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1.0 INTRODUCTION  

On behalf of the Nevada Environmental Response Trust (NERT or Trust), Tetra Tech, Inc. (Tetra Tech) has 
prepared this Galleria Drive Bioremediation Treatability Study Work Plan Addendum (Work Plan Addendum) for 
implementation of an in-situ bioremediation (ISB) treatability study in the Upper Muddy Creek formation (UMCf) at 
a location within the Eastside Study Area, which is northeast of the NERT site (Site), located in Clark County, 
Nevada (Figure 1). This Work Plan Addendum is being submitted to the Nevada Division of Environmental 
Protection (NDEP) under the Interim Consent Agreement effective February 14, 2011. The Work Plan Addendum 
presents the results of the pre-design field and laboratory activities described in the Galleria Road Bioremediation 
Treatability Study Work Plan (Work Plan) (Tetra Tech, 2017), which was approved by NDEP on October 31, 
2017, as amended by Treatability/Pilot Study Modification No. 3 – Galleria Road Bioremediation Treatability Study 
(Tetra Tech, 2018) (referred to as Modification No. 3), which was approved by NDEP on August 30, 2018. The 
Work Plan Addendum provides information on the final design for Phase 2 implementation of the ISB treatability 
study based on the Phase 1 pre-design results. 

1.1 PROJECT OBJECTIVES 
The activities in this Work Plan Addendum are being conducted to support remedy selection as part of a 
Remedial Investigation and Feasibility Study (RI/FS) process. Currently, the remedial investigation (RI) is being 
conducted in four investigation sub-areas: the On-Site NERT RI Study Area; the Off-Site NERT RI Study Area; 
the NDEP Downgradient Study Area; and the Eastside Study Area. These investigation sub-areas are collectively 
referred to as the NERT RI Study Area (Figure 1).  

Additional technical evaluation of location-specific remedial options is necessary to support remedy selection in 
the Eastside Study Area. The Eastside Study Area has unique hydrogeologic conditions and a distinct distribution 
of contaminants compared to other areas within the NERT RI Study Area due, in part, to different mechanisms of 
contaminant release from the historic eastside infiltration ponds. Two separate, coordinated in-situ treatability 
studies are being performed along the northern portion of the Eastside Study Area along Galleria Drive to 
evaluate the feasibility and effectiveness of different technologies to reduce contaminant mass flux at the mid-
plume containment and mass removal boundary, which has been established as a remedial action objective 
(RAO). These studies are being performed in support of the RAO to mitigate contaminant migration at the mid-
plume boundary and to provide essential input for the Feasibility Study (FS). These treatability studies consist of 
application of ISB by Tetra Tech and application of Zero-Valent Iron (ZVI) Enhanced Bioremediation by Ramboll. 
The two treatability study locations are presented in Figure 1. Due to the proximity of the treatability study 
locations, Tetra Tech and Ramboll regularly coordinate and share data obtained during the pre-design activities to 
support each of the study’s initiatives.  

The overall objective of the ISB treatability study is to demonstrate and evaluate the effectiveness of 
implementing ISB to reduce the contaminants present in the shallow UMCf and migrating through the vicinity of 
Galleria Drive in the Eastside Study Area. This treatability study will build on the results of the previous ISB 
treatability study performed downgradient of the Athens Well Field (AWF) near the City of Henderson (COH) Bird 
Viewing Ponds (Tetra Tech, 2016a) and the on-going Seep Well Field (SWF) Area Bioremediation Treatability 
Study (Tetra Tech 2016b). However, unlike those studies that focused on the alluvium and more transmissive 
paleochannel deposits, this treatability study primarily focuses on the UMCf underlying the study location.  

A summary of site background information prior to the pre-design field activities and ISB technology description 
can be found in the  Work Plan. The site background is described in Section 1.3 of the Work Plan. Similarly, a 
description of the planned ISB technology and previous and on-going treatability studies appears in Section 2.0 of 
the Work Plan. 
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1.2 WORK PLAN ADDENDUM ORGANIZATION 
This Work Plan Addendum is organized as follows:  

• Introduction (Section 1.0): Provides the primary objectives of this work plan addendum and field 
treatability study.  

• Phase 1 Pre-Design Field and Laboratory Activities (Section 2.0): Provides a description and results 
summary of the field and laboratory activities that have been completed to date.  

• Phase 2 Treatability Study Design (Section 3.0): Describes the treatability study design including 
objectives, study location, injection and monitoring well layout, and injection design.  

• Phase 2 Effectiveness Monitoring Plan (Section 4.0): Presents the effectiveness monitoring program 
for the treatability study, including the field, analytical, and microbial groundwater monitoring and data 
validation requirements, as well as mass flux evaluations. 

• Phase 2 Permitting Requirements (Section 5.0): Summarizes permitting requirements for treatability 
study implementation. 

• Phase 2 Reporting (Section 6.0): Summarizes reporting related to design, execution, and evaluation of 
the treatability study.  

• Phase 2 Schedule (Section 7.0): Summarizes the schedule for conducting the treatability study and 
associated reporting.  

• References (Section 8.0): Lists the documents referenced in this Work Plan Addendum. 
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2.0 PHASE 1 PRE-DESIGN FIELD AND LABORATORY ACTIVITIES 

This section describes the various pre-design field and laboratory activities that have been completed to-date 
during Phase 1 of the treatability study and the associated results that were used to optimize the Phase 2 location 
and design of the study.  

The objectives of the pre-design activities, as described in the Work Plan were to accomplish the following: 

• Characterize the lithology in sufficient detail to refine the conceptual injection well spacing. 
• Identify preferential flow pathways in order to better target injections. 
• Assess localized vertical and horizontal distribution of perchlorate to appropriately target the treatability 

study. 
• Accurately identify groundwater flow directions and rates to design the injection wells and perform injections 

to best address perchlorate migration in the vicinity of the mid-plume RAO boundary. 

Two additional objectives were added as the Phase 1 pre-design field and laboratory investigations progressed as 
described in Modification No. 3:  

• Evaluate the effectiveness of ISB for the very high sulfate and TDS zone in a laboratory setting using soil 
and groundwater from 90 -110 feet bgs. 

• Evaluate the feasibility of performing injections into the low conductivity 90 – 110 feet bgs treatment interval.  

To gather the appropriate data to meet these objectives, Phase 1 pre-design field and laboratory activities were 
performed from March to June 2018 in accordance with the Work Plan. The pre-design activities that were 
conducted included: geophysical surveys, soil boring and monitoring well installation, soil and groundwater 
sampling, aquifer testing (including slug tests, single-borehole dilution tests, and nuclear magnetic resonance 
[NMR] logging), and laboratory bench-scale studies. Based on the results of the initial pre-design activities, 
additional pre-design work was recommended in the approved Modification No. 3. The pre-design field and 
laboratory activities associated with Modification No. 3 were performed from September to December 2018 and 
included performing step-rate injection tests and additional laboratory bench-scale studies. 

A summary of these activities, their purpose, and the respective results are presented in this section. All field work 
described was conducted in general accordance with the existing Field Sampling Plan, Revision 1 (ENVIRON, 
2014), the Work Plan, and Modification No. 3. A data validation summary report will be provided for all data 
presented in this report at the conclusion of the treatability study in the final Galleria Drive Bioremediation 
Treatability Study Results Report. 

2.1 GEOPHYSICS 
Geophysical surveys were performed as a cost-effective method to improve the identification and definition of 
preferential flow pathways and paleochannel morphology, as well as to characterize the top of the UMCf. The 
time domain electromagnetic (TDEM) method was selected due to its historical use at the site to successfully 
identify paleochannels in the UMCf at the Black Mountain Industrial Complex property southeast of the study area 
(GEOVision, 2003). Geophysical surveys were performed by GEOVision with Tetra Tech oversight on March 28, 
2018 followed by a subsequent field effort on April 9, 2018. TDEM sounding data were collected along two 
transect lines, each consisting of four individual soundings, that crossed through the treatability study area, as 
illustrated in Figure 2.  
As expected based on review of historical information, the geophysical survey results did not indicate the 
presence of a paleochannel within the treatability study area. The geophysical survey did identify the 
alluvial/UMCf contact and the top of the saturated UMCf; these depths were subsequently confirmed during 
drilling of nearby monitoring wells. GEOVision’s geophysical survey report is provided in Appendix A. 
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2.2 INSTALLATION OF SOIL BORINGS AND MONITORING WELLS 
Soil borings and monitoring wells were installed within the treatability study area to provide information on the 
lithology, hydrogeology, and contaminant distribution within the treatability study area. This section presents 
details of the installation activities, including a description of the geology within the treatability study area and 
summary of the soil results. 

2.2.1 Installation Activities 
Field work associated with the installation of Phase 1 pre-design soil borings and monitoring wells was conducted 
from April 9 to April 27, 2018. Locations of soil borings/monitoring wells are presented in Figure 2.  

2.2.1.1 Pre-Drilling Activities 
Tetra Tech, on behalf of NERT, prepared and submitted all required applications and obtained required permits 
prior to the installation of soil borings and monitoring wells. A Monitor Well Drilling Waiver (Nevada Administrative 
Code [NAC] 534.441) and a Notice of Intent to Drill Card (NAC 534.320) were submitted to the Nevada Division of 
Water Resources (NDWR). The Monitoring Well Drilling Waiver also included a completed, signed, and notarized 
Affidavit of Intent to Plug a Monitoring Well as a required attachment.  

Prior to the start of drilling activities, Tetra Tech contacted USA North Utility Locating Services, reviewed available 
utility maps, and retained the services of a geophysical locator to check for underground utility lines. Each drilling 
location was also cleared to a depth of 10 feet below ground surface (bgs) by air knife operations to ensure the 
area was clear of utilities. 

2.2.1.2 Soil Boring Installation 
Five soil borings were installed within the treatability study footprint to provide area-specific lithological information 
and contaminant concentration data to incorporate into the development of the final treatability study design. 
Drilling and well installation activities were conducted by Cascade Drilling, LP using rotosonic drilling methods. 
Each of the five soil borings was advanced to approximately 120 feet bgs. The continuous soil cores were logged 
from ground surface to total depth using the Unified Soil Classification System. Photographs of soil cores were 
also collected during drilling activities. Copies of the soil boring logs and core photographs are provided in 
Appendix B.  

During drilling activities, soil samples were collected at approximately 10-foot intervals from the top of the water 
table to the base of the boring. All soil samples were analyzed for perchlorate. Six soil samples were also 
analyzed for a suite of analytes to provide additional characterization of the subsurface in accordance with the 
Work Plan. Soil samples for laboratory analysis were collected in laboratory-supplied containers, labeled, placed 
in plastic bags, and stored in a cooler on ice for transport under chain-of-custody documentation to the 
appropriate laboratory, either TestAmerica Laboratories, Inc. or Microbial Insights Inc. 

The Work Plan specified that two undisturbed soil samples would be collected from each borehole in 
representative lithological units upon reaching groundwater using a Shelby tube, or similar collection device for 
physical parameter analysis including moisture content, porosity, and soil density. An attempt was made to collect 
such samples. However, the UMCf in the Galleria Drive Bioremediation Treatability Study area was compacted 
and cemented such that samples could not be collected using direct-push devices such as a Shelby tube.  

Depth-discrete groundwater samples were also planned to be collected from select boreholes within the alluvium, 
just above the top of the UMCf, and within the UMCf to vertically profile the perchlorate distribution. Because no 
saturated alluvium was present within the study area, depth-discrete groundwater samples were not collected 
from within the alluvium or from the interval above the UMCf. Depth-discrete groundwater samples were 
attempted within the UMCf, but in many cases there was insufficient water to collect the groundwater sample due 
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to the low hydraulic conductivity. As a result, only two depth-discrete groundwater samples were collected from 
the UMCf (Results are discussed in Section 2.3.2.3).  

Finally, during boring installation, representative soil was collected from the UMCf over the depth intervals of 
approximately 60 – 85 feet bgs and 90 – 110 feet bgs from location GRTS-MW03A/B and transported to the 
University of Nevada at Las Vegas (UNLV) for use in the laboratory bench tests (described in Section 2.7). 

2.2.1.3 Monitoring Well Installation 
A set of paired monitoring wells was installed at each soil boring location to evaluate the horizontal and vertical 
extent of perchlorate concentrations and hydraulic gradient changes with depth throughout the UMCf to help 
optimize the design and effectiveness of the treatability study. Each soil boring was converted to a permanent 
monitoring well and screened within the UMCf to serve as the deeper well of the well pair. The additional paired 
monitoring well was then installed at each location with a separate shallower screened interval in the upper 
portion of the UMCf. Due to its proximity to the 120-foot bgs soil boring, the paired monitoring well location was 
not lithologically logged. In general, the shallow UMCf wells are screened within the 60 – 85 feet bgs interval and 
the deeper UMCf wells are screened from 90 – 110 feet bgs. At one location (GRTS-MW05B), the deeper well of 
the well pair, was screened in the more gypsum-rich portion of the borehole to provide characterization of that 
zone from 75 – 85 feet bgs. Because saturated alluvium was not present within the treatability study area, 
monitoring wells were only installed within the UMCf.  

In general, monitoring wells were constructed using 2-inch schedule 40 polyvinyl chloride (PVC) casing and 
screened with 2-inch diameter, 0.010-inch slotted PVC well screen. One set of paired monitoring wells was 
constructed with 4-inch diameter schedule 40 PVC casing and screened with 4-inch diameter, 0.010-inch slotted 
PVC well screen, which is required for single-borehole dilution testing (Section 2.5.2). All wells were completed 
with flush-mounted, traffic-rated well boxes, at an elevation approximately 0.5-inch above grade. Following well 
construction, but no sooner than 48 hours after well construction was compete, the newly installed monitoring 
wells were developed using a surge block and bailer to swab and surge the filter pack and remove sediment. This 
process was followed by pumping with a submersible pump to purge the well of fine-grained sediment. Well 
development was considered complete when three to ten casing volumes of water had been removed from the 
well and index parameters (consisting of pH, specific conductivity, turbidity and temperature) were stable over 
three consecutive measurements.  

Once all monitoring well installation activities were complete, a licensed land surveyor surveyed the horizontal 
coordinates of each well relative to North American Datum 83 with an accuracy of 0.1 foot. The elevation of the 
ground surface and top of well casing measuring point relative to North American Vertical Datum 88 was 
surveyed with accuracies of 0.1 foot and 0.01 foot, respectively. 

A summary table of well construction details and well construction diagrams is provided in Appendix B. 

2.2.1.4 Management of Investigation-Derived Waste 
Investigation-derived waste (IDW) generated was managed in accordance with applicable state, federal, and local 
regulations and as described in Field Sampling Plan, Revision 1 (ENVIRON, 2014). During the Phase 1 pre-
design investigation of the treatability study area, IDW included soil cuttings, personal protective equipment, 
general field consumables (such as plastic sheeting beneath soil cores during logging), equipment 
decontamination water, and groundwater generated during depth-discrete groundwater sampling and well 
development.  

Investigation-derived soil waste was containerized onsite in plastic lined, 10-cubic yard roll-off bins. The roll-offs 
were labeled to indicate contents, source, and date when accumulation began. Soil cuttings contained in each of 
the roll-off bins were sampled for profiling purposes, with one composite soil sample collected from each bin. The 
samples were analyzed for the following: volatile organic compounds by United States Environmental Protection 
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Agency (USEPA) Method 8260B; Resource Conservation and Recovery Act (RCRA) 8 Metals by USEPA Method 
6010B; flashpoint ignitability by USEPA Method SW846 7.1.2; pH by USEPA Method 9045C; perchlorate by 
USEPA Method 314.0; and toxicity characteristic leaching procedure – Metals by USEPA Method 1311 
extraction/USEPA Method 6010B. Results indicated that the soil cuttings were non-hazardous waste. All IDW was 
disposed of at Apex Landfill, Las Vegas, Nevada.  

Waste water generated during purging or decontamination activities was temporarily stored in 55-gallon drums 
and/or 500-gallon totes and transferred into the GW-11 Pond for onsite treatment in the NERT groundwater 
extraction and treatment system (GWETS). 

2.2.2 Results 
Data from the soil boring and monitoring well installation activities were compiled to provide a description of the 
geology of the bioremediation treatability study area and a summary of the soil analytical results. 

2.2.2.1 Bioremediation Treatability Study Area Geology 
Geologic cross-sections of the treatability study area are presented in Figures 3a and 3b. A review of the lithology 
indicates that the uppermost 25 to 43 feet are comprised of unsaturated alluvium ranging from silty sands to 
sandy gravel. There was no evidence of a distinct paleochannel located within the bioremediation treatability 
study area.  

The UMCf within the bioremediation treatability study area generally consisted of silt and clay layers, with more 
silt toward the top of the UMCf and more clay toward the bottom of the borehole (depth of 120 feet), which is 
generally consistent with lithology observed in nearby Phase 3 RI soil borings. Gypsum was present throughout 
the UMCf, which included powdery white gypsum layers (comprised almost entirely of gypsum) that were 
generally less than 1-foot thick. Distinct individual gypsum crystals were also present in abundance. In some 
cases, the gypsum crystals were so numerous that they comprised a large percentage of the core. The amount of 
gypsum and cementation generally increased with depth to approximately 90 feet bgs. Between 90 and 110 feet 
bgs, the amount of gypsum decreased, and then increased again to the total depth of 120 feet bgs. Hence, the 
shallow monitoring in each well pair was screened in the less cemented zone of the UMCf from 60 – 80 feet bgs, 
and the deeper monitoring well was screened in the more cemented zone of the UMCf from 90 – 110 feet bgs 
(lower UMCf). At one location, the deeper monitoring well of the well pair, well GRTS-MW05B, was screened from 
75 – 85 feet bgs, which was located within the more gypsum-rich portion of the borehole to provide 
characterization of that zone. 

Within the treatability study area, the UMCf was more consolidated and cemented than expected. The transition 
from unconsolidated to semi-consolidated UMCf is identified on geologic cross sections in Figures 3a and 3b. 
This transition represents the shallowest depth in which the available data indicated more consolidated material 
based on the observed level of cementation (moderately to strongly cemented) and consistency (stiff, very stiff, or 
hard). In addition to numerous gypsum layers, there were two organic-rich layers that correlated across the study 
area. These layers are identified on Figures 3a and 3b and contained increased (commonly black colored) 
organic matter. They are suspected of representing decayed plant matter deposited as part of the UMCf. 

2.2.2.2 Soil Analytical Results 
As described in Section 2.3.1.2, soil samples were collected at approximately 10-foot intervals from the top of the 
water table to the base of the boring. Soil analytical results are presented in Appendix C, Table C.1. Perchlorate 
was detected in soil samples at concentrations ranging from 0.072 to 2.4 milligrams per kilogram (mg/kg). In 
general, perchlorate was primarily detected in soil at depths less than 90 feet bgs. However, soil samples 
collected from 90 – 110 feet bgs at location GRTS-MW03B had perchlorate detections ranging from 0.072 to 0.20 
mg/kg. Perchlorate was not detected above the laboratory detection limit in any soil samples collected from the 
bottom of the soil borings at 120 feet bgs.  
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As described in Section 2.3.1.2, six soil samples were also analyzed for a suite of analytes to provide additional 
characterization of the subsurface. Chlorate results ranged from less than 0.33 J mg/kg to 2.7 J mg/kg. Chlorate 
was not detected above the laboratory detection limit of 0.37 mg/kg in the deepest sample collected at 109 feet 
bgs. Results from the soluble cation analysis performed on the water extract indicate that calcium and sulfate 
concentrations are relatively high (up to 640 and 1,900 milligrams per liter [mg/L], respectively), which was 
expected based on the observation of gypsum during drilling activities. Concentrations of total kjeldahl nitrogen 
concentrations (ranging from 11 to 88 mg/kg) indicate that there is likely sufficient nitrogen to serve as a 
micronutrient for native microorganisms during bioremediation at the low concentrations of perchlorate. Current 
and previous field treatability studies as well as UNLV bench-scale studies have also indicated that the addition of 
nitrogen as a microbial micronutrient is not required for groundwater perchlorate bioremediation (Tetra Tech, 
2016a).  

Two soil samples were sent to Microbial Insights for analysis of phospholipid fatty acids (PLFA) and the 
perchlorate-reductase gene. Samples were collected from GRTS-MW01B at 75 feet bgs and from GRTS-MW03B 
at 63 feet bgs. Soil microbial results are presented in Appendix C, Table C.2. The key findings of the microbial 
analysis indicate that the soil is microbially active with populations in the range of 105 – 106 cells/gram of soil. 
Ratios for slowed growth and decreased permeability of the cell membrane provide information on the “health” of 
the gram negative microbial community and how this population is responding to the conditions present in the 
environment. Higher ratios (greater than 1.0) could be reflective of a community that is stressed and an 
environment that may not be as supportive of the microbial community, often due to the lack of available carbon 
substrate. The ratios of slowed growth and decreased permeability for the Galleria Drive soil samples indicate an 
environment that is generally not toxic to microorganisms and would likely be supportive of perchlorate 
bioremediation upon the addition of a carbon substrate. Results also indicate that there appear to be sufficient 
proteobacteria, which are important for biodegradation of perchlorate and other electron acceptors (such as 
nitrate) once the carbon substrate has been injected. Finally, perchlorate reductase was not detected above the 
laboratory detection limit of 1.67 x 104 cells/gram in either sample, which is not unexpected considering this 
enzyme is specific to perchlorate reduction processes and the fact that perchlorate is persisting, organic carbon is 
lacking, and ISB has yet to be implemented within the treatability study area.  

2.2.2.3 Discrete-Groundwater Analytical Results 
As described in Section 2.3.1.2, depth-discrete groundwater samples were collected at two locations, GRTS-
MW01B at 74.5 feet bgs and GRTS-MW04B at 79 feet bgs. These samples were analyzed for perchlorate, nitrate, 
and chlorate. Perchlorate concentrations ranged from 1.8 to 6.0 mg/L. Chlorate concentrations ranged from 1.8 to 
7.7 mg/L. Nitrate was detected in the groundwater sample collected from location GRTS-MW01B at a 
concentration of 4.5 J mg/L. Depth-discrete groundwater results are presented in Appendix C, Table C.3. 

2.3 GROUNDWATER SAMPLING 
Following completion of well development activities, a comprehensive groundwater sampling event was 
performed in May 2018 on all wells within the bioremediation treatability study area. This event included 
measurement of water levels in the 10 newly installed wells and 6 existing monitoring wells (ES-13, MCF-6B, 
MCF-6C, DBMW-6, DBMW-7, and DBMW-8). Groundwater samples were collected from the 10 newly installed 
wells and 3 existing wells (ES-13, MCF-6B, and MCF-6C) and analyzed for a variety of field and laboratory 
parameters in accordance with the Work Plan to establish baseline conditions for the final treatability study 
design. In addition, groundwater was collected from monitoring well GRTS-MW03A and transported to UNLV for 
use in the bench-scale studies described in Section 2.7. Finally, Bio-traps® were installed in monitoring wells 
GRTS-MW04A and GRTS-MW04B on May 17, 2018 and retrieved on June 12, 2018. The Bio-traps® were sent to 
Microbial Insights, Inc. for analysis of the perchlorate reductase gene and PLFA, as described in section 2.3.2. 
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2.3.1 Bioremediation Treatability Study Area Hydrogeology 
Based on data collected during the installation of soil borings and monitoring wells, groundwater was first 
encountered in the UMCf; there was no saturated alluvium. The May groundwater level gauging event indicated 
that the depth to groundwater in monitoring wells within the bioremediation treatability study area ranges from 
about 47 to 64 feet bgs. Figures 4a and 4b present groundwater potentiometric surface maps of the 
bioremediation treatability study area for the UMCf wells screened from 60 – 85 feet bgs and 90 – 110 feet bgs, 
respectively. Depth to water measurements are provided in Table D.1, in Appendix D.  

Groundwater in the monitoring wells screened within the 60 – 85 feet bgs interval generally flows north-northeast, 
while groundwater in the deeper monitoring wells screened within the 90 – 110 feet bgs interval generally flows to 
the east. These flow directions tend to confirm data collected by Basic Remediation Company (BRC) in 2009, 
which show northeastern to eastern flow in the study area (Daniel B. Stephens & Associates, Inc., 2010). It is 
suspected that the paleochannel immediately east of the bioremediation treatability study area acts as a drain 
affecting both screened zones in the study area. However, this paleochannel is not expected to affect the Galleria 
Drive Bioremediation Treatability Study. The calculated average hydraulic gradient in the bioremediation 
treatability study area for wells screened in the 60 – 85 feet bgs interval was 0.035 feet per foot (ft/ft). The 
calculated average hydraulic gradient in the bioremediation treatability study area for wells screened in the 90 – 
110 feet bgs interval was 0.028 ft/ft.  

The vertical gradient is downward throughout the study area and ranges from 0.16 to 0.32 ft/ft. The strong vertical 
gradient implies that there are significant barriers to vertical flow in the study area, which is typical in a laminated, 
partially cemented, fine-grained formation such as the UMCf. The downward vertical gradient is consistent with 
that observed at the MCF-06 well cluster during the vertical gradient assessment performed by BRC in 2008 
(BRC, 2008). 

2.3.2 Groundwater Analytical Results 
A summary of the groundwater concentration ranges of perchlorate and chlorate, as well as other noteworthy 
parameters with respect to the bioremediation process, is presented in Table 1. Complete analytical results are 
provided in Appendix C, Tables C.4 and C.5. Groundwater sampling field logs are provided in Appendix D. 

Table 1 Concentration Ranges in Groundwater (mg/L) 

Analyte  Concentrations in the Upper UMCf 
(60 – 85 ft bgs) 

Concentrations in the Lower UMCf 
(90 – 110 ft bgs) 

Perchlorate 3.3 – 14 < 0.05 – 3.2 

Chlorate 3.7 – 19 < 0.1 – 1.6 

Nitrate < 5.5 – 38 < 5.5 

Sulfate 2,800 – 19,000 26,000 – 34,000 

TDS 7,600 – 43,000 50,000 – 64,000 

Notes: 
mg/L – milligrams per liter 
UMCf – Upper Muddy Creek formation 
ft bgs –  feet below ground surface  
TDS – total dissolved solids 
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Perchlorate was detected above the laboratory detection limit in groundwater samples collected from all 
monitoring wells within the bioremediation treatability study area, with the exception of GRTS-MW02B and GRTS-
MW04B (both of which are screened from 90 – 110 feet bgs). Perchlorate concentrations were greater in 
groundwater samples collected from the shallower UMCf wells screened from approximately 60 – 85 feet bgs 
than the monitoring wells screened from 90 – 110 feet bgs. It should be noted that the two groundwater samples 
from the 90 – 110 feet bgs zone that did not have detections of perchlorate had an elevated sample detection limit 
of 0.05 mg/L. The analytical laboratory reported that sample dilutions were necessary due to interferences caused 
by chloride, sulfate, and TDS. Specifically, high anion and TDS concentrations like those encountered in 
groundwater from the 90 – 110 feet bgs interval in the treatability study area may interfere with the 
instrumentation used in perchlorate analysis. As a result, the analytical laboratory must run an initial dilution on 
the groundwater sample, which elevates the laboratory detection and reporting limits. Chlorate concentrations 
followed a similar pattern with respect to vertical distribution and also had elevated sample detection limits of 0.1 
and 0.25 mg/L for the deep groundwater samples that did not have detections of chlorate.  

Nitrate, which is the most likely competing electron acceptor and carbon substrate consumer during 
bioremediation, was detected at concentrations up to 38 mg/L in groundwater samples collected from wells 
screened in the 60 – 85 feet bgs interval and was not detected above the laboratory detection limit of 5.5 mg/L 
(which is also an elevated detection limit due to initial dilutions required as described above) in groundwater 
samples collected from the deeper wells screened from 90 – 110 feet bgs. Concentrations at the levels present 
within the 60 – 85 feet bgs interval could delay the onset of contaminant degradation because nitrate is often a 
preferred electron acceptor during bioremediation.  

Sulfate and total dissolved solids (TDS) were detected at concentrations up to 19,000 and 43,000 mg/L, 
respectively, in groundwater samples collected from the upper UMCf (60 – 85 feet bgs). Sulfate and TDS were 
detected at concentrations up to 34,000 and 64,000 mg/L, respectively, in groundwater samples collected from 
the UMCf (90 – 110 feet bgs). The high TDS concentrations are attributed to the sulfate concentrations and 
associated cations, rather than the chlorate and perchlorate concentrations. High levels of sulfate and TDS could 
pose a challenge to the microbial community. Often, high TDS may cause a lag to the onset of perchlorate 
biodegradation or may sometimes even prevent contaminant biodegradation (Gingras and Batista, 2002). 

Specialized microbial analyses, namely, PLFA analyses and the presence of the perchlorate reductase gene, 
were determined via the use of Bio-Traps®, which are patented devices available through a specialized microbial 
firm, Microbial Insights in Knoxville, Tennessee. The objective was to obtain specialized microbial data to gauge 
the likely response of the microbial community to the addition of carbon substrate into groundwater and to 
evaluate perchlorate biodegradation potential. Microbial biomass results were 3.73 x 105 cells/gram in GRTS-
MW04A (screened from 70 – 85 feet bgs) and 5.82 x 104 cells/gram in GRTS-MW04B (screened from 89.5 – 
109.5 feet bgs) well. These numbers are indicative of sufficient microbial populations in groundwater that could 
possess the ability to biodegrade perchlorate and other inorganic electron acceptors such as chlorate and nitrate, 
upon the addition of an external source of organic carbon. A sizable proportion of proteobacteria (greater than 
50% in both wells) was observed which indicates a proliferation of the appropriate bacterial community that is 
gram negative, has the ability to utilize a variety of carbon sources, has adapted easily to the groundwater 
environment, and is representative of both aerobic and anaerobic bacteria. On the other hand, the low proportions 
(less than 10%) of observed metal reducing bacteria and sulfate reducing bacteria (SRB)/actinomycetes reveal 
redox conditions that are not overly reducing. Eukaryotes percentages are also relatively low, indicating that these 
scavengers of valuable contaminant-reducing bacteria do not pose a significant threat in this groundwater. As 
explained in Section 2.2.2.2, ratios for slowed growth and for decreased permeability of the cell membrane 
provide information on the “health” of the gram-negative microbial community and how this population is 
responding to the conditions present in the environment. In general, ratios for slow growth and decreased 
permeability are less than 1.0 with the exception of a slowed growth ratio of 3.32 observed in GRTS-MW04A 
(screened from 70 – 85 feet bgs). This ratio of slowed growth indicates a stressed environment, likely due to the 
lack of organic carbon present in the subsurface. However, the decreased permeability ratio for both these 
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samples is zero, indicating that the toxicity is not at levels which cannot be overcome, upon the addition of a 
carbon substrate. Finally, the perchlorate reductase enzyme was not detected in either sample above the 
laboratory detection limit of 2.5 x 102 cells/gram, which was expected as indicated in Section 2.2.2.2..  

In general, microbial results are similar to results from the on-going SWF Area Bioremediation Treatability Study, 
in which perchlorate biodegradation in groundwater is occurring quite successfully upon the addition of a carbon 
substrate. Therefore, a similar strong microbial response can be expected in groundwater during the Galleria 
Drive Bioremediation Treatability Study as well. 

2.4 AQUIFER TESTING 
The objective of the aquifer testing program was to obtain information regarding aquifer hydraulic conductivity, 
groundwater flow velocity, and total and mobile porosity in the area where the treatability study is planned. Aquifer 
testing activities, including slug testing, borehole dilution, and NMR logging, were performed in May/June 2018. 
This section summarizes the aquifer testing activities and associated results. The supporting summary memo for 
slug testing and borehole dilution testing, including borehole dilution test plots and AQTESOLV (HydroSOLVE, 
2007) interpretation plots, is provided in Appendix E. NMR logs are presented in Appendix F. 

2.4.1 Slug Tests 
Slug tests were performed in all ten newly installed monitoring wells and two existing monitoring wells (ES-13 and 
MCF-06B) to obtain location-specific aquifer hydraulic conductivity in the screened interval of wells within the 
bioremediation treatability study area. Although the Work Plan included slug testing in monitoring wells DBMW-7 
and MCF-06C, these wells were ultimately not tested. Monitoring well ES-13, which was installed in January 2018 
as part of the NERT Phase 3 RI, was substituted instead due to its proximity to the bioremediation treatability 
study area. Monitoring well MCF-06C had insufficient water to perform the proposed slug test. Although 
monitoring well MCF-06C was not tested, sufficient slug testing data was collected during the pre-design phase to 
determine the range of hydraulic conductivities present within the treatability study area.  

The slug tests were performed in general accordance with ASTM Internationals (ASTM) Standard D4044-96 
(ASTM International, 2008). Prior to conducting each slug test, the water level in the well was measured manually 
with an electronic water level probe to determine the static groundwater level. An electronic pressure 
transducer/data logger was suspended in the well and water levels were monitored manually until static 
conditions were reestablished. A falling-head test was then conducted by smoothly lowering a length of weighted 
and sealed PVC pipe (slug) into the well, securing it in place above the transducer, and recording the rate of 
water level decline. Once static conditions were reestablished, a rising-head test was conducted by removing the 
slug and allowing the water level to again recover to static conditions while recording the rate of recovery. 
Barometric pressure changes during testing were monitored and recorded using a pressure transducer placed 
above the water table. 

At the end of each test, the pressure transducer was removed from the well and the water level displacement data 
were downloaded to a laptop computer and corrected for barometric pressure effects, if necessary. The corrected 
data were interpreted using AQTESOLV for Windows (Duffield, 2014). Where possible, both the falling-head and 
rising-head data were analyzed to cross-check the interpretation results.  

Results support the field observation that the UMCf becomes more compacted and cemented with depth. The 
average hydraulic conductivity in the 60 – 85 feet bgs zone was approximately 0.5 feet per day (ft/day), while the 
hydraulic conductivity in the 90 – 110 feet bgs zone was several orders of magnitude lower at 0.002 ft/day. The 
decrease in hydraulic conductivity with depth is expected, but it is also associated with slower flow rates. The 
supporting summary memo, including AQTESOLV (HydroSOLVE, 2007) interpretation plots, is provided in 
Appendix E. 
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2.4.2 Single-Borehole Dilution Test 
Single-borehole dilution tests were performed in wells GRTS-MW03A and GRTS-MW03B (locations shown on 
Figure 2), to evaluate groundwater flow velocities in the UMCf within the bioremediation treatability study area. A 
summary of the field procedures, data analyses, and borehole dilution test plots is provided in Appendix E. 
Results indicate that the average flow velocity in well GRTS-MW03A is about 3 ft/day, and the average flow 
velocity in well GRTS-MW03B is about 0.003 ft/day, depending on hydraulic conditions.  

