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Abstract:  Lake Mead is a large reservoir in the desert southwest, USA, that provides drinking and irrigation water for over 40 
million people in Arizona, California, Nevada, and Mexico. The Southern Nevada Water Authority (SNWA) utilizes 
Lake Mead to provide 90% of the water consumed in the Las Vegas Valley. Recently, SNWA spent $1.4 billion USD 
to construct a new drinking water intake, Low Lake Level Pump Station 3 (L3PS), deep within Boulder Basin. The 
goal of this project is to ensure resiliency of the water supply to the Las Vegas Valley and maintain consistency of 
raw water quality even under extreme drought conditions. In this study, the effects of climate change, including 
extreme drawdown on the lake coupled with projected rising air temperatures, were investigated. The three-
dimensional hydrodynamic and water quality model for Lake Mead was used to determine the effect of climate 
change on water quality parameters of interest at the drinking water intake, including water temperature, dissolved 
oxygen, nitrogen, phosphorus, and wastewater effluent. The goal of this work is to determine how raw water 
withdrawn through L3PS could change under projected future climate scenarios, and how these changes could impact 
the processes used at SNWA’s water treatment plants. Simulated lake drawdown was found to be the driver for 
changes to raw water quality, most notably an increase in temperature, leading to the potential need for modifications 
to the treatment process. Among other side effects, formation of total trihalomethanes, which are regulated 
disinfection byproducts, will increase as raw water temperatures increase. 
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1. INTRODUCTION 

Lake Mead, a large reservoir in the desert southwest, USA, is a crucial link in the Lower 
Colorado River Basin, supplying drinking and irrigation water for over 40 million people 
(CRWUA, 2020; Milly and Dunne, 2020). Lake Mead is located in the Lower Colorado River 
Basin and is impounded by the Hoover Dam. The Las Vegas Valley relies on Lake Mead for water 
as it supplies 90% of the water consumed in the valley. Consequently, maintaining the quality of 
Lake Mead is crucial for both the Las Vegas Valley and downstream users in Arizona, California, 
and Mexico. Climate change is anticipated to have critical effects on Lake Mead, including changes 
to water quality parameters as a result of lake drawdown and rising air temperatures (Udall and 
Overpeck, 2017).  

The Southern Nevada Water Authority (SNWA) relies on Lake Mead to provide reliable, high-
quality water to consumers in the Las Vegas Valley. Raw water from the lake is pumped to two 
water treatment plants (WTPs), treated, and distributed throughout the valley. Previously, SNWA 
used two intakes located near Saddle Island in Boulder Basin of Lake Mead (Figure 1). Intake 1 was 
constructed at an elevation of 1050 ft (320.04 m) above sea level. Intake 2 is located 1000 ft (304.8 
m) above sea level. 

At full capacity, Lake Mead has an elevation of 1221 ft (371.9 m) above sea level. When Intakes 
1 and 2 were constructed in 1971, Lake Mead was near full capacity; therefore, the intakes 
withdrew high-quality water from deep in the water column. Today, if utilized, Intakes 1 and 2 have 
the potential to withdraw epilimnetic water during the summer, due to lower lake levels from 
extended drought and the deepening of the surface layer of the lake, seasonally. 

Rising air temperatures, changes to thermal stratification, and closer proximity between the 
water surface and drinking water intakes could result in warmer water at drinking water treatment 
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facilities. Warmer water temperatures result in beneficial lower concentration×time requirements 
for ozone and chlorine disinfection (USEPA, 2020). However, warmer water is also associated with 
harmful cyanobacterial blooms (Paerl and Huisman, 2009), faster chlorine residual decay (Roccaro 
et al., 2008), faster trihalomethane formation (Roccaro et al., 2008), and Legionella growth (Rhoads 
et al., 2017). 

 

Figure 1. Intake withdrawal depths. 

