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ABSTRACT

Groundwater quality has been monitored in the Las Vegas Valley watershed by various agencies
with different programs for many years. The formation of the Las Vegas Wash Coordination
Committee (LVWCC) in 1998 facilitated an unprecedented level of water (surface water and
groundwater) quality data collection, information exchange, and cooperation among the
committee’s stakeholders. The Las Vegas Wash Comprehensive Adaptive Management Plan
(CAMP) was developed by the LVWCC to outline a path for achieving the community’s water
quality goals. Among the action items listed in the CAMP was a recommendation to develop a
long-term shallow groundwater monitoring program.

The goal of this plan is to support sound management of the Las Vegas Wash (Wash) by
sustaining an integrated, adaptive, and robust monitoring network that characterizes the
groundwater quality along the Wash and the potential environmental impacts from shallow
groundwater contributions. Previous and current groundwater monitoring programs conducted by
various entities have been evaluated in this plan. Several important principles were considered in
developing this plan, including: leveraging and integrating resources, focusing and monitoring
shallow groundwater systems along the Wash, calculating mass/water balances, maintaining
historical records, detecting groundwater quality improvements and its impacts on water quality
of the Wash and Lake Mead, and addressing future unknowns.
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1.0 INTRODUCTION

There are two groundwater systems in the Las Vegas Valley (Valley) watershed, a local
shallow groundwater system and a regional deep groundwater system. Located in the
central and southeast part of the Valley, shallow groundwater is normally present at less
than thirty feet below land surface. The local shallow groundwater system has been
recharged by precipitation (rain and snow on the surrounding mountains), downward
percolation of excess irrigation water, and upward moving groundwater from the deep
groundwater system. Underlain by a confining layer of clay or caliche (soil cemented by
calcium carbonate), the shallow groundwater zone (vadose zone) is composed primarily
of silts, clay, and poorly sorted sands and gravels. The general flow direction of the
shallow groundwater system is southeast toward the Las Vegas Wash (Wash).

Perchlorate has become a major water quality concern in the shallow groundwater system
since it was detected in Lake Mead in 1997. The sources of perchlorate in Lake Mead are
two industrial complexes (Kerr-McGee and American Pacific, formerly Pepcon) near
Henderson, where most of the perchlorate was produced. Among other uses, perchlorate
is used as an oxidizer for solid rocket propellant. Groundwater contaminated with
perchlorate traveled to the Wash through the shallow groundwater system and
subsequently entered the lake. Although perchlorate is no longer manufactured in the
industrial complexes, contaminated groundwater remains. The Nevada Division of
Environmental Protection (NDEP) has been diligently working with the responsible
parties to capture this water and prevent additional perchlorate from entering the Wash
with the installation of an interception system that uses wells to extract the contaminated
water. This system has proven extremely effective, reducing the amount of perchlorate
entering the Wash by approximately 90 percent.

Due to over-irrigation of landscapes, high evapotranspiration, and dissolution of minerals
(such as gypsum) by shallow groundwater in the vadose zone, shallow groundwater in the
Valley has high concentrations of total dissolved solids (TDS), ranging from 1,500 mg/L
in the central part of the Valley to greater than 7,000 mg/L in the southeast Valley
(LVWCC, 2000). Also, urban runoff water quality monitoring indicates that most
tributaries have high concentrations of selenium (Se) (Zhou et al., 2004; Cizdziel and
Zhou, 2005). Further studies suggested that resurfacing shallow groundwater is the major
Se source.

Like any other rapidly-growing metropolitan area, land use changes due to urbanization
have a direct impact on shallow groundwater quality. These changes have resulted in the
detection of various pesticides, herbicides, and other anthropogenic contaminants (USGS,
1998). Landfills on both sides of the Wash, including Sunrise Mountain Landfill and
Henderson Landfill, also have potential impacts to shallow groundwater quality near the
Wash (City of Henderson, 2001; Golder Associates, 2013).

Although groundwater quality has been monitored in the Valley watershed by various
agencies for many years, the data collected by these agencies was acquired sporadically
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and not uniformly managed. Most of the monitored groundwater wells are either
abandoned or difficult to locate for re-sampling.

2.0 PURPOSE AND SCOPE

The purpose of this plan is to characterize shallow groundwater quality along the Wash
and to address the impacts of groundwater on Wash water quality. Another purpose of
this plan is to meet an action item in the Las Vegas Wash Comprehensive Adaptive
Management Plan (CAM)P). The formation of the Las Vegas Wash Coordination
Committee (LVWCC) has facilitated an unprecedented level of water (surface water and
groundwater) quality data collection, information exchange, and cooperation among the
committee’s stakeholders. The CAMP was developed by the LVWCC to outline a path
for achieving the community’s water quality goals. The following eight (8)
recommendations (or Actions) were proposed by the Shallow Ground Water Study Team
to facilitate understanding of the shallow groundwater system, its impact on the Wash,
and interagency coordination to manage the Wash:

Develop a central database

Locate and inventory existing shallow monitoring wells

Identify issues of concern

Develop a long-term monitoring program

Develop a method to identify the potential for future contaminant
discovery

Develop and implement a notification plan

e Promote interagency coordination

e Develop a bibliography

Most of these action items have been implemented or addressed by different entities since
1998. Until now, a long-term monitoring program near the Wash has not been developed.
With participation from the different entities, this plan was developed to collect water
quality and hydrogeologic data and limit duplication of effort. As recognized in the
CAMP, the scope of this plan includes the following components:

Measuring water quality

Conducting aquifer testing

Identifying the contribution of shallow groundwater inflow

Identifying data gaps and the needs for additional monitoring wells
Developing monitoring timeframes to ensure sufficient data collection
Understanding the role of land use practices on shallow groundwater
quality

e Reviewing historical photos for past land use practices
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3.0 PREVIOUS AND CURRENT MONITORING PROGRAMS

3.1 U.S. Geological Survey

As part of the National Water-Quality Assessment (NAWQA) Program, the U.S.
Geological Survey (USGS) collected water samples from 32 shallow monitoring wells
and 22 public-supply wells in Las Vegas Valley during 1993-1995 (Neal and Schuster,
1996; Lico, 1998). The data collected from this program were used to evaluate whether
water in the principal aquifer had been affected by the overlying shallow groundwater.

The USGS NAWQA data indicated that shallow groundwater in the Valley is moderately
saline, and a magnesium, calcium-sulfate type. Concentrations of TDS in water samples
collected from the shallow monitoring wells ranged from 351 to 5,700 mg/L with a
median of 3,400 mg/L. The uranium concentration in water sampled from five shallow
monitoring wells ranged from 7 to 56 ug/L and two of the samples exceeded the
drinking-water standard of 30 pg/L.

Water from the 22 public-supply wells was a dilute calcium-sulfate type (Lico, 1998).
TDS concentrations in samples from more than half of the 22 NAWQA public-supply
wells exceeded the secondary drinking-water standard of 500 mg/L, with a median of 565
mg/L. Sulfate concentrations in water from these wells had a median concentration of
205 mg/L, and concentrations of dissolved arsenic ranged from 1 to 11 pg/L, with a
median concentration of 2 pg/L.

The USGS NAWQA Program also monitored for pesticides in the Valley. A total of 11
shallow groundwater monitoring wells were sampled semiannually, starting from 1999.
At least one pesticide was detected from 6 out of 11 wells. Pesticides were detected in
shallow groundwater 100 feet or less below land surface in the urban areas (Bevans and

others, 1998; Lico, 1998; USGS, 2009).

The NAWQA Program finished its first cycle of studies from 1991 to 2001 and its second
cycle of studies from 2001 to 2012. The data collected by USGS provides very useful
information on shallow groundwater quality in the Valley.

3.2. The BMI Complex Companies

The Black Mountain Industrial (BMI) Complex encompasses approximately 5,000 acres
of vacant desert in the southeastern part of the Valley. It was deeded in 1941 by the U.S.
government and was the site of the world’s largest magnesium plant. This plant played a
critical role in World War II. After the war, parts of the plant and adjacent land were
leased to various industrial, governmental and business entities for the production of
chemicals and other products. During the many years of operation, a variety of industrial
and municipal effluent was disposed on-site to unlined evaporation ponds, transported
off-site via ditches, or released on to the ground. Some of the waste migrated into the
Wash. Under the supervision of NDEP, various parties and entities have been conducting
groundwater and soil monitoring, remediation, and treatment on the BMI Complex since
1980.
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Titanium Metals Corporation (TIMET) owns the eastern most section of the BMI
Complex and has been operated since 1950. As a result of the release of contaminants
from routine operations, compounds are found in the groundwater at or near the site,
including uranium, TDS, tetrachloroethene (PCE), trichloroethene (TCE) and various
semi-volatile organic compounds.

Tronox LLC (Tronox), formerly Kerr-McGee Chemical LLC, is located within the BMI
Complex and is approximately 450 acres in size. Tronox filed for bankruptcy in 2009. As
part of Tronox’s reorganization, the Nevada Environmental Response Trust (NERT) was
established in 2011 and became the owner of the property. Contaminants on the NERT
site include metals (such as arsenic, chromium VI, manganese), perchlorate, dioxin, other
semi-volatile organic compunds, PCBs, asbestos, and organochlorine pesticides.
Groundwater has been extracted and treated to remove perchlorate and other
contaminants at three discrete extraction well fields, including the Interceptor Well Field,
Athens Road Well Field, and Seep Well Field (Appendix A). More than 300 groundwater
wells have been monitored regularly for perchlorate, chromium, TDS, nitrate, and
chlorate to determine the extent of the contamination.

Olin Chlor Alkali owns the western most portion of the BMI Complex. It occupied land
that historically was used by Pioneer Americas LLC (Pioneer LLC), Stauffer
Management Company and Montrose Chemical Corporation of California. A site-wide
groundwater monitoring program was initiated in 2006 to characterize contaminants,
their distribution and seasonal changes in groundwater on the site. Groundwater samples
have been collected from three zones (shallow, middle, and deep) annually and analyzed
for volatile organic compounds (VOCs), pesticides, metals (arsenic, barium, cadmium,
chromium, lead, mercury, selenium, silver and uranium), TDS, organic acids, perchlorate,
and other radiochemical constituents.

More details of the BMI Complex, including site history, responsible parties, chemicals
and wastes, and monitoring and remediation programs conducted by various companies
and entities, can be found at http://ndep.nv.gov/bmi/.