2.4.3 Nuclear Magnetic Resonance Logging 
NMR logging was performed in the deeper well of the five paired well configurations (namely GRTS-MW01B, 
GRTS-MW02B, GRTS-MW03B, GRTS-MW04B, and GRTS-MW05B) to further delineate any localized 
preferential flow pathways within the treatability study area. Although the Work Plan optionally proposed NMR 
logging for existing wells, this was deemed not required due to the more comprehensive NMR logging that was 
conducted as part of the Phase 3 RI, which included RI monitoring well ES-13 that is located within the treatability 
study area.  As a result, only the five, deeper new wells were logged as part of Phase I activities. The reduced 
number of NMR surveys will not negatively affect this treatability study, as the NMR results received for this effort 
provided the information needed for final treatability study design. 

NMR logging was previously used successfully at the SWF Area Bioremediation Treatability Study to identify 
higher-transmissivity zones within each well. This technology can be used in open or PVC-cased wells to provide 
high-resolution downhole estimates of hydraulic conductivity, total water content, total and mobile porosity, and 
relative pore-size distributions below the water table (Walsh et al, 2013). Above the water table, NMR provides 
volumetric water content measurements. The specific tool used depended on the diameter of the well, because 
larger diameter wells require a larger tool that has a larger radius of investigation. All tools provided a 
measurement approximately every 1.5 to 2 feet of depth. The high-resolution estimates of hydraulic conductivity 
were compared to the lithologic logs and aquifer testing results for each well to assess the possibility of 
preferential flow. The final NMR report is provided in Appendix F. 

Because the translation of NMR data to hydraulic conductivity requires the use of an empirical relationship, the 
correct model for the degree of consolidation of the formation must be selected in order to yield accurate 
estimates of hydraulic conductivity. The boreholes examined at the Galleria Drive bioremediation treatability study 
area using NMR transitioned from unconsolidated to semi-consolidated UMCf, so the unconsolidated model was 
used for the upper portion of each borehole, and the semi-consolidated model was used for the lower portion. The 
transition to the semi-consolidated model was identified based on the observed level of cementation (moderately 
to strongly cemented) and consistency (stiff, very stiff, or hard). If neither of these data types was available, UMCf 
lithology was used to determine the dividing line, with clays indicating a more consolidated region. The dividing 
line between unconsolidated and semi-consolidated materials was located at the shallowest depth in which the 
available data indicated an increase in consolidation. 

NMR estimates of hydraulic conductivity generally agreed with estimates derived using slug testing within an 
order of magnitude, particularly higher in the borehole. However, the drilling-related disturbance zone surrounding 
the borehole appears to have been larger in the deepest portion of each hole. For the four-inch well (GRTS-
MW03B), the larger NMR tool clearly reached beyond the damage zone around the borehole. However, in the 
two-inch wells, the smaller NMR tool did not consistently penetrate the formation past the damage zone around 
the borehole. This is observable in the logs as sporadic large increases in the hydraulic conductivity, particularly 
in the sand-packed interval where the damage zone was not grouted. These irregularities will not affect the 
treatability study because aquifer properties were estimated using several aquifer testing methods, with the 
expectation that site-specific conditions might render one method less reliable. 

The water content log was particularly useful as it indicated that the water content of the UMCf in the Galleria 
Drive bioremediation treatability study area was not as high as observed at the SWF Area Bioremediation 
Treatability Study. These data correlated with field observations that the area had significantly more cementation 
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than previously encountered during field work for the SWF Area Treatability Study. Furthermore, the mobile 
porosity, which is approximately equivalent to effective porosity and provides a distinction between “more bound” 
water from “more mobile” water, is very low, often below 1% in this study area. This corresponds well with the 
observed groundwater flow velocities, which in spite of low hydraulic conductivities are faster than anticipated 
because of the low effective porosity. 

2.5 STEP-RATE INJECTION TESTS 
The original treatability study conceptual design presented in the Work Plan focused on ISB in the upper portion 
of the UMCf from 60 – 85 feet bgs, which was based on site knowledge of the likely extent of contamination at the 
time the original work plan was prepared. However, initial Phase 1 pre-design activities performed within the 90 – 
110 feet bgs interval identified both perchlorate groundwater concentrations as high as 3.2 mg/L and a complex 
hydrogeologic and geochemical environment. As a result, additional technical evaluation to assess the feasibility 
of ISB in this deeper, impacted zone of the UMCf was recommended in Modification No. 3.  

As part of this additional technical evaluation, a field screening step-rate injection test was included to evaluate 
the practicability of injection into the 90 – 110 feet bgs interval in this study area. This evaluation was critical since 
the ability to inject carbon substrate-laden fluids into the subsurface is one of the cornerstones of successful ISB 
application. The subsurface material within the 90 – 110 feet bgs interval within the Galleria Drive Bioremediation 
Treatability Study area is semi-consolidated and more cemented than has been encountered in the UMCf at other 
treatability study locations. Secondly, the groundwater may be migrating through fractured networks or more 
transmissive zones within the cemented material. As presented in Section 2.5, this 90 – 110 feet bgs interval has 
an extremely low hydraulic conductivity (estimated at 0.002 ft/day from slug tests) and, therefore, it is important to 
examine the engineering viability of injecting fluids prior to embarking on a larger scale field treatability test. 

Prior to performing the step-rate injection test, an Underground Injection Control (UIC) permit amendment was 
submitted to request permission to inject water from a nearby City of Henderson fire hydrant at pressures of up to 
60 pounds per square inch (psi). Following approval of the UIC permit amendment request, the step-rate injection 
tests were performed the week of September 17 – 21, 2018, by Cascade Technical Services with Tetra Tech 
oversight. To gauge the variability within the subsurface, step-rate injection tests were performed in all four of the 
newly installed pre-design monitoring wells that are screened from 90 – 110 feet bgs, namely GRTS-MW01B, 
GRTS-MW02B, GRTS-MW03B, and GRTS-MW04B (shown in Figure 2). Because the monitoring well 
construction does not differ significantly from the proposed injection well construction, using the monitoring wells 
installed as part of pre-design activities to assess possible injection rates and effects was deemed appropriate.  

During the field test, water obtained from a nearby City of Henderson fire hydrant was injected into a single 
monitoring well, typically increasing the injection pressure in approximately 10 psi increments to a maximum 
pressure of 60 psi. Injections occurred for approximately 20 minutes for each 10-psi increment. During the test, 
injection flow rates, total volume injected, and injection pressures were monitored at the injection well. Manual 
water levels were collected from surrounding monitoring wells before the start of each test, during each step-rate 
injection/pressure increase, and during recovery after testing to determine if the injections induced changes in 
water levels in the vicinity of the treatability study area. Select monitoring wells were also instrumented with In-
Situ Rugged TROLL 100 pressure transducers, which were programmed to collect data at 15-minute intervals, to 
evaluate the areal extent of pressure response to injections. Field parameter measurements, including TDS and 
conductivity, were also collected with a downhole probe to evaluate whether actual injected water entered any of 
the surrounding monitoring wells. Once the test completed the injection step at 60 psi, the test was discontinued 
and equipment was moved to the next monitoring well to repeat the process. 

The results of the test indicated that limited water could be injected into the subsurface. Total injection quantities 
for each well ranged from 5.6 to 15.1 gallons. The maximum injection rate achieved at the highest tested injection 
pressure of 60 psi was only 0.4 gallons per minute (gpm) and this injection rate was only attained in one of the 
four wells that were tested. Table 2 presents a summary of the injection quantities on a per well basis during each 
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injection pressure interval. A complete report of step-rate injection tests by Cascade Technical Services is 
provided in Appendix G. 

Table 2 Step-Rate Injection Test – Injection Summary 

Injection Well 
Injection 
Date and 

Time1 
Targeted 

Pressure (psi) 
Sustained 

Pressure (psi) 
Average flow 

(gpm) 
Volume of Water 

Injected (gal)2 

GRTS-MW01B 9/19/2018 
11:33 

- - - 14.2 

0 0.0 0.0 0.0 

10 10.2 0.0 0.0 

20 20.5 0.1 1.1 

30 31.1 0.0 0.3 

40 40.9 0.0 0.1 

50 50.8 0.1 1.4 

60 60.1 0.2 4.6 

Total volume of water injected 7.5 

GRTS-MW02B 9/19/2018 
08:51 

- - - 15.2 

0 0.6 0.0 0.0 

10 10.9 0.0 0.0 

20 20.3 0.1 1.2 

30 31.2 0.0 0.5 

40 41.1 0.0 0.4 

50 50.6 0.2 4.4 

60 59.9 0.4 8.6 

Total volume of water injected 15.1 

GRTS-MW03B 9/18/2018 
14:09 

- - - 27.9 

0 0.0 0.0 0.0 

10 10.9 0.0 0.0 

20 20.1 0.1 1.2 

30 30.8 0.1 0.9 

40 40.6 0.1 2.7 

50 50.7 0.2 3.2 

60 60.5 0.2 2.3 

Total volume of water injected 10.3 
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Injection Well 
Injection 
Date and 

Time1 
Targeted 

Pressure (psi) 
Sustained 

Pressure (psi) 
Average flow 

(gpm) 
Volume of Water 

Injected (gal)2 

GRTS-MW04B 9/18/2018 
12:45 

- - - 15.0 

0 0.0 0.0 0.0 

10 12.5 0.0 0.0 

20 20.5 0.1 0.6 

30 33.1 0.0 0.2 

40 40.3 0.0 0.3 

50 51.9 0.0 0.3 

60 60.1 0.2 4.2 

Total volume of water injected 5.6 
Notes: 
1 Injection test start time 
2 Initial entry for each well represents the amount of water initially required to fill the monitoring well casing above the water table. 
psi – pounds per square inch 
gpm – gallons per minute 
gal – gallons  

 
In-line with the data presented in Table 2, there was no measurable groundwater response observed in 
surrounding monitoring wells during the injection tests. Following completion of the step-rate injection tests, water 
levels declined slowly in the injection wells and had not returned to pre-injection levels in any of the wells by the 
end of the testing week. For example, the step-rate injection tests were performed in monitoring wells GRTS-
MW03B and GRTS-MW04B on the first day of testing and approximately 40 hours after the tests were complete, 
water levels had not returned to pre-injection levels. These slow rates of water level decline are consistent with 
the results of slug testing within this area, in which water levels were very slow to return to their previous levels in 
the wells screened from 90 – 110 feet bgs. 

In general, these results were anticipated due to the UMCf within the 90 – 110 feet bgs interval being semi-
consolidated/more cemented and due to aquifer test results indicating that this interval has an extremely low 
hydraulic conductivity (estimated at 0.002 ft/day). The low injection rates at high pressures observed during the 
step test indicate that injections of carbon-substrate laden water and follow-up distribution water into this 
lithological zone would be at prohibitively low injection rates, even at high injection pressures, which may result in 
ISB being impractical in the lower UMCf from 90 – 110 feet bgs within this area or other areas with similar 
characteristics. 

2.6 LABORATORY STUDIES 
Bench-scale laboratory studies performed in connection with previous and on-going treatability studies have 
provided significant data on the biodegradation potential of perchlorate and other electron acceptors using 
emulsified vegetable oil (EVO) as the carbon substrate, as well as further information on the potential longevity of 
the carbon substrate. The original proposal presented in the Work Plan to perform a single study for the Las 
Vegas Wash Bioremediation Pilot Study and Galleria Drive Bioremediation Treatability Study presumed that soil 
lithological and geochemical characteristics were similar. Preliminary chemical and lithological analyses have 
indicated that the soil from the two areas is geochemically and mineralogically quite different. Therefore, these 
two areas were not combined for purposes of bench-scale testing.  
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As explained in Section 2.3.1.2 and 2.4, soil and groundwater collected from both the 60 – 85 feet bgs and 90 – 
110 feet bgs intervals were transported to UNLV to perform bench-scale studies using area-specific soil and 
groundwater. Soil was collected during drilling operations and placed in sterile plastic buckets with sterile hand 
shovels.  Four 3-gallon buckets of soil cuttings were collected during drilling operations associated with GRTS-
MW03A/B to be used in the batch microcosm testing.  

Initial bench-scale tests only targeted the 60 – 85 feet bgs interval. Based on data collected during the Phase 1 
pre-design activities, Modification No. 3 recommended additional bench-scale testing on the soil and groundwater 
collected from the 90 – 110 feet bgs interval. The following sections provide a preliminary overview of the studies 
and associated results that are currently available. A final bench-scale treatability study results report will be 
provided as an appendix in the forthcoming Galleria Drive Bioremediation Treatability Study Results Report.  

2.6.1 Laboratory Studies: 60 – 85 Feet BGS Interval 
Short-term batch microcosm perchlorate biodegradation tests were performed using soil and groundwater from 
the UMCf collected from the 60 – 85 feet bgs to confirm the ability of EVO and soluble substrates (for example, 
glycerin) to biodegrade perchlorate and provide an estimate of the acclimation time and perchlorate 
biodegradation timeframes. Results from the studies performed using the soil and groundwater from the 60 – 85 
feet bgs interval indicated that perchlorate concentrations reduced from 6.8 mg/L to below detection limits (<0.05 
mg/L) in the microcosm test within 18 days and 23 days using EVO and glycerin, respectively. The relatively high 
TDS concentrations in groundwater within the 60 – 85 feet bgs interval (approximately 15,000 mg/L in samples 
transported to UNLV) did not hinder microbial activity and biodegradation of perchlorate. Based on the results of 
the batch microcosm testing, bioaugmentation (the addition of acclimated perchlorate microorganisms) and/or the 
addition of nitrogen micronutrients are unlikely to be required at this site.  

2.6.2 Laboratory Studies: 90 – 110 Feet BGS Interval 
Based on recommendations in Modification No. 3, additional bench-scale testing on the soil and groundwater 
collected from the 90 – 110 feet bgs interval began in September 2018. Specifically, batch microcosm testing was 
included to evaluate ISB in the 90 – 110 feet bgs interval to understand if native microorganisms can successfully 
overcome the high sulfate and TDS concentrations and proceed to biodegrade perchlorate and chlorate. As 
explained in Section 2.4.2, high levels of sulfate and TDS in groundwater (concentrations as high as 34,000 and 
64,000 mg/L, respectively) could pose a challenge to the microbial community. Additionally, sulfate can also be an 
electron acceptor and potential carbon substrate consumer during bioremediation processes. Uncontrolled sulfate 
biodegradation could result in (1) a gradual predominance of sulfate-reducing microorganisms that could out-
compete perchlorate reducing microorganisms, (2) the production of large quantities of hydrogen sulfide, and (3) 
the precipitation of metal sulfides that further reduce the already low hydraulic conductivity and permeability in the 
subsurface.  

As part of this testing, batch microcosms were set up to separately evaluate EVO and glycerin as carbon 
substrates as well as the need for bioaugmentation. Initial results of the batch microcosms five days after start-up 
indicate that perchlorate is biodegrading in microcosms that are treated with either EVO or glycerin as the carbon 
substrate. Perchlorate concentrations decreased by approximately 57 percent (from 3.5 mg/L to 1.5 mg/L) within 
the first 5 days in the microcosms amended with EVO, while microcosms that have been amended with glycerin 
have observed perchlorate reductions of approximately 29 percent (from 3.5 mg/L to 2.5 mg/L). Within 11 days 
after start-up, perchlorate was reduced in both sets of amended microcosms (EOS and glycerin) to less than 0.05 
mg/L. Perchlorate concentrations have remained less than 0.05 mg/L in subsequent samples collected on Day 15 
and 18. Batch microcosms were also set-up to evaluate both EVO and glycerin separately with bioaugmentation 
using the sludge from the onsite fluidized-bed reactor. Bioaugmentation of the microcosms appears to slightly 
hasten the onset and timeframe of perchlorate biodegradation in the laboratory setting. Based on the results to-
date, the high sulfate and TDS concentrations present in the study area do not appear to be immediately toxic to 
native microorganisms, which appear to adapt well upon the addition of a carbon substrate.  
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In addition to periodic sampling for perchlorate and chlorate, sulfate concentrations have also been monitored 
since start-up of the batch microcosm tests. Initial results of sulfate concentrations indicate the quick onset of 
sulfate reduction in the microcosms with approximately 15 to 20 percent removal of sulfate within the first 19 days, 
which equates to a decrease of approximately 5,000 mg/L of sulfate. This indicates that significant sulfate 
reduction may be expected in field applications of ISB in the lower UMCf from 90 – 110 feet bgs. As previously 
explained, rapid and excessive sulfate reduction is generally not desirable because of potential problems it could 
cause with precipitation of metal sulfides, over consumption of carbon substrate, and production of hydrogen 
sulfide. 
In conclusion, these batch microcosm results indicate that perchlorate reducing microorganisms can biodegrade 
perchlorate in groundwater in the treatability study vicinity, regardless of the elevated TDS and sulfate 
concentrations present within the 90 – 110 feet bgs interval. Batch microcosm tests for the 90 – 110 feet bgs 
interval are now complete and UNLV is in the process of finalizing the data and associated reporting, which is 
expected to be completed in the first quarter of 2019. 

2.6.3 Sorption/Desorption Tests 
Following completion of the batch microcosm testing, EVO batch sorption/desorption tests on soil and 
groundwater from the 60 – 85 feet bgs zone of the UMCf were performed to understand the interactions of site-
specific soil with EVO. As part of this testing, different quantities of wet soil from the 60 – 85 feet bgs zone were 
placed in centrifuge tubes with known quantities of EVO. Standard adsorption test procedures of centrifuging, 
supernatant extraction, and soil incineration were used to determine the adsorption capacity of soil. Results 
indicated that the adsorption capacity of the soil was between 0.08 to 0.18 grams of oil/gram of soil, which is 
approximately three times greater than estimates obtained during previous bench-scale studies on alluvial 
material.  
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3.0 PHASE 2 TREATABILITY STUDY DESIGN 

This section describes the Phase 2 treatability study design, which includes specific objectives, injection and 
monitoring well layout, and injection design. The treatability study design has been modified from the conceptual 
design that was presented in the Work Plan based on the Phase 1 pre-design results described in Section 2.0 of 
this Addendum. As explained in Section 1.1, the overall objective of the treatability study is to demonstrate and 
evaluate the effectiveness of implementing ISB to reduce the contaminants present in the UMCf that are migrating 
through the vicinity of Galleria Drive within the Eastside Study Area.  

As described in Section 2.4.2, perchlorate was detected in groundwater from monitoring wells screened in both 
the 60 – 85 feet bgs and 90 – 110 feet bgs intervals. Results from the step-rate injection testing (Section 2.6) 
indicate that ISB will be difficult to implement in the 90 – 110 feet bgs interval due to the extremely low injection 
rates (even at high injection pressures). Although the batch microcosm results do not point to any obvious toxicity 
due to high TDS and sulfate concentrations, physical hurdles make the technology impractical. The more 
cemented/semi-consolidated nature of the deposits and low hydraulic conductivity are very difficult to overcome, 
which as described in Section 2.6, results in limited injectability. Follow-up injections and subsequent events may 
prove to be even more prohibitive, once bioactivity occurs. This could particularly be true once sulfate 
biodegradation and sulfide precipitation occurs and hydraulic conductivity further reduces to a very minimal level. 
As a result, the Galleria Drive Bioremediation Treatability Study will focus on the implementation of ISB for the 60 
– 85 feet bgs interval within the UMCf. Completion of this treatability study will provide important information to 
assess the effectiveness of ISB within the UMCf, which has not been evaluated to date, and examine how 
effective ISB would be at achieving the RAO of mid-plume containment and mass reduction, which will provide 
key data for the FS.  

3.1 TREATABILITY STUDY OBJECTIVES 
The objectives of the treatability study performed in the upper UMCf, which will focus on the 60 – 85 feet bgs 
interval, are to accomplish the following:  

• Evaluate the feasibility and effectiveness of implementing ISB in the UMCf to reduce the contaminant 
mass flux that is migrating through the vicinity of Galleria Drive within the Eastside Study Area (the 
location of the mid-plume RAO boundary).  

• Estimate the zone of influence for substrate and biodegradation achievable in the UMCf during the 
treatability study.  

• Assess the impact of elevated sulfate and TDS concentrations on the bioremediation process. 
• Estimate or extrapolate the longevity of the carbon substrate and frequency of carbon substrate 

replenishment required to reduce contaminants immediately downgradient of the treatability study 
injection transect.  

• Provide critical information applicable to the remedial alternatives evaluation in the forthcoming FS. 

3.2 TREATABILITY STUDY LAYOUT AND WELL DESIGN 
Both injection wells and a supplemental monitoring well network will be installed to evaluate the effectiveness of 
the ISB treatability study. The layout of proposed injection and monitoring wells is provided in Figure 5. The same 
pre-installation procedures, including utility surveys and filing of well permit applications, will be followed as 
described in Section 2.3.1.1. Drilling, well installation, and well development procedures are provided in the Field 
Sampling Plan, Revision 1 (ENVIRON, 2014).  

All fieldwork associated with the treatability study will be conducted in accordance with an Activity Hazard 
Analysis and other elements of the Site-Wide Health and Safety Plan (Tetra Tech, 2015), which addresses 
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potential chemical and physical hazards associated with the treatability study. It is anticipated that modified Level 
D personal protective equipment will be required for all field activities. 

3.2.1 Injection Well Layout and Design 
The final injection well construction and layout design are based on the Phase 1 pre-design results described in 
Section 2.0 and lessons learned from previous and on-going treatability studies, which are still being evaluated. 
Among the lessons learned are that a double-transect with staggered wells is not advantageous in a highly 
heterogeneous subsurface with considerable percentages of fine lenses among more conductive lenses. In 
general, the treatability study design in this Addendum is similar to the conceptual design presented in the Work 
Plan. Details and variances from the conceptual design are presented below: 

• Location – The injection wells will be installed in a single injection well transect row that is 
approximately 200 feet long, as presented in Figure 5. The orientation of the injection well transect was 
slightly modified from the conceptual design to account for the northeasterly groundwater flow direction. 
The orientation of this injection well transect is perpendicular to groundwater flow to intersect 
contaminated groundwater flowing through the treatability study area. 

• Targeted treatment interval – The lithology and potential preferential flow zones within the UMCf in the 
treatability study area were evaluated to determine the appropriate injection well screen length and 
depth. Based on a review of these data, injection wells will generally be screened from 60 – 85 feet bgs 
to target contaminants within the upper portion of the UMCf. Exact top of screen and associated screen 
length will be determined based on the lithology observed during drilling and indication of first water in 
the borehole, which may range from 47 to 60 feet bgs based on pre-design water levels.   

• Injection wells – Nine injection well locations will be installed along the 200-foot transect, resulting in an 
injection well spacing of approximately 25 feet. This injection well spacing should be sufficient to 
optimize subsurface distribution and account for variability and non-uniform groundwater flow and 
lithology by improving the contact of carbon substrate with contaminants in the saturated matrix. 
However, up to three additional injection well locations may be installed at a later date, if warranted, 
based on monitoring results following the first injection event. This approach will also assist in the 
evaluation of optimal injection spacing within the UMCf. Injection wells will be constructed of 2-inch 
schedule 80 PVC casing and screened with slotted PVC well screen (similar to the pre-design 
monitoring wells discussed in Section 2.3.1.3). If required, nested injection wells may be installed if 
targeted treatment thickness is greater than 20 feet (determined based on field observation of first water 
in borehole to a targeted depth of 85 feet bgs) in order to provide optimal distribution of carbon 
substrate. All injection wells will be completed with neat cement grout to surface and flush-mounted, 
traffic-rated well boxes, at an elevation approximately 0.5-inch above grade. Following well construction, 
but no sooner than 48 hours after well construction is complete, each of the newly installed wells will be 
developed. 

Prior to the carbon substrate injections, slug tests will be performed on a subset of injection wells to determine 
pre-injection hydraulic conditions, using the same methods described in Section 2.5.1. NMR logging may also be 
performed in the injection wells, if it is determined in consultation with the Trust that additional data are needed 
based on field observations during drilling. Although no dye tracer study is contemplated at this time, if 
observations during the bioremediation treatability study data collection indicate that a dye tracer study would be 
valuable, a dye could be added to the injectate solution during a subsequent injection event and monitored at 
downgradient monitoring well locations accordingly. A treatability/pilot study modification would be submitted to 
provide details of the dye tracer study if incorporated into the bioremediation treatability study program.   

3.2.2 Effectiveness Monitoring Well Layout and Design 
Based on lessons learned from the other bioremediation treatability studies performed to date, a monitoring well 
network consisting of upgradient, cross-gradient, and downgradient monitoring wells will be installed at strategic 
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locations within the treatability study area to determine remediation effectiveness. Monitoring wells will be 
installed upgradient of the injection well network to determine the general contaminant concentrations in 
groundwater that is migrating into the injection well transect. Cross-gradient and downgradient monitoring wells 
will be installed at strategic locations to monitor treatment effectiveness and to help estimate the zone of influence 
of the carbon substrate following injections. The final treatability study layout includes installing an additional 12 
monitoring wells at various locations directly in-line and offset from the injection wells at varying distances 
upgradient and downgradient of the injection well transects, as shown in Figure 5. Existing monitoring wells 
installed as part of the pre-design phase (GRTS-MW01A, GRTS-MW02A, GRTS-MW03A, GRTS-MW04A, and 
GRTS-MW05A/B) and previously installed wells MCF-06B and MCF-06C will also be incorporated into the 
effectiveness monitoring program. 

Monitoring wells will be constructed of 2-inch schedule 40 PVC casing and screened with 2-inch diameter, 0.010-
inch slotted PVC well screen from approximately 60 – 85 feet bgs. Wells will be installed by the same methods 
and procedures as the pre-design monitoring wells as discussed in Section 2.3.1.3. Wells will be completed with 
flush-mounted, traffic-rated well boxes at an elevation approximately one-half inch above grade. Following well 
construction, but no sooner than 48 hours after well construction is compete, each of the newly installed wells will 
be developed.  

Prior to the carbon substrate injections, slug tests will be performed on a subset of monitoring wells to determine 
pre-injection hydraulic conditions using the same methods described in Section 2.5.1. Slug tests will be performed 
periodically throughout the treatability study, as they provide valuable information on subsurface conductivity 
changes following carbon substrate injections. NMR logging will also be performed in up to five additional 
monitoring wells selected based on field observations during drilling.  

3.3 INJECTION DESIGN 
This section presents the design for injections of carbon substrate and subsequent distribution water for the 
treatability study. In general, the injection design is consistent with the conceptual design presented in the Work 
Plan. Results from the previous bioremediation treatability study on COH property and the on-going SWF 
Treatability Study have provided preliminary findings on the longevity of each carbon substrate injection event, 
lateral and downgradient coverage or influence of the injections, and impact of the distribution water. Because 
Phase 2 of the Galleria Drive Bioremediation Treatability Study will be performed in the UMCf, the results of the 
previous and on-going studies performed in the alluvium have only been used as general guidance for the design 
needs of this study with respect to carbon substrate injections and follow-up distribution water.  

3.3.1 Carbon Substrate Injections 
The carbon substrate will be pressure-injected into injection wells using a mobile injection system, consisting of a 
tanker or trailer unit with a manifold piping system and hoses supplied with valves and regulators for controlling 
and monitoring the rates of injection. Prior to each injection, the injection solution will be prepared in a truck-
mounted batch tank using water for dilution of the carbon substrate. The injection solution will be prepared by 
thoroughly mixing the carbon substrate, additional amendments, and water in the mixing tank. The injection 
solution will then be pressure-injected into the injection wells through a manifold with hoses equipped with quick 
disconnect fittings. Pressure gauges and a flow totalizer will be used to monitor the pressure and flow rates during 
injection at each injection well.  

Based on the previous treatability studies, bench-scale study results, and pre-design results, EVO was selected 
as the primary carbon substrate. In addition to EVO, a soluble substrate and select additional nutrients and 
amendments will be blended into the carbon substrate solution. The soluble substrate, namely glycerin, will be 
added to the injectate solution to serve as an immediate source of carbon to drive the groundwater anaerobic 
rapidly and reduce acclimation time at the start of the study. Phosphate will also be added to serve as a nutrient 
for the microorganisms to reduce acclimation times during the first injection event. The use of phosphorus in 
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subsequent injection events will be evaluated and may be reduced or eliminated if monitoring results indicate it is 
no longer required. Finally, the results from the bench-scale studies and biotrap results indicate that 
bioaugmentation is not required for perchlorate biodegradation. As a result, bioaugmentation will not be included 
in the field treatability study. 

Final quantities of the carbon substrate and associated amendments will be based on: 

• Results and findings of the pre-design activities outlined in Section 2.0 (including both field activities and 
UNLV laboratory studies); 

• Lithological and soil characteristics of the UMCf; 
• Chemistry and geochemistry of the groundwater collected during the baseline groundwater sampling 

event occurring immediately prior to injections from the newly installed treatability study injection and 
monitoring wells (described in Section 3.2); 

• Stoichiometric requirements for the carbon substrate based on the mass of perchlorate and other electron 
acceptors that will migrate through the treatability study area; and 

• Results and findings of the previous and on-going treatability studies and literature case studies. 

Prior to performing the injections, the carbon substrate solution (EVO, glycerin, and phosphate) will be diluted with 
water. This dilution is generally performed at a ratio of 1:4 parts of carbon substrate to water. However, this 
dilution may be increased up to 1:20 due to the lower hydraulic conductivity within the UMCf. Water used for 
dilution activities will be obtained from a nearby hydrant. An evaluation of water sources is provided in Section 
3.3.2. 

As presented in the previous conceptual design in the Work Plan, up to three separate injection events may be 
required during the treatability study timeframe, which will be sufficient to evaluate the objectives described in 
Section 3.1. It is anticipated that injection events will be spaced approximately 6 to 8 months apart; however, the 
final injection event schedule will be based on the effectiveness monitoring results following the first injection 
event.  

3.3.2 Distribution Water 
A designated quantity of water will be injected into each injection well either with or following each injection. This 
distribution water will improve the subsurface distribution of the carbon substrate within the injection well transect 
to create a more complete treatment zone. As presented in the conceptual design in the Work Plan, there are two 
choices for available water sources used as distribution water during the injections. These include COH water 
obtained from a nearby hydrant or extracted groundwater from nearby injection and/or monitoring wells. It should 
be noted that for the previous treatability study near the COH water treatment facility, hydrant water was used as 
the source for distribution water, while the SWF Area Treatability Study used extracted water from upgradient 
monitoring wells in the immediate vicinity of the treatability study. Although the use of extracted groundwater has 
advantages, the hydrogeologic characteristics of the UMCf within the bioremediation treatability study area make 
extracted groundwater a less than optimal water source due to the potential low yield. As a result, COH hydrant 
water will be used as the water source for both carbon substrate dilution and subsequent injections of distribution 
water.  
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4.0 PHASE 2 EFFECTIVENESS MONITORING PLAN 

This section describes the monitoring program that will be used to assess treatment effectiveness during the 
treatability study.  

4.1 GROUNDWATER SAMPLING PROCEDURES 
General groundwater sampling activities will follow the guidance of the Field Sampling Plan, Revision 1 
(ENVIRON, 2014). Prior to groundwater sample collection, groundwater levels will be gauged in all wells for use 
in potentiometric contouring. Groundwater samples will be collected using low-flow purging and sampling 
techniques. During this purging, a pump capable of purging between approximately 0.1 to 0.13 gpm will be used 
to minimize drawdown and induce inflow of fresh groundwater. The pump discharge water will pass through a 
flow-through cell analyzer for continuous monitoring of field parameters (temperature, pH, turbidity, electrical 
conductivity, dissolved oxygen [DO], and oxidation-reduction potential [ORP]). Field parameters will be monitored 
and recorded on field sampling forms during purging. After the field parameter readings and water levels have 
stabilized, the wells will be sampled. Per the NDEP letter dated June 27, 2016, field-filtering of water samples for 
perchlorate analysis will not be required. Filtering for dissolved metals and hexavalent chromium analyses will be 
conducted in the field using a 0.45-micron filter.  

4.2 EFFECTIVENESS MONITORING 
Groundwater samples will be collected from all injection and monitoring wells in the vicinity of the treatability study 
to establish baseline conditions prior to the injections. After injections have occurred, groundwater samples will be 
periodically collected from the upgradient, cross gradient, and downgradient monitoring wells. The effectiveness 
monitoring well network will include 20 monitoring wells, namely GRTS-MW01A, GRTS-MW02A, GRTS-MW03A, 
GRTS-MW04A, GRTS-MW05A/B, the 12 newly installed monitoring wells proposed as part of the treatability 
study (illustrated in Figure 5), and existing monitoring wells MCF-06B and MCF-06C. A variety of field, laboratory, 
and microbial parameters that will be evaluated during the study are listed in Table 3, which presents the 
parameters, associated analytical methods, and purpose. It is anticipated that groundwater sampling events will 
be performed on a monthly basis during the treatability study timeframe. The actual frequency of sampling, 
selected wells, and specific parameters to be sampled during each individual event may be adjusted based on the 
results from treatability study effectiveness monitoring events. Monitoring wells screened deeper than 90 feet bgs 
(ES-13, GRTS-MW01B, GRTS-MW02B, GRTS-MW03B, and GRTS-MW04B) will be periodically included in the 
groundwater sampling program to evaluate any impacts from injections in the deeper zone. Specialized microbial 
analyses, namely, PLFA analyses and the presence of the perchlorate reductase gene, will be determined via the 
employment of Bio-Traps® in select wells during the study. In addition, slug tests will be repeated periodically 
during the treatability study to examine any changes in hydraulic conductivity as a result of carbon injections and 
geochemical processes. 

