells.  
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Plate 2 of the accompanying 2008 Annual Remedial Performance report for Chromium and 
Perchlorate (ENSR, 2008d) shows the contoured potentiometric surface in the well field area.  
Although controversial, the 1585-foot contour at the eastern subchannel was drawn as a closed 
contour based on the significant mapped drawdown (see Plate 2 of this report) and the near identical 
water elevations in the wells. 

This data gap has not been filled and will be addressed by increasing the pumping rates to achieve 
inward flow in the area of ART-9 as described in Section 2.2.3 of this report. 

2. Data Gap: Since the abandonment of downgradient monitor wells ARP-4, ARP-5 and ARP-6A in 
March 2007, there is inadequate monitoring capability north of the well field. 

Proposal:  The three recently abandoned ARP-series piezometers, ARP-4R, ARP-5R, and ARP-6R 
downgradient of the well field will be re-established nearby their former locations. 

Results:  Three new wells ARP-4A, ARP-5A, and ARP-6B were installed near the abandoned wells.  
Table 1 shows a summary of the well completion, groundwater elevation and chemical data.  
Appendix B contains the lithology logs and well completion diagrams. 

This data gap has been fully addressed. 

2.2.2 Performance Evaluation 

Capture Zone:  The Athens Road well field was designed to provide a hydraulic barrier spanning the 
approximately 1,200-foot width of the identified perchlorate plume in this area.  Perchlorate is an effective 
tracer to assess groundwater capture.  As mapped on Plate 4 of the accompanying 2008 Annual Remedial 
Performance report for Chromium and Perchlorate (ENSR 2008d) the well field is stopping the downgradient 
flow of perchlorate above about 1 mg/L perchlorate on the west end and about 5 mg/L on the east end.  At an 
average concentration of 216 mg/L perchlorate approaching the well field, this equates to an effective capture 
rate of about 98 percent [216-5)/216=0.977].  This means that the capture zone is defined as extending from 
50 feet west of ART-2 to 50 feet east of PC-122. 

Flow Budget:  The Athens Road wells are extracting groundwater at a rate of about 266 gallons of per minute 
and perchlorate at a rate of approximately 627 pounds per day.  This volume of groundwater and perchlorate 
removal compares favorably with the flow budget and mass flux calculated from the May 2008 data 
calculations at Sunset Road, 1,375 feet upgradient of the well field (see Table 6). The results indicate that 
about 195 gpm of groundwater and 505 pounds per day (lbs/day) perchlorate were passing Sunset Road in 
May 2008.  This calculation is the result of using hydraulic conductivity data from slug tests performed on the 
Sunset Road wells which are upgradient of Athens Road.   

Overlapping Cones of Depression:  As shown on Plate 2 and Table 7 of this report, overlapping cones of 
depression are evident from data collected from adjacent piezometers and monitoring wells, indicating that the 
well field has developed a capture zone sufficient to encompass the width of the plume in this area.  In fact, the 
entire 1,200 feet length of the target capture zone is within an area of overlapping cones of depression. 
Significant drawdown of as much as 12.9 feet in monitor well ART-3 and a large zone of greater than 10 feet 
drawdown that extends at least 350 feet north to the ARP wells is shown on Plate 2.  
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Numerical Modeling:  A numerical evaluation by an NDEP contractor (McGinley, 2007) using MODFLOW 
showed that particles released in the model were completely captured by the Athens Road well field and that 
mass flux within the model showed greater than 99 percent capture efficiency.  

Downgradient Concentration Declines over Time:  Figures 24 and 24A, the COH WRF Well Line Perchlorate 
Trend graphs of the accompanying 2008 Annual Remedial Performance report for Chromium and Perchlorate 
(ENSR, 2008d) show that downgradient wells PC-98R and MW-K5 have exhibited consistent decreasing 
trends of perchlorate concentrations with time.  Since full-scale system operation of the Athens Road well field 
in October 2002, perchlorate concentrations in groundwater samples from well PC-98R and MW-K5 have 
been reduced 83 and 95 percent, respectively.  These wells are located about 2,000 feet downgradient of the 
Athens Road well field.   

Figure 5 is a schematic block diagram summarizing the condition around the well field as it exists now.  
Groundwater flows northward in the alluvium beneath Sunset Road toward the well field.  The ART-series 
wells extract the impacted water at a current rate of about 266 gpm and pump it back to the Fluid Bed 
Reactors (FBRs) on the Tronox plant site.  The well field is dewatering the alluvium and deeper water from the 
MCf is flowing upward based on vertical gradient calculation from deep well pair such as PC-136 and PC-137 
shown here. 

2.2.3 Data Gaps and Proposed Additional Evaluation 

To further evaluate the capture zone at Athens Road, Tronox has identified one additional data gap and has 
developed a proposal to address it; this is in addition to the previously identified uncompleted data gaps 
discussed above: 

1. Data Gap:  Tronox was not able to demonstrate inward flow in the eastern subchannel using 
water level data from May 2008.   

Proposal:  Tronox will increase pumping rates to develop a flow divide and demonstrate inward 
flow.  ART-6, the buddy well for ART-9, can be brought back online and can pump directly into 
ART-9, and water from both wells can be pumped to Lift Station #3.  ART-7 and ART-9 are 
currently pumping at full capacity.  If ART-6 is dewatered by this pumping and can not contribute 
then larger pumps can be installed in ART-7 and 9.  This will be completed by the 4th quarter 
2008.  

2.3 Seep Area Well Field and Seep Stream Collection System 

Figure 6 of this report shows the locations of the three monitor wells that are still planned to be installed in the 
well field.  Access agreement issues have kept this work from being completed but are now resolved. Drilling 
and well completion will commence by the 4th quarter 2008.  

Perchlorate concentrations have dropped over the last year in the well field (see Plate 4, ENSR 2008d) to the 
point that the highest concentrations in the pumping wells is currently only 9.5 mg/L compared to 2002 when 
the highest concentration was 200 mg/L representing a 95.2 percent capture efficiency. 
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2.3.1 Performance Evaluation 

Capture Zone: The goal of the Seep Area collection system is to provide a hydraulic containment along the 
approximately 800-foot width of the perchlorate plume and to reduce the concentration in the surface water of 
the Las Vegas Wash to below 100 µg/L at Northshore Road.  The Seep Area system is less than 1,000 feet 
from the Las Vegas Wash and multiple lines of evidence such as decreasing analyte concentrations in 
downgradient monitor wells (Plate 4, ENSR 2008d) indicate that the Las Vegas Wash underflow is 
encroaching on the well field.  Because of this complex situation the Seep well field capture zone is defined as 
that area influenced by the current overlapping drawdown cone.  

Flow Budget:  A flow budget calculation was prepared and input parameters are presented in Table 8 of this 
report.  The cross-sectional area used in the calculations is shown on the Seep well field hydrogeologic cross-
section (Figure 4, ENSR, 2008d).  The area extends from 50 feet west of PC-120 to 175 feet east of PC-133. 
The Seep Area System, which was installed beginning in 2001, is currently extracting about 630 gpm of 
groundwater at an average concentration of 5.6 mg/L perchlorate.  This equates to about 44 lbs/day of 
perchlorate that would otherwise discharge into the adjacent Las Vegas Wash.  The estimate derived from the 
Seep well field pump tests show that 455 gpm and 20 lbs/day perchlorate are flowing at the well field and that 
the extra groundwater being pumped is probably Las Vegas Wash underflow.  The mass flux calculation 
suggests that the well field demonstrates significant capture efficiency. 

Overlapping Cones of Depression:  Plate 3, the Net Drawdown Map, Seep Well Field and Table 9 of this 
report show a greater than 2,000-foot wide zone where there are overlapping cones of depression with a 
maximum 7.5 feet of drawdown.  

Inward Flow:  Partial inward flow is not demonstrated by potentiometric surface maps (Plate 2, ENSR 2008d) 
created with groundwater level data from monitoring wells in the area.  Additional monitor wells are required to 
close data gaps in areas where there is insufficient well coverage to adequately evaluate drawdown in the 
pumping wells, and thus confirm inward flow. 

Downgradient Concentration Declines over Time:   Perchlorate concentrations in the Southern Nevada Water 
Authority (SNWA) irrigation wells in Las Vegas Wash downstream of the Seep Area collection system shows a 
97.6 percent decrease from 45.6 mg/L in June 2002 to 1.1 mg/L in June 2008.  Additionally, Las Vegas Wash 
surface water sampling shows a 93.3 percent decrease in perchlorate loading (pounds/day) from 1,104 lbs/day 
in May 1999 to 74 lbs/day in May 2008 [(1104-74)/1104 = 0.933]. 

Figure 7, is a schematic block diagram summarizing the condition around the Seep well field as it exists now. 
Groundwater is flowing northward from below the Lower Ponds toward the well field. The well field intercepts 
and extracts impacted water at a current rate of about 630 gpm. Underflow from Las Vegas Wash and the 
underlying MCf is being drawn toward the well field based on water chemistry in monitor wells PC-95 through 
PC-97 and vertical gradient calculations in well pairs such as PC-90/88 shown here.  
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2.3.2 Data Gaps and Proposed Additional Evaluation 

To further evaluate the capture zone at the Seep Area Collection System, the following data gaps have been 
identified and measures to address them are proposed: 

1. Data Gap:  Demonstrate inward flow within the overlapping cones of depression. 

Proposal: Install three additional wells (PC-138, PC-139 and PC-140) near recovery wells PC-
117, PC-118 and PC-133 to support the understanding of drawdown in these wells and the 
delineation of the capture zone (Figure 6).  Proposed well completions are provided on Table 10. 

Additionally, use the water level data from the new wells and the current well field to construct 
plan-view and cross-sectional view flow nets from which to demonstrate the inward flow of 
groundwater and to calculate capture zone width.  

Lastly, develop distance drawdown plots following procedures outlined in Driscoll (1986) to 
evaluate pumping well drawdown and efficiency.   
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3.0  CONCLUSIONS 

The evaluation of groundwater capture found that multiple lines of evidence exist to support the conclusion that 
the Tronox extraction systems are effective at hydraulic capture.  The decrease in perchlorate loading in Las 
Vegas Wash since 1999 is a strong line of evidence of the effectiveness of the combined systems over the last 
nine years.  In May 1999, the perchlorate loading in the Wash was 1,104 pounds/day versus. 58 pounds/day in 
June 2008, a 94.7 percent drop. 

The individual components of the extraction system show effective hydraulic and contaminant capture.  The 
Interceptor well field shows at least a 90 percent capture rate.  The Athens Road well field, according to the 
McGinley and Associates 2007 Modflow study, has greater than 99 percent capture efficiency, and the Seep 
well field exhibits a 97 percent capture rate. 

Data gaps still remain and Tronox is committed to filling these gaps as described in Section 2.1.4, 
Section 2.2.3, and Section 2.3.2 of this report.  Up to two borings are proposed to be drilled in the Interceptor 
well field and three monitor wells are proposed be installed in the Seep well field.  Pumping will be increased in 
the area of well ART-9 to determine if inward flow can be achieved for the eastern portion of the Athens Road 
well field.  The additional borings and wells and modification to the Athens Road pumping scheme will be 
completed by the 4th quarter of 2008.  
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Barrier Wall
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State Ind.
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Potential Contaminant Source Areas
(69 LOUs Identified)

• Unit Building operations
• Manufacturing activities
• Spills and leaks from storage activities
• Leaks from underground and aboveground pipelines
• Leaks from underground tanks
• Spills from aboveground tanks
• Infiltration from surface impoundments

• Infiltration from ditches
• Overtopping from surface impoundments 
• Incidental spills from roasting operations
• Airborne dispersion of asbestos
• Leaching from nonhazardous waste pile
• Spills along Railroad lines
• Impacted surface soil blowing off site

Figure 3
Interceptor Well
Field Diagram
Tronox LLC

Henderson, Nevada
          Aug 2008           No Scale

Alluvium

MCf1

MCc1

Water and Constituent Movement

Water Infiltration

Water and Constituent 
Infiltration

Pond Evaporation

MCf1 - Muddy Creek Fm
first fine-grained facies
MCc1 - Muddy Creek Fm
first coarse-grained facies
(S) Shallow Well
(M) Middle Well
(D) Deep Well

famsl = ft above mean sea level
bgs = below ground surface
wl = water level

Legend

Deep Flow Direction Data are from POSSM
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Wells showing upward vertical gradient, inward flow 
and water density (TDS mg/L)

    Well WL bgs (famsl) Vertical Gradient FlowDirection TDS
 (S) PC-135      1588.70  0.09 up   S40E* 8350*
 (D) PC-134      1591.06     1640

Nested Wells Showing Upward Vertical
Gradient and Water Density (TDS mg/L)

    Well WL bgs (famsl) Vertical Gradient   TDS
 (S) PC-136      1584.22  0.08 up     6920 
 (D) PC-137      1586.72   2950

 * Using PC-135, PC-17, ART- 4A
** from ART-3

Business Area

M08100_B

Alluvium

MCfu

Shallow Water and Constituent
Movement

Deep Water Movement

MCfu - Muddy Creek Fm
fine-grained facies undifferentied
(S) Shallow Well
(D) Deep Well
NA No Analysis
famsl = ft above mean sea level
bgs = below ground surface
wl = water level

Legend
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Figure 7
Seep Well Field

Diagram
Tronox LLC

Henderson, Nevada
          Aug 2008           No Scale

Shallow Water and Constituent
Movement

Deep Water Movement

MCfu - Muddy Creek Fm
fine-grained facies undifferentied
(S) Shallow Well
(D) Deep Well
NA No Analysis
famsl = ft above mean sea level
bgs = below ground surface
wl = water level

Nested Wells Showing Upward Vertical
Gradient and Water Density (TDS mg/L)

    Well WL bgs (famsl) Vertical Gradient TDS
 (S) PC-90 1543.59 0.03 up  4070 
 (D) PC-88 544.48  NA 
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extrapolated from September
1987 water levels.
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Dashed where approximate
or inferred
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Recovery Well
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* Abandoned Recovery Well

Cross Section, Figure 2
In 2008 Performance ReportA A'
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# MONITOR WELLS

ART WELL FIELD
Consists of ART-series (ART 1)
and adjacent "Buddy Wells"
(ART 1A-4A, 7A, 8A)

As of May 16, 2008 pumping wells
are ART - 2, 3A, 4, 7, 8 and 9.

