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INTRODUCTION 
In an attempt to be proactive, the LMWQF reconvened the Algae Task Force in May 2010.   
The LMWQF was concerned with the golden algae bloom in Lake Las Vegas and wanted 
recommendations on possible preventative measures and a preparedness plan should a 
similar incident occur in the future.   
 
The Task Force was comprised of 10 people from local, state, and federal agencies (see 
below).  This document serves as a final report to the LMWQF. 
 
Alan Tinney   Nevada Department of Environmental Protection 
Bill Shepherd   Clark County Water Reclamation District 
Bryan Moore   National Park Service 
Dan Fischer   City of Las Vegas 
Dana LaRance  City of Henderson 
Devon Morgan  Clark County Water Reclamation District 
Doug Drury   Clark County Water Reclamation District 
Erik Orsak   U. S. Fish and Wildlife Service 
Jon Sjoberg   Nevada Department of Wildlife 
Kathy Sertic   Nevada Department of Environmental Protection 
Kevin Eubanks  Clark County Regional Flood Control 
Peggy Roefer  Southern Nevada Water Authority 
Randy Pahl   Nevada Department of Environmental Protection 
Scott Schiefer  City of Las Vegas 
Todd Tietjen   Southern Nevada Water Authority 
Xiaoping Zhou  Southern Nevada Water Authority 
 
 
The Task Force met and set goals for the group.  The cause and potential impacts of the 
golden algae bloom (Prymnesium parvum) in Lake Las Vegas was the primary goal.  In 
addition, the group decided to review the work of the previous task force and attempt to 
collect as much data as possible to characterize the water quality of the Wash and the 
Bay.  This data gathering effort would also include collecting more stormwater data for the 
Wash.  
 
History 
Lake Mead was formed by the construction of Hoover Dam.  It is the largest man made 
reservoir in the United States.  Lake Mead started to fill in 1936 and finished in 1939.  For the 
next 25 years the only water quality concerns were solids settling into the bottom of the 
reservoir.  In 1956 both the City of Las Vegas (4.5 mgd) and Clark County (1.2 mgd) began 
discharging wastewater into the Wash. In the 1960’s, when Lake Powell began filling and 
flows into Lake Mead stopped, the lake level lowered and algae blooms began to be a 
problem in the Bay of Lake Mead.  At that time the Total P concentrations in the effluent 
typically ranged between 5 to 7 mg/L.  Lake Mead was nitrogen limited until Total P 
removal was began. 
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Algae Bloom in the Bay 
In 1971, the EPA in its infancy took enforcement action to control the algae blooms in the 
Bay. Enforcement action was based on algal types, cell counts and the public’s 
perception, not on chlorophyll concentrations.   A Consent Decree was finalized by 1978, 
which required Total P to be removed to less than 1 mg/L. After the consent decree there 
were lawsuits between EPA, the City of Las Vegas and Clark County.  During this time there 
was extensive monitoring of Chl-a in the Bay and the Total P concentrations leaving the 
wastewater treatment plants.  The Total P being discharged ranged from 5 to 7 mg/L.  It is 
estimated this resulted in approximately 1400 lbs/day of Total P being discharged from the 
two wastewater treatment plants on an average daily basis.   In 1980 there was another 
major algae bloom.  Bay Chl-a concentrations exceeded 400 ug/L as shown below.   Both 
the City of Las Vegas and the CCWRD added Total P removal to their existing treatment 
plants.  By 1981, both treatment plants were removing Total P down to less than 1 mg/L. In 
1986 there was another algae bloom.  This bloom resulted in Chl-a concentrations of over 
375 ug/L being measured in the Bay.  NDEP established new WQS for Chl-a for the Bay in 
1987.  Monitoring for Chl-a in the Bay did not occur until monitoring requirements were 
inserted into the wastewater treatment plant’s NPDES permits in 1992.   
 
 
 

 
A major algal bloom occurred in the spring of 2001.  The Algae Task Force of 2001  
developed a list of potential causes for the bloom.  These potential causes are listed below: 
 

1.  Above average precipitation in January and February of 2001 causing runoff at the 
time of algae growth in the Bay. 
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2. Warm temperatures of the rain causing the nutrient laden stormwater to float across 
the surface of the Bay.  This made nutrients available in the photic zone of the Bay 
and available for algal production. 
 

3. Spring time application of excess fertilizers carried into the Wash by stormwater. 
 

4. The lowering of Lake Mead caused a reworking of the sediments at the delta making 
more nutrients available.  
 

5. The lowering of Lake Mead formed a wider delta, which increased temperatures, 
which caused the Wash to float across the surface as it entered the Bay. 
 

6. High phosphorus load from the wastewater dischargers during the winter of 2001. 
 

7. The construction of the erosion control structures to prevent excessive sediments from 
entering the Bay slowing down the flow in the Wash and allowing the temperature to 
warm.  
 

8. Winds pushed the algae bloom from the Bay into the Boulder Basin of Lake Mead all 
the way to Hoover Dam.  

 
The 2001 Algae Task Force recommended that the following changes be made to control 
future algae blooms: 
 

1.  Request Federal assistance to study the algae blooms 
 

2. Assess nutrient loading into the Bay during both wet and dry weather conditions 
 

3. Develop a model of the Bay to determine the assimilative capacity remaining for 
the Bay and the Boulder Basin 
 

4. Begin voluntary year round phosphorus removal at the wastewater treatment 
plants 
 

5. Conduct a Federally assisted study to determine the exact cause of the 2001 
algal bloom 
 

6. Establish a working group to ensure that nutrient loadings are reduced from non-
point sources 
 

7. Proceed with the SCOP project as quickly as possible 
 

8. Increase sampling and water quality analysis for the Wash, the Bay and the 
Boulder Basin 
 

9. Study the nutrients in the sediments of the Bay 
 
10. Conduct monthly meetings to review data and discuss possible solutions for 

algae control 
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Characterize Impacts From Lake Las Vegas 
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Lake Las Vegas was initially filled with Lake Mead raw water in 1991.  The 320 acre 
lake is part of a 3,592 acre commercial and residential development project.  The 
lake is approximately two miles long and one mile wide and has a storage capacity 
of approximately 10,000 acre feet.  Untreated Lake Mead water is used to fill the 
lake and to meet the demands of irrigation, seepage, and evaporation.  
Approximately 7,000 acre feet of fill water must be added to the lake each year.  
The lake was constructed within the historic Las Vegas Wash channel and the Wash 
flows are diverted underneath the lake in two 84” diameter RCP conduits.  The lake 
was constructed with this bypass so that the nutrient rich water of the Wash would 
not impact the water quality of the lake.  Flood events associated with the Las 
Vegas Wash are passed through the bypass system, but events of a magnitude 
greater than three years’ worth of flow, enter into the reservoir via the stormwater 
conveyance structure located on the west end of the reservoir. Lake Las Vegas is 
authorized to harvest up to 2,028 acre-feet of stormwater per year by the Nevada 
State Engineer and can be used as lake fill. Depending on stormwater quality, it can 
be expected that nutrients are imported into the reservoir during flood events and 
dilution of lake salinity has been an observed outcome. 

Prymnesium parvum, a golden algae, was initially found in Lake Las Vegas in 
December, 2009.  It is known to produce toxins that kill fish, other gill-breathing 
organisms, invertebrates, planktonic algae, and bacteria.  Toxin production may be 
influenced by different environmental conditions such as limited phosphorus and 
nitrogen, pH, salinity, and temperature.  As described by a number of sources, P. 
parvum is known to be able to exist in a variety of environmental conditionals to 
include elevated total dissolved solids concentrations (>1,000 mg/L) and prefers 
cooler water temperatures (< 75º F).  P. parvum was detected in the lake at 
concentrations of approximately 1,000 cells/mL from December 2009 to January 
2010.  After a large storm event in late January the abundance of P. parvum cells 
increased to 35,000 cells/mL and by early March were more than 80,000 cells/mL.  
The January storm elevated the Total P concentration in the lake to greater than 30 
µg/L.   

Fish mortality was observed approximately 30 days after P. parvum was detected in 
December 2009.  Carp were the dominant species affected making up 80% of the 
dead fish collected.  Quagga mussels were also impacted by P. parvum toxin.  
Since the P. parvum event, quagga mussels have not been detected in monthly 
sampling or found in the lake.  

The last observation of P. parvum in Lake Las Vegas was in June 2012.    
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Potential Impact on the Bay 
The 2010 Algae Task Force was convened to determine the potential impact the 
Prymnesium parvum in Lake Las Vegas might have on the Bay.  The most probable 
scenarios for Lake Las Vegas to impact the Bay would be: 
 

1. The release of P. parvum from Lake Las Vegas during a storm event seeding the Bay 
and causing a bloom in the Bay 

2. The release of P. parvum toxins from Lake Las Vegas during a storm event causing a 
fish kill in the Bay 

 
Impacts to Lake Mead 
After the bloom was reported, numerous samples were taken in the Wash and the Bay, and 
no P. parvum was detected.  Dead fish were not detected in the Bay.  Literature indicated 
that conditions in Lake Mead were not appropriate for P. parvum.  The organism prefers 
water with hardness > 700 mg/L and conductivity > 1500 µS/cm.  There have been no P. 
parvum blooms and no evidence of toxin impacts in the Bay.  
 
References 
City of Henderson Report 2010 
Lake Las Vegas Discharge Permit August 2008-2013 
Lake Las Vegas Water Quality Reports 1992-1995; 1998; 2001-2011 
State Engineer’s Report 2000 – 2007  
Weber, S. and J. Janik, 2010, “P. parvum Bloom in a Nevada Reservoir", Lakeline, Summer 
2012, pp. 27-31 
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History of Chl-a Standards and TMDL for Lake Mead 
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1987 WQS 
Chl-a standards for Lake Mead first appeared in the NAC in 1987.  According to Las Vegas 
Wash and Lake Mead Proposed Water Quality Standards Revisions and Rationale (NDEP, 
1987), Lake Mead Chl-a was based upon an analysis of the 1981-85 dataset for the Bay.  
NDEP believed, on average, that the summer water quality conditions observed between 
1981 through 1985 represented the desired conditions.  Based upon the distribution of mean 
monthly summer (Jul-Sep) Chl-a levels (Figure 2-1) and mean summer Chl-a levels 
(Figure 2-2; Table 2-1), Chl-a criteria for Station 3 (now referred to as LWLVB 1.85) and the 
open water of Lake Mead were adopted into the NAC (Table 2-2).  Station 3 (LWLVB 1.85) 
was selected as the compliance point for the Bay and it was rationalized that if the target 
Chl-a was achieved at Station 3 (LWLVB 1.85), the target values at other sites within the Bay 
would also be achieved. 
 

Table 2-1.  1981-85 summer mean Chl-a 
in the Bay and Lake Mead 

 
Site 1981-85 Summer Mean 

Chl-a (ug/l) 
Station 2 45 
Station 3 30 
Station 4 12 
Station 5 9 
Station 8 <2 

 
 
 
 

Figure 2-1. Probability plot of summer mean Chl-a  
                        at Station 3 (LWLVB 1.85) for 1981-85 
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Figure 2-2. Summer Chl-a sample distribution at  
  Station 3 (LWLVB 1.85) from 1979-86 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table 2-2. Chl-a standards in 1987 for (Station 3 [LWLVB 1.85]) and Lake Mead 
 

Parameter Criteria 
Station 3 (LWLVB 1.85) 
Monthly mean Chl-a No more than one monthly mean shall exceed 45 ug/l 

in any calendar year 
Mean summer (Jul-Sep) 
Chl-a 

Mean summer (July-September) Chl-a shall not exceed 
40 ug/l 

Mean for 4 consecutive 
summers (Jul-Sep) 

Mean Chl-a for 4 consecutive summers (Jul-Sep) shall 
not exceed 30 ug/l 

Open water of Boulder Basin, Virgin Basin, Gregg Basin and Pierce Basin 
Single value Chl-a The single value must not exceed 10 ug/l for more than 

10 percent of the samples.   
Mean growing season 
(Apr-Sep) Chl-a 

The mean Chl-a during the growing season (April-
September) must not exceed 5 ug/l. 

Notes:   

Station 3 (Bay) means the center of the channel at which the depth is from 16 to 18 meters. 
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Samples must consist of the average of the data collected from not less than 3 sites within 
the cross section of Station 3 (LWLVB 1.85) that are representative of the 5 meters of the 
cross section.  It appears from the 1987 Rationale, that the Chl-a values were originally 
proposed for the protection of beneficial uses (municipal and domestic supply, 
propagation of aquatic life, propagation of wildlife, livestock watering, contact recreation 
and non-contact recreation).  However, the resulting NAC included Chl-a standards as 
RMHQs rather than a beneficial use standard.  Generally, RMHQs are one tool used by 
NDEP in restricting the degradation of waters with quality better than that needed to 
support the beneficial uses.  Unfortunately, it is unclear from the record how the Chl-a 
standards were ultimately promulgated in the NAC as RMHQs rather than beneficial use 
standards.   
 
1998 WQS Revisions 
During 1998, the Chl-a standards for Lake Mead were revised to include RMHQs for Stations 
LM 4 (LWLVB 2.7) and LM 5 (LWLVB 3.5) (Table 2-3).  According to the Las Vegas Wash – 
Lake Mead Water Quality Standards Rationale (NDEP, 1998), these values were determined 
by taking the 95th percentile of monitoring data collected at LM 4 (LWLVB 2.7) and LM 5 
(LWLVB 3.5) from 1991 through 1996. 
 