Table 3 Example Groundwater Effectiveness Monitoring Sampling Protocol 

Parameter Analytical Method Purpose 
Field Parameters 

EC Field Meter 

Assess geochemical conditions 

pH Field Meter 
DO Field Meter 
ORP Field Meter 
Temperature Field Meter 
Turbidity Field Meter 
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Parameter Analytical Method Purpose 
Field Parameters 

Sulfide HACH Field Kit Examine secondary geochemical impacts 
Ferrous Iron HACH Field Kit Assess effect of reducing conditions on iron 

Laboratory Parameters 
Perchlorate E314.0 Assess treatment effectiveness 

Chlorate E300.1 Assess treatment effectiveness and examination as 
intermediate by-product of perchlorate biodegradation 

Hexavalent 
Chromium E218.6 Examine impact of reductive biological treatment on 

hexavalent chromium in groundwater 
TOC SM5310B Assess carbon substrate distribution in the aquifer 

TDS SM2540C Assess any impact of salts on delayed or slower 
perchlorate biodegradation in the flow-through mode 

Alkalinity SM2320B Assess geochemical conditions 

Nitrate E300.0 Assessment of nitrate as the most likely competing electron 
acceptor and carbon substrate consumer 

Chloride E300.0 Examine the contribution of chloride to TDS 

Sulfate E300.0 Assessment of sulfate as an electron acceptor and 
potential carbon substrate consumer 

Total Nitrogen E351.2/E300.0 Examine the need for micronutrients 
Total Phosphorus E365.3 Examine the need for micronutrients 

Manganese SW846 6010B Assess potential for biologically driven dissolution of 
manganese 

Methane RSK175 Examine secondary geochemical impacts 

Dissolved Metals SW6010B/6020 Assess secondary impacts of treatment 
(includes arsenic, chromium, iron, and manganese) 

VFAs VFA-IC Surrogate carbon substrate assessment 
PLFA Microbial Insights Method Examine microbial response to carbon substrate addition 
Perchlorate 
Reductase Gene Microbial Insights Method Examine microbial response to carbon substrate addition 

Notes: 
BL: Baseline 
EC: Electrical conductivity 
DO: Dissolved Oxygen 
ORP: Oxidation-reduction potential 
PLFA:  Phospholipid Fatty Acids 
TOC: Total organic carbon 
TDS: Total dissolved solids 
VFAs:  Volatile Fatty Acids 

  



Galleria Drive Bioremediation 
Treatability Study Work Plan Addendum  Nevada Environmental Response Trust 

23 March 29, 2019 

4.3 MASS FLUX EVALUATION 
In conjunction with the groundwater monitoring, and as requested by NDEP, a groundwater model will be 
developed to assess the remedial effectiveness of the treatability study. The objective of the groundwater 
modeling is to calculate the groundwater flux through the injection well transects before and after injection. The 
groundwater model results will be used to estimate the amount of perchlorate mass destroyed and amount of 
perchlorate mass that remains in the subsurface after the treatability study is completed. Specifically, the 
groundwater model for this treatability study will be based on the most recent site-wide groundwater model 
available at the time of data collection. This groundwater model will be modified to focus on the treatability study 
area by using grid refinement and site-specific material properties measured by field techniques and laboratory 
analyses, such as geophysics, NMR, slug tests, and physical properties. Once constructed, the modified 
groundwater model will be calibrated to the groundwater response to injections conducted during this study. 
Following site-specific calibration, this model will be used to calculate groundwater flux through injection well 
transects and estimate the perchlorate mass destroyed or left in place by the treatability study. 

4.4 DATA VALIDATION 
All treatability study field samples and field quality assurance/quality control (QA/QC) samples will be evaluated 
for quality and usability. Field QA/QC samples will include equipment blanks, field blanks, field duplicates, and 
matrix spike/matrix spike duplicates. The QA/QC samples will provide information on the effects of sampling 
procedures and assess sampling contamination, laboratory performance, and matrix effects.  

The laboratory analytical data will be verified and validated in accordance with procedures described in the 
Quality Assurance Project Plan, Revision 2 (Ramboll Environ, 2017), NDEP Data Verification and Validation 
Requirements (NDEP, 2018), and email communication on NDEP data validation guidance (Clough, 2018). 
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5.0 PHASE 2 PERMITTING REQUIREMENTS 

Multiple permits will be required prior to performing injection well installation and injection activities associated 
with this treatability study. This section presents a summary of the permit requirements that will likely be required 
for the implementation of the activities described in this Work Plan Addendum. 

5.1 PERMITTING 
A series of permits will be required for the various activities that are being proposed as part of the treatability 
study. In addition to the permits described here, a review of other potential permitting requirements was 
conducted. Based on the project design, several regulatory requirements likely will not apply. No dust control 
permit is needed, because the soil disturbance is expected to be less than 0.25 acres. Authorization under the 
construction stormwater general permit administered by NDEP is not anticipated, because cumulative 
disturbances are not expected to exceed 1 acre. Lastly, there will be no sustained wastewater discharges from 
well operations, so a discharge permit will not be required.  Water from short-term well development and sampling 
will be collected and treated in the GWETS treatment system onsite. 

5.1.1 Well Installation Permitting 
Treatability study activities will require a NAC 534.441 Monitor Well Drilling Waiver and a NAC 534.320 Notice of 
Intent Card prior to installation of injection and/or monitoring wells associated with the treatability study. The 
Monitoring Well Drilling Waiver also requires a completed, signed, and notarized Affidavit of Intent to Abandon a 
Well as an attachment. As required, all injection and monitoring wells will be drilled by a licensed well driller 
pursuant to Nevada Revised Statutes 534.160 and will be constructed pursuant to NAC Chapter 534 – 
Underground Water and Wells. Upon the conclusion of this study, all injection and monitoring well abandonment 
will be done in accordance with the provisions contained in NAC 534.4365 and all other applicable rules and 
regulations for plugging wells in the State of Nevada.  

5.1.2 NDEP – Underground Injection Control Program 
This treatability study will require UIC permit authorization, which is anticipated to be issued under the NDEP UIC 
General Permit for Long-Term Remediation for injection of carbon substrate, amendments, and water into the 
saturated subsurface. Permit authorization is expected to be a modification to the existing general permit 
authorization, GU07RL-51057, issued for the bioremediation treatability studies to date. Alternatively, NDEP may 
require application for issuance of an individual UIC permit. The UIC permit will require injection reports to be 
submitted on a semi-annual basis. 
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6.0 PHASE 2 REPORTING 

Monthly status updates will be provided to the Trust and NDEP summarizing the progress and results of the 
treatability study. Following completion of the treatability study, a final Galleria Drive Bioremediation Treatability 
Study Report will be prepared and submitted for NDEP and USEPA review. This report will summarize the 
treatability study activities and present the results of reducing contaminant concentrations in groundwater in the 
vicinity of the treatability study location. This report will include: 

• Summary and application of bench-scale testing results, including final UNLV bench-scale summary 
report;  

• Field treatability study implementation details based on the design presented herein, including 
presentation of the final injection and monitoring well layout, treatment depths and intervals in the UMCf, 
and a summary of injection activities; 

• Summary of groundwater analytical data collected as part of the effectiveness monitoring program and 
evaluation of ISB effectiveness in reducing contaminants in groundwater within the treatability study area, 
including estimates of the perchlorate, chlorate and hexavalent chromium mass reduction during the 
treatability study timeframe;  

• Estimation of the approximate degradation rates that were attainable in the field from trend graphs of 
individual monitoring wells; 

• Determination of the technology’s feasibility and effectiveness for full-scale application and other relevant 
components required for proper evaluation in the FS; and 

• Preliminary cost considerations for future implementation of the technology including a summary of costs 
incurred during field implementation of this study and preliminary evaluation of cost for in-situ 
bioremediation. 
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7.0 PHASE 2 SCHEDULE 

Phase 2 of this treatability study will begin upon NDEP and USEPA approval of this Work Plan Addendum, Trust 
approval of funding and providing notice to proceed, and timely agency approval of all necessary permits. Tetra 
Tech will coordinate its activities with Ramboll, which is leading the nearby ZVI Enhanced Bioremediation 
Treatability Study, to gain efficiencies where appropriate. It is expected that this treatability study (including 
submittal of the final report) will be completed by December 2020.  
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Geophysical Survey Report 
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) 30A0 0<09D@8@ 

3.1 Time Domain Electromagnetic Survey 

F67? NK^K MYVVOM^ON PY\ ^RO OSQR^ ]Y_XNSXQ] aO\O ^\KX]PO\\ON P\YW ^RO B\Y^OW Db ^Y K B5 PY\ 

ONS^SXQ KXN Z\YMO]]SXQ& 4VV Z\YMO]]SXQ KXN WYNOVSXQ aK] ZO\PY\WON aS^R ^RO ]YP^aK\O ZKMUKQO 

4K\R_] EB<4 ";cN\Y9OYZRc]SM] 9\Y_Z$ ;99#& FRO SXS^SKV ]^OZ aK] ^Y SXZ_^ KVV YP ^RO ]Y_XNSXQ] 

SX^Y ^RO Z\YQ\KW& 8Y\ OKMR ]Y_XNSXQ$ NK^K P\YW ^RO ^R\OO P\O[_OXMSO] aO\O MYWLSXON ^Y Z\YN_MO 

YXO ]^KMUON `YV^KQO NOMKc M_\`O "^\KX]SOX^#& ?OK]_\OWOX^] ObRSLS^SXQ ObMO]]S`O XYS]O aO\O 

OS^RO\ NOVO^ON Y\ WK]UON& @Ob^ NK^K aO\O ^\KX]PY\WON SX^Y KZZK\OX^ \O]S]^S`S^c `O\]_] ^SWO QK^O& 

7KMR KZZK\OX^ \O]S]^S`S^c M_\`O aK] WYNOVON Lc SX`O\]SYX ^Y YL^KSX K YXO%NSWOX]SYXKV ")%6# 

QOYOVOM^\SM WYNOV& FRO SX`O\]SYX Z\YQ\KW ^ROX KNT_]^] ZK\KWO^O\] ]Y ^RK^ ^RO MKVM_VK^ON M_\`O 

MYX`O\QO] ^Y LO]^ PS^ ^RO \Ka NK^K& FaY ^cZO] YP SX`O\]SYX \Y_^SXO] aO\O _^SVSdON2 K ]SWZVO )%6 

VKcO\ON WYNOV SX`O\]SYX KXN KX KN`KXMON )%6 WYNOV SX`O\]SYX& FRO ]SWZVO EB<4 WYNOV 

SX`O\]SYX \Y_^SXO \O^_\X] K ]WYY^R SX`O\^ON WYNOV YP *( VKcO\] KXN K VKcO\ON SX`O\^ON WYNOV YP - 

VKcO\]& <XS^SKV SX`O\]SYX WYNOV \O]_V^] aO\O ^ROX O`KV_K^ON3 OX]_\SXQ VKcO\]$ LY_XNK\SO]$ KXN O\\Y\ 

aO\O aS^RSX KMMOZ^KLVO VO`OV]& FY NO^O\WSXO ^RO SXPV_OXMO KXN LO]^ PS^ YP ^RO X_WLO\ YP VKcO\] YX 

^RO ]YV_^SYX$ ]OZK\K^O SX`O\]SYX] aS^R NSPPO\OX^ X_WLO\] YP VKcO\] aO\O SX`O\^ON aS^R ^RO 

4N`KXMON <X`O\]SYX ]_L\Y_^SXO$ _^SVSdSXQ ^RO \O]_V^] YP ^RO Z\O`SY_] ]SWZVO SX`O\]SYX KXN MYX^Ob^ 

YP ^RO ]S^O QOYVYQc& FRO ]_L]O[_OX^ ]^K\^SXQ WYNOV ZK\KWO^O\] aO\O _]ON ^Y QOXO\K^O K WYNOV 

aS^R K PSXKV SX`O\]SYX$ aRSMR S] ^ROX Y_^Z_^ K] K ^KLVO KXN K Q\KZRSM& 8SXKV WYNOV \O]_V^] aO\O 

O`KV_K^ON PY\ QOYVYQSM `KVSNS^c KXN ]_LWS^^ON PY\ SX^O\XKV C5& 

FRO SX^O\Z\O^ON QOYOVOM^\SM WYNOV NO\S`ON P\YW OKMR F67? ]Y_XNSXQ S] XY^ _XS[_O& FRO WKQXS^_NO 

YP OKMR SXNS`SN_KV VKcO\ \O]S]^S`S^c KXN ^RSMUXO]] MKX XY\WKVVc `K\c aS^RSX K VSWS^ON \KXQO aS^R XY 

]SQXSPSMKX^ MRKXQO ^Y ^RO NK^K PS^& FRS] `K\SK^SYX S] ^O\WON O[_S`KVOXMO KXN S] K Z\YLVOW PKMON Lc 

WY]^ ]_\PKMO QOYZRc]SMKV ^OMRXS[_O]& 4XY^RO\ PY\W YP KXKVcdSXQ O[_S`KVOXMO S] SX ^RO ^Y^KV X_WLO\ 

YP VKcO\] _]ON SX ^RO SX`O\]SYX WYNOV& <X ^RO EB<4 Z\YQ\KW$ ^RO SX^O\Z\O^O\ ]O^] K PSbON X_WLO\ YP 

VKcO\]& 6_\SXQ ^RO SX`O\]SYX Z\YMO]]$ ^RO Z\YQ\KW KNT_]^] ^RO VKcO\ \O]S]^S`S^c KXN ^RSMUXO]] ]Y ^RO 

WYNOV LO]^ PS^] ^RO NK^K& 9OXO\KVVc$ K WSXSW_W X_WLO\ YP VKcO\] K\O _]ON SX ^RO WYNOVSXQ Z\YQ\KW& 

FRS] S] NO^O\WSXON Lc SXM\OK]SXQ ^RO X_WLO\ YP VKcO\] SX ^RO WYNOV _X^SV KNNS^SYXKV VKcO\] NY XY^ 

]SQXSPSMKX^Vc SWZ\Y`O ^RO NK^K PS^& ?YNOV] aS^R ^R\OO ^Y PS`O VKcO\] aO\O _]ON PY\ ^RO F67? NK^K 

MYVVOM^ON N_\SXQ ^RS] SX`O]^SQK^SYX& 
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FRO Z_\ZY]O YP ^RO F67? ]Y_XNSXQ] aK] ^Y SWKQO ^RO ]_L]_\PKMO SX KX K^^OWZ^ ^Y NO^O\WSXO ^RO 

NOZ^R ^Y ^RO SX^O\PKMO LO^aOOX ^RO KVV_`S_W KXN ^RO _XNO\VcSXQ GZZO\ ?_NNc 5\OOU PY\WK^SYX 

KXN$ SP ZY]]SLVO$ NO^O\WSXO SP KXc ZKVOYMRKXXOV] aO\O Z\O]OX^ LOXOK^R ^RO ^\K`O\]O]& F67? NK^K 

SX`O\^ON MYX]S]^OX^Vc KXN WYNOVON OK]SVc& 7\\Y\ SX ^RO F67? NK^K WKc RK`O LOOX N_O ^Y XYS]O$ 

VSUOVc ^RO MYX]O[_OXMO YP POXMO VSXO] Y\ WYXS^Y\ aOVV] XOK\ ^RO ^\KX]WS^^O\ VYYZ]$ KXN ZYaO\ VSXO] 

SX ^RO `SMSXS^c& 4V^RY_QR ^RO\O aO\O XYS]O ]Y_\MO]$ \OZOK^ \OKNSXQ] KXN VYXQO\ KM[_S]S^SYX ^SWO] 

SWZ\Y`ON ^RO ]SQXKV ^Y XYS]O \K^SY$ SXM\OK]SXQ MYXPSNOXMO SX ^RO NK^K KXN SX^O\Z\O^K^SYX]& 4 

\OZ\O]OX^K^S`O )%6 VKcO\ON \O]S]^S`S^c WYNOV$ ^cZSMKV PY\ ^RO 0 F67? ]Y_XNSXQ] KM[_S\ON PY\ ^RS] 

Z\YTOM^$ S] Z\O]OX^ON SX 8SQ_\O *& FRO ]^KMUON \O]S]^S`S^c M_\`O KXN )%6 >KcO\ON WYNOV ObRSLS^ 

QYYN KQ\OOWOX^ KXN VYa O\\Y\& DO]SN_KV O\\Y\] PY\ KVV WYNOV] aO\O VO]] ^RKX )$ aOVV aS^RSX 

KMMOZ^KLVO \KXQO& 

?YNOV \O]S]^S`S^c \O]_V^] PY\ >SXO ) KXN >SXO * K\O Z\O]OX^ON K] NO\S`ON OK\^R WYNOV] SX 8SQ_\O + 

KXN 8SQ_\O ,& <XNS`SN_KV WYNOV \O]_V^] K\O Z\Y`SNON SX FKLVO * ^R\Y_QR FKLVO 1& 6O\S`ON OK\^R 

WYNOV] K\O Z\O]OX^ON ]MROWK^SMKVVc$ ZVY^^SXQ WYNOV \O]S]^S`S^SO] `O\^SMKVVc LOXOK^R OKMR ]^K^SYX$ 

S&O& ( W$ ,( W$ 0( W$ )*( W$ KVYXQ Z\YPSVO& 5YWWYX \O]S]^S`S^c `KV_O] aO\O MYXXOM^ON KVYXQ 

Z\YPSVO& FRS] \O]_V^ON SX + VKcO\ OK\^R WYNOV]& FRO _ZZO\WY]^ S] VSUOVc K]]YMSK^ON aS^R _X]K^_\K^ON 

MYK\]O%Q\KSXON ]ONSWOX^$ ObRSLS^SXQ K \O]S]^S`S^c \KXQSXQ P\YW *- ^Y )(( YRW%W KXN ^RSMUXO]] YP 

*0 ^Y ,+ P^& FRO ]OMYXN VKcO\ S] VSUOVc K]]YMSK^ON aS^R _X]K^_\K^ON GZZO\ ?_NNc 5\OOU PY\WK^SYX 

"G?5P# KXN ObRSLS^] K \O]S]^S`S^c YP , ^Y )( YRW%W KXN K ^RSMUXO]] \KXQSXQ P\YW *) ^Y +* P^& FRO 

RKVP ]ZKMO "VYaO]^ VKcO\#$ LOVYa ^RO _X]K^_\K^ON G?5P ObRSLS^] \O]S]^S`S^c \KXQSXQ P\YW (&- ^Y * 

YRW%W KXN S] SX^O\Z\O^ON K] ]K^_\K^ON G?5P& >S^RYVYQSM SXPY\WK^SYX P\YW LY\ORYVO VYQ] KXN 

NOZ^R ^Y aK^O\ WOK]_\OWOX^] YL^KSXON P\YW WYXS^Y\ aOVV] SX ^RO `SMSXS^c KQ\OO aS^R ^RO F67? 

WYNOV \O]_V^]& 

<X^O\Z\O^ON NOZ^R ^Y ^YZ YP ^RO SX^O\PKMO LO^aOOX ^RO KVV_`S_W KXN _X]K^_\K^ON G?5P \KXQO] 

P\YW KZZ\YbSWK^OVc *0 ^Y ,+ P^$ ObRSLS^SXQ WSXY\ VK^O\KV `K\SKLSVS^c LO^aOOX ]Y_XNSXQ]& ;YaO`O\$ 

^RO\O S] XY MVOK\ O`SNOXMO YP ZKVOYMRKXXOV] K^ ^RO \O]YV_^SYX YL^KSXON _]SXQ ^RO F67? WO^RYN& 
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4 QOYZRc]SMKV ]^_Nc aK] MYXN_M^ON SX KX K\OK aS^RSX ^RO @7DF ]S^O SX ;OXNO\]YX$ @O`KNK YX 

?K\MR *0 KXN 4Z\SV 1$ *()0& FRO Z_\ZY]O YP ^RO QOYZRc]SMKV ]^_Nc aK] ^Y WKZ ^RO SX^O\PKMO 

LO^aOOX ^RO GZZO\ ?_NNc 5\OOU PY\WK^SYX "FO\^SK\c 5VKc GXS^# KXN ^RO Y`O\VcSXQ KVV_`S_W$ KXN 

^Y SNOX^SPc ZKVOYMRKXXOV] M_^ SX^Y ^RO MVKc _XS^$ SP ZY]]SLVO& FRO QOYZRc]SMKV ^OMRXS[_O OWZVYcON 

aK] ^SWO NYWKSX OVOM^\YWKQXO^SM "F67?# ]Y_XNSXQ]& F67? NK^K SX`O\^ON MYX]S]^OX^Vc KXN 

WYNOVON OK]SVc aS^R `O\c QYYN \O]_V^] KXN VYa WYNOV O\\Y\& DOZOK^ \OKNSXQ] KXN VYXQO\ 

KM[_S]S^SYX ^SWO] SWZ\Y`ON ^RO ]SQXKV ^Y XYS]O \K^SY$ SXM\OK]SXQ MYXPSNOXMO SX ^RO NK^K KXN 

SX^O\Z\O^K^SYX]& ?YNOV \O]S]^S`S^c \O]_V^] PY\ >SXO ) KXN >SXO * K\O Z\O]OX^ON K] 8SQ_\O + KXN 

8SQ_\O ,$ KXN FKLVO * ^R\Y_QR FKLVO 1& 6OZ^R ^Y ^RO SX^O\PKMO LO^aOOX ^RO KVV_`S_W KXN ^RO 

_X]K^_\K^ON GZZO\ ?_NNc 5\OOU PY\WK^SYX S] SX^O\Z\O^ON ^Y \KXQO P\YW KZZ\YbSWK^OVc *0 ^Y ,+ 

P^& DO]_V^] ObRSLS^ WSXY\ VK^O\KV `K\SKLSVS^c LO^aOOX ]Y_XNSXQ]& ;YaO`O\$ ^RO\O S] XY MVOK\ 

O`SNOXMO YP ZKVOYMRKXXOV] K^ ^RO \O]YV_^SYX YL^KSXON _]SXQ ^RO F67? WO^RYN&  

FRO ,( W Fb VYYZ ]SdO$ KV^RY_QR ]_MMO]]P_V K^ SWKQSXQ ^RO ^YZ YP ^RO SX^O\Z\O^ON SX^O\PKMO$ 

Z\Y`SNON K `O\c MYK\]O ]KWZVSXQ SX^O\`KV$ VSUOVc ^YY MYK\]O ^Y SWKQO ZY^OX^SKV ZKVOYMRKXXOV] ^RK^ 

WKc LO ]WKVVO\ ^RKX ,( W aSNO& 207Vision \OMYWWOXN] ^aY%NSWOX]SYXKV "*%6# OVOM^\SMKV 

\O]S]^S`S^c ^\KX]OM^] NOZVYcON MYSXMSNOX^Vc KVYXQ >SXO ) KXN >SXO *& 7VOM^\SMKV \O]S]^S`S^c Z\YPSVO] 

aSVV Z\Y`SNO ^\_O *%6 NK^K KXN W_MR RSQRO\ XOK\ ]_\PKMO \O]YV_^SYX aRSMR WKc KVVYa LO^^O\ 

NOVSXOK^SYX YP ZY^OX^SKV ZKVOYMRKXXOV] M_^ SX^Y ^RO G?5P&  

B\O`SY_] ]^_NSO] SX ^RO `SMSXS^c RK`O KV]Y RKN ZY]S^S`O \O]_V^] _]SXQ ^RO 9OYXSM] 7?%+, ]c]^OW& 

207Vision \OMYWWOXN] KM[_S\SXQ 7?%+, NK^K K^ ^RS] ]S^O& <^ WKc LO KN`KX^KQOY_] ^Y Q\SN ^RO 

K\OK YP SX^O\O]^ K^ KZZ\YbSWK^OVc )( W ]^K^SYX SX^O\`KV]& 4V^RY_QR ^RO 7?%+, Z\Y`SNO] )%6 

]Y_XNSXQ NK^K$ SP NOZVYcON SX K Q\SN ZK^^O\X$ NK^K WKc LO MYX^Y_\ON K] K *%6 WKZ Y\ ZY^OX^SKVVc K 

+%6 `YV_WO$ aRSMR WKc ROVZ SNOX^SPc ZY^OX^SKV ZKVOYMRKXXOV] M_^ SX^Y ^RO G?5P& 
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4VV QOYZRc]SMKV NK^K$ KXKVc]S]$ SX^O\Z\O^K^SYX]$ MYXMV_]SYX]$ KXN \OMYWWOXNK^SYX] SX ^RS] 

NYM_WOX^ RK`O LOOX Z\OZK\ON _XNO\ ^RO ]_ZO\`S]SYX YP KXN \O`SOaON Lc K 207Vision 5KVSPY\XSK 

B\YPO]]SYXKV 9OYZRc]SMS]^& 

B\OZK\ON Lc 

     (-')0'*()0 

=YXK^RKX =Y\NKX          6K^O 

EOXSY\ E^KPP 9OYZRc]SMS]^ 

207Vision 9OYZRc]SMKV EO\`SMO] 

DO`SOaON KXN KZZ\Y`ON Lc 

    (-')0'*()0 

HSM^Y\ ? 9YXdKVOd            6K^O 

5KVSPY\XSK B\YPO]]SYXKV 9OYZRc]SMS]^$ B&9Z& )(/, 

207Vision 9OYZRc]SMKV EO\`SMO] 

" FRS] QOYZRc]SMKV SX`O]^SQK^SYX aK] MYXN_M^ON _XNO\ ^RO ]_ZO\`S]SYX YP K 5KVSPY\XSK 

B\YPO]]SYXKV 9OYZRc]SMS]^ _]SXQ SXN_]^\c ]^KXNK\N WO^RYN] KXN O[_SZWOX^& 4 RSQR NOQ\OO YP 

Z\YPO]]SYXKVS]W aK] WKSX^KSXON N_\SXQ KVV K]ZOM^] YP ^RO Z\YTOM^ P\YW ^RO PSOVN SX`O]^SQK^SYX 

KXN NK^K KM[_S]S^SYX$ ^R\Y_QR NK^K Z\YMO]]SXQ$ SX^O\Z\O^K^SYX$ KXN \OZY\^SXQ& 4VV Y\SQSXKV PSOVN 

NK^K PSVO]$ PSOVN XY^O] KXN YL]O\`K^SYX]$ KXN Y^RO\ ZO\^SXOX^ SXPY\WK^SYX K\O WKSX^KSXON SX ^RO 

Z\YTOM^ PSVO] KXN K\O K`KSVKLVO PY\ ^RO MVSOX^ ^Y \O`SOa PY\ K ZO\SYN YP K^ VOK]^ YXO cOK\& 

4 Z\YPO]]SYXKV QOYZRc]SMS]^g] MO\^SPSMK^SYX YP SX^O\Z\O^ON QOYZRc]SMKV MYXNS^SYX] MYWZ\S]O] K 

NOMVK\K^SYX YP RS]'RO\ Z\YPO]]SYXKV T_NQWOX^& <^ NYO] XY^ MYX]^S^_^O K aK\\KX^c Y\ Q_K\KX^OO$ 

ObZ\O]]ON Y\ SWZVSON$ XY\ NYO] S^ \OVSO`O KXc Y^RO\ ZK\^c YP S^] \O]ZYX]SLSVS^c ^Y KLSNO Lc 

MYX^\KM^ NYM_WOX^]$ KZZVSMKLVO MYNO]$ ]^KXNK\N]$ \OQ_VK^SYX]$ Y\ Y\NSXKXMO]& 
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Table 1  TDEM SOUNDING LOCATIONS

Line Sounding
Northing 

(US Feet)

Easting    

(US Feet)

Elevation    

(US Feet)
1 1 26,728,682         834,646      1,634

1 2 26,728,782         834,729      1,633

1 3 26,728,880         834,815      1,630

1 4 26,728,979         834,901      1,630

2 1 26,728,920         834,715      1,628

2 2 26,728,876         834,839      1,627

2 3 26,728,831         834,961      1,627

2 4 26,728,788         835,085      1,627

1. Coordinates in NV State Plane,  Nevada East (2701), NAD83 (Conus), US Survey Feet.

2. Coordinates taken with a Trimble ProXRS GPS System with OmniSTAR submeter corrections.
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SITE LOCATED AT
NERT SITE

HENDERSON, NEVADA

PREPARED FOR
TETRA TECH, INC.

NOTES:
1.  Nevada State Plane Coordinate System, NAD 83, East (2701), US Survey Feet
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Figure 2 
Example 1D Layered TDEM Model 
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Appendix B 
Boring Logs and Well Construction Details 

  



Galleria Drive Bioremediation Treatability Study Work Plan Addendum 
Table B.1 - Monitoring Well Construction Summary

Ground 
Surface 

Elevation

Top of 
Casing 

Elevation

Well 
Diameter 

Borehole 
Diameter

Borehole 
Total 
Depth

Well 
Total 
Depth

Top of 
Screen 

Bottom 
of Screen 

Screen 
Length Slot Size 

feet amsl feet amsl inches inches feet bgs feet bgs feet bgs feet bgs feet inches
26728794.03 834737.35 1633.88 1633.49 2 6 82 80.5 60 80 20 0.010
26728796.86 834742.46 1633.88 1633.32 2 6 120 110.5 90 110 20 0.010
26728771.59 835074.09 1632.59 1632.04 2 6 82 80.5 60 80 20 0.010
26728770.64 835079.15 1632.43 1631.89 2 6 120 110.5 90 110 20 0.010
26728879.93 834947.17 1630.72 1630.18 4 8 80 75.5 65 75 10 0.010
26728880.95 834952.89 1630.55 1630.27 4 8 120 110.5 90 110 20 0.010
26728915.61 834839.84 1631.09 1630.70 2 6 86.5 85.5 70 85 15 0.010
26728916.48 834845.04 1631.19 1630.86 2 6 120 110 89.5 109.5 20 0.010
26728941.02 835055.82 1628.63 1628.19 2 6 80 70.5 60 70 10 0.010
26728941.82 835060.59 1628.61 1628.23 2 6 120 85.5 75 85 10 0.010

Notes
amsl above mean sea level
bgs below ground surface

EastingNorthing

GRTS-MW05B
GRTS-MW05A
GRTS-MW04B

GRTS-MW01A

Monitoring Well/
Borehole ID

GRTS-MW04A
GRTS-MW03B
GRTS-MW03A
GRTS-MW02B
GRTS-MW02A
GRTS-MW01B

1 of 1



( TETRA TECH 

0 -82' - SEE LOG FOR GRTS-MW01B FOR LITHOLOGY.
Bottom of Flush
Mount Vault

5%
Bentonite-Cement
(0.7'-52.5')

GROUND ELEVATION 1633.88 ft MSL

 CHECKED BY M. BaronLOGGED BY J. Bunkers

DATE STARTED 4/20/18

DRILLING CONTRACTOR Cascade Drilling

DRILLING METHOD Sonic NORTHING 26728794.03

BOREHOLE DIAMETER 6"

EASTING 834737.35

TOTAL DEPTH 82 ft

NOTES Air knife to 10 feet below ground surface.

COMPLETED 4/21/18
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MATERIAL DESCRIPTION WELL DIAGRAM

Casing Top Elev: 1633.49 (ft)
Casing Type: 2" Sched. 40 PVC
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... 

1551.982.0

0 -82' - SEE LOG FOR GRTS-MW01B FOR LITHOLOGY.(continued from previous)

Bottom of borehole at 82.0 feet.

Hydrated
Bentonite 3/8"
Chips
(52.5'-57.5')

Filter Pack
Pioneer Sand
#2/12
(57.5'-82')

0.010" slot, 2"
Sch. 40 PVC
(60'-80')
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1629.9

1623.9

1617.9

1609.9

1606.9
1606.7
1606.1

1604.1

4.0

10.0

16.0

24.0

27.0
27.2
27.8

29.8

0'-4'- (GM) Light brown (7.5YR 6/4); Well graded SILTY GRAVEL with SAND; Dry;
Loose; 40% gravel, 30% sand, 30% silt; 10% coarse, 40% medium, 50% fine grained
sand; Angular grains.

4'-10'- (GM) Brown (7.5YR 5/4); Well graded SILTY GRAVEL with SAND; Dry;
Loose; 50% gravel, 30% sand, 20% silt; 20% coarse, 40% medium, 40% fine grained
sand; Angular grains.

10'-16'- (SW-SM) Brown (7.5YR 4/4); Well graded SAND with SILT and GRAVEL;
Dry; Loose; 30% gravel, 60% sand, 10% silt; 30% coarse, 30% medium, 40% fine
grained sand; Angular grains; Few caliche nodules.

16'-24'- (SW-SM) Brown (7.5YR 4/4); Well graded SAND with SILT and GRAVEL;
Dry; Loose; 20% gravel, 70% sand, 10% silt; 45% coarse, 25% medium, 30% fine
grained sand; Angular to subrounded grains; Volcanic sand.

24'-27'- (GW-GM) Brown (7.5YR 4/3); Well graded GRAVEL with SILT and SAND;
Dry; Loose; 50% gravel, 40% sand, 10% silt; 20% coarse, 50% medium, 30% fine
grained sand; Subangular to subrounded grains; Volcanic sand; Some cobbles up to
3.5 inch.

27'-27.2'- (ML) Brown (7.5YR 5/4); SILT; Dry; Stiff; 10% sand, 80% silt, 10% clay;
100% fine grained sand; Low to medium plasticity.
27.2'-27.8'- White (N9); Gypsum bed.
27.8'-29.8'- (ML) Brown (7.5YR 5/4); SILT; Dry; Stiff; 10% sand, 80% silt, 10%
clay; 100% fine grained sand; Low to medium plasticity.

Bottom of Flush
Mount Vault

  GM

  GM

  SW-
SM

  SW-
SM

  GW-
GM

  ML

  ML

GROUND ELEVATION 1633.88 ft MSL

 CHECKED BY M. BaronLOGGED BY J. Bunkers

DATE STARTED 4/18/18

DRILLING CONTRACTOR Cascade Drilling

DRILLING METHOD Sonic NORTHING 26728796.86

BOREHOLE DIAMETER 6"

EASTING 834742.46

TOTAL DEPTH 120 ft

NOTES Air knife to 10 feet below ground surface.

COMPLETED 4/20/18

D
E

P
T

H
(f

t)

0

5

10

15

20

25

30
(Continued Next Page)

S
A

M
P

LE
 T

Y
P

E
N

U
M

B
E

R

PAGE  1  OF  4
WELL NUMBER GRTS-MW01B

PROJECT NUMBER 117-7502018-M17 PROJECT LOCATION Henderson, NV

PROJECT NAME Galleria Drive Bioremediation Treatability StudyCLIENT Nevada Environmental Response Trust

N
E

R
T

 G
E

N
E

R
A

L 
B

H
/W

E
LL

 -
 G

IN
T

 S
T

D
 U

S
.G

D
T

 -
 1

2/
7/

18
 1

1
:0

2 
- 

C
:\U

S
E

R
S

\P
U

B
LI

C
\D

O
C

U
M

E
N

T
S

\B
E

N
T

LE
Y

\G
IN

T
\P

R
O

JE
C

T
S

\M
17

_F
IN

A
L_

20
1

81
20

5
.G

P
J

150 South Fourth Street, Unit A
Henderson, NV 89015

G
R

A
P

H
IC

LO
G

MATERIAL DESCRIPTION WELL DIAGRAM

Casing Top Elev: 1633.32 (ft)
Casing Type: 2" Sched. 40 PVC
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1603.4

1599.9

1598.9

1596.4

1594.4

1593.4

1592.4

1589.4

1585.9

1584.9

1579.9

1572.9
1572.4
1571.9

30.5

34.0

35.0

37.5

39.5

40.5

41.5

44.5

48.0

49.0

54.0

61.0
61.5
62.0

29.8'-30.5'- White (N9); Gypsum bed.(continued from previous)
30.5'-34'- (CH) Light gray (5Y 7/2); FAT CLAY; Dry; Stiff; 20% silt, 80% clay; High
plasticity.