#
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  August 2008 4020-023-160 – Groundwater Capture Evaluation Report 
 

ATTACHMENT A TO THE GROUNDWATER CAPTURE  REPORT 
 
NDEP and Tronox Correspondence 









































 

Tronox LLC 
8000 West Lake Mead Parkway, Henderson, Nevada 89015  •  P.O. Box 55, Henderson, Nevada 89009  

 

 
Susan Crowley 
Staff Environmental Specialist 

(702) 651-2234 
Fax (405) 302-4607 

Susan.crowley@tronox.com 
November 28, 2007 

 
 
Ms. Shannon Harbour, P.E.  
Nevada Division of Environmental Protection 
2030 East Flamingo Road, Suite 230 
Las Vegas, Nevada  89119-0818 
 
 
Subject: Response to Nevada Division of Environmental Protection (NDEP) Comments to the 

Revised Work Plan to Evaluate Effective Groundwater Capture at Tronox LLC, 
Henderson, Nevada 

 
Dear Ms. Harbour: 
 
Tronox LLC (Tronox) has undertaken an Environmental Conditions Assessment (ECA) as directed by the 
Nevada Division of Environmental Protection (NDEP).  On August 29, 2007, Tronox provided a revised 
work plan to NDEP outlining our approach to evaluate the effectiveness of groundwater systems at the 
Henderson site.   On October 3, 2007, NDEP provided comments to the draft work plan, which were 
subsequently discussed in during a conference call between NDEP and Tronox on November 14, 2007.  
Attached is our annotated response to the October 3 NDEP comments, which incorporate the discussions 
of our conference call.  Additionally, Tronox initiated the proposed field program to evaluate groundwater 
capture on November 25, 2007 following verbal approval from NDEP received during the conference call. 
 
Additionally, per our discussions, attached is an electronic copy of the August 29, 2007 revised work plan in 
Adobe format which has been revised to include the corrected tables in Appendix B.  Please contact me at 
(702) 651-2234 if you have any comments or questions concerning this correspondence.   
 
 
      Sincerely, 
 
 

       
      Susan M. Crowley 
      Staff Environmental Specialist 
 
Overnight Mail 
 
Attachment: As stated 
CC:  See attached Distribution List 



Tronox response to October 3, 2007 NDEP comments on  
Capture Work Plan dated August 29, 2007 

 
NDEP Comment 
1. General comment: TRX interchangeably uses the terms “slurry wall” and “barrier wall” in the text and 

figures of the Work Plan.  Please resolve this terminology in future Deliverables. 
 
Tronox Response 
The term “barrier wall” will be used in future documents. 
 
NDEP Comment 
2. General comment: the NDEP did not note the reference of any standard operating procedures 

(SOPs) in the Work Plan.  Please provide references for all applicable, approved SOPs by October 
24, 2007.  If new SOPs are needed please forward them to the NDEP as soon as possible for review. 

 
Tronox Response 
The Standard Operating Procedures applicable to the work proposed are identified below and are 
provided in the BRC Field Sampling and Standard Operating Procedures – BMI Common Areas, Clark 
County, Nevada, ERM-West, Incorporated, Sacramento, California and Montgomery-Watson Harza, 
Sacramento, California, August 2007:  
 

SOP-1 Drilling Methods 
SOP-2 Groundwater Monitoring Well Design 
SOP-3 Groundwater Monitoring Well Development 
SOP-4 Aquifer Testing 
SOP-5 Water Sampling and Field Measurements 
SOP-6 Sampling Management and Shipping  
SOP-10 Surveying 
SOP-13 Operating and Calibration Procedures – Field Equipment 
SOP-14 Field Documentation 
SOP-15 Field Logbook 
SOP-17 Soil Logging 
SOP-20 Filter Pack and Well Screen Slot Size Determination 
SOP-23 Split Spoon Sampling 
SOP-31 Drilling Equipment Decontamination 
SOP-34 Investigative Derived Waste (IDW) Management 

 
NDEP Comment 
3. General comment, please discuss if any hydraulic testing will be conducted in the wells that are 

proposed to be installed (e.g.: slug testing or pump testing) at the meeting referenced in the cover 
letter.   

 
Tronox Response 
As discussed during our November 14, 2007 conference call, Tronox will evaluate the vertical 
permeability of the Muddy Creek Formation with ASTM 5084 using a constant head method.  A soil 
sample will be collected from the Muddy Creek Formation at the following proposed wells at both the 
Interceptor and Athens Road Well Fields: 

M-129 (IM-1) 
M-130 (IM-2) 
M-134 (IM-5b) 
M-136 (IM-6b) 
PC-134 (AM-1a) 
PC-136 (AM-2a) 
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The locations of these wells are shown on the revised figures attached to this document.  Please note the 
change in the nomenclature and the reference to the prior well identification in parentheses. 
 
NDEP Comment 
4. Section 2.1.1, Performance Evaluation, Flow Budget, the NDEP has the following comments (please 

note that these comments are also applicable to Appendix B): 
a. TRX states that “The presumed upward flow of groundwater is further enhanced by the 

pumping upgradient of the barrier.  Given this enhancement to upward flow, it would be 
anticipated that perchlorate mass if present within the upper portion of the Muddy would be 
locally influenced in the vicinity of the barrier and interceptor well field.”  The first sentence 
starts with a presumption about upward flow and the second sentence starts with the upward 
flow as a “given.”  Please clarify what is meant by this statement and if this refers to the 
unconfined portion of the Muddy Creek formation or the confined portions. 

b. TRX states that the “Groundwater in the Muddy Creek, subsequently “dammed up” behind 
the groundwater barrier wall…”  Please provide a cross-section of the Interceptor Well Field 
including the as-built dimensions of the barrier wall for a comparison of well depths versus 
the depth of the barrier wall and the depths of the geologic units.   

c. TRX states that the “Groundwater flowing vertically and “daylighting” from the Muddy Creek 
upwards into the incised alluvial channels up-gradient from the slurry wall.  The third flow 
element is included in the budget, since the estimates of flow from the alluvium and Muddy 
Creek dammed behind the barrier do not adequately account for the water being pumped at 
the interceptor well field.  The calculations and input parameters are provided in Appendix B.”  
If this is truly a vertical flow component then the hydraulic conductivity used should not be the 
same as the horizontal hydraulic conductivity. Vertical hydraulic conductivity is typically 
several orders of magnitude less than horizontal hydraulic conductivity.  It is suggested that 
TRX collect this data as part of the implementation of the Work Plan.  Please discuss this 
matter with the NDEP at the meeting referenced in the cover letter.   

d. Please consider that the existence of water dammed up behind the barrier wall and water 
mounded in the “dead zone” may produce a downward gradient into the Muddy Creek 
formation.   

e. Please consider that the density of the water may produce a downward gradient into the 
Muddy Creek formation. 

f. Please consider installing several co-located wells which are screened in the various portions 
of the unconfined aquifer (e.g.: the Quaternary alluvium; the transition zone; and the Tertiary 
Muddy Creek formation).  Please discuss this matter with the NDEP at the meeting 
referenced in the cover letter. 

g. Please develop a block diagram for each well field which demonstrates the relationships 
between the water bearing zones and utilizes existing gradients and density data.  If sufficient 
information is not available to develop these block diagrams the scope of work for this Work 
Plan should be revised.  Please discuss this matter with the NDEP at the meeting 
referenced in the cover letter. 

 
Tronox Response 

a. The statement refers to the unconfined portion of the Muddy Creek formation and upward 
gradients are believed to be present.  The work proposed under the Capture workplan will 
generate data to evaluate vertical gradients in the Muddy Creek. 

b. Figure 2 of the Annual Remedial Performance Report for Chromium and Perchlorate, Tronox 
LLC, Henderson, Nevada, July 2006 – June 2007 is a cross section of the Interceptor well 
field and includes the dimensions of the barrier wall for a comparison of well depths versus 
the depth of the barrier wall and the depths of the geologic units.  This figure was also 
provided for the conference call on November 14, 2007 and is attached as Figure 6 to this 
document. 

c. As discussed during the conference call of November 14, 2007, vertical gradients and 
hydraulic conductivity will be evaluated through the installation of nested wells M-133, M-134, 
M-135, M-136, PC-134, PC-135, PC-136 and PC-137, which will be installed at various 
depths within the Muddy Creek Formation.  The approximate depth and completion of the 
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proposed wells that will be installed as part of the Capture Zone evaluation are shown on the 
attached hydrogeologic cross sections (see Figures 6, 7 and 8). 

d. Tronox will consider the potential for a downward gradient induced from groundwater 
mounded behind the barrier wall.  Though as discussed during the November 14, 2007 
conference call, the nested monitor wells proposed under the capture evaluation workplan 
will provide data to further evaluate this potential hydrologic condition and hypothesized 
potential downward vertical gradient suggested by NDEP. 

e. Please see the response to comment 4d above. 
f. Two nested monitoring well sets (M-133/M134 and M135/M136) have already been proposed 

to be screened at different levels of the Muddy Creek formation. Well M-74 on the east side 
of the barrier wall will serve as  the alluvial well in the M-133/134 set  whereas M-132 on the 
western side of the barrier wall will serve as  the alluvial well in the M-135/136 set. Tronox 
has not observed a “Transition Zone” (i.e., reworked Muddy Creek Formation) in the 
Interceptor well field area.  

g. As discussed during the November 14, 2007 conference call, block diagrams consistent to 
those provided via email by NDEP on November 14, 2007, will be prepared from the data 
gathered during the Capture Zone evaluation.   

 
NDEP Comment 
5. Section 2.1.1, Performance Evaluation, Downgradient Concentration Declines over Time, the NDEP 

has the following comments: 
a. The NDEP does not believe that the recharge water is “totally” responsible for the expansion 

of the area containing less than100 mg/L perchlorate but a contributing factor.  Incremental 
analysis using either concentrations or pumping rates does not adequately demonstrate what 
is responsible for the expanding area of < 100 mg/L perchlorate.  The NDEP suggests that 
this analysis requires a mass balance approach.   

b. TRX calculated the percent decrease of the perchlorate concentration downgradient of the 
barrier wall from approximately 1,000 mg/L in July 1998 to less than 100 mg/L currently.  TRX 
then used this percent decrease to determine that a maximum of 6 gpm of 1,000 mg/L 
perchlorate could be flowing around the barrier wall.  This calculation assumes that the 
groundwater concentration for perchlorate flowing around the barrier wall is 1,000 mg/L.  
Please discuss this assumption.  As part of this discussion, TRX should consider the 
groundwater containing less than 10 mg/l and 25 mg/l which is traveling around the east and 
west ends of the barrier wall, respectively.  This groundwater could certainly contribute to the 
expansion of the less than 100 mg/l zone of perchlorate.   

c. TRX states that “clean Lake Mead water” is injected for infiltration to the area north of the 
barrier wall.  Please quantify what is meant by “clean”.  There is an incremental concentration 
of perchlorate in Lake Mead water which has varied over time.  For clarity it would be helpful 
to understand this range of inputs. 

d. Additionally see Appendix A, RTC 12 below. 
 
Tronox Response 

a. The analysis provided in the revised work plan was to demonstrate, through a simple mass 
balance, that the mass of perchlorate getting around the slurry wall is only a very small 
fraction of the mass flowing toward the barrier wall.  

b. This calculation assumes a concentration of 1,000 mg/L based on the June 2007 average 
perchlorate concentration in the Interceptor Well Field.  The calculation was presented to help 
quantify the maximum mass of perchlorate that could be getting around the barrier wall.  
Tronox has proposed an additional recovery well at the west end of the barrier wall to 
improve capture.  In addition, Tronox will be installing observation wells at both the east and 
west ends of the barrier wall to determine the nature of groundwater flow at the ends of the 
barrier wall. In the Annual Remedial Performance Report for Chromium and Perchlorate, 
Tronox LLC, Henderson, Nevada, July 2006 – June 2007 the average perchlorate 
concentration in the well field for June 2007is 1079 mg/L.. Tronox has considered the 
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contribution of the groundwater containing less than 10 mg/L and 25 mg/L which is traveling 
around the east and west ends of the barrier wall, respectively. 

c.  “Clean Lake Mead water” refers to water obtained from Lake Mead which has not been 
processed or re-used within the BMI complex.  It comes directly from the lake to the City of 
Henderson’s reservoir and then is piped directly to the BMI companies, including the Tronox 
facility.  This water is now less than 5 ug/L perchlorate. The perchlorate concentration has 
been below 6 ug/L since January 2006 and below 10 ug/L since November 2003. 

d. The NDEP Comments on Appendix A, RTC 12 are provided below. 
 
NDEP Comment 
6. Section 2.1.3, Data Gaps and Proposed Additional Evaluation, the NDEP has the following 

comments:  
a. In the second bullet, TRX proposes the installation of two monitoring wells at the east and 

west ends of the barrier wall to demonstrate the existence of an upward gradient from the 
MCFf to the alluvium.  As noted above, the NDEP additionally suggests that core samples 
should be collected and tested for vertical hydraulic conductivity from the proposed 
monitoring wells to be installed in the Tertiary Muddy Creek formation (TMCf).  The assessed 
vertical hydraulic conductivity should then be substituted into Table B-1 for the “Muddy Creek 
upflow” to be used for calculations.   

b. In the last paragraph of section, TRX states that “Though not a data gap…”  The NDEP 
believes that a data gap does exist in this area; however, the NDEP does acknowledge that 
proposed monitoring wells IM-2 and IM-4 are being installed to address the data gap to the 
west of the barrier wall and that the purpose for installing proposed extraction well,  IEX-1, is 
for remediation and not necessarily for additional characterization.   

 
Tronox Response 

a. As noted under comment No. 3 above, core samples will be collected and tested for vertical 
permeability by ASTM Method 5084. 

b. The NDEP comment has been noted and Tronox agrees. 
 
NDEP Comment 
7. Section 2.2, Athens Road Well Field, the NDEP has the following comments: 

a. In this Section and throughout the Work Plan, TRX refers to the model completed by the 
NDEP’s contractor; however, TRX does not recognize all of the data gaps identified by the 
model.  Examples follow.   

b. The model states “Perchlorate concentration data for key well positions do not appear to 
indicate complete ARF capture is being achieved. The results of this analysis are not 
consistent with the results of the particle tracking exercise described above, which indicated 
that all particle pathways end at extraction well locations, and that “complete capture” is 
achieved.” 

c. The Model also states “Additional modeling efforts beyond those described herein, pending 
the discovery of significantly different data, may include expanding the model to three 
dimensions (e.g., simulating interaction between Qal and MCf or the Muddy Creek transition 
zone). Also, calibration of the current solute transport model may be warranted in the case of 
modified project objectives (e.g., more precise evaluation of mass removal efficiency is 
deemed necessary). 

d. Another noted limitation of the model was stated as “Given the large hydraulic conductivity 
contrast between the Qal and MCf, groundwater. However, some degree of communication is 
presumed to occur.”   