Table 2-3. Chl-a standards in 1998 for LWLVB 2.7 and LWLVB 3.5 
 

Parameter Criteria 
Station LM 4 (LWLVB 2.7) 
Mean growing season 
(Apr-Sep) Chl-a 

Mean growing season (Apr-Sep) Chl-a shall not exceed 
16 ug/l 

Station LM 5 (LWLVB 3.5) 
Mean growing season 
(Apr-Sep) Chl-a 

Mean growing season (Apr-Sep) Chl-a shall not exceed 
9 ug/l 

 
 
2004 WQS Revisions 
In 2004, stations LM3, LM4 and LM5 were renamed LWLVB 1.85, LWLVB 2.7, and LWLVB 3.5, 
respectively, following the naming convention which uses the distance from the confluence 
of the Wash and Lake Mead to the station site.  Previously, LM 4 and LM 5 had been set at 
fixed locations while LM 3 was a “moving” station located where the water depth at the 
center of the channel was 16 to 18 meters.  As Lake Mead water levels dropped, LM 3 
moved out past LM 4.  As a result, the fixed LM 4 and LM 5 sites were deemed to no longer 
be appropriate and needed to move with LM 3 as lake levels fluctuated. 
 
1989 TMDL 
In 1989, a Total P TMDL was established as a part of efforts to meet the algae RMHQs at 
Station LM 3 (LWLVB 1.85) in the Bay.  The Total P target was driven in part by the following 
relationship derived from the available Bay data for the period April - September: Chl-a 
(ug/L) = 0.603 x Total P (mg/L) – 0.704 
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Figure 2-3.  Regression of Chl-a as a function of Total P for the Bay 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For both Total P and total ammonia targets, April through September was considered to be 
the critical period from the viewpoint of the Bay water quality.  This equation yields a 
required Total P level of 0.051 mg/L (in the Bay) to meet the long term Chl-a RMHQ of 30 
ug/L at Station LM 3 (LWLVB 1.85).  Using a dilution model, this target in the Bay was utilized 
to determine the Wash (at Northshore Road) target of 0.64 mg/L (Total P).  Based upon 
average flow in the lower Wash for 1985-87 (126 cfs), a Total P allocation of 434 lbs/day was 
calculated. 
 
Discussion 
Following are some thoughts on these standards and the TMDL 
 

• As discussed above, the Chl-a standards for the Bay and Lake Mead are RMHQs and 
not beneficial use standards.  In general, beneficial use standards are set to protect 
the various beneficial uses such as aquatic life, recreation, irrigation, etc. while 
RMHQs are set to control degradation of those waters with quality better than that 
needed to support the beneficial uses.  The distinction is an important one to make.  
While discharges are not allowed to cause exceedances of beneficial use standards, 
discharges might be allowed which cause exceedances of RMHQ if the discharger 
can demonstrate to the State Environmental Commission that the lower quality is 
justifiable because of economic or social considerations.   
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• Another important difference between RMHQs and beneficial use standards is that 
RMHQs are not used in developing 303(d) listings. 
 

• The current Chl-a standards are based upon measured Chl-a levels during 1981-85 
(1987 standards) and 1991-96 (1998 standards revisions).  However, during these 
periods, Lake Mead water levels were about 100 feet higher than current levels.  As 
such, it is uncertain if the current RMHQs are appropriate for the lower lake levels. 

 
• Since establishment of the TMDL, lake levels have dropped significantly, and Wash 

flows have increased significantly.  As a result, the dilution calculations and the  
Chl-a vs. Total P relationship may no longer be valid. 
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and Rationale 
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This chapter uses a timeline to present an integrated picture of the evolution of the Las 
Vegas watershed and its effect upon water quality of Bay.  The discussion includes a 
summary of key events and changes in hydrology, wastewater treatment and the 
evolution of regulations.  

Changing Hydrodynamics of the Bay and Las Vegas Wash 
Nutrient inputs are the linchpin of lake management.  Nutrient inputs to the Bay via the 
Wash are a sum of wastewater discharges, rising groundwater and intermittent 
stormwater inputs.  In the case of the Bay, Chl-a is used as an indicator of the success of 
management controls.  An essential detail in assessing the success or failure of 
management controls must include lake hydraulics.  Inspection of the map of lake 
contours over the years gives an overall picture of how the hydraulics of the Bay 
changes with falling and rising lake elevations (Figure 3-1).  In general, as Lake Mead’s 
elevation falls, these effects become increasingly important.   
 
Figure 3-1– Movement of Wash Delta into the Bay from 1998 to 2010 

 
 
The Bay is clearly part of Lake Mead on one end where the water circulates, however as 
the elevation drops, portions of the Bay become isolated and behave independently 
from the larger water body.  A shallow lake is defined as having a mean depth of 10 
feet excluding small deep pockets of water.  Shallow lakes respond to nutrient inputs 
much more efficiently and quickly than deeper lakes, thus a standard set for a larger 
deeper body of water may not work for the “shallow-lake” response of portions of the 
Bay. These periods represent the worst case scenario that could test the Phosphorus 
TMDL.  
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Another hydraulic effect on the Bay produced by population growth is the size of the 
Wash drainage area relative to the volume of the Bay.  Not only is this significantly higher 
for the Bay than Lake Mead, the ratio of drainage area to the Bay volume grows as the 
elevation falls up to the point that Lake Mead’s elevation becomes so low that the Bay 
ceases to exist. The volume of the Bay changes, sometimes rapidly, in a single season in 
response to elevation changes.  The standards for the Wash/Bay vary by distance from 
the confluence and attempt to account for these factors.   
 
During stratified periods, the effective volume of the Bay and Lake is much reduced and 
the  short circuiting tendency increases. Less mixing and shallower depth means that 
nutrient inputs from the Wash remain in the euphotic zone, can travel further into the 
Bay, and to fuel an algae bloom.  If the water was deeper, this effect would not occur. 
The effects of hydraulic conditions and temporal changes in the Wash and Bay 
morphometry must be considered when analyzing data associated with algae blooms. 
 
In 2004 stations LM3, LM4 and LM5 were renamed LWLVB 1.85, LWLVB 2.7, and LWLVB 3.5, 
respectively.  Previously, LM 4 and LM 5 had been set at fixed locations while LM 3 was a 
“moving” station located where the water depth at the center of the channel was 16 to 
18 meters.   
 
Four hundred eighty-two (482) Chl-a samples were collected during the 20 year period 
between 1968 and 1988 in the Bay. The data collected prior to 1988 was for research 
purposes, is sparse and is not used in the following graphs.   

 
Data collected since 1992 has been directed by permit requirements and is more robust. 
There have been approximately 5,273 different Chl-a analyses performed since this 
requirement was imposed.  The Figure 2-2 below shows 1992 - 2004 data collected from 
the Bay, before the stations were renamed and their positions reset.  The graph in Figure 
3-2 uses data for each pre-2004 station arranged in rank order.  Best fit lines and 
correlation coefficients were calculated for the data sets. The lines show that greatest 
algal productivity in the near shore area with decreasing productivity with distance into 
the Bay.   

 
Table 3-1 below shows the max, average, median and min for each station’s historical 
data set. The values drop with distance from the Wash confluence over the period 1992-  
2004. 
 Table 3-1 

 
Station 

Chl-a, ug/L LM3 LM4 LM5 
Max 136 113 85 

Average 35.5 23.4 19.5 
Median 28.5 16.0 12.0 

Min 3 3 2 
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85 mg/L 

113 mg/L 

136 mg/L 

LM5 best fit 
y = 1.5134e3.7548x 

R² = 0.9658 

LM4 best fit 
y = 2.4201e3.3499x 

R² = 0.9437 

 LM3 best fit 
y = 4.1384e3.3431x 

R² = 0.9161 
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Figure 3-2 – Chl-a Concentrations in the Bay1 

 
 
 
The Las Vegas Valley wastewater agencies began removing Total P from their wastewater 
discharge in1980.  At that time, the effluent Total P limit in the discharge permits was 1 mg/L.  
A TMDL was calculated for the Wash in 1989 and a WLA of 334 lbs/day issued in the 1992 
discharge permits for valley wastewater agencies (letter A in Figure 3-3).  Year-round 
phosphorus removal was voluntarily implemented after the major algae bloom in 2001 
(letter B). In 2005, the wastewater agencies again voluntarily reduced the Total P loadings 
to the Bay (letter C).  Average Chl-a concentrations in the Bay were reduced in response to 
each change. Phosphorus removal optimization has reduced Total P loadings to pre-1956 
levels and is a direct result of the voluntary efforts of the four wastewater agencies (Cities of 
Henderson, Las Vegas, and North Las Vegas as well as CCWRD) in the Las Vegas Valley.     
 

                                                 
1 One of the most important relationships in lakes with regard to nutrient criteria is the causal link among N and P, light, temperature, and 

primary productivity (Lee et al. 1978). Increased levels of N and P cause an increase in primary productivity. Lake Mead is P limited. 
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Figure 3-3 – Chl-a concentrations in the Bay 1992-2012 

 
A = Initiation of monitoring required by NPDES discharge permit issued in 1992. 
B = Beginning of voluntary year round phosphorus removal, 2002. 
C = Beginning of voluntary optimization of phosphorus removal, 2005 
 

1971-1977 – Consent Decree – Blue Green Algae counts and public perception 
In 1971, the EPA took enforcement action to control the algae blooms in the Bay. Their 
action was based on algae types, cell counts and the public’s perception, not on Chl-a 
concentrations.   

 
At some point in the 1960’s, the Bay crossed a tipping point and bothersome algae blooms 
began to occur.  This resulted in public concern, lawsuits, and eventual enforcement by 
NDEP culminating in a RMHQ2. 

 
 
 
 
 

                                                 
2 NAC included Chl-a standards as RMHQs rather than a beneficial use standard.  Generally, RMHQs are one tool used 
by NDEP in restricting the degradation of waters with quality better than that needed to support the beneficial uses.   
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1977-1991 – NPDES Enforcement – Wastewater plant effluent Total P limit of 1 mg/L 
During this period, population growth of Las Vegas resulted in more of the watershed being 
covered by impervious surfaces.  Natural areas still available to attenuate storm flows 
diminished. Overland flows steadily increased and delivered more stormwater to the Wash 
over shorter periods.  Increased population led to more landscaping, fertilizing and 
irrigation.  This increased the delivery of nutrients and flow to the shallow aquifer and then to 
the Wash.  Increasing incidents of flash floods brought the need to construct stormwater 
conveyances to protect residential and commercial property. 

 
Over this same period, flows from Clark County, City of Las Vegas and the COH wastewater 
treatment plants continued to increase.  Between 1981 and 2000 the Wash responded to 
the increased flows by head cutting. The deepening of the channel dewatered the natural 
wetlands that served to attenuate both surface and groundwater flows and nutrients.  
These alterations resulted in more efficient delivery of nutrients to the Wash and to the Bay 
from storm events and the shallow aquifer base flows.  Studies done during the time 
indicate the flows through the entire Wash dropped from 18 hours to less than 6 hours and 
transit through marsh decreased from 15 hours to less than 2.5 hours. This resulted from the 
combined effects of wetlands loss and increased flows.  

 
A Consent Decree was finalized by 1978, which required Total P to be removed to less than 
1 mg/L.  Both the City of Las Vegas and the CCWRD added Total P removal to their existing 
treatment plants.  By 1981, both treatment plants were removing Total P down to less than 1 
mg/L.  

 
In 1987, a Chl-a limit of “not exceeding 30 ug/L for 4 consecutive summer years” for Station 
3 (LWLVB 1.85) was instituted.  LM3 was treated like the boundary of a mixing zone with 
higher Chl-a concentrations allowed within this zone. Similar Chl-a requirements were 
written for stations LM4 and LM5. 

 
In 1980, Clark County built an Advanced Wastewater treatment plant. CCWRD’s treatment 
process focused on Total P removal and consisted of trickling filter secondary treatment 
followed by tertiary lime addition, flocculation, tertiary clarification, dual media tertiary 
filtration and chlorine disinfection.   CCWRD’s plant was originally designed to remove Total 
P down to 0.5 mg/L. As flows increased, the BOD loading on the trickling filters exceeded 
treatment capacities.  CCWRD then installed ferric chloride facilities to improve the BOD 
removal in the primary clarifiers.  Since 1986, the average monthly Total P concentrations in 
its effluent have been less than 1 mg/L. 

 
Chapter 1 discussed the development of Chl-a standards for the Bay and Lake Mead.  
These standards were developed based upon an analysis of data collected in 1981 – 1985, 
when the summer period demonstrated the desired conditions.  These assumptions, refined 
in 1997, still define the WQS. A TMDL for Total P was established and a WLA replaced the 
discharge permit limit of 1 mg/L Total P.  
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1991-2001 – NDEP Implements WLA for Total P of 334 lbs/day for all POTW 
In 1992, the NDEP established Chl-a WQS for the Bay and issued new discharge permits 
based upon a TMDL of 334 pounds per day limit on the combined wastewater discharges.  
The TMDL set for the Wash allows for 100 pounds per day from uncontrolled dry weather 
sources in the watershed. During 1998, the Chl-a standards for Lake Mead were revised to 
include RMHQs for Stations LM 4 (LWLVB 2.7) and LM 5 (LWLVB 3.5).   
 