34'-35'- White (N9); Gypsum bed.

35'-37.5'- (CH) Brown (7.5YR 5/3); FAT CLAY; Dry; Stiff; 20% silt, 80% clay; High
plasticity; Abundant  gypsum crystals.

37.5'-39.5'- (CH) Olive gray (5Y 5/2); FAT CLAY; Dry; Stiff; 100% clay; High
plasticity.

39.5'-40.5'- (CH) Light yellowish brown (10YR 6/4); FAT CLAY; Dry; Stiff; 100%
clay; High plasticity; Few fine grained gypsum crystals.
40.5'-41.5'- White (N9); Gypsum bed.

41.5'-44.5'- (MH) Light yellowish brown (10YR 6/4); ELASTIC SILT; Dry; Stiff; 5%
sand, 70% silt, 25% clay; 100% fine grained sand; Medium to high plasticity.

44.5'-48'- (CH) Brown (7.5YR 4/3); FAT CLAY; Moist; Stiff; 5% silt, 95% clay; High
plasticity; Abundant  gypsum crystals.

48'-49'- (ML) Brown (7.5YR 4/3); SILT; Moist; Stiff; 5% sand, 70% silt, 25% clay;
100% fine grained sand; Non plastic to low plasticity; No gypsum crystals.
49'-54'- (CH) Reddish brown (5YR 5/4); FAT CLAY; Moist; Stiff; 100% clay; High
plasticity; Abundant disseminated gypsum crystals.

54'-61'- (CL) Light gray (2.5Y 7/2); LEAN CLAY; Moist; Soft; 10% silt, 90% clay;
Low to medium plasticity; Abundant very fine to fine gypsum crystals.

Below 58' - No gypsum crystals.

61'-61.5'- (CL) Brown (7.5YR 4/3); LEAN CLAY; Moist; Stiff; 10% silt, 90% clay;
Low to medium plasticity; Abundant  gypsum crystals.
61.5'-62'- White (N9); Gypsum bed.
62'-65'- (CL) Brown (7.5YR 4/3); LEAN CLAY; Moist; Stiff; 10% silt, 90% clay; Low
to medium plasticity; Abundant  gypsum crystals.

5%
Bentonite-Cement
(0.5'-84')

  CH

  CH

  CH
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  MH
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1568.9

1563.9

1561.4

1560.4

1559.4
1558.9

1556.4
1555.9

1552.9
1552.4
1551.9

1546.9

1545.9

1538.9

65.0

70.0

72.5

73.5

74.5
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77.5
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81.0
81.5
82.0

87.0

88.0

95.0

65'-70'- (CL) Light gray (2.5Y 7/2); LEAN CLAY; Moist; Stiff; 10% silt, 90% clay;
Low to medium plasticity; Abundant corase grained gypsum crystals.

Below 69' - No gypsum crystals.

70'-72.5'- (CL) Olive gray (5Y 5/2); LEAN CLAY; Moist; Stiff; 10% silt, 90% clay;
Low to medium plasticity.

72.5'-73.5'- (CL) Brown (7.5YR 4/4); LEAN CLAY; Moist; Stiff; 10% silt, 90% clay;
Low to medium plasticity.
73.5'-74.5'- White (N9); Gypsum bed.

74.5'-75'- (CH) Brown (7.5YR 4/4); FAT CLAY; Wet; Soft; 100% clay; High
plasticity; Abundant gypsum crystals.
75'-77.5'- (CH) Brown (7.5YR 4/3); FAT CLAY; Wet; Stiff; 100% clay; High
plasticity; No gypsum crystals.

77.5'-78'- (CH) Brown (7.5YR 4/3); FAT CLAY; Wet; Soft; 100% clay; High
plasticity; Abundant  gypsum crystals.
78'-81'- (CH) Brown (7.5YR 5/4); FAT CLAY; Wet; Stiff; 100% clay; High plasticity;
Organic odor; Few organic lenses; No gypsum crystals.

81'-81.5'- (CH) Dark brown (7.5YR 3/4); FAT CLAY; Wet; Stiff; 100% clay; High
plasticity; Abundant  gypsum crystals.
81.5'-82'- White (N9); Gypsum bed.
82'-87'- (CH) Dark brown (7.5YR 3/4); FAT CLAY; Wet; Stiff; 100% clay; High
plasticity; Abundant  gypsum crystals.

87'-88'- (CH) Light gray (5Y 7/2); FAT CLAY; Wet; Stiff; 100% clay; High plasticity;
Abundant  gypsum crystals.
88'-95'- (CH) Dark brown (7.5YR 3/4); FAT CLAY; Wet; Stiff; 100% clay; High
plasticity.

95'-102'- (ML) Dark brown (7.5YR 3/4); SILT; Wet; Soft; 3% sand, 57% silt, 40%
clay; 100% fine grained sand; Low to medium plasticity; No gypsum crystals.

Hydrated
Bentonite 3/8"
Chips (84'-88')

Filter Pack
Pioneer Sand
#2/12
(88'-111')
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1531.9

1527.9

1519.4

1517.9

1513.9

102.0

106.0

114.5

116.0

120.0

95'-102'- (ML) Dark brown (7.5YR 3/4); SILT; Wet; Soft; 3% sand, 57% silt, 40%
clay; 100% fine grained sand; Low to medium plasticity; No gypsum
crystals.(continued from previous)

102'-106'- (CH) Dark brown (7.5YR 3/3); FAT CLAY; Moist; Stiff; 20% silt, 80%
clay; High plasticity.

106'-114.5'- (CH) Dark brown (7.5YR 3/3); FAT CLAY; Wet; Stiff; 100% clay; High
plasticity; Abundant disseminated gypsum crystals.

114.5'-116'- (CH) Mottled Dark gray (N2) with black (2.5Y 4/1); FAT CLAY; Wet;
Stiff; 100% clay; Mottled; High plasticity; Organic odor.

116'-120'- (CH) Light olive gray (5Y 6/2); FAT CLAY; Wet; Stiff; 100% clay; High
plasticity; Organic odor.

Bottom of borehole at 120.0 feet.

0.010" slot, 2"
Sch. 40 PVC
(90'-110')

Hydrated
Bentonite 3/8"
Chips
(111'-120')
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0 -82' - SEE LOG FOR GRTS-MW02B FOR LITHOLOGY.
Bottom of Flush
Mount Vault

5%
Bentonite-Cement
(0.7'-53')

GROUND ELEVATION 1632.59 ft MSL

 CHECKED BY M. BaronLOGGED BY J. Bunkers

DATE STARTED 4/15/18

DRILLING CONTRACTOR Cascade Drilling

DRILLING METHOD Sonic NORTHING 26728771.59

BOREHOLE DIAMETER 6"

EASTING 835074.09

TOTAL DEPTH 82 ft

NOTES Air knife to 10 feet below ground surface.

COMPLETED 4/15/18
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Casing Type: 2" Sched. 40 PVC



( it TETRA TECH 

1550.682.0

0 -82' - SEE LOG FOR GRTS-MW02B FOR LITHOLOGY.(continued from previous)

Bottom of borehole at 82.0 feet.

Hydrated
Bentonite 3/8"
Chips
(53'-57.5')

Filter Pack
Pioneer Sand
#2/12
(57.5'-82')

0.010" slot, 2"
Sch. 40 PVC
(60'-80')
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Im TETRA TECH 
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1630.4

1628.4

1627.4

1622.4

1620.4

1613.4

1605.4

1603.9

2.0

4.0

5.0

10.0

12.0

19.0

27.0

28.5

0'-2'- (SM) Light brown (7.5YR 6/4); SILTY SAND; Dry; Loose; 10% gravel, 60%
sand, 30% silt; 40% medium, 60% fine grained sand; Subangular grains.

2'-4'- (SW-SM) Brown (7.5YR 5/4); Well graded SAND with SILT and GRAVEL;
Dry; Loose; 40% gravel, 50% sand, 10% silt; 30% coarse, 50% medium, 20% fine
grained sand; Subangular grains.

4'-5'- (GW) Brown (7.5YR 4/4); Well graded GRAVEL with SAND; Dry; Loose; 60%
gravel, 40% sand; 50% coarse, 40% medium, 10% fine grained sand; Subangular
grains.
5'-10'- (GW-GM) Brown (7.5YR 4/4); Well graded GRAVEL with SILT and SAND;
Dry; Loose; 50% gravel, 40% sand, 10% silt; 50% coarse, 50% medium grained sand;
Subangular grains.

10 -12' - No recovery.

12'-19'- (SW-SM) Brown (7.5YR 4/3); Well graded SAND with SILT and GRAVEL;
Dry; Loose; 40% gravel, 50% sand, 10% silt; 30% coarse, 40% medium, 40% fine
grained sand; Subangular to subrounded grains; Fine to very coarse gravel up to 3
inch.

19'-27'- (SM) Brown (7.5YR 4/4); SILTY SAND; Dry; Loose; 10% gravel, 50% sand,
40% silt; 40% coarse, 40% medium, 20% fine grained sand; Subangular to
subrounded grains; Volcanic sand.

27 -28.5' - No recovery.

28.5'-36'- (SW) Brown (7.5YR 4/4); Well graded SAND with GRAVEL; Dry; Loose;
20% gravel, 75% sand, 5% silt; 35% coarse, 35% medium, 30% fine grained sand;
Angular to subrounded grains; Few caliche nodules.

Bottom of Flush
Mount Vault  SM

  SW-
SM

  GW

  GW-
GM

  SW-
SM

  SM

  SW

GROUND ELEVATION 1632.43 ft MSL

 CHECKED BY M. BaronLOGGED BY J. Bunkers

DATE STARTED 4/13/18

DRILLING CONTRACTOR Cascade Drilling

DRILLING METHOD Sonic NORTHING 26728770.64

BOREHOLE DIAMETER 6"

EASTING 835079.15

TOTAL DEPTH 120 ft

NOTES Air knife to 10 feet below ground surface.

COMPLETED 4/14/18
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( it TETRA TECH 

1596.4

1594.4

1592.4

1588.4

1586.4

1581.9

1581.1

1576.4

1568.9

36.0

38.0

40.0

44.0

46.0

50.5

51.3

56.0

63.5

28.5'-36'- (SW) Brown (7.5YR 4/4); Well graded SAND with GRAVEL; Dry; Loose;
20% gravel, 75% sand, 5% silt; 35% coarse, 35% medium, 30% fine grained sand;
Angular to subrounded grains; Few caliche nodules.(continued from previous)

Below 33' - Few cobbles up to 3.5 inch.

36'-38'- (MH) Light gray (5Y 7/2); ELASTIC SILT; Dry; Stiff; 70% silt, 30% clay;
Medium plasticity.

38'-40'- (ML) Pale brown (10YR 6/3); SANDY SILT; Dry; Stiff; 30% sand, 60% silt,
10% clay; 100% fine grained sand; Non plastic plasticity.

40'-44'- (ML) Brown (7.5YR 4/3); SANDY SILT; Dry; Stiff; 30% sand, 70% silt;
100% fine grained sand; Non plastic plasticity.

44'-46'- (CH) Pale brown (10YR 6/3); FAT CLAY; Dry; Stiff; 5% sand, 30% silt,
65% clay; 100% fine grained sand; High plasticity.

46'-50.5'- (CH) Brown (7.5YR 4/4); FAT CLAY; Moist; Stiff; 5% silt, 95% clay; High
plasticity; Abundant disseminated gypsum crystals up to 3 inch.

50.5'-51.3'- (CH) Gray (5Y 7/2); FAT CLAY; Moist; Stiff; 100% clay; High plasticity;
Abundant fine grained gypsum crystals.
51.3'-56'- (CH) Brown (7.5YR 4/4); FAT CLAY; Moist; Stiff; 100% clay; High
plasticity.

56'-63.5'- (MH) Light gray (5Y 7/2); ELASTIC SILT; Moist; Stiff; 5% sand, 50% silt,
45% clay; 100% fine grained sand; Medium to high plasticity; Abundant  gypsum
crystals.

63.5'-64.5'- White (N9); Gypsum bed.

5%
Bentonite-Cement
(0.5'-82.5')

  SW

  MH

  ML

  ML
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1567.9

1565.4

1562.4

1559.4

1557.4

1555.9

1551.4

1548.4

1541.4

1540.4

1536.4

64.5

67.0

70.0

73.0

75.0

76.5

81.0

84.0

91.0

92.0

96.0

64.5'-67'- (CH) Brown (7.5YR 4/3); FAT CLAY; Wet; Very stiff; 5% silt, 95% clay;
High plasticity; Abundant gypsum crystals.

67'-70'- (CH) Pale yellow (5Y 8/2); FAT CLAY; Moist; Stiff; 100% clay; High
plasticity; Grades to 30% fine grained gypsum crystals at base.

70'-73'- (CH) Olive gray (5Y 5/2); FAT CLAY; Moist; Stiff; 10% silt, 90% clay; High
plasticity.

73'-75'- (CH) Mottled Grayish brown (N2) black (10YR 5/2); FAT CLAY; Moist;
Stiff; 10% silt, 90% clay; Mottled; High plasticity.

75'-76.5'- (CH) Grayish brown (10YR 5/2); FAT CLAY; Dry; Stiff; 10% silt, 90%
clay; High plasticity; Gypsum crystals to 2 inch.

76.5'-81'- (CH) Dark brown (7.5YR 3/3); FAT CLAY; Moist; Very stiff; 100% clay;
High plasticity.

81'-84'- (CH) Light gray (5Y 7/2); FAT CLAY; Moist; Stiff; 10% silt, 90% clay;
Medium to high plasticity; Abundant disseminated gypsum crystals up to 2 inch.

84'-91'- (CH) Dark brown (7.5YR 3/3); FAT CLAY; Moist; Stiff; 10% silt, 90% clay;
Medium to high plasticity; Abundant disseminated gypsum crystals up to 2 inch.

Below 87' - Abundant fine grained gypsum crystals.

91'-92'- (CH) Light gray (5Y 7/2); FAT CLAY; Wet; Stiff; 10% silt, 90% clay; High
plasticity; Gypsum bed with crystals to 2 inch.
92'-96'- (CH) Dark brown (7.5YR 3/3); CLAY; Wet; Stiff; 30% silt, 70% clay; Low to
medium plasticity; Abundant  gypsum crystals to 2 inch.

96'-107'- (ML) Brown (7.5YR 4/3); SILT with SAND; Wet; Soft to stiff; 15% sand,
80% silt, 5% clay; Non plastic plasticity; No gypsum crystals.

Hydrated
Bentonite 3/8"
Chips
(82.5'-87.2')

Filter Pack
Pioneer Sand
#2/12
(87.2'-111')

  CH
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I 
1525.4

1524.4

1523.4

1522.4

1513.9

1512.4

107.0

108.0

109.0

110.0

118.5

120.0

96'-107'- (ML) Brown (7.5YR 4/3); SILT with SAND; Wet; Soft to stiff; 15% sand,
80% silt, 5% clay; Non plastic plasticity; No gypsum crystals.(continued from previous)

107'-108'- (MH) Light gray (5Y 7/2); ELASTIC SILT; Wet; Stiff; 10% sand, 80% silt,
10% clay; Medium plasticity; 1 inch black organic lens.
108'-109'- (SM) Olive gray (5Y 5/2); SILTY SAND; Wet; Dense; 75% sand, 22%
silt, 3% clay; 100% fine grained sand.
109'-110'- (ML) Grayish brown (10YR 5/2); SILT with SAND; Wet; Stiff; 25% sand,
65% silt, 10% clay; 100% fine grained sand; Low plasticity; Abundant  gypsum
crystals.
110'-118.5'- (CH) Brown (7.5YR 4/3); FAT CLAY; Wet; Stiff; 20% silt, 80% clay;
High plasticity; Abundant  gypsum crystals.

118.5'-120'- (CH) Gray (10YR 5/1); FAT CLAY; Wet; Stiff; 5% silt, 95% clay; High
plasticity.

Bottom of borehole at 120.0 feet.

0.010" slot, 2"
Sch. 40 PVC
(90'-110')

Hydrated
Bentonite 3/8"
Chips
(111'-120')

  ML

  MH

  SM

  ML

  CH

  CH
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( TETRA TECH 

0 -80' - SEE LOG FOR GRTS-MW03B FOR LITHOLOGY.
Bottom of Flush
Mount Vault

5%
Bentonite-Cement
(0.7'-59')

GROUND ELEVATION 1630.72 ft MSL

 CHECKED BY M. BaronLOGGED BY J. Bunkers

DATE STARTED 4/26/18

DRILLING CONTRACTOR Cascade Drilling

DRILLING METHOD Sonic NORTHING 26728879.93

BOREHOLE DIAMETER 8"

EASTING 834947.17

TOTAL DEPTH 80 ft

NOTES Air knife to 10 feet below ground surface.

COMPLETED 4/26/18
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( it TETRA TECH 

1550.780.0

0 -80' - SEE LOG FOR GRTS-MW03B FOR LITHOLOGY.(continued from previous)

Bottom of borehole at 80.0 feet.

Hydrated
Bentonite 3/8"
Chips (59'-63')

Filter Pack
Pioneer Sand
#2/12 (63'-76')

0.010" slot, 4"
Sch. 40 PVC
(65'-75')

Hydrated
Bentonite 3/8"
Chips (76'-80')
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1630.3

1626.6
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1616.6

1612.6

1604.6

0.3

4.0

6.0

10.0

14.0

18.0

26.0

0'-0.3'- (SW) Light brown (7.5YR 6/4); Well graded SAND with GRAVEL; Dry;
Loose; 40% gravel, 60% sand; 50% coarse, 30% medium, 20% fine grained sand;
Angular grains.
0.3'-4'- (GW) Brown (7.5YR 5/4); Well graded GRAVEL with SAND; Dry; Loose;
60% gravel, 40% sand; 60% coarse, 30% medium, 10% fine grained sand; Angular
grains.

4'-6'- (GP) Brown (7.5YR 5/4); Well graded GRAVEL with SAND; Dry; Loose; 50%
gravel, 50% sand; 70% coarse, 20% medium, 10% fine grained sand; Angular grains.

6'-10'- (SW) Brown (7.5YR 5/4); Well graded SAND with GRAVEL; Dry; Loose;
40% gravel, 60% sand; 50% coarse, 40% medium, 10% fine grained sand; Angular
grains.

10'-14'- (SW) Brown (7.5YR 4/3); Well graded SAND with GRAVEL; Dry; Loose;
40% gravel, 55% sand, 5% silt; 50% coarse, 40% medium, 10% fine grained sand;
Subangular to subrounded grains.

14'-18'- (SW) Brown (7.5YR 4/3); Well graded SAND; Dry; Loose; 10% gravel, 85%
sand, 5% silt; 40% coarse, 40% medium, 20% fine grained sand; Angular to
subangular grains; Volcanic sand.

18'-26'- (SW) Brown (7.5YR 4/4); Well graded SAND with GRAVEL; Dry; Loose;
20% gravel, 75% sand, 5% silt; 30% coarse, 40% medium, 30% fine grained sand;
Subangular grains; Few caliche nodules.

26'-36'- (SW-SM) Brown (7.5YR 4/3); Well graded SAND with SILT; Dry; Loose;
10% gravel, 80% sand, 10% silt; 50% coarse, 40% medium, 10% fine grained sand;
Subangular grains; Gravel up to 2 inch; Few caliche nodules.

Bottom of Flush
Mount Vault

  SW

  GW

  GP

  SW

  SW

  SW

  SW

  SW-
SM

GROUND ELEVATION 1630.55 ft MSL

 CHECKED BY M. BaronLOGGED BY J. Bunkers

DATE STARTED 4/25/18

DRILLING CONTRACTOR Cascade Drilling

DRILLING METHOD Sonic NORTHING 26728880.95

BOREHOLE DIAMETER 8"

EASTING 834952.89

TOTAL DEPTH 120 ft

NOTES Air knife to 10 feet below ground surface.

COMPLETED 4/26/18
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Casing Top Elev: 1630.2 (ft)
Casing Type: 4" Sched. 40 PVC
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26'-36'- (SW-SM) Brown (7.5YR 4/3); Well graded SAND with SILT; Dry; Loose;
10% gravel, 80% sand, 10% silt; 50% coarse, 40% medium, 10% fine grained sand;
Subangular grains; Gravel up to 2 inch; Few caliche nodules.(continued from
previous)

36'-43.5'- (SW) Brown (7.5YR 4/3); Well graded SAND with GRAVEL; Dry; Loose;
25% gravel, 75% sand; 70% coarse, 20% medium, 10% fine grained sand;
Subangular grains; Iron oxide staining; Few caliche nodules.

43.5'-46'- (ML) Brown (7.5YR 4/3); SILT; Moist; Soft; 60% silt, 40% clay; Medium
plasticity; Abundant disseminated gypsum crystals.

46'-48'- (ML) Brown (7.5YR 4/3); SILT; Moist; Soft; 3% sand, 57% silt, 40% clay;
100% fine grained sand; Medium to low plasticity.

48'-49'- (ML) Light gray (10YR 7/2); SILT; Moist; Soft; 3% sand, 57% silt, 40% clay;
100% fine grained sand; Medium to low plasticity.
49'-51'- (ML) Yellowish red (5YR 4/6); SILT; Moist; Stiff; 3% sand, 57% silt, 40%
clay; 100% fine grained sand; Low plasticity.

51'-54'- (SM) Brown (7.5YR 5/4); SILTY SAND; Moist; Loose; 10% gravel, 50%
sand, 40% silt; 30% coarse, 30% medium, 40% fine grained sand; Subangular to
subrounded grains; Iron oxide staining.

54'-57.5'- (ML) Light brownish gray (10YR 6/2); SILT; Moist; Stiff; 5% sand, 75%
silt, 20% clay; 100% fine grained sand; Low plasticity; Some medium grained gypsum
crystals.

57.5'-59'- (CL) White (10YR 8/1); LEAN CLAY; Wet; Stiff; 5% silt, 95% clay; Non
plastic plasticity; Mostly gypsum crystals.

59'-61'- (CH) Strong brown (7.5YR 4/6); FAT CLAY; Moist; Stiff; 3% sand, 37% silt,
60% clay; 100% fine grained sand; High plasticity; No gypsum crystals.

61'-70'- (CH) Mottled Gray (N2) with black (5Y 6/1); FAT CLAY; Wet; Stiff; 30%
silt, 70% clay; Mottled; High plasticity; Organic odor.

5%
Bentonite-Cement
(0.8'-83')
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61'-70'- (CH) Mottled Gray (N2) with black (5Y 6/1); FAT CLAY; Wet; Stiff; 30%
silt, 70% clay; Mottled; High plasticity; Organic odor.(continued from previous)

70'-71'- (ML) Pale yellow (5Y 7/3); SILT; Dry; Stiff; 70% silt, 30% clay; Low
plasticity; Some medium grained gypsum crystals.
71'-76'- (CH) Brown (7.5YR 4/4); FAT CLAY; Moist; Stiff; 5% silt, 95% clay; High
plasticity; Abundant coarse grained gypsum crystals.

76'-78'- (CL) Brown (7.5YR 5/3); LEAN CLAY; Moist; Very stiff; 15% silt, 85% clay;
Low to medium plasticity; Few fine grained gypsum crystals.

78'-81'- (CH) Brown (7.5YR 5/3); FAT CLAY; Moist; Stiff; 100% clay; High
plasticity; Abundant coarse grained gypsum crystals.

81'-85.5'- (CH) Dark brown (7.5YR 3/3); FAT CLAY; Wet; Stiff; 25% silt, 75% clay;
Medium to high plasticity; Abundant smedium grained gypsum crystals.

Below 84.5' - Gypsum bed.

85.5'-92.5'- (CH) Dark brown (7.5YR 3/3); FAT CLAY; Wet; Stiff; 5% silt, 95% clay;
High plasticity; Abundant  gypsum crystals.

92.5'-103'- (ML) Dark brown (7.5YR 3/4); SILT; Wet; Soft; 5% sand, 85% silt, 10%
clay; 100% fine grained sand; Low plasticity.

Hydrated
Bentonite 3/8"
Chips
(83'-87.8')

Filter Pack
Pioneer Sand
#2/12
(87.8'-111')
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105.0

106.0
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92.5'-103'- (ML) Dark brown (7.5YR 3/4); SILT; Wet; Soft; 5% sand, 85% silt, 10%
clay; 100% fine grained sand; Low plasticity.(continued from previous)

103'-105'- (CH) Light gray (5Y 7/1); FAT CLAY; Wet; Stiff; 20% silt, 80% clay;
Medium plasticity; Abundant  gypsum crystals.

Below 104' - Black (N2) Organic odor; Organic clay.

105'-106'- (CH) Light olive gray (5Y 6/2); FAT CLAY; Moist; Stiff; 5% silt, 95% clay;
Medium to high plasticity; Organic odor; No gypsum crystals.
106'-110.5'- (CH) Dark brown (7.5YR 3/4); FAT CLAY; Wet; Stiff; 100% clay; High
plasticity; Abundant disseminated gypsum crystals.

110.5'-120'- (CH) Olive gray (5Y 5/2); FAT CLAY; Wet; Stiff; 100% clay; High
plasticity; Organic odor; Abundant disseminated gypsum crystals.

Bottom of borehole at 120.0 feet.

0.010" slot, 4"
Sch. 40 PVC
(90'-110')

Hydrated
Bentonite 3/8"
Chips
(111'-120')

  ML

  CH

  CH

  CH

  CH

D
E

P
T

H
(f

t)

100

105

110

115

120

S
A

M
P

LE
 T

Y
P

E
N

U
M

B
E

R

PAGE  4  OF  4
WELL NUMBER GRTS-MW03B

PROJECT NUMBER 117-7502018-M17 PROJECT LOCATION Henderson, NV

PROJECT NAME Galleria Drive Bioremediation Treatability StudyCLIENT Nevada Environmental Response Trust

N
E

R
T

 G
E

N
E

R
A

L 
B

H
/W

E
LL

 -
 G

IN
T

 S
T

D
 U

S
.G

D
T

 -
 1

2/
7/

18
 1

1
:0

3 
- 

C
:\U

S
E

R
S

\P
U

B
LI

C
\D

O
C

U
M

E
N

T
S

\B
E

N
T

LE
Y

\G
IN

T
\P

R
O

JE
C

T
S

\M
17

_F
IN

A
L_

20
1

81
20

5
.G

P
J

150 South Fourth Street, Unit A
Henderson, NV 89015

G
R

A
P

H
IC

LO
G

MATERIAL DESCRIPTION WELL DIAGRAM

U
.S

.C
.S

.
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0 -86.5' - SEE LOG FOR GRTS-MW04B FOR LITHOLOGY.
Bottom of Flush
Mount Vault

5%
Bentonite-Cement
(0.7'-64')

GROUND ELEVATION 1631.09 ft MSL

 CHECKED BY M. BaronLOGGED BY J. Bunkers

DATE STARTED 4/14/18

DRILLING CONTRACTOR Cascade Drilling

DRILLING METHOD Sonic NORTHING 26728915.61

BOREHOLE DIAMETER 6"

EASTING 834839.84

TOTAL DEPTH 86.5 ft

NOTES Air knife to 10 feet below ground surface.

COMPLETED 4/15/18

D
E

P
T

H
(f

t)

0

10

20

30

40

50
(Continued Next Page)

S
A

M
P

LE
 T

Y
P

E
N

U
M

B
E

R

PAGE  1  OF  2
WELL NUMBER GRTS-MW04A

PROJECT NUMBER 117-7502018-M17 PROJECT LOCATION Henderson, NV

PROJECT NAME Galleria Drive Bioremediation Treatability StudyCLIENT Nevada Environmental Response Trust

N
E

R
T

 G
E

N
E

R
A

L 
B

H
/W

E
LL

 -
 G

IN
T

 S
T

D
 U

S
.G

D
T

 -
 1

2/
7/

18
 1

1
:0

3 
- 

C
:\U

S
E

R
S

\P
U

B
LI

C
\D

O
C

U
M

E
N

T
S

\B
E

N
T

LE
Y

\G
IN

T
\P

R
O

JE
C

T
S

\M
17

_F
IN

A
L_

20
1

81
20

5
.G

P
J

150 South Fourth Street, Unit A
Henderson, NV 89015

G
R

A
P

H
IC

LO
G

MATERIAL DESCRIPTION WELL DIAGRAM

Casing Top Elev: 1630.7 (ft)
Casing Type: 2" Sched. 40 PVC
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1544.686.5

0 -86.5' - SEE LOG FOR GRTS-MW04B FOR LITHOLOGY.(continued from previous)

Bottom of borehole at 86.5 feet.

Hydrated
Bentonite 3/8"
Chips (64'-68')

Filter Pack
Pioneer Sand
#2/12
(68'-86.5')

0.010" slot, 2"
Sch. 40 PVC
(70'-85')
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1621.2

1614.7

1613.7

1609.2

10.0

16.5

17.5

22.0

0'-10'- (GP) Brown (7.5YR 5/4); Poorly graded GRAVEL with SAND; Dry; Loose;
60% gravel, 40% sand; 50% coarse, 40% medium, 10% fine grained sand; Angular
grains.

10'-16.5'- (SM) Light brown (7.5YR 6/3); SILTY SAND with GRAVEL; Dry; Loose;
30% gravel, 50% sand, 20% silt; 30% coarse, 30% medium, 40% fine grained sand;
Angular to subrounded grains.

16.5'-17.5'- (SM) Strong brown (7.5YR 5/6); SILTY SAND; Dry; Loose; 5% gravel,
75% sand, 20% silt; 50% coarse, 30% medium, 20% fine grained sand; Subangular to
subrounded grains; Volcanic sand.
17.5'-22'- (GW-GM) Brown (7.5YR 5/4); Well graded GRAVEL with SILT and
SAND; Dry; Loose; 60% gravel, 30% sand, 10% silt; 30% coarse, 20% medium,
50% fine grained sand; Subangular to subrounded grains; Gravel up to 3 inch.

22'-36'- (SW-SM) Brown (7.5YR 4/4); Well graded SAND with SILT and GRAVEL;
Dry; Loose; 30% gravel, 60% sand, 10% silt; 30% coarse, 20% medium, 50% fine
grained sand; Angular to subrounded grains.

Bottom of Flush
Mount Vault

  GP

  SM

  SM

  GW-
GM

  SW-
SM

GROUND ELEVATION 1631.19 ft MSL

 CHECKED BY M. BaronLOGGED BY J. Bunkers

DATE STARTED 4/11/18

DRILLING CONTRACTOR Cascade Drilling

DRILLING METHOD Sonic NORTHING 26728916.48

BOREHOLE DIAMETER 6"

EASTING 834845.04

TOTAL DEPTH 120 ft

NOTES Air knife to 10 feet below ground surface.

COMPLETED 4/13/18
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Casing Top Elev: 1630.86 (ft)
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22'-36'- (SW-SM) Brown (7.5YR 4/4); Well graded SAND with SILT and GRAVEL;
Dry; Loose; 30% gravel, 60% sand, 10% silt; 30% coarse, 20% medium, 50% fine
grained sand; Angular to subrounded grains.(continued from previous)

36'-39'- (ML) Brown (7.5YR 5/4); SILT with SAND; Moist; Soft; 20% sand, 70% silt,
10% clay; 100% fine grained sand; Low plasticity.

39'-44'- (MH) Dark brown (7.5YR 3/4); ELASTIC SILT; Moist; Hard; 50% silt, 50%
clay; High plasticity; Abundant  gypsum crystals up to 2 inch.

44'-49'- (ML) Brown (7.5YR 5/4); SANDY SILT; Moist; Stiff; 30% sand, 60% silt,
10% clay; 100% fine grained sand; Low plasticity; Abundant  gypsum crystals.

49'-58'- (ML) Yellowish brown (2.5YR 6/4); SANDY SILT; Moist; Stiff; 35% sand,
50% silt, 15% clay; 100% fine grained sand; Low plasticity; Abundant coarse grained
gypsum crystals.

58'-61'- (ML) Brown (7.5YR 5/4); SANDY SILT; Moist; Stiff; 35% sand, 50% silt,
15% clay; 100% fine grained sand; Low plasticity; Abundant coarse grained gypsum
crystals.

61'-65.5'- (CH) Light gray (2.5YR 7/2); FAT CLAY; Moist; Soft; 10% silt, 90% clay;
High plasticity.

5%
Bentonite-Cement
(1'-80')

  SW-
SM

  ML

  MH

  ML

  ML

  ML

  CH

D
E

P
T

H
(f

t)

30

35

40

45

50

55

60

(Continued Next Page)

S
A

M
P

LE
 T

Y
P

E
N

U
M

B
E

R

PAGE  2  OF  4
WELL NUMBER GRTS-MW04B

PROJECT NUMBER 117-7502018-M17 PROJECT LOCATION Henderson, NV

PROJECT NAME Galleria Drive Bioremediation Treatability StudyCLIENT Nevada Environmental Response Trust

N
E

R
T

 G
E

N
E

R
A

L 
B

H
/W

E
LL

 -
 G

IN
T

 S
T

D
 U

S
.G

D
T

 -
 1

2/
7/

18
 1

1
:0

3 
- 

C
:\U

S
E

R
S

\P
U

B
LI

C
\D

O
C

U
M

E
N

T
S

\B
E

N
T

LE
Y

\G
IN

T
\P

R
O

JE
C

T
S

\M
17

_F
IN

A
L_

20
1

81
20

5
.G

P
J

150 South Fourth Street, Unit A
Henderson, NV 89015

G
R

A
P

H
IC

LO
G

MATERIAL DESCRIPTION WELL DIAGRAM

U
.S

.C
.S

.



( it TETRA TECH 

A

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
4 

1565.7

1562.2

1557.2

1552.7

1550.2

1543.2

65.5

69.0

74.0

78.5

81.0

88.0

61'-65.5'- (CH) Light gray (2.5YR 7/2); FAT CLAY; Moist; Soft; 10% silt, 90% clay;
High plasticity.(continued from previous)

65.5'-69'- (CH) Gray (5YR 5/1); FAT CLAY; Wet; Soft; 10% silt, 90% clay; High
plasticity; Organic odor.

69'-74'- (CH) Brown (7.5YR 4/4); FAT CLAY; Moist; Soft; 10% silt, 90% clay; High
plasticity; Gypsum crystals up to 1 inch.

Below 72'.

74'-78.5'- (CH) Brown (7.5YR 4/3); FAT CLAY; Moist; Soft; 10% silt, 90% clay;
High plasticity.

78.5'-81'- (CH) Light gray (2.5YR 7/2); FAT CLAY; Moist; Soft; 10% silt, 90% clay;
High plasticity.

Below 79' - 2-inch sand lens.

