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Definition of Key Terms 
Groundwater discharge: approximate location where groundwater is entering the surface, either on land or under 
water. The groundwater may or may not contain perchlorate. 

Groundwater flux: measurement of the amount of groundwater discharging per unit of time (for example gallons 
per minute or cubic feet per second). 

Perchlorate discharge: approximate location where groundwater containing perchlorate is discharging to the 
surface, either on land or under water. 

Perchlorate flux: measurement of the amount of perchlorate discharging per unit of time (e.g. pounds per day). 

Potential discharge: a location where discharge may be occurring, but where there is still uncertainty. 

Seep: an area of slow discharge of groundwater on land or into a body of water. 

Spring: a discrete place where groundwater actively discharges on land or into a body of water. Springs often 
create small rivulets on the ground surface, and may be visible underwater as sand boils or areas of reduced 
cloudiness. 

Sump: a manmade collection structure used to manage surface runoff.
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1.0   Introduction 

This technical memorandum (memo) describes the sampling locations and results of the surface water and seep 
sampling conducted for the Nevada Environmental Response Trust (NERT) Remedial Investigation (RI) - 
Downgradient Study Area in Henderson, Nevada (Figure 1). This memo has been prepared as in interim 
deliverable in advance of the forthcoming NERT RI Report. Except as noted in this memo, the work was 
conducted per the procedures and methods described in the Surface Water Sampling Plan (SWSP) approved by 
Nevada Division of Environmental Protection (NDEP) on April 27, 2016.  

The overall objective of the Downgradient Study Area investigation is to identify subsurface pathways within the 
Downgradient Study Area through which perchlorate-impacted groundwater is entering Las Vegas Wash (LVW). 
The surface water sampling program is being conducted to aid in meeting that objective. The surface water 
investigation will consist of several tiers of sampling to characterize surface water concentrations of key 
constituents under a variety of flow conditions. The concentration data combined with estimated flow rates from 
simultaneously measured water level measurements will be used to identify reaches along the LVW where a 
significant and quantifiable perchlorate mass flux is entering the LVW. While quarterly sampling has been 
conducted at a limited number of locations in the past few years, the majority of the locations previously sampled 
have not been sampled since 2011 or earlier. As part of the planning phase for future surface water investigation 
activities in the Downgradient Study Area, the first tier of the surface water sampling program, which is the subject 
of this technical memorandum, consists of a comprehensive grab sampling of these historical surface water 
sample locations. The data quality objectives, sampling methods and procedures, and sampling plan for this 
comprehensive grab sampling are described in the SWSP1, which was designed to answer the following study 
questions: 

• What are the current nature and concentration distributions of the target contaminants (i.e., perchlorate, 
chlorate, chromium, and hexavalent chromium) in the LVW? 

• Which of the target contaminants are currently present in significant concentrations to be included in 
future LVW investigations? 

• Are contaminant concentrations different in 2016 than in previous years for which data are available? 

• Are patterns of target contaminants in the LVW consistent over time?  

• Can ratios of bromide and chloride and concentrations of total dissolved solids be used to help identify 
the loci of potential groundwater inputs to the LVW? 

• Can bromide be considered a possible candidate for future tracer tests? 

The sampling and analytical results of these grab samples are summarized in this technical memorandum. As an 
interim deliverable, this document presents the sampling and analytical results of the grab samples collected per 
the SWSP. These data will serve as the basis for the forthcoming Surface Water Investigation Plan (SWIP). All 
surface water data will be further evaluated by NERT during the preparation of the RI report. Based on the results 
of this first tier, a second tier of surface water investigation (presented in the SWIP) is planned that will include a 
detailed sampling program and flow gaging across several cross-sections of the LVW.  

                                                           

1 AECOM, 2016. Surface Water Sampling Plan. NERT Remedial Investigation – Downgradient Study Area, Nevada 
Environmental Response Trust Site, Henderson, Nevada. Final. April. 
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2.0   Sampling Procedures 

Surface water and seep sampling was conducted consistent with the SWSP in May 2016. Daily field reports are 
provided in Appendix A. Daily Health and Safety sheets are provided in Appendix B. Details recorded when the 
samples were obtained are contained in the Log Book provided in Appendix C. This appendix also contains the 
calibration logs for the field equipment used and Field Data Sheets for recording water quality readings.  

AECOM’s field team consisted of two environmental scientists who performed the field work in the Downgradient 
Study Area to collect surface water samples from a series of mid-channel locations (identified as LW stations on 
Figure 2) and locations collected from historic side inflows or ditches2 (tributary/side stream [t/ss]”); identified as 
LWC stations on Figure 2). The location names are consistent with historic sampling conducted on the LVW and 
tributaries. Some of the “LWC” t/ss samples were located in tributaries or side streams under current post-weir 
construction conditions. Others were in the LVW proper, although usually along a bank indicating the coordinates 
could have historically been in the side stream. The target locations for these surface water samples are provided 
in Table 1. The digits following “LW” indicate the river mile (RM) measured from the high pool elevation of Lake 
Mead.3 Samples collected near each other are designated with “_1”, “_2”, etc. to distinguish them from main 
stations. In addition, part of the May 2016 investigation involved attempting to re-establish the locations of all seep 
sampling stations that were sampled by Kerr McGee in 2000 (identified as KM samples) (Table 2; Figure 2). 
Historically documented seeps include the “GCS5 seep”, sampled by SNWA as location LWC3.7. This sampling 
location is located very near the seep KM-67, and it is likely this is the same groundwater discharge. It is surmised 
that weir construction, onshore riparian zone restoration, flooding and vegetative growth during intervening years, 
and the ongoing regional drought conditions may have affected the occurrence and, if present, the flow from the 
previously identified seeps. Actual seep locations compared to historically documented seep locations are 
provided in Figure 3.  

2.1 Pre-Sampling Meeting 
On May 9, 2016, the field team arrived at the Downgradient Study Area and met with Dr. Weiquan Dong of 
NDEP. Dr. Dong and the field team performed a pre-sampling site reconnaissance of the LVW access points and 
weirs. During this site reconnaissance, the locations of LW6.05 and LWC6.1 were shifted from the coordinate 
locations to locations in the LVW and t/ss that are the actual target. Additionally, the sampling of the “Kerr McGee 
Seep” was discussed and the location was shown to the AECOM field staff. Note that the sampling location for 
the “Kerr McGee Seep” is an open pit/sump that collects and contains the seep water. The location is referred to 
as “Kerr McGee Seep”, but is actually the water contained in the sump. The water in this sump could be impacted 
by surface water and the concentrations of perchlorate in the sample may not necessarily be representative of the 
groundwater/seep concentrations.   

                                                           

2 Shanahan, S.A. and X. Zhou, Ph.D. 2013. “Appendix M: Lake Mead and Las Vegas Wash Water Quality Sampling 
Nomenclature” to “Las Vegas Wash Surface Water Quality Monitoring and Assessment Plan” Southern Nevada Water 
Authority. Prepared for Las Vegas Wash Coordination Committee, Research and Environmental Monitoring Study Team. 
September. 

3 Shanahan, S.A. and X. Zhou, Ph.D. 2013. “Appendix M: Lake Mead and Las Vegas Wash Water Quality Sampling 
Nomenclature” to “Las Vegas Wash Surface Water Quality Monitoring and Assessment Plan” Southern Nevada Water 
Authority. Prepared for Las Vegas Wash Coordination Committee, Research and Environmental Monitoring Study Team. 
September. 
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2.2 Sampling Procedures 
Sampling was conducted on weekdays between May 10 and May 18, 2016. Samples were collected using a 
peristaltic pump with dedicated tubing. Samples requiring field filtration were passed through dedicated in-line 
0.45 micron filter cartridges. Samples in the LVW were collected as much as practicable during the daily low-flow 
period. Timing of collection of the samples compared to daily flow records from the United States Geological 
Survey (USGS) stream gages on the LVW are provided in for each sampling day in Figure 4 through Figure 10. 
Flows from the stream gage near Pabco Road (USGS 09419700; approximately RM 6) and at Three Kids Wash 
(USGS 09419753; approximately RM 3.8) were used. After collection, samples were immediately stored on ice, 
and transported that day to Silver State Analytical (dissolved hexavalent chromium) and the local Test America 
facility for shipment to their Irvine, California, laboratory for analyses of perchlorate, chlorate, dissolved chromium 
(i.e., total concentration of hexavalent and trivalent chromium), total dissolved solids, chloride, and bromide.  