3.3 Bureau of Reclamation

As part of the Las Vegas Wash Unit Point Source Project, the Bureau of Reclamation
(BOR) had monitored groundwater quality from 18 wells in the vicinity of the Las Vegas
Wash between May 1980 and June 1986 (pers. comm., J. Kirsch). These wells include
shallow observation wells (LG219, LG221, LG223, LG225, LG227, and LG231), deep
observation wells (LG220, LG222, LG224, LG226, LG228, LG230, and LG232), and
production wells (LG203, LG208, LG213, LG218, and LG237). Water samples were
analyzed for cations, anions, hardness as CaCOs;, and TDS. Water temperature, pH, and
electrical conductance (EC) were also measured during sample collection. The well
information is listed in Table 1. More details on these wells, including locations,
exploratory well schematics, and site plans, are included in Appendix B.
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Table 1. BOR Groundwater Monitoring Wells Near the Wash (5/80-6/86)

Wells Township | Range | Section Well Type

LG203 22 62 8 Production Well
LG208 21 61 25 Production Well
LG213 21 62 7 Production Well
LG218 21 62 4 Production Well
LG219 21 62 22 Shallow Observation Well
LG220 21 62 22 Deep Observation Well
LG221 21 62 28 Shallow Observation Well
LG222 21 62 28 Deep Observation Well
LG223 21 62 24 Shallow Observation Well
LG224 21 62 24 Deep Observation Well
LG225 22 62 2 Shallow Observation Well
LG226 22 62 2 Deep Observation Well
LG227 22 62 14 Shallow Observation Well
LG228 22 62 14 Deep Observation Well
LG230 22 63 16 Deep Observation Well
LG231 22 63 32 Shallow Observation Well
LG232 22 63 32 Deep Observation Well
LG237 21 63 29 Production Well

3.4 Clean Water Coalition

More than 10 years ago, the Clean Water Coalition (CWC) initiated the Systems
Conveyance and Operations Program (SCOP) project to address the need to provide
alternative conveyance of wastewater discharge to Lake Mead. As part of their feasibility
study, groundwater was monitored from 27 wells along the proposed alignment of the
pipeline (Converse Consultants, 2009). The purpose of the groundwater monitoring was
to characterize groundwater conditions in the vicinity of the SCOP alignment in order to
support the design of facilities and to assist in construction planning and future
operations. The monitoring results from these wells were also used as a reference tool for
anticipated conditions regarding groundwater dewatering during the construction phase
of the SCOP project.

Groundwater levels and water quality was monitored in selected wells throughout
different phases of the SCOP project starting in 2001. Groundwater levels were measured
using an electronic water level indicator (sounder probe). Water quality parameters,
including temperature, pH, salinity, and electrical conductance, were recorded with a
YSI-63. Based on the results reported by Converse Consultants (2009), groundwater from
these wells was contained in either an unconfined or confined aquifer. Groundwater
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levels from the monitoring wells along the proposed alignment of the SCOP project
fluctuated from 1.3 feet to 51.1 feet during the monitoring year (2008-09). Water quality
also varied from well to well.

Converse Consultants recommended long-term groundwater monitoring of all SCOP
wells until the completion of the SCOP pipeline/tunnel construction. The monitoring was
never implemented due to the suspension of the SCOP project in 2011. All of
groundwater monitoring wells were plugged.

3.5 City of Henderson

The City of Henderson (COH) conducted as least two groundwater monitoring projects
during 1993-2001, one was for the Henderson Landfill and another was for shallow
groundwater seepage problems in northwestern Henderson. Currently, COH is
monitoring several shallow groundwater wells at the COH wastewater treatment facility
as part of the requirements for their wastewater discharge permit.

3.5.1 The Henderson Landfill

The Henderson Landfill is a 145.8-acre parcel of land in the northeast corner of the City
of Henderson, near the residential developments Calico Ridge and Tuscany Hills (Figure
1). The Henderson Landfill was used for the disposal of municipal solid waste from 1957
until it was closed in the early 1970s. In 1997, the City of Henderson acquired ownership
of the site from the federal government to facilitate the process of completing the
environmental investigation of site conditions and permanently closed the landfill.
Required by the Landfill Closure Agreement, the City of Henderson retained an
environmental consulting firm, Camp Dresser & McKee (CDM), to conduct an
Engineering Evaluation/Cost Analysis (EE/CA). In July 2001, the EE/CA for the site was
completed. As part of the EE/CA study, surface and subsurface soil, soil gas and
groundwater samples were collected and analyzed for contaminants that might have been
leached and released from the landfill and could pose a potential risk to human health and
the environment (CDM, 2001).

Based on the information collected from onsite monitoring wells, the near-surface
(shallow) aquifer is estimated to occur at depth of 23 to 50 feet below ground surface. A
deeper confined aquifer is located beneath the shallow aquifer and discharges upward
into the shallow aquifer. Groundwater flow is generally from the south to north beneath
the site toward the Wash. Water samples were collected from nine new groundwater
wells and eight existing wells in locations that were hydraulically upgradient and off and
on the site. They were analyzed for VOCs, SVOCs, pesticides, PCBs, total metals,
cyanide, sulfate, nitrate plus nitrite, chloride and fluoride, chemical oxygen demand,
carbonate and total alkalinity, methane, ethane, ethane, dioxins, and furans. The shallow
groundwater beneath the site contains elevated concentrations of carbonate, bicarbonate,
gypsum, and total dissolved solids and is considered unsuitable for domestic, agricultural,
or industrial use. However, based on comparisons between concentrations of constituents
detected in wells hydraulically upgradient of the site and in onsite wells, most
constituents detected in onsite groundwater appear to be associated with either naturally
occurring or offsite sources. There was no indication of the presence of landfill leachate
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in groundwater. The EE/CA study also recommended prohibiting land uses that could
damage the cap of the landfill and to control future groundwater use at the site.