81'-88'- (ML) Brown (7.5YR 4/3); SILT with SAND; Moist; Stiff; 15% sand, 60% silt,
25% clay; 10% medium, 90% fine grained sand; Low to medium plasticity; Medium
grained gypsum crystals.

Below 85.5' - Dark brown (7.5YR 3/3).
Below 86' - White (N9) Dry; Gypsum bed.

Below 86.2' - Light gray (5Y 7/2).
Below 87' - Brown (7.5YR 4/3) Abundant coarse grained gypsum crystals.

88'-100'- (ML) Strong brown (7.5YR 4/3); SILT; Moist; Very stiff; 10% sand, 75%
silt, 15% clay; 100% fine grained sand; Low plasticity.

Below 94' - Wet.

Hydrated
Bentonite 3/8"
Chips (80-87')

Filter Pack
Pioneer Sand
#2/12
(87'-110.5')
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i
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102.0

106.0
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120.0

88'-100'- (ML) Strong brown (7.5YR 4/3); SILT; Moist; Very stiff; 10% sand, 75%
silt, 15% clay; 100% fine grained sand; Low plasticity.(continued from previous)

100'-102'- (ML) Brown (7.5YR 4/2); SANDY SILT; Moist; Stiff; 35% sand, 60% silt,
5% clay; 100% fine grained sand; Non plastic plasticity.

102'-106'- (CH) Light gray (2.5Y 7/2); FAT CLAY; Moist; Stiff; 30% silt, 70% clay;
Medium to high plasticity; Gypsum crystals up to 1 inch.

Below 104' - Dry; Organic odor.

106'-110'- (CH) Light brown (7.5YR 6/4); FAT CLAY; Moist; Stiff; High plasticity;
Gypsum bed.

110'-120'- (CH) Mottled Light gray (N2) with black (5Y 7/2); FAT CLAY; Moist; Very
stiff; 100% clay; Mottled; High plasticity; Organic odor; Abundant disseminated
gypsum crystals.

Below 116' - Greenish gray (5GY 5/2) Moist.

Bottom of borehole at 120.0 feet.

0.010" slot, 2"
Sch. 40 PVC
(89.5'-109.5')

Hydrated
Bentonite 3/8"
Chips
(110.5'-120')
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0 -80' - SEE LOG FOR GRTS-MW05B FOR LITHOLOGY.
Bottom of Flush
Mount Vault

5%
Bentonite-Cement
(0.7'-54')

GROUND ELEVATION 1628.63 ft MSL

 CHECKED BY M. BaronLOGGED BY J. Bunkers

DATE STARTED 4/18/18

DRILLING CONTRACTOR Cascade Drilling

DRILLING METHOD Sonic NORTHING 26728941.02

BOREHOLE DIAMETER 6"

EASTING 835055.82

TOTAL DEPTH 80 ft

NOTES Air knife to 10 feet below ground surface.

COMPLETED 4/18/18
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Casing Top Elev: 1628.19 (ft)
Casing Type: 2" Sched. 40 PVC



1548.680.0

0 -80' - SEE LOG FOR GRTS-MW05B FOR LITHOLOGY.(continued from previous)

Bottom of borehole at 80.0 feet.

Hydrated
Bentonite 3/8"
Chips (54'-58')

Filter Pack
Pioneer Sand
#2/12 (58'-71')

0.010" slot, 2"
Sch. 40 PVC
(60'-70')

Hydrated
Bentonite 3/8"
Chips (71'-80')
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1628.3

1622.6
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1618.6

1615.1

1612.6

1610.1

0.3

6.0

8.5

10.0

13.5

16.0

18.5

0'-0.3'- (SM) Brown (7.5YR 6/4); SILTY SAND with GRAVEL; Dry; Loose; 30%
gravel, 50% sand, 20% silt; 40% coarse, 30% medium, 30% fine grained sand;
Angular grains; Fine grained gravel.
0.3'-6'- (GW-GM) Brown (7.5YR 5/4); Well graded GRAVEL with SILT and SAND;
Dry; Loose; 50% gravel, 40% sand, 10% silt; 50% coarse, 30% medium, 20% fine
grained sand; Angular grains; Gravel and cobbles up to 6 inch.

6'-8.5'- (SW-SM) Brown (7.5YR 5/4); Well graded SAND with SILT and GRAVEL;
Dry; Loose; 40% gravel, 50% sand, 10% silt; 50% coarse, 40% medium, 10% fine
grained sand; Angular grains; Strong cementation.

8.5'-10'- (SW-SM) Brown (7.5YR 5/4); Well graded SAND with SILT and GRAVEL;
Dry; Loose; 30% gravel, 60% sand, 10% silt; 40% coarse, 50% medium, 10% fine
grained sand; Angular grains.
10'-13.5'- (GW-GM) Brown (7.5YR 5/4); Well graded GRAVEL with SILT and
SAND; Dry; Loose; 50% gravel, 40% sand, 10% silt; 40% coarse, 30% medium,
30% fine grained sand; Subangular to subrounded grains.

13.5'-16'- (SW-SM) Brown (7.5YR 4/4); Well graded SAND with SILT and
GRAVEL; Dry; Loose; 15% gravel, 75% sand, 10% silt; 40% coarse, 40% medium,
20% fine grained sand; Angular to subrounded grains; Volcanic sand.

16 -18.5' - No recovery.

18.5'-33'- (SW-SM) Brown (7.5YR 4/4); Well graded SAND with SILT and
GRAVEL; Dry; Loose; 15% gravel, 75% sand, 10% silt; 40% coarse, 40% medium,
20% fine grained sand; Angular to subrounded grains; Volcanic sand.

Bottom of Flush
Mount Vault

  SM

  GW-
GM

  SW-
SM

  SW-
SM

  GW-
GM

  SW-
SM

  SW-
SM

GROUND ELEVATION 1628.61 ft MSL

 CHECKED BY M. BaronLOGGED BY J. Bunkers

DATE STARTED 4/17/18

DRILLING CONTRACTOR Cascade Drilling

DRILLING METHOD Sonic NORTHING 26728941.82

BOREHOLE DIAMETER 6"

EASTING 835060.59

TOTAL DEPTH 120 ft

NOTES Air knife to 10 feet below ground surface.

COMPLETED 4/17/18
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Casing Top Elev: 1628.23 (ft)
Casing Type: 2" Sched. 40 PVC
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18.5'-33'- (SW-SM) Brown (7.5YR 4/4); Well graded SAND with SILT and
GRAVEL; Dry; Loose; 15% gravel, 75% sand, 10% silt; 40% coarse, 40% medium,
20% fine grained sand; Angular to subrounded grains; Volcanic sand.(continued from
previous)

33'-33.5'- (SW) Brown (7.5YR 4/4); Well graded SAND with GRAVEL; Dry; Loose;
25% gravel, 75% sand; 40% coarse, 40% medium, 20% fine grained sand; Angular to
subrounded grains; Few cobbles up to 3.5 inch.
33.5'-39'- (SM) Brown (7.5YR 4/4); SILTY SAND; Dry; Loose; 2% gravel, 80%
sand, 15% silt; 40% coarse, 10% medium, 60% fine grained sand; Subangular to
rounded grains.

39'-40.5'- (ML) Brown (7.5YR 4/3); SILT; Moist; Soft; 5% sand, 70% silt, 25% clay;
100% fine grained sand; Low to medium plasticity.

40.5'-42'- (ML) Light gray (10YR 7/2); SILT; Moist; Soft; 5% sand, 70% silt, 25%
clay; 100% fine grained sand; Low to medium plasticity.

42'-46'- (CH) Brown (7.5YR 4/4); FAT CLAY; Moist; Stiff; 10% silt, 90% clay; High
plasticity; Gypsum occurs in beds and as disseminated gypsum crystals up to 3 inch.

Below 45' - 5% fine grained gypsum crystals.

46'-47.5'- (CL) Brown (7.5YR 5/4); LEAN CLAY; Moist; Soft; 3% sand, 30% silt,
67% clay; 100% fine grained sand; Non plastic to low plasticity; No gypsum crystals.

47.5'-50'- (CH) Brown (7.5YR 4/4); FAT CLAY; Moist; Stiff; 3% silt, 97% clay; High
plasticity; Abundant coarse grained gypsum crystals.

50'-51'- (CH) Brown (7.5YR 5/4); FAT CLAY; Moist; Stiff; 3% silt, 97% clay; High
plasticity; Abundant coarse grained gypsum crystals.
51'-52.5'- (SW-SM) Brown (7.5YR 4/4); Well graded SAND; Dry; Loose; 15%
gravel, 75% sand, 10% silt; 40% coarse, 40% medium, 20% fine grained sand;
Angular to subrounded grains;  Reacts with acid.
52.5'-53.5'- (CL) Brown (7.5YR 4/4); LEAN CLAY; Moist; Stiff; 50% silt, 50% clay;
Low plasticity; Abundant  gypsum crystals.
53.5'-55'- (CL) Olive gray (5Y 5/2); LEAN CLAY; Moist; Stiff; 50% silt, 50% clay;
Low plasticity; Grades to few disseminated gypsum crystals.
55'-59.3'- (CL) Light gray (10YR 7/2); LEAN CLAY; Moist; Stiff; 50% silt, 50% clay;
Low plasticity; Few fine grained gypsum crystals.

59.3'-60.5'- White (N9); Gypsum bed.

60.5'-62'- (CH) Brown (7.5YR 4/4); FAT CLAY; Wet; Stiff; 5% silt, 95% clay; High
plasticity.

62'-66'- (CH) Light gray (2.5Y 7/2); FAT CLAY; Wet; Stiff; 5% silt, 95% clay;
Medium to high plasticity; Few fine grained gypsum crystals.

5%
Bentonite-Cement
(0.9'-68')
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62'-66'- (CH) Light gray (2.5Y 7/2); FAT CLAY; Wet; Stiff; 5% silt, 95% clay;
Medium to high plasticity; Few fine grained gypsum crystals.(continued from previous)

66'-71'- (CH) Mottled Olive gray (N2) with black (5Y 5/2); FAT CLAY; Wet; Stiff; 5%
silt, 95% clay; Mottled; Medium to high plasticity; Organic odor.

71'-74'- (CH) Brown (7.5YR 5/4); FAT CLAY; Dry; Stiff; 3% silt, 97% clay; Medium
to high plasticity; Abundant coarse grained gypsum crystals.

74'-76'- (CH) Dark brown (7.5YR 3/4); FAT CLAY; Wet; Stiff; 100% clay; High
plasticity; Few disseminated gypsum crystals.

76'-79'- (CH) Brown (7.5YR 4/4); FAT CLAY; Wet; Stiff; 5% sand, 30% silt, 65%
clay; 100% fine grained sand; High plasticity.

79'-84'- (CH) Dark brown (7.5YR 3/4); FAT CLAY; Wet; Very stiff; 100% clay; High
plasticity; Abundant disseminated gypsum crystals up to 3 inch.

84'-86'- (CL) Brown (7.5YR 4/4); LEAN CLAY; Wet; Very stiff; 5% sand, 35% silt,
60% clay; 100% fine grained sand; Medium plasticity.

86'-87.5'- (CH) Light gray (5Y 7/2); FAT CLAY; Wet; Stiff; 100% clay; High
plasticity; Abundant disseminated gypsum crystals up to 3 inch.

87.5'-91'- (CH) Brown (7.5YR 4/3); FAT CLAY; Wet; Stiff; 100% clay; High
plasticity.

91'-102.5'- (ML) Brown (7.5YR 4/4); SILT; Wet; Soft; 3% sand, 70% silt, 27% clay;
100% fine grained sand; Low to medium plasticity; No gypsum crystals.

Hydrated
Bentonite 3/8"
Chips (68'-73')

Filter Pack
Pioneer Sand
#2/12 (73'-86')

0.010" slot, 2"
Sch. 40 PVC
(75'-85')
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91'-102.5'- (ML) Brown (7.5YR 4/4); SILT; Wet; Soft; 3% sand, 70% silt, 27% clay;
100% fine grained sand; Low to medium plasticity; No gypsum crystals.(continued
from previous)

102.5'-104'- (CH) Light gray (5Y 7/1); FAT CLAY; Moist; Stiff to very stiff; 5% silt,
95% clay; Medium to high plasticity; Organic odor; Black organic layers; No gypsum
crystals.
104'-106'- (CH) Olive gray (5Y 5/2); FAT CLAY; Moist; Stiff; 5% silt, 95% clay; High
plasticity.

106'-107'- (CH) Pale olive (5Y 6/3); FAT CLAY; Moist; Stiff; 5% silt, 95% clay; High
plasticity; Abundant  gypsum crystals.
107'-109'- (CH) Dark brown (7.5YR 3/4); FAT CLAY; Wet; Stiff; 100% clay; High
plasticity; Abundant  gypsum crystals.

Below 108.5' - Black (N2) CLAY Organic odor; Organic layer.
109'-110'- (CH) Dark brown (7.5YR 3/4); FAT CLAY; Wet; Very stiff; 100% clay;
High plasticity; Abundant  gypsum crystals.
110'-120'- (CH) Olive gray (5Y 5/2); FAT CLAY; Wet; Very stiff; 100% clay; High
plasticity; Abundant gypsum crystals; Organic lenses.

Bottom of borehole at 120.0 feet.

Hydrated
Bentonite 3/8"
Chips
(86'-120')
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GRTS-MW02B 









































Core Photos 

GRTS-MW03B 

















































Core Photos 

GRTS-MW04B 



















































Core Photos 

GRTS-MW05B 

















































 

 

 
 
 
 
 

Appendix C 
Analytical Data Summary Tables 

  



Galleria Drive Bioremediation Treatability Study Work Plan Addendum
Table C.1 Soil Analytical Results

EPA 314.0 EPA 300.1B EPA 351.2 SW6010B SW9060A SM 2320B
(soluble)

SM 2540C
(soluble)

Perchlorate Chloride 
(as Cl)

Nitrate 
(as NO3) Sulfate Chlorate Total Kjeldahl 

Nitrogen (TKN) Phosphorus Total Organic 
Carbon

Alkalinity as 
CaCO3

Bicarbonate ion 
as HCO3

Carbonate (as 
CO3)

Total Dissolved 
Solids

mg/kg mg/L mg/L mg/L ug/kg mg/kg mg/kg mg/kg mg/L mg/L mg/L mg/L
4/19/2018 FD 110 - 110.5 440-209324-6 <0.067 --- --- --- --- --- --- --- --- --- --- ---
4/19/2018 N 70 - 70.5 440-209324-1 2.4 --- --- --- --- --- --- --- --- --- --- ---
4/19/2018 N 80 - 80.5 440-209324-2 <0.065 --- --- --- --- --- --- --- --- --- --- ---
4/19/2018 N 90 - 90.5 440-209324-3 <0.064 --- --- --- --- --- --- --- --- --- --- ---
4/19/2018 N 100 - 100.5 440-209324-4 <0.063 UJ --- --- --- --- --- --- --- --- --- --- ---
4/19/2018 N 110 - 110.5 440-209324-5 <0.068 --- --- --- --- --- --- --- --- --- --- ---
4/19/2018 N 120 - 120.5 440-209324-7 <0.068 --- --- --- --- --- --- --- --- --- --- ---
4/13/2018 N 65 - 65.5 440-209035-1 0.52 19 1.3 1,700 2,700 J 11 J 81 <600 UJ <4.0 <4.8 <2.4 2,400
4/14/2018 FD 109 - 109.5 440-209035-5 <0.072 --- --- --- --- --- --- --- --- --- --- ---
4/14/2018 N 70 - 70.5 440-209035-2 0.069 --- --- --- --- --- --- --- --- --- --- ---
4/14/2018 N 81 - 81.5 440-209035-3 0.20 --- --- --- --- --- --- --- --- --- --- ---
4/14/2018 N 91 - 91.5 440-209035-6 <0.070 --- --- --- --- --- --- --- --- --- --- ---
4/14/2018 N 92 - 92.5 440-209035-7 <0.070 --- --- --- --- --- --- --- --- --- --- ---
4/14/2018 N 100 - 100.5 440-209035-8 <0.066 --- --- --- --- --- --- --- --- --- --- ---
4/14/2018 N 109 - 109.5 440-209035-4 <0.069 61 <0.25 1,800 <370 UJ 57 J 210 7,900 J <4.0 <4.8 <2.4 3,400
4/14/2018 N 120 - 120.5 440-209035-9 <0.066 --- --- --- --- --- --- --- --- --- --- ---
4/25/2018 FD 110 - 110.5 440-209880-9 0.076 J --- --- --- --- --- --- --- --- --- --- ---
4/25/2018 N 63 - 63.5 440-209880-1 0.22 140 <1.3 1,900 <350 UJ 63 J 210 26,000 J <4.0 <4.8 <2.4 2,600
4/25/2018 N 73 - 73.5 440-209880-2 0.77 --- --- --- --- --- --- --- --- --- --- ---
4/25/2018 N 83 - 83.5 440-209880-3 <0.061 --- --- --- --- --- --- --- --- --- --- ---
4/25/2018 N 93 - 93.5 440-209880-4 0.75 --- --- --- --- --- --- --- --- --- --- ---
4/25/2018 N 95 - 95.5 440-209880-6 0.29 160 <1.3 1,600 <330 UJ 67 J 700 <600 UJ <4.0 <4.8 <2.4 2,600
4/25/2018 N 102 - 102.5 440-209880-5 0.20 J --- --- --- --- --- --- --- --- --- --- ---
4/25/2018 N 110 - 110.5 440-209880-7 0.072 J --- --- --- --- --- --- --- --- --- --- ---
4/25/2018 N 120 - 120.5 440-209880-8 <0.080 --- --- --- --- --- --- --- --- --- --- ---
4/12/2018 N 70 - 70.5 440-208822-1 0.57 130 <0.25 610 <330 UJ 88 J 490 1,900 J <4.0 <4.8 <2.4 1,300
4/12/2018 N 79 - 79.5 440-208822-2 <0.015 --- --- --- --- --- --- --- --- --- --- ---
4/12/2018 N 90 - 90.5 440-208822-3 <0.066 --- --- --- --- --- --- --- --- --- --- ---
4/12/2018 N 94 - 94.5 440-208822-7 <0.065 --- --- --- --- --- --- --- --- --- --- ---
4/12/2018 N 100 - 100.5 440-208822-4 <0.067 --- --- --- --- --- --- --- --- --- --- ---
4/12/2018 N 110 - 110.5 440-208822-5 <0.077 --- --- --- --- --- --- --- --- --- --- ---
4/12/2018 N 120 - 120.5 440-208822-6 <0.061 --- --- --- --- --- --- --- --- --- --- ---
4/17/2018 FD 72 - 72.5 440-209097-6 1.3 J --- --- --- --- --- --- --- --- --- --- ---
4/17/2018 N 45.5 - 46 440-209097-1 0.56 --- --- --- --- --- --- --- --- --- --- ---
4/17/2018 N 47 - 47.5 440-209097-2 0.68 --- --- --- --- --- --- --- --- --- --- ---
4/17/2018 N 52 - 52.5 440-209097-3 0.60 --- --- --- --- --- --- --- --- --- --- ---
4/17/2018 N 61 - 61.5 440-209097-4 1.2 99 0.36 J 1,900 1,100 J 62 J 180 33,000 J <4.0 <4.8 <2.4 2,400
4/17/2018 N 72 - 72.5 440-209097-5 1.7 J --- --- --- --- --- --- --- --- --- --- ---
4/17/2018 N 82 - 82.5 440-209097-7 <0.065 --- --- --- --- --- --- --- --- --- --- ---
4/17/2018 N 92 - 92.5 440-209097-8 <0.066 --- --- --- --- --- --- --- --- --- --- ---
4/17/2018 N 102 - 102.5 440-209097-9 <0.058 --- --- --- --- --- --- --- --- --- --- ---
4/17/2018 N 111 - 111.5 440-209097-10 <0.064 --- --- --- --- --- --- --- --- --- --- ---
4/17/2018 N 120 - 120.5 440-209097-11 <0.013 --- --- --- --- --- --- --- --- --- --- ---

Notes
mg/kg  milligrams per kilogram
mg/L  milligrams per liter
ug/L  micrograms per liter
ug/kg  micrograms per kilogram
SU  Standard Units
FD  Field duplicate
N  Normal field sample

<

J-

J

J+

UJ

 -- Not Analyzed

GRTS-MW01B

Location Sample Date QCType Depth
(ft bgs)

Anions by EPA 300.0
(soluble)

SM 2320B
(soluble)

GRTS-MW01B

Lab SampleID

GRTS-MW02B

GRTS-MW01B
GRTS-MW01B
GRTS-MW01B
GRTS-MW01B
GRTS-MW01B
GRTS-MW02B
GRTS-MW02B
GRTS-MW02B
GRTS-MW02B
GRTS-MW02B
GRTS-MW02B

GRTS-MW04B

GRTS-MW02B
GRTS-MW02B
GRTS-MW03B
GRTS-MW03B
GRTS-MW03B
GRTS-MW03B
GRTS-MW03B
GRTS-MW03B
GRTS-MW03B
GRTS-MW03B
GRTS-MW03B

GRTS-MW05B

GRTS-MW04B
GRTS-MW04B
GRTS-MW04B
GRTS-MW04B
GRTS-MW04B
GRTS-MW04B
GRTS-MW05B
GRTS-MW05B
GRTS-MW05B
GRTS-MW05B
GRTS-MW05B

The result is an estimated quantity, but the result may be biased low.
The result is an estimated quantity. The associated numerical value is the 
approximate concentration of the analyte in the sample.
The result is an estimated quantity, but the result may be biased high.
The analyte was analyzed for, but was not detected. The reported 
quantitation limit is approximate and may be inaccurate or imprecise.

GRTS-MW05B
GRTS-MW05B
GRTS-MW05B
GRTS-MW05B
GRTS-MW05B

The analyte was analyzed for, but was not detected above the level of the 
reported sample quantitation limit.
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Galleria Drive Bioremediation Treatability Study Work Plan Addendum
Table C.1 Soil Analytical Results

4/19/2018 FD 110 - 110.5 440-209324-6
4/19/2018 N 70 - 70.5 440-209324-1
4/19/2018 N 80 - 80.5 440-209324-2
4/19/2018 N 90 - 90.5 440-209324-3
4/19/2018 N 100 - 100.5 440-209324-4
4/19/2018 N 110 - 110.5 440-209324-5
4/19/2018 N 120 - 120.5 440-209324-7
4/13/2018 N 65 - 65.5 440-209035-1
4/14/2018 FD 109 - 109.5 440-209035-5
4/14/2018 N 70 - 70.5 440-209035-2
4/14/2018 N 81 - 81.5 440-209035-3
4/14/2018 N 91 - 91.5 440-209035-6
4/14/2018 N 92 - 92.5 440-209035-7
4/14/2018 N 100 - 100.5 440-209035-8
4/14/2018 N 109 - 109.5 440-209035-4
4/14/2018 N 120 - 120.5 440-209035-9
4/25/2018 FD 110 - 110.5 440-209880-9
4/25/2018 N 63 - 63.5 440-209880-1
4/25/2018 N 73 - 73.5 440-209880-2
4/25/2018 N 83 - 83.5 440-209880-3
4/25/2018 N 93 - 93.5 440-209880-4
4/25/2018 N 95 - 95.5 440-209880-6
4/25/2018 N 102 - 102.5 440-209880-5
4/25/2018 N 110 - 110.5 440-209880-7
4/25/2018 N 120 - 120.5 440-209880-8
4/12/2018 N 70 - 70.5 440-208822-1
4/12/2018 N 79 - 79.5 440-208822-2
4/12/2018 N 90 - 90.5 440-208822-3
4/12/2018 N 94 - 94.5 440-208822-7
4/12/2018 N 100 - 100.5 440-208822-4
4/12/2018 N 110 - 110.5 440-208822-5
4/12/2018 N 120 - 120.5 440-208822-6
4/17/2018 FD 72 - 72.5 440-209097-6
4/17/2018 N 45.5 - 46 440-209097-1
4/17/2018 N 47 - 47.5 440-209097-2
4/17/2018 N 52 - 52.5 440-209097-3
4/17/2018 N 61 - 61.5 440-209097-4
4/17/2018 N 72 - 72.5 440-209097-5
4/17/2018 N 82 - 82.5 440-209097-7
4/17/2018 N 92 - 92.5 440-209097-8
4/17/2018 N 102 - 102.5 440-209097-9
4/17/2018 N 111 - 111.5 440-209097-10
4/17/2018 N 120 - 120.5 440-209097-11

Notes
mg/kg  milligrams per kilogram
mg/L  milligrams per liter
ug/L  micrograms per liter
ug/kg  micrograms per kilogram
SU  Standard Units
FD  Field duplicate
N  Normal field sample

<

J-

J

J+

UJ

 -- Not Analyzed

GRTS-MW01B

Location Sample Date QCType Depth
(ft bgs)

GRTS-MW01B

Lab SampleID

GRTS-MW02B

GRTS-MW01B
GRTS-MW01B
GRTS-MW01B
GRTS-MW01B
GRTS-MW01B
GRTS-MW02B
GRTS-MW02B
GRTS-MW02B
GRTS-MW02B
GRTS-MW02B
GRTS-MW02B

GRTS-MW04B

GRTS-MW02B
GRTS-MW02B
GRTS-MW03B
GRTS-MW03B
GRTS-MW03B
GRTS-MW03B
GRTS-MW03B
GRTS-MW03B
GRTS-MW03B
GRTS-MW03B
GRTS-MW03B

GRTS-MW05B

GRTS-MW04B
GRTS-MW04B
GRTS-MW04B
GRTS-MW04B
GRTS-MW04B
GRTS-MW04B
GRTS-MW05B
GRTS-MW05B
GRTS-MW05B
GRTS-MW05B
GRTS-MW05B

The result is an estimated quantity, but the result may be biased low.
The result is an estimated quantity. The associated numerical value is the 
approximate concentration of the analyte in the sample.
The result is an estimated quantity, but the result may be biased high.
The analyte was analyzed for, but was not detected. The reported 
quantitation limit is approximate and may be inaccurate or imprecise.

GRTS-MW05B
GRTS-MW05B
GRTS-MW05B
GRTS-MW05B
GRTS-MW05B

The analyte was analyzed for, but was not detected above the level of the 
reported sample quantitation limit.

SW7199 SW9045

Calcium Magnesium Potassium Sodium Arsenic Chromium Iron Manganese Chromium, 
Hexavalent pH

mg/L mg/L mg/L mg/L ug/L ug/L ug/L ug/L mg/kg SU
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---

640 24 22 18 7.9 3.1 J <40 <2.5 <0.24 7.2 J
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---

610 55 230 J 58 7.1 <2.5 <40 6.2 <0.22 7.4 J
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---

510 86 98 81 3.8 J <2.5 <40 <2.5 <0.21 7.6 J
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---

360 94 J 150 J 110 J <2.5 2.6 J <40 13 <0.20 7.8 J
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
33 61 120 88 5.0 <2.5 <40 <2.5 <0.20 7.6 J
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---

500 70 97 65 <2.5 6.0 J <40 <2.5 <0.20 7.4 J
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- ---

SW6010B (soluble) SW6020 (soluble)
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Galleria Drive Bioremediation Treatability Study Work Plan Addendum
Table C.2 Soil Microbial Results

Microbial 
Census

Perchlorate 
reductase gene 

(pcrA)
Total Biomass Proteobacteria 

(Monos)
Firmicutes 
(TerBrSats)

Anaerobic metal 
reducers 

(BrMonos)
SRB/Actinomycetes 

(MidBrSats)
General 
(Nsats)

Eukaryotes 
(polyenoics)

Slowed Growth Decreased 
Permeability

cells/gram cells/gram % % % % % % ratio cy/cis ratio trans/cis
4/19/2018 75-75.5 Soil <1.67E+04 (I) 3.22E+05 19.71 5.25 0 0 68.17 6.88 1.95 0
4/26/2018 63-63.5 Soil <1.67E+04 (I) 4.74E+05 10.80 14.03 0 2.37 69.80 3.01 0 0

Notes
Monos Monoenoic

TerBrSats Terminally Branched Saturated
BrMonos Branched Monoenoic 

MidBrSats Mid-Chain Branched Saturated
Nsats Normal Saturated 

<
(I)

Microbial Phospholipid Fatty Acid Analysis (PLFA)

Not detected

Inhibited

GRTS-MW01B
GRTS-MW03B

Location Sample Date Depth
(ft bgs)

Sample 
Matrix

1 of 1



Galleria Drive Bioremediation Treatability Study Work Plan Addendum
Table C.3 Discrete-Depth Groundwater Analytical Results

EPA 314.0 EPA 300.1

Perchlorate Nitrate (as N) Chlorate
feet bgs ug/L mg/L ug/L

74.5 4/19/2018 N 440-209325-1 1,800 4.5 J 1,800
79 4/12/2018 N 440-208821-1 6,000 <5.5 7,700

Notes
bgs  below ground surface
ug/L  micrograms per liter
mg/L  milligrams per liter

N  Normal field sample
<  The analyte was analyzed for, but was not detected above the level of the reported sample quantitation limit.
J  The result is an estimated quantity. The associated numerical value is the approximate concentration of the analyte in the sample.

GRTS-MW04B
GRTS-MW01B

Location Lab SampleIDSample Depth Sample Date QCType

1 of 1



Galleria Drive Bioremediation Treatability Study Work Plan Addendum
Table C.4 Groundwater Analytical Results

EPA 314.0 EPA 300.1 EPA 351.2 EPA 365.3 NTOTAL RSK175

Perchlorate Chloride (as Cl) Nitrate (as N) Nitrite (as N) Sulfate Chlorate Total Kjeldahl 
Nitrogen (TKN) Phosphorus Dissolved 

Oxygen
Ferrous 

Iron

Oxidation-
Reduction 
Potential

pH Specific 
Conductivity Sulfide Temperature Turbidity Nitrogen, Total Methane

feet bgs ug/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mV SU mS/cm mg/L C NTU mg/L mg/L
5/9/2018 N 440-210948-5 90'-105' 2,800 8,100 <5.5 <7.0 26,000 1,600 <0.10 0.080 2.01 0.0 -58 7.71 47.5 0.0 28.6 2.8 <0.11 <0.00025

5/10/2018 N 440-211094-3 60'-80' 14,000 5,300 22 <7.0 11,000 19,000 <0.10 0.087 0.42 0.0 47.9 7.75 26.05 0.0 29.41 25.5 22 <0.00025
5/10/2018 N 440-211094-4 90'-110' 3,200 12,000 <5.5 <7.0 34,000 <250 4.3 0.68 0.30 0.0 113 8.10 50.9 0.0 35.47 102 4.3 0.0015
5/10/2018 N 440-211094-1 60'-80' 5,600 3,200 24 <3.5 7,000 8,200 0.42 0.16 4.92 0.0 48.8 7.86 18.13 0.0 30.82 119 24 <0.00025
5/10/2018 N 440-211094-2 90'-110' <50 8,100 <5.5 <7.0 30,000 <250 3.6 0.90 7.45 0.0 150 8.19 43.5 0.0 28.22 550 3.6 <0.00025
5/7/2018 FD 440-210696-3 65'-75' 5,700 1,700 37 <1.4 3,400 12,000 <0.10 <0.025 --- --- --- --- --- --- --- --- 37 <0.00025
5/7/2018 N 440-210696-2 65'-75' 5,600 1,700 38 <1.4 3,500 12,000 <0.10 <0.025 2.31 0.0 -10.2 7.82 12.36 0.0 30.44 5.75 38 <0.00025
5/7/2018 N 440-210696-1 90'-110' 1,700 8,500 <5.5 <7.0 27,000 150 J 0.38 <0.025 3.29 0.0 162 8.10 45.7 0.0 34.88 8.3 0.38 <0.00025
5/8/2018 N 440-210833-1 70'-85' 8,800 7,300 5.8 J <7.0 18,000 10,000 <0.10 0.089 0.79 0.0 90.3 7.66 43.80 0.0 28.70 27.3 5.8 <0.00025 UJ
5/8/2018 N 440-210833-2 89.5'-109.5' <50 10,000 <5.5 <7.0 31,000 <100 2.1 0.28 0.50 0.0 131 7.87 78.2 0.0 35.19 10.3 2.1 0.0016
5/9/2018 N 440-210948-1 60'-70' 8,000 2,000 36 <3.5 4,000 13,000 R 0.059 5.26 0.0 141 8.22 12.5 0.0 30.61 19.3 36 <0.00025
5/9/2018 N 440-210948-2 75'-85' 6,800 6,000 5.8 J <7.0 18,000 9,600 0.27 0.14 2.61 0.0 60.2 7.92 38.1 0.0 27.34 26.4 6.1 0.0014
5/9/2018 N 440-210948-4 82'-67' 3,300 6,500 <5.5 <7.0 19,000 3,700 <0.10 0.11 1.34 0.0 55.6 6.79 47.43 0.0 30.46 0.66 <0.11 <0.00025
5/8/2018 N 440-210833-3 59'-44' 7,100 1,600 43 <1.4 2,800 11,000 <0.10 0.047 J 2.75 0.0 153 7.59 13.9 0.0 29.67 46.7 43 <0.00025

Notes
bgs  below ground surface SU  standard units
ug/L  micrograms per liter mS/cm  milliSiemens per centimeter
mg/L  milligrams per liter C  degrees Celsius
mV  milliVolts NTU 
N  normal field sample FD  field duplicate

<

J-

J

UJ

R

MCF-06C
MCF-06B
GRTS-MW05B

 nephelometric turbidity unit

 The data are unusable. The sample results are rejected due to 
serious deficiencies in meeting QC criteria. The analyte may or may 
not be present in the sample. 

The analyte was analyzed for, but was not detected. The reported 
quantitation limit is approximate and may be inaccurate or imprecise.

The result is an estimated quantity. The associated numerical value is 
the approximate concentration of the analyte in the sample.

 The result is an estimated quantity, but the result may be biased low.

The analyte was analyzed for, but was not detected above the level of 
the reported sample quantitation limit.