The TMDL replaced the Total P limit of 1 mg/L and was in effect for the growing season, i.e., 
the months March to October.  There was no Total P limit for the four (4) winter months.  The 
1992 NPDES discharge permits required frequent sampling and analysis of the Bay by the 
wastewater agencies to assess the effectiveness of the TMDL.   
 
CCWRD lowered the Total P concentrations in their effluent to about 0.25 mg/L by 2000.  In 
spite of this, a major algae bloom occurred during the spring of 2001.  This algae bloom was 
more extensive than past blooms and  extended about 15 miles downstream to Hoover 
Dam.  There have been anecdotal reports that the algae that caused the 2001 bloom was 
found in Lake Havasu and in the California aqueduct system. 
 
2002-2005 – Wastewater Agencies voluntarily remove Total P year-round 
Following the extensive algal bloom in 2001, the wastewater agencies agreed to voluntarily 
remove phosphorus twelve months of the year.  This voluntary action resulted in the 
discharge of Total P being reduced to less than 300 pounds per day.  

   
In 2005, one of the downstream water users requested that the wastewater agencies 
remove more Total P.  The wastewater agencies voluntarily improved the Total P removal in 
their treatment plants such that the Total P in the combined discharges was approximately 
200 pounds per day. This represented a return to pre-1956 phosphorus levels discharged via 
the Wash.   

 
The average annual Chl-a concentrations since 1992 in the Bay are plotted against 
phosphorus in Figure 3-4.  As the Total P loadings from the wastewater treatment plants 
have been lowered, there has been a corresponding decrease in Chl-a concentrations in 
the Bay.  The glaring exception was in 2001 circled in red on Figure 3- 4. The red line on the 
graph shows that average annual concentrations of Chl-a are less than 5 ug/L in the Bay 
since removal optimization in 2005.   
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Figure 3-4 – Average annual Total P, lbs/day vs. Bay average annual Chl-a concentration 

 
The graph demonstrates that phosphorus concentrations in dry weather flows have been 
reduced to an extent that wastewater flows do not contribute to nuisance algae blooms.  
In fact the elevation drop of 127 feet between February 1998 and August 2010 represents 
the worst case scenario where areas of the Bay became isolated and behaved 
independently from the larger water body.  This situation stressed and tested the 
effectiveness of the Phosphorus TMDL.  To date the TMDL has not failed to protect the water 
quality of the Bay. This likely represents the maximum control warranted for point source 
nutrient inputs. 

 
2005-2012–Wastewater agencies voluntarily optimize Total P removal from ~0.25 to 0.15mg/L 
Since 2005 the Secchi disk readings for the Bay and Boulder Basin have been better than in 
any previous monitoring period.  The observation is that the TMDL for Total P and the 
institution of voluntary year round phosphorus removal by the wastewater treatment plants 
discharging to the Wash have been effective in controlling algal growth in the Bay despite 
its shrinking volume, and in the open water of Boulder Basin.  The Chl-a standards originated 
during a time when the hydrology of the Wash and Bay were very different.  In addition the 
size of the Wash drainage area relative to the volume of the Bay has increased the 
stormwater nutrient inputs, by what amount is not known, but must be included in the 
evaluation of data as this factor is not the same as when the WQS were established.   

 
An algal bloom, especially in the near shore areas of the Bay, likely represents local 
conditions that do not portend effects in open water.  Trends over time are likely a better 
indicator of the effectiveness of phosphorus management strategies.   The lack of storm- 
water monitoring throughout an entire discharge event is noted. Absence of this 

5ug/L Chl-a 
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information prevents a complete understanding of algal response to episodic nutrient 
inputs. 

 
Since 2000, fourteen grade control structures have been built with eight more planned.  
Riparian vegetation is re-establishing itself and will contribute to nutrient sequestration as the 
area covered increases. 

 

WQS for Chl-a concentrations in the Bay and Open Water of Boulder Basin  

Data Review 
Chlorophyll WQS for the Bay have shown consistent compliance with established standards 
since 2005. Infrequent excursions above a set standard may have little importance as an 
indicator of the adequacy of management controls on the health of Lake Mead given the 
uncertainties mentioned at the beginning of this chapter.  An intuitive conclusion is that 
occasional high chlorophyll values in the Bay may represent a local response and have little 
or no effect on Lake Mead.  

 
• Station LWLVB 1.85 (Effective January 1, 2005) (Figure 3-5) 

o “The mean for 4 consecutive summer years must not exceed 30 ug/L.”   The 
average has been less than 10 ug/L since 2005.   

o “The mean summer (July1 - September 30) Chl-a must not exceed 40 ug/L.” 
The average has been less than 20 ug/L with one instance above 20 and 
below 30 ug/L since 2005.   

o “Not more than one monthly mean in a calendar year may exceed 45 ug/L.”  
No values above this standard have been seen since 2002. 

 
This is a dramatic improvement over the monitoring period extending from January 1992 to 
December 2004.   

 
• Station LWLVB 2.7 (Effective January 1, 2005) (Figure 3-6) 

o “The mean for 4 consecutive summer years must not exceed 16 ug/L.”  The 
summer means have been below 10 ug/L since 2005.  No data was collected 
for this station from September 2002 to January 2005 due to low lake levels. 

o The mean in the growing season (April 1 to September 30) must not exceed 16 
ug/L.  This value has been less than 5 ug/L since 2005. 
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    Figure 3-5:  Chl-a at LWLVB1.85, 1978-2012 

 
Figure 3-6:  Chl-a at LWLVB 2.7, 1992-2012 
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must not exceed 9 ug/L  

• Station LWLVB 3.5 (Effective January 1, 2005) (Figure 3-7) 
o “The mean in the growing season (April1 to September 30) must not exceed 

9ug/L.”  Since January 2005, individual samples collected from this station are all 
less than 5 ug/L.   

 
 
 

 
• WQS for open water (Figure 3-8) 

o “The mean in the growing season (April 1 – September 30) must not exceed 
5ug/L.”  Except for the year 2001, no growing season means have exceeded the 
standard. 

o “A single value in the growing season (April 1 – September 30) must not exceed 
10ug/L for more than 5% of the samples.”  Save for the year 2001, no non-
compliant years have been noted since 1992. 
 

Figure 3-7:  Chl-a at LWLVB 3.5, 1992-2012 
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Figure 3-8:  Chl-a in open water of Boulder Basin 

The Nutrient Depiction is Not Complete 
The nutrients contributed to the Bay by storm flows are not adequately characterized.  
Storms capable of producing runoff are few in the arid Las Vegas climate.  The construction 
of stormwater management structures has changed the hydraulic characteristics of storm 
events large enough to produce runoff and have changed hydraulic residence times.  The 
attenuation of storm flows by the MS4 system adds a variable that must be considered in 
the design of storm event monitoring.  

 
Simple data analysis techniques were used to look for the importance of stormwater 
nutrient inputs.  In the table below annual averages were computed for all Chl-a values 
collected in the Bay during the regulated season (March 1- November 1) and the annual  
average Total P contributed by wastewater for all months of the year.  The rationale for this 
was that phosphorus collects year round, but the actual response as measured by Chl-a is 
best observed during the growing season.  

 
The expected Chl-a response to phosphorus, the limiting nutrient in Lake Mead and the Bay, 
is expected to be linear, more phosphorus, more Chl-a.  The results of using the arithmetic 
average for both variables are shown in Figure 3-9.  Several best fit line trials showed that an 
exponential equation produced the best fit line, not the expected linear relationship.  The 
circled value represents the 2001 algae bloom.  Since that was an unusual year, this value 
was removed.  The exponential equation still produced the best fit line but the R2 value 
improved to 0.82.  Still, an exponential relationship suggests that some other factor beside 
the wastewater Total P is contributing to the production of Chl-a.   
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Figure 3-9: Arithmetic mean of Chl-a vs. annual average wastewater phosphorus 

Increased Chl-a has been observed after storms especially if the storms are relatively warm 
compared to the receiving water.  Density would allow stormwater and the nutrients they 
contain to remain in the euphotic zone.  If these pulses are responsible for some or most of 
the higher Chl-a values in the data set and, because arithmetic means are perturbed by 
extreme values, using a geometric mean for Chl-a should dampen out the effect of the 
high values.  Figure 3-10 shows the geometric means graphed against the Phosphorus 
variable.  This time the best fit line showed the expected linear relationship with R2= 0.8468.  
The R2 value shows that not all the variability has been explained.  Table 3-2 shows the 
results of this computation.   
 
Figure 3-10: Geometric mean of Chl-a vs. annual average wastewater phosphorus 
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Table 3-2: Chl-a and Total P averages 

  
Yearly Avg Chl-a, ug/L 

Total P, 
lbs/day 

Year #of data samples arithmetic geometric Ann. Avg. 

1992 229 29 16 500.15 

1993 262 28 15 509.92 

1994 288 15 11 429.47 

1995 301 14 9 351.56 

1996 294 16 10 392.37 

1997 288 14 10 375.54 

1998 291 10 7 289.79 

1999 294 16 9 403.44 

2000 379 8 6 393.94 

2001 343 30 6 342.77 

2002 236 10 6 288.16 

2003 239 10 8 261.00 

2004 223 9 6 224.08 

2005 218 2 2 172.92 

2006 214 3 3 215.18 

2007 217 3 2 206.92 

2008 253 3 2 260.83 

2009 233 2 2 191.58 

2010 202 3 2 167.83 

2011 200 4 3 206.00 

2012 161 4 2 181.11 
 

As more of the MS4 system has been completed and different strategies such as detention 
basins employed, attenuation of storm flows and the area drained has increased.  
Inspection of storm hydrographs over the years shows that flows after significant storm 
events do not return to pre-event levels for as much as two days post event.  The 
consequence has been an increase in nutrients collected, better retention of particulates 
and their adsorbed nutrients and an extension of the period when dissolved-nutrient rich 
stormwater is delivered to the Wash.  Stormwater monitoring as currently practiced does not 
account for this effect. This observation demonstrates the imprint of a major unaccounted 
for anthropogenic effect on the hydrologic regime of the Wash system. 

 
Stormwater flows that are warmer than the Bay can occur during certain times of the year.  
These acute nutrient pulses can spread over the surface or remain in the eplimnion 
provoking an algae bloom.  Because the volume of the epiliminetic compartment is 
determined by stratification, the effect of the stormwater pulse is maximized.  Little data is 
currently collected to either document or refute this theory but a paper by David Wong 
stated: 
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“In 2001, a large green algae bloom occurred throughout the entire Boulder Basin.  This 
bloom appeared to be triggered by a large phosphorus load that entered Boulder Basin 
via the Bay.  The source of this nutrient pulse was a combination of stormwater and 
wastewater.” 
 

Stormwater monitoring done throughout an entire storm event has not been done, thus the 
response of stormwater nutrients delivered to the Bay is unknown, and the interpretation of 
data presented in this chapter is essentially one dimensional.  Stress and response 
relationships of storm events on the Bay cannot be ascertained. 
 

References 
Roline, Richard , Sartoris, James,  and U.S. Bureau of Reclamation, 1988.  "Changes in the 

Morphometry of Las Vegas Wash and the Impact on Water Quality", Lake and Reservoir 
Management, 4(J), pp. 135-142. 

Wong, D, and Drury, D, 2012. “Nutrient Status, Sources and Sampling”, A Synthesis of 
Aquatic Science for Management of Lakes Mead and Mohave, USGS Circular 1381, 
pp. 54-56. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



25 
 

 
 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 

 4 
Assess Non-Point Source Nutrient Loadings and Total P Load Estimates From the MS4 
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Summary of Previous Task Force: 
The 2002 Algae Task Force assessed the nutrient loading into the Bay during both wet and 
dry weather conditions.  As part of this task they took a look at the amount of non-point 
source phosphorus loading to the Wash.  When the WLA for Phosphorus was established by 
NDEP, UNLV used a simple model developed by Dr. Richard French (Concentration 
Estimates at Northshore Rd. To Meet WQS in Las Vegas Bay-1994).  In developing the model 
Dr. French excluded data derived from flows in excess of 10% of average.  Thus the WLA 
was not derived for wet weather flows.   
 
Phosphorus data was collected from 1991-2002 for NPDES municipal stormwater permit 
monitoring program was used by MWH to create a model to show dry and wet flow loading 
scenarios.  The data was also used by UNLV to create a model that showed similar results.  
The table below is from a MWH Memorandum dated March 7, 2003 and shows the Total P 
loading estimates. 

 

 

 

 

 

 

 

 

After the 2001Algae Task Force Committee reviewed the MWH study, it was concluded that 
the phosphorus loadings in the dry weather flow is insignificant.  It was also determined that 
Total P loadings from individual storms may significantly surpass 100 lbs/day, but when 
averaged over an entire year the total wet weather non-point load could be less than the 
100 lbs/day allocation in the NDEP TMDL.  For dry weather flows, it is questioned whether or 
not the 2001 Algae Task Force had Dr. French’s reference describing how the WLA was 
calculated. 