Figure 1. Location map showing the Henderson Landfill

3.5.2 Shallow Groundwater Seepages

Numerous locations in northeastern Henderson, primarily within Whitney Ranch and
Bluffs/Fox Ridge residential areas, were experiencing detrimental surface discharge
(seepage) of shallow groundwater in the early 1990’s (Figure 2). Near-surface
groundwater seepages resulted in excessive soil saturation and ponded water in lawns,
along curbs and gutters, and around houses. This posed numerous geotechnical,
health/safety, and aesthetic concerns.

In order to address public concerns and complaints, the City of Henderson hired the
environmental consulting firm SEA Inc., to investigate the shallow and surfacing
groundwater in these residential areas during 1993-94. The study was done in two phases.
The first phase of the study included identification of an appropriate study area,
evaluation of the extent and magnitude of the problems, preliminary assessment of
conditions responsible for the problems, recommendations for further investigation, and
preliminary mitigation direction. The second phase of the study included: installation of
groundwater monitoring wells, detailed hydrological and geochemical evaluations, and
formulation of mitigation recommendations based on the understanding of the history,
sources, and hydraulics of the shallow and surfacing groundwater.
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A total of 31 groundwater monitoring wells were constructed for the study. Groundwater
samples were collected and analyzed for pH, electrical conductance, TDS, total
alkalinity, major cations (sodium, potassium, calcium, and magnesium), major anions
(bicarbonate, carbonate, sulfate, chloride, fluoride, and hydroxide), silica, nutrients (N
and P), and isotopic constituents (oxygen, hydrogen, and tritium). A map showing
groundwater sampling locations and a summary of the chemical constituents detected in
the groundwater samples are attached in Appendix C.

3.5.3 Groundwater Monitoring for Discharge Permit

COH owns and operates two water reclamation facilities, the Kurt R. Segler Water
Reclamation Facility (KRSWRF) and the Southwest Water Reclamation Facility
(SWRF). The COH discharges a portion of their effluent to the Wash. They are also
permitted under NDEP permit NEV80003 (Appendix D) to discharge tertiary treated,
denitrified wastewater from the wastewater treatment and water reclamation facilities to:
a) groundwaters of the State of Nevada from the KRSWRF via wetlands ponds at the
Bird Viewing Preserve; or b) groundwaters of the State of Nevada via four outfalls for
irrigation at the reuse sites in the greater Henderson area. Consequently, groundwater
sampling and monitoring is required in addition to the influent and effluent sampling and
monitoring at the wastewater treatment plants. The groundwater wells that are sampled
and monitored by COH can be found in Figure 3. Table 2 and Table 3 list all monitoring
well locations and all groundwater sampling and reporting requirements, respectively.

Figure 3. A map showing the locations of COH groundwater monitoring wells

Groundwater Quality Monitoring and Assessment Plan along the Las Vegas Wash
9



Table 2. COH Groundwater Monitoring Well Coordinates

Decimal Degree

Degree-Minute-Second

WELL LONGITUDE LATITUDE LONGITUDE LATITIDE

BMI-1 -114.9859 36.0546 -114° 59'9.37" 36°3'16.44"

BMI-2 -114.9827 36.0555 -114° 58' 57.68" 36°3"19.77"

BMI-3 -114.9854 36.0601 -114° 59'7.38" 36°3'36.47"
MW-01 -114.9876 36.0765 -114° 59'15.43" 36°4'35.27"
MW-02 -114.9860 36.0765 -114° 59'9.45" 36°4'35.44"
MW-08 -114.9816 36.0859 -114° 58' 53.76" 36°5'9.41"
MW-09 -114.9847 36.0857 -114° 59' 4.85" 36°5'8.41"
MW-13 -115.0028 36.0813 -115°0'9.98" 36°4'52.81"
MW-14 -115.0046 36.0808 -115°0'16.52" 36° 4'50.82"
MW-16 -115.0049 36.0725 -115°0'17.76" 36°4'21.12"
MW-17 -114.9823 36.0550 -114° 58'56.32" 36°3'18.15"
MW-18 -114.9863 36.0536 -114° 59'10.58" 36°3'12.85"
MW-21 -114.9767 36.0530 -114° 58'36.26" 36°3'10.68"
MW-22 -114.9985 36.0723 -114° 59' 54.57" 36°4'20.34"

Table 3. COH Groundwater Sampling and Reporting Requirements

Monitoring Requirements
Parameters Units Effluent i itori itori
Limitation Samp_llng Monitoring | Monitoring
Locations | Frequency Type
Depth to water' ft - | M&R All Annually Meter
Static Water ft

Elevation! amsl - M&R All Annually Meter
Chlorides” mg/l - M&R All Annually Discrete
TDS’ mg/l - | M&R All Annually Discrete
Nitrate as N° mg/1 - M&R All Annually Discrete
Total Nitrogen” mg/1 - M&R All Annually Discrete
Ammonia as N° | mg/l --- M&R All Annually Discrete

Notes; All = monitoring wells: 13, 14, 16, and others that may be added.
amsl:  above mean sea level M&R:  Monitor & Report
mg/l:  milligrams per liter TDS:  Total Dissolved Solids

1. Measure annually, the depth to groundwater, and static water elevation, for each well, at the time of
sampling, and report for each calendar year 4™ quarter on January DMR forms.