In Lake Mead, closer proximity between the water surface and a drinking water intake could 
potentially increase the water quality impact of the Las Vegas Wash, the primary drainage of the 
Las Vegas Valley / metropolitan area and the regions wastewater treatment facilities. During parts 
of the year, water from the Las Vegas Wash travels through the Boulder Basin of Lake Mead as a 
distinct inflow, generally around 10 m deep (Snyder and Benotti, 2010). The Las Vegas Wash is 
approximately 85% wastewater effluent from the Las Vegas Valley (Benotti et al., 2010). The Las 
Vegas Wash has elevated concentrations of selenium, pharmaceuticals, endocrine disruptors, N-
nitrosodimethylamine precursors, and poly- and perfluoroalkyl substances (Ryan and Zhou, 2010; 
Bai and Son, 2021; Benotti et al., 2010; Woods and Dickenson, 2016).  

SNWA constructed a third intake, L3PS Intake No 3, which began conveying water to SNWA’s 
water treatment facilities in September 2015. L3PS was built at 895 ft (272.8 m) above sea level, 
considerably lower than intakes 1 and 2. This intake enabled SNWA to access deeper, cooler water. 
In 2020, the low lake level pump station (L3PS) was completed and allowed the third intake to 
continue to operate, even if lake elevations dropped below 1000 ft (304.8 m) above sea level. These 
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collective projects were constructed at a considerable expense, nearly $1.4 billion USD, to ensure 
the longevity and sustainability of the water supply provided by SNWA to the Las Vegas Valley. 
Water that is conveyed to the WTPs is currently exclusively drawn from this deeper intake.  

SNWA transfers raw water to its two treatment plants - River Mountains Water Treatment 
Facility (RMWTF) and Alfred Merritt Smith Water Treatment Facility (AMSWTF). Both RMWTF 
and AMSWTF use advanced direct filtration to convert raw water to potable water. The four steps 
include (SNWA, 2020): 

1. Disinfection with ozone (O3), 
2. Coagulation with ferric chloride (FeCl3), 
3. Filtering with anthracite and granular activated carbon, and 
4. Finishing the water with chlorination to maintain a disinfectant residual, corrosion control, 

and addition of fluoride. 
 

From AMSWTF and RMWTF, the finished water enters the distribution system, where it serves 
2.2 million customers in the Las Vegas Valley and 42.5 million annual visitors (LVCVA, 2020). 

This case study uses a 3-dimensional hydrodynamic and water quality model for Lake Mead that 
incorporates potential lake drawdown coupled with rising air temperature projections to determine 
how the raw water withdrawn at L3PS may change, and consequently how the treatment processes 
at AMSWTF and RMWTF may be impacted. 

Previous studies performed on Lake Mead have separately considered the effects of climate 
change (Preston and Tietjen, 2014) or lake drawdown (Preston et al., 2014b) applied to overall lake 
management strategies. The Lake Mead Model (LMM) was also previously used as a tool to assess 
the location of L3PS prior to construction. Five locations were considered, and simulations were run 
with water surface elevation levels (WSELs) between 1000 and 1180 ft (304.8 and 359.7 m). 
Climate simulations were not a meaningful factor in this study. The primary determining factor in 
choosing an optimal intake location was the concentration of wastewater effluent from the Las 
Vegas Wash at each proposed location. Construction costs were also considered in this study, and 
the current location of L3PS was recommended (Preston et al., 2014b).  

This study extends previous work by including much lower water surface elevation levels, while 
also coupling the effects of climate change and drawdown. In this study, more extreme drawdown 
was considered, with WSELs ranging from 900 to 1100 ft (274.3 to 335.3 m). Further, climate 
projections were incorporated into the LMM. The goal of this study is to use the LMM coupled 
with climate projections and simulated drawdown to understand the effects of climate change on 
raw water withdrawn at L3PS, and how these changes may affect WTP operations. 

Two tools were used to determine the potential effects of climate change on SNWA’s drinking 
water intake. The first is the LMM, which is a full 3D and hydrodynamic water quality model for 
Lake Mead. The second are the air temperature projections from the Global Climate Models 
(GCMs), which were coupled with potential drawdown as inputs into the hydrodynamic and water 
quality model. This work uses the LMM to specifically study potential for raw water quality 
changes, including changes to temperature, dissolved oxygen, nitrogen, phosphorus, and wastewater 
effluent for L3PS and applies those changes to the WTFs. 