 
Tronox Response 

a. Tronox recognizes that data gaps exist at the Athens Road Well Field as discussed in the 
McGinley and Associates Report (June 30, 2007) and during their presentation at the Desert 
Research Institute on November 7, 2007. Tronox believes that the numerical model provides 
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important lines of evidence showing capture at Athens Road, but, also acknowledges that 
additional wells are required to evaluate inward flow. 

b. Tronox will be installing monitor wells downgradient of ART recovery wells in both the eastern 
and western subchannels in order to establish inward flow, further supporting the 
effectiveness of up to 95% for the capture system at Athens Road.   Tronox agrees that the 
analog modeling done by NDEP’s contractor is not consistent with the results of their particle 
tracking exercise which indicated complete capture.  

c. Tronox does not believe that this is a data gap. Expanding the modeling into a third 
dimension would not likely provide significantly different results, as the contrast in horizontal 
hydraulic conductivity between the alluvium and Muddy Creek Formation would be several 
orders of magnitude.  As noted, by McGinley and Associates in their report and during the 
November 7, 2007 presentation, while the solute model was not calibrated, the approach 
taken provided a reasonable evaluation of the mass flux and capture for the well field.  
Tronox believes that the additional wells proposed in the work plan to evaluate inward flow 
will serve along with the numerical modeling results to provide sufficient lines of evidence that 
capture is being achieved at Athens Road. 

d. Since “vertical hydraulic conductivity is typically several orders of magnitude less that the 
horizontal hydraulic conductivity” (see NDEP Comment 4c, above) and that flow and solute 
transport are inferred to be largely dominant in the alluvium.  To evaluate vertical flux, as 
noted in Comment No. 3 above, soil cores will be tested for vertical permeability from the 
Muddy Creek Formation and nested wells are proposed to evaluate vertical gradients at the 
Athens Road Well Field. 

 
NDEP Comment 
8. Section 2.2.1, Performance Evaluation, Overlapping Cones of Depression, TRX states that 

“Overlapping cones of depression are evident from data collected from adjacent piezometers and 
monitoring wells, indicating that the well field has developed a capture zone sufficient to encompass 
the width of the plume in this area.”  Please note that drawdown does not equal capture.  The NDEP 
suggests that it would be more accurate to state “Overlapping cones of depression are evident from 
data collected from adjacent piezometers and monitoring wells, indicating that the well field has 
developed an area of drawdown sufficient to encompass the width of the plume in this area.” 

 
Tronox Response 

Tronox acknowledges this statement, though in the June 26, 2007 letter commenting on the 
Tronox Groundwater Capture Work Plan, the NDEP Comment 6 says regarding EPA lines of 
evidence and capture zones, “However, given the geometry of the line of extraction wells 
within and extending across a mapped paleochannel, the NDEP acknowledges that 
overlapping cones of depression can be a line of evidence”. 

 
NDEP Comment 
9. Table 1, the NDEP requests that TRX prepare and submit cross-sections which present the proposed 

locations and depths of the new wells relative to existing wells, geologic units and saturated 
thicknesses.  Please provide this at the meeting referenced in the cover letter. 

 
Tronox Response 

Tronox provided draft cross sections for the November 14, 2007 conference call with NDEP.  
These sections have been revised showing the corrected nomenclature for the well 
identification and are provided as Figures 6, 7 and 8 (attached).  In addition, the plan-view 
maps provided in the work plan have also been revised to reflect the corrected nomenclature 
and are also attached. 

 
NDEP Comment 
10. Appendix A, the NDEP has the following comments: 

a. Response to comment (RTC) 12, the NDEP has the following comments:  
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i. The NDEP acknowledges TRX’s RTC, but please note that the RTC does not rebut the 
implication that dilution could also be a factor in the concentration decline. 

ii. In Section 2.1.1 Performance Evaluation, Flow Budget, TRX states that "The slurry 
wall, installed in 2001, has dramatically improved groundwater capture. Current capture 
rates of about 65 gpm are double those before the wall was installed."  Please 
reconcile the above-statement with RTC 12. 

iii. Additionally see comments above for Section 2.1.1.  
b. RTC 14, TRX proposes to “mine” wells M-70 and M-71 by pumping contaminated 

groundwater from the “dead zone” north of the barrier wall allowing the injected Lake Mead 
water to “migrate further into this area and assist in lowering the groundwater concentrations 
via flushing or dilution.  In Section 2.1.3, TRX proposes to pump wells M-70 and M-71 and 
monitor the perchlorate concentration over time to “demonstrate the slurry wall is continuous 
and does not leak significantly along its length”.  The NDEP does not understand that if TRX 
is expecting the infiltration of Lake Mead water into this area, thereby reducing the 
contaminant concentrations, how pumping M-70 and M-71 will demonstrate the integrity of 
the barrier wall.  Please explain if the injection of Lake Mead water will be halted during these 
pump tests.   Please clarify.  This matter must be discussed at the meeting requested in 
the cover letter.    

 
Tronox Response 

a.i  Tronox certainly agrees that dilution can be a factor in the concentration decline. 
a.ii.  The text was meant to demonstrate that the groundwater flow getting around the barrier wall 

is only a very small fraction of the groundwater flow flowing toward the barrier wall and 
captured by the Interceptor Well Field.  

a.iii. Comments regarding Section 2.1.1 have been responded to above. 
b.  As discussed during the November 14, 2007 conference call, injection of Lake Mead water 

will not be halted during the proposed tests, though the recent decline in flow and pending 
replacement of the infiltration trenches will likely produce a short period of reduced influence 
from the injected Lake Mead water.  The text of the workplan will be revised to clarify the 
purpose and expected outcome of the activities proposed in this area. As discussed, weekly 
water levels and groundwater samples will be collected to from these wells to monitor 
performance.  It is proposed that onsite screening level analysis of the water samples could 
be performed by Tronox to track the progress of water mining. 

 
NDEP Comment 
11.  Appendix B, the NDEP has the following comments: 

a. Table B-1, as noted previously, the NDEP does not agree with the use of a horizontal 
hydraulic conductivity to calculated vertical flow.   

b. Table B-2, the NDEP noted that the electronic version provided with the original document 
included a duplicate of Table B-1 instead of Table B-2.  Please provide a corrected electronic 
version of this Work Plan to the NDEP by October 24, 2007. 

 
Tronox Response 

a. As noted previously, TRX will collect cores and test for vertical hydraulic conductivity. 
b. The corrected “electronic” version of the Work Plan is provided in the attached CD. 

 
NDEP Comment 
12.  Appendix C, the NDEP has the following comments: 

a.  TRX states that “… Lake Mead water containing very low concentrations of total chromium 
and perchlorate has moved a sufficient distance in the groundwater to a monitor well…”  
Please quantify what is meant by “very low concentrations of total chromium and perchlorate” 
and “sufficient distance”. 

b.  In Table C-1, TRX reports groundwater velocities ranging from 1.1 ft/d to 12.3 ft/d.  Please 
discuss if separate groundwater velocities should be calculated for the alluvium, alluvial 
channels, and the inter-channel areas. 
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c. The NDEP requests that the seepage velocity be calculated using hydraulic parameters for 
comparison.  It is requested that TRX also collect physical parameter data in applicable 
geologic units during the implementation of this Work Plan (e.g.: dry bulk density, specific 
gravity, etc.).  Please discuss this matter with the NDEP at the meeting referenced in the 
cover letter. 

 
Tronox Response 

a. “Very low concentrations” are those concentrations that are present in the injected Lake 
Mead water which have ranged up to 24 µg/L though most recently equate to less than 6 ug/l 
perchlorate and less than 50 ug/l total chromium concentrations.  Perchlorate in the injected 
water is several orders of magnitude lower than historic concentrations down-gradient of the 
barrier wall.   “Sufficient distance” is the distance from the monitor wells used in the 
evaluation and the on-site recharge trenches.   

b. The bulk of the estimated groundwater velocities generated from both the perchlorate and 
total chromium decline curves fall within the 1 to 4 ft/day range and the most common 
velocity estimates is between 1 and 2 ft/day. The highest (11.4 and 12.3 ft/day for perchlorate 
and total chromium, respectively), and the lowest (0.9 ft/day for perchlorate) estimates 
were found to be data outliers. TRX therefore does not think that separate groundwater 
velocities should be calculated for the alluvium, alluvial channels, and the inter-channel 
areas. 

c. Hydraulic conductivity values listed in Appendix B, Tables B-1, B-2, and B-3 were utilized to 
calculate average and high/low groundwater seepage velocities for the alluvium.  The 
seepage velocity calculations utilized an average gradient of 0.015 and an average porosity 
of 0.20.  The groundwater seepage velocity values for the Interceptor well area (Table B-1), 
Sunset Road traverse (Table B-2), and Seep(Table B-3) are as follows: 

 
• Interceptor well area:  K= 453 gpd/ft2   v= 4.5 ft/day 
• Sunset Road traverse:  K= 565 gpd/ft2  (average of 10 wells)  v= 5.7 ft/day (note:  the 

highest velocity was 9.3 ft/day and the lowest was 2.4 ft/day) 
• Seep traverse:  K= 6547 gpd/ft2  (average of 8 wells)  v= 65 ft/day (note: the highest 

velocity was 341 ft/day and the lowest was 1 ft/day) 
 

In addition, hydraulic conductivities were taken from onsite well testing conducted in 1986 prior to 
installation of the initial Interceptor wells.  These wells (7) had an average K= 577 gpd/ft2 and a 
calculated seepage velocity of 5.8 ft/day.  The highest calculated velocity was 15.5 ft/day and the 
lowest was 0.5 ft/day.   
 
These seepage velocity values compare well with the groundwater velocity data listed in Table C-
1 of Appendix C (0.9 – 12.3 ft/day). 
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ATTACHMENT B TO THE GROUNDWATER CAPTURE REPORT 
 
Borehole Lithology Logs and Well Completion Diagrams 
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Elevation:

Date/Time Finished:

Date/Time Started:

04020-023-160

Logged By:

Total Depth = 35 feet.
Boring Terminated
Target depth achieved

Notes:

Client: Tronox LLC

2" Sch. 40
PVC Riser

Cement (94%)
and Bentonite
(6%) Slurry

MUDDY CREEK FORMATION: SILTY CLAY, light greenish gray (10G 7/1),
non-calcareous, trace gypsum crystals.

- from 32-32.5 feet bgs, hard caliche

SILTY SAND, light brown (5YR 6/4), 20% silt, 75% very fine to very coarse grained
subangular to subrounded sand, 5% fine grained pea gravel to 1/4",
calcareous with nodules to 2", wet

SILTY GRAVELLY SAND, groundwater encountered at 30 feet bgs.

SILTY GRAVELLY SAND, gray orange pink (5YR 7/2), 20% silt, 50% fine grained
angular to subangular volcanic pea gravel to 3/4", 40% very fine to very coarse
grained subangular to subrounded sand, 15% fine grained angular to
subangular volcanic pea gravel,  hard caliche stringers from 25-25.5 and
27-27.5 feet bgs.

SILTY SANDY GRAVEL, moderate brown (5YR 4/4), 10% silt, 40% very fine
grained subangular to subrounded sand, 50% fine grained angular to
subangular pea gravel, up to 3/4" in diameter volcanic clasts, moderately
calcarious

-from 15 to 25 feet bgs, scattered cobbles up to 2 1/2" diameter

Flush Mount

Well Screen
(2" Sch. 40
PVC (0.010"
Slot)

Sand Pack
(#2-12)

Bentonite Seal

ALLUVIUM: SILTY GRAVELLY SAND, moderate brown (5YR 4/4), 10% silt, 60%
very fine to very coarse grained subangular to subrounded sand, 30% fine
angular to subangular volcanic pea gravel to 3/4", moderate soft calcareous
cement.

Sample Type(s):
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Drilling Method:
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Split Spoon and Core

Muddy Crk Formation begins at 32.5 ft bgs.

30 ft.

35 ft.

8 In.

E. Krish

12/14/2007  17:00

12/14/2007  14:15

Boart Longyear / D. Cervantez NA

1615.47 FT26728411.81 N 829167.89 E

Sonic with continuous coring

Sunny, cool
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Boring Diameter:
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th

 (f
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Backfill:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

Site Description/Location:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Well Diagram
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pm
)

Coordinates:

Project Number:

Water Level:

Depth of Boring:

Screened Interval:

Monitoring Well Installed:
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S

C
S

1

Yes

East Side of Athens Road Well Field, Henderson, NV

Sheet:

Drilling Contractor:

Weather:



12.7-37.7 ft.
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S
am

pl
e 

D
ep

th
 (f

t)

Backfill:
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Elevation:

Client:

Date/Time Started:

04020-023-160
Tronox LLC

Logged By:

Notes:

G
ra
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ic
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og

Bentonite Seal

Cement (94%)
and Bentonite
(6%) Slurry

2" Sch. 40
PVC Riser

Flush MountSM

SAND, moderate brown (5YR 4/4), 10% silt, trace fine pea gravel to 1/8", 90% very
fine to very coarse grained subangular to subrounded sand with moderately
soft calcareous cement.

SANDY SILTY GRAVEL, abundant calichification with vuggy porosity, hard from
33-37.5 feet bgs.  Groundwater encountered at 33 feet bgs.

SANDY SILTY GRAVEL, pale yellowish brown (10YR 6/2), 10% silt, 60% fine
angular to subangular pea gravel to 3/4", 30% very fine to very coarse grained
subangular to subrounded sand.

GRAVELLY SILTY SAND, moderate brown (5YR 4/4), 10% silt, 30% fine angular to
subangular gravel to 1/4", 60% very fine to very coarse grained subangular to
subrounded sand (dominant fine to coarse grained).

Sand Pack
(#2-12)

SILTY GRAVELLY SAND, moderate brown (5YR 4/4), 20% silt, 30% fine grained
pea gravel to 1/2", 50% very fine to very coarse grained subrounded to
subangular (dominant fine to coarse grained) sand, calcareous.

Well Screen
(2" Sch. 40
PVC (0.010"
Slot)

ALLUVIUM: SILTY GRAVELLY SAND, moderate brown (5YR 4/4), 15% silt, 55%
very fine to very coarse grained subrounded sand, 30% fine grained angular to
subangular volcanic pea gravel to 1/2" with trace 1-2" cobbles, common
calcareous (soft) cement.

SANDY SILTY GRAVEL, moderate brown (5YR 4/4), 20% silt, 30%  very fine to very
coarse grained subangular to subrounded sand, 50% angular to subangular
volcanic gravel to 1"  wtih minor 4",  locally thin (<3") caliche stringers.
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Well No. ARP-5A

Sample Type(s):

Drilling Method:
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Split Spoon and Core

Muddy Creek Formation begins at 37.5 feet bgs.

33 ft.

40 ft.
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E. Krish

12/14/2007  08:45

12/13/2007  17:30

Well Diagram

Boart Longyear / D. Cervantez NA
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Drilling Contractor:

Boring Diameter:

Site Description/Location:
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MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775 Screened Interval:

2ofCoordinates:

Project Number:

Water Level:

1

Depth of Boring:

Sheet:

Monitoring Well Installed:

U
S
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S
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ea

ds
pa

ce
 (p

pm
)

Yes

East Side of Athens Road Well Field, Henderson, NV

Weather:
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Logged By:

Tronox LLC
04020-023-160

Date/Time Started:

Date/Time Finished:

Elevation:
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Backfill:

Client:

Well Diagram
MATERIAL IDENTIFICATION, color, description of fine grained material

(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Site Description/Location:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775 12.7-37.7 ft.Boring Diameter:

SANDY SILTY GRAVEL, pale yellowish brown (10YR 6/2), 10% silt, 60% fine
angular to subangular pea gravel to 3/4", 30% very fine to very coarse grained
subangular to subrounded sand. (continued)

MUDDY CREEK FORMATION: SILTY CLAY, light greenish gray (5GY 8/1), 90%
clay, 10% silt, trace very fine grained sand, non-calcareous.