GRTS-MW02A
GRTS-MW01B
GRTS-MW01A
ES-13

Location

Anions by EPA 300.0Monitoring 
Well 

Screened 
Interval

Field Tests Field Tests

GRTS-MW05A
GRTS-MW04B

Sample 
Date QCType Lab SampleID

GRTS-MW04A
GRTS-MW03B
GRTS-MW03A
GRTS-MW03A
GRTS-MW02B
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Galleria Drive Bioremediation Treatability Study Work Plan Addendum
Table C.4 Groundwater Analytical Results

feet bgs
5/9/2018 N 440-210948-5 90'-105'

5/10/2018 N 440-211094-3 60'-80'
5/10/2018 N 440-211094-4 90'-110'
5/10/2018 N 440-211094-1 60'-80'
5/10/2018 N 440-211094-2 90'-110'
5/7/2018 FD 440-210696-3 65'-75'
5/7/2018 N 440-210696-2 65'-75'
5/7/2018 N 440-210696-1 90'-110'
5/8/2018 N 440-210833-1 70'-85'
5/8/2018 N 440-210833-2 89.5'-109.5'
5/9/2018 N 440-210948-1 60'-70'
5/9/2018 N 440-210948-2 75'-85'
5/9/2018 N 440-210948-4 82'-67'
5/8/2018 N 440-210833-3 59'-44'

Notes
bgs  below ground surface SU  standard units
ug/L  micrograms per liter mS/cm  milliSiemens per centimeter
mg/L  milligrams per liter C  degrees Celsius
mV  milliVolts NTU 
N  normal field sample FD  field duplicate

<

J-

J

UJ

R

MCF-06C
MCF-06B
GRTS-MW05B

 nephelometric turbidity unit

 The data are unusable. The sample results are rejected due to 
serious deficiencies in meeting QC criteria. The analyte may or may 
not be present in the sample. 

The analyte was analyzed for, but was not detected. The reported 
quantitation limit is approximate and may be inaccurate or imprecise.

The result is an estimated quantity. The associated numerical value is 
the approximate concentration of the analyte in the sample.

 The result is an estimated quantity, but the result may be biased low.

The analyte was analyzed for, but was not detected above the level of 
the reported sample quantitation limit.

GRTS-MW02A
GRTS-MW01B
GRTS-MW01A
ES-13

Location

Monitoring 
Well 

Screened 
Interval

GRTS-MW05A
GRTS-MW04B

Sample 
Date QCType Lab SampleID

GRTS-MW04A
GRTS-MW03B
GRTS-MW03A
GRTS-MW03A
GRTS-MW02B

SM 2320B SM 2320B SM 2320B SM 2320B SM 2540C SM 5310B

Alkalinity as 
CaCO3

Bicarbonate 
Alkalinity as 

CaCO3

Carbonate 
Alkalinity as 

CaCO3

Hydroxide 
Alkalinity as 

CaCO3

Total Dissolved 
Solids

Total Organic 
Carbon Aluminum Barium Beryllium Boron Cadmium Calcium Chromium Cobalt Copper Iron Lead Magnesium

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
87 87 <4.0 <4.0 54,000 1.8 <0.50 <0.050 <0.010 10 <0.025 570 <0.025 <0.050 <0.050 <0.50 <0.038 5,100 <0.15 <0.15
78 78 <4.0 <4.0 27,000 1.9 <0.50 <0.050 <0.010 5.2 <0.025 520 0.085 <0.050 <0.050 <0.50 <0.038 1,900 <0.15 <0.15

100 100 <4.0 <4.0 64,000 3.4 0.53 J <0.050 <0.010 9.6 <0.025 550 <0.025 <0.050 <0.050 0.52 J <0.076 6,100 0.36 0.24
75 75 <4.0 <4.0 17,000 2.4 0.50 J 0.056 J <0.010 4.2 <0.025 590 0.036 J <0.050 <0.050 0.55 J <0.038 1,200 0.12 <0.15
99 99 <4.0 <4.0 50,000 4.6 3.5 0.073 J <0.010 9.0 <0.025 520 <0.025 <0.050 <0.050 3.7 <0.038 5,400 0.64 0.46
78 78 <4.0 <4.0 8,600 2.2 <0.50 <0.050 <0.010 3.0 <0.025 670 0.11 <0.050 <0.050 <0.50 <0.038 570 <0.075 <0.15
78 78 <4.0 <4.0 8,600 1.9 <0.50 <0.050 <0.010 2.8 <0.025 640 0.11 <0.050 <0.050 <0.50 <0.038 540 <0.075 <0.15
95 95 <4.0 <4.0 50,000 4.1 <1.3 <0.13 <0.025 9.7 <0.063 570 <0.063 <0.13 <0.13 <1.3 <0.095 5,600 0.46 J 0.40 J
89 89 <4.0 <4.0 39,000 1.2 <0.50 <0.050 <0.010 8.6 <0.025 590 0.050 <0.050 <0.050 <0.50 <0.038 3,700 <0.15 <0.15

100 100 <4.0 <4.0 60,000 3.8 <0.50 <0.050 <0.010 11 <0.025 610 <0.025 <0.050 <0.050 <0.50 <0.038 6,300 0.36 0.34
66 66 <4.0 <4.0 11,000 1.9 <0.10 0.030 <0.0020 3.3 <0.0050 660 0.085 <0.010 0.020 <0.10 <0.0076 700 <0.030 <0.030
99 99 <4.0 <4.0 38,000 2.8 <0.50 <0.050 <0.010 8.1 <0.025 570 <0.025 <0.050 <0.050 <0.50 <0.038 4,000 <0.15 <0.15
71 71 <4.0 <4.0 43,000 1.1 <0.50 <0.050 <0.010 7.3 <0.025 560 <0.025 <0.050 0.052 J <0.50 <0.038 4,300 <0.15 <0.15
69 69 <4.0 <4.0 7,600 1.6 <0.50 <0.050 <0.010 2.6 <0.025 730 0.091 <0.050 <0.050 <0.50 <0.038 460 <0.075 <0.15

Total 
Manganese 

by SW6010B

Dissolved 
Manganese by 

SW6010B

Dissolved Metals by SW6010B
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Galleria Drive Bioremediation Treatability Study Work Plan Addendum
Table C.4 Groundwater Analytical Results

feet bgs
5/9/2018 N 440-210948-5 90'-105'

5/10/2018 N 440-211094-3 60'-80'
5/10/2018 N 440-211094-4 90'-110'
5/10/2018 N 440-211094-1 60'-80'
5/10/2018 N 440-211094-2 90'-110'
5/7/2018 FD 440-210696-3 65'-75'
5/7/2018 N 440-210696-2 65'-75'
5/7/2018 N 440-210696-1 90'-110'
5/8/2018 N 440-210833-1 70'-85'
5/8/2018 N 440-210833-2 89.5'-109.5'
5/9/2018 N 440-210948-1 60'-70'
5/9/2018 N 440-210948-2 75'-85'
5/9/2018 N 440-210948-4 82'-67'
5/8/2018 N 440-210833-3 59'-44'

Notes
bgs  below ground surface SU  standard units
ug/L  micrograms per liter mS/cm  milliSiemens per centimeter
mg/L  milligrams per liter C  degrees Celsius
mV  milliVolts NTU 
N  normal field sample FD  field duplicate

<

J-

J

UJ

R

MCF-06C
MCF-06B
GRTS-MW05B

 nephelometric turbidity unit

 The data are unusable. The sample results are rejected due to 
serious deficiencies in meeting QC criteria. The analyte may or may 
not be present in the sample. 

The analyte was analyzed for, but was not detected. The reported 
quantitation limit is approximate and may be inaccurate or imprecise.

The result is an estimated quantity. The associated numerical value is 
the approximate concentration of the analyte in the sample.

 The result is an estimated quantity, but the result may be biased low.

The analyte was analyzed for, but was not detected above the level of 
the reported sample quantitation limit.

GRTS-MW02A
GRTS-MW01B
GRTS-MW01A
ES-13

Location

Monitoring 
Well 

Screened 
Interval

GRTS-MW05A
GRTS-MW04B

Sample 
Date QCType Lab SampleID

GRTS-MW04A
GRTS-MW03B
GRTS-MW03A
GRTS-MW03A
GRTS-MW02B

SW7199

Molybdenum Nickel Phosphorus Potassium Silicon Silver Sodium Strontium Tin Titanium Tungsten Vanadium Zinc Antimony Arsenic Selenium Thallium Chromium, 
Hexavalent Acetic Acid Butyric Acid Formic Acid Lactic Acid Propionic Acid Pyruvic Acid

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L
5.4 <0.050 <1.0 6,400 4.7 <0.050 6,500 11 <0.50 <0.025 <0.50 <0.050 <0.12 <10 <10 50 <10 <0.25 <2.9 <2.6 <2.6 <3.1 <3.5 <19
1.2 <0.050 <1.0 2,100 12 <0.050 2,600 10 <0.50 <0.025 <0.50 <0.050 <0.12 <10 19 J 360 13 J 79 <2.9 <2.6 <2.6 <3.1 <3.5 <37
4.3 <0.050 <1.0 5,200 7.6 <0.050 6,600 11 <0.50 <0.025 <0.50 <0.050 <0.12 <10 13 J 18 J <10 <0.25 <2.9 <2.6 <2.6 <3.1 <3.5 <19
3.3 <0.050 <1.0 1,400 12 <0.050 1,600 11 <0.50 <0.025 <0.50 <0.050 <0.12 <10 <10 43 <10 25 <2.9 <2.6 <2.6 <3.1 <3.5 <37
1.6 <0.050 <1.0 4,300 19 <0.050 4,800 12 <0.50 0.14 <0.50 <0.050 <0.12 <10 <10 <10 <10 <0.25 <2.9 <2.6 <2.6 <3.1 <3.5 <19

0.55 <0.050 <1.0 560 19 <0.050 970 13 <0.50 <0.025 <0.50 <0.050 <0.12 <10 31 40 <10 89 <2.9 <2.6 <2.6 <3.1 <3.5 <3.7
0.51 <0.050 <1.0 540 19 <0.050 930 12 <0.50 <0.025 <0.50 <0.050 <0.12 <10 30 54 <10 89 <2.9 <2.6 <2.6 <3.1 <3.5 <3.7
1.8 <0.13 <2.5 5,200 5.1 <0.13 5,300 13 <1.3 <0.063 <1.3 <0.13 <0.30 UJ 18 J 12 J 24 J <10 <0.25 <2.9 <2.6 <2.6 <3.1 <3.5 <74 UJ
4.4 <0.050 <1.0 3,900 6.0 <0.050 4,700 12 <0.50 <0.025 <0.50 <0.050 <0.12 <10 22 170 J- <10 42 <2.9 UJ <2.6 UJ <2.6 UJ <3.1 UJ <3.5 UJ <74 UJ
1.3 <0.050 <1.0 6,000 5.0 <0.050 7,600 13 <0.50 <0.025 <0.50 <0.050 <0.12 <10 <10 <10 <10 <0.25 <2.9 <2.6 <2.6 <3.1 <3.5 <74
0.87 <0.010 <0.20 950 15 <0.010 1,200 12 <0.10 <0.0050 <0.10 <0.010 <0.024 <10 16 J 48 <10 75 <5.8 <5.2 <5.2 <6.2 <7.0 <7.4 UJ
5.0 <0.050 <1.0 4,600 6.6 <0.050 4,300 11 <0.50 <0.025 <0.50 <0.050 <0.12 <10 <10 41 <10 12 <5.8 <5.2 <5.2 <6.2 <7.0 <37
2.4 <0.050 <1.0 5,000 2.6 <0.050 4,800 9.9 <0.50 <0.025 <0.50 <0.050 <0.12 <10 <10 91 <10 <0.25 <2.9 <2.6 <2.6 <3.1 <3.5 <19
0.36 <0.050 <1.0 380 26 <0.050 880 14 <0.50 <0.025 <0.50 <0.050 <0.12 <10 50 44 <10 70 <2.9 <2.6 <2.6 <3.1 <3.5 <3.7

VFA-ICDissolved Metals by SW6010B Dissolved Metals by SW6020
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Galleria Drive Bioremediation Treatability Study Work Plan Addendum

Table C.5 Groundwater Microbial Results

Microbial Census

Perchlorate 

reductase gene 

(pcrA)

Total Biomass Proteobacteria 

(Monos)

Firmicutes 

(TerBrSats)

Anaerobic metal 

reducers (BrMonos)

SRB/Actinomycetes 

(MidBrSats)

General 

(Nsats)

Eukaryotes 

(polyenoics)

Slowed Growth
Decreased 

Permeability

feet bgs cells/gram cells/gram % % % % % % ratio cy/cis ratio trans/cis

6/12/2018 GRTS-MW04A-20180612 Biotrap 70'-85' <2.50E+02 3.73E+05 65.44 1.95 0.89 0.00 30.37 1.36 3.32 0.00

6/12/2018 GRTS-MW04B-20180612 Biotrap 89.5'-109.5' <2.50E+02 5.82E+04 83.09 0.00 0.00 0.00 15.29 1.63 0.64 0.00

Notes

bgs below ground surface

Monos Monoenoic 

TerBrSats Terminally Branched Saturated

BrMonos Branched Monoenoic 

MidBrSats Mid-Chain Branched Saturated

Nsats Normal Saturated 

<

Microbial Phospholipid Fatty Acid Analysis (PLFA)

GRTS-MW04A

GRTS-MW04B

Not detected

Location Sample Date Sample ID
Sample 

Matrix

Monitoring 

Well 

Screened 

Interval

1 of 1
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Galleria Drive Bioremediation Treatability Study Work Plan Addendum 
Table D.1 - Synoptic Depth to Water

Ground Surface 
Elevation

Top of 
Casing 

Elevation

Well 
Diameter 

Well Total 
Depth

Top 
of 

Screen 

Bottom 
of Screen Depth to Water1 Groundwater 

Elevation1

feet amsl feet amsl inches feet bgs feet bgs feet bgs feet bTOC feet amsl
26728794.03 834737.35 1633.88 1633.49 2 80.5 60 80 47.10 1586.4
26728796.86 834742.46 1633.88 1633.32 2 110.5 90 110 56.45 1576.9
26728771.59 835074.09 1632.59 1632.04 2 80.5 60 80 56.10 1575.9
26728770.64 835079.15 1632.43 1631.89 2 110.5 90 110 63.91 1568.0
26728879.93 834947.17 1630.72 1630.18 4 75.5 65 75 53.04 1577.1
26728880.95 834952.89 1630.55 1630.27 4 110.5 90 110 59.75 1570.5
26728915.61 834839.84 1631.09 1630.70 2 85.5 70 85 50.21 1580.5
26728916.48 834845.04 1631.19 1630.86 2 110 89.5 109.5 56.24 1574.6
26728941.02 835055.82 1628.63 1628.19 2 70.5 60 70 52.75 1575.4
26728941.82 835060.59 1628.61 1628.23 2 85.5 75 85 55.13 1573.1
26728998.71 834911.17 1630.62 1632.52 4 105 90 105 60.12 1572.4
26729028.09 834929.39 1630.00 1632.77 4 373 373 333 102.86 1529.9
26729012.59 834930.88 1630.27 1633.06 4 85.2 82 67 57.22 1575.8
26729004.90 834945.76 1630.28 1633.01 4 62.3 59 44 56.96 1576.1
26728948.45 834409.70 1629.55 1632.43 4 52.8 30 50 52.02 1580.4
26729070.92 835304.91 1628.99 1631.61 4 73.3 50 70 57.86 1573.8
26729028.15 835406.51 1628.99 1632.03 4 69.2 47.5 67.5 56.76 1575.3

Notes
amsl above mean sea level
bgs below ground surface
bTOC below top of casing
1. Depth to water measurements collected on May 25, 2018.
2. Top of casing elevation resurveyed May 9, 2018.

MCF-06A-R

GRTS-MW05B
ES-13

MCF-06B2

MCF-06C2

DBMW-7
DBMW-8

DBMW-6

GRTS-MW05A

Monitoring Well/
Borehole ID Northing Easting

GRTS-MW01A
GRTS-MW01B
GRTS-MW02A
GRTS-MW02B
GRTS-MW03A
GRTS-MW03B
GRTS-MW04A
GRTS-MW04B
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TETRA TECH WELL WATER LEVEL 
MEASUREMENT LOG 

Page / of 

NERT, Henderson, NV Project 

Task Name: PI ( ' 7 Task No: Dale: -3.-/Z.51/ I -

Task Manager Field Sampler(s): Jess_ a...,k,...cs• Recorded by: 
Equipment Model/Type: 

5 ' d i  ,. is ()L./4 Tft rj  Sea ' 

Serial Number 
.f --4- (....ke 26 '7 44/4 i 

Last Calibration Date: 

Well Identification 

Describe 
Measuring 

Point 
Time 
(hrs) 

Depth to Static 
Water Level 

(ft BMP) 

Well Sounding 
Depth 
ft BMP 

Condition of Well and 
Well Seal 

E5 -C3 -r -Oc, / 2.06 60. (Z 6etf) el 

Mc-f- - 6 1 Z0  ir r 7 .2 2- pi ) 6, . od 

F-- G e--
)2, f 0 56 , 6 74„.41.,/mr.„, Geed _PC 

"IA/ -6 SZ. , C73 Good ( 2 5-3 _))/3 
—18,4 Li - '1 ra 1 ci 51 . ECG Good 

1)13 frti,/' a i zzi 27, 176 &woo(
o2-r5-.Midd I /4 IZ4"7 47./0 6,,„,/ -7., si,.. 4_,..,- 
6Z-I'S./A we I 3 rOl( r _`6.4S 6-.0( 7,--644.506.,,.,,- 
Ger- fri 1,10zA (Z30 5- 6., i a 4,,y,„, Tr-,„ El,. . ,r_ ,..,_

C-7_ I- 5 - / 4- Wez 3 i 2 5 2. 6 3 , c> ( 
6 .-... . /  .7%.--, 54, - . --..c_ _ 

Yii a 7; ... ./ 4 4/c. 9- Sit. /236. _57,De. 67. cil 
GNCTS - /14-)0 13 / 13'7 5 13 /7 S— 6-. 1

GigTS- / 4A1 041 A /2 4  1 5-0, 2. 1 6oei ri,.-m 54, r . .e .-

6 7 arS -A44.1- C9 43 1 Z LIZ 5 - 6 . 1 / 6cord Tr eqtsot. t....1" 

C (4,-- S- /46-/ e )  5-4 122_t1
52:7C a cc," 

6, g---rs -itit,t-i os-3 (2.2& 55-. 13 mood 
friC F - OGA - IL 121if  Ci roz.“ DP 6.0 d 

BGS = Below Ground Surface BMP = Below Measuring Point MP = Measuring Point TOC = Top of Casing (Well Riser) 



el TETRATECH CALIBRATION LOG - WATER QUALITY METER Page 4_ of 

NERT, Henderson, NV 

Task Name: Galleria Road Treatability Study (Task No.: M17 Rental from: cdvar We--' (Task Manager: D. Grady 

T pe: S2 s-51 Serial Number 'I I 1 C., I &z6 

. • - -- Pre-Calibration Post-Calibration. --- 

q 
a 7, 
— I c. 0. 
g X-

'D t=  Time. 1-- 0. . 

a Is — — a 1 q 6 s2 0 0 6 ,_. 1,- .- 0 II 11 5' wp q — 
= = — = = = 0. 0. /3 E Q. a a a ci. -ii E ;12 
-i -  .1'  c ti I 

cta, x = = c = E 0 0a  a 0 Jarmi&imaiiiii8 1- 1-- .. . .. .a 0 0 ,,,i 0

es-i&Vig 7s757 1.-fi'M 12-7 9,cit 
iri L OH 

le n , 
9-1. ilon 

, -7 v 
Ger- /0e0 2?c / cc, /0-.971,--

os/011/6? i‘: 13 2.C.c-t, 3.77 "'75-- Yin- 2'4? :25:g, Clv 7. a.: eavo 31.0 — 

(35-1,39/ 1 g GC: D43 ti..5-i 3.96 '7, 2s— F, y$ 2c3L? . .21,1‘ — gSc' .̀' 4- 717 jo.c2M1.9 / Arz) 

-,- _ 



TETRA TECH CALIBRATION LOG - WATER QUALITY METER Page I of 

NERT, Henderson, NV 

Task Name: Galleria Road Treatability Study 

Type: 11.1L-keak ..15‘; 

Date 

5141740. 
orry 

5/117,0146 I K..- 34" 

/1(101g L 

(1°1 1 IL 

a a o. Q. o_ 
CP re 

Time F-- 1 X  3. 0 X  . 0 

Task No.: M17 

Pre-Calibration 

IZ 

ciL Os c' in 
•ct, •-•:. , 

.9 ii ii it 5.-
.= = = E 

3?-31 

5 170r6 15*- 9:5

• 

01 

C
on

d.
 (m

S
/c

m
) 

Rental from: .511-virli, Sietr,e 

Serial Number: 114 PI HOG v".5 

Tu
rb

id
ity

 (N
TU

) 

3t1- 7.0 6.36 t.0 

a 

Task Manager: D. Grady 

Post-Calibration 

a 
c! cl 6 ...4- r•-• i-
ii ii it 
= I 1 ct. a. ca. 

0. 0. 0 C
on

d.
 (m

S
/c

m
) 

0 

Tu
rb

id
ity

 (N
TU

) 

1 -01- 
'1 SS 1 -.5-5 0.0

211,(1 / / 10. 0  WI 413.9 Q.44 0 .D 

25.?=1 / .-?..15 2-21.. 1.51. 8.8C 5.6 

ch 0 11 .P-1 7 f / - 44 21 9,Y3 O.° 

1 .5-0-  L. .5 5.0 

*33 z - 22 1 6.1y 5.50 40.0 

6.01 I i 1 10.01 II 4- -b k a v• 5,101 0,6

—I 1-

it.50 6-C14 0.0 

IZit / 1" 5I5t3 .9a ‘ t irt 7.7 

2111. 1. V   
lai rp 120 •?..C31 . 0.0 



"It TETRA TECH 

Task Name: Galleria Road Treatability Study 
Field Sampler(s): 
Transducer Removal line: 
Depth to Water  (ft).: i47 
Well Depth (II): 7r1.1,,rJ  
Pump/Tubing Type: QED Bladder Pump & TLPE/LDPE 
Purge Start Time: / 

Temp. pH 

Time (`C) (pH Units) 

READ CHANGE' READ CHANGE* 

11- 05-

LOW FLOW GROUNDWATER SAMPLING LOG 

Task Manager D. Grady Task No: M17 Date: el

Transducer Redeployment time: 
Screened  Interval Top (ft):  0
Screened/Open Interval Bottom (ft): ?J) 
GW Disposal: GW-11 

Is? Well ID: / 1•L (Ai- — 0) A 

General Well Condition: j 
Pump Intake Depth (It):  

IWell Diameter (in): a-
Equipment Decon. Method: Alconox!Dl Rinse SOP 

Conductivity DO 'ORP T' - Turbidity Purge 
(mS/cm) (1141/1-) (mV) (NTU) Rate 

READ GRANGE* READ CHANGE READ CHANGE* READ CHANGE* (mIhnin) 

26 .2 ?6 
as: si i 

s-.6/   0-3if 
tio-cl? 

;IS  Tx. Ca. `{6 
0-.37 
alb 

sic> 
g0 
(1c) 
55-

8s--

ea-

Stop Purge Time: tg.S. ) 

anervations/Comments: 
HACH Kit Sulfide: (9-0 mgIL HACH Kit Ferrous Iron:  .O mg1L 

Bottle Set Summary 

Sample Time atU)cl 

Sample ID:  6 eRTS M (.4.01.4 13/.0l 
QA/QC Sample Time(s): 

Depth to 
Water 

(ft) 

Page rof 
NERT, Henderson, NV 

Cum. Vol. 
Purged Color/Odor 

(L) 

TZ.2-9 

A. 

C 

 401-7^ 

97. 3/ 

QA1QC Sample ID(s): 

VOA wMCI 125 mL Plastic 

) 125 mt. wIEDA 250 mL Plastic 

500 mL Plastic 500 mL w/H2SO4 500 mL poly w/HNO3

) 250 mL w/H2SO4 250 mL poly w/HNO3 250 mL Amber Glass 
WHIM Ha-

250 mL Amber Glass 

"Ifi2 84A  
MrtrtriL Amber Glass 

*INDICATOR PARAMETERS HAVE STABLIZED WHEN 3 CONSECUTIVE READINGS ARE WITHIN: 
± 0.1 for pH; ± 3% for Cond and Temp; ± 10 my for ORP; ± 10% or <0.5 mg/L for DO; ± 10% or <10 NTU Turbidity 



E I TETRA TECH LOW FLOW GROUNDWATER SAMPLING LOG Page _La ) 

NERT, Henderson, NV 

Task Name: Galleria Road Treatability Study Task Manager 0. Grady Task No: M17 (Date: 511.1 % % Well ID: 6D;r5 - Kw .1 
Field Sampler(s): 

Transducer Removal lime: 4 1.14c Transducer Redeployment time: +.1 Itt General Wel Condition: 6 el• ot 
Depth to Water (It): 5T., • 5i ' Screened Interval Top (ft): 9AD Pump Intake Depth (ft): I 05' ' 
Weil Depth (fl): 110.5 Screened/Open Interval Bottom (ft): 110 Well Diameter (in): 1. ' 
Pump/Tubing Type: QED Bladder Pump & T E/LDPE GW Disposal: GW-11 Equipment Decon. Method: AlconoxlDl Rinse SOP 
Purge Start lime: It •.4 f5 ,..45---m 2,..T....) • 

Time 
Temp. pH Conductivity DO - 111111111rORP-11.1111.1rTtirbidity 
(C) (pH Units) (mS/cm) (mg!L)  - (mV) 

READ CHANGE* READ CHANGE' READ CHANGE* READ CHANGE* READ 

a Purge Depth to Cum. Vol. 1 
' 1111"r w (NTU) - Rate Water Purged Color/Odor 

CHANGE' READ CHANGE' (mIlmin) (ft) (L) --- 
W5c) 35-q D PAL. (t. Da t 9 - eA - 41 35) 25.1k1 51.. -7-s-  C k ....1' '67_ 

3NO 3L3 5. tAI 41 73- I . 00 Ii_ ‘N I q7- .50.1 /...:- r- 5L c...f. Cic. to( et-

i Z:(5 go i 9 6,.01 Li q •L 0 .73- 12L I 1-5 2.5-1/:.- 54- Gc•I al_re,tu 
12.20 3t.. 1,o $•o1 'ft .5 0. Lf. I l2 I it i )5-IA:. . 6E ec..5-.4.1._ 
IV 31 31--Gb x•99 50.5 ()•5'( I /-1 7) ilc. 25-1km 51- (114 0- -
)210 3%.90 1.'19 51.5 0.99 Ito 9 it 2.54., 51 • (.4 cc_c_....t.4 
IZ 45 3t.14 -7.9/ Si- < 65+ 111 9 to 25-.1/...- 57. -1-Lt L Lfr __ 

._li'SS. 5D•ciL }.q/ 51. Li 0.61- 1 1 b }La- 7.54,:. 53--83 c...Lc....A-.A.._. 
- 

'40 3bA1 1- .9 RI . t 0. 44. 11 i (04.4. ,to :,, St5. VI C-4.-44-1A... 
....3-

1 -  .n- 50.'1 0.1n- Ivo 1-3-0 io.. . ....„.. 5 5 . ; 3- CL r..4,•vt. 
11, 10 ° MIA. 1.9r) 91.1 6 .9I 1Z3 300 . 50 ..4....,- 56 . 50 0_1,

13' 15 31- .co Ft. U1 5b.1- 0.91. 111, a33- 56.4/..„. 5.5. 6q ,1,,,,_ 
13'10 3't.O t.o&I 50.5 0 .53 17.-1 I Go 51-1. 5(5. 61 cLAAL. 
i345, "b5-1%.) $.t,6 50. t• 6.V6 ILL I`(2- 514 ii,re• 5-6. ei 0 CA-city._ 
13 : PI 35. IR c6 .1 0 50. 1 0.36 11 .z, 102 9z.4 _i'l 'A 

_ 
L. 45 0_-LAANA- 

Stop Purge Time: 1,...; .. 30 Sample Time: IS t :',0 QAIQC Sample Time(s): 

_ ___ Sample ID: aun - wooi (I. --GLO 1 QAIQC Sample ION: 
ObservatIonsiCompeAs: 
HACH Kit Sulfide: 0 '1/4-/ mg1L HACH Kit Ferrous Iron: 0.0 rogli. 

Bottle Set Summary 

,.., 
...., 

3x VOA w/HCI 125 mL Plastic ! 500 mL Plastic 500 mL w/H2SO4 500 mL poly wIHNO3 ' 250 mL Amber Glass 

0 '12% 
i 125 ml wIEDA 1 250 mL Plastic 250 ml w/H2SO4 250 mL poly w/HNO3 250 mL Amber Glass 

w/H3PO4
500 mL Amber Glass 

'INDICATOR PARAMETERS HAVE STABLIZED 
± 0.1 for pH; ± 3% for Cond and 

WHEN 3 CONSECUTIVE READINGS ARE WITHIN: 
Temp; ± 10 my for ORP; ± 10% or <0.5 mg/L for DO; ± 10% or <10 NTU Turbidity 



E13 TETRA TECH LOW FLOW GROUNDWATER SAMPLING LOG 

Task Name: Gallen Road Treatability Study (Task Manager: D. Grady Task No: Mil 
Field Sampler(s): 

_ - — 

Page Lof 

NERT, Henderson, NV 

Date: 6 o (g Well ID: 1 1 Us o2-4 

Transducer Removal Time: — jTransducer Redeployment time: ---- _ _ — — — — General Well Condition:
Depth to Water (ft) 5,6.2A 'Screened Interval Top (R): -go
Welt Depth (n): 79,,7s--   _IScreenedlOpen Interval Bottom (It):
13Limp/Tubing Type: QED Bladder Pump & TLPEL _DPE IGW Disposal: GW-11 ..._ _ 
Purge Start Time: cr74. 

` ÌI
 Time 

L. 

• 

Temp. pii 
('C) (pH Units) 

READ CHANGE* READ CHANGE' 

Stop Purge Time: of J.

Pump Intake Depth (ft):— _ 
Well Diameter (in): 9._ 
Equipment Decon. Method: Alconox/DI Rinse SOP 

Conductivity 'DO ORP Turbidity Purge 
(mS!cm) (mgiL) (mV) (N Eu) Rate 

READ CHANGE' READ CHANGE* READ CHANGE' READ CHANGE' (mlimln) 

743 
J 3 _f

 lePo
g2- qic-

_5:52, _ I itit  
'n.0 

. :i4 11
5. az- 504 3 2 (01 
Fig_  t49:? 

1 i_f_ 

Depth to 
Water 

(ft) 

7€3   Syr  
47P 

Sample Time a 30 
Sample ID: 6.-R,T5 **-

ObservationslComments: 
HACH Kit Sulfide: 0-0  mglL HACH Kit Ferrous Iron: 00 mglL 

Bottle Set Summary 

Cum. Vol. 
Purged Color/Odor 

(L) 

CIAXIC Sample Tim(s): — 

QA/QC Sample ID(s): 

-3 *VOA w/HCI 1_ 

125 mL w/EDA 

125 mL Plastic 

250 mL Plastic 

500 mt. Plastic 500 mL w/H2SO4

250 mL w/H2SO4 250 mL poty w/HNO3

500 mt. poly w!HNO3

250 mL Amber Glass 
w/H3107 HC 1-

250 mL Amber Glass 
SO, . 

Amber Glass 

*INDICATOR PARAMETERS HAVE STABLIZED WHEN 3 CONSECUTIVE READINGS ARE WITHIN: 
± 0.1 for pH; ± 3% for Cond and Temp; ± 10 my for ORP; ± 10% or <0.5 mg/L for DO; ± 10% or <10 NTU Turbidity 



Ezi TETRA TECH LOW FLOW GROUNDWATER SAMPLING LOG Pagel _of j_ 

NERT, Henderson, NV 

Task Name: Galleria Road Treatability Study (Task Manager. D. Grady Task No: M17 Date: Si! 6 ) 15 Well ID: 612-TS — Mt° 0 'D. 9, 
Field Sampler(s): Kitts ‘,... ti.,J0 G 1145.170̂  

— 
C C. 

Transducer Removal Time: t..3 k p, Transducer Redeployment time: 1,) 1p, General Well Condition: 600:A 
Depth to Water (ft): (04 • 05 Screened Interval Top (ft): clo' Pump Intake Depth (ft): I OS' 
Well Depth (It): % yo .5 Screened/Open Interval Bottom (ft): 1 IV Well Diameter (in): ? if 

Pump/Tubing Type: QED Bladder Pump & TLPE/LDPE GW Disposal: GW-11 Equipment Decon. Method: Alconox/D1 Rinse SOP 
Purge Start Time: fa) .• 1 I)) ,51-tql/T 

Time 
Temp. pH 
(*C) (pH 

 READ CHANGE* READ 

diaim. Conductivity DO' ORP TUrbidity r- Purge Depth to Cum. Vol. 
Units) l imil (mSlcm) (inSIO (mV) (NTU) Rate Water Purged Color/Odor 

CHANGE READ CHANGE* READ CHANGE* READ CHANGE* READ CHANGE* (ml/min) 1  (ft) (L) ; ,.. 

it 30 11.1 a b. 1.0 411. 15 . L.1.2 13 9 4 LO sa-ii...p. L 9 . 48 c....vow
q'35 , tt.1.4 I ton, PI . I. 1,.st i's& . ci6 sb-/-0... 05 . 410 I G Li

t! •-ti!.1-

'_14(0 0 2.2-11,A. —I-.--:_ ql.,r 3.D3 I ql I /coo if.,„:.., LS. rd e...._.b,f,er

1 !`5- I 1 6 . lei 41'1.3 7.11 ) gs- 4.1 4. Ii,..,,. 4. ..21_1 0.,ra %pry 

9150 
,P.ti 

z % 41 i 6.11- iti.s 3.311 
—!-- 1'I b 1 GS- 51-/ ..,1.-. LI- 3-2. C......--o .11. 

c .2e.ni ? H (ft 1 1.344 iefg 6G 1 ...1.4 67.1 g )

10 !Or! 1.1). VI. 6.1c1 LIS- 1- 1 .LIC ISO 550 ,- 1 /.. 53 ,•A 0...s- `2Z6""4,_.=:".... 
Eri ° 

Stop Purge Time: 10 : LO Sample Time: 10%Lic QAIQC Sample Time(s): 

Sample ID: 612-75 - MW 0?- -Vici1 QMQC Sample ID(s): 
Observations/Comments: 
HACH Kit Sulfide: 0 .0 mg1L HACH Kit Ferrous Iron: 0 -0 mgIL 

Bottle Set Summary 

13x VOA ',MCI 1 

— 250 

125 mL Plastic 500 mL Plastic 500 mL w/H2SO4 500 mL poly w/HNO37 250 mL Amber Glass 
w/H2SO4

I 
125 mL w/EDA mL Plastic 250 mL w/H2SO4 250 mL poly vr/HNO, 250 mL Amber Glass 

w/H3P0,1
500 mL Amber Glass 

INDICATOR PARAMETERS HAVE STABLIZED WHEN 3 CONSECUTIVE READINGS ARE WITHIN: 
± 0.1 for pH; ± 3% for Cond and Temp; ± 10 my for ORP; ± 10% or <0.5 mg/L for DO; ± 10% or <10 NTU Turbidity 



trti TETRA TECH LOW FLOW GROUNDWATER SAMPLING LOG Page f of f 
NERT, Henderson, NV 

Task Name: Gallena Road Treatability Study I Task Manager. D. Grady Task No: M17 1Date: 07-/o7/1.9 Well ID: -;- ‘2.--r5 - M Itk)3F.,

Field Sampler(s): Ktiv.1 ;1--- calo.45X‘.-
Transducer Removal Time: N IA Transducer Redeployment time: N [ A. General WeU Condition: 6. Dv 04, 
Depth to Water (ft): 5 b • 0 1 Screened Interval Top (It): 45 Pump Intake Depth (ft): *Zeb 

Well Depth (ft): 50 Screened/Open Interval Bottom (ft): %cj Well Diameter (in): 1-L" 

Pump/Tubing Type: QED Bladder Pump & TLPEILDPE GW Disposal: GW-11 Equipment Decon. Method: Alconox!DI Rinse SOP 

Purge Start Time: 1.. 04:01 

Temp. pH MINIWConductIvity4r  DO 1111.1 ORP. Turbidity Purge Depth to Cum. Vol. 
Time VC) (pH Unitsj ( Icm) (mg/L) ' ' ' (111141MI (NTU) Rate Water Purged Color/Odor 

READ CHANGE READ CHANGE* READ CHANGE* READ CHANGE* READ CHANGE* READ CHANGE* (ml/min) (ft) (L) 

11P 6 3 I Pt I .$1.• 1215C, 3.g6 -51.1. ...------- a., 53.25 
4.4 )p 4i( , I .?.bt 13...141- .3-i7 - sco lo.,Gask 

..1(lei 

If Clao-r 
1117-7- 30.04 ' 1.-til 113.1V2. .2- V. L- 3 t.1 6.5ivi1/4 i if 

.5.3.A4 
53.1v 

W= A 01-1k 7. so litt el. 2. Lto -2.1..D /. tr..., I it 63 St( 
14 :31{ A .si q• .`ta 170%5 1.1,4i 14.) 1.31,0 e t 

5b. 32..