The sampling team began at the station furthest downstream (LW3.1, located approximately 3,000 feet east of 
the Downgradient Study Area boundary) and proceeded westward towards the most upstream station (LW7.2 
near the western edge of the Downgradient Study Area). Stations in the LVW were accessed with a canoe. Water 
depth was often too low for paddling so the field team walked the LVW and the canoe was used to provide a 
stable base for equipment during sampling.  

Along the east-to-west traverse, the locations of historic seeps were searched for using both reported coordinates 
and field mapping. Where those locations were found to be currently submerged by the LVW or buried by weir 
structures, stations were searched for by walking in a grid pattern and looking for visual clues (upwelling or 
changes in water clarity) and monitoring for water quality changes using a YSI multi-parameter sonde, which 
measures temperature, specific conductivity, turbidity, dissolved oxygen, and pH (Table 3). Where those seeps 
were presumed based on coordinates to be currently located on land, stations were searched for by walking in a 
grid and looking for active groundwater discharge, moist soil, and precipitate from evaporated discharge. Historic 
soil pit locations were searched for by looking for physical signs of past digging. The observations made at each 
seep location are provided in Table 3.  

2.3 Deviations from Sampling Plan 
Sample LW5.7 was collected at 1345 on May 13, 2016, when flow on the Pabco Road gage was 339 cubic feet 
per second (cfs); the median flow at Pabco Road was 324 cfs, occurring at 1330. The flow at Pabco Road gage at 
1345 was only approximately 5 percent above the observed median when sample LW5.7 was obtained. 
Considering that the sampling location was approximately one-third of a mile downstream of the gage, the sample 
would be representative of lower flow conditions than observed at 1345 at Pabco Road. This is further supported 
by the median flow measurement of 342 cfs at 1500 at Three Kids Wash gage, which is 2 miles downstream of 
sample location LW5.7. Therefore, while sampling may have occurred just past the median flow at Pabco Road 
gage, it did not impact the overall SWSP, and the sampling was not out of compliance with the objectives. This is 
therefore not a deviation from the SWSP, but the additional flow in the LVW may have “diluted” the concentrations 
of perchlorate and other constituents in sample LW5.7 as discussed in Section 5. 

Two locations (LW6.05 and LWC6.1) were adjusted per on-site discussions with Dr. Dong, NDEP (Section 2.1). In 
addition, a sample located in the sump that collects the water from the “Kerr McGee Seep” (KM-S) was added to 
the sampling plan, also as requested by Dr. Dong. 

Of the 18 historic seep locations, only three (KM-45, KM-67 and KM-71) could be located in the field. All other 
stations may have been buried by weir and bank construction, submerged by the expanded stream channel and 
associated sediments, temporarily dried up under the ongoing drought conditions, or obscured by dense 
vegetation. The observations made at each seep location are provided in Table 2. Of those three located stations, 
two (KM-67 and KM-71) were sampled. Seep KM-67 was found to be submerged on the south side of the LVW. 
Seep KM-71 was located in a backwater channel on the north side of the LVW. KM-45 was identified as a pit 
located near the Pabco Road Weir. The pit was dry and therefore not sampled. 
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3.0   Analytical Program 

The analytical program was focused on Downgradient Study Area groundwater constituents that may affect water 
quality in the LVW (Table 4). Bromide was added because it may be used as a tracer in future investigations. 
Surface water and seep samples were analyzed for the following constituents: 

• Perchlorate (United States Environmental Protection Agency [EPA] Method 314.0); 

• Chlorate (EPA Method 300.1); 

• Chromium, Dissolved (EPA Method 200.8 [ICP-MS]); 

• Hexavalent Chromium, Dissolved (EPA Method 218.7); 

• Chloride (EPA Method 300.0); 

• Bromide (EPA Method 300.0); and 

• Total Dissolved Solids (Standard Method 2540C). 

As directed by NDEP, field-filtering of water samples for perchlorate analysis was not required. Filtering for 
dissolved chromium and hexavalent chromium analysis was conducted in the field using a 0.45-micron filter. 
Copies of the analytical results and chain-of-custody records are provided in Appendix D. 
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4.0   Data Validation 

Consistent with the NDEP requirements, all data were validated to at least Stage 2B and a minimum of 10 
percent of the data were validated according to Stage 4 data validation procedures. Because validation data were 
provided by the laboratories on a data package basis, 5 out of 24 samples (21 percent) were validated using 
these Stage 4 procedures. Due to the relatively small number of samples as well as the need to conduct Stage 4 
validation for all methods and inclusion of both seep and surface water samples, the actual numbers subjected to 
Stage 4 validation was approximately twice the minimum requirement. The overall project requirements and 
completeness levels were met. As presented in Table 5, there were 24 primary samples and 7 quality control 
samples. Each sample contained 7 analyses for a total of 217 results. A total of 23 results, or 11 percent of the 
total, were qualified. No results were rejected. Based upon the Stage 2B and Stage 4 data validation all other 
results are considered valid and usable for all purposes. The Data Validation Summary Report is attached as 
Appendix E and provides detailed information about the data reviewed and results qualified.
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5.0   Summary of Surface Water and Seep Data 

Surface water samples were collected from 14 locations in the LVW channel (LW3.1, LW3.4, LW3.75, LW3.85, 
LW4.1, LW4.95, LW5.3, LW5.5, LW5.7, LW5.9, LW6.05, LW6.7, LW6.85, and LW7.2) and 7 locations in t/ss 
(LWC3.7, LWC4.1, LWC4.6, LWC6.1, LWC6.1_1, LWC6.1_2, and LWC6.3_1) (Figure 2). Samples were 
collected from three seeps (KM-678, KM-71, and KM-S). Table 6 presents the analytical results of surface water 
and seep sampling.  

5.1 Field Water Quality Parameters 
At each location, a meter was used to measure pH, specific conductivity, dissolved oxygen, turbidity and 
temperature in the field (Table 3). Temperature ranged from 19.47 to 28.95 degrees Celsius. The water in the 
sump at the Kerr McGee Seep (KM-S) had the lowest temperature. Samples in the LVW collected later in the day 
tended to be warmer. Specific conductivity ranged from 1,068 to 8,152 micro-siemens per centimeter (µS/cm). 
The highest conductivity of 8,152 µS/cm was measured at LWC6.3_1 (the NERT outfall). Most readings in the 
LVW were 2,000 – 3,000 µS/cm and the seeps were generally higher (3,171 µS/cm at KM-S and 4,167 µS/cm at 
KM-67). The pH measurements were generally near neutral to slightly alkaline, ranging from 6.33 (LWC6.3_1) to 
8.54 (LW4.95). Dissolved oxygen in the surface water ranged from 5.89 to 13.24 milligrams per liter (mg/L), and 
most locations exceeded 100 percent saturation (saturation was corrected for temperature and atmospheric 
pressure). In the seeps, dissolved oxygen was low in KM-71 (0.52 mg/L; 6.4 percent saturation) and KM-67 (0.63 
mg/L; 7.4 percent saturation), but moderate at KM-S (4.07 mg/L; 51.4 percent saturation). Turbidity ranged from 
0.0 to 35.1 Nephelometric Turbidity Units (NTUs). The seeps were generally clear (0.0 to 0.4 NTU).  

5.2 Laboratory Analyses Results 
In May 2016, the concentrations of target contaminants in the LVW and t/ss were generally lower in most 
locations sampled than in previous sampling events. Plots of historic concentrations (since 2002) and May 2016 
concentrations of perchlorate, dissolved chromium, hexavalent chromium and total dissolved solids for each 
sampling location (with data) are provided in Appendix F. The results of the 2016 sampling are presented in 
Figure 11 through Figure 23, and discussed below. 

5.2.1 Perchlorate 

Perchlorate concentrations in the LVW have generally decreased over time (Appendix F).  