2. Sample and analyze annually and report for each of the parameters. Report annually in January for
each calendar year 4™ quarter.
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3.6 Environmental Protection Agency

The Sunrise Mountain Landfill is a closed municipal landfill that operated from 1951
through 1994. In January 2013, the construction of a final cover system including
stormwater control features was completed. The final cover system includes a gravel
admix/gravel veneer erosion layer. The gravel fraction minimizes erosion and the fine
fraction allows for water storage and evaporation. The stormwater control features were
designed to minimize stormwater flow onto the cover and optimize flow off the cover.
Included in the stormwater control system are an up-canyon dam and detention basin and
approximately three miles of stormwater channels and an additional three detention
basins.

As the requirement of Tasks 4.3.6 and 4.3.8 of the Consent Decree between Republic
Services of Southern Nevada and the Environmental Protection Agency (EPA),
groundwater monitoring at the landfill has been conducted to determine background
water quality and downgradient water quality. A statistical comparison of groundwater at
the landfill in comparison to regional aquifers and an evaluation of whether the landfill or
other source is the cause for statistically significant increases is also included. The
Groundwater Characterization Report on the Sunrise Mountain Landfill was submitted to
the EPA in 2013 (Golder Associates, 2013). This report presents the findings of nine
quarters of groundwater sampling along with an interpretation of the results. This report
meets the requirements of Task 4.3.8 of the Consent Decree by proposing groundwater
monitoring parameters and groundwater protection standards.

Three separate water zones have been identified at the landfill based primarily on major
cation and anion geochemistry. The First Water Zone is the shallowest of the three zones,
the Second Water Zone is the middle zone, and the Third Water Zone is the deepest. The
evaluation of groundwater quality in each zone is dependent upon the number of wells
screened in each zone and the presence or absence of background/upgradient wells. Three
monitoring wells, including MW-10A at the northernmost area of the site and MW-17A
and MW-17B at the west of the site, have been used as upgradient or background wells
for the assessment of water quality conditions in the First Water Zone. Downgradient
monitoring wells in the First Water Zone include wells MW-1A, MW-1C, MW-2A2,
MW-2B, MW-2C2, MW-3E, MW-4A, MW-5C, MW-6B, MW-6C, MW-7D, MW-7E,
MW-8A, MW-8B, MW-9A, MW-9B, MW-11B, MW-12A, MW-13C, MW-14A, MW-
14B, and MW-15B. The Second Water Zone wells are downgradient of the First Water
Zone and include MW-2D, MW-2D2, MW-2E3, MW-3F, MW-11A2, and MW-13D. The
Third Water Zone wells are downgradient of the Second Water Zone and include MW-
2E, MW-3G, MW-4B, MW-4C, MW-5B4, MW-11C, MW-12B2, and MW-12D (Table
4).

Based on data collected during nine quarters of groundwater sampling, groundwater at
the site has been impacted locally by volatile organic compounds (VOCs) via fugitive
landfill gas. The analytical results, including VOCs, inorganics, isotopes, and carbon
dioxide, indicate that landfill gas is the source of limited impact to groundwater. The
Groundwater Characterization Report (Golder Associates, 2013) also concluded that the
potential for the Sunrise Mountain Landfill to impact regional aquifers is low.
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Table 4. Well zone summary at the Sunrise Mountain Landfill

Bottom of
Top of Casing Top of Screen Screen Geochemical
Well 1D Elevation (ft) Elevation (ft) Elevation (ft) Zone
Hydrostratigraphic Zone 1 Wells
MW-1A 1971.85 1886.85 1876.85 N/A
MW-2A-2" 1889.70 1684.7 1674.7 1
MW-2A 1888.8 1708.8 1693.8 1
MW-2B 1897.32 1697.323 1682.323 1
MW-2C2 1918.43 1660.43 1655.43 1
MW-3E-2" 1888.51 1686.51 1676.51 1
MW-4A 1864.57 1679.57 1659.57 1
MW-5C 1901.19 1762.19 1747.19 1
MW-6B-2" 1972.08 1770.58 1745.58 1
MW-7E 2011.53 1772.53 1752.53 1
MW-8A 2152.60 1769.601 1754.601 1
MW-8B 2151.67 1674.667 1659.667 1
MW-9A 2214.22 1704.223 1679.223 1
MW-9B 2214.90 1764.896 1739.896 1
MW-10A 2433.29 1728.29 1713.29 1
MW-11B 1891.82 1646.82 1631.82 1
MW-12A 1880.83 1638.83 1628.83 1
MW-13C 1880.33 1716.33 1706.33 1
MW-14A 1910.74 1699.74 1684.74 1
MW-14B 1960.71 1726.71 1706.71 1
MW-15B 2039.52 1767.52 1757.52 1
MW-17A 1836.99 1774.99 1754.99 1
Hydrostratigraphic Zone 2 Wells
MW-2D 1917.53 1409.53 1384.53 2
MW-2D2 1919.06 1494.06 1479.06 2
MW-2E3 1920.51 1478.51 1463.51 2
MW-3F 1889.93 1631.93 1611.93 2
MW-4C 1865.33 1410.33 1395.33 3
MW-6C 1972.35 1566.35 1541.35 1/2
MW-7D 2012.23 1542.23 1532.23 1
MW-11A-2" 1892.05 1500.05 1485.05 2
MW-12B2 1882.86 1413.86 1398.86 3
MW-13D 1878.54 1618.54 1608.54 2
MW-17B 1835.83 1592.83 1567.83 1
Hydrostratigraphic Zone 3 Wells
MW-1C 2009.79 1352.79 1327.79 1
MW-2E 1918.59 1241.59 1231.59 3
MW-3G 1886.60 1367.6 1337.6 3
MW-4B 1865.15 1090.15 1065.15 3
MW-5B4 1902.40 1302.402 1277.402 3
MW-11C 1887.74 1084.74 1059.74 3
MW-12D 1879.04 1084.04 1069.04 3
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3.7 Southern Nevada Water Authority