_ 

141:31 30.00 ____. 1-.8V 12 19 2 .iii -12..5 *f. 02- tl 3.6 .ai 
if_ 30-.11. 7.n... 

_ 
12:2.-% 7-'51 

, 
--II. 7- 4, 42. 11 53 . 33

wet -9).33- 1--M• (23 a- I 2.31 -0.0 Lail .11 62.-. 6 s-

Via. loll 1- 7, ( 7 .sty 7-- i 01 5:15, II (.5, , 34 se 
i 

.4-

I
Stop Purge Time: / 7,..r7 Sample Time: IC-go, QA/QC Sample Time(s): 64-4 -5--/14k,i0.?A -8L 6 /- f P 

Sample ID:ORTS- "Ica C:,-?/f - et. 0 1 CIA= Sample ID(s): ( --ie, 
Observations/Comments: 
HACH Kit Sulfide: te."2- 1  mglL HACH Kit Ferrous Iron  -0 mgli. .//:-.:"- 

Bottle Set Summary 
s pz. "-VOA wIFICI  2... 125 mL Plastic 1500 mL Plastic 500 mL w11-12504 1500 mL poly w!HNO3 '250 mL Amber Glass 

w/1-1 SO 
o

# 2....1125 mL w/EDA iot s.i 4 250 mL Plastic 4 ,2:250 mL w11-12SO4 LL ofeL 250 mL poly w/HNO3 4 .nA-- 250 mL Amber Glass mbar Glass 
w/14128-4

INDICATOR PARAMETERS HAVE STABLIZED WHEN 3 CONSECUTIVE READINGS ARE WITHIN: 
± 0.1 for pH; ± 3% for Cond and Temp; ± 10 my for ORP; ± 10% or <0.5 mg/L for DO; ± 10% or <10 NTU Turbidity 



El TETRA TECH LOW FLOW GROUNDWATER SAMPLING LOG Page \.- ofi 

NERT, Henderson, NV 

Task Name: Gallena Road Trealability Study tTask Manager. D. Grady Task No: M17 Dale: asier71 re Well ID: ,friL4..., -03a 
Field Sampler(s): 
Transducer 

-- K.
Removal Time: — Transducer Redeployment time: .--- General Well Condition: Gye,a 

Depth to Water OW ac. I I Screened Interval Top fit). qo Pump Intake Depth (ft). / p ;• 
Well Depth (it): v ,o ,'S Screened/Open Interval Bottom (ft): 1 1 0 Well Diameter (in): 4 
Pump/Tubing 

Purge Start 

Type: OED Bladder Pump & TLPEILDPE GW Disposal GW.11 

Time: iigq 
_Equipment Decon. Method: Alconox/DI Rinse SOP 

I Time

Temp. pH Conductivity DO ORP 
VC) (pH Units) (mS/cm) (mg/L} _ (mV) 

READ CHANGE* READ CHANGE' READ CHANGE" READ CHANGE' READ 

Turbidity Purge Depth to Cum. Vol. 
(NTU) Rate Water Purged Color/Odor 

CHANGE' READ CHANGE* (mIlmin) {ft} !L) 

I . 13 .1.-)7i____ -7 t? fq,_D '1 41 I 4'1 . , z. 0  _, in..1.....- d 0.58 dkof 
1)_..7.15, 3(1. 11 . 0 r3ts _... ____ _. q • . 3.31 15 1 15.3 /10 0.12-- r (ear c 
11-143“61-. e'.07 47 -5 5,10 1.51 ` to.E? 96-- g6,5N-- tear
L3e 

... 
14,-fit gr..0,7 473 3. i 7 161 10-S- ..v§-- 61g f 3 ClawT 

19-0 ViP, c.10 4.--1-5-- 3.049 1(' g 0 kr Cz e/ 
_; 

12.42 3(113, 840 414.1 3.a. 141 b.b gs- e 7.'2-2- 
34-5 ' 10 

___,__ 
ei,..s--, 7 3.4 .2_ 16.2- g- 3 gs--- 4,' 7'ip .125.3 

• 

. 

• 

Stop Purge Time: /9-- --- Sample Time: 13 05-  QA/QC Sample Time(s): 17/c 
Sample ID: &RI& - /kw Gil-6 -111- 01 QAIQC Sample ID(s): 6RT g^111(-0 03.4 ',..3Z 01 - ,./f 5/PI SD 

ObservationslComments: 
HACH Kit Sulfide: (>C mg/L. HACH Kit Ferrous Iron: 0.0 mglL 
Bottle Set Summary 

3 ii1V0A w/HCI n 125 mL Plastic 1500 mL Plastic 500 ml wIH2SO4 500 mL poly wIHNO3 I 250 mt. Amber Glass 
w/H2204

'2_. 
125 ml w/EDA 250 mL Plastic 250 mL w/H2SO4 4 250 mL poly WM03 .... 250 nil Amber Glass 

wil4712e4 tici- 6 alint,, Amber Glass 

*INDICATOR PARAMETERS HAVE STABLIZED WHEN 3 CONSECUTIVE READINGS ARE WITHIN: 
± 0.1 for pH; ± 3% for Cond and Temp; ± 10 my for ORP; ± 10% or <0.5 mg/L for DO; ± 10% or <10 NTU Turbidity 



Ezi TETRA TECH LOW FLOW GROUNDWATER SAMPLING LOG Page r of 1

NERT, Henderson, NV 

Task Name: Galleria Road Treatability Study Task Manager. D. Grady Task No. M17 Date: os.10402 Well ID: GrerS — -AI  0 51,4 
Field Sampler(s): g. 4.,...., 
Transducer Removal Time: — Transducer Redeployment time: , General Well Condition: ac.....049
Depth to Water (ft): $-0 . 'IS— Screened Interval Top (ft): 70 Pump Intake Depth ((1): . :167 
Well Depth (fl): 9C Screened/Open Interval Bottom (It): 2r5 '-- Well Diameter (in): 'D-_ 
Pump/Tubing Type: QED Bladder Pump & TLPE/LDPE GW Disposali GW-11 Equipment Decon. Method: Alconox/DI Rinse SOP 
Purge Start Time: 0700 

. ...._ ., _ 
Tenip:. ___ pH' ConducthiitMEW 'DOIllir' flORPr.

'' ' 
' Turbidity Purge Depth to Cum. Vol. 

(NTU) Rate Water Purged Color/OA 
READ CHANGE' (ml/min) (ft) (L) 

Time (T)', (pH Units) (mS/cm) (mg/L) (roVy 

READ CHANGE* READ CHANGE* READ CHANGE* READ CHANGE* READ CHANGE* 

ells- . .2.51:81 p..26 _ 3q, (v? 49. 0 39r e, , S0.6 . 'co rii./0 cio,a1,.( 
clxic? . x" 61- if . c10-9Y  1.0S- ' -.- -1 11 i'-'/.9—` 

, 
/ex, Tt. to I -1CC 

( 025-9-S.417 
H-7. 

I- 30 . 41.s2 o--7Y   /3iis--1 1 rte.qcot rte s-t id o r 
eq309•41 7.0 ei 2..07 

, _ 0'61 02.0 
413-6 ge9  -1.-A.0 Ci

oe157.:24-c, 19,3, F{2. (// 0.7/ t '361.9 3/%6 fb 1 4,191. 3? !Cloud/ (_ 
,.• c..to 2 6.4.6 2.41 c€9.5-)-- ct-fl- 2.7.43 '33.2 (A7 71, iLeo
oc(50 L21- .16 -1- .4,4 1).qo 0,19 ' cr 5.4 3. (...,LI 

. 
so 51 , 9-6

_Cl,dr.4.,(_. 
(2.,1-r 

09.5593.1.o q. .4-0 40.101 0, of . c1-3.5 w. s7 ' Sc) 4- t , tio 
,6.,( 

/ado ins-/ I Vstio 7i 3. &I c>. gr 9 6t  'f' , 72. c/o St r). 
. 

o,s-- OTS i /7 tte3.13 0- ,W, di ' 2-__ Ere,
to 0 :kr, qz 7,7( 41.30 cp...%6 e8,9  1 •• 9 

,p.Gs--
go j.v.s-, 

ols— ,,&Z 
to, 

.0 3 43. to? a q9 Si. 2- ' ,24.o 
[ 

art, Is-1.0 
109%(' A&.-i7 . .7. 66 6.7$ qo. 3 g/. 5 F I. go c / _ 61 — .Ano 

I -1 , . 
Stop Purge Time: t i79...2 Sample Time. /09.-S— QA/QC Sample Time(s):

Sample ID: & f2T$ - .71L.,) bq 4 QAICIC Sample ID(s): ,---
Observations/Comments: 
HACH Kit Sulfide: Q.  b mglL HACH Kit Ferrous Iron: O. Ongli. 

Bottle Set Summary 

3 4.,V0A wIHCI I 
i 

125 mL Plastic 500 mL Plastic 500 mL w/H2SO4 500 mi. poly w/HNO3 250 mL Amber Glass 
w/H2S0 

i 125 mL w/EDA ()_. 250 mL Plastic 1 250 mL w/H2SO4 2._ 250 mL poly w/1-1NO3 250 mL Amber Glass 
w/H3PO4 

5RT2Amber Glass 

INDICATOR PARAMETERS HAVE STABLIZED WHEN 3 CONSECUTIVE READINGS ARE WITHIN: 
± 0.1 for pH; ± 3% for Cond and Temp; ± 10 my for ORP; ± 10% or <0.5 mg/L for DO; ± 10% or <10 NTU Turbidity 



It TETRA TECH LOW FLOW GROUNDWATER SAMPLING LOG Page I of I 
NERT, Henderson, NV 

Task Name: Galleria Road Tradability Study 1Task Manager. D. Grady Task No: M17 Date: S it i70 Q5 Well ID: r2 (1-1-5 -  140011 6 
Field Sampler(s): CREASTI-L. C-- :1 lArk•A L. 
Transducer Removal Tune: Transducer Redeployment lime: General Wel Condition: Et 000 

' Depth to Water (ft): 51- , iC) Screened Interval Top (ft): t59 • b Intake Depth (ft): I) Q a IPump 

Well Depth (ft): 4114-Ast I I 0 ' Screened/Open Interval Bottom (ft): I 0 cf. s r viem Diameter (In): ,-/ " 
Pump/Tubing Type: OED Bladder Pump & TLPE/LDPE GW Disposal. GW-11 Equipment Decon. Method: AlconoxiDI Rinse SOP 
P̀urge Start Time: St: 9, .7-

'Temp. pH Conductivity DO ORP 

Time ('C) (pH Units) (mStcm) (mglL) (mV) 

READ CHANGE* READ CHANGE* READ CHANGE* READ CHANGE* READ 

0 
Turbidity Purge Depth to Cum. Vol. 

(NTU) Rate Water Purged Color/Odor 
CHANGE* READ CHANGE (mittnin) (ft) (L) 

t).7 ; rP"ILIT:0) 

' 307 4 q: 30IN): 7.3L l• IL /1/1.3
„__..h , 

q a f .75- I 5 .ab c_i_c..4.v-t_ 
9 :Lit) 3I.U:. 3.4 1 il0 .0 d • Cy 136 L-19:2- .75- 57 . LI S cLt.44 
°Nil vrat,

'03 d.Z5T-AnA 

.10. U) 33.V. -3 . bo / 4.5 0, Sil i 3 4-t 11 b. 2 so i 5t3 - 1 e__Lc...4 fl.... 
' 1,53 '+5.5 o, co 1..V1. 32.0 ?O w. I 523. 2- C.,14„.4y.L__ __11145_3att 

1)'10 3,-1.W. I . ill- 31. I I. ak 1st. 3,...x. 5-0..1 56. LI5 clef:A.16._ 
!I 15 34.5[ 3.tiq 79.3 rao 116 i4. 2. 50-1 Sb• Lib C.t.-4.-Avt 

W./0 39.qo 3 . bs 3R, o 0 .qx /341 12,5 50-1 5b. 65 ch.f....4.,„ 
lovs 3511. 1.64 7fi•rt 0. Sa I341 11,1 5A 5b. bq 0.-‘14-00,,.,, 

16,50 S•citi 3. by i-$.•2. 0,b5 I33 14,2 5 ,-4 59, 2S
19.15 B .35 3, f.,4 3 9. b 051. flf 11. Li 50., 1 b 1..24 et cuAri,.... 
RIO 15-01 1 1 . tv-1 q to 0.51 4 -1 ST - 10 • 8471 - 5>T -.7 17  XS CLCIA ... 

A 'IS 35.11 -3, n 3 6.1 o• 50 1 131 (0, 1 5) 1 59 , 50 er..-4.47"-
Stop Purge Time: 10 t 44, Sample Time: 10. 976 ONCIC Sample Time(s): --

Sample ID: 6i-cirs-,fr twocill- 13Lo1 DA/QC Sample ID(s): - 
Observations/Comments: 
HACH Kit Sulfide: Ott) mg& HACH Kit Ferrous Iron: 0.0 mgil. 

Bottle Set Summary . 

.3 
Ss VOA WO 

i
125 mt. Plastic 500 mL Plastic i 

1 
500 mL w/H2SO4

1 
500 mL poly wiHNO3

' ! 
1
1

250 mL Amber Glass 
w/H2SO4

125 mL wIEDA 4 1250 mt. Plastic ri_ 250 mL 250 mL poly w/HNO3
1 

250 mL Amber Glass 
w/H3PO4

500 mL Amber Glass 

INDICATOR PARAMETERS HAVE STABLIZED WHEN 3 CONSECUTIVE READINGS ARE WITHIN: 
4- 0.1 for pH; ± 3% for Cond and Temp; ± 10 my for ORP; ± 10% or <0.5 mg/L for DO; ± 10% or <10 NTU Turbidity ... 



101 TETRA TECH LOW FLOW GROUNDWATER SAMPLING LOG Page _i_ofi 

NERT, Henderson, NV 

Task Name: Galleria Road Treatability Study Task Manager. D. Grady ]Task No: M17 yate: 5(9 it tz, Well ID: GILT5 - 1„.Atiks FL 
Field Sampler(s): <11,1„) f: ,t, cApok C . C. 
Transducer Removal Time: N14 Transducer Redeployment time: to LA General Well Condition: . e i 0001 
Depth to Water (ft): 52 -il . Screened Interval Top (ft): Pump Intake Depth (ft): C  / 
Well Depth (ft): fi.c, Screened/Open Interval Bottom (ft): 70 Well Diameter (in): 2-21
Pump/Tubing Type: QED Bladder Pump & TLPE/LDPE GW Disposal: GW-11 Equipment Decon. Method: AlconoxlDl Rinse SOP 
Purge Start lime: (?) *. 55 

_ 

- -- 
Time 

- Temp. 
('C) (pH Units) 

.CondUctlyity• - DO ORP 
• (mSlcm) •  (mg!L) (mV) 

Turbidity Purge Depth to Cum. Vol. 
- 

(NTU) Rate Water Purged Color/Odor 
 READ CHANGE* READ CHANGE!' READ CHANGE' READ CHANGE' READ . CHANGE* READ. _..CHANGE* (mIhnin) (ft) (L) 

 -Nr _E;155 
cr 00 - 09 I 5.3 1 15. q 5, 1'91 835 1504,, si _ or Q.L.c.igeas 
cros- -0. 1.c. j B.-t.. lg. 1- 5.1). 13"i- 3 k, (., 2.0)4• 55. 6,' cL.000, 
or to 2i.„018 if . VI )q,1 5.59 I 161- 2A- 2 55.- l Cf....tAk 

IS 2 '9 ./B 1&,30 L . Pt, 0 n•CE. I b9 135 80-Y,.. ' 5 -. °S." c cem.,_ 
1'. 1..0 2$.K 8. 1,9 . 13.5 5,52 vie) I I I 754._ sc.. etc, a. t_r_A-t.. 

ci'L /5 : 7130 b . it I3,9 51i-n- 14"X 90 75-1,, % , 65 C(..
1'30 P4.5o .€7.3- 1 .S 5.54 III. 7i 0 75,/- 5i. 6 t • c....1,..c.A.k. 

`.35 7-C1 .$51 6, Lc 11 .y 5 ..of 1 .1 1 51.5 los-./.-4, St. 'ILI OA._
q. 90 Vi•Ibb bal. 13.3 .119 i iio /-10 t,),./._ 5c, 35 c_t_t-esNri 

I 1'45 r 261.15 ti.-a ,  I it .1 5.19 159 7k 16),,,1(0,4. 56 - 30 t.t.r....or.b-
1:5° 3,1.1-). %I-5 

TM
1 1. .°1 5 .13 131 36-2 l'3-1/""‘ .,.f.' 'it) 

. ___ _ 
 c ,... ,....ti--

1'35 3°.51.- e .7, L 12.4 5 .1-0 1 L11 Z5.1 la+. 56, Lc C ..--c41-..____ 
R.0 ; 3 O.% ,---- 1b.11 1i. Co 5 ?A D rc. i tat, 5 4. P- C./...RA*.- 

10;6 30. GE ira 1:1, 
- - 

i L.5 5. Lb 1Li i i. 5 OA m.r% 56 , Zo ICJ-q-41--, 
Stop Purge Time: %, 10 Sample Time: 10: IS QA/QC Sample Time(s): --

Sample ID: 6Q:is - vto Mr+ CIAICIC Sample IO(s): - 
Observations/Comments: 
HACH Kit Sulfide: CIO mg11. HACH Kit Ferrous Iron: 0,4:3 mg!L 

Bottle Set Summary 

Ii. VOA w!HCI 1 ak 125 mL Plastic az 500 mL Plastic 500 mL w/H2SO4 -- c.) 1.-- 
500 mL poly wIHNO3 7) 250 mi. Amber Glass 

w11-12SO4

r 
125 mL w!EDA 

1- 
250 mL Plastic 1 250 mL w/H2so4 -p., 250 mL poly w/HNO3 1 250 mL Amber Glass 

w/H3PO4
3 _ 

500 ml_ Amber Glass

INDICATOR PARAMETERS HAVE STABLIZED WHEN 3 CONSECUTIVE READINGS ARE WITHIN: 
± 0.1 for pH; ± 3% for Cond and Temp; ± 10 my for ORP; ± 10% or <0.5 mg/L for DO; ± 10% or <10 NTU Turbidity 



Ezi TETRA TECH LOW FLOW GROUNDWATER SAMPLING LOG Page _tof I 

NERT, Henderson, NV 

Task Name: Galleria Road Treatability Study Task Manager D. Grady ,Task No: M17 pale: 65/A/W Well ID: ,f14.) e•-• 668 
Field Sampler(s): K. tea, C. Cta ethc. 5 
Transducer Removal Time: -:=. Transducer Redeployment time: ...- General Well Condition: 6-o.a. e...er
Depth to Water (ft): St?... Screened Interval Top (ft): 75-- Pump Intake Depth (ft): • 11? 
Well Depth (ft): tc. k, Screened/Open Interval Bottom (ft): cs'ig— Well Diameter (in): L. 
Pump/Tubing Type: QED Bladder Pump & TLPE/LOPE GW Disposal: GW-11 Equipment Decon. Method: Alconox/DI Rinse SOP 
Purge Start Time:6873 

Temp. pH Conductivity 

En ('C) (pH Units) (mSlcm) 

READ CHANGE* READ CHANGE* READ CHANGE' 

DO 
(mg/L) 

READ CHANGE* 

ORP 
(mV) 

READ CHANGE* 

'rabidity F • 
Purge Depth to Cum. Vol. 

(NTU) Rate it Water Purged Color/Odor 
i READ CHANGE* (ml/min) — (ft) (1) 

cw5- 94.s-1 7. cl e3r.54 rz EL s-3. s-- ti 9 s-e) f9.1 g— -Favt,--,
act; 94, egn 7 so 3 es-s-- tr. P. 76. q ''''rf go Sr7. €6 1 136.-- &-,, 
otor 9,00 C-Cii 39.9g I 1 ).5-: x 62,9- s-e.) pi 61 13........... 
0/0 2107 1:99 Col 

12‘,, 
.1 s-7 7 4.0 gb i9-7, 76 ci t,( 

Nis- s..7. /9%. 5:11 fa 79 2,18 I 6 3-3, 9 gb 5-2 eV cr".tity. 
conz a-7.9.6 6.7.1C 36.6 a s'f4 c-4: 019- 019- So C-Z ? 2, Cita-r 
oti 2.c Q.7. 3Y 7.' 2- 5g • i 4A 4/ sa 2 any So rZ fr elec-e-

Stop Purge Time: 812 -7.. Sample Time: ce3 0 CIAIQC Sample Time(s): — 

[Sample ID: 6 AT'S -/i c4.),6S-- 14 0/ QAIQC Sample ID(s): — 
Observations1Comments: 
HACH Kit Sulfide: 0 -C)  mg& HACH Kit Ferrous iron: 0 - 6 mg11-

Bottle Set Summary 

-1500 ..1 11AVOA wil-ICI 1 125 mL Plastic 500 mL Plastic 500 mL w/H2SO4 mL poly w/HN01 250 mL Amber Glass 
wIrA044

i 125 mL w/EDA a_ 250 mL Plastic 1 250 mL w/H2SO4 9.._ 250 mL poly wiHNO3 i 250 mL Amber Glass 
I wilt? `µ t/C4-- 

wen Amber Glass 

'INDICATOR PARAMETERS HAVE STABLIZED WHEN 3 CONSECUTIVE READINGS ARE WITHIN: 
for pH; ± 3% for Gond and Temp; ± 10 my for ORP; ± 10% or <0.5 mg/L for DO; ± 10% or <10 NTU Turbidity 



EZI TETRA TECH LOW FLOW GROUNDWATER SAMPLING LOG Page 1 of 1 

NERT, Henderson, NV 

Task Name: Galleria Road Treatability Study Task Manager. D. Grady Task No: M17 Date_(  7-) evii(? I Well ID: / 11 1- F-c61-3 
Field Sampler(s): 

- — - 
K. la.,,, 

Transducer Removal Time: f/ Sy Transducer Redeployment time: a 0 3 General Well Condition: _ 6..c.oa , 
Depth to Water (ft): d57 fit: Screened Interval Top (ft): 6? Pump Intake Depth (fly 7 r 
Well Depth (It): g•45: QS- Screened/Open Interval Bottom (It): 2, 9.,_ Well Diameter (in): it.-
Pump/Tubing Type: QED Bladder Pump & TLF'EA.DPE GW Disposal: GW-11 Equipment Decon. Method: Alconox/01 Rinse SOP 
Purge Start lime: II ,.-

Time 

Temp. pH Conductivity 
('C) (pH Units) (ms/cm) 

READ CHANGE* READ CHANGE* READ CHANGE' 

DO ORP 
(m9/1-) (mV)'iM i

 READ __ CHANGE" READ 

Turbidity Purge Depth to Cum. Vol. 
(NTU) Rate Water Purged Color/Odor 

CHANGE* 0 READ CHANGE* (nil/min) (ft) (L) 

1;,0i::_lg,..82.„- v 9., 4,./. W 4,7a. 3©-3 Est 4-2P/ L iet.-1" 
rksc %atg le.3 la C2 .2.0re S-C f 4 0 -gc:;. ort(sTA 

1

Ilio -i- 9- 4/6,9 
1 176 6". c 0•454. ic-c) SP ) 0 

12,15—
.3.,:37-
36-6r IC,. z96 dti 72, 4 St" a3 QED. gr3 s"P. ge 

51,1 o, 71 ' RD ge ito 
39.0- c>. p er7. Ito I- 37 -VD— 

(lag- 30 4 6 6-7? v7`43 /.35 MC p•C,C (Ro Sr...711 ✓ 

Stop Purge Time:/ti? Sample Time: i 230 QA/QC Sample Time(s): —

Sample ID: AC. p ... 00 - SI-01 QAIQC Sample 1D(s): ---
Observations/Comments: - 
HACH Kit Sulfide:0-0 mgIL HACH Kit Ferrous Iron: 0 D mglL _ 

Bottle Set Summary 

.3.....% 4M/VOA W W I i 125 mL Plastic f 500 mL Plastic 500 mL wIH2SO4 500 mL poly w/HNO3 250 mL Amber Glass 
w 210A

I
125 mL WIEDA 250 ml Plastic 

I 
250 mL w/H2SO4 9._ 250 mL poly wIHNO3 250 mt. Amber Glass 

WHIP% lia-
Amber Glass 

INDICATOR PARAMETERS HAVE STABLIZED WHEN 3 CONSECUTIVE READINGS ARE WITHIN: 
± 0.1 for pH; ± 3% for Cond and Temp; ± 10 my for ORP; ± 10% or <0.5 mg/L for DO; ± 10% or <10 NTU Turbidity 



el 1".TETRA TECH LOW FLOW GROUNDWATER SAMPLING LOG Page of P 
NERT, Henderson, NV 

Task Name: Galleria Road Treatability Study Task Manager. D. Grady (Task No: M17 I Date: 0,S ok 18 !Well ID: /1C- P - 066, 
/ Field Sampler(s): foor r,-/...4,, 

Transducer Removal Time: /115-  • Transducer Redeployment time: A- 65— General Well Condition: 6-cc./ 
Depth to Water (fl): 5-7, ot? Screened Interval Top (ft): l ac 9 Pump Intake Depth (ft): iiiiPP4D fi g, lac, 
Well Depth (ft): eQ,,c.,..., Screened/Open Interval Bottom (It): c--9 Well Diameter (in): .9..._ 

Pump/Tubing Type: QED Bladder Pump & TLPEILDPE GW Disposal: GW-11 
- 

Equipment Decon. Method: Alconox/DI Rinse SOP 

Purge Start Time: t -yid 

TtuW. - t--. . . 1:&1-- - r Conduct! DO -  ••ORP 

Time (*C) (pH Units) (mSlcm) - (mg/L). • - - (mV) 

READ CHANGE* READ CHANGE* READ CHANGE* READ CHANGE* READ 

Turbidity Purge Depth to 
(NTU) Rate Water 

CHANGE* READ CHANGE* (mi/min) (ft) 

Cum. Vol. 
Purged Color/Odor 

(L) _ __. 
NO0 6)-/8 -Zs-1 /i4-0 3-272- t ST 94".0, 3, reo ...,c. 4r 
Los- rt7o 1 3. -- a. 36 0...4.& ' IL... ...., 
ow - - 7 ,07 1.11 1 17

I 
3.3c' 126 gii-S-- 

___ ! 2JO ,5-7.345 .; 
) Lits- :2.7.95- 1 

_ 7:73 / 17 Ili it2, 5' 5-3,1 
. .i 'ArC.14.... 

1 /'° --7-6C) 
----

C (— - 
1420_ :22,4- -7. 73 I /3.7 

_3 
3, 3Y tx- Stag  ).0e 

let;s--1)..0:cie 1. 72-. 1 I-3.g 3. (:2 I i 546 4(71 
. *Z‘Y..

90 c- 771 . 
l'il 0 i , 6"; 11 V 2. q.5.-- Pi'? 96. 3 go 5-7-7-- • .XSP, 
Lk5S7,947,61 -7 ,C-f. t3 q ..2_. /_c- 1(6..s.-- k . $7.7.4_ 
140 , GI 

___ 
-7.2_: 

_ , 
13.i 2 .-x - IS- 1 4 6̀.7 . 8.b c7, fcr _24 __, 

... 

Stop Purge Time: j 4 q 2_ Sample Time: j4i, s-- QAIQC Sample Time(s): — 

Sample ID: ifol C. F — 06e, OA/QC Sample ID(s):
Observations/Comments: 
HACH Kit Sulfide: Cz 0 mglL HACH Kit Ferrous Iron:(,). 0 mglL 

Bottle Set Summary 

., 
) 

b VOA w/HC1 
I 

125 mL Plastic 1 500 mL Plastic 500 mL wlH2SO4 500 mL poly wiHNO3 250 mL Amber Glass 
wIH2SO4

125 mL w/EDA 
'd-- 

250 mL Plastic / 250 mL w/H2SO4
?•--- 

+ 
250 mt_ poly w/HNO3 , 

.1 t

250 mL Amber Glass 
wiHilgi A C-1- 

,7
_) 

ve)-4 
Glass 5etyint. Amber ti

INDICATOR PARAMETERS HAVE STABLIZED WHEN 3 CONSECUTIVE READINGS ARE WITHIN: 
1 t 0.1 for pH; ± 3% for Cond and Temp; ± 10 my for ORP; ± 10% or <0.5 mg/L for DO; ±. 10% or <10 NTU Turbidity 



tribi TETRA TECH LOW FLOW GROUNDWATER SAMPLING LOG 

Task Name: Galleria Road Treatability Study jTask Manager. D. Grady 
Field Sampler(s): e.JD Co% L, C. 
Transducer Removal Time: NI 
Depth to Water (ft): SI .9 

Task No: M17 Date: 5(cilb  (Well ID: es - (5 

Transducer Redeployment time:  t4P% 

Screened Interval Top (ft): 'to ' 
General Well Condition: 60. 0( 
Pump Intake Depth (ft): 00' 

Wet Depth (ft): tog'
Pump/Tubing Type: QED Bladder Pump & TLPEILDPE 

Screened/Open Interval Bottom (ft): los 
GW Disposal: GW-11 

Wet Diameter (in): Li ar 
Equipment Decon. Method: AlconoxiDl Rinse SOP 

Purge Start Time: t/ I 5 

Temp. 

• 

pH 
(pH Units) 

Conductivity 
(ms/cm) 

• 

DO 
(1119114 

ORP 
(NTU) 

Page Loft
NERT , Henderson, NV 

Purge Depth to Cum. Vol. 
Rate Water Purged Color/Odor 

(ft) if I 't 

r 1
12.ds
p2:•30 3550 9.3)9 11.5-L L.3-)_ 5S 1 b.!. Sb.-1/.,, 6.0 . 15 0,_cAit. 
11,:11- 3131 9 . (2k `fhb, t c , or 39 ..71, ti too.„1/..4 ko, ?_t___. c......t..,,,_ 
1 21 tit) ict AG cr, A(.. __At . '5 s .5-t, 2. 4 bf) .'Y 101-1 .-4.4 60.3-.
GAT 1%15 

7..`o . R 1 
1r11 ilq.1 q, rob fa 2. b. zi 0.1...1"4-% CI, 14. CA-CAI" 

11'5o ID. 01- ii 1. 0 1.11- -3 24 .1 161"P"' fil , 11 c t..t4,.... 

9.1.55_ 

is..o0 
IS) , 1-5 10.(0 lit 0 34'3 9 I ri :3- is--1/.4, al . '4-0 ct...e46._ 

jce..‘ 10' 11 `I$.3 3.91 - n., I • 5-
_ 

/0.1,..,1 u . q 1 ct ch._ 
_VS Tii :VS 10 - t S Lit. 1 Lcuo -t,‘ 6 • 0 (6).1,....4 2-• ao c..i.e..6%. 
5:to Vs. II. -1-.M6 Ai 8.5 7...II -sii 1-.9 150-1.2.- 41- em

u.
,

I3'%5 V6. (1 -1- .co 1.4.3 2 .1t) -5 5. 7- 1.,D.../...:^ G .45 ekr...f...,_
ly io 
1.11- ZS 

13':0 

1'6. 1- 1 . LA iit. .• 2. 1 I - 51- 1- • 0 ,, fr.:" 6 - 1 9 q. ‘.....C..air-' 
7 SS 319 3.1b 117.1 2.10 -59- 1 :t iso...f.wN (0. • Zr e.A.C.4-41/4. 
213.0 1.-1 91.s 2.01 -St a . 13 . (so- ksil- 63.3r 0,...4..A.4,_ 

Stop Purge Time: t 3.. 5D Sample Time 11) .•-b0 QAIQC Sample Time(s): ..^. 

Sample ID: ES - Vb - Oi-01 QAIQC Sample ID(s): -_ 
Observations/Comments: 
HACH Kit Sulfide: 0.0  mg1L HACH Kit Ferrous Iron: _D. 0 .mglL 

Bottle Set Summary 

it VOA w!HCI , 
1 

125 mL Plastic 500 ml. Plastic a 500 mL wIH2SO4 500 mL poly w/HNO3 c, 
tx 

250 mL Amber Glass 
w11-12904 j

125 mL w!EDA 250 ml Plastic 250 mL w/H3SO4 ).... 250 mL poly w/HNO3 ( 250 ml.. Amber Glass 
w/H3PO4 

1400.16ather Glass 

I 
*INDICATOR PARAMETERS HAVE STABLIZED WHEN 3 CONSECUTIVE READINGS ARE WITHIN: 
± 0.1 for pH; ± 3% for Cond and Temp; ± 10 my for ORP; ± 10% or <0.5 mg/L for DO; ± 10% or <10 NTU Turbidity 
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NTETRA TECH 

TECHNICAL 
MEMORANDUM 

Tetra Tech, Inc. 
150 S. 4th Street, Unit A, Henderson, NV 89015 

1 Tel 702-854-2295 tetratech.com

To: Dana Grady and Ronnie Britto, Tetra Tech  

From: Sonya Cadle, Audrey Crockett, and Ellyn Swenson, Tetra Tech 

Date: July 5, 2018 

Subject: Aquifer Testing Results – Galleria Drive Bioremediation Treatability Study 

INTRODUCTION 

This technical memorandum presents the results of the aquifer slug testing and point dilution tests performed as 

part of the hydrogeological evaluation for the Galleria Drive Bioremediation Treatability Study conducted by Tetra 

Tech, Inc. (Tetra Tech) on behalf of the Nevada Environmental Response. 