Upper Reach (LW7.2 to Proposed Location of Sunrise Mountain Weir) 

Concentrations of perchlorate in surface water are low in the upper portions of the LVW [<0.95 at LW7.2, 1.0 J 
micrograms per liter (µg/L) at LW6.85, and <0.95 µg/L at LW6.7] (Figure 11 and Figure 12). Groundwater 
emanating from the Kerr-McGee Seep that was collected in and sampled from the sump (KM-S) has dropped by 
several orders of magnitude due to the groundwater capture system; however perchlorate levels (85 µg/L) in the 
sump are higher than concentrations of perchlorate measured in samples from the LVW collected upstream of the 
Kerr McGee Seep location.  

Pabco Road Reach (Proposed Location of Sunrise Mountain Weir to LW5.9) 

By the time water in the LVW reaches the Pabco Road Weir, perchlorate concentrations increase to 17 µg/L and 
15 µg/L (LW6.05 and LW5.9, respectively). It is not known how much this increase is attributable to the addition of 
perchlorate that may be transported via groundwater discharge from sump area which is collecting the Kerr-
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McGee Seep water and how much may be attributable to other, more diffuse groundwater inputs from uncharted 
paleochannels, underground sources, or other discharges (e.g., the wastewater outfall sampled as LWC6.1_1). 
The sample collected from the wastewater outfall labeled LWC6.1_1 had a perchlorate concentration of 7.3 µg/L. 
This sample may be from the TIMET outfall or City of Henderson wastewater treatment plant discharge. Review 
of coordinates of the outfalls indicated this may be associated with the City of Henderson discharge, but this will 
be confirmed during the implementation of the upcoming SWIP.  

Main Reach (LW5.9 to Homestead Weir) 

While the sample collected at LW5.7 (8.3 µg/L) may leave the impression that perchlorate concentrations may 
dilute below the Pabco Road Weir, there is uncertainty associated with the increased flow rates at the time of 
sampling. This uncertainty cannot be quantified using the existing data. The influence of flow on the 
concentrations of perchlorate is included as an objective in the upcoming SWIP. . As discussed in Section 2.2, the 
sample at LW5.7 was collected during a higher flow period of the daily cycle, with estimated flows approximately 
90 percent higher than during the sampling of LW5.9. Those higher flows are the result of daily fluctuations in 
wastewater discharges from outfalls, some of which are located upstream of the Downgradient Study Area and 
would likely have water quality characteristics similar to samples collected at LW7.2 and LW6.7, where no 
perchlorate was detected above laboratory reporting limits. 

In the region of the Historic Lateral Weir and the Proposed Historic Lateral Weir Expansion, sampling results from 
LW5.5 and LW5.3 indicate a small rise in perchlorate concentration, increasing from 15 and 17 µg/L at stations 
near the Pabco Road Weir to 19 and 23 µg/L near the Historic Lateral Weir at stations LW5.5 and LW5.3, 
respectively. 

Near the eastern edge of the Henderson Landfill Site (LW4.95), perchlorate results indicate some dilution (15 
µg/L), however similar to the results from LW5.7 much of that can be explained by the higher flows at the time of 
sampling (approximately 40 percent higher than at the time of collection for LW5.5 and LW5.3). Perchlorate 
concentrations increased from 19 to 23 µg/L near the Historic Lateral Weir to approximately 50 µg/L near the 
Homestead Weir. Near the western edge of the landfill, samples collected in the LVW (LW4.1, LWC4.6 and 
LWC4.1) indicate groundwater discharge in that area has a higher concentration of perchlorate. The 
concentrations of perchlorate at LW4.1, LWC4.1, and LWC4.6 are indistinguishable within the variability of the 
data, but an overall increase in perchlorate can be seen between Historic Lateral Weir and Homestead Weir. 

Three Kids Reach (Homestead Weir to Rainbow Gardens Weir) 

Sampling results indicate some dilution of perchlorate downstream of the Homestead Weir, dropping from 50 µg/L 
above the Homestead Weir (LW4.1) to 35 µg/L upstream of the Three Kids Weir (LW3.85). A sample collected 
below the Three Kids Weir (LW3.75) had a lower perchlorate result; however this may in part be attributable to the 
25 percent higher flows at the time of sampling. Due to the uncertainty associated with distance between samples 
and the potential variability of flows through the LVW from various sources, no quantitative conclusions can be 
drawn regarding the measured differences in perchlorate concentrations. Note that additional sampling to be 
performed in this reach under the planned SWIP may provide confirmation of these observations. 

Below the Three Kids Weir, a spring was located discharging directly into the LVW from rip rap placed along the 
southern bank. Discharge from that spring was visibly clearer than water in the LVW and had a significantly 
different field water-quality signal (temperature, specific conductivity, pH, dissolved oxygen, and turbidity). The 
concentration of perchlorate from the spring at KM-67 (1,500 µg/L) was two or more orders of magnitude higher 
than any other samples collected during this program. Due to the physical configuration of that discharge, the rate 
of flow could not be readily quantified. A sample was also collected from the LVW approximately 50 feet up 
upstream of the KM-67 spring. That sample (LWC3.7) was located near the southern toe of the Three Kids Weir 
and had a perchlorate concentration of 61 µg/L. LWC3.7 is the location of the GCS5 seep and may be targeting 
the same seep as the sample collected at KM-67. 
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Downstream Reach (Rainbow Gardens Weir to LW3.1) 

Samples collected during the May 2016 sampling event did not provide an estimate of perchlorate concentration 
immediately after the mixing of KM-67. The next sample downstream is at RM 3.4, below Rainbow Gardens Weir. 
Some additional contaminated groundwater may be entering the Wash from the south in the vicinity of KM-67, 
however the nearby topography and geology suggests a groundwater divide a short distance downstream. In this 
portion of the LVW, the valley floor crosses the volcanic rocks of the Horse Spring Formation (Rainbow Garden 
and Frenchman Mountain). Those rocks represent a topographic high to the north. A short cliff consisting of 
lithified alluvial deposits is located approximately 100 feet downstream of KM-67, representing a topographic high 
extending to the south. With the water table typically reflecting topography, these features suggest the presence 
of groundwater divides in the vicinity of the Three Kids Weir. Faulting is also present in this area. The groundwater 
flow in this area is complex and not well characterized. There may be groundwater upwelling and or a 
groundwater divide in the vicinity of the Three Kids Weir. 

Samples collected in the LVW downstream of the Three Kids Weir had perchlorate levels ranging from 52 µg/L 
(LW3.4 below the Rainbow Gardens Weir) to 51 µg/L (LW3.1 above the Fire Station Weir). While those samples 
were collected closer to the southern bank of the Wash, it is likely that they were representative of fully mixed 
samples of the Wash. The channel in those areas is relatively narrow with higher flow velocity. 

5.2.2 Chlorate 

Chlorate was detected above the detection limit (20 µg/L) in all samples from the LVW channel, two of three 
seeps, and in all t/ss except one location in the wasteway (LWC6.1_2) and the NERT Outfall (LWC6.3_1). 
Chlorate concentrations ranged from 14 J to 4,400 µg/L, with the lowest detected concentration in the KM-71 
seep and the highest concentration in the KM-67 seep. Chlorate was not detected in the sump water collecting 
the “Kerr McGee Seep” (KM-S). Other surface water samples ranged from 86 to 260 µg/L. There was no 
discernible pattern in chlorate concentrations (Figure 13 and Figure 14). 

In the Upper Reach (KM7.2 to proposed location of Sunrise Mountain Weir), chlorate concentrations above Duck 
Creek Confluence Weir were 180 to 240 µg/L, indicating reclaimed water (i.e., non-NERT outfalls and discharges 
to the LVW located upstream of the Downgradient Study Area) may be a significant source of chlorate to the 
LVW. 

5.2.3 Dissolved Chromium and Hexavalent Chromium 

Dissolved chromium concentrations in the LVW have generally remained consistent over time (Appendix F). 
Hexavalent chromium concentrations have decreased. 