The Southern Nevada Water Authority (SNWA) has been monitoring shallow
groundwater wells in the southeast part of the Valley (near the Wash) since the late
1990s. Monitoring was conducted to characterize the shallow groundwater
contamination plume (perchlorate and other contaminants) migrating from the BMI
(BMI) complex to the Wash. Twenty shallow groundwater wells near the Wash were
monitored and sampled on a regular basis. These wells include: WMW7.8N, W06, W04,
W03, W02, 3KGBHSN (WMW3.5N), W08, 3KGBHSS (WMW3.5S), WMW6.2N,
COH-1, COH-1A, COH-2, COH-2A, CCSD-2, WMWS5.5S, LG030, WMW4.9S, W07,
USGS-SE, and G13202. Water quality data, including general chemistry, field
measurements, cations, anions, and metals, were collected.

Another shallow groundwater monitoring program has been conducted and it was first
started as part of the revegetation project at the Wash. A series of shallow groundwater
wells were drilled to provide irrigation water to revegetation sites. Shallow groundwater
was pumped to irrigate the newly-planted trees and shrubs. In order to ensure the
groundwater from these irrigation wells was suitable for the growth of plants, water
quality was monitored. Beginning in April 2001, groundwater quality from two irrigation
wells located downstream of the Pabco Road Weir, Pabco South Well (WMW6.0S) and
Pabco North Well (WMW6.0N), have been monitored regularly. Since June 2002, the
program was expanded to include four more wells around Pabco Road Weir,
WMWS5.58S, WMWS5.85S, WMW6.15S and WMWS5.7N. Based on the hydrogeological
and water quality data collected, the quantity and quality of groundwater pumped from
these wells is either limited or unsuitable for irrigation. Water quality and hydrologic data
collection continued and these data are available since 2001.

More than a dozen erosion control structures (i.e., weirs) and miles of bank protection
have been built across and along the Wash. Before and during the construction of these
erosion control structures, shallow groundwater was pumped from wells and discharged
into the Wash. As required by the NDEP dewatering permits, groundwater quality
samples and flow data were monitored and collected to evaluate any impacts of the
dewatering on water quality in the Wash, Lake Mead, and the adjacent shallow
groundwater system. Data were collected from these shallow groundwater wells from the
late 1990s to 2010. The wells owned by the CWC were plugged and abandoned in 2010
and a few wells (such as WMW6.2N and LG030) no longer existed. Water level data
from two wells (USGS-SE and CCSD-2) are still collected on a semi-annul basis.

The current shallow groundwater monitoring program not only collects water quality data
from the shallow groundwater wells, but also provides information on pollutant (such as
perchlorate and others) loading rates from the shallow groundwater system into the Wash
and Lake Mead and interactions between groundwater and surface water along the Wash.
Groundwater samples are collected from the monitoring wells regularly (monthly or
quarterly). All shallow groundwater monitoring wells are shown in Figure 4.
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Field water quality parameters including water temperature, pH, DO, and EC are
measured using a Hydrolab at each monitoring well. The following water quality
parameters are analyzed: major ions, TDS, silica (SiO;), boron, perchlorate, and metals.
Water quality and hydrologic data collected from the irrigation wells have been
summarized in a project report (Zhou, 2012).
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K4 Pabco Road Weir

Figure 4. Location map showing current and discontinued monitoring wells along the Las Vegas Wash
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4.0 MONITORING NETWORK

4.1 Groundwater Monitoring Program Evaluation

The goal of this groundwater monitoring plan will be achieved by developing a lasting network
of monitoring locations that are sampled or measured by multiple entities rather than by a single
entity. If the network is reliable, this approach can be a more efficient alternative to a single
entity sampling approach. Certainly, the monitoring network inherently relies upon its
participants for its success. The entities identified in Section 3.0 are considered potential
monitoring network partners and are critical to its success. Since many of these partners are
required to monitor groundwater because of various permits, the foundation of the monitoring
network will rely upon the non-discretionary monitoring activities of the partners. These
activities are considered relatively permanent and are an ideal starting point for building the
monitoring network.

Most groundwater monitoring programs summarized in Section 3 were conducted by different
entities for their own purposes. Most of these groundwater monitoring programs lasted for a
defined period of time and were discontinued after the entities were satisfied with the data they
collected or the funding for the programs ended. Unlike the surface water quality monitoring
programs in the Wash and its tributaries, most groundwater monitoring programs in the Valley
are short-term projects. Consulting firms (for example, those working with NDEP on the
Henderson BMI Complex), the COH, and SNWA are among the few entities currently
performing long-term groundwater monitoring near or along the Wash. Due to funding concerns,
it is more realistic to use the long-term groundwater monitoring program currently conducted by
SNWA to fulfill the groundwater monitoring goals set in the CAMP. The program can be
expanded and modified to better meet the requirements of the CAMP if necessary.