Summary of Data Collected Since Previous Task Force: 
The current NPDES permit details specific storm flow sampling requirements which are 
meant to characterize the first-flush.  This sampling could over-estimate the phosphorus 
concentrations during the entire storm event.  One recommendation to the Algae Task 
Force was to determine if the Total P in storm flows is available for algal consumption.  The 
2010 Algae Task Force collected total and ortho (filtered) phosphorus samples during a 
three to four day stormwater runoff event.  It was thought that the ortho phosphorus 
concentrations would best characterize the phosphorus that would be available to algae 
from storms.  A summary from the 2010 Algae Task Force report entitled Algae Task Force 
Stormwater Sampling and Analysis, December 2011appears below (full report in the 
Appendix).  The data collected by the 2010 Algae Task Force and CCRFCD shows that the 

Table 4-1: Total Phosphorus Non-Point Source Load Estimates Based on NPDES Sampling

Average Year Wet Year Dry Year
Wet Weather Load
Averaged over full year 51 lb/day 111 lb/day 6 lb/day
Averaged over 10 runoff days 1846 lb/day 4062 lb/day 211 lb/day
Averaged over 15 runoff days 1231 lb/day 2708 lb/day 141 lb/day
Averaged over 20runoff days 933 lb/day 2031 lb/day 106 lb/day

Dry Weather Load
Annual baseflow volume 12 lb/day 28 lb/day 6 lb/day

Total Load (averaged over full year) 63 lb/day 139 lb/day 12 lb/day
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ortho phosphorus concentrations were 0.069 to 0.24 mg/L or about 500-2000 lbs/day over a 
single three day storm event.   
 
Algae Task Force Wet Weather Sampling Summary 
The data gathered by CCWRD for the Algae Task Force has approximately doubled the 
number of stormwater samples taken in the past twelve months.  It is apparent that even 
with this increase in the number of samples, the stormwater quality is still not well 
characterized.  Desert precipitation is infrequent and highly variable.  Sometimes several 
storms will pass through the Las Vegas Valley on successive days, which will significantly 
increase the Total P loadings.  With the construction of stormwater retention basins, storm 
flows typically can last for over three days.  It takes about one day for the peak flow to 
occur and three days for the flows to return to normal (Figure 4-1).    
   

Figure 4-1:  Single day storm event 

 

In December 2010, rainfall occurred for three successive days.  During this time period, it 
took six days for the flows to return to normal (Figure 4-2).  In order to characterize 
stormwater Total P loading, sampling needs to occur over the entire hydrograph.  This 
information could be used to address the loading of phosphorus in the Bay.  A 24-hour 
composite sampler is needed to obtain Total P concentration during the entire unit 
hydrograph.  If it is determined that data on the phosphorus loading from storms is needed, 
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due to the infrequency of storms, future stormwater sampling should be conducted for 
each and every storm that produces runoff.   

 

  Figure 4-2:  Three day storm event 

 

This section describes analyses of phosphorus concentrations and loads for Lower Wash MS4 
NPDES permit for Las Vegas Valley.  It presents information gathered over the course of the 
entire permit period, which began in 1991.  The emphasis is on analysis of wet and dry 
weather samples collected specifically for the MS4 sampling program, although data from 
other sources is also discussed. 
Pollutant load is the product of flow volume and pollutant concentration. Each of these 
characteristics is described below to estimate Total P load from the MS4 for wet weather 
and dry weather conditions in lower Wash.  

Wet Weather Flow Estimates 
Hydrologic data along Wash from 1991-2009 was used to estimate annual storm flow 
volumes. The process for estimating nonpoint source discharges in lower Wash consisted of 
the following steps. 
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1. Daily stream flow data was obtained from USGS stream gauges on Wash at 
Three Kids Wash and Pabco Road (depending on the year). 

2. Wastewater discharges from the WWTFs, as reported by the wastewater 
agencies (CCWRD, City of Las Vegas, and COH), were subtracted from the 
total daily stream flow to determine the total daily nonpoint flow. 

3. Plots of daily nonpoint stream flow were created and a typical base flow 
value was selected for each day by subtracting obvious storm runoff. This 
base flow represented the dry weather component of the daily nonpoint flow. 
Daily base flow volumes were summed to compute the annual dry weather 
flow volume. 

4. Storm flow volumes for each day were summed for the year to compute the 
annual wet weather flow volume. 

Table 4-2 presents annual volumes of wastewater effluent to the Wash, stormwater runoff 
volume, nonpoint base flow volume, and total nonpoint flow volume for 1991-2009, which is 
the period during which water quality samples have been collected for the MS4 monitoring 
program. 
 
Results for flows in lower Wash downstream of the urban area are summarized as follows. 

• Wet Weather Flows 
 Average Annual Stormwater Flow = 7,800 ac-ft/year (AFY) 
 Maximum Annual Stormwater Flow = 34,100 AFY (2004) 
 Minimum Annual Stormwater Flow= 1,000 AFY (1991) 

• Dry Weather Flows 
 Average Annual Nonpoint Base flow = 30,000 AFY 
 Maximum Annual Nonpoint Base flow = 75,400 AFY (1997) 
 Minimum Annual Nonpoint Base flow = 16,700 AFY (2009) 

 
 

Rainfall records for the official Las Vegas rain gauge indicate an average of 26 days of 
measurable rainfall per year from 1949 to 1989. On many of these days rainfall was less than 
0.10 inch, which does not produce measurable runoff. Review of stream flow records for the 
Wash at Three Kids gauge for 1991 to 1997 showed an average of 25 days per year with 
flow above the base flow level. However, this includes days on which flow was elevated 
due to sustained groundwater recharge of stream channels after a wet period. In general it 
appears that typical years have about 15 days of measurable runoff, and that observations 
between 10 and 20 days per year are common. 
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Table 4-2: Annual volumes of stormwater runoff, non-point baseline flow, and wastewater effluent 

Year 
Wastewater 

Effluent Volume 
(ac-ft) 

Total Nonpoint 
Source Volume 

(ac-ft) 

Stormwater 
Runoff Volume 

(ac-ft) 

Nonpoint Base 
flow Volume 

(ac-ft) 
1991 86,039 23,972 1,000 22,972 
1992 92,114 45,195 9,600 35,595 
1993 96,652 25,390 4,100 21,290 
1994 102,971 19,907 2,900 17,007 
1995 110,449 23,465 3,100 20,365 
1996 116,557 45,578 3,400 42,178 
1997 125,407 84,325 8,900 75,425 
1998 131,053 54,485 15,423 39,062 
1999 139,574 47,451 13,625 33,826 
2000 147,988 23,752 6,031 17,721 
2001 160,013 25,567 6,154 19,413 
2002 *162,377 25,867 6,200 19,657 
2003 *172,274 22,738 6,490 16,248 
2004 *174,385 59,097 34,100 24,997 
2005 196,037 48,380 5,000 43,380 
2006 *187,124 29,403 5,200 24,203 
2007 *188,008 57,316 7,500 49,816 
2008 *183,604 34,643 5,400 29,243 
2009 *182,364 19,993 3,205 16,728 

*Values from SWAC Reports 

Concentrations from MS4 Program Sampling 
Dry and wet weather samples are collected at various sites along the Wash and its 
tributaries for the MS4 permit program. The various sites that have been sampled over the 
course of the monitoring efforts are shown in Table 4-3. The NPDES MS4 Permit Annual 
Reports for Las Vegas Valley provide median concentrations for Total P for all the wet and 
dry weather samples collected over the history of the NPDES sampling program. These 
sampling results shown in Table 4-2 are representative of historical data to the end of 2010. 
This includes sites on the main stem of the Wash (for which the TMDL is established), as well 
as for the tributaries that contribute stormwater runoff to the Wash. Evaluating water quality 
data for the tributaries and the Wash above the WWTFs provides insight into concentrations 
in urban area runoff, while data for the lower Wash provides information on the combined 
effects of urban runoff and wastewater effluent. The median is used as the best estimate of 
commonly occurring concentrations. The range is also provided to show the minimum and 
maximum concentration detected over the sampling period.  
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 Table 4-3: Dry and wet weather Total P concentrations 

Sample Location 
Las Vegas Wash 

Dry Weather 
Total P 

Concentration 
(mg/L) – 
Median 

Dry Weather  
Total P 

Concentration 
(mg/L) – Range 

Wet Weather 
Total P 

Concentration 
(mg/L) – 
Median 

Wet Weather 
Total P 

Concentration 
(mg/L) – Range 

Desert Rose 0.02 0.01 – 10 1.06 0.41 – 3.9 
Near Lake Las Vegas No samples No samples 0.63 0.13 – 4.3 

Sloan Channel near 
confluence 0.02 0.01 – 0.15 0.91 0.13 – 4.7 

Flamingo Wash near 
confluence <0.04 0.001 – 0.218 1.20 0.32 – 5.0 

Duck Creek near 
confluence <0.02 0.01 – 4.9 1.00 0.06 – 7.5 

Burns Street Channel 0.018 0.01 – 0.07 No samples No samples 
Monson Channel near 

confluence 0.01 0.01 – 0.08 0.80 0.69 – 2.32 

Meadows Detention Basin 0.05 0.01 – 0.56 0.33 0.18 – 0.84 
LV Creek near confluence 0.06 0.01 – 0.36 0.94 0.05 – 7.0 
Western Tributary to Wash 

near confluence <0.05 0.01 – 0.2 0.55 0.23 – 2.8 

C-1 Channel near 
confluence No samples No samples 2.03 0.38 – 6.8 

Summary for All Sites 0.026 0.01 - 10 0.93 0.05 – 7.5 
 
For wet weather samples at all sites, the median Total P concentration of all samples is 0.97 
mg/L. The median Total P concentration of the wet weather samples in the Wash at Desert 
Rose (above the WWTFs) is 1.20 mg/L. Below the WWTFs, the median Total P concentration 
in wet weather samples from the Wash near Lake Las Vegas is 1.04 mg/L. The range for all 
sites is 0.05 – 7.5 mg /L. In general, WWTF discharges have little effect on Total P 
concentrations during storm events and the concentrations are determined primarily by 
upstream runoff. 
 
For dry weather samples, the median Total P concentration of all samples is 0.026 mg/L. The 
median Total P concentration for the dry weather samples in the Wash at Desert Rose 
(above the WWTFs) is 0.02 mg/L. Figure 4-3 summarizes MS4 permit wet weather phosphorus 
data for the Wash upstream of the WWTFs (i.e., at the Desert Rose sampling station) and 
downstream of the WWTFs (i.e., near Lake Las Vegas).  Figure 4-4 shows wet weather 
phosphorus data for Las Vegas Creek, Duck Creek, Sloan Channel, Flamingo Wash and the 
Wash relative to the population increase in Las Vegas Valley from 1992 to 2010. Population 
is used as a surrogate for urban development. Wet weather results show a somewhat 
greater trending for higher Total P concentrations in recent years compared to the early 
years of the sampling program (but not at all stations). Individual storm characteristics, 
rather than land use conditions, may be responsible for some of the higher Total P 
concentrations.  
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Figure 4-3: Wash phosphorus data for wet weather events 
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Figure 4-4: Comparison of population to Total P in wet weather flows 
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Figure 4-5 shows MS4 permit dry weather Total P data for the Wash and major tributary 
sampling points. Concentrations have not increased in response to increased urbanization. 
This is evidence that existing urban BMPs are effective in addressing phosphorus 
concentrations. It appears reasonable to assume that future Total P concentrations will be 
similar to recent sampling data as long as existing management practices are continued. 

  Figure 4-5: Total P in dry weather samples 

Note: Two spikes were removed from plot to show general trending of Total P in dry weather samples.  The spikes 
were 4.9 mg/L at Duck Creek Callahan in December 2000 and 10 mg/L in LV Wash at Desert Rose in April 2009. 
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Figure 4-6 presents box plots showing the range of Total P data collected on tributaries to 
the Wash during dry weather conditions. Stations are arranged from upstream to 
downstream through Las Vegas Valley. There is a modest downward trend in Total P 
concentrations from upstream to downstream; this may be due to the dilution effects of 
resurfacing shallow groundwater that is generally low in Total P compared to surface water 
runoff. 

Figure 4-6: Dry weather Total P data – Upstream to Downstream 

 

 

Concentrations from CWC Data 
The CWC reported Total P data collected at station 0.55 (Wash at Northshore Road, below 
all the WWTF discharges) in a summary presentation on water quality effects of the regional 
WWTF. Figure 4-5 shows Total P concentrations from 1994-2009. This figure shows the effects 
of two important changes in wastewater treatment processes: 

• All WWTF operators agreed to improve winter phosphorus removal in response 
to algae problems in Lake Mead.  Plant upgrades were started in winter 2001-
2002 and completed in winter 2002-2003. 

• The CCWRD optimized phosphorus removal at its plant in spring 2004. 

Figure 4-7 shows that under current conditions the dry weather Total P concentration in the 
lower Wash is about 0.1 mg/L, and wet weather flows increase the Total P concentration to 
0.2 – 1.5 mg/L (combined effluent and storm flow). 