Total Depth = 40 feet.
Boring Terminated
Target depth achieved

Notes:
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Sample Type(s):

Sunny, cool

Muddy Creek Formation begins at 37.5 feet bgs.

33 ft.

40 ft.

8 In.

E. Krish 12/13/2007  17:30

Boart Longyear / D. Cervantez

Split Spoon and Core

NA

1616.10 FT26728458.43 N 829375.01 E

Well No. ARP-5A

12/14/2007  08:45Drilling Contractor:

Sheet:

Weather:

East Side of Athens Road Well Field, Henderson, NV
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Drilling Method: Yes
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Monitoring Well Installed:

40

Screened Interval:

2Coordinates:

Project Number:

Water Level:

Depth of Boring:
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04020-023-160
Tronox LLC

Logged By:

Notes:

Date/Time Finished:

Client:

Backfill:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

Site Description/Location:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Well Diagram

Date/Time Started:
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27.7-42.7 ft.
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Bentonite Seal

Cement (94%)
and Bentonite
(6%) Slurry

2" Sch. 40
PVC Riser

Flush Mount

SANDY GRAVEL, dark yellowish brown (10YR 4/2), 5% silt, 35% very fine to very
coarse grained subangular to subrouned sand, 60% fine grained angular to
subangular pea gravel grannules, non-calcareous.  Groundwater encountered
at 32 feet bgs.
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SM

GW-
GM

Sand Pack
(#2-12)

SILTY SANDY GRAVEL, moderate yellowish brown (10YR 5/4), 20% silt, 30% very
fine to very coarse grained subangular to subrouned sand, 50% fine grained
angular to subangular pea gravel grannules up to 3/4" diameter.

SILTY GRAVELLY SAND, moderate brown (5YR 5/4), 15% silt, 35% fine grained
angular to subangular volcanic pea gravel grannules to 3/8" with minor 1",
50% very fine to very coarse grained subrouned to subangular sand, moderate
calcareous coatings, locally thin calichified stringers.

ALLUVIUM: SANDY GRAVEL, light brown (5YR 6/4), 10% silt, 30% very fine to
very coarse grained subrounded to subangular sand, 60% volcanic pea gravel
to 3/4" with minor pebbles to 2"  Moderate calcareous coatings.
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Split Spoon and Core

NA

1615.56 FT26728499.92 N 829520.52 E

Sonic with continuous coring

12/19/2007

East Side of Athens Road Well Field, Henderson, NV

Sheet:

Drilling Contractor:
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"

1Coordinates:
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Weather:

Project Number:

Water Level:

Depth of Boring:

Screened Interval:

Monitoring Well Installed:

U
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Client:

Notes:

Logged By:

Tronox LLC
04020-023-160

Date/Time Started:

Date/Time Finished:

Elevation:
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og
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(ft
)

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Boring Diameter:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775 27.7-42.7 ft.

Well Diagram
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th
 (f

t)

Backfill:

MUDDY CREEK FORMATION: CLAY, light greenish gray (10Y 7/1), 10% silt,
non calcareous.

SANDY SILTY GRAVEL, very hard calichification in sandy pea gravel, minor thin
very silty zones with no calichification angular to subangular gravel up to 1/2".

Well Screen
(2" Sch. 40
PVC (0.010"
Slot)

Site Description/Location:

Total Depth = 43 feet.
Boring Terminated
Target depth achieved
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Sample Type(s):

NA

Muddy Creek Formation begins at 42 feet bgs.

32 ft.

43 ft.

8 In.

E. Krish 12/19/2007

Well No. ARP-6B

Boart Longyear / D. Cervantez

Split Spoon and Core

NA

1615.56 FT26728499.92 N 829520.52 E

Sonic with continuous coring

12/19/2007
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East Side of Athens Road Well Field, Henderson, NV

Weather:

Drilling Contractor:
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ofCoordinates:

Project Number:

Water Level:

Depth of Boring:

Screened Interval:

Monitoring Well Installed:
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26-46 ft.
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Elevation:

Date/Time Finished:

04020-023-160

Logged By:

Notes:

Client:

Date/Time Started:

6" Sch. 40
PVC Riser

Top of Riser
2.6 Feet
Above Ground
Surface

Steel Guard
Pipe 3 Feet
Above Ground
Surface

Sand Pack
(#2-12)

MUDDY CREEK FORMATION: INTERBEDDED CLAYEY SILT AND SILT, light
brown (10YR 5/6), non-calcareous except in the thin scattered nodular caliche
zones, locally contains trace very fine to medium grained sand, 5-10% clay
nodular caliche zone at 30-31 bgs.  Groundwater encountered at 30 feet bgs.

GRAVELLY SAND, moderate yellowish brown (10YR 5/4), no silt, 40% fine grained
subangular to subrounded volcanic pea gravel , 60% very fine to very coarse
subangular to subrounded sand, no calcareous cement.

GRAVELLY SAND, pale yellowish brown (10YR 6/2), 10% silt, 30% fine grained
pea gravel to 1/8", 60% very fine to very coarse grained subangular to
subrounded sand, moderately hard calcareous cement.

GRAVELLY SILTY SAND, moderate yellowish brown (10YR 5/4), 25% silt, 15% fine
grained angular to subangular pea gravel to 1/8", 60% very fine to fine grained
subangular to subrounded sand with common medium to very coarse grained,
common moderately hard calcareous cement.

SILTY SANDY GRAVEL, moderate yellowish brown (10YR 5/4), hard, calichified,
15% silt, 25% of very fined to coarse grained subangular to subroundedsand,
60% medium pea gravel to 3/4".

Cement (94%)
and Bentonite
(6%) Slurry

ALLUVIUM: SILTY GRAVELLY SAND, moderate yellowish brown (10YR 5/4),
20% silt, 25% fine grained angular to subangular pea gravel to 1/2" with minor
gravel to 11/2" , 55% very fine to medium grained with common coarse to very
coarse grained subangular to subrounded sand, moderately soft calcareous
cement in matrix.

Bentonite Seal

Well Screen
(6" Sch. 40
PVC, 0.01"
Slot)

SILTY SAND, very pale brown (10YR 7/4), 30% silt, 70% very fine to fine grained
subangular sand, common soft calcareous cement in matrix.
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Split Spoon and Core

Muddy Creek Formation begins at 30 feet bgs.
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47 ft.
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E. Krish

12/4/2007  10:00

12/2/2007  11:45

Boart Longyear / D. Cervantez
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1753.93 FT26719770.85 N 827174.4 E

Sonic with continuous coring

Backfill:
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MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Drilling Contractor:
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Boring Diameter:

ofENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

Well Diagram

Site Description/Location:

Monitoring Well Installed:

Coordinates:

Project Number:

Water Level:

Depth of Boring:

Screened Interval:
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Yes

West Side of Interceptor Well Field, Henderson, NV

Weather:

Sheet:



MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Date/Time Started:

Date/Time Finished:

Elevation:
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Drilling Contractor:

Logged By:

Site Description/Location:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775 Boring Diameter: 26-46 ft.

2

Well Diagram

MUDDY CREEK FORMATION: INTERBEDDED CLAYEY SILT AND SILT, light
brown (10YR 5/6), non-calcareous except in the thin scattered nodular caliche
zones, locally contains trace very fine to medium grained sand, 5-10% clay
nodular caliche zone at 30-31 bgs.  Groundwater encountered at 30 feet bgs. 
(continued)

CLAYEY SILT AND SILT, 5-10% clay nodular caliche zone from 46 to 47 feet bgs.

Total Depth = 47 feet.
Boring Terminated
Target depth achieved

04020-023-160
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Notes:
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Sonic with continuous coring

1753.93 FT

NA

Split Spoon and Core

Boart Longyear / D. Cervantez

NA 12/2/2007  11:45

12/4/2007  10:00

E. Krish

11 In.

47 ft.

30 ft.

Muddy Creek Formation begins at 30 feet bgs.

Monitoring Well Installed:

Sheet:

Weather:

West Side of Interceptor Well Field, Henderson, NV

Yes
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)

Screened Interval:

Depth of Boring:

Water Level:

Sample Type(s):

Coordinates: of 2

40

45

Drilling Method:

Project Number:
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S

C
S



SM

ML

SM

-from 34-36 feet bgs 65% silt, 10% clay, 25% very fine grained sand.  Groundwater
encountered at 34 feet bgs.

SM

29.7-39.7 ft.

SM

SM

Logged By:
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Elevation:

Date/Time Finished:

Date/Time Started:

Tronox LLC

Notes:

Client:

MUDDY CREEK FORMATION: CLAYEY SILT, SILT, AND SANDY SILT, light
brown (5YR 6/4), interbedded, common local nodular caliche zones.

At 30-34 feet bgs nodules to 3" in clayey silt, moist.

04020-023-160

Cement (94%)
and Bentonite
(6%) Slurry

6" Sch. 40
PVC Riser

Top of Riser
2.6 Feet
Above Ground
Surface

Steel Guard
Pipe 3 Feet
Above Ground
Surface

Well Screen

ALLUVIUM: SILTY GRAVELLY SAND, moderate yellowish brown (10YR 5/4),
20% silt, 30%  subangular to subrounded fine grained volcanic pea gravel to
1/2" with local calichification, 50% very fine to very coarse grained subangular
to subrounded sand (dominant fine to coarse grained).

-local hard calichified zone, pale orange (10YR 8/2),  at 29-29.5 feet bgs.

-local hard calichified zone, pale orange (10YR 8/2), at 24-25 feet bgs.

-local hard calichified zone, pale orange (10YR 8/2), at 21-21.5 feet bgs.

-local hard calichified zone, pale orange (10YR 8/2), at 19-19.5 feet bgs.

SILTY GRAVELLY SAND, moderate yellowish brown (10YR 5/2), 20% silt, 30% fine
grained pea gravel to 1/2-3/4" angular to subangular volcanic moderately
calichified sand gravel clasts, 50% very fine to very coarse grained (dominant
fine to medium grained) subangular to subrounded sand.

SILTY SAND, moderate yellowish brown (10YR 5/2), 30% silt, 5% 1/10-1/8" fine
grained volcanic pea gravel, 70% very fine to very coarse grained (dominant
very fine to medium grained) subangular to subrounded sand.

-at 13 feet bgs 6" calichified sandy pea gravel.

Bentonite Seal

GRAVELLY SILTY SAND, moderate yellowish brown (10YR 5/4), 20% silt, 20%
angular to subrounded fine grained  volcanic pea gravel to 3/8", 60% very fine
to very coarse grained (dominant fine to coarse grained) subangular to
subrounded moderately calcareous sand.

Sand Pack
(#2-12)

SILTY GRAVELLY SAND, moderate yellowish brown (10YR 5/4), 20% silt, 30% pea
gravel (dominant up to 1/2-3/4" with trace 2-3" angular to subangular volcanic
clasts), 50% very fine to very coarse grained (dominant fine to medium
grained) subangular to subrounded sand.  Moderately common calichification.
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Split Spoon and Core

Muddy Creek Formation begins at 30 feet bgs.
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12/10/2007  11:15
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Boart Longyear / D. Cervantez
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NA

1768.77 FT26719134.857 N 827447.185 E

Sonic with continuous coring

Sunny, cool

Well Diagram

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

Drilling Contractor: Backfill:

1

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Boring Diameter:
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Project Number:

Water Level:

Depth of Boring:

Screened Interval:

Monitoring Well Installed:
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Yes

500' South of Interceptor Well Field, Henderson, NV

Weather:

Sheet:



Well Diagram

2

04020-023-160

Date/Time Started:

Date/Time Finished:

Elevation:
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Backfill:

Logged By:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Site Description/Location:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775 Boring Diameter: 29.7-39.7 ft.
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(2" Sch. 40
PVC, 0.01"
Slot)

MUDDY CREEK FORMATION: CLAYEY SILT, SILT, AND SANDY SILT, light
brown (5YR 6/4), interbedded, common local nodular caliche zones.

At 30-34 feet bgs nodules to 3" in clayey silt, moist. (continued)
-from 36-38 feet bgs 80% silt, 10% clay, 10% very fine grained sand.

-from 38-40 feet bgs 65% silt, 10% clay, 25% very fine grained sand.

Total Depth = 40 feet.
Boring Terminated
Target depth achieved

Tronox LLC
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Notes:
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26719134.857 N 827447.185 E 1768.77 FT

NA

Split Spoon and Core

Boart Longyear / D. Cervantez

Sunny, cool 12/5/2007  12:00

12/10/2007  11:15

E. Krish

8 In.

40 ft.

34 ft.

Muddy Creek Formation begins at 30 feet bgs.

Sheet:

Weather:

500' South of Interceptor Well Field, Henderson, NV

Yes
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Well No. M-111A
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Sample Type(s):

Monitoring Well Installed:

Screened Interval:

Depth of Boring:

Drilling Method:

Project Number:

Coordinates: of 2

40

Water Level:



20-40 ft.
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Well Diagram
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Date/Time Finished:

Date/Time Started:

04020-023-160
Tronox LLC

Logged By:

Cement (94%)
and Bentonite
(6%) Slurry

2" Sch. 40
PVC Riser

Top of Riser
2.6 Feet
Above Ground
Surface

Steel Guard
Pipe 3 Feet
Above Ground
Surface

Well Screen
(2" Sch. 40
PVC,  0.01"
Slot)

-organic odor starts at 32 feet bgs.

INTERBEDDED SANDY SILT, SILT, from 27-37 feet bgs

SILT, from 22-27 feet bgs, moist

MUDDY CREEK FORMATION: INTERBEDDED, CLAYEY SILT, SILT, SANDY
SILT, moderate yellowish brown (10YR 5/2) and light brown (5YR 5/6), from
20-22 feet bgs vuggy-silt (vugs from dissolved medium to very coarse grained
size nodules).  Locally contains nodular calichified zones.

SILTY SAND, moderate yellowish brown (10YR 5/4), 20% silt, trace fine grained
pea gravel, 80% very fine to fine grained with medium grained subangular to
subrounded sand, loose calcareous cement common-locally thin hard zones,
hard caliche from 19.5-20 feet bgs.

Bentonite Seal

ALLUVIUM: SILTY GRAVELLY SAND, moderate yellowish brown (10YR 5/4),
15% silt, 25% gravel (1/8" to 1/2") with trace volcanic clasts to 1-2", angular to
subrounded, 60% very fine to very coarse grained (dominant fine to coarse
grained), subangular to subrounded sand, poorly graded sand, calcareous
cement commonly coating grains, loose.

Sand Pack
(#2-12)

Notes:

-hard from 13-15.5 feet bgs
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Well No. M-126
Client:

Sample Type(s):

Drilling Method:
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Split Spoon and Core

Muddy Creek Formation begins at 20 feet bgs.  Organic odor begins at 32 feet bgs.

35 ft.
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8 In.