4.2 Maintain Historical Record

Most of the groundwater quality monitoring activities near or along the Wash have been on-
going or completed during the last several decades. Most of the historic data are collected and
maintained by the responsible entity. This groundwater monitoring plan proposes to build a
central database focusing on the current available groundwater quality data with an expansion to
the historic data in the future.

4.3 Detect Improvements

The mission of the LVWCC is to stabilize and enhance the Wash. The groundwater monitoring
program was developed to generate data that could be used to measure the improvements or
detrimental impacts of activities. There is approximately $200 million worth of facilities that
have been or will be built along the Wash. Considering the tremendous cost of the facilities,
derived benefits are important attributes to measure. Another important role of the shallow
groundwater monitoring program is to delineate groundwater contamination (such as perchlorate,
trace metals, and other organic contaminants) plumes that may migrate from the Henderson BMI
Complex to the Wash. The data can be used to estimate mass flux rates of contaminants
contributing to the Wash and Lake Mead and to evaluate the effectiveness of on-site removal
activities in the Henderson BMI complex.
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4.4 Monitoring Well Naming

Nomenclature consistency is one of the most important components of the network. It is ideal to
have the same naming convention for the monitoring wells near the Wash. This may be difficult
because the monitoring wells were named with several different systems by various partners.
Since 2005, site naming has followed a few simple rules that were developed by the Interagency
Sampling and Coordination Committee and these rules were adopted for the Las Vegas Wash
Surface Water Quality Monitoring and Assessment Plan. This naming convention is also in place
for most of the monitoring wells in this plan. In brief, alphanumeric codes are given to sample
sites based on the well name and distance along a reference line (river channel). The reference
line for the Wash Monitoring Wells (acronym = WMW) begins at the high pool elevation of
Lake Mead (elevation 1,221 above mean sea level) and follows the Wash channel to where it
originates. Consequently, a monitoring well at Wash mile 3.5 would be named WMW3.5. To
distinguish monitoring wells that are respectively located on the south (S) or north (N) bank of
the Wash, S or N will be added to the name (such as WMW3.0S or WMW3.0N).

There are some exceptions for several monitoring wells near the Wash with different naming
systems, including W02, W03, W06, COH-2A, COH-2B1, LNDMW1, and LNDMW?2. These
wells were built and monitored by sampling entities for their own purposes. However, unlike the
surface water sample sites, the monitoring wells near the Wash are fixed with their locations.
These sites will be renamed in the Lower Colorado River Regional Water Quality Database (the
database) and the original names will be provided as an alias. This groundwater monitoring plan
requires that all monitoring wells (historic, current or future) be measured with the global
positioning system in Decimal Degrees coordinates and North American Datum 1983 format.
Coordinates will be uploaded with sample results. SNWA and the entity collecting the data will
review uploaded coordinate data to check for accurate well locations.

4.5 Well Locations, Analytical Parameters and Sample Frequency

This groundwater monitoring and assessment plan mainly focuses on the shallow groundwater
system adjacent to the Wash and addresses potential impacts of groundwater on the Wash and
Lake Mead water quality. Therefore, this Plan only addresses the groundwater monitoring wells
near and along the Wash. The monitoring wells that are currently monitored by SNWA are
included in this plan and will be used as the official monitoring locations of the plan (Appendix
E). Starting in 2014, three more monitoring wells will be added to the plan and more wells can
be included if needed. The other shallow groundwater monitoring in the area was used for other
purposes and therefore will not be used. Strategically located along both banks of the Wash,
these wells were or will be developed to characterize the shallow groundwater aquifer near the
Wash and its potential environmental impact on the Wash. In addition, a large amount of water
quality and hydrogeological data has been collected from most of these wells, which can be used
to understand the variation and trend of shallow groundwater quality near the Wash. In order to
be consistent with the previous monitoring programs and in consideration of funding availability,
groundwater quality samples will be collected from these wells and analyzed for inorganic
parameters on a quarterly basis and for organic parameters [including Pharmaceuticals and
Personal Care Products (PPCPs)/Steroids Group, Priority Pollutant List (PPL) Group, and PPL+
Group in Appendix F] on a semi-annual basis. Adding organic parameters to the program will: 1)
fill the data gaps for shallow groundwater monitoring along the Wash because most of previous
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or current programs did not analyze organic parameters; 2) allow us to compare with the results
collected from the surface water quality monitoring programs in the wash and tributaries.

4.6 Sampling/Measurement Methods

A pre-cleaned battery operated pump should be used to withdraw samples from each monitoring
well. Generally, the pump should run approximately 15 minutes and pump at least 3 well
volumes of water before the water sample is collected. This process allows groundwater to flow
around the well and guarantees the water samples taken are “fresh” and representative. Water
samples are directly collected from a clean tube, which is connected to the pump, into acid-
washed bottles. For cation and trace metal analyses, preservatives, such as nitric acid, are pre-
added to the bottles.

Field water quality parameters including water temperature, pH, DO, and EC will be measured
using a multi-parameter probe at each monitoring well. The following water quality parameters
will be analyzed by a laboratory: major ions, TDS, silica (SiO,), boron, perchlorate, metals, and
selected organic contaminants. Also, groundwater level and depth from each monitoring well
will be measured during every sample event.