Dissolved chromium was detected above the detection limit (0.5 µg/L) in surface water at one location in LVW, in 
four t/ss to the LVW, and in one of the three seeps. Dissolved chromium concentrations ranged from 0.51 J to 2.2 
µg/L (LWC6.3_1) in the LVW and t/ss. Concentrations ranged from <0.5 to 6.3 µg/L (KM-67) in the seeps (Figure 
15 and Figure 16). In general, dissolved chromium concentrations were low and the input from KM-67 did not 
appear to increase concentrations of chromium outside of the presumed mixing zone of KM-67 and also was not 
reflected in downstream samples (i.e., concentrations downstream of KM-67 were similar to those upstream of 
KM-67).  

Hexavalent chromium was detected above the detection limit (0.090 µg/L) in one sample location (seep KM-67; at 
10 µg/L). Hexavalent chromium was not detected in surface water from the other sample locations (Figure 16). 

5.2.4 Total Dissolved Solids 

Total dissolved solids concentrations in the LVW have generally remained consistent over time (Appendix F). 
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Total dissolved solids were detected above the method detection limit (5.0 to 100 mg/L) in all samples. Total 
dissolved solids concentrations ranged from 620 to 5,100 mg/L, with the lowest concentration in the wastewater 
channel (LWC6.1_2) and the highest concentration at the NERT outfall (LWC6.3_1). Other surface water samples 
ranged from 1,300 to 1,800 mg/L. In two of the seeps, total dissolved solids were within or slightly higher than the 
range of the LVW samples (1,400 mg/L at KM-71 and 2,000 mg/L at KM-S). Total dissolved solids at the seep 
near Three Kids Weir (KM-67) were approximately two times the upper end of the LVW samples (3,500 mg/L). As 
with other constituents (except perchlorate; Figure 12), the slightly higher concentration of total dissolved solids in 
KM-67 did not appear to impact concentrations outside of the presumed mixing zone of KM-67 (Figure 18 and 
Figure 19). 

5.2.5 Chloride and Bromide 

Chloride was detected above the detection limit (5 to 130 mg/L) in all surface water and seep locations. Chloride 
concentrations followed the pattern of total dissolved solids, with highest concentrations near the NERT outfall 
(1,600 to 1,700 mg/L at LWC6.3_1 and its field duplicate) and were lowest at LWC6.1_2 (91 mg/L) (Figure 20). 
The other surface water concentrations, excluding seeps, ranged from 230 to 460 mg/L. In the Kerr-McGee Seep 
sump sample and one of the two sampled seeps, chloride concentrations were slightly higher than the upper end 
of the range of the LVW samples (460 mg/L at KM-S and 580 mg/L at KM-67). The chloride concentration in the 
other seep (KM-71) was within the range of the t/ss and LVW samples (230 mg/L).  

Bromide was detected above the detection limit (0.25 – 2.5 mg/L) at 15 surface water locations and in two of the 
three seeps. Concentrations were highest at LW6.1 (3.5 mg/L) and lowest at LWC4.1 (0.36 J mg/L). The bromide 
concentrations in the seeps were within the range encountered in surface water (0.63 mg/L in KM-S, 1.3 – 1.6 
mg/L in KM-71 and the field duplicate and undetected in KM-67) (Figure 21). 

The ratio of chloride to bromide was calculated (Table 7). Where bromide was undetected, the detection limit was 
used as an estimate. The ratios were generally similar, with higher ratios noted upstream of Sunrise Mountain 
Weir (LW6.7), the seep water collected in the sump at KM-S, and in the NERT outfall (LWC6.3_1). Downstream 
of the Henderson Landfill Site (LW4.1 and LWC4.1), ratios were also higher. The ratio of chloride to bromide is 
provided in Figure 22 and Figure 23. 

5.2.6 Quality Control Samples 

Quality control samples collected included field duplicates (FD), field blanks (FB), and equipment blanks (EB).  As 
required, the laboratory ran required quality control procedures including matrix spike and matrix spike duplicate 
(MS/MSD) analysis. A detailed discussion of quality control and data validation is contained in Appendix E. 

Three FD samples were collected (samples KM71-20160516-FD, LWC3.4-20160510-FD, and LWC6.3.1-
20160517-FD) (Table 5). Acceptable relative percent difference (RPD) between the primary and duplicate sample 
was specified as 30 percent in the Quality Assurance Project Plan (QAPP). Acceptable field and analytical 
precision was demonstrated for all field duplicate pairs with the exception of bromide concentration in LWC3.4-
20160510 and its FD which had a RPD of 36 percent. Bromide results in these two samples were qualified as 
estimates with a “J” flag. 

Two EB samples were collected and analyzed (samples LWC6.1-20160516-EB and LW6.7-20160517-EB). No 
contaminants were detected.  

Two FB samples were collected and analyzed (samples LW3.1-20160516-FB and LW6.7-20160517-FB). No 
contaminants were detected. 

Sample concentrations were compared to concentrations detected in the EB and FB as required by the QAPP. 
No sample data were qualified based on the EB or FB results because no analytes were detected in those 
samples. 
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MS/MSD samples were run as required by the laboratory. No data were qualified due to MS/MSD recoveries that 
were outside of control criteria. 
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6.0   Conclusions 

The results of the SWSP answered the following six study questions: 

Study Question1. What are the current nature and concentration distribution of the target contaminants in the 
LVW? 

Perchlorate concentrations in the LVW are generally slightly higher downstream than in the upstream areas. 
Upstream of the Pabco Road/original seep area, perchlorate concentrations are non-detect (at 0.95 µg/L) to low 
detection (1 µg/L). Perchlorate in the sample from the sump that collects groundwater from the Kerr McGee Seep 
(KM-S) is 85 µg/L. Since this sample is collected from an open sump, the concentrations of perchlorate likely 
represent the collected seep water and other potential sources. The water in the sump may discharge via 
groundwater transport to the LVW, which may contribute to the increase in concentrations in the LVW 
downstream of the seep. With distance from Pabco Road Weir to the Calico Ridge Weir, concentrations range 
from 8 – 20 µg/L. Downstream of the Calico Ridge Weir, concentrations in the LVW increase (26 – 52 µg/L), with 
concentrations 44-61 µg/L in the t/ss samples. KM-67, a seep located in the Three Kids Weir area, has the 
highest concentration of perchlorate (1,500 µg/L).  

Chlorate concentrations upstream of the seeps area are similar to those downstream, indicating the major source 
of chlorate to the LVW is located upstream of the Downgradient Study Area.  

Dissolved chromium is detected at low concentrations in the LVW and t/ss. The highest concentration, excluding 
seeps, is 2.2 µg/L found at LWC6.3_1 (the NERT outfall). Hexavalent chromium is undetected in the LVW and 
t/ss. Both dissolved and hexavalent chromium, however, were detected in the seep KM-67 (6.3 µg/L dissolved 
chromium and 10 µg/L hexavalent chromium were reported). 

Study Question 2. Which of the target contaminants are currently present in significant concentrations to be 
included in future LVW investigations? 

Given the general pattern of concentrations, dissolved and hexavalent chromium analyses do not need to be 
retained in future sampling events. Total dissolved solids, chloride and bromide should be retained for mapping 
physical characteristics. Some signature peaks of total dissolved solids appear in the seep KM-67. 

Study Question 3. Are contaminant concentrations different in 2016 than in previous years for which data are 
available? 

For perchlorate, concentrations are generally decreasing in the LVW with the exceptions of LW3.4 and 
LWC6.1_1, where concentrations measured in May 2016 are similar to historic concentrations. In the seeps, 
concentrations in KM-67 are similar to historic concentrations, whereas the concentrations in KM-71 have 
decreased from 4,630 µg/L in January 2002 to 13 µg/L in December 2002. Since that sample, May 2016  
(1.55 µg/L) is the only sampling event. 

Dissolved chromium and hexavalent chromium concentrations are lower or similar (when concentrations were low 
in historic data). Similarly, total dissolved solids concentrations have remained similar in the LVW since 2002. No 
historic data were available for total dissolved solids in the seeps. 
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Study Question 4. Are patterns of target contaminants in the LVW consistent over time?  

As indicated in Study Question 3, above, concentrations of contaminants in 2016 are generally lower than the 
previous years for which data are available. 

Study Question 5. Can ratios of bromide and chloride and concentrations of total dissolved solids be used to 
help identify the loci of potential groundwater inputs to the LVW?  