2. METHODOLOGY  

2.1 The Lake Mead model 

SNWA maintains a full mathematical three-dimensional hydrodynamic and water quality model 
for Lake Mead that is used to simulate probable future scenarios and aid in management decisions. 
This model is implemented in Aquatic Ecosystem Model 3D (AEM3D). AEM3D approximates 
quantities of interest by solving the Reynolds-averaged Navier-Stokes equations with a turbulent 
eddy closure (Hydronumerics, 2016). The model solves for hydrodynamic and water quality 
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parameters in each grid cell, including, but not limited to, temperature, dissolved oxygen (DO), 
conductivity, chlorophyll a, suspended sediment, conservative and decay tracers, zooplankton, 
phytoplankton, and chemical parameters such as phosphorus, nitrogen, and carbon (Hodges and 
Dallimore, 2013).  

The LMM grid is based on lake bathymetry and uses a 300 m × 300 m x-y grid, with depth 
outputs every 2 meters. In this grid, yellow represents the deepest interior cells, red is less deep, and 
blue are the shallower shoreline cells (Figure 2). The model is computationally intensive and 
utilizes 215,480 wetted cells at the 1100 ft WSEL. The model inflows are the Colorado River, 
which accounts for 97% of the inflow volume, with smaller contributions from the Virgin and 
Muddy Rivers and the Las Vegas Wash. Most outflow is released through the Hoover Dam, with 
minor withdrawals from SNWA’s drinking water intake plus model-computed losses to 
evapotranspiration (Preston et al., 2014a). Meteorological parameters, such as air temperature, 
precipitation, wind speed and direction, and solar radiation are input into the model as boundary 
forcing values.  

 

Figure 2. LMM grid. 

The LMM was calibrated to measured data to ensure model accuracy and minimization of error 
as a future planning tool. First, a sensitivity analysis was conducted in MATLAB. Sensitivity 
analysis calculates a derivative that is used to determine which parameters are most sensitive to 
small changes (Saltelli, 2000). Through sensitivity analysis, three model parameters were 
determined to be most affected by perturbations: the wind shear coefficient, the mean albedo, and 
the surface heat transfer coefficient. Once sensitive parameters were identified, a nonlinear least 
squares algorithm was used to identify optimal parameter values. The MATLAB nonlinear least 
squares solver 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙, which is a Levenberg-Marquardt algorithm, was used (MATHWORKS, 
2016). Model calibration indicates the LMM provides an excellent fit to collected field data 
(Hannoun and Tietjen, 2021). 

2.2 Climate change projections 

Climate change projections for Clark County, NV, were incorporated into the LMM to determine 
how future climate scenarios may affect Lake Mead. Maximum daily temperatures for Clark 
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County, NV, were output from six GCMs and downscaled using the Localized Constructed Analogs 
(LOCA) technique (Pierce et al., 2014). GCMs typically have grid resolutions of 100 – 200 km and 
need to be downscaled to the more appropriate 4 km grid for local climate studies. This was done 
for two climate change scenarios, Representative Concentration Pathway 4.5 and 8.5 (RCP 4.5 and 
RCP 8.5). RCPs represent potential future atmospheric concentrations of greenhouse gases (GHGs) 
and reflect the amount of radiative forcing that would result in. RCP 8.5 uses 8.5 W/m2 and RCP 
4.5 uses 4.5 W/m2 (Kalansky, 2018; Kim et al., 2015). RCP 8.5 assumes a business as-usual 
emission trajectory - that emissions continue to be emitted at the current rate and above, whereas 
RCP 4.5 is more conservative and assumes a reduction in emissions due to comprehensive global 
GHG mitigation (Kalansky, 2018). Consistent with literature regarding climate change, RCP 8.5 
typically produces more pessimistic (i.e. warmer) results (Chao et al., 2014).  