The locations of the wells are shown in Figure 1. The objective of the slug and point dilution tests was to estimate 

aquifer hydraulic conductivity (K) and groundwater flow velocity in the study area.  



Imagery Sources: Esri World Map, 
May 2017. 
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Figure 1 Location of monitoring wells tested as part of the hydrogeologic evaluation

SLUG TESTS 

Slug testing was performed in May 2018. Well construction information is provided in Table 1. The tests consisted 

of monitoring water level displacements caused by the insertion or removal of a solid slug from a well. Water level 

displacement was measured using an In-Situ Rugged TROLL 100 pressure transducer, which was programmed 

to collect data at one, fifteen, or sixty second time intervals, depending on the well’s recovery rate. The size of the 

slug was selected to be consistent with the diameter of the well, as shown in Table 1.  



Aquifer Testing Results
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Table 1 Well Construction Information

UMCf
Well Contact

(feet bgs)

Screened
Interval

(feet bgs)
Top of Casing

(feet amsl)
Well

Diameter
(inches)

Slug Dimensions

GRTS-MW01A  5
GRTS-MW01B  5
GRTS-MW02A  5
GRTS-MW02B  5
GRTS-MW03A  5
GRTS-MW03B  5
GRTS-MW04A  5
GRTS-MW04B  5
GRTS-MW05A  5
GRTS-MW05B  5
ES-13  5
MCF-06B  5
Notes:
UMCf - Upper Muddy Creek Formation
bgs - below ground surface
amsl - above mean sea level
* - A smaller diameter slug was used due to apparent casing damage.

The slug test data were downloaded from the transducer and the drawdown was calculated from the downloaded 
data. Slug test analysis was performed using the commercially-available AQTESOLV software (HydroSOLVE 
2007). The Bouwer and Rice (1976) method for analyzing slug tests in an unconfined aquifer was used to 
estimate hydraulic conductivity. The AQTESOLV interpretation plots are provided as Attachment 1. Table 2 
summarizes the results of the slug test analysis; the K values provided for each well represent a mean of the K 
estimates obtained from individual tests at that well. Water levels measured during the testing events are 
summarized in Table 3.

All tested wells were screened in the Upper Muddy Creek Formation (UMCf). The estimated Ks are generally 
consistent with the logged lithology of the screened interval of the wells, which was primarily silt and clay with 
varying degrees of cementation and compaction. The estimates from the slug tests ranged from approximately 
0.001 to 1.4 feet per day (ft/day). The hydraulic conductivity decreased with depth such that the UMCf (60-85 ft 
bgs) wells had hydraulic conductivities up to three orders of magnitude higher than the UMCf (90-110 ft bgs) 
wells.

Many factors can affect slug test results. Some factors determine whether the K from a slug test is representative 
of the overall formation K: the values estimated from slug tests are strongly influenced by the presence of a low-K 
well skin, drilling-induced disturbances, highly anisotropic formations, and the quality of well development (Butler 
1998, Hyder and Butler 1995). Non-instantaneous or incomplete slug removal, accidental transducer or slug 
movement after the test began, and other factors may affect the interpretation of slug test results. Some of these 
factors were present in some of the slug tests, but generally when both the rising and falling head tests were 
analyzed, the results were consistent within each well.

3 TETRA TECH, INC.

Diameter
(inches)

Length
(feet)

27 60 - 80 1633.49 2 1.25
27 90 - 110 1633.32 2 1.25
36 60 - 80 1632.04 2 1.25
36 90 - 110 1631.89 2 1.25

43.5 65 - 75 1630.18 4 3.00
43.5 90 - 110 1630.27 4 3.00
36 70 - 85 1630.70 2 1.25
36 89.5 - 109.5 1630.86 2 1.25
39 60 - 70 1628.19 2 1.25
39 75 - 85 1628.23 2 1.25
42 90 - 105 1632.52 4 1.25*
43 90 - 105 1633.06 4 1.25*
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Table 2 Slug Test Results

Well Date Mean Hydraulic Conductivity 
Logged Lithology of 

Screened Interval 
(feet/day) (cm/sec) 

GRTS-MW01A  5/14/2018 1.36E+00 4.79E-04 Clay to silt 

GRTS-MW01B  5/15/2018 3.61E-03 1.27E-06 Clay 

GRTS-MW02A  5/15/2018 1.47E-03 5.18E-07 Silt to clay 

GRTS-MW02B  5/16/2018 1.70E-03 6.00E-07 Clay to sandy silt 

GRTS-MW03A  5/14/2018 1.08E+00 3.82E-04 Clay 

GRTS-MW03B  5/16/2018 2.18E-03 7.70E-07 Clay to silt 

GRTS-MW04A  5/14/2018 8.51E-02 3.00E-05 Clay to sandy silt 

GRTS-MW04B  5/15/2018 2.41E-03 8.50E-07 Silt to clay 

GRTS-MW05A  5/15/2018 5.70E-02 2.01E-05 Clay 

GRTS-MW05B  5/16/2018 1.37E-02 4.84E-06 Clay 

ES-13  5/16/2018 9.99E-04 3.52E-07 Clay 

MCF-06B  5/15/2018 2.85E-03 1.00E-06 Clay 

Notes: 
cm/sec - centimeters per second

Table 3 Water Levels 

Well Date 
Total Depth 
(feet btoc) 

Water Level 
(feet btoc) 

GRTS-MW01A  5/14/2018 80.30 47.18 

GRTS-MW01B  5/15/2018 110.31 57.33 

GRTS-MW02A  5/15/2018 80.01 56.36 

GRTS-MW02B  5/16/2018 109.91 64.23 

GRTS-MW03A  5/14/2018 75.45 53.21 

GRTS-MW03B  5/16/2018 111.10 60.82 

GRTS-MW04A  5/14/2018 85.64 50.40 

GRTS-MW04B  5/15/2018 110.41 57.17 

GRTS-MW05A  5/15/2018 70.00 52.86 

GRTS-MW05B  5/16/2018 85.45 55.45 

ES-13  5/16/2018 107.15 60.77 

MCF-06B  5/15/2018 85.15 58.16 

Notes: 
btoc - below top of casing

SINGLE-BOREHOLE DILUTION TESTS 

A single-borehole (or point) dilution test uses the change in concentration with time of a tracer compound 

emplaced in a well to estimate groundwater flow velocity. The theoretical basis for the single-borehole dilution 

method has been summarized by Halevy et al. (1967) and Drost et al (1968). Pitrak et al. (2007) elaborated on 
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the use of these analytical techniques and restated the equations in somewhat simpler form. The apparent flow 

velocity equation from Pitrak et al. (2007) is: 

ln� =  − 
2��
��

� + �� ��

where:  

C is the tracer concentration at time t 

va is the apparent flow velocity 

r is the borehole radius 

t is time 

C0 is the initial tracer concentration 

The apparent flow velocity estimated from the above equation must be adjusted by a distortion factor α to obtain 

actual flow velocity (Halevy et al., 1967). The distortion factor accounts for perturbations in the flow field caused 

by the contrast between the hydraulic properties of the well and the surrounding undisturbed aquifer. The 

following equation (Halevy et al., 1967) is used to estimate α: 

� =
4

1 + �
��
��
�
�

+ �
��
��
� �1 − �

��
��
�
�

�

where 

r1 is the inner well casing radius 

r2 is the combined radius of the well casing and filter pack 

k1 is the permeability of the combined well casing and filter pack 

k2 is the permeability of the undisturbed formation 

For this analysis, the filter pack and well casing were assumed to have similar permeability, since both are at least 

one order of magnitude greater than the formation and neither is known exactly. Furthermore, the dynamic 

viscosity, fluid density, and gravitational acceleration components of the hydraulic conductivity cancel in this 

equation, so the permeability ratio is identical to the hydraulic conductivity ratio (i.e., K2/K1 = k2/k1). The filter pack 

of each well has an estimated hydraulic conductivity of 100 ft/day; the hydraulic conductivity of the undisturbed 

formation was estimated from slug tests performed at each of the wells, as described above. Using the 

appropriate radii and the estimated hydraulic conductivity ratios, α was estimated for each well. 

Groundwater in the UMCf in the study area has a specific conductance of approximately 10,000 to 60,000 

microsiemens per centimeter (µS/cm), depending on the depth interval screened. It is therefore possible to use 

distilled water, which has a specific conductance of approximately 0 µS/cm, as a tracer for the purpose of the test. 

Assuming that specific conductance is directly proportional to the fraction of groundwater in the groundwater-

distilled water mixture in a well, the tracer concentration can be calculated from:  

��� =  
��� − ���

���

where 
Fdw is the fraction of distilled water in the groundwater-distilled water mixture 
SC0 is the specific conductance of the groundwater 
SCt is the specific conductance of the mixture at time t 

Field Procedure 

The single-borehole dilution tests were performed between June 18-29, 2018. Two tests were performed at 

GRTS-MW03A to confirm the rapid recovery observed at the well; the second test was performed in a slightly 
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different portion of the screened interval but ultimately resulted in reasonably comparable estimated groundwater 

velocities. Specific conductance was monitored during the test using a water quality and pressure transducer (In-

Situ Aqua TROLL 200) placed in the well at the center of the screened interval. The sensor calibration was 

checked immediately prior to performing the test in accordance with manufacturer’s specifications, using a 

standard calibration solution. 

The tracer was delivered to the well by simultaneously pumping water from the well and replacing it with distilled 

water. The pump was placed near the bottom of the well, and the discharge hose was connected to a container at 

the top of the well. The distilled water was emplaced in the well at a rate designed to equal the pump’s discharge 

rate to minimize hydraulic head changes in the well. The water exchange continued until approximately one 

casing volume was removed and replaced with distilled water. 

The transducer was monitored during water emplacement to ensure that the specific conductance decreased 

quickly and stabilized at a significantly lower value. The transducer was then allowed to remain in the well to 

measure recovery of specific conductance. The data were downloaded periodically until the specific conductance 

values stabilized at or near the original pre-test values or until significant recovery had occurred (in cases of 

recovery times exceeding 24 hours). 

Data Interpretation 

The apparent flow velocity equation can be solved graphically by plotting the natural logarithm of the tracer 

concentration against time, and then fitting a straight line to the data. Plots of the natural logarithm of Fdw vs. time 

for each of the wells tested are shown below. 

Review of the plots of the natural logarithm of Fdw vs. time reveals the following: 

• The data for GRTS-MW03B are sporadic and noisier than the data for GRTS-MW03A.   

• The early data for GRTS-MW03A (test 1) have an anomalously shallow or positive slope.  This is not 

observed in the data for GRTS-MW03A (test 2) or for GRTS-MW03B and is believed to be due to mixing 

within the borehole in the initial phases of the test.   

• The middle data are relatively linear. 

• The late data, which represent relatively large dilutions, are characterized by slightly shallower slopes 

than the middle data, and are typically concave-upward. 
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The missing and noisy data at GRTS-MW03B are the result of a faulty transducer which recorded spurious values 

when disconnected from the computer. After this issue was identified, field staff were able to obtain useable data 

by returning to the well and reconnecting the transducer to the computer at regular intervals, producing the small 

groups of data shown on the plot. The periodic downloads allowed collection of a reasonable amount of data on 

this very slow-recovering well, rendering repetition of the test unnecessary. 
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Where anomalous early-time data are present, they are interpreted to be a result of vertical mixing within the well 

casing, caused by rapid removal of the pump and tubing immediately after the test was initiated. The relatively 

linear middle portion of the curve (present in all three tests) is considered to be representative of the period when 

most of the tracer dilution occurred, and was therefore used for analysis. The least-squares straight lines and the 

equations of the lines are shown above.  

Distortion factors were calculated as described above using the radii of the wells and the hydraulic conductivity of 

the formation estimated from the slug testing described in the previous section. Calculated distortion factors, 

apparent velocities estimated from the slopes of the least-squares lines, and calculated flow velocities are 

summarized in Table 4. 

Table 4 Single-Borehole Dilution Test Results

Well 

Initial 

Time 

(minutes) 

Initial 

Fdw

Final 

Time 

(minutes) 

Final 

Fdw

Slope of 

Least 

Squares 

Line 

Apparent 

Velocity 

(feet/day) 

Distortion 

Factor 

α 

Flow 

Velocity 

(feet/day) 

GRTS-MW03A 

9 0.48 45 0.067 -0.05 19 3.18 6 

50 0.78 137 0.47 -0.01 2 3.18 0.7 

Average Velocity 10.5 3.4 

GRTS-MW03B 1464 0.30 5937 0.26 -3×10-5 0.011 3.20 3.5×10-3 

Notes: 

Fdw: Fraction of distilled water

Table 4 shows that the flow velocity in the UMCf is much greater in the shallow portion of the aquifer than in the 

deeper portion. 
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW01A_IN1.aqt
Date:  06/07/18 Time:  12:10:08

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW01A
Test Date:  5/14/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 1.483 ft/day
y0 = 2.053 ft

AQUIFER DATA

Saturated Thickness:  22.5 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW01A_IN1)

Initial Displacement:  7.194 ft Static Water Column Height:  33.12 ft
Total Well Penetration Depth:  33.12 ft Screen Length:  20. ft
Casing Radius:  0.08333 ft Well Radius:  0.25 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW01A_OUT1.aqt
Date:  06/07/18 Time:  12:10:44

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW01A
Test Date:  5/14/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 1.233 ft/day
y0 = 2.104 ft

AQUIFER DATA

Saturated Thickness:  22.5 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW01A_OUT1)

Initial Displacement:  4.092 ft Static Water Column Height:  33.12 ft
Total Well Penetration Depth:  33.12 ft Screen Length:  20. ft
Casing Radius:  0.08333 ft Well Radius:  0.25 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW01B_IN1 - BM Revised.aqt
Date:  06/07/18 Time:  12:12:34

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW01B
Test Date:  5/15/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.003599 ft/day
y0 = 2.394 ft

AQUIFER DATA

Saturated Thickness:  22. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW01B_IN1)

Initial Displacement:  4.617 ft Static Water Column Height:  52.98 ft
Total Well Penetration Depth:  52.98 ft Screen Length:  20. ft
Casing Radius:  0.08333 ft Well Radius:  0.25 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW01B_OUT1 - BM Revised.aqt
Date:  06/07/18 Time:  12:12:59

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW01B
Test Date:  5/15/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.003623 ft/day
y0 = 2.666 ft

AQUIFER DATA

Saturated Thickness:  22. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW01B_OUT1)

Initial Displacement:  4.169 ft Static Water Column Height:  52.98 ft
Total Well Penetration Depth:  52.98 ft Screen Length:  20. ft
Casing Radius:  0.08333 ft Well Radius:  0.25 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW02A_IN1 - BM Revised.aqt
Date:  06/07/18 Time:  12:13:20

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW02A
Test Date:  5/15/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.00237 ft/day
y0 = 2.111 ft

AQUIFER DATA

Saturated Thickness:  22.5 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW02A_IN1)

Initial Displacement:  4.111 ft Static Water Column Height:  23.65 ft
Total Well Penetration Depth:  23.65 ft Screen Length:  20. ft
Casing Radius:  0.08333 ft Well Radius:  0.25 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW02A_OUT1 - BM Revised.aqt
Date:  06/07/18 Time:  12:14:09

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW02A
Test Date:  5/15/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.0005694 ft/day
y0 = 1.896 ft

AQUIFER DATA

Saturated Thickness:  22.5 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW02A_OUT1)

Initial Displacement:  5.469 ft Static Water Column Height:  23.65 ft
Total Well Penetration Depth:  23.65 ft Screen Length:  20. ft
Casing Radius:  0.08333 ft Well Radius:  0.25 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW02B_IN1 - BM Revised.aqt
Date:  06/07/18 Time:  12:14:23

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW02B
Test Date:  5/16/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.001774 ft/day
y0 = 2.023 ft

AQUIFER DATA

Saturated Thickness:  22.8 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW02B_IN1)

Initial Displacement:  5.633 ft Static Water Column Height:  45.68 ft
Total Well Penetration Depth:  45.68 ft Screen Length:  20. ft
Casing Radius:  0.08333 ft Well Radius:  0.25 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW02B_OUT1 - BM Revised.aqt
Date:  06/07/18 Time:  12:14:33

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW02B
Test Date:  5/16/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.001629 ft/day
y0 = 2.005 ft

AQUIFER DATA

Saturated Thickness:  22.8 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW02B_OUT11)

Initial Displacement:  2.844 ft Static Water Column Height:  45.68 ft
Total Well Penetration Depth:  45.68 ft Screen Length:  20. ft
Casing Radius:  0.08333 ft Well Radius:  0.25 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW03A_IN1_ES.aqt
Date:  06/07/18 Time:  12:15:02

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW03A
Test Date:  5/14/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.8323 ft/day
y0 = 1.56 ft

AQUIFER DATA

Saturated Thickness:  12. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW03A_IN1)

Initial Displacement:  4.754 ft Static Water Column Height:  22.24 ft
Total Well Penetration Depth:  22.24 ft Screen Length:  10. ft
Casing Radius:  0.1667 ft Well Radius:  0.3333 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW03A_OUT1.aqt
Date:  06/07/18 Time:  12:15:18

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW03A
Test Date:  5/14/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 1.331 ft/day
y0 = 2.321 ft

AQUIFER DATA

Saturated Thickness:  12. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW03A_OUT1)

Initial Displacement:  5.116 ft Static Water Column Height:  22.24 ft
Total Well Penetration Depth:  22.24 ft Screen Length:  10. ft
Casing Radius:  0.1667 ft Well Radius:  0.3333 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW03B_IN1 - BM Revised.aqt
Date:  06/07/18 Time:  12:16:36

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW03B
Test Date:  5/16/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.002331 ft/day
y0 = 3.377 ft

AQUIFER DATA

Saturated Thickness:  22.2 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW03B_IN1)

Initial Displacement:  4.241 ft Static Water Column Height:  50.28 ft
Total Well Penetration Depth:  50.28 ft Screen Length:  20. ft
Casing Radius:  0.1667 ft Well Radius:  0.3333 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW03B_OUT1 - BM Revised.aqt
Date:  06/07/18 Time:  12:16:45

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW03B
Test Date:  5/16/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.002036 ft/day
y0 = 3.481 ft

AQUIFER DATA

Saturated Thickness:  22.2 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW03B_OUT1)

Initial Displacement:  4.087 ft Static Water Column Height:  50.28 ft
Total Well Penetration Depth:  50.28 ft Screen Length:  20. ft
Casing Radius:  0.1667 ft Well Radius:  0.3333 ft



0. 1.4E+3 2.8E+3 4.2E+3 5.6E+3 7.0E+3
0.1

1.

10.

Time (sec)

D
is

p
la

c
e
m

e
n
t

(f
t)

WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW04A_IN1.aqt
Date:  06/07/18 Time:  12:17:07

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW04A
Test Date:  5/14/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.08089 ft/day
y0 = 1.622 ft

AQUIFER DATA

Saturated Thickness:  17. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW04A_IN1)

Initial Displacement:  2.504 ft Static Water Column Height:  35.24 ft
Total Well Penetration Depth:  35.24 ft Screen Length:  15. ft
Casing Radius:  0.08333 ft Well Radius:  0.25 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW04A_OUT1.aqt
Date:  06/07/18 Time:  12:17:27

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW04A
Test Date:  5/14/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.08936 ft/day
y0 = 1.718 ft

AQUIFER DATA

Saturated Thickness:  17. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW04A_OUT1)

Initial Displacement:  2.538 ft Static Water Column Height:  35.24 ft
Total Well Penetration Depth:  35.24 ft Screen Length:  15. ft
Casing Radius:  0.08333 ft Well Radius:  0.25 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW04B_IN1 - BM Revised.aqt
Date:  06/07/18 Time:  12:17:58

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW04B
Test Date:  5/15/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.002242 ft/day
y0 = 2.448 ft

AQUIFER DATA

Saturated Thickness:  22.5 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW04B_IN1)

Initial Displacement:  5.234 ft Static Water Column Height:  53.24 ft
Total Well Penetration Depth:  53.24 ft Screen Length:  19.7 ft
Casing Radius:  0.08333 ft Well Radius:  0.25 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW04B_OUT1 - BM Revised.aqt
Date:  06/07/18 Time:  12:18:23

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW04B
Test Date:  5/15/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.002579 ft/day
y0 = 2.537 ft

AQUIFER DATA

Saturated Thickness:  22.5 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW04B_OUT1)

Initial Displacement:  3.538 ft Static Water Column Height:  53.24 ft
Total Well Penetration Depth:  53.24 ft Screen Length:  19.7 ft
Casing Radius:  0.08333 ft Well Radius:  0.25 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW05A_IN1.aqt
Date:  06/07/18 Time:  12:18:50

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW05A
Test Date:  5/15/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.04612 ft/day
y0 = 2.359 ft

AQUIFER DATA

Saturated Thickness:  12. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW05A_IN1)

Initial Displacement:  4.294 ft Static Water Column Height:  17.14 ft
Total Well Penetration Depth:  17.14 ft Screen Length:  10. ft
Casing Radius:  0.08333 ft Well Radius:  0.25 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW05A_OUT1.aqt
Date:  06/07/18 Time:  12:19:02

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW05A
Test Date:  5/15/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.06778 ft/day
y0 = 2.431 ft

AQUIFER DATA

Saturated Thickness:  12. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW05A_OUT1)

Initial Displacement:  4.179 ft Static Water Column Height:  17.14 ft
Total Well Penetration Depth:  17.14 ft Screen Length:  10. ft
Casing Radius:  0.08333 ft Well Radius:  0.25 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW05B_IN1 - BM Revised_ES.aqt
Date:  06/07/18 Time:  12:19:28

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW05B
Test Date:  5/16/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.05112 ft/day
y0 = 1.208 ft

AQUIFER DATA

Saturated Thickness:  12. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW05B_IN1)

Initial Displacement:  3.125 ft Static Water Column Height:  30. ft
Total Well Penetration Depth:  30. ft Screen Length:  10. ft
Casing Radius:  0.08333 ft Well Radius:  0.25 ft
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WELL TEST ANALYSIS

Data Set:  \...\GRTS-MW05B_OUT1 - BM Revised_ES.aqt
Date:  06/07/18 Time:  12:19:41

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  GRTS-MW05B
Test Date:  5/16/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.03099 ft/day
y0 = 1.127 ft

AQUIFER DATA

Saturated Thickness:  12. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GRTS-MW05B_OUT1)

Initial Displacement:  2.822 ft Static Water Column Height:  30. ft
Total Well Penetration Depth:  30. ft Screen Length:  10. ft
Casing Radius:  0.08333 ft Well Radius:  0.25 ft
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WELL TEST ANALYSIS

Data Set:  \...\MCF-06B_OUT1 - BM Revised.aqt
Date:  06/20/18 Time:  15:19:20

PROJECT INFORMATION

Company:  Tetra Tech
Client:  NERT
Project:  117-7502018-M17
Location:  Henderson, NV
Test Well:  MCF-06B
Test Date:  5/15/2018

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.002847 ft/day
y0 = 0.783 ft

AQUIFER DATA

Saturated Thickness:  40. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MCF-06B_OUT1)

Initial Displacement:  0.975 ft Static Water Column Height:  26.99 ft
Total Well Penetration Depth:  26.99 ft Screen Length:  15. ft
Casing Radius:  0.1667 ft Well Radius:  0.3333 ft



 

 

 
 
 
 
 

Appendix F 
Nuclear Magnetic Resonance Logging Profiles 
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Appendix G 
Step-Rate Injection Test Report 
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1225 East McFadden Avenue 
Santa Ana, CA 92705

P 714-647-6290
WWW.CASCADE-ENV.COM

September 21, 2018
Project No. 310-18-1010

Ms. Dana Grady
Tetra-Tech Inc.
1093 Commerce Park Drive, Suite 100
Oak ridge, Tennessee 37830

Subject: Remediation Field Services Report
Step-Rate Test Injection
NERT Site
Seep Well Field
Henderson, Nevada

Dear Ms. Grady

In accordance with your request and authorization, Cascade Technical Services (Cascade) has performed 
remediation field services for the subject site. The field services were performed in general accordance with 
Cascade’s proposal dated September 6, 2018.

Cascade appreciates the opportunity to provide our services to you. If you have any questions or comments 
regarding this report, please contact the undersigned at your convenience.

Respectfully submitted,
Cascade Technical Services

Justin Mulford
Remediation Specialist

Distribution: (1) Addressee (via e-mail) 
JM

Michael Gerber 
Project Manager
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Cascade Technical Services September 21, 2018
Remediation Field Services Report Project No. 210-18-1010

1 INTRODUCTION
Tetra-Tech Inc. (client), subcontracted Cascade Technical Services (Cascade) to perform remediation field 
services at the subject site located at the Seep Well Field in Henderson, Nevada. Field services were 
conducted in general accordance with Cascade’s proposal dated September 6, 2018.

2 REMEDIATION APPROACH
A step rate injection test was performed on four existing monitoring wells located on site.  The test 
included using potable hydrant water that was injected into the wells from a custom-built injection platform 
using a 3L6 Moyno progressive cavity pump through ¾ inch injection hose.  The step-rate test was 
performed by increasing the pressure at which the water was being injected every twenty minutes in 
increments of 10 pounds per square inch (PSI) until maximum allowable formation pressure of 60 PSI was 
reached.

3 PROJECT ACTIVITIES
The following sections describe the field activities conducted at the site. The activities were conducted 
between September 17 and 19, 2018.

3.1 PRE-MOBILIZATION ACTIVITIES
Prior to mobilization, cascade performed multiple equipment performance and readiness tests on all its 
equipment intended for use on this site, this process included the calibration of all flow meters used on 
site. A site-specific health and safety plan was prepared to address worker and general public safety.

3.2 ONSITE ACTIVITIES
On September 17, 2018, Cascade mobilized a custom-built injection platform to the site. Prior to the 
commencement of field activities, a tailgate safety meeting was performed. The safety meeting was 
followed by a site walk to review the proposed injection points marked by the client. The injection 
platform was placed inside a containment berm located within an open field. Site control measures 
consisting of traffic cones and caution tape were implemented to delineate the work area. Spill kits and 
portable vacuums were placed within the work area for immediate deployment.

The scope of work performed by Cascade was a step-rate injection test performed at each of 4 existing
on site monitoring wells. The 4 on site monitoring wells were screened at depths between 90 and 110 
feet blow ground surface (bgs).  Potable hydrant water was injected at each monitoring well to test
pressure and flow rate. Pressures were increased by 10 PSI every twenty minutes until a maximum of
60 PSI was reached.

Remediation activities were successfully completed on September 19, 2018.

3.3 SITE RESTORATION
Investigation-derived waste was not generated during remediation activities at the site. Other waste 
(i.e. personal protective equipment, packaging materials, etc.) was collected in large trash bags and 
disposed as municipal solid waste.

4 LIMITATIONS
The implementation of the scope of work was performed in accordance with the clients design specification 
as described above (Section 2) and supporting injection logs (Appendix A). Cascade bears no responsibility 
for remediation results or impact to existing conditions.

1



Cascade Technical Services  September 21, 2018
Remediation Field Services Report  Project No. 210-18-1010

APPENDIX A
Injection Summary and Logs



INJECTION FIELD LOG
PROJECT NUMBER/NAME: Tetra Tech - NERT Site - 310-18-1010

Start
Well ID Date

Start
Time

End
Date

End
Time

Injection
Interval

Initial
Pressure

(PSI)

Sustained
Pressure

(PSI)

Average
Flow Rate

(GPM)

% Solution

Water
(Gallons)

% Solution
Injected
(Gallons)

Total
Injected

(Gal) Field Notes

GRTS-MW04B 9/18/2018 12:45 PM 9/18/2018 12:47 PM 90.0 to 110.0 1.1 2.5 7.5 15.0 15.0 15.0

9/18/2018 12:47 PM 9/18/2018 12:57 PM 90.0 to 110.0 12.3 12.5 0.0 0.0 0.0 0.0

9/18/2018 12:57 PM 9/18/2018 1:07 PM 90.0 to 110.0 20.4 20.5 0.1 0.6 0.6 0.6

9/18/2018 1:07 PM 9/18/2018 1:17 PM 90.0 to 110.0 32.6 33.1 0.0 0.2 0.2 0.2

9/18/2018 1:17 PM 9/18/2018 1:27 PM 90.0 to 110.0 39.6 40.3 0.0 0.3 0.3 0.3

9/18/2018 1:27 PM 9/18/2018 1:37 PM 90.0 to 110.0 50.6 51.9 0.0 0.3 0.3 0.3

9/18/2018 1:37 PM 9/18/2018 1:57 PM 90.0 to 110.0 59.2 60.1 0.2 4.2 4.2 4.2

TOTALS 20.6 20.6 20.6

GRTS-MW03B 9/18/2018 2:09 PM 9/18/2018 2:12 PM 90.0 to 110.0 1.4 1.5 9.3 27.9 27.9 27.9

9/18/2018 2:12 PM 9/18/2018 2:22 PM 90.0 to 110.0 10.3 10.9 0.0 0.0 0.0 0.0

9/18/2018 2:22 PM 9/18/2018 2:32 PM 90.0 to 110.0 19.8 20.1 0.1 1.2 1.2 1.2

9/18/2018 2:32 PM 9/18/2018 2:42 PM 90.0 to 110.0 30.1 30.8 0.1 0.9 0.9 0.9

9/18/2018 2:48 PM 9/18/2018 3:08 PM 90.0 to 110.0 40.3 40.6 0.1 2.7 2.7 2.7

9/18/2018 3:08 PM 9/18/2018 3:28 PM 90.0 to 110.0 49.9 50.7 0.2 3.2 3.2 3.2

9/18/2018 3:28 PM 9/18/2018 3:42 PM 90.0 to 110.0 59.1 60.5 0.2 2.3 2.3 2.3

TOTALS 38.2 38.2 38.2

Once well filled with water flow stopped.

No Flow

No Flow

No Flow

No Flow

No Flow

No Flow; Water settled at top of well when cap removed following injection attempt. 9/19 8:45 
am. Water had returned to normal depth.

Once well filled with water flow stopped.. Bleed any vapor and increase pressure to 20. bleed 
valve 3 times-once flow drop to 0 third time moved on

No Flow

No Flow

FIXED LEAK IN WELL HEAD; No Flow

No Flow

Inconsistant flow much of the volume came when PSI initially increased to 50.

Could not keep slip cap on well as pressure rose. Water settled at top of well when cap removed 
following injection attempt.  9/19 8:45 water still had 21' to return to pre-injection depth.



INJECTION FIELD LOG
PROJECT NUMBER/NAME: Tetra Tech - NERT Site - 310-18-1010

Start
Well ID Date

Start
Time

End
Date

End
Time

Injection
Interval

Initial
Pressure

(PSI)

Sustained
Pressure

(PSI)

Average
Flow Rate

(GPM)

% Solution

Water
(Gallons)

% Solution
Injected
(Gallons)

Total
Injected

(Gal) Field Notes

GRTS-MW02B 9/19/2018 8:51 AM 9/19/2018 8:52 AM 90.0 to 110.0 0.6 0.6 15.2 15.2 15.2 15.2

9/19/2018 8:52 AM 9/19/2018 9:12 AM 90.0 to 110.0 9.5 10.9 0.0 0.0 0.0 0.0

9/19/2018 9:12 AM 9/19/2018 9:32 AM 90.0 to 110.0 19.9 20.3 0.1 1.2 1.2 1.2

9/19/2018 9:32 AM 9/19/2018 9:52 AM 90.0 to 110.0 30.4 31.2 0.0 0.5 0.5 0.5

9/19/2018 9:52 AM 9/19/2018 10:12 AM 90.0 to 110.0 40.7 41.1 0.0 0.4 0.4 0.4

9/19/2018 10:12 AM 9/19/2018 10:32 AM 90.0 to 110.0 50 50.6 0.2 4.4 4.4 4.4

9/19/2018 10:32 AM 9/19/2018 10:52 AM 90.0 to 110.0 59.3 59.9 0.4 8.6 8.6 8.6

TOTALS 30.3 30.3 30.3

GRTS-MW01B 9/19/2018 11:33 AM 9/19/2018 11:35 AM 90.0 to 110.0 1.8 2.2 1.2 14.2 14.2 14.2

9/19/2018 11:35 AM 9/19/2018 11:55 AM 90.0 to 110.0 9.8 10.2 0.0 0.0 0.0 0.0

9/19/2018 11:55 AM 9/19/2018 12:15 PM 90.0 to 110.0 19.8 20.5 0.1 1.1 1.1 1.1

9/19/2018 12:15 PM 9/19/2018 12:35 PM 90.0 to 110.0 30.4 31.1 0.0 0.3 0.3 0.3

9/19/2018 12:35 PM 9/19/2018 12:55 PM 90.0 to 110.0 39.9 40.9 0.0 0.1 0.1 0.1

9/19/2018 12:55 PM 9/19/2018 1:15 PM 90.0 to 110.0 50.2 50.8 0.1 1.4 1.4 1.4

9/19/2018 1:15 PM 9/19/2018 1:35 PM 90.0 to 110.0 59.3 60.1 0.2 4.6 4.6 4.6

TOTALS 21.7 21.7 21.7

Once well filled with water flow stopped.

No Flow

No Flow

No Flow

No Flow

Inconsistant flow much of the volume came when PSI initially increased to 50.

Consistant minimal flow. Water settled at top of well when cap removed following injection 
attempt. Showed minimal dicipation over next couple of hours.

Once well filled with water flow stopped.

No Flow

No Flow

No Flow

No Flow

Inconsistant flow much of the volume came when PSI initially increased to 50.

Consistant minimal flow. Water settled at top of well when cap removed following injection 
attempt
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1.  September 18, 2018 Pre-Injection Site Conditions 2.  September 18, 2018 Pre-Injection Site Conditions

3.  Site Setup and Layout 4.  Site Setup and Layout

5.  Site Setup and Layout 6.  Site Setup and Layout

7.  September 19, 2018 Post Injection and
Demobilization Site Conditions

8.  September 19, 2018 Post Injection and
Demobilization Site Conditions
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