E. Krish

12/4/2007  16:00

12/4/2007  11:00

Boart Longyear / D. Cervantez NA

1759.01 FT26719505.57 N 826569.37 E

Sonic with continuous coring
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Sunny, cool

1ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775
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Boring Diameter:

Site Description/Location:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Monitoring Well Installed:

2ofCoordinates:

Project Number:

Water Level:Drilling Contractor:

Screened Interval:

Sheet:

U
S

C
S

H
ea

ds
pa

ce
 (p

pm
)

Yes

500' South of the SW corner of GW11 Pond, Henderson, NV

Weather: Depth of Boring:



Backfill:

Notes:

Logged By:

Tronox LLC
04020-023-160

Date/Time Started:

Date/Time Finished:

Elevation:
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Client:

Site Description/Location:

20-40 ft.

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Well Diagram
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-from 47-50 feet bgs, interbeded silt, sandy silt, moderate yellowish brown (10YR
5/4)

Bottom 10
Feet Filled
with Bentonite

INTERBEDDED SANDY SILT, SILT, from 27-37 feet bgs (continued)
-groundwater encoutered at 35 feet bgs

-dark greenish yellow (10YR 6/6), vertical root traces at 37 feet bgs
-from 37.5-42 feet bgs, silt

-6" nodular caliche zone, nodules medium to coarse grained size sand

ML

Total Depth = 50 feet.
Boring Terminated
Target depth achieved
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Sonic with continuous coring
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Sample Type(s):

Sunny, cool

Muddy Creek Formation begins at 20 feet bgs.  Organic odor begins at 32 feet bgs.

35 ft.

50 ft.

8 In.

E. Krish 12/4/2007  11:00

Boart Longyear / D. Cervantez

Split Spoon and Core

NA

1759.01 FT26719505.57 N 826569.37 E
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Drilling Method: YesMonitoring Well Installed:
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Drilling Contractor:

2

Well No. M-126

of

500' South of the SW corner of GW11 Pond, Henderson, NV

Screened Interval:

2Coordinates:

Project Number:

Water Level:

Depth of Boring:
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Client:

Notes:

Logged By:

Tronox LLC
04020-023-160

Date/Time Started:

Date/Time Finished:
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20-40 ft.Boring Diameter:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

Site Description/Location:
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Backfill:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

-pale brown (10YR 6/3) below 2 feet bgs

Grout Seal

Bentonite Seal

#3 Sand

0.010" Slotted
Screen

-no recovery from 23.5 to 25 feet bgs

ML

SM

MUDDY CREEK: CLAYEY SILT, light yellowish brown (10YR 6/4), 90% silt, 10%
clay, very stiff, moist

ALLUVIUM: SILTY SAND, grayish brown (5YR 5/2), 20% silt, 65% sand, 15%
gravel, subangular to subrounded, very loose, slightly moist

-yellowish brown (10YR 5/4) at 22.5 feet bgs

-very pale brown (10YR 7/3) at 21.5 feet bgs

-light brown (7.5YR 6/4) below 15 feet bgs, no hardpan

-hardpan increases between 10 and 15 feet bgs

-caliche veining and hardpan from 8 to 10 feet bgs

Well Diagram

Drilling Method:

Sample Type(s):
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Boart Longyear NA

Not Surveyed

Sonic with continuous coring
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Henderson, NV
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Project Number:

Water Level:

Depth of Boring:

Screened Interval:

Monitoring Well Installed:



Backfill:

Logged By:

Tronox LLC
04020-023-160

Date/Time Started:

Date/Time Finished:
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Client:
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20-40 ft.

Site Description/Location:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775 Boring Diameter:

MUDDY CREEK: CLAYEY SILT, light yellowish brown (10YR 6/4), 90% silt, 10%
clay, very stiff, moist (continued)

-saturated, very soft at 35 feet bgs

Total Depth = 40 feet.
Boring Terminated
Target depth achieved

Notes:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.
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Depth of Boring:

Screened Interval:

Monitoring Well Installed:



Logged By:

Notes:

Client:

Site Description/Location:

Date/Time Started:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.
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Elevation:

20-40 ft.

SP-
SM

0.01" Slotted
Screen

#3 Sand

Bentonite Seal

Grout Seal

MUDDY CREEK FORMATION: CLAYEY SILT, brownish yellow (10YR 6/6), 10%
clay, 90% silt, medium stiff, moist

Date/Time Finished:

GM

SM

-no recovery from 34.25-35 feet bgs

ML

GRAVELLY SAND TO SILTY SAND, brown (7.5YR 5/3), 5% clay, 5% silt, 50%
sand, 40% gravel, subrounded to subangular, loose, moist, gravel increases
with depth

SILTY SANDY GRAVEL, brown (7.5YR 5/4), 15% silt, 35% sand, 50% gravel,
subrounded to subangular, loose, moist

-alternating layers of clayey silt and silty sand with gravel cemented with caliche and
hardpan from 13.5-15 feet bgs

-light yellowish brown (10YR 6/4) at 7.5 feet bgs

-hardpan from 5-6.5 feet bgs

ALLUVIUM: GRAVELLY SILTY SAND, brown (7.5YR 5/4), 20% silt, 45% sand,
35% gravel, subrounded to subangular, loose, moist
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Sample Type(s):

Drilling Method:
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Notes:

Logged By:
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Date/Time Started:

Date/Time Finished:
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MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Well Diagram

20-40 ft.

Backfill:

Site Description/Location:

SILTY GRAVEL, gray (10YR 5/1), 15% silt, 85% gravel, subangular, medium dense,
wet, gravel finger from 35-35.5 feet bgs

CLAYEY SILT, brownish yellow (10YR 6/6), very soft, wet

Total Depth = 40 feet.
Boring Terminated
Target depth achieved
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Boart Longyear NA

Not Surveyed

Sonic with continuous coring
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Monitoring Well Installed:



Client:

Notes:

29-39 ft.
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Elevation:

Date/Time Finished:

Date/Time Started:

04020-023-160
Tronox LLC

Logged By:

Cement (94%)
and Bentonite
(6%) Slurry

2" Sch. 40
PVC Riser

Top of Riser
2.6 feet Above
Ground
Surface

Steel Guard
Pipe 3 Feet
Above Ground
Surface

Well Screen
(2" Sch. 40
PVC, 0.01"

MUDDY CREEK FORMATION: CLAYEY SILT AND SILT, light brown (5YR 5/6),
0-10% clay, non-calcareous except in local nodular caliche zones, nodular
caliche at 54-56 feet below ground surface, locally with 5% very fine grained
sand, wet.

GRAVELLY SAND TO GRAVELLY SILTY SAND, from 29.5-30 feet bgs clean well
graded sand, 10% silt, 10% fine pea gravel to 1/8", 80% fine to coarse grained
subangular to rounded sand, very slight calcareous cement, groundwater
encountered at 29.5 feet bgs

-from 28-29.5 feet bgs hard cemented calichified gravelly sand

GRAVELLY SILTY SAND, moderate yellowish brown (10YR 5/4), 20% silt, 15% fine
grained well graded angular to subangular volcanic pea gravel to 1/8", 65%
very fine to very coarse grained subangular to subrounded sand, common
calcareous cement-soft to locally hard.

SILTY SAND, very pale brown (10YR 7/4), 30% silt, 70% very fine to fine grained
subangular sand, common calcareous cement.

Bentonite Seal

ASPHALT, black.

Sand Pack
(#2-12)

ALLUVIUM: GRAVELLY SILTY SAND, moderate yellowish brown (10YR 5/4),
20% silt, 20% angular to subangular volcanic pea gravel (dominant 1/4-1/2")
with common clasts to 2-3",  60% very fine to medium grained with common
coarse to very coarse grained subangular to subrounded sand, moderate
calcareous cement in matrix.
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Drilling Method:

Boart Longyear / D. Cervantez

Muddy Creek Formation begins at 30 feet bgs.

29.5 ft.

40 ft.

8 In.

E. Krish

12/2/2007  10:30

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.
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1754.13 FT26719770.566 N 827158.077 E

Sonic with continuous coring

12/1/2007  14:00

Boring Diameter:

1

Drilling Contractor:

Sheet:

B
lo

w
s 

pe
r 6

"

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

Site Description/Location:

Screened Interval:

5

10

15

20

25

30

35

2ofCoordinates:

Project Number:

Depth of Boring:Weather:

Monitoring Well Installed:

U
S

C
S

H
ea

ds
pa

ce
 (p

pm
)

Yes

West Side of Interceptor Well Field, Henderson, NV

Water Level:



04020-023-160

Date/Time Started:

Date/Time Finished:

Elevation:

G
ra

ph
ic

 L
og

D
E

P
TH

(ft
)

Backfill:

S
am

pl
e 

D
ep

th
 (f

t)

2

Well Diagram
MATERIAL IDENTIFICATION, color, description of fine grained material

(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Site Description/Location:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775 Boring Diameter: 29-39 ft.
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ML Slot)MUDDY CREEK FORMATION: CLAYEY SILT AND SILT, light brown (5YR 5/6),
0-10% clay, non-calcareous except in local nodular caliche zones, nodular
caliche at 54-56 feet below ground surface, locally with 5% very fine grained
sand, wet. (continued)

Total Depth = 40 feet.
Boring Terminated
Target depth achieved

Tronox LLC
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Notes:
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26719770.566 N 827158.077 E 1754.13 FT

NA

Split Spoon and Core

Boart Longyear / D. Cervantez

NA 12/1/2007  14:00

12/2/2007  10:30

E. Krish

8 In.

40 ft.

29.5 ft.

Muddy Creek Formation begins at 30 feet bgs.
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Sheet:

Weather:

West Side of Interceptor Well Field, Henderson, NV

Yes

Sample Type(s):

Monitoring Well Installed:

Screened Interval:

Depth of Boring:

40
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Backfill:

Notes:

Logged By:

Tronox LLC
04020-023-160

Date/Time Started:

Date/Time Finished:
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Client:

Site Description/Location:

Boring Diameter: 79.7-89.7 ft.
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ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

-groundwater encountered at 32 feet bgs

Steel Guard
Pipe 3 Feet
Above Ground
Surface

2" PVC Riser

ALLUVIUM: GRAVELLY SILTY SAND, moderate brown (5YR 4/4), 15% silt, 15%
fine grained  angular to subangular volcanic pea gravel to 1/2" with trace
cemented gravel to 1",  70% very fine to very coarse grained subangular to
subrounded sand (dominant very fine to medium grained), common soft
calcareous cement, moderate well graded. (Note: unit is comprised of thin
(3-6") fining-upward, beds grading from sandy gravel at base to silty sand at
top.)

SANDY SILTY GRAVEL, grayish orange (10YR 7/4), 30% silt, 20% very fine to
medium grained subangular to subrounded sand, 50% fine grained
subangular to subrounded pea gravel to 1/8", common abundant calcareous
cement - soft to 20.5 feet bgs, then hard calichified silty sandy gravel.

MUDDY CREEK FORMATION: SANDY SILT, CLAYEY SILT AND SILT
INTERBEDDED WITH POORLY GRADED SAND, light brown (5YR  5/4),
trace scattered caliche nodules throughout

ML

-6" thick zone with common caliche nodules to 11/2" at 22 feet bgs
-from 22-44 feet bgs, silt slightly clayey (5-10%) within interbeds of the clayey sandy

(10-15% very fine grained) sandy silt

GM

SM

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.
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Drilling Method:

Boart Longyear / D. Cervantez 32 ft.

90 ft.

8 In.

E. Krish

12/12/2007  13:30
Sunny, cool
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1744.27 FT26720048.491 N 828714.609 E
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Well Diagram
MATERIAL IDENTIFICATION, color, description of fine grained material

(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

04020-023-160

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775 Boring Diameter: 79.7-89.7 ft.

2

Drilling Contractor:

Cement (94%)
and Bentonite
(6%) Slurry

MUDDY CREEK FORMATION: SANDY SILT, CLAYEY SILT AND SILT
INTERBEDDED WITH POORLY GRADED SAND, light brown (5YR  5/4),
trace scattered caliche nodules throughout (continued)

-from 44-47 feet bgs, 5% clay, 70% silt, 25% very fine grained sand, non-calcareous

-from 47-90 feet bgs, with minor clayey and sandy silt (0 to 15% clay, 0-20% very
fine grained sand), non-calcareous, wet

-Split Spoon Sample:  Clayey sandy SILT,  70% silt, 10% clay, 20% very fine
grained sand, few caliche nodules to 1" diameter

-from 62-62.5 feet bgs, with 30% very fine grained sand, wet
-from 62.5-65 feet bgs, pale red brown (10R 5/4) clayey silt

-from 65-67 feet bgs sandy silt with 25% very fine grained sand

-from 69-78 feet bgs sandy silty with 30% very fine grained sand.
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Date/Time Finished:

Date/Time Started:
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Notes:

Client: Tronox LLC

Boring Diameter:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012
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Site Description/Location:
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Backfill:

79.7-89.7 ft.

Screen Zone -
2" PVC 0.01"
Slotted

3" Thick Filter
#2-12 Sand
Pack

Bentonite Seal

ML

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Total Depth = 90 feet.
Boring Terminated
Target depth achieved

-from 85.5 to 90 feet bgs light brown (5YR 5/4) sandy (20-30% very fine grained) silt

-from 85 to 85.5 feet bgs grayish orange pink (5YR 7/2), slightly calcareous clayey
silt.

-from 82-84 feet bgs 25% sandy very fine grained silt

-from 72.5-73 feet bgs 10-15% coarse to very coarse sand and very fine pea gravel
suspended in matrix.

MUDDY CREEK FORMATION: SANDY SILT, CLAYEY SILT AND SILT
INTERBEDDED WITH POORLY GRADED SAND, light brown (5YR  5/4),
trace scattered caliche nodules throughout (continued)
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Tronox LLC

Notes:

Client:

04020-023-160

Boring Diameter:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Well Diagram
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Site Description/Location:

Cement (94%)
and Bentonite
(6%) Slurry

2" Sch. 40
PVC Riser

Top of Riser
2.6 Feet
Above Ground
Surface

Steel Guard
Pipe 3 Feet
Above Ground
Surface

ML

SW-
SM

-groundwater encountered at 32 feet bgs.

MUDDY CREEK FORMATION: SANDY AND CLAYEY SILT, light brown (5YR
5/4), interbedded, locally containing nodular caliche to 1" at 22 feet bgs 6"
nodular caliche.  From 22-42 feet bgs silt, slightly clayey with minor sandy silt.

SANDY SILTY GRAVEL, grayish orange (10YR 7/4), 30% silt, 20% very fine to
medium grained subangular to subrounded sand, 50% fine subangular to
subrounded pea gravel to 1/8-1/4".  Common soft calcareous cement thin
hard caliche stringer at 22 feet bgs

ALLUVIUM: GRAVELLY SILTY SAND, moderate brown (5YR 4/4), up to 15%
silt, trace clay, 70% very fine to very coarse grained subangular to subrounded
sand (dominant very fine to medium grained), 15% fine subangular to
subrounded volcanic pea gravel to 1/2" with minor cemented gravel clasts to
1", moderately common soft calcareous cement
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Muddy Creek Formation begins at 32 feet bgs.
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Notes:

Client:

04020-023-160

Boring Diameter:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Well Diagram

S
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Backfill:

60-70 ft.