36 
 

 
 

0

1

2

3

4

Ja
n-

94

Ja
n-

95

Ja
n-

96

Ja
n-

97

Ja
n-

98

Ja
n-

99

Ja
n-

00

Ja
n-

01

Ja
n-

02

Ja
n-

03

Ja
n-

04

Ja
n-

05

Ja
n-

06

Ja
n-

07

Ja
n-

08

Ja
n-

09

Ja
n-

10

Ja
n-

11

To
ta

l P
ho

sp
ho

ru
s,

  m
g/

L

DATE

LAS VEGAS WASH - LAST STATION 0.55 
TOTAL PHOSPHORUS CONCENTRATION, mg/L

Aug-00 = 7.57 mg/L

 Figure 4-7: Total P in Wash at Northshore Road Bridge, 1994-2009 
 

Figure 4-8 shows the benefits of these WWTF improvements on phosphorus discharged from 
all the wastewater plants from 1990 to 2012. 

  Figure 4-8:  Phosphorus in wastewater discharges, 1990-2012 
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Total P Concentrations from COH NPDES Sampling Program 
The COH collects bi-weekly water quality samples from five locations along the Wash as 
part of the wastewater agencies obligations under their NPDES permits. Data is contained in 
the Lower Colorado River Water Quality Database. Table 4-4 summarizes median Total P 
concentrations by year for sampling station 10.75 (upstream of all WWTFs) and sampling 
station 0.55 (Northshore Rd, below all WWTFs). Data at station 10.75 is representative of flow 
in the MS4; concentrations are generally below the detection limit of 0.05 mg/L, with some 
years slightly above the detection limit. Table 4-4 supports the reduction in the Wash 
phosphorus concentrations caused by the WWTF Total P removal processes. 

     Table 4-4:  Median Total P data (All Samples) upstream and downstream of WWTF discharges 

Year 
Median Total P (mg/L) 

Concentration – Upstream 
of WWTF (Sta. 10.75) 

Median Total P (mg/ L) 
Concentration – 

Downstream  
of WWTF (Sta. 0.55) 

2001 <0.05 0.18 
2002 0.07 0.19 
2003 <0.05 0.18 
2004 <0.05 0.13 
2005 0.06 0.10 
2006 <0.05 0.12 
2007 0.12 0.12 
2008 <0.05 0.11 
2009 0.10 0.10 

 

Because data is collected every two weeks regardless of flow condition, some samples 
were collected when storm runoff was present in the channel. Figure 4-9 shows all Total P 
data for the period of the COH database at a location above the wastewater treatment 
plants (station LW10.75) and below Lake Las Vegas (station LW0.55).  

  Figure 4-9.  Total P data for Wash 
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Figure 4-10 and Figure 4-11 show Total P and orthophosphate and flow data only for storm 
runoff conditions in the Wash above and below the wastewater treatment plant 
discharges, respectively. Both plots show how Total P and orthophosphate concentrations 
increase during runoff periods. 

   Figure 4-10:  LW10.75 wet weather flow and phosphorus data 

    Figure 4-11:  LW0.55 wet weather flow and phosphorus data   
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Relationships Between Total Phosphorus and Flow and TSS 
Additional phosphorus analyses were conducted to compare Total P concentrations to 
both flow rates and TSS.  Theoretically Total P should be positively correlated with discharge 
because higher flows could have more potential for mobilizing phosphorus from urban and 
agricultural land uses.  Total P should be positively correlated with TSS because Total P tends 
to adhere to suspended solids in the water column. These analyses are summarized in the 
following subsections. 

Total P vs. Flow 
As previously discussed, for the MS4 sampling program, wet weather samples are collected 
at two locations along the Wash: above and below the wastewater treatment plants. 
Figure 4-12 shows Total P vs. flow data for storm runoff conditions in the Wash above the 
wastewater treatment plant discharges and Figure 4-13 shows Total P vs. flow below the 
wastewater treatment plant discharges. The regression lines in each plot shows only a slight 
positive correlation between Total P and flow, even though visual observations suggest that 
flows with higher Total P concentrations occurred in storms with higher flow rates.  It should 
be noted that the data from below the wastewater treatment plant discharges show more 
of a positive correlation than data from above the wastewater treatment plant discharges.  
However, at both sites, only a small number of samples (compared to the full data set) were 
collected during higher flow rates (i.e., greater than 1,500 cfs).  Therefore, the few high flow 
rate data points have a greater impact on the slope of the regression line than the many 
data points in the range of lower flow rates.  Some of the factors that may contribute to the 
only slight correlation are summarized as follows: 

• The individual Total P concentration is sometimes the flow-weighted 
composite concentration and sometimes the concentration from a single 
grab sample. 

• The flow data is also an average flow rate, since sampling is conducted on 
time-weighted intervals between aliquots.  

• The limited data available at higher flow rates (above 1,500 cfs) may impact 
the results.  

   Figure 4-12:  Total P vs. Flow in Wash (above wastewater agencies) 
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  Figure 4-13:  Total P vs. Flow in Wash (below wastewater agencies) 

 
 

As described in the previous subsection, additional data is available from the COH sampling 
program. Figure 4-14 shows similar results to the MS4 data, that is, a small positive correlation 
between Total P and flow.  It should be noted that the COH data contains more data at 
higher flow rates.  Data from the MS4 and COH data sets only marginally supports the 
theory that Total P should increase with discharge. The data does show that for flow rates 
above ~400 cfs. 

   Figure 4-14:  Total P vs. Flow in Wash 
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Total P vs. Total Suspended Solids 
Similar to Total P, the TSS concentration is sometimes the concentration in the composite of 
aliquots and sometimes is from a single grab sample. Since concentrations of Total P and 
TSS are from the same type of sample for each event sampled, a comparison of the two 
concentrations can be made to see if there is a correlation. 
 
In addition to the MS4 sampling along the Wash, the historical wet weather characterization 
program for the MS4 permit included sampling of the major tributaries to the Wash. The 
entire data set from the MS4 sampling program is used to plot Total P vs. TSS as shown in 
Figure 4-15.  For all MS4 data combined (as shown in Figure 4-13), and at individual sample 
sites, the general trend is that as TSS increases, Total P increases.  For higher TSS values, the 
range of possible Total P values increases significantly. 

    Figure 4-15:  Total P vs. TSS 

 

 

Average Annual Loads Based on NPDES Sampling 
It is not possible to use the MS4 flow and concentration data to compute individual storm 
loads.  Although it would be possible to estimate runoff volumes from stream flow records, 
the Total P data does not represent the entire storm hydrograph.  Composite samples, 
when available, do not usually cover the entire hydrograph, and grab samples are good 
for only one point on the hydrograph.  Thus no attempt has been made to estimate typical 
Total P loads from individual historical storms. Rather, the average annual Total P load was 
estimated using estimates of annual runoff volume and typical wet and dry weather Total P 
concentrations. 
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Based on the water quality data described above, the following typical concentrations 
were adopted for Total P: 0.05 mg/L in dry weather urban flows and 1.0 mg/L in storm runoff. 
Based on the flow volumes in Table 4-1 and the typical median phosphorus concentrations, 
approximate average annual wet and dry weather Total P loads were computed and are 
summarized in Table 4-5. Because storm flow volume is distributed over a different number 
of days each year based on the number of storm events, average daily wet weather loads 
were computed for a range of 10 to 20 storm events per year. Although wet weather 
annual flow volume is significantly less than the annual volume of dry weather non-
wastewater base flow, the higher wet weather concentration results in storm flow making 
up the majority of annual phosphorus loading during all but the driest years. 

   Table 4-5:  Annual Total P load estimates 

Flow Conditions 
Average Year 
Total P Load 

(lbs/day) 

Wet Year Total P 
Load (lbs/day) 

Dry Year Total P 
Load (lbs/day) 

Wet Weather Load 
Averaged over full year 56 244 7 
Averaged over 10 runoff days 2,036 8,901 261 
Averaged over 15 runoff days 1,357 5,934 174 
Averaged over 20 runoff days 1,018 4,451 131 
Dry Weather Load (excluding wastewater discharges) 
Annual base flow 11 28 6 
 
Total Load 
Averaged over full year 67 272 13 
Averaged over 15 runoff days 1,368 5,962 180 

 
NDEP allocated a load of 100 lbs/day of Total P to nonpoint sources. However, this load 
allocation only applies to dry weather conditions; no load allocation is specified for wet 
weather conditions. The above results indicate that if wet weather loads are averaged over 
the entire year, the average annual load is less than the dry weather Total P load allocation 
of 100 lbs/day in dry and average years, but is exceeded in wet years.  
 
Conclusions: 
The following conclusions can be drawn from the analysis wet and dry weather phosphorus 
data from the MS4 program and similar sampling programs in Las Vegas Valley. 
 

• The largest annual loads to the Bay are contributed by dry weather flows (which 
include wastewater flows), but daily loads are highest during storm events. 

• The extensive urban growth in Las Vegas Valley in the past two decades has not 
increased the concentration of Total P in wet or dry weather flows, but has increased 
the average annual load through increases in runoff volumes. 

• The nonpoint source WLA of 100 lbs/day for the Total P TMDL is not exceeded during 
non-storm days, which is when the load allocation applies. 

• Efforts by WWTFs to reduce Total P in effluent discharges have been effective in 
reducing Total P in the lower Wash. 
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• Storm runoff produces high Total P concentrations and loads for short periods.  
Currently there is no load allocation for Total P during wet weather conditions. 

• BMPs employed in the Wash watershed addressing Total P have been effective in 
avoiding violation of the TMDL waste load allocation for nonpoint sources. These 
BMPs include limitation of areas to be fertilized through turf restrictions; water 
conservation measures that have reduced dry weather return flows; public 
education programs targeting household fertilizer use; household hazardous waste 
collection programs; and fertilizer management programs.  These BMPs should be 
continued and if possible enhanced in the future. 

 
Recommendation for Future Data Collections: 

• To understand the response of Total P concentrations to runoff for individual storms 
and storm types, pollutographs for Total P are needed.  These can be computed by 
collecting stormwater samples at intervals throughout entire storm events and 
analyzing each sample individually.  The sampling protocol currently being used by 
the MS4 program does not meet this requirement. 

• To determine Total P loads for individual storm events, event-mean concentrations 
must be computed. These require collection of sample aliquots during the entire 
storm event, and compositing them based on the discharge at the time each 
aliquot was sampled. The sampling protocol currently being used by the MS4 
program does not meet this requirement. 

• Additional cooperation could be valuable between the various sampling efforts on 
the lower Wash by the MS4 program, COH and Lake Las Vegas.  Combining 
resources could enhance the overall understanding of Total P transport in the Wash. 

References 
Algae Task Force, 2011.  “Algae Task Force Stormwater Sampling Analysis” 
Algae Task Force, 2011.  “Algae Task Force Stormwater Sampling Analysis Data” 
French, Richard, 1994. “Concentration Estimates At Northshore Road To Meet Water Quality 

Standards In Las Vegas Bay” 
Paulson, Chip, 2003. “NDEP’s Las Vegas Bay Phosphorus TMDL Methodology” 
Paulson, Chip, 2003. “Non-Point Phosphorus Loading Estimates for Las Vegas Wash Based on 

NPDES Permit Sampling” 
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 5 
Use Model to Determine Assimilative Capacity in  Bay and Lake Mead 
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Summary of Previous Task Force:   
The previous Algae Task Force recommended that the ELCOM/CAEDYM three dimensional 
model of Lake Mead be used to determine the assimilative capacity of phosphorus and 
nitrogen by Lake Mead and the Bay.   
 
Summary of Data Collected Since Previous Task Force: 
For the purposes of this discussion, meeting the NAC WQS for Chl-a and TIN will determine 
the assimilative capacity of phosphorus and nitrogen by Lake Mead and the Bay. 
 
Background 
Flow Sciences Inc., under contract with the water and wastewater agencies in Southern 
Nevada, has developed a three dimensional model of Lake Mead for use in predicting 
water quality under changing conditions.  Most recently they conducted a series of model 
runs to determine the impact of lowering lake levels, the proliferation of quagga mussels, 
and optimized wastewater treatment on the water quality of Lake Mead.  The modeling 
results were compared to the WQS for Chl-a and TIN. 
 
The model simulations encompassed three fixed water surface elevations, three effluent 
flow rates, four effluent phosphorus loads, and four effluent TIN loads.  The output of the 
simulations was used as inputs into a MATLAB statistical code that compared the model 
results to the WQS for Chl-a and TIN.  The analysis was repeated many times using a Monte 
Carlo approach that resulted in ten thousand “realizations for each of the simulations.”  
Statistical metrics relevant to the WQS were computed for each realization, and the 
percentage of realizations with metrics that were higher than the WQS was counted and 
presented as a probability that the predicted value would be higher than the WQS. 
 
Chl-a (Phosphorus) 
The WQS for Chl-a apply separately to Lake Mead sampling Stations LWLVB1.85, LWLVB2.7, 
LWLVB 3.5, and “open water” locations (Figure 5-1). The compliance monitoring sites for the 
wastewater treatment plant discharge permits are moveable and based on a defined 
distance from the edge of the Bay delta.  The “open water” locations include all the sample 
stations in the open water of Boulder Basin (excluding the Bay).  As the delta encroaches on 
the Bay with lowering lake elevations, some of these moveable sites enter Boulder Basin. 
 