4.7 Data Repository and Sharing Guidelines

SNWA maintains a database that can be accessed through a password protected website
(accessed via www.lvwash.org). The database contains an extensive amount of surface water
quality data for the Wash and Lake Mead. These data have been added by many partners
including Clark County Regional Flood Control District (CCRFCD), Bureau of Reclamation, the
wastewater agencies, SNWA, and the USGS. The database is a central component of the
monitoring network and the value of it increases as data are added. Current and historic
groundwater quality data near the Wash collected by different agencies will be compiled and
uploaded into the database. To continue to improve the usefulness of the database, data
contributors need to regularly share their data (i.e. upload data to the database).

Upon request, SNWA provides pre-submission support to contributing entities by formatting
their data. If site and parameter names are not consistently labeled then the database may not
recognize the input. To remedy this issue, SNWA uses alias names and other links to be sure
that the data are input seamlessly. SNWA must link these names so that the database recognizes
them as the same parameter.

5.0 MEASURE PROGRESS AND ADAPT PLAN

5.1 Analyze Monitoring Data and Share Results

Monitoring data can be evaluated by the user for any intended purpose, however, to better meet
the goal of this plan certain evaluations will be regularly conducted and will be conducted by
SNWA. Data assessments will be shared regularly at the quarterly LVWCC and Research and
Environmental Monitoring Study Team meetings and periodic reports will be generated. Data
should be compared to known benchmarks, if they are available (e.g., water quality standards,
levels of concern, toxicity thresholds, etc.). Descriptive statistics will be used such as reporting
the minimum, maximum, mean, and standard error of the mean. More advanced data analysis
tools (e.g., AquaChem and MODFLOW) will be used when appropriate.
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Parameter Status and Trends — The most fundamental goal of this plan will be achieved by
simply characterizing groundwater quality status and trends. This activity is a core component
of this monitoring plan and should include simple graphical and/or tabular displays of
monitoring data organized across time or monitoring wells. At a minimum, data will be
analyzed at each well to show concentration changes over time. Every parameter will be
evaluated. Parameters that pose water quality concerns (e.g., contaminants from the BMI
Complex) will be investigated more closely. Because most of these monitoring wells are located
near the Wash, status and trends at these wells will provide more specific and important
information on potential contamination risk to the Wash and Lake Mead from the adjacent
shallow groundwater system.

Groundwater Base Flow — The base flow (without storm flow) in the Wash includes effluent
from the wastewater treatment facilities, urban runoff, and shallow groundwater. It is a challenge
to quantify the shallow groundwater flow without collecting extensive hydrogeological data
(e.g., average linear groundwater flow velocity and hydraulic conductivity). However, with flow
data in the Wash, urban tributaries, and wastewater effluent discharge points, shallow
groundwater base flow to the Wash can be estimated with a mass balance calculation.

Mass Balance for Key Parameters — Parameters on the impaired waters list or contaminants from
the BMI Complex (e.g., perchlorate) are key parameters and a mass balance will be calculated.
Two of these parameters, selenium and perchlorate, are already tracked closely by different
agencies because of their potential impacts on wildlife in the Wash and drinking water quality in
Lake Mead and downstream. These data and others like it will be obtained to construct a mass
balance for key parameters.

Characterize Improvements — NDEP has been supervising extensive on-site remediation
activities conducted by various consulting firms at the BMI Complex. These on-site treatment
projects have removed a large amount of contaminants (mainly perchlorate) from the shallow
groundwater system, resulting in much less loading to the Wash. In addition, erosion control
structures built in the Wash affect groundwater flow and quality by changing surface /
groundwater interaction patterns and minimizing active down-cuts. Characterizing these
improvements and changes in shallow groundwater along the Wash is an essential component of
this plan. Data that are used to assess status and trends and to construct mass/water balances
provide crucial information to track shallow groundwater flow systems and potential
environmental impacts to the Wash from adjacent areas.

5.2 Make Adjustments

A simple series of adaptive management steps govern this groundwater monitoring plan: (1)
develop plan, (2) implement plan, (3) evaluate plan, (4) make changes, and (5) repeat steps 2-5.
At the regularly scheduled meeting each January, the Research and Environmental Monitoring
Study Team will begin to formally evaluate this plan and make changes if needed. At the April
meeting, potential changes will be adopted by the partnering entities. Other adjustments can and
should be made at any time based on new or better information.
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5.2.1 Sampling Frequency and Parameter

Monitoring is a simple tool to keep track of a potential problem. Therefore, it is often difficult to
justify the continuation of discretionary monitoring activities when the results of monitoring
show that the potential problem has not changed. Too often though, monitoring data are lost
when the frequency of data collection is inappropriately reduced because of the lack of
institutional support. Moreover, the adage that “the more, the better” does not, nor should it,
hold sway when resources are limited. A quarterly sampling frequency, which has been adopted
by SNWA for the current shallow groundwater monitoring program, is proposed for this plan.
Between July and October of each year, the Research and Environmental Monitoring Study
Team will evaluate groundwater quality data collected based on this plan and make changes in
sampling frequency and analytical parameters if necessary.

5.2.2 Reassess Monitoring Wells

Unlike the surface water sampling sites in the Wash, shallow groundwater monitoring wells
along the Wash are generally considered immovable locations because of the cost associated
with drilling new wells. Current monitoring wells can be dropped or new wells may have to be
added to better meet the goal of the plan. For example, if two wells show similar water quality
and trends, one of them can be eliminated from the program. New well(s) can be added to the
program if there is a data gap or a new groundwater quality concern. Between July and October
of each year, each monitoring well will be reassessed to see if changes are needed.
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