Well Screen
(2" Sch. 40
PVC, 0.01"
Slot)

Sand Pack
(#2-12)

Bentonite Seal

Site Description/Location:

Total Depth = 70 feet.
Boring Terminated
Target depth achieved

-from 65-70 feet bgs sandy silt, 20-25% very fine grained sand, non-calcareous.

-from 45-65 feet bgs silt with minor clayey and sandy silt interbeds, 5-10% clay,
5-20% very fine grained sand, non-calcareous

-from 42-65 feet bgs sandy silt, non-calcareous with 25%  very fine grained sand,
slightly clayey

MUDDY CREEK FORMATION: SANDY AND CLAYEY SILT, light brown (5YR
5/4), interbedded, locally containing nodular caliche to 1" at 22 feet bgs 6"
nodular caliche.  From 22-42 feet bgs silt, slightly clayey with minor sandy silt.
(continued)
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Sample Type(s):

Sunny, cool

Muddy Creek Formation begins at 32 feet bgs.

32 ft.

70 ft.

8 In.

E. Krish 12/12/2007  13:30

Boart Longyear / D. Cervantez

Split Spoon and Core

NA

1743.62 FT26720067.292 N 828698.608 E

Sonic with continuous coring

12/12/2007  16:00
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Project Number:

Water Level:

Depth of Boring:

Screened Interval:

Monitoring Well Installed:



Notes:

Elevation:

Date/Time Finished:

Date/Time Started:

04020-023-160
Tronox LLC
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Client:

Logged By:

Boring Diameter:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

Site Description/Location:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.
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Well Diagram

S
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t)

Backfill:

60-70 ft.

Cement (94%)
and Bentonite
(6%) Slurry

2" Sch. 40
PVC Riser

SILTY SAND, pale yellowish brown (10YR 6/2), 25% silt, 75% very fine to medium
grained with minor coarse grained subangular to subrounded sand, abundant
calcareous cement as matrix - difficult to drill

Steel Guard
Pipe 3 Feet
Above Ground
Surface

ML

SM

SM

ALLUVIUM: GRAVELLY SILTY SAND, moderate brown (5YR 4/4), 20% silt, 25%
subangular volcanic pea gravel to 1/2",  55% very fine to very coarse grained
(mostly fine to medium grained) well graded subangular to subrounded sand,
slight calichification, some gravel lenses present

SILTY SAND, moderate yellowish brown (10YR 5/4), 20% silt, trace clay, trace pea
gravel, 80% very fine to fine grained with minor medium to very coarse
grained moderately graded sand, slight to moderate calichification

-groundwater encountered at 32 feet bgs.

MUDDY CREEK FORMATION: CLAYEY SILT AND SILT, moderate yellowish
brown (10YR 5/4), from 30-70 feet bgs, Interbedded 0-20% clay, 0-5% very
fine to fine grained sand, 75-100% silt, local thin zones of nodular caliche, wet

SILTY SAND, pale yellowish brown (10YR 6/2) and moderate brown (5YR 5/4),
from 28-30 feet bgs irregular, deformed "bedding"  filled fractures, soft
sediment derformation, moist.
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Sample Type(s):

Drilling Method:

Boart Longyear / D. Cervantez

Muddy Creek Formation begins at 30 feet bgs.

30 ft.

70 ft.

8 In.

E. Krish

12/1/2007  09:30
NA

Split Spoon and Core

NA

1752.14 FT26719889.138 N 827144.353 E

Sonic with continuous coring

11/30/2007  14:30

H
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West Side of Interceptor Well Field, Henderson, NV
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Screened Interval:

Coordinates:

Project Number:

Water Level:

Depth of Boring:

Monitoring Well Installed:



Notes:

Elevation:

Date/Time Finished:

Date/Time Started:

04020-023-160
Tronox LLC
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Client:

Logged By:

60-70 ft.Boring Diameter:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

Site Description/Location:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.
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Well Diagram

S
am
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D
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th
 (f

t)

Well Screen
(2" Sch. 40
PVC, 0.01"
Slot)

Sand Pack
(#2-12)

Bentonite Seal

Total Depth = 70 feet.
Boring Terminated
Target depth achieved

1.5

ML

-from 66-67 feet bgs slight calcareous clayey silt with silty clay,  very pale orange
(10YR 8/2)

-from 57-60 feet bgs abundant nodular caliche

-from 55-56.5 feet below ground surface moderate yellowish brown (10YR 5/4)
non-calcareous silt with trace very fine to fine grained sand, no gravel

-from 42-45 feet bgs abundant nodular caliche to 2" in clayey silt, light brown (5YR
6/4)

MUDDY CREEK FORMATION: CLAYEY SILT AND SILT, moderate yellowish
brown (10YR 5/4), from 30-70 feet bgs, Interbedded 0-20% clay, 0-5% very
fine to fine grained sand, 75-100% silt, local thin zones of nodular caliche, wet
(continued)
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Backfill:
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Sample Type(s):

Drilling Method:

Boart Longyear / D. Cervantez

Muddy Creek Formation begins at 30 feet bgs.

30 ft.

70 ft.

8 In.

E. Krish

12/1/2007  09:30
NA

Split Spoon and Core

NA

1752.14 FT26719889.138 N 827144.353 E

Sonic with continuous coring

11/30/2007  14:30
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West Side of Interceptor Well Field, Henderson, NV
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Project Number:

Water Level:

Depth of Boring:

Screened Interval:

Monitoring Well Installed:



SW-
SM

Client:

29-39 ft.

ML

SM

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.D

E
P

TH
(ft

) Well Diagram
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Backfill:

SM
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og

Elevation:

Date/Time Finished:

Date/Time Started:

04020-023-160
Tronox LLC

SW-
SM

Cement (94%)
and Bentonite
(6%) Slurry

2" Sch. 40
PVC Riser

Steel Guard
Pipe 3 Feet
Above Ground
Surface

Sand Pack
(#2-12)

Well Screen
(2" Sch. 40
PVC, Slot

GRAVELLY SAND TO SILTY SAND, moderate brown (5YR 4/4), 5% silt,
30%subangular volcanic pea gravel  to 1", 65% very fine to very coarse
grained sand (mostly fine to coarse grained) slight calichificaiton.

MUDDY CREEK FORMATION: CLAYEY SILT, moderate yellowish brown (10YR
5/4), 10% clay, 5% very fine grained sand, 85% silt.  Low calcareous thin
zones of nodular caliche.  Groundwater encountered at 30 feet bgs.

Bentonite Seal

GRAVELLY SILTY SAND, moderate yellowish brown (10YR 5/4), 10% silt, 20%
subangular volcanic pea gravel to 1/2",  70 % very fine to very coarse grained
sand (well graded) mostly fine to coarse grained.  Slightly modified
calichification.

Logged By:

ALLUVIUM: GRAVELLY SILTY SAND, moderate brown (5YR 4/4), 20% silt, 25%
angular to subangular volcanic pea gravel  to 1/2", 55% very fine to very
coarse grained sand, well graded, subangular to subrounded mostly fine to
medium grained.  Slight calichification.

SILTY SAND, pale yellowish brown (10YR 6/2), 20% silt, trace clay, no gravel, 80%
very fine to medium grained with moderate coarse to very coarse grained
sand subangular to subrounded.  Abundant calcareous cement - moderately
hard, moist.

Well No. M-135
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Sample Type(s):

Drilling Method:

Boart Longyear / D. Cervantez

Muddy Creek Formation begins at 30 feet bgs.

29 ft.

39 ft.

8 In.

E. Krish

11/30/2007  14:30

W
E

LL
 C

O
N

S
TR

U
C

TI
O

N
 T

R
O

N
O

X
  T

R
O

N
O

X
 C

A
P

TU
R

E
 W

P
.G

P
J 

 E
N

S
R

 C
A

.G
D

T 
 4

/2
9/

08

NA

Split Spoon and Core

NA

1751.85 FT26719890.173 N 827154.482 E

Sonic with continuous coring

Notes:

11/30/2007

Sheet:

Drilling Contractor:
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Boring Diameter:

Weather:

1ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775
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West Side of Interceptor Well Field, Henderson, NV

Screened Interval:

Monitoring Well Installed:
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Date/Time Started:

Date/Time Finished:

Elevation:
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Tronox LLC

Well Diagram

Logged By:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Site Description/Location:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775 Boring Diameter: 29-39 ft.

B
lo
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pe
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"

0.01")MUDDY CREEK FORMATION: CLAYEY SILT, moderate yellowish brown (10YR
5/4), 10% clay, 5% very fine grained sand, 85% silt.  Low calcareous thin
zones of nodular caliche.  Groundwater encountered at 30 feet bgs. 
(continued)

Total Depth = 39 feet.
Boring Terminated
Target depth achieved

04020-023-160
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Sonic with continuous coring

1751.85 FT

NA

Split Spoon and Core

Boart Longyear / D. Cervantez

NA 11/30/2007

11/30/2007  14:30

E. Krish

8 In.

39 ft.

29 ft.

Muddy Creek Formation begins at 30 feet bgs.

Sheet:

Weather:

West Side of Interceptor Well Field, Henderson, NV

Yes
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)
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S

Monitoring Well Installed:

Screened Interval:

Depth of Boring:

Sample Type(s):

Project Number:

Coordinates: of 2

Drilling Method:

Water Level:



SM

80-90 ft.

ML
SP

SM

SM

GP

Backfill:

04020-023-160
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og

Elevation:

Date/Time Started:

GM

Tronox LLC

Logged By:

Notes:

Client:

Date/Time Finished:

SW

2" Sch. 40
PVC Riser

Steel Guard
Pipe 3 Feet
Above Ground
Surface

ALLUVIUM: SILTY GRAVELLY SAND, pale yellowish brown (10YR 7/2), 20%
silt, 20% angular to subangular volcanic pea gravel  to 1/2", 60% very fine to
fine grained sand with minor coarse and very coarse grained.  Well graded
with slight calichification

SANDY SILTY GRAVEL, pale brown (5YR 5/2), 30% fine to medium grained
angular to subangular sand, 10% silt, 60% volcanic pea gravel to 1/2", slight
calichification

SM

MUDDY CREEK FORMATION: INTERBEDDED CLAYEY SILT AND SILT,
moderate yellowish brown (10YR 4/4)-groundwater encountered at 30 feet
bgs

GRAVELLY SAND, moderate yellowish brown (10YR 4/4), 5% silt, 25% volcanic
pea gravel to 1/2", 70% very fine to very coarse grained (dominant medium to
very coarse grained) subangular to subrounded sand, scattered hard
calichified nodules, wet

CALCAREOUS SILTY SAND, moderate yellowish brown (10YR 5/2), 25% silt, 5%
volcanic pea gravel to 1/2" (trace gravel to 21/2"), 70% very fine to fine grained
with minor medium to very coarse grained subangular to subrounded sand,
abundant calcareous semi-hard calcareous cement, moist

GRAVELLY SILTY SAND, moderate yellowish brown (10YR 5/4), 10% silt, 15%
subangular volcanic pea gravel  to 3/8", 75% very fine to very coarse grained
(dominant fine to medium grained) subangular to subrounded sand, slight
calichification, moist

CALICHIFIED GRAVEL, very light gray (N8), 5% silt, 25% subangular very fine to
medium sand, 70% pea gravel angular to subangular to 1/2",  abundant
calcareous hard matrix

GRAVELLY SAND, moderate brown (5YR 4/4), 5% silt, 30% angular to subangular
volcanic pea gravel  to 1", 65% very fine to very coarse grained (dominant fine
to medium grained) subangular to subrounded sand, slight calichification

GRAVELLY SILTY SAND, moderate brown (5YR 4/4), 20% silt, 25% angular to
subangular volcanic pea gravel  to 1/4", 55% very fine to medium grained with
minor coarse to very coarse grained sand.  Well graded, moderate to
common calichification with nodules to 21/2"
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Sample Type(s):

Drilling Method:

Split Spoon and Core

Muddy Creek Formation begins at 30.5 feet bgs.

30 ft.

90 ft.

8 In.

E. Krish

11/29/2007  13:30

11/28/2007  21:20

Boart Longyear / D. Cervantez NA

1751.87 FT26719889.774 N 827165.342 E
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Sun, rain, clouds, wind

Well Diagram

Drilling Contractor:
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Site Description/Location:

Boring Diameter:

3

Sonic with continuous coring
ENSR

1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Screened Interval:

ofCoordinates:

Project Number:

Water Level:

Depth of Boring:

Monitoring Well Installed:
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S

West Side of Interceptor Well Field, Henderson, NV
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)

Yes

Sheet:

Weather:
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Well Diagram

Date/Time Started:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

04020-023-160

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775 Boring Diameter: 80-90 ft.

B
lo
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r 6
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2

Drilling Contractor:

1.5

Cement (94%)
and Bentonite
(6%) Slurry

MUDDY CREEK FORMATION: INTERBEDDED CLAYEY SILT AND SILT,
moderate yellowish brown (10YR 4/4)-groundwater encountered at 30 feet
bgs (continued)

-from 39-40  feet bgs scattered thin nodular caliche zones (nodules to 1")

-from 42-43 feet bgs scattered thin nodular caliche zones (nodules to 1")

-from 53-54 feet bgs scattered thin nodular caliche zones (nodules to 1")

-from 55-56 feet bgs scattered thin nodular caliche zones (nodules to 1")

-from 61-61.5 feet bgs common caliche nodules (nodules to 1")
-from 61.5-62.5 feet bgs clayed silt with trace caliche, zone continues very fine

grained sized aggregates of silt, wet

Date/Time Finished:

ML

Client:

Notes:

Logged By:

Tronox LLC

-from 63-75 feet bgs common dark grained yellowish brown (10YR 6/6) and black
vertical root traces in moderate yellow brown (10YR 5/4) clayey silt.  Individual
root traces 1" long X 0.5" wide.  Some with red iron oxide.
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Sonic with continuous coring

1751.87 FT

NA

Split Spoon and Core

Boart Longyear / D. Cervantez

Sun, rain, clouds, wind 11/28/2007  21:20

11/29/2007  13:30

E. Krish

8 In.

90 ft.

30 ft.

Muddy Creek Formation begins at 30.5 feet bgs.

Sheet:

Weather:

West Side of Interceptor Well Field, Henderson, NV
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Monitoring Well Installed:

Screened Interval:

Depth of Boring:

Water Level:

Sample Type(s):

Drilling Method:
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Tronox LLC

Logged By:

Notes:

Date/Time Started:

Date/Time Finished:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

Client:

80-90 ft.

Site Description/Location:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Well Diagram

04020-023-160

Backfill:
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Well Screen
(2" Sch. 40
PVC, Slot
0.01")

Sand Pack
(#2-12)

Bentonite Seal

SANDY SILT, moderate calichification from 87.5-90 feet bgs.

ML

SM

ML

Total Depth = 90 feet.
Boring Terminated
Target depth achieved

SANDY SILT, 75% silt, 25% very fine grained sand with minor floating coarse to
very coarse angular to subangular volcanic grains.