Patterns of bromide, and the chloride:bromide ratios were inconclusive. It is not clear why the ratio would be 
higher downstream of the landfill. Higher chloride is expected in the NERT outfall, where the discharge consists of 
treated water where perchlorate and chlorate have been degraded to chloride. The ratios were not notably 
different in samples with high perchlorate (e.g., KM-67) than in the LVW surface water. However, given the few 
seeps sampled and the number of undetected bromide data, these conclusions have some uncertainty. Chloride 
and bromide data will be collected during the implementation of the SWIP. 

Study Question 6. Can bromide be considered a possible candidate for future tracer tests? 

As indicated in Study Question 3, above, concentrations of contaminants in 2016 are generally lower than the 
previous years for which data are available. Since bromide is present in surface water and seep locations, it is 
less desirable as a tracer than a chemical that is not present. 
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7.0   Recommendations 

Based on the May 2016 sampling effort, it is apparent that additional sampling with flow differences removed from 
the uncertainty would be helpful to determining the patterns of contaminants in the LVW. Flows increase almost 
100 percent between absolute low and absolute high on a daily basis. During the May 2016 event, on the days 
sampled (Figure 4 through Figure 10) the average low flows were 183 cfs (Three Kids Wash) and 157 cfs 
(Pabco Road) whereas the maximum daily flows were 368 cfs (Three Kids Wash) and 362 cfs (Pabco Road). The 
maximum daily flows are 201 percent and 230 percent of the maximum daily flows at Three Kids Wash and 
Pabco Road, respectively. The increased flow could easily dilute concentrations. To minimize the impacts of flows 
on the concentrations of perchlorate in surface water (LVW main channel and t/ss locations), synoptic sampling of 
locations during both low and high flows should be conducted. This sampling will occur during the lowest and 
highest flows, not just lower or upper 50th percentile of flows. In addition, at a subset of locations, a third sample 
will be collected each day at “mid-flow”. These samples will be collected near the USGS gages to provide the 
highest quality flow data on the LVW. Samples will be collected during all flow periods quasi-simultaneously be 
several sampling teams, and will occur daily for four days. Multiple rounds of sampling will help reduce the 
potential impact of flows or other uncertainties.  

To help reduce uncertainty in the impact flows have on the concentration data, additional surface water level 
gages/transducers should be installed. This effort should be coordinated with the USGS to maximize its 
effectiveness and reduce redundancies between the USGW program and the Downgradient Study Area 
investigation.  

At several locations in the LVW, previously identified seeps with high perchlorate concentrations could not be 
located. The locations of these historic/former seeps should be revisited and transect sampling conducted across 
the LVW to determine if the seeps are still active and if inputs of perchlorate can be determined. Transects should 
include upstream and downstream of the historic seeps, in case the point of discharge has moved due to weir 
construction or storm events.  

In addition, perchlorate contour maps created from the groundwater sampling conducted in 20164 indicate the 
potential for perchlorate discharge near the Upper Narrows Weir, between the Historic Lateral Weir and the 
Bostick Weir, and near the Pabco Road Weir. These locations should be among those targeted with transect 
sampling. 

To help identify perchlorate discharge/flux to the LVW, one of the sampling efforts should focus near the Three 
Kids Weir (KM-67 and LWC3.7 [GCS5 seep]), between Homestead Weir and Lower Narrows Weir, and between 
RM 6.5 and RM 6. Concentrations of perchlorate may be increasing (flow-dependent) around these locations. 
KM-67 is a seep with high concentrations of perchlorate (1,500 µg/L) and should be further investigated. Seep 
KM-67 could be a major contributor of perchlorate to the LVW. The flow of water from the seep KM-67 should be 
quantified. Measuring flow from an underwater seep is difficult but could be estimated using the flow differentials 
and differences between the perchlorate concentrations upstream and downstream of this seep. Any estimation 
of flow using these indirect techniques would not separately account for other potential contributions of 
flow/perchlorate in the area (i.e., additional smaller, unaccounted for seeps). The August 2016 preliminary draft 
version of the SWIP for the implementation of a comprehensive surface water investigation will be revised to 
reflect the recommendations of this Surface Water and Seep Grab Sampling Technical Memorandum. 
                                                           

4 AECOM, 2016. Groundwater Sampling Technical Memorandum. NERT Remedial Investigation – Downgradient Study Area. 
Nevada Environmental Response Trust Site, Henderson, Nevada. October. 
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USGS is working on a seepage study that will measure temperature, specific conductivity, and flow at several 
locations in the LVW while incoming discharges from the wastewater outfalls upstream of the Downgradient Study 
Area are held constant. These data will also be used to help determine groundwater discharge areas to the LVW. 
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Figure 4. Samples Collected and Flows in Las Vegas Wash at Three Kids
Wash: 05/10/2016
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Figure 5. Samples Collected and Flows in Las Vegas Wash at Three Kids
Wash: 05/11/2016

Flow at Three Kids Wash Sample Time: LW4.1 Sample Time: LW3.75 Sample Time: LW3.85

Daily Median Flow Daily Average Flow Sample Time: LWC4.1 Sample Time: KM67
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Figure 6. Samples Collected and Flows in Las Vegas Wash at Three Kids
Wash and Pabco Road: 05/12/2016

Flow at Pabco Road Flow at Three Kids Wash Sample Time: LW4.95
Sample Time: LWC4.6 Daily Median Flow Pabco Rd Daily Average Flow Pabco Rd
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Figure 7. Samples Collected and Flows in Las Vegas Wash at Three Kids
Wash and Pabco Road: 05/13/2016

Flow at Pabco Road Flow at Three Kids Wash Sample Time: LW5.3
Sample Time: LW5.5 Daily Median Flow Pabco Rd Daily Average Flow Pabco Rd
Daily Median Flow Three Kids Daily Average Flow Three Kids Sample Time: LW5.7
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Figure 8. Samples Collected and Flows in Las Vegas Wash at Pabco Road:
05/16/2016

Flow at Pabco Rd Daily Median Flow Daily Average Flow Sample Time: LW5.9

Sample Time: LW6.05 Sample Time: KM71 Sample Time: LWC6.1
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Figure 9. Samples Collected and Flows in Las Vegas Wash at Pabco Road:
05/17/2016

Flow at Pabco Rd Daily Median Flow Daily Average Flow
Sample Time: LWC6.3_1 Sample Time: LWC6.1_1 Sample Time: LWC6.1_2

Note: KM_S is the sample
from the sump that collects
the Kerr McGee Seep
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Figure 10. Samples Collected and Flows in Las Vegas Wash at Pabco
Road: 05/18/2016

Flow at Pabco Rd Daily Median Flow Daily Average Flow Sample Time: LW6.85 Sample Time: LW7.2
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Figure 12. Concentrations of Perchlorate by River Mile

LVW Detects LVW Non-Detects Tributary Detects Tributary Non-Detects
 Seeps Detects Seep Area Duck Creek Confluence Weir Pabco Road Weir
Three Kids Weir Historic lateral Weir Historic Lateral Weir Extension Bostick Weir
Calico Ridge Weir Lower Narrows Weir Homestead Weir Rainbow Gardens Weir
Powerline Crossing Weir Fire Station Weir

Note: Non-detects shown at detection limit.
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Figure  13
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Figure 14. Concentrations of Chlorate by River Mile

LVW Detects LVW Non-Detects Tributary Detects Tributary Non-Detects

 Seeps Detects Seep Area Duck Creek Confluence Weir Pabco Road Weir

Three Kids Weir Historic lateral Weir Historic Lateral Weir Extension Bostick Weir

Calico Ridge Weir Lower Narrows Weir Homestead Weir Rainbow Gardens Weir

Powerline Crossing Weir Fire Station Weir

Note: Non-detects shown at detection limit.
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Figure  15
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Figure 16. Concentrations of Dissolved Chromium by River Mile

LVW Detects LVW Non-Detects Tributary Detects Tributary Non-Detects

 Seeps Detects Seeps Non-Detects Seep Area Duck Creek Confluence Weir

Pabco Road Weir Three Kids Weir Historic lateral Weir Historic Lateral Weir Extension