Consistent with the RCPs, air temperature projections for Clark County for three periods, 2010-
2039 (near-term), 2040-2069 (mid-century), and 2070-2099 (late-century) were incorporated into 
the LMM by altering meteorological forcing functions (Kalansky, 2018). The forcing functions 
were updated to reflect the average predicted increase in air temperature for each year. Further, 
these air temperature changes were coupled with changes in lake elevation due to drawdown. These 
predictive changes to the LMM were used to simulate possible future scenarios at L3PS while 
considering the effects of climate change and lake drawdown. 

2.3 LMM simulations 

In total, 35 model runs were performed, which represent a wide array of possible future 
scenarios. Five lake elevations were investigated: 1100 ft, 1050 ft, 1000 ft, 950 ft, and 900 ft (335.3, 
320.0, 304.8, 289.6, and 274.3 m). Lake Mead is at full pool at 1220 ft (371.9 m) and dead storage 
at 895 ft (272.8 m). The selected elevations represent a wide range of possible scenarios. Higher 
elevations were not considered as the lake is currently at an elevation of 1090 ft as of March of 
2021 (332.2 m). Next, three clusters of years were evaluated, 2010-2039 (near-term), 2040-2069 
(mid-century), and 2070-2099 (late-century), consistent with Kalansky (2018) and Chao et al. 
(2014). Then, two climate scenarios were simulated, RCP 4.5 and RCP 8.5. Finally, a baseline 
simulation where no meteorological parameters were altered was done at each of the five WSELs.  

Simulated parameters include water temperature, dissolved oxygen, total nitrogen and 
phosphorus, total inorganic nitrogen, and a conservative tracer used to simulate treated wastewater 
entering the lake from the Las Vegas Wash. 

2.4 Additional mathematical analyses  

To analyze output from the LMM, two additional mathematical tools were used - the Wilcoxon 
rank sum test and the Maximum Relevance Minimum Redundancy (MRMR) algorithm. The 
Wilcoxon rank sum test (Gibbons and Chakraboti, 2011) was computed to determine if there are 
statistically significant changes between the baseline and most pessimistic scenarios in the yearly 
averages computed for phosphorus, nitrogen, and wastewater effluent. The Wilcoxon test was 
employed for these parameters as little seasonal variability was seen even at low WSELs, and the 
goal was to quantify if climate scenarios create a statistically significant change.  

To quantify the influence of air temperature compared to water elevation on water quality 
parameters at L3PS, the MRMR algorithm is used. The MRMR algorithm is a filter-based feature 
selection method and was chosen for this problem because it has the advantage of performing 
feature selection independent of the learning process, thus reducing overfitting (Radovic et al, 
2017). The MRMR algorithm output is twofold, including a heuristic importance rank as well as a 
feature selection score (MATHWORKS, 2021). In this study, the feature selection score was 
normalized to yield a percent contribution of the input variables, lake elevation and air temperature, 
to the output variables, which are the water quality parameters discussed in Section 3.  
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3. RESULTS 

Trends for quantities of interest at L3PS were studied and reported. Results for each parameter 
are given below. 

3.1 Water temperature 

The water temperature at L3PS over baseline and both climate scenarios (RCP 4.5 and RCP 8.5), 
as well as all five simulated elevations, was studied. Figure 3 shows the RCP 8.5 / late century 
climate scenario at all five elevations, plotted at intake depth. Temperature at the intake increases 
with decreasing water level, which is logical as the intake becomes closer to the water surface as the 
lake loses volume. At 1100 and 1050 ft (335.3 and 320.0 m), the water temperature fluctuates and 
increases in heat as the year goes on, through seasonal changes in air temperature and lake turnover. 
At 1000 ft (304.8 m), the water temperature at the intake begins to follow seasonal air temperature 
trends - warming in the summer and cooling off through fall into winter. The intake at 950 and 900 
ft (289.6 and 274.3 m) WSELs is also subject to warming and cooling trends that follow the 
patterns in air temperature.  

 

Figure 3. Water temperatures at L3PS for all five simulated WSELs; RCP8.5/late-century (2070-2099) climate 
scenario. 

Table 1 lists the winter and spring baseline average temperatures are close to one another at 1100 
and 1050 ft (335.3 and 320.0 m) WSELs, but the 1050 ft (320.0 m) elevation simulation has more 
warming in summer that perpetuates into autumn. At the three lower elevations, substantial 
warming in the summer is possible. 