SANDY SILT, from 84-86 feet bgs, 15-20% silt, 5-10% small volcanic pea gravel
subangular to subrounded to 1/4", 70-80% very fine to very coarse grained
sand (dominant fine to coarse grained) with minor very coarse grained.

SILTY SAND, moderate yellowish brown (10YR 5/4), 30-40% silt with very fine
grained subangular to subrounded sand, wet.

-from 72-73 feet bgs scattered thin nodular caliche zones (nodules to 1 1/2")
-from 70-75 feet bgs common calcareous cement, pale yellow brown (10YR 6/2)

MUDDY CREEK FORMATION: INTERBEDDED CLAYEY SILT AND SILT,
moderate yellowish brown (10YR 4/4)-groundwater encountered at 30 feet
bgs (continued)
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Sample Type(s):

Drilling Method:

Boart Longyear / D. Cervantez

Muddy Creek Formation begins at 30.5 feet bgs.

30 ft.

90 ft.

8 In.

E. Krish

11/29/2007  13:30
Sun, rain, clouds, wind

Well No. M-136

Split Spoon and Core

NA

1751.87 FT26719889.774 N 827165.342 E

Sonic with continuous coring

11/28/2007  21:20

Drilling Contractor:

West Side of Interceptor Well Field, Henderson, NV

Sheet:

Boring Diameter:
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Weather:
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Monitoring Well Installed:

Water Level:

Depth of Boring:

Screened Interval:
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Date/Time Finished:

Date/Time Started:

04020-023-160
Tronox LLC

Logged By:

Boring Diameter:

Notes:

Client:
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ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

Site Description/Location:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Elevation:
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Backfill:

24.7-39.7 ft.

D
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P
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(ft
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Sand Pack
(#2-12)

Well Diagram

ALLUVIUM: SILTY GRAVELLY SAND, pale yellowish brown (10YR 6/4), 15%
silt, 25% fine grained angular to subrounded volcanic pea gravel to 3/4" with
trace 1-1.5", 60% very fine to very coarse grained subangular to subrounded
(dominant fine to medium grained with common coarse to very coarse
grained) sand, mud-common calcareous cement in matrix.

SM

-groundwater encountered at 34 feet bgs.

MUDDY CREEK FORMATION: SILT TO SANDY SILT, moderate yellowish
brown (10YR 5/4) to brown (5YR 5/4), locally clayey or sandy, 5-10% clay,
5-25% sand.

-from 13-14 feet bgs, abundant calcareous cement and calichified gravelly sand.

-from 19-26 feet bgs,  abundant calcareous cement with thin stringers of hard
calichified gravelly sand,  moderate yellowish brown (10YR 5/4) .

Bentonite Seal

Cement (94%)
and Bentonite
(6%) Slurry

2" Sch. 40
PVC Riser

Top of Riser
2.4 Feet
Above Ground
Surface

Steel Guard
Pipe 3 Feet
Above Ground
Surface

ML

Well Screen
(2" Sch. 40
PVC, 0.010"
Slot)

40 ft.

Well No. MW-16

12/10/2007  16:00

E. Krish

8 In.
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)
34 ft.

Organic odor begins at 38 feet bgs.
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12/5/2007  09:00

26719904.41 N 826447.64 E

Sunny, cool

1754.81 FT

NA

Split Spoon and Core

Boart Longyear / D. Cervantez

Sonic with continuous coring

Drilling Contractor:

Sample Type(s):

Yes

100' west of the SW corner of the GW11 Pond, Henderson, NV

Weather:
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ofCoordinates:

Project Number:

Water Level:

Depth of Boring:

Screened Interval:

Monitoring Well Installed:
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Logged By:

Tronox LLC
04020-023-160

Date/Time Started:

Date/Time Finished:

Elevation:
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24.7-39.7 ft.

MUDDY CREEK FORMATION: SILT TO SANDY SILT, moderate yellowish
brown (10YR 5/4) to brown (5YR 5/4), locally clayey or sandy, 5-10% clay,
5-25% sand. (continued)

Backfill:

Site Description/Location:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Well Diagram

Client:

SILTY SAND, from 37-37.5 feet bgs 25% silt, 10% clay, 65% very fine to fine
grained subrounded sand with common coarse very coarse grains,
non-calcareous.

-from 37.5-40 feet bgs, clayey and silty sand,  5-10% clay and 10-15% very fine to
fine grained with poorly graded sand common, fine grained pea gravel to 1/8",
non-calcareous.

-from 38-40 feet bgs slight orgainic odor.
Total Depth = 40 feet.
Boring Terminated
Target depth achieved

ML

SC-
SM

Notes:

Boring Diameter:

Sonic with continuous coring
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Well No. MW-16

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775
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Sample Type(s):

Sunny, cool

Organic odor begins at 38 feet bgs.

34 ft.

40 ft.

8 In.

E. Krish 12/5/2007  09:00

Boart Longyear / D. Cervantez

Split Spoon and Core

NA

1754.81 FT26719904.41 N 826447.64 E

12/10/2007  16:00

Monitoring Well Installed:

Screened Interval:

Depth of Boring:
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YesDrilling Method:

100' west of the SW corner of the GW11 Pond, Henderson, NV

Weather:

Sheet:

Project Number:

2Coordinates: 2

Drilling Contractor:

of

Water Level:

40



Notes:

Client:

SM

59.7-69.7 ft.

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.D
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(ft

) Well Diagram
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Backfill:

Logged By:
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Elevation:

Date/Time Finished:

Date/Time Started:

04020-023-160

SW-
SM

Cement (94%)
and Bentonite
(6%) Slurry

2" Sch. 40
PVC Riser

Flush Mount

SANDY SILTY GRAVEL, moderate yellowish brown (10YR 6/4), 10% silt, 50% fine
grained subangular volcanic pea gravel to 1/2", 40% very fine to very coarse
grained subangular to subrounded sand, moderately soft calcareous cement.

GP-
GM

SW-
SM

GP-
GM

SM ALLUVIUM: GRAVELLY SILTY SAND, moderate brown (5YR 4/4), 15% silt, 60%
very fine to very coarse grained sand with 25% fine grained angular to
subangular volcanic pea gravel to 1/2",  moderately soft calcareous cement.

SILTY SAND, moderate yellowish brown (10YR 5/4), 20%  silt, trace pea gravel to
1/4", 80% very fine to very coarse grained subangular to subrounded  sand
with common calcareous coatings.

SILTY  GRAVELLY SAND, moderate yellowish brown (10YR 5/4), 20% silt, 25%
fine grained angular to subangular volcanic pea gravel to 3/8", 55% very fine
to very coarse grained subangular to subrounded sand, common soft
calcareous coatings.  Groundwater encountered at 25 feet bgs.

SANDY SILTY GRAVEL, very pale orange (10YR 8/2), common moderately hard
calcareous cement, 20% silt, 45% fine angular to subangular volcanic pea
gravel to 3/4 " with trace 2", 35% very fine to very coarse grained subangular
to subrounded sand.

GRAVELLY SILTY SAND, moderate yellowish brown (10YR 6/4), 10% silt, 60%
very fine to very coarse grained subangular to subrounded sand, 30% fine
grained pea gravel to 1/4",  thin caliche stringer at 18-18.5 feet bgs,
moderately soft calcareous cement.

Tronox LLC
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Well No. PC-134

Sample Type(s):

Drilling Method:
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Split Spoon and Core

25 ft.

70 ft.

8 In.

E. Krish

12/16/2007  08:00

12/15/2007  13:30

Site Description/Location:

Boart Longyear / D. Cervantez NA

1613.35 FT26728365.46 N 828593.15 E

Sonic with continuous coring
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Sheet:

Drilling Contractor:

1

Boring Diameter:

Weather:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

Depth of Boring:
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3ofCoordinates:

Project Number:

Water Level:

West Side of Athens Road Well Field, Henderson, NV

Screened Interval:

Monitoring Well Installed:
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Yes
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Notes:

CL-
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SM

Well Diagram
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Backfill:

Client:

Elevation:

Date/Time Finished:

59.7-69.7 ft.

04020-023-160

Logged By:

D
E

P
TH

(ft
)

GM

Well Screen
(2" Sch. 40
PVC Slot
0.01")

Sand Pack
(#2-12)

Bentonite Seal

MUDDY CREEK FORMATION: INTERBEDDED CLAY AND SILT,  light greenish
gray (5G 8/1) and light brown (5YR 4/6)

-6" zone of 5-10% medium to coarse grained sand in clayey silt at 69.5 feet bgs .

-6" lens of sandy (30% very fine grained) silt at 64 feet bgs .

-from 62-70 feet bgs silty clay and clayey silt from 62-64 feet bgs muffled zone of
light greenish gray (5G 8/1) and light brown (5YR 6/4) below 64 feet bgs all
light brown (5YR 6/4).

-silty clay and clayey silt, light greenish gray (5G 8/1) at 54 feet bgs.

Date/Time Started:

-clean pea gravel from 48-48.5 feet bgs.

-clean pea gravel lens from 45-47 feet bgs.

-sandy silty interbedded gravel and silty sand lens, very hard calichified sandy gravel
from 48.5-49 feet bgs.

-poorly graded gravel lens, clean pea gravel from 41-42 feet bgs.

SANDY SILTY INTERBEDDED GRAVEL AND SILTY SAND, moderate yellowish
brown (10YR 5/4), fine grained upward sequences, 10-30% silt, 30-50% fine
grained pea gravel, 30-50% very fine to very coarse grained subangular to
subrounded sand.

SILTY SANDY GRAVEL, moderate yellowish brown (10YR 5/4), 20% silt, 5-10%
very fine to very coarse sand, 70% fine pea gravel to 1/2".

-from 60-62 feet bgs silt sand, 80% very fine grained subrounded to rounded sand
with 20% silt.
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Sample Type(s):

Drilling Method:
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Split Spoon and Core

25 ft.

70 ft.

8 In.

E. Krish

12/16/2007  08:00

12/15/2007  13:30

Boart Longyear / D. Cervantez

Well No. PC-134

NA

1613.35 FT26728365.46 N 828593.15 E

Sonic with continuous coring

Sunny, cool

Site Description/Location:

Drilling Contractor:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775
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Monitoring Well Installed:

Coordinates:

Project Number:

Sheet:

Depth of Boring:

Screened Interval:

Water Level:

of 3
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Yes

West Side of Athens Road Well Field, Henderson, NV

Weather:



Total Depth = 70 feet.
Boring Terminated
Target depth achieved

Well Diagram
MATERIAL IDENTIFICATION, color, description of fine grained material

(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Site Description/Location:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775 Boring Diameter:
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Drilling Contractor:

Sheet:

Weather:

West Side of Athens Road Well Field, Henderson, NV

Yes

Tronox LLCClient:

Notes:

Logged By:
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04020-023-160

Date/Time Started:

Date/Time Finished:

Elevation:

G
ra

ph
ic

 L
og

D
E

P
TH

(ft
)

1613.35 FT
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26728365.46 N 828593.15 E

R
ec

ov
er

y 
(ft

)
NA

Split Spoon and Core

Boart Longyear / D. Cervantez

Sunny, cool 12/15/2007  13:30

12/16/2007  08:00

E. Krish

8 In.

70 ft.

25 ft.

Sonic with continuous coring
59.7-69.7 ft.

Monitoring Well Installed:

Screened Interval:

Depth of Boring:

Water Level:

Project Number:

Coordinates:

Well No. PC-134
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Drilling Method:

Sample Type(s):
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-clean gravel from 31-32 feet bgs.

Client:

INTERBEDDED GRAVELLY SILTY SAND AND GRAVEL, groundwater
encountered at 32 feet bgs.

19.7-49.7 ft.

INTERBEDDED GRAVELLY SILTY SAND AND GRAVEL
-clean gravel lens from 27.5-28 feet bgs.

INTERBEDDED GRAVELLY SILTY SAND AND GRAVEL, moderate yellowish
brown (10YR 5/4), stacked fining-upward sequences 3-5 feet thick, 0-25% silt,
40-60% very fine to very coarse grained subangular to subrounded sand,
15-60% fine grained pea gravel to 1/2".

SANDY SILTY GRAVEL, moderate yellowish brown (10YR 6/4), 10% silt, 50% fine
grained subangular to subrounded pea gravel to 1/2",  40% very fine to very
coarse grained subangular to subrounded sand, moderately soft calcareous
grain coatings.

ALLUVIUM: GRAVELLY SILTY SAND, moderate orange brown (10YR 5/4), 15%
silt, 60% very fine to very coarse grained subangular to subrounded sand,
25% fine grained angular to subrounded volcanic pea gravel to 1/2",  common
calcareous grain coatings (soft).

Elevation:
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Date/Time Finished:

Date/Time Started:

04020-023-160
Tronox LLC

Logged By:

Notes:

SW-
SM

SM

SM

GP-
GM

SP-
SM

Well Screen

Sand Pack
(#2-12)

Bentonite Seal

Cement (94%)
and Bentonite
(6%) Slurry

2" Sch. 40
PVC Riser

Flush Mount

Not Encountered
Sunny, cool 12/16/2007  08:00

12/16/2007  14:15

E. Krish
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Well Diagram

Sonic with continuous coring

Boart Longyear / D. Cervantez

26728363.6 N 828726.41 E 1612.79 FT

Well No. PC-135

NA

Split Spoon and Core

21

Drilling Method:
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"
Drilling Contractor:

Boring Diameter:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

Site Description/Location:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Screened Interval:

Coordinates: ofSheet:

Depth of Boring:

Project Number:

Monitoring Well Installed:

U
S
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S

H
ea

ds
pa

ce
 (p
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)

Yes

West Side of Athens Road Well Field, Henderson, NV

Weather:

Water Level:
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Client:

Total Depth = 51.5 feet.
Boring Terminated
Target depth achieved

-split spoon lithology, silty clayey very fine grained sand, moderate greenish gray
(5GY 8/1) at 51.5 feet bgs.

Date/Time Started:

Backfill:
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og

Date/Time Finished:

19.7-49.7 ft.

04020-023-160
Tronox LLC

Logged By:

Notes:

INTERBEDDED GRAVELLY SILTY SAND AND GRAVEL, clean gravel from 45-48
feet bgs.

Elevation:

MUDDY CREEK FORMATION: SILTY CLAY, light greenish gray (5GY 8/1), 80%
clay, 20% silt.

CL

SP

GP

SM

GP

GP

SM

INTERBEDDED GRAVELLY SILTY SAND AND GRAVEL

INTERBEDDED GRAVELLY SILTY SAND AND GRAVEL, clean gravel from 41-43
feet bgs.

INTERBEDDED GRAVELLY SILTY SAND AND GRAVEL

INTERBEDDED GRAVELLY SILTY SAND AND GRAVEL, clean gravel from 35-37
feet bgs.

(2" Sch. 40
PVC, 0.01"
Slot)

GRAVELLY SILTY SAND, moderate yellowish brown (10YR 5/4), very silty (30%),
20% fine grained subangular pea gravel to 3/8", 50% very fine to very coarse
grained subangular to subrounded sand.

8 In.

Sunny, cool 12/16/2007  08:00
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Sample Type(s):

51.5 ft.