Bostick Weir Calico Ridge Weir Lower Narrows Weir Homestead Weir

Rainbow Gardens Weir Powerline Crossing Weir Fire Station Weir

Note: Non-detects shown at detection limit.
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Figure 17. Concentrations of Hexavalent Chromium by River Mile

LVW Non-Detects Seep Area Tributary Non-Detects  Seeps Detects

Seeps Non-Detects Duck Creek Confluence Weir Pabco Road Weir Three Kids Weir

Historic lateral Weir Historic Lateral Weir Extension Bostick Weir Calico Ridge Weir

Lower Narrows Weir Homestead Weir Rainbow Gardens Weir Powerline Crossing Weir

Fire Station Weir

Note: Non-detects shown at detection limit.
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Figure 19. Concentrations of Total Dissolved Solids by River Mile

LVW Detects Tributary Detects  Seeps Detects Seep Area

Duck Creek Confluence Weir Pabco Road Weir Three Kids Weir Historic lateral Weir

Historic Lateral Weir Extension Bostick Weir Calico Ridge Weir Lower Narrows Weir

Homestead Weir Rainbow Gardens Weir Powerline Crossing Weir Fire Station Weir



0

200

400

600

800

1000

1200

1400

1600

1800

2000

3.003.504.004.505.005.506.006.507.007.50

Ch
lo

rid
e

(m
g/

L)

River Mile

Figure 20. Concentrations of Chloride by River Mile
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Figure 21. Concentrations of Bromide by River Mile

LVW Detects LVW Non-Detects Tributary Detects Tributary Non-Detects
 Seeps Detects Seeps Non-Detects Seep Area Duck Creek Confluence Weir
Pabco Road Weir Three Kids Weir Historic lateral Weir Historic Lateral Weir Extension
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Note: Non-detects shown at detection limit.



!!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!
!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!!

!

!
!

!

!

!

!

!

!

!
!

!

!

!

!

!
!

!

!

!

!

!!

!

!

!!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!(

!(

!(

!(

!(

!(

!(!(

!(!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

W a s t e w a t e r
D i s c h a r g e
C h a n n e l

1000
LW4.95 1000

LWC4.6

1200
KM-67 

1200
LW3.75

1200
LW3.85

T h r e e  K i d s
W e i r  A r e a

100
LWC6.1_1

LWC6.3_1
480 360

LWC6.1_2

Bostick Weir

Pabco Road ECS

Lower Narrows Weir

Homestead Weir

Historic Lateral Weir

Calico Ridge Weir
Sunrise Mountain Weir (Proposed)

Rainbow Gardens Weir

Powerline Crossing Weir 

Duck Creek Confluence Weir

Upper Narrows Weir

Three Kids Weir Fire Station Weir 

Historic Lateral Weir Expansion (Proposed)
LW3.1
330

LW7.2
390

LW6.7
560

LW5.9
150

LW5.7
280

LW5.5
230

LW4.1
790

LWC6.1
130

LWC4.1
860

KM-S
730

LW5.3
260

LWC3.7
320

LW6.85
370

LW6.05
140

KM-71
180

LW3.4
210

NV

CA
AZ

UT

Map Location

O V E R V I E W  M A P

CHLORIDE/BROMIDE
RATIOS IN SURFACE
WATER AND SEEPS

NERT RI
Downgradient Study Area

This drawing has been prepared for the use of AECOM's client
and may not be used, reproduced or relied upon by third
parties, except as agreed by AECOM and its client, as required
by law or for use by governmental reviewing agencies. AECOM
accepts no responsibility, and denies any liability whatsoever,
to any party that modifies this drawing without AECOM's
express written consent.                                                

Legend

!(
Surface Water Sample
Location-Seeps

!(
Surface Water Sample
Location

!

!

Wetlands Trail

Channels

Northern Rapid Infiltration
Basins

Weir

Path: J:\Client-Projects\NDEP\NERT_GW_RI\900-CAD\00-GIS\MXDs\Surface Sampling\SW Report\Fig22_Ratio Cl_Br.mxd    |   Coordinate System: NAD 1983 StatePlane Nevada East FIPS 2701 Feet    |    User: ScopM1

Date: 10/24/2016 Project: 60477365

Figure 22

NORTH

0 2,000

Feet

"J

H e n d e r s o n
B i r d  P r e s e r v e

1 inch = 2,000 feet
1:24,000Scale

Lake

Las Vegas Parkway

La
ke

M
ea

d
Pa

rk
wa

y

SS uu nn rr ii ss ee && FF rr ee nn cc hh mm aa nn MM oo uu nn tt aa ii nn ss

H e n d e r s o n
L a n d f i l l  S i t e

T h r e e  K i d s
M i n e  a n d  M i l l  S i t eNERT RI Off-site

Study Area

Reference:
Google Earth Pro, Imagery Data 3/22/2015

Downgradient
Study Area

NERT RI Downgradient
Study Area

NERT RI Off-site Study
Area

Chloride/Bromide
Concentrations Ratios

Note:
Ratios shown in italics represent non-detect
values for bromide and are calculated using
the bromide detection limit.

!(

!(

!(

!(!(

P
ab

co
 R

oa
d 

E
C

S

LWC6.3_1
480

LWC6.1_2
 360

LWC6.1_1
 100

LWC6.1
130

LW6.05
140

!(

!(

!(

!(
1200
KM-67 

1200
LW3.75

1200
LW3.85

LWC3.7
320

WASTEWATER DISCHARGE CHANNEL

Three Kids Weir Area



0

200

400

600

800

1000

1200

3.003.504.004.505.005.506.006.507.007.50

Cl
:B

r

River Mile

Figure 23. Ratio of Chloride:Bromide by River Mile
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Note: Ratio when Br was non-detect calculated using detection limit.
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Table 1 Surface Water and Seep Sampling Locations
NERT Remedial Investigation - Downgradient Study Area

Henderson, Nevada

Actual Location

Easting Northing

LW3.1 Downstream of Fire Station Weir 846958.85 26739306.65
LW3.4 Downstream of Rainbow Gardens Weir 845421.44 26738904.05

LWC3.7 (t/ss)
GCS5 seep Downstream of Three Kids Weir 844521.65 26737580.80

LW3.75 Downstream of Three Kids Weir 844384.39 26737682.02
LW3.85 Upstream of Three Kids Weir 843998.61 26737188.13
LW4.1 Upstream of Homestead Weir 842707.46 26736835.70

LWC4.1 (t/ss) Upstream of Homestead Weir 842489.16 26736909.78
LWC4.6 (t/ss) Upstream of Lower Narrows Weir 840732.03 26736516.33

LW4.95 Upstream of Calico Ridge Weir 838349.92 26735802.47
LW5.3 Downstream of Historic Lateral Weir 836457.93 26734887.70
LW5.5 Downstream of Historic Lateral Weir 836098.89 26734886.54
LW5.7 Upstream of Historic Lateral Weir 834598.21 26734139.10
LW5.9 Downstream of Pabco Weir 833446.98 26734111.91

LW6.05 Near Pabco Weir 832631.29 26734196.58
LWC6.1 (t/ss) Wastewater Tributary Upstream of Pabco Road 832715.92 26734063.55

LWC6.1_1 (t/ss) Wastewater Tributary Upstream of Pabco Road 832602.63 26733461.04
LWC6.1_2 (t/ss) Wastewater Tributary Upstream of Pabco Road 832567.92 26733443.15
LWC6.3_1 (t/ss) Wastewater Tributary Upstream of Pabco Road; NERT outfall 832373.92 26733891.44

LW6.7 Downstream of Duck Creek Confluence Weir 829554.84 26734766.59
LW6.85 Near Duck Creek Confluence Weir 828517.68 26735113.12
LW7.2 Upstream of Duck Creek Confluence Weir 828169.64 26735154.24
KM-67 Seep/Spring Near Three Kids Weir 844564.65 26737598.23
KM-71 Seep Upstream of Pabco Road on North Bank 831311.20 26734771.98
KM-S Kerr McGee Seep 831415.66 26733690.61

Notes:
ID = Identification
t/ss - tributary/side stream

Surface Water
Location Sample

ID
Location

 60477365 1 of 1 November  2016



Table 2. Target Seep Locations
NERT Remedial Investigation - Downgradient Study Area

Henderson, Nevada

Seep ID

Seep (S),
Spring (SP), Pit

(P) Location 1 Description
Located and

Sampled?