 
Table 1. Baseline average seasonal water temperatures at L3PS. 

WSEL (ft) WSEL (m) Winter (˚C) Spring (˚C) Summer (˚C) Autumn (˚C) 
1100 335.3 13.7 12.0 12.8 14.2 
1050 320.0 13.9 11.9 13.9 17.1 
1000 304.8 12.7 13.1 21.5 21.9 
950 289.6 12.5 15.8 25.6 22.4 
900 274.3 12.6 16.1 26.1 22.6 

 
Figures 4 and 5 are plots of the effects of the different climate scenarios at WSELs of 1100 and 

900 ft (335.3 and 274.3 m), respectively. The warming air temperatures are reflected in an increased 
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temperature at the drinking water intake, with the late-century (2070-2099) cluster of years leading 
to the highest increase in water temperature in all cases. The warmer climate scenario (RCP 8.5) 
results in a larger range in water temperatures for all time periods relative to baseline, whereas RCP 
4.5 results in only a small temperature change. All results, however, indicate water temperatures 
will warm regardless of climate scenario, and the warming will become more pronounced with 
time.  

 

Figure 4. Water temperature at L3PS at 1100 ft (335.3 m) for RCP 4.5 and RCP 8.5 climate scenarios. 

 

Figure 5. Water temperature at L3PS at 900 ft (274.3 m) for RCP 4.5 and RCP 8.5 climate scenarios. 

The MRMR algorithm was used to quantify the influence of air temperature compared to water 
elevation on water temperatures at L3PS. The MRMR algorithm showed that the WSEL contributes 
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86% to water temperature, while air temperature contributes 14%. The MRMR analysis confirms 
the visual observation that WSEL dominates the model output of water temperature. 

3.2 Dissolved oxygen 

Baseline dissolved oxygen (DO) trends at L3PS intake depth are plotted in Figure 6. There is an 
increase in the beginning of the year with a decrease in lake level; however, as the year progresses, 
the higher DO levels decline/decrease with the onset of spring and summer. At 900, 950, and 1000 
ft (274.3, 289.6, and 304.8 m) WSELs, the DO levels recover earlier in the winter than predicted at 
the higher elevations, as the lake mixes from top to bottom earlier. Overall, this indicates that 
declines in lake levels may lead to more rapid oxygen consumption at depth, but also earlier 
increases brought on by water column mixing. Overall oxygen concentrations, considered alone, 
remain within the range that is capable of supporting the current fish and invertebrate communities 
found in Lake Mead. 

 

Figure 6. DO at L3PS for all five simulated WSELs; RCP8.5/late-century (2070-2099) climate scenario. 

Figures 7 and 8 show the effects of the different RCP scenarios on DO at 1100 and 900 ft (335.3 
and 274.3 m), respectively. In all cases, increased climate warming led to decreases in DO. At 1100 
ft (353.3 m), the decrease in DO is more pronounced than at 900 feet. All RCP scenarios follow the 
trends observed in the baseline simulations, with a decrease in DO as climate projections become 
more pessimistic. These DO decreases are logical because, as the water temperature increases, the 
saturation potential for DO decreases. The MRMR algorithm was run in the same method as with 
water temperature and shows that WSEL dominates DO trends (88%), with a small contribution 
from air temperature (12%). 

3.3 Phosphorus and nitrogen 

Total phosphorus (TP), total nitrogen (TN), and total inorganic nitrogen (TIN) were simulated at 
L3PS. Mean TP is observed to increase with a decrease in lake elevation; however, TP levels are 
still extremely low at L3PS, leading to a phosphorus-limited system (N:P ratio of ~100:1), 
regardless of elevation. No significant change in seasonal trends was observed with a decrease in 
lake level. The increase in TP as lake levels decrease is noticeable yet small, and consequently 
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decreases in lake levels are not predicted to lead to any significant changes in TP at L3PS (Table 2). 
TP concentrations at L3PS for the most pessimistic climate scenario (RCP 8.5 / late-century) were 
also computed as this represents the worst-case climate state considered in this study. The 1100 ft 
(335.3 m) WSEL is the result where the Wilcoxon rank sum test determined the means are 
significantly different. 