The WQS for Chl-a is specified in terms of the top 5 m average value (0 to 5 m composite).  
The WQS allows for higher Chl-a concentrations closer to the Wash.  The closest site to the 
Wash, LWLVB1.2 does not have a Chl-a standard.   At LWLVB1.85, no more than one monthly 
average Chl-a concentration may exceed 45 µg/L in one calendar year (Figure 5-2).  The 
summer average, defined as the period from July 1 to September 30, for Chl-a may not 
exceed 40 µg/L and the mean for four consecutive summer average values may not 
exceed 30 µg/L.  LWLVB2.7 and LWLVB3.5 have a GSA, defined as the average of samples 
collected between April 1 and September 30 for Chl-a.  The GSA permitted maximum values 
is 16 µg/L and 9 µg/L for LWLVB2.7 and LWLVB3.5 respectively.  The remaining Chl-a WQS 
apply to the “open water”.  The “open water” includes all the stations in Boulder Basin 
outside the Bay.  The WQS requires that the “open water” GSA is less than 5 µg/L and the 
annual 95th percentile value is less than 10 µg/L. 
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Figure 5-2: Chl-a WQS on Boulder Basin, Lake Mead 
 

 

Figure 5-1: Bay sampling locations and changes at lower lake elevations 
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The three water surface elevations in Lake Mead modeled were 1000 ft, 1050 feet, and 1100 
ft, the effluent flow rates were 189 MGD, 250 MGD, and 300 MGD, the effluent phosphorus 
loading was 125 lbs/day, 225 lbs/day, 275 lbs/day, and 334 lbs/day, and the effluent TIN 
concentration was 11 mg/L, 14 mg/L, 17 mg/L, and 20 mg/L (Table 5-1). 
 
                                    Table 5-1:  Model simulations 

Run # Flows Total P Load 
lbs/day 

TIN Concentration 
mg/L 

WSEL 
ft 

1 189 MGD 125 11.0 1000 
2 189 MGD 125 11.0 1050 
3 189 MGD 125 11.0 1100 
4 189 MGD 225 14.0 1000 
5 189 MGD 225 14.0 1050 
6 189 MGD 225 14.0 1100 
7 189 MGD 275 17.0 1000 
8 189 MGD 275 17.0 1050 
9 189 MGD 275 17.0 1100 

10 189 MGD 334 20.0 1000 
11 189 MGD 334 20.0 1050 
12 189 MGD 334 20.0 1100 
13 250 MGD 125 11.0 1000 
14 250 MGD 125 11.0 1050 
15 250 MGD 125 11.0 1100 
16 250 MGD 225 14.0 1000 
17 250 MGD 225 14.0 1050 
18 250 MGD 225 14.0 1100 
19 250 MGD 275 17.0 1000 
20 250 MGD 275 17.0 1050 
21 250 MGD 275 17.0 1100 
22 250 MGD 334 20.0 1000 
23 250 MGD 334 20.0 1050 
24 250 MGD 334 20.0 1100 
25 300 MGD 125 11.0 1000 
26 300 MGD 125 11.0 1050 
27 300 MGD 125 11.0 1100 
28 300 MGD 225 14.0 1000 
29 300 MGD 225 14.0 1050 
30 300 MGD 225 14.0 1100 
31 300 MGD 275 17.0 1000 
32 300 MGD 275 17.0 1050 
33 300 MGD 275 17.0 1100 
34 300 MGD 334 20.0 1000 
35 300 MGD 334 20.0 1050 
36 300 MGD 334 20.0 1100 
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Modeling results show that Chl-a concentrations peak in March and then generally taper 
off through the growing season for all modeling scenarios.  With increasing distance from 
the confluence of the Wash, predicted concentrations of Chl-a decrease. The Chl-a GSA 
increases with increases in Total P loading.  Overall the Chl-a GSA spatial trends remain the 
same at different water surface elevations (1,100 ft, 1050 ft, and 1,000 ft).  That is, Chl-a 
values generally decrease with distance from the Wash. 
 
The effects of different phosphorus loading on predicted Chl-a concentrations in shown in 
Figure 5-3.  Each of the four lines corresponds to a different Total P load.  As the flow rate 
increases the predicted Chl-a concentrations decrease very slightly.  The effect of flow rate 
on predicted Chl-a is less than 1 µg/L for all Total P loads.  The simulations consider Total P 
loading independent of the flow rate, so all flows transport the same mass of phosphorus 
into the lake for any particular Total P load.  As a result, lower flows provide an effluent with 
a higher Total P concentration and thus slightly higher Chl-a concentrations.  Figure 5-4 
illustrates the nearly linear relationship between Total P loading and predicted Chl-a 
concentrations.  As Total P loading increases, so do predicted Chl-a concentrations. 
 
 
 
Figure 5-3:  Effects of different phosphorus loading on Chl-a concentrations 
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Figure 5-4: Effects of different lake elevations on Chl-a concentrations 
 

 
 
 
The model performs calculations to determine values for various water quality parameters 
with changing future conditions in Lake Mead.  These changing future conditions may be 
low lake levels, increased effluent flows, and various phosphorus loading rates.  While the 
model provides a good representation of the water quality in the lake, the results may differ 
from actual conditions in the future due to various sources of uncertainty.  Statistical analysis 
of these data was performed to express the model predictions as a probability.  The 
probabilities expressed in Tables 5-2, 5-3, and 5-4 refer to the probability that the predicted 
value is higher than the WQS in any given year.  
 
Tables 5-2, 5-3, and 5-4 include the Chl-a concentrations as estimated by the Monte-Carlo 
method as well as the estimated probabilities of predicted values being higher than the 
WQS in any given year.  The concentrations are the average of the 10,000 Monte-Carlo 
realizations and are different than the concentrations that would be computed by the 
model.  The results indicate similar Chl-a concentrations and probabilities for each of the 
effluent flow rates.  The probabilities of predicted Chl-a values being higher than the 
corresponding WQS increase with effluent Total P load.  The highest probabilities occur in 
the open water at Station LWLVB3.5 and for Total P loads less than 275 lbs/day are typically 
less than or equal to 11 percent.  For a Total P load of 334 lbs/day, the probabilities reach as 
high as 16 percent.  
 
 
 



50 
 

 
 

Table 5-2:  Monte-Carlo Chl-a GSA & 95th percentiles (µg/L) & estimated probability of predicted  
                   values being higher than NAC WQS (%) for 189mgd avg. annual effluent flow rate 

 
Table 5-3:  Monte-Carlo Chl-a GSA & 95th percentiles (µg/L) & estimated probability of predicted  
                   values being higher than NAC WQS (%) for 250mgd avg. annual effluent flow rate 

 
Table 5-4:  Monte-Carlo Chl-a GSA & 95th percentiles (µg/L) & estimated probability of predicted  
                   values being higher than NAC WQS (%) for 300mgd avg. annual effluent flow rate 
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TIN 
The WQS for TIN requires that 95 percent of all samples at Station LWLVB1.2 be less than 5.3 
mg/L (Figure 5-5).  Samples from all depths are included together in the computation of the 
95th percentile.  For all other locations (all locations sampled with the exception of LWLVB1.2) 
the WQS requires that the annual 95th percentile at these locations is less than 4.5 mg/L.  
Samples from all other locations in Boulder Basin, at all sampled depths, from all agencies 
are treated as one data set when calculating the 95th percentile. 
 
     Figure 5-5: Boulder Basin TIN WQS 

The three water surface elevations in Lake Mead modeled were 1000 ft, 1050 ft, and 1100 ft, 
the effluent flow rates were 189 MGD, 250 MGD, and 300 MGD, the effluent phosphorus 
loading was 125 lbs/day, 225 lbs/day, 275 lbs/day, and 334 lbs/day, and the effluent TIN 
concentration was 11 mg/L, 14 mg/L, 17 mg/L, and 20 mg/L (Table 5-1). 
 
Figure 5-6 is a plot of the 95th percentile value versus effluent TIN concentration at the 
surface of LWLVB1.2 for simulations of different phosphorus/nitrogen loading scenarios at a 
300 MGD effluent flow rate.  Figure 5-6 illustrates the linear relationship between TIN 
concentrations in the effluent and the predicted TIN concentrations within the lake.  Of the 
three modeled water surface elevations, the 1050 feet level generally produces the highest 
TIN concentrations.  At 1050 feet, values of the 95th percentile are above the WQS for all but 
the lowest effluent TIN concentrations.  The occurrence of the highest concentrations of TIN 
at 1050 feet is consistent with the peaks in predicted Chl-a.  This is a result of the relative 
elevation of the open Hoover Dam outlets with respect to the thermocline, as well as 
changes to the locations of the stations and shape of the Bay. 
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Figure 5-6: TIN annual 95th percentile vs. effluent TIN concentration at 300mgd effluent flow rate 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5-7 summarizes the effect of effluent flow rate on predicted TIN 95th percentile values 
at 1050 feet at LWLVB1.2.  As the effluent flow rate increases, more TIN mass enters the lake.  
As a result, predicted TIN concentrations in the lake increase.  
 
Figure 5-7 compares model outputs to actual data.  The 2010 wastewater treatment plant 
effluent flow was 163 MGD, the water surface elevation of the lake is 1091feet, and the 
effluent TIN concentration averages 18 mg/L.  Unfortunately, the modeled water surface 
elevation used in the comparison is 1050 feet, which as explained above, is worst case.  
Based on the information that the water surface elevation used for the modeled scenarios is 
the worst case, the fact that the actual data shows that the model slightly over predicts the 
sample data is not surprising. 
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Figure 5-7:  TIN annual 95th percentile vs. effluent TIN concentration at 1050ft 
 

 
 

Tables 5-5, 5-6, and 5-7 summarize the thirty-six modeled scenarios for TIN and include the 
TIN annual 95th percentile concentrations as estimated by the Monte-Carlo method, as well 
as he estimated probabilities that more than five percent of samples may exceed the WQS.   
The Monte-Carlo results indicate that the probabilities of predicted 95th percentile TIN values 
being higher than the WQS for all locations other than LWLVB1.2 are all less than one in 
10,000 for all thirty-six scenarios.  Thus, TIN is not a critical parameter of concern at locations 
other than LWLVB1.2. 
 
By contrast, the probabilities of predicted 95th percentile TIN values being higher than the 
WQS at LWLVB1.2 range from less than one in 10,000 to 100 percent (Tables 5-5, 5-6, and 5-
7). The values of the probabilities primarily depend on the effluent TIN and the water surface 
elevation.  For a given TIN load, the probabilities are lowest when the water surface 
elevation is the highest (1100 feet) and the probabilities are highest for the intermediate 
water surface elevation (1050 feet).  The 1050 feet scenario has the highest predicted TIN 
concentrations and probabilities as a result of the effect of the Hoover Dam operations as 
well as local lake geometry around LWLVB1.2. 
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Table 5-5: Monte-Carlo TIN annual 95th percentiles (mg/L) & estimated probability of more  
than 5% digressions(%) for CBER 2008 (189mgd avg. annual effluent) flow rates 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 5-6: Monte-Carlo TIN annual 95th percentiles (mg/L) & estimated probability of more  
than 5% digressions(%) for projected future (250mgd avg. annual effluent) flow rate  
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Table 5-7: Monte-Carlo TIN annual 95th percentiles (mg/L) & estimated probability of more  
than 5% digressions(%) for projected future (300mgd avg. annual effluent) flow rate  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

It is to be noted that the current water surface elevation is at approximately 1091 feet.  The 
wastewater effluent TIN load between 2005 and 2008 ranged from approximately 17,000 to 
23,000 lbs/day.  The model analysis indicates that increases in TIN load and decreases in 
water surface elevation toward 1050 feet may lead to increased probabilities of TIN 
concentrations being higher than the WQS.  This modeling conclusion is supported by the 
actual sampling results (Figure 5-8).  When analyzing the data collected in Lake Mead at 
LWLVB1.2, the number of times the TIN concentration has exceeded 5.2 mg/L has been 
increasing and lake elevations have been decreasing. 
 
 Figure 5-8:  LWLVB1.2 TIN – 1992-2012 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



56 
 

 
 

An analysis was conducted using the projected population numbers and effluent TIN 
concentrations expected in the future with the process improvements planned by the 
wastewater agencies (Table 5-9).  The CCWRD TIN concentration is scheduled to decrease 
to 11 mg/L in 2013 and the COH is planned to decrease to 11 mg/L in 2011.  Overall, for all 
the wastewater agencies the effluent TIN decreases to 11.88 mg/L by 2013 due to process 
improvements.  This reduces the chance that the TIN WQS will be exceeded until 2034. 
 
Table 5-9:  Future TIN concentrations expected by wastewater agencies  

Conclusions: 
The following conclusions can be drawn from the modeling and Monte-Carlo analysis for 
Chl-a and TIN: 

• Estimated probabilities of predicted Chl-a values being higher than the WQS are 
highest in the open water and at Station LWLVB3.5. 
 

• Estimated probabilities increase with increased effluent Total P load. 
 

o Probabilities are generally less than 11% at all locations for Total P loads less 
than 275 lbs/day. 

o Probabilities reach up to 16% at all locations for the Total P load of 334 
lbs/day. 
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• Estimated probabilities are generally almost independent of effluent flow rate at a 
fixed Total P load. 
 

• Estimated probabilities may be over-estimated in the analysis due to the lack of 
inclusion of quagga mussels in the model. 
 