KM60 S
On peninsula of land; in 1999 on land on north side
of LVW. This area has been regraded since 1999. Target coordinate was near rip rap bank; not found. No

KM59 P In LVW; in 1999 on land on north side of wash. Target location was in LVW; not found. No

KM58 S
In LVW; in 1999 on land on north side of wash.

Target coordinate was on southern bank of LVW; not found. No

KM57 SP
On weir; In 1999 on land on island on northern side
of wash.

Target coordinate was on Upper Narrows Weir; seep not
found.

No

KM56 S
In LVW; in 1999 on land on north side of wash. Searched for on north side of LVW; overgrown vegetation/

rip rap embankment
No

KM71 S In LVW; in 1999 on land on north side of wash. Backwater channel seep on northern bank of LVW. Yes

KM70 S
Appears to be at edge of LVW; in 1999 on land on
north side of wash.

Located along new rip rap area; not found. No

KM45 P

On land near Pabco Trailhead between Pabco Road
and weir; in 1999 on land on south side of wash, on
south edge of sand bar/flood plain.

Target coordinate in upland on north side of LVW.
Overgrown with reeds.

Located. Dry and
not sampled

KM55 S
Middle of graded road;  in 1999 on land on south
side of wash, on south edge of sand bar/flood plain.

Target coordinate on gravel road adjacent to bike path; not
found.

No

KM93 S
In LVW; in 1999 on land on north side of wash, on
south edge of sand bar/flood plain. Target coordinate on north side of LVW; spring not found. No

KM54 P

On island in LVW upstream of weir; in 1999 on south
side of wash, in central portion of sand bar/flood
plain.

Target coordinate on overgrown island; pit not located. No

KM92 P

On south bank of LVW; in 1999 on south side of wash
in floodplain with little vegetation.

Area not accessible (near Bostick Weir) No

KM53 S
On island in middle of LVW;  in 1999 on north side of
wash, on south edge of sand bar/flood plain. Area not accessible (near Bostick Weir) No

KM91 S
In LVW;  in 1999 in north side of wash, on north part
of sand bar/flood plain.

Target coordinate was near vegetated island in LVW; not
found.

No

KM65 SP
In LVW;  in 1999 in north side of wash, dense
vegetation.

Target coordinate was in LVW; not found. No

KM90 S
In weir in LVW; in 1999 on land on north side of
wash, on north edge of sand bar/flood plain.

Target coordinates were on north side LVW; not found. No

KM66 S In LVW; in 1999 on north side of wash. Target coordinates were in LVW; not found. No

KM67 SP
On land on south side of LVW; in 1999 on north side
of wash, dense vegetation.

Seep submerged on south side of LVW. Yes

Notes:
ID = Identification
LVW = Las Vegas Wash
1. Current and historical conditions are based on Google Earth images on 3/22/2015 and 11/11/1999. KMZ file of samples in LVW were imported and reviewed in
Google Earth Pro.
2. Determination of whether a location is currently located on land is based on Google Earth image dated  3/22/2015 and an overlay of the historical sampling
locations.

60477365 1 of 1 November 2016



Table 3  Field Collected Water Quality Data
NERT Remedial Investigation - Downgradient Study Area

Henderson, Nevada

mg/L % saturation
KM-67 (seep) 5/11/2016 8:50 1.5 ~0.79 22.73 4167 7.03 0.4 0.63 7.4
KM-71 (seep) 5/16/2016 10:10 6 0.25 25.2 2092 7.41 0 0.52 6.4
KM-S (seep) 5/17/2016 11:08 4.1 2 19.47 3171 7.45 <1 4.07 51.4

LW3.1 5/10/2016 10:28 1 0.5 23.58 2188 8.11 9.8 9.32 111.3
LW3.4 5/10/2016 11:59 0.9 ~0.45 25.13 2216 8.22 10.7 9.07 111
LW3.75 5/11/2016 8:20 2 ~1 22.86 2186 8.03 9.8 9.5 111
LW3.85 5/11/2016 10:04 1.1 ~0.5 23.87 2237 8.4 4.5 13.24 158
LW4.1 5/11/2016 11:35 0.75 ~0.3 23.82 2306 8.12 12.4 9.85 118
LW4.95 5/12/2016 13:37 2 1 27.1 2345 8.54 8.8 9.94 126
LW5.3 5/13/2016 9:00 3.5 1.75 23.95 2289 7.85 6.5 8.15 97
LW5.5 5/13/2016 10:40 2.25 1 25.48 2319 8.19 5.5 8.7 107
LW5.7 5/13/2016 13:35 1.4 0.75 28.95 2217 8.53 11.4 8.97 117
LW5.9 5/16/2016 7:10 1.5 0.75 23.4 2230 7.68 12.7 7.8 89.7
LW6.05 5/16/2016 9:00 1.8 0.9 23.99 2290 8.03 8.3 9.15 109
LW6.7 5/17/2016 12:40 0.5 0.25 22.8 2057 8.32 12 9.35 109
LW6.85 5/18/2016 8:55 1.3 0.65 23.85 2570 8.32 10.1 11.78 140
LW7.2 5/18/2016 9:55 1.5 0.75 25.96 2016 8.39 6.8 10.95 135

LWC3.7 (t/ss)
GCS5 seep 5/10/2016 14:16 0.45 ~0.2 25.96 2284 8.12 21.6 10.57 131

LWC4.1 (t/ss) 5/11/2016 12:00 1.2 ~0.6 24.05 2321 8.27 13.4 10.41 125
LWC4.6 (t/ss) 5/12/2016 9:00 5 0.25 23.28 2304 7.9 11.7 9.26 109
LWC6.1 (t/ss) 5/16/2016 11:48 2 1 27.53 3129 6.92 7.5 5.89 75.3

LWC6.1_1 (t/ss) 5/17/2016 8:47 7.5 0.75 25.81 1895 7.35 <1 7.42 92
LWC6.1_2 (t/ss) 5/17/2016 10:28 1 0.5 28.68 1068 8.37 <1 7.29 94.8
LWC6.3_1 (t/ss)

NERT Outfall 5/17/2016 7:38 5 0.75 25.66 8152 6.33 35.1 9.43 108.4

Notes:
ft - feet
˚C - degrees Celsius
µS/cm - micro-Siemens per centimeter
NTU - Nephalometric Turbitiy Unit
mg/L - milligrams per Liter
Spec. Cond. - Specific Conductivity
t/ss - Tributary or side stream
% - Percent

Spec. Cond.
(µS/cm) pH

Turbidity
(NTU)

Dissolved Oxygen
Location

Total
Depth (ft.)

Sample
Depth (ft.)

Date and Time of
Measurement

Temperature
(˚C)

60477365 Page 1 of 1 November 2016



Table 4  Analytical Methods for Surface Water Samples
NERT Remedial Investigation - Downgradient Study Area

Henderson, Nevada

Analytes Matrix Analytical Method Analytical Laboratory

Perchlorate Water EPA Method 314.0 (1) TestAmerica
(Irvine, CA)

Chlorate Water EPA Method 300.1 TestAmerica
(Irvine, CA)

Dissolved Chromium Water EPA Method 200.8 (ICP-MS) (2) TestAmerica
(Irvine, CA)

Hexavalent Chromium (dissolved) Water EPA Method 218.7 (2) Silver State Analytical
(Las Vegas, NV)

Total Dissolved Solids (TDS) Water SM 2540C TestAmerica
(Irvine, CA)

Chloride Water EPA Method 300.0 TestAmerica
(Irvine, CA)

Bromide Water EPA Method 300.0 TestAmerica
(Irvine, CA)

Notes:
EPA = United States Environmental Protection Agency
SM = Standard Method
All groundwater and surface water samples will be analyzed for the constituents listed above.

Sources:

(2) Sampling activities for the NERT RI Study Area include field-filtering surface water samples analyzed for chromium and
hexavalent chromium using a 0.45 micron filter.

NDEP. 2015. Email from James Dotchin, Chief Bureau of Industrial Site Cleanup, Nevada Division of Environmental
Protection, re: Sterile Filtration Not Required for NERT Regional Groundwater RI Perchlorate Samples, November 18.