 

Figure 7. DO at L3PS at 1100 ft (335.3 m) for RCP 4.5 and RCP 8.5 climate scenarios. 

 

Figure 8. DO at L3PS at 900 ft (274.3 m) for RCP 4.5 and RCP 8.5 climate scenarios. 

The Wilcoxon rank sum test was also used to determine if TP changes significantly in response 
to WSEL within a given climate scenario. Ten combinations of WSELs (5c2) were tested and all 
had p-values < 0.05, indicating that WSEL has more effect on TP concentration than increasing air 
temperatures. 
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Table 2. Yearly mean TP at L3PS. 

WSEL (ft) WSEL (m) Baseline TP (mg/L) Most Pessimistic TP (mg/L) p-value 
1100 335.3 9.2e-3 9.0e-3 < 0.05 
1050 320.0 9.6e-3 9.6e-3 > 0.05 
1000 304.8 1.1e-2 1.1e-2 > 0.05 
950 289.6 1.2e-2 1.2e-2 > 0.05 
900 274.3 1.2e-2 1.2e-2 > 0.05 

 
Similar analysis for TN and TIN was conducted. TN and TIN levels also show an increase as 

lake elevations decrease (Tables 3 and 4). TN and TIN are predicted to decrease in a statistically 
significant way from the baseline to most pessimistic scenario for WSELs of 1100, 1050, and 1000 
ft (335.3, 320.0, and 304.8 m). For the remaining two low WSELs, there is not a statistically 
significant change in either quantity. As with TP, changes in TN and TIN were primarily driven by 
WSEL. 

 
Table 3. Yearly mean TN at L3PS. 

WSEL (ft) WSEL (m) Baseline TN (mg/L) Most Pessimistic  
TN (mg/L) 

p-value 

1100 335.3 0.70 0.65 < 0.05 
1050 320.0 0.78 0.74 < 0.05 
1000 304.8 0.93 0.91 < 0.05 
950 289.6 1.1 1.1 > 0.05 
900 274.3 1.1 1.1 > 0.05 

 
Table 4. Yearly mean TIN at L3PS. 

WSEL (ft) WSEL (m) Baseline TIN (mg/L) Most Pessimistic  
TIN (mg/L) 

p-value 

1100 335.3 0.60 0.55 < 0.05 
1050 320.0 0.65 0.62 < 0.05 
1000 304.8 0.76 0.75 < 0.05 
950 289.6 0.89 0.91 > 0.05 
900 274.3 0.92 0.94 > 0.05 

3.4 Treated wastewater tracer 

The treated wastewater discharged into Lake Mead via the Las Vegas Wash is simulated in the 
LMM with a conservative tracer. The wastewater effluent is represented as a percentage of the total 
volume of water at L3PS. The mean baseline and most pessimistic climate scenario yearly 
percentage of effluent is shown in Table 5. As with nutrients, no changes to seasonal trends were 
observed. Decreased dilution at lower lake elevations coupled with the intake becoming closer to 
the water surface shows an increase in the concentration of wastewater effluent at L3PS. Climate 
scenario had a significant effect on wastewater effluent percentage only at the higher WSELs of 
1100 and 1050 ft (335.3 and 320.0 m).  
 

Table 5. Yearly mean wastewater effluent (%) at L3PS. 

WSEL (ft) WSEL (m) Baseline (%) Most Pessimistic  
Climate Scenario (%) 

p-value 

1100 335.3 1.4 1.1 < 0.05 
1050 320.0 1.6 1.4 < 0.05 
1000 304.8 2.2 2.2 > 0.05 
950 289.6 3.2 3.3 > 0.05 
900 274.3 3.5 3.6 > 0.05 
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4. DISCUSSION 