Not Encountered

Drilling Method:
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Boart Longyear / D. Cervantez

Sonic with continuous coring

26728363.6 N 828726.41 E 1612.79 FT

NA

Split Spoon and Core
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Boring Diameter:

22
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Drilling Contractor:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

Site Description/Location:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Well Diagram

Project Number:

ofCoordinates:

Water Level:

Depth of Boring:

Screened Interval:

West Side of Athens Road Well Field, Henderson, NV

U
S

C
S

H
ea

ds
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ce
 (p

pm
)

YesMonitoring Well Installed:

Sheet:

Weather:



2" Sch. 40
PVC Riser

Flush Mount

SANDY SILTY GRAVEL, from 32.5-33 feet bgs very silty-40%.

G
ra
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ic
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og

Depth of Boring:

Screened Interval:

SANDY SILTY GRAVEL, brownish gray, very hard calichification, 20-30% very fine
to coarse grained sand in matrix, 10-20% silt.

SILTY GRAVELLY SAND, dark yellowish brown (10YR 4/2), locally up to 25% silt,
35% fine grained angular to subrounded volcanic pea gravel, up to 40% very
fine to very coarse grained subangular to subrounded sand, alternating silty
and clean sand.

SANDY GRAVEL, groundwater encountered at 32 feet bgs.

SANDY GRAVEL, caliche zone from 22.5-23 feet bgs.

SANDY GRAVEL, caliche zone from 19-19.5 feet bgs.

SANDY GRAVEL, at 17.5 feet bgs cobbles to 6".

Cement (94%)
and Bentonite
(6%) Slurry

ALLUVIUM: GRAVELLY SAND, light brown (5YR 5/4), 10% silt, 35% fine grained
gravel to 3/4" with minor 1-3" from 6-9" , 55% very fine to very coarse grained
subangular to subrounded sand, moderate calcareous coatings.

Bentonite Seal

17.7-37.7 ft.

Well Screen
(2" Sch. 40
PVC, 0.01"
Slot)

U
S

C
S

SANDY GRAVEL, light brown (5YR 6/4), 10% silt, 40% very fine to very coarse
grained subangular to subrouned sand, 50% fine grained gravel to 3/4" with
minor 1-3" ,

Monitoring Well Installed:
ENSR

1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

Site Description/Location:

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Well Diagram

S
am

pl
e 

D
ep

th
 (f

t)

Backfill:

D
E

P
TH

(ft
)

H
ea

ds
pa

ce
 (p

pm
)

Yes

East Side of Athens Road Well Field, Henderson, NV

Weather:

Boring Diameter:

Drilling Contractor:
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Sheet:

Sand Pack
(#2-12)

Project Number:

Drilling Method:

Water Level:

Elevation:

Sonic with continuous coring

26728191.37 N 829517.89 E
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Well No. PC-136
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Date/Time Finished:

Client:

GP-
GM

SM

GP-
GM

SP-
SM

12/18/2007  15:00

Coordinates:

Date/Time Started:

Split Spoon and Core

Boart Longyear / D. Cervantez

04020-023-160

NA

Tronox LLC

1615.08 FT

E. KrishLogged By:

8 In.

38 ft.

Not Encountered

Notes:

12/18/2008  11:30
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Logged By:

Tronox LLC
04020-023-160

Date/Time Started:

Date/Time Finished:

Elevation:
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Backfill:

Client:

Well Diagram
MATERIAL IDENTIFICATION, color, description of fine grained material

(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

Site Description/Location:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775 17.7-37.7 ft.Boring Diameter:

SANDY SILTY GRAVEL, brownish gray, very hard calichification, 20-30% very fine
to coarse grained sand in matrix, 10-20% silt. (continued)

MUDDY CREEK FORMATION: CLAY, light greenish gray (10Y 7/1).

Total Depth = 38 feet.
Boring Terminated
Target depth achieved

Notes:
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Sample Type(s):

Sonic with continuous coring

26728191.37 N 829517.89 E 1615.08 FT

NA

Split Spoon and Core

Boart Longyear / D. Cervantez

NA 12/18/2008  11:30

12/18/2007  15:00

E. Krish

8 In.

38 ft.

Not Encountered

Yes

2

Drilling Contractor:

Sheet:

Weather:

East Side of Athens Road Well Field, Henderson, NV

Drilling Method:

H
ea

ds
pa

ce
 (p

pm
)

U
S

C
S

2

Monitoring Well Installed:

of

Water Level:

Screened Interval:

Coordinates:

Project Number:

Depth of Boring:



Elevation:

Date/Time Finished:

Date/Time Started:

04020-023-160

Logged By:

D
E

P
TH

(ft
)

Notes:

Client: Tronox LLC

Well Diagram

Boring Diameter:

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

Site Description/Location:
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59.7-69.7 ft.

SANDY GRAVEL, light brown (5YR 6/4), 10% silt, 30% very fine to very coarse
grained subangular to subrounded sand, 60% fine, angular to subrounded,
pea gravel  to 1/4", moderate calcareous coatings.

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

-hard calichified zone from 34-36 feet bgs.

SANDY SILTY GRAVEL, very pale orange (10YR 8/2), 20% silt, 30% very fine to
very coarse grained subangular to subrounded sand, 50% fine grained
angular to subangular pea gravel to 3/8" with minor 1".

GRAVELLY SAND, moderate brown (5YR 4/2), 5% silt, 15% fine grained angular to
subrounded , volcanic pea gravel to 3/8", 80% very fine to very coarse grained,
subangular to subround sand

-groundwater encoutered at 21 feet bgs.

SP-
SM

Backfill:

GM

SP

ALLUVIUM: GRAVELLY SAND, light brown (5YR 6/4), 10% silt, 70% very fine to
very coarse grained, subangular to subrounded sand, 20% fine grained
volcanic pea gravel, subangular to subrounded to 3/4" with minor 1-2",
moderately soft calcareous grain coatings.

Cement (94%)
and Bentonite
(6%) Slurry

2" Sch. 40
PVC Riser

Flush Mount
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Well No. PC-137
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Sample Type(s):

Drilling Method:

Boart Longyear / D. Cervantez 28 ft.

70 ft.

8 In.

E. Krish

12/17/2007  17:30
NA

Split Spoon and Core

NA

1614.83 FT26728198.98 N 829517.57 E

Sonic with continuous coring

12/17/2007  14:15
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Drilling Contractor:
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Sheet:

Yes

Weather:

East Side of Athens Road Well Field, Henderson, NV
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1 ofCoordinates:

Project Number:

Water Level:

Depth of Boring:

Screened Interval:

Monitoring Well Installed:

2



CL-
ML

04020-023-160

59.7-69.7 ft.

CL

MUDDY CREEK FORMATION: INTERBEDDED SILTY CLAY AND SANDY
CLAYEY SILT, yellow gray (5Y8/1) to medium gray (N5), predominately low
plastic fines with up to 20% very fine grained sand present

SM

CL

SM

ML

CL-
ML

GM

Well Screen
(2" Sch. 40
PVC 0.01"
Slot)

Sand Pack
#2-12ML

Tronox LLC

Logged By:

Notes:

Client:

1.5

SILTY AND CLAYEY SAND, greenish gray (5G 6/1), 40% silty clay, 60% very fine
grained sand, disseminated very fine grained marcasite.

Total Depth = 70 feet.
Boring Terminated
Target depth achieved

Bentonite Seal

CLAY WITH GYPSUM CRYSTALS, dark yellowish brown (10YR 4/2), abundant
gypsum crystals 3/8 to 11/2".

SILTY CLAY AND CLAYEY SILT, greenish gray (5G 6/1), disseminated very fine
grained marcasite.

SILTY SAND, medium blue gray (5B 5/1), 30% silt, 70% very fine grained sand.

SANDY SILT, pale olive (10YR 6/2)

SANDY SILT, dusky yellow (5Y 6/4) , 20% very fine grained sand.

SANDY  AND SILTY CLAY, medium gray (N5) and light gray (N7) 25% silt, 15%
very fine grained sand.

-mottled dark yellowish green (5Y 6/2) to dark gray (5Y 9/1) from 49 to 50.5 feet
bgs.

-yellowish gray (5Y 7/2) from 40 to 49 feet bgs.

-light greenish gray (5GY 8/1) from 38 to 40 feet bgs.

INTERBEDDED SILTY CLAY AND CLAYEY SILT, moderate brown (10YR 5/4), no
crystals.

Boart Longyear / D. Cervantez

Sonic with continuous coring

26728198.98 N 829517.57 E 2of1614.83 FT

NA 28 ft.

Split Spoon and Core
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12/17/2007  17:30
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Boring Diameter:

Water Level:

12/17/2007  14:15

MATERIAL IDENTIFICATION, color, description of fine grained material
(silt and clay) description of coarse grained material (sand and
gravel), structural or mineralogical features, density or stiffness,
moisture content, odors or staining.

ENSR
1220 Avenida Acaso
Camarillo, CA 93012

(805)388-3775

Backfill:
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Elevation:

Date/Time Finished:

Well Diagram

East Side of Athens Road Well Field, Henderson, NV

Screened Interval:

Monitoring Well Installed:

Depth of Boring:

Site Description/Location:
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ATTACHMENT C TO THE GROUNDWATER CAPTURE REPORT 
 
Well/Piezometer Well Development Records 
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ATTACHMENT D TO THE GROUNDWATER CAPTURE REPORT 
 
Survey Information 
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ATTACHMENT E TO THE GROUNDWATER CAPTURE REPORT 
 
Distance Drawdown Data AND GRAPHS – Interceptor Well Field 
and Barrier Wall 
 



Pumping well: I-K
Pumping Rate During the Test: 0.40 gpm

Time (min) (I-K) (M-61) (I-J)
0 1725.93 1722.26 1722.13

100 1715.59 1722.26 1722.16
165 1714.76 1722.26 1722.19
200 1714.80 1722.27 1722.20

Total Drawdown (ft)
End of test 11.17 0.01 0.07

WELL Z (TOC)
Distance

from I-K (ft)
Direction
from I-K

DTW
@T=0 min

GW Elev
@T=0 min

DTW
@T=200 min

GW Elev
@T=200 

min
I-K 1750.08 Pump Well -- 24.15 1725.93 35.28 1714.80

M-61 1746.83 66.20 West 24.57 1722.26 24.56 1722.27
I-J 1750.10 164.20 West 27.97 1722.13 27.90 1722.20

not enough data

Note: Insufficient drawdown data to estimate well efficiency

GW Elevation (ft msl)

Distance Drawdown

I-K: Distance Drawdown Plot
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Pumping well: I-N
Rate: 4.2 gpm

Time (min) (I-N) (I-F) (I-X) (M-78) (I-E)
0 1719.00 1719.00 1718.98 1719.17 1720.28
5 1716.18 1718.98 1719.16

30 1713.94 1719.00 1719.11
60 1713.41 1719.08 1719.02 1719.08
120 1713.06 1719.12 1719.07 1719.06 1720.25
150 1713.01 1719.19 1719.08 1719.06 1720.24

Total Drawdown (ft)
End of test 5.99 0.19 0.10 0.11 0.04

WELL Z (TOC)
Distance

from I-N (ft)
Direction
from I-N

DTW
@T=0

GW Elev
@T=0

DTW
@T=150

GW Elev
@T=150

I-N 1749.70 Pump Well -- 32.40 1717.30 38.39 1711.31
M-78 1748.60 24.80 West 32.33 1716.27 32.44 1716.16
I-X 1751.4 38.05 East 29.62 1721.78 29.52 1721.88
I-E 1751.504 68.85 West 32.12 1719.38 32.16 1719.34
I-F 1752.4 77.45 East 30.70 1721.70 30.51 1721.89

Note: Insufficient drawdown data to estimate well efficiency

Distance Drawdown

GW Elevation (ft msl)

I-N: Distance Drawdown Plot

1719.34
(I-E)

1721.89
(I-F)

1716.16
(M-78)

1721.88
(I-X)

(I-N) Pumping, 1711.31'
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Pumping well: I-T
Puming Rate During the Test: 0.40 gpm

Time (min) (I-T) (PVC-2) (PVC-3) (M-60)
0 1721.27 1721.19 1721.34 1721.32
2 1721.25 1721.34
5 1717.83 1721.03 1721.22
12 1716.17 1720.90 1721.05
17 1715.09 1720.75 1720.93
25 1713.51 1720.91 1720.56 1720.68
31 1712.75 1720.86 1720.47 1720.58
40 1711.98 1720.80 1720.38 1720.33
50 1712.07 1720.79 1720.30 1720.12
57 1712.14 1720.79 1720.27 1719.98
111 1712.42 1720.78 1720.24 1719.91
120 1712.86 1720.77 1720.24 1719.87
130 1713.02 1720.77 1720.24 1719.83
144 1712.93 1720.76 1720.25 1719.82
155 1712.80 1720.75 1720.24 1719.79
180 1712.64 1720.74 1720.22 1719.76

Total Drawdown (ft)
End of test 9.29 0.45 1.12 1.58

WELL Z (TOC)
Distance

from I-T (ft)
Direction
from I-T

DTW
@T=0

GW Elev
@T=0

DTW
@T=180

GW Elev
@T=180

I-T 1751.66 Pump Well -- 30.39 1721.27 39.02 1712.64
M-60 1750.94 5.60 East 29.62 1721.32 31.18 1719.76

PVC-3 1750.76 7.25 West 29.42 1721.34 30.54 1720.22
PVC-2 1750.81 17.45 West 29.62 1721.19 30.07 1720.74

Note: Estimate of pumping well efficiency - 
(Predicted drawdown / Actual drawdown) x 100% = 84%

GW Elevation (ft msl)

Distance Drawdown

I-T: Distance Drawdown Plot
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(I-T) Predicted, 1718.50'

I-T: Time Drawdown Plot
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Pumping well: I-R
Pumping Rate During the Test: 3.1 gpm

Time (min) (I-R) (I-Y) (I-L)
0 1722.74 1723.03 1722.92
7 1715.59 1722.92
30 1709.52 1722.68 1722.92
110 1709.53 1722.56 1722.98
130 1709.55 1722.58 1722.93
155 1709.53 1722.54 1722.91

Total Drawdown (ft)
End of test 13.22 0.49 0.07

WELL Z (TOC)
Distance

from I-R (ft)
Direction
from I-N

DTW
@T=0

GW Elev
@T=0

DTW
@T=150

GW Elev
@T=150

I-R 1751.35 Pump Well -- 28.61 1722.74 41.82 1709.53
I-Y 1751.40 18.6 East 28.37 1723.03 28.86 1722.54
I-L 1751.70 36.8 East 28.78 1722.92 28.79 1722.91

Note: Insufficient drawdown data to estimate well efficiency

GW Elevation (ft msl)

Distance Drawdown

I-R: Distance Drawdown Plot
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(I-R) Pumping, 1709.53'

1705

1707

1709

1711

1713

1715

1717

1719

1721

1723

1725

1 10 100
Distance from I-R (ft)

G
W

 E
le

va
tio

n 
(ft

 m
sl

)

I-R: Time Drawdown Plot
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