(1) For this NERT RI Downgradient Study Area, field-filtering of surface water samples for perchlorate analysis is not
required (NDEP, 2015).
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Table 5. Summary of Data Validation Results
NERT RI Downgradient Investigation

Henderson, Nevada

Number
Analyses

per
sample

Results
Lab

Qualified
Results

Precent of Results
that were Lab

Qualified

All
Qualified
Results

Percent of all Results
that were Qualified

Rejected
Results

Precent of all Results
that were Rejected

Primary Samples 24 7 168 19 11% 20 12% 0 0%
Quality Control Samples 7 7 49 2 4% 3 6% 0 0%
Total Samples 31 7 217 21 10% 23 11% 0 0%
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Table 6. Analytical Resuls of Surface Water and Seep Sampling May 2016
NERT Remedial Investigation - Downgradient Study Area

Henderson, Nevada

Location Sample ID
Sample

Date
Sample

Time
Bromide
(mg/L)

Chlorate
(µg/L)

Chloride
(mg/L)

Chromium
(µg/L)

Hexavalent
Chromium

(µg/L)

Perchlorate
(µg/L)

Total Dissolved Solids
(mg/L)

KM-67 (seep) KM-67-20160511 05/11/16 08:57 ND (<0.5) 4400 580 6.3 10 1500 3500
KM-71 (seep) KM-71-20160516 05/16/16 10:43 1.3 14 J 230 ND (<0.5) ND (<0.090) 1.4 J 1400
KM-71 (seep) KM-71-20160516-FD 05/16/16 10:43 1.6 14 J 230 ND (<0.5) ND (<0.090) 1.7 J 1400
KM-S (seep) KM-S-20160517 05/17/16 11:18 0.63 J ND (<20) 460 ND (<0.5) ND (<0.090) 85 2000
LW3.1 LW3.1-20160510 05/10/16 10:28 0.91 220 300 ND (<0.5) ND (<0.090) 51 1500
LW3.4 LW3.4-20160510 05/10/16 11:59 1.4 J 210 300 ND (<0.5) ND (<0.090) 52 1500
LW3.4 LW3.4-20160510-FD 05/10/16 11:59 0.97 J 220 300 ND (<0.5) ND (<0.090) 56 1600
LW3.75 LW3.75-20160511 05/11/16 08:29 ND (<0.25) 160 290 0.52 J ND (<0.090) 26 1500
LW3.85 LW3.85-20160511 05/11/16 10:09 ND (<0.25) 190 290 0.51 J ND (<0.090) 35 1500
LW4.1 LW4.1-20160511 05/11/16 11:39 0.38 J 240 300 ND (<0.5) ND (<0.090) 50 1800
LW4.95 LW4.95-20160512 05/12/16 13:42 ND (<0.25) 110 250 0.78 J ND (<0.090) 15 1500
LW5.3 LW5.3-20160513 05/13/16 09:12 1.1 110 290 0.75 J ND (<0.090) 23 1500
LW5.5 LW5.5-20160513 05/13/16 10:52 1.3 100 300 1.4 J ND (<0.090) 19 1500
LW5.7 LW5.7-20160513 05/13/16 13:45 1.0 100 280 1.2 J ND (<0.090) 8.3 1400
LW5.9 LW5.9-20160516 05/16/16 07:24 1.7 120 250 ND (<0.5) ND (<0.090) 15 1500
LW6.05 LW6.05-20160516 05/16/16 09:14 1.8 130 250 ND (<0.5) ND (<0.090) 17 1500
LW6.7 LW6.7-20160517 05/17/16 12:59 0.41 J 86 230 ND (<0.5) ND (<0.090) ND (<0.95) 1300
LW6.85 LW6.85-20160518 05/18/16 09:06 0.83 180 310 0.53 J ND (<0.090) 1.0 J 1800
LW7.2 LW7.2-20160518 05/18/16 10:04 0.67 210 260 ND (<0.5) ND (<0.090) ND (<0.95) 1300
LWC3.7 (t/ss) LWC3.7-20160510 05/10/16 14:08 0.93 260 300 ND (<0.5) ND (<0.090) 61 1600
LWC4.1 (t/ss) LWC4.1-20160511 05/11/16 12:18 0.36 J 210 310 0.55 J ND (<0.090) 46 1600
LWC4.6 (t/ss) LWC4.6-20160512 05/12/16 09:19 ND (<0.25) 230 260 0.62 J ND (<0.090) 44 1400
LWC6.1 (t/ss) LWC6.1-20160516 05/16/16 12:00 3.5 150 460 ND (<0.5) ND (<0.090) 1.7 J 1800
LWC6.1_1 (t/ss) LWC6.1_1-20160517 05/17/16 09:15 ND (<2.5) 240 250 ND (<0.5) ND (<0.090) 7.3 1100
LWC6.1_2 (t/ss) LWC6.1_2-20160517 05/17/16 10:37 ND (<0.25) ND (<20) 91 0.61 J ND (<0.090) ND (<0.95) 620
LWC6.3_1 (t/ss)
NERT Outfall

LWC6.3_1-20160517 05/17/16 07:38 3.3 J ND (<20) 1600 2.2 ND (<0.090) ND (<9.5) 5000

LWC6.3_1 (t/ss)
NERT Outfall
duplicate

LWC6.3_1-20160517-FD 05/17/16 07:38 ND (<2.5) ND (<20) 1700 2.1 ND (<0.090) ND (<9.5) 5100

ND - Not Detected above associated reporting limit
J - Associated concentration is estimated
µg/L - Micrograms per liter
mg/L - Milligrams per liter
t/ss-tributary or side stream
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Table 7. Calculated Ratios of Chloride to Bromide
NERT Remedial Investigation - Downgradient Study Area

Henderson, Nevada

Location Sample ID
Bromide

Concentration
(mg/L)

Chloride
Concentration

(mg/L)

Calculated Ratio
Cl:Br

KM-67 (seep) KM-67-20160511 ND (<0.5) 580 1160
KM-71 (seep) KM-71-20160516 1.3 230 180
KM-71 (seep) KM-71-20160516-FD 1.6 230 150
KM-S (seep) KM-S-20160517 0.63 J 460 740
LW3.1 LW3.1-20160510 0.91 300 330
LW3.4 LW3.4-20160510 1.4 J 300 220
LW3.4 LW3.4-20160510-FD 0.97 J 300 310
LW3.75 LW3.75-20160511 ND (<0.25) 290 1160
LW3.85 LW3.85-20160511 ND (<0.25) 290 1160
LW4.1 LW4.1-20160511 0.38 J 300 790
LW4.95 LW4.95-20160512 ND (<0.25) 250 1000
LW5.3 LW5.3-20160513 1.1 290 270
LW5.5 LW5.5-20160513 1.3 300 240
LW5.7 LW5.7-20160513 1 280 280
LW5.9 LW5.9-20160516 1.7 250 150
LW6.05 LW6.05-20160516 1.8 250 140
LW6.7 LW6.7-20160517 0.41 J 230 570
LW6.85 LW6.85-20160518 0.83 310 380
LW7.2 LW7.2-20160518 0.67 260 390
LWC3.7 (t/ss)
GCS5 seep LWC3.7-20160510 0.93 300 330
LWC4.1 (t/ss) LWC4.1-20160511 0.36 J 310 870
LWC4.6 (t/ss) LWC4.6-20160512 ND (<0.25) 260 1040
LWC6.1 (t/ss) LWC6.1-20160516 3.5 460 140
LWC6.1_1 (t/ss) LWC6.1_1-20160517 ND (<2.5) 250 100
LWC6.1_2 (t/ss) LWC6.1_2-20160517 ND (<0.25) 91 360
LWC6.3_1 (t/ss)
NERT Outfall

LWC6.3_1-20160517 3.3 J 1600
490

LWC6.3_1 (t/ss)
NERT Outfall
duplicate

LWC6.3_1-20160517-FD ND (<2.5) 1700
680

ND - Not Detected above associated reporting limit
J - Associated concentration is estimated
mg/L - Milligrams per liter
t/ss-tributary or side stream
Ratio calculated using detection limit when bromide was not detected
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