• The critical location of TIN is Station LWLVB1.2, where probabilities of predicted TIN 
values being higher than the NAC WQS reach as high as 100 percent for some 
scenarios.  TIN may become critical in the near future at this location if the TIN load 
increases and/or the water surface elevation decreases. 
 

• Estimated probabilities of predicted TIN values being higher than the WQS at other 
monitored locations in Lake Mead are less than one in 10,000 for all scenarios.  Thus, 
TIN is not a critical parameter of concern at other monitoring locations in Lake Mead. 

 
• For TIN at Station LWLVB1.2, the probabilities of predicted values being higher than 

the WQS increase with effluent TIN load. 
 

• For TIN at Station LWLBVB1.2, the probabilities of predicted values being higher than 
the WQS are strongly dependent upon the water surface elevation of Lake Mead.  
The probability is lowest at a water surface elevation of 1,100 feet and highest when 
the water surface elevation is 1,050 feet. 
 

• Potential increases in the TIN load and/or decreases in the water surface elevation 
may lead to a significant probability of TIN concentrations at LWLVB1.2 being higher 
than the WQS.  
 

• The model predicts TIN concentrations at sample site LWLVB1.2 of <12.56 mg/L will be 
needed to meet water quality standards for a flow rate of 300mgd and at an 
elevation of 1050 feet (see Figure 5-7) 

 
Recommendations for Future Data Collections 
Chl-a and TIN samples will be collected by all agencies sampling on Lake Mead as part of 
their routine sampling programs.  These data should be periodically reviewed for trends and 
compared to the model run results.  
 
Agencies in southern Nevada will need to determine the acceptable risk associated with 
potential algae blooms and adjust wastewater phosphorus treatment levels accordingly.  
 
 
Reference 
Flow Sciences Inc., “ELCOM-CAEDYM Modeling and Statistical Analysis of Water Quality in 
Lake Mead”, FSI V084015 Task 13, December, 2010 
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 6 
Voluntary Total P Removal at Treatment Plants 
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Summary of Previous Task Force: 
The 2002 Algae Task Force recommended that the wastewater treatment plants begin 
voluntary year round phosphorus removal. 
 
Summary of Data Collected Since Previous Task Force: 
The following is a summary of the history of phosphorus removal in the Las Vegas valley. 
 
Voluntary Year-Round Phosphorus Removal 
A  TMDL of 343 pounds per day of Total P for eight months of the year was established in 
1989.  New NPDES discharge permits for the wastewater agencies, implementing the new 
TMDL, were issued 1992.  These new permits also required extensive sampling of the 
receiving water, Lake Mead.  For the first time extensive and consistent Chl-a data was 
available.  The Chl-a concentrations of all of the sampling sites in the Bay are shown in 
Figure 6-1.  Since the new TMDL for phosphorus of 343 pounds per day was established in 
1989, the maximum spring/summer ChI-a concentrations were less than 255 ug/L.  In 2001 
the Chl-a concentrations changed dramatically, a major spring algae bloom of 
Pyramiclamys disecta began in the Bay and extended all the way to Hoover Dam.  The Chl-
a concentrations in the Bay in 2001 exceeded 320 ug/L.   
 
Figure 6-1:  Chl-a in the Bay 

The high concentrations of Chl-a that developed in 2001 was a demonstration that the 
TMDL established in 1989 alone could not protect the water quality of Lake Mead.  The 
wastewater agencies, recognizing the importance of maintaining the water quality of Lake 
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Mead, volunteered to remove phosphorus all year long.  As a result, the average annual 
Total P being discharged was reduced from 343 pounds per day to 288 pounds per day.  All 
of the wastewater agencies were not able to remove phosphorus the first winter.  The City 
of Las Vegas needed to rehabilitate facilities to meet the new commitment to remove 
phosphorus year round.  By November 2002, the wastewater agencies were removing 
phosphorus year round.  From January 2003 through December 2005 the phosphorus 
discharged from the wastewater  agencies averaged about 219 pounds per day. 
   
Voluntary Plant Optimization 
The initiation of the SCOP project began in 2002.  In a January 2005 letter Metropolitan 
Water District of Southern California requested the Las Vegas Valley wastewater agencies 
optimize their removal performance for Total P.  Again, the wastewater agencies reduced 
the amount of Total P being discharged from their treatment plants.  After additional plant 
optimization the wastewater agencies have averaged less than 200 pounds per day in year 
round Total P removal.   The reduction in Total P from the treatment plants in 2002 and 2005 
can be seen in Figure 6-2.    
 
 
    Figure 6-2:  Total P wastewater agencies lbs/day – 1990-2012 
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construction
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September 2011 - Excursion by CNLV 

The resultant Total P concentrations in the Wash are shown in Figure 6-3.  These voluntary 
efforts have reduced the average annual Total P loadings to the Wash to less than 215 
lbs/day since January, 2005.  The reduced Total P being discharged from the Las Vegas 
Valley WWTFs seems to have resulted in a commensurate reduction in Chl-a in the Bay. The 
reduction in Chl-a concentrations is shown in Figure 6-1.   
 
Figure 6-3: Wash Total P, mg/L – 1992-2011 

 
Conclusions 
The WWTF in the Las Vegas valley have implemented optimized, year round phosphorus 
removal which has resulted in a reduction in Chl-a in Lake Mead. 
 
References 
Clean Water Coalition, 2001. “Letter to NDEP with Proposal For Winter Phosphorus 

Reduction”  
Metropolitan Water District of Southern California, 2005. “Letter to PBS&J re: Preliminary Draft 

Environmental Impact Statement for the CWC SCOP” 
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Quagga Mussels 
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Quagga mussels were first discovered in Lake Mead during the winter of 2007, their 
introduction was believed to have been through a contaminated boat, most likely from a 
location west of the Rockies (Figure 7-1).  Quagga mussels are closely related to the zebra 
mussels and both mussels were introduced into the United States from central Europe.  The 
mussels have the potential to do great harm to ecosystems they are introduced into. 
 

Figure 7-1.  Zebra and Quagga mussel distribution in the continental United States  

 
 
Quagga mussels are prodigious filter feeders removing small particles (algae, bacteria, 
small zooplankton, etc.) from the water column. This feeding activity has the potential to 
establish a competitive relationship between the quagga mussels and the zooplankton that 
are an important component of the lakes food web.  Mussels are often found at densities in 
the tens of thousands of mussels per square meter and have been found to colonize on 
both hard (rock) and soft (sand) substrates. 
 
Quagga mussels have had significant impacts on infrastructure in and around Lake Mead.  
This includes the colonization of boats, docks and marina structures,  moored buoys and 
aids to navigation, Hoover Dam (including intake structures, cooling lines and fire 
suppression lines), and drinking water intake facilities. The cleaning and maintenance of 
these structures, as well as attempts to prevent colonization of these structures, has resulted 
in significant research and expenditures. 
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The impact of quagga mussels on the broader ecosystem have not been as pronounced in 
Lake Mead as in other aquatic systems. As the introduction of the quagga mussels to Lake 
Mead corresponded with several other changes in the lake, evaluating impacts has been 
difficult.  Beginning in 2001 there was a sustained effort to reduce phosphorus loading to the 
lake through enhanced removal from wastewater. Also between 2000 and 2010 the volume 
of water in Lake Mead decreased significantly with maximum surface elevations of 1214 ft 
asl in 2000 and 1086 ft asl in 2010. 
 
It might have been predicted that the quagga mussels would have depleted the 
phytoplankton population in Lake Mead as they were filtered from the water column. 
Alternatively it could have been predicted that the filter feeding by quagga would have 
increased nutrient concentrations as the filtered material was metabolized and nutrients 
released back to the water column with the quagga waste.  Neither of these patterns is 
clearly discernible in the available data. Chl-a concentrations, a surrogate for 
phytoplankton biomass, have generally declined over this period, as have nutrient 
concentrations in the water column.  It cannot be determined if these changes, or what 
fraction of these changes, can be attributed to the various potential drivers. 
 

Figure 7-2. Quagga mussel veliger abundance in the Bay - 2007 to present  
Data from Boulder Basin (not shown) followed a similar trend in seasonality and abundance. 
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Quagga mussel sampling is difficult in a lake as large as Lake Mead, the extreme depth and 
large surface area of the lake would require thousands of samples to accurately assess the 
size of the adult mussel population.  Researchers from UNLV and UNR have been working to 
assess the population size in different parts of the lake and on different substrates (rock 
versus sand/silt).  In the absence of this data the quagga population has been evaluated 
using the abundance of quagga veligers, a juvenile stage of the mussel life cycle.   
Veligers in the Bay (Figure 7-2), and Lake Mead overall, have followed a fairly predictable 
seasonal pattern.  Abundance is lowest during the winter months, rising to a peak in the late 
spring and early summer.  After this the abundance typically drops to intermediate levels 
through the summer.  In 2007, 2008 and 2009 this was followed by a second, smaller peak in 
abundance during the fall, this fall peak was greatly diminished or missing during 2010 and 
2011.  The veliger data suggests that the quagga population in Lake Mead is reasonably 
stable, consistently producing offspring.  While there is a large difference between the 
number of veligers produced and the number of adult mussels that successfully attach, the 
veliger numbers suggest little change over time. 
 
Data on quagga mussels in Lake Las Vegas is exclusively anecdotal, based on 
conversations with lake managers.  Based on these conversations it appears that the 
mussels were severely impacted by the golden algae, Pyrmnesium parvm, resulting in near 
total elimination of the mussels in Lake Las Vegas.  This impact would be predicted by the 
literature on Pyrmnesium parvm, which indicates the ability of this type of algae to produce 
a toxin with extensive toxicity to mollusks. 
 
 
References 
Benson, A. J., D. Raikow, J. Larson, and A. Fusaro. 2012. Dreissena polymorpha. USGS 
Nonindigenous Aquatic Species Database, Gainesville, FL.  
http://nas.er.usgs.gov/queries/FactSheet.aspx?speciesID=5 
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Conduct Study To Determine Exact Cause of 2001 Algal Bloom 
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Summary of Previous Task Force 
The 2002 Algae Task Force suggested conducting a federally assisted study to determine 
the exact cause of the 2001 algae bloom.  This was not done. 
 
Summary of Data Collected Since Previous Task Force 
The causes (triggers) of the 2001 bloom of Pyramichlamys disecta are not known at this 
time.  Data collection at the time of the bloom was not as extensive as it is today. The 2002 
Algae Task Force developed a list of 8 potential causes for the bloom.   
 
Potential causes for the bloom: 
 

1.  Above average precipitation in January and February of 2001 causing runoff at the 
time of algae growth in the Bay. 
 

2. Warm temperatures of the rain causing the nutrient laden stormwater to float across 
the surface of the Bay.  This made nutrients available in the photic zone of the Bay 
and available for algal production. 
 

3. Spring time application of excess fertilizers carried into the Wash by stormwater. 
 

4. The lowering of Lake Mead caused a reworking of the sediments at the delta making 
more nutrients available.  
 

5. The lowering of Lake Mead formed a wider delta, which increased temperatures, 
which caused the Wash to float across the surface as it entered the Bay. 
 

6. High phosphorus load from the wastewater dischargers during the winter of 2001. 
 

7. The construction of the erosion control structures to prevent excessive sediments from 
entering the Bay slowing down the flow in the Wash and allowing the temperature to 
warm.  
 

8. Winds pushed the algae bloom from the Bay into the Boulder Basin of Lake Mead all 
the way to Hoover Dam.  

 
Subsequent data collection, lowering lake levels, population growth in Las Vegas, and 
optimized wastewater treatment have provided additional information on each of the 
potential causes listed above.   
 
The causes (triggers) of an algae bloom can be very complex and at this point are 
unknown for the 2001 algae bloom.  There are two factors, however, that are necessary for 
a sustained, basin-wide algae bloom.     The primary factors for a sustained bloom are a 
source of phosphorus, because Lake Mead is phosphorus limited, and warm Wash water 
entering Lake Mead that delivers the nutrients to the surface.  Warm Wash water (warmed 
by rain, traveling over the delta, increased detention time in the Wash from erosion control 
structures, etc.) will deliver the phosphorus to the photic zone of the lake and encourage 
algae growth and the basin-wide spread. A very cursory evaluation of each of the 
potential causes from the 2002 Algae Task Force based on whether it was a trigger or if it 
contributed to the sustained basin-wide algae bloom is as follows: 
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1. Above average precipitation in January and February of 2001 causing runoff at the 
time of algae growth in the Bay.  This potential cause is very likely a trigger because 
there were a number of storms in the winter of 2000 and spring of 2001. Storm events 
cannot be controlled, are a source of phosphorus and can warm the water entering 
Lake Mead.   
 

2. Warm temperatures of the rain causing the nutrient laden stormwater to float across 
the surface of the Bay.  This made nutrients available in the photic zone of the Bay 
and available for algal production. This potential cause is very likely a trigger 
because there were a number of storms in the winter of 2000 and spring of 2001.  
Storm events cannot be controlled, are a source of phosphorus and can warm the 
water entering Lake Mead.   

 
3. Spring time application of excess fertilizers carried into the Wash by stormwater.  The 

population of the Las Vegas valley has increased and therefore springtime 
application of fertilizer has likely increased.  This has occurred without additional 
algae blooms.  This factor is potentially less likely a trigger and more likely a sustaining 
factor in a basin-wide algae bloom due to a potential to increase phosphorus 
concentrations. 