Potential drawdown in the lake coupled with projected increases in air temperature lead to higher 
temperature water being withdrawn from the lake. This is inevitable with any intake placement 
coupled with drawdown, because as the lake is drained, the intake will more frequently be exposed 
to epilimnetic waters, and thus more subjected to seasonal air temperature fluctuations. Projected 
rising air temperatures from RCP 4.5 and RCP 8.5 contribute to increasing raw water temperatures; 
however, lake elevation is a stronger driver of warming. RMWTF and AMSWTF use ozone as a 
primary disinfectant, and ozone is less soluble in warmer water; however, the rate constant for 
disinfection reactions increase with an increase in temperature. Since bacterial activity increases as 
water temperature increases, these two changes typically yield finished water with the same 
bacterial count as cooler water (Langlais et al., 1991). Further, formation of total trihalomethanes 
(TTHMs), which are regulated disinfection byproducts, has been shown to increase as raw water 
temperatures increase (Valdivia-Garcia et al., 2019).  

Raw water temperatures can have a large effect on the coagulation process by altering the 
optimal pH. As raw water temperatures increase, the optimum pH for coagulation could decrease 
approximately 0.7 units, although this increase is not projected to have a large impact on treatment 
processes (Bratby, 2006). Corrosion of heavy metals into potable water is more pronounced at 
higher temperatures (Khairool, 2013). Therefore, plant operators may need to increase the dosing of 
anti-corrosion compounds to ensure the delivery of high-quality potable water through the 
distribution system.  

Dissolved oxygen is predicted to become more seasonally variable as lake elevations decrease, 
and climate projections forecast a potential 20% decrease in DO as climate scenarios become more 
pessimistic. This is predicted to have little impact on aquatic life in Lake Mead, if predicted 
concentrations are sustained, and would have very little impact on the treatment process. 

Wastewater effluent, TIN, TN, and TP, all showed statistically significant differences between 
the baseline and most pessimistic climate scenarios at the higher WSELs. Wastewater effluent 
discharged into Lake Mead via the Las Vegas Wash is a significant conduit for nutrients, and the 
increase in percent effluent at the two highest WSELs is thought to be a function of the Hoover 
Dam release protocol (split between high and low withdrawal depths, timing of flows). Sucralose is 
an artificial sweetener used as a wastewater effluent indicator because it has low susceptibility to 
natural attenuation processes and high concentrations in wastewater effluent (Mawhinney et al., 
2011). In 2019, sucralose mean concentration was 660 ng/L (n=7) at the drinking water intake and 
52,000 ng/L (n=5) in the tertiary filtered effluent of the largest of the wastewater treatment facilities 
discharging to the Las Vegas Wash. These concentrations would indicate a wastewater effluent 
percentage around 1.3%, which matches the LMM simulation for the baseline scenario.  

The change in the three studied nutrients is a function of consumption rates in the water column. 
As Lake Mead is phosphorus limited (LaBounty and Burns, 2005), the phosphorus available for 
consumption is used quickly; consequently, there is only a statistically significant change at the 
highest WSEL thought to be a function of dilution in the lake. Changes to TIN and TN are 
statistically significant at the three highest WSELs, indicating that the impact of climate change on 
these nutrients was not diminished by biological activity. The increase in wastewater effluent - and 
consequently nutrients - is primarily driven by lake drawdown. Ozone dosing at the WTF should be 
reevaluated, especially at low lake levels, to determine adequate disinfection of raw water is 
occurring in response to potential changes in overall demand. Increasing ozone doses in raw water 
also has been shown to increase the formation of bromate in finished water, and high concentrations 
of bromate can have deleterious health effects (Lin et al., 2014). 

The third intake is well-placed to be resilient to the effects of lake drawdown and climate 
change. The placement of the intake deep in Inner Boulder Basin, far from the influence of the Las 
Vegas Wash, ensures that the raw water quality is as high as possible, even in cases of extreme 
drawdown or pessimistic climate projections. Other water quality parameters, such as turbidity and 
total organic carbon, may be impacted by lake drawdown but were not measured in this study. 
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Some alterations to the treatment processes, such as additional steps to mitigate corrosion in the 
distribution system, and increased ozone dosing, may be necessary to counteract the effects of lake 
drawdown and climate change to ensure the distribution of high-quality potable water throughout 
the Las Vegas Valley. 
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