 
4. The lowering of Lake Mead caused a reworking of the sediments at the delta making 

more nutrients available.  The elevation of Lake Mead has continued to decline and 
the delta sediments continue to be reworked without additional algae blooms or an 
increase in phosphorus concentrations.  This factor is potentially less likely a trigger 
and more likely a sustaining factor in a basin-wide algae bloom due to a potential 
increase in phosphorus concentrations. 
 

5. The lowering of Lake Mead formed a wider delta, which increased temperatures, 
which caused the Wash to float across the surface as it entered the Bay.  The 
elevation of Lake Mead has continued to decline and the delta has continued to 
grow allowing more time for the water of the Wash to warm without additional algae 
blooms.  This factor is potentially less likely a trigger and more likely a sustaining factor 
in a basin-wide algae bloom due to warming of the Wash water which delivers the 
nutrients to the photic zone. 
 

6. High phosphorus load from the wastewater dischargers during the winter of 2001.  
One of the main changes that have occurred since the last algae bloom is the 
amount of phosphorus entering Lake Mead due to improved phosphorus removal by 
the wastewater treatment plants.  The wastewater agencies began removing 
phosphorus year round in 2002.  A second effort of enhanced voluntary Total P 
removal began in February 2005. At current treatment levels this factor is potentially 
less likely a trigger and more likely a sustaining factor in a basin-wide algae bloom 
because it is still the major source of soluble phosphorus entering Lake Mead.   
 

7. The construction of the erosion control structures to prevent excessive sediments from 
entering the Bay slowing down the flow in the Wash and allowing the temperature to 
warm.  Additional erosion control structures have been built in the Las Vegas Wash in 
the past ten years allowing more time for the water of the Wash to warm without 
additional algae blooms. This factor is potentially less likely a trigger and more likely a 
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sustaining factor in a basin-wide algae bloom due to warming of the Wash water 
which delivers the nutrients to the photic zone.  
 

8. Winds pushed the algae bloom from the Bay into the Boulder Basin of Lake Mead all 
the way to Hoover Dam.  This contributing factor cannot be controlled and continues 
to disperse phosphorus throughout Lake Mead. This factor is potentially less likely a 
trigger and more likely a sustaining factor in a basin-wide algae bloom. 

 
Conclusions 
It is not possible to determine the exact causes (triggers) of the 2001 algae bloom because 
at the time insufficient data was collected. 
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 9 
Build SCOP Project To Obtain More Assimilative Capacity 
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Summary of Previous Task Force 
In 2001 the Algae Task Force made several recommendations related to Lake Mead in 
response to the algae bloom.  One of these recommendations was the construction of 
the SCOP Project help to obtain more phosphorus assimilative capacity for Lake Mead.  
 
Summary of Data Collected Since Previous Task Force  
Since 2001, there has been ongoing water quality monitoring by the CCWRD, COH, City 
of Las Vegas, SNWA, National Park Service, Reclamation, NDOW and others.  The data 
has been collected for permit requirements, process control, modeling and related 
studies.  Most of the Lake Mead data that has been collected is available in the SNWA 
Lower Colorado River Regional Water Quality Database.  As these data show, 
wastewater treatment has continued to improve in the Las Vegas Valley and 
phosphorus concentrations have continued to decline.  There has not been an 
exceedance of the Chl-a WQS since 2006.  The graphs below show the Chl-a data 
(Figures 9-1 to 9-11). 

A decision was made to terminate the SCOP Project in 2011 because the additional 
assimilative capacity was not deemed necessary for many years due to the improved 
wastewater treatment in the valley. 

  Figure 9-1:  LWLVB1.85 Chl-a monthly mean – 1992-2011 
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Figure 9-3:  LWLVB1.85 Chl-a for 4 consecutive summers mean – 1992-2011 
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Figure 9-5:  LWLVB3.5 Chl-a growing season mean – 1992-2011 
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Figure 9-7:  BB3 Chl-a single value – 2001-2009 
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Figure 9-9:  CR346.4 Chl-a single value – 1991-2009 
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Figure 9-11:  CR350.0SE0.55 Chl-a single value – 2001-2010 

Recommendations for Future Data Collections 
A recommendation for this committee would be to continue the current monitoring 
programs that are in place on Lake Mead and the Wash. 
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Characterize Wash Insertions Into The Bay 
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The introduction of water from the Wash into Lake Mead occurs in the Bay and the position 
of this water in the water column is dependent on a complex interplay of temperature and 
specific conductance. Water quality changes occur in the Wash on diurnal to weekly 
timescales and on weekly to monthly timescales in the Bay.  These water quality changes, 
as well as the temperature and specific conductance of both water bodies, determine the 
fate and importance of this water. 
 
Density is the primary factor influencing the placement of inflowing water during periods of 
limited wind driven mixing. When the wind is sufficiently strong and of extended duration, it 
can result in rapid mixing of the inflowing Wash water throughout the water column. Density 
of the water is primarily determined by temperature. Pure water has a density of 1 kg/L at  
4 °C, decreasing as the temperature increases. In addition to the density decreases with 
increasing temperature, the rate at which the density change increases as temperatures 
rise.  As a result of this while the difference in density between 13 and 14 °C water is 
~1.36x10-4 kg/L the difference between 23 and 24 °C is 2.44x10-4 kg/L. While these 
differences seem small, they are sufficient to determine the position of the inflow in the 
water column. 
 
 
Figure 10-1: Wash and Delta/Lake interface temperature – 2001-2010  
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The role of total dissolved solids (TDS) in influencing water density is more straightforward, 
the mass of solute dissolved in the water is simply added to the mass of the water. For this 
exercise, a TDS conversion factor for specific conductance was determined empirically 
from simultaneous measurements of both parameters. The resulting relationship indicates 
that specific conductance can be converted to TDS by the formula: 
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interflows at specific depths in the water column but does present the data necessary to 
determine the occurrence of overflow, underflow, and interflow conditions.  Two locations 
in the Bay were included to gauge the intrusion of the Wash water, as a distinct parcel of 
water, out into Boulder Basin. 
 

Figure 10-3:  Annual (2001 – 2011 combined) pattern of density for Wash water and at LVB4.15 at 
the top and the bottom of the water column.  Lines drawn through the data are to indicate general 
patterns, not statistical relationships 

 

  
 

Figure 10-3 combines all data collected from May 2001 to May 2011 at LVB4.15 and LW0.8. 
Collection dates were converted to day of the year values in an attempt to document a 
generalized annual pattern across multiple years. Values for the density at the surface of 
LVB4.15 are shown in the red diamonds, data from the bottom of the water column as blue 
squares, and data from LW0.8 as green triangles.  The lines of corresponding colors were 
drawn through the data in order to display the general pattern rather than statistical 
relationships. The order of the Y-axis, density values, is reversed with lower values at the top 
in order to reflect the pattern as seen in the lake. 
 
The annual pattern of interaction begins the year (January to March) with the location of 
the Wash being highly variable, depending on day to day changes in the temperature of 
the Wash. When weather conditions are cold, the water will enter as an underflow, with a 
few days of warmer weather, it can shift to an overflow until the next cold weather system. 
In general the water column in the Bay is not stratified during this period, removing a density 
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barrier to vertical movement. During this period extended warm weather can result in 
extended loading of the Wash water to the surface of the lake, loading that can be ended 
by cool weather or dispersed through the water column by wind driven mixing. Alternatively 
extended cold weather would result in the Wash water traveling at the bottom of the lake, 
interrupted by warmer weather. Wind would have less of an impact, or would require 
additional wind energy, to mix the underflow through the water column. 
 
From March to June there is a gradual shift in the inflow pattern. Underflows have not been 
observed after the end of March. Overflows become less common as interflows increase in 
frequency.  This combination of changes occurs as a result of the gradual warming of the 
Wash and the establishment of a stratified water column in the Bay. 
 
Between June and September the Wash enters Lake Mead as an interflow the 
overwhelming majority of the time. There continues to be the possibility of occasional 
overflow conditions based on the Wash density data. These overflows appear to be of short 
duration and are seldom observed in the Lake Mead data, likely owing to the short duration 
and the ability of the wind to mix this water through the water column. Based on profiles 
from Lake Mead sampling (not included) these interflows most often travel through the Bay 
along the surface of the thermocline. Despite the high clarity of Lake Mead water, the 
nutrients in the interflow are relatively unavailable to the surface phytoplankton due to the 
depth of the thermocline. 
 
From October through the end of the year the Wash water transition from an interflow to an 
underflow. The timing of this transition is determined by the seasonal cooling of the Wash 
and the de-stratification of the Lake Mead water column. As with the earlier parts of the 
year, short periods of intense warming or cooling can produce short terms shifts in the inflow 
position in any given year.  
 
These overall patterns can be combined to suggest the likely location of the Wash water in 
the Lake Mead water column in any season. This generalized pattern is summarized in Table 
10-1.  Based on this generalized pattern the spring of the year warrants the greatest scrutiny. 
Periods of warm weather or storm conditions during warm periods have the greatest 
potential to shift the nutrient loading of the Wash to the surface water of Lake Mead.  
 
             Table 10-1:  Summary of likely inflow positions at LVB4.15 based on season 

 
Season Inflow Position 

Winter Underflow most likely 
 

Spring Any inflow location possible, highest likelihood 
of overflow conditions 

Summer Interflow most likely 
 

Fall Interflow or underflow most likely, overflows 
possible 

 
 
Figures 10-4 and 10-5, discussed below highlight occasions that are, can be, and have 
been, exceptions to these patterns.  Figure 10-4 shows the results of density calculations for 
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LVB4.15 and the Wash for data available from 2001 to mid-2011.  This is the same data used 
in Figure 10-3, however it is displayed across all years to highlight inter-annual differences. 
The surface density follows the expected pattern, low during the high density in the winter 
months and low density in summer months, with very little year to year variation.  There were 
years with slightly higher and slightly lower mid-summer densities, reflecting changes in lake  
stratification conditions. In contrast the density at the bottom of the water column gradually 
decreased over the 10 year period. This change was produced by declining surface 
elevation (storage) in the lake overall. In effect the water column at LVB4.15 became less 
deep over this decade resulting in increased warming of the bottom water and earlier 
mixing of the water column. 

 
        Figure 10-4: Density of Wash (LW0.55) and density at the surface and at the bottom  
        of LVB4.15 from January 2001 to June of 2011. 

 

  
 
As would be expected, the ten year pattern follows the summary pattern presented in 
Figure 10-3, but year to year variability reveals significant patterns in select years that may 
be instructive.  There are years where spring overflow conditions have been more or less 
common. Through 2005, spring overflow conditions were frequently observed.  From 2006 
through 2010, while overflow conditions did occur, they were far less frequent than during 
the earlier period. This suggests that during the latter half of the decade there was less risk of 
surface nutrient loading during the spring. 
Seasonal underflow conditions followed the opposite pattern, more frequent during the 
latter half of the 2000’s than during the earlier half. Coupled with the decreased surface 
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loading, this indicates that spring nutrient loading shifted from the surface to the bottom of 
the water column. This should simultaneously have reduced the likelihood of algal blooms. 
Coupled with the reductions in effluent nutrient loading, this effect can be seen in the 
gradual reduction in summertime Chl-a concentrations in the Bay. 

 
Figure 10-5 is similar to Figures 10-3 and 10-4 except that it shows the lake density at LVB6.7, 
approximately 2.5 miles further out into the lake, near the confluence of the Bay and 
Boulder Basin. The general pattern of density in the lake is similar to that seen at LVB4.15 
(Figure 11-4), with the most substantial difference being the relatively low variability in 
bottom water density.  This is directly related to the increased depth of the water column at 
LVB6.7.  Additionally the density at the bottom of LVB6.7 did not show the decadal shift of 
earlier de-stratification seen at LVB4.15, again reflecting the greater depth despite the 
decline in lake surface elevations. 

 
       Figure 10-5: Density of Wash (LW0.55) and density at the surface and at the bottom  
       of LVB6.7 from January 2001 to June of 2011 

 

 
 
The spring overflows of Wash water followed the same general pattern as was seen at 
LVB4.15. From 2002 to 2005 spring overflows were common, whereas during 2006 – 2010 
overflows were less common, being replaced by interflows. These interflows continued 
through the late fall of the year when the water column of the lake mixed.  
 
Interflows that appear possible in Figure 10-5 may or may not appear in lake profile data.  If 
wind driven mixing in the inner Bay is sufficient, the Wash flow can be mixed with lake water 

0.995

0.996

0.997

0.998

0.999

1

1.001
Jan-01 Jan-02 Jan-03 Jan-04 Jan-05 Jan-06 Jan-07 Jan-08 Jan-09 Jan-10 Jan-11

De
ns

ity
 m

g/
m

L 

Surface Density
Bottom Density
LVW Density



84 
 

 
 

before reaching LVB6.7.  The data presented in this figure was generated by calculations 
from measured values, not observations of interflows in the lake itself.   
 
Underflows were similar from 2002 – 2005, occurring at the end of the stratified period.  At 
LVB6.7 this pattern continued in the latter half of the decade, unlike the pattern at LVB4.15.  
This was a product of the more stable bottom conditions, less impacted by the decrease in 
lake surface elevation. 
 
Overall, LVB6.7 data demonstrate that it has been less likely for Wash water to reach this 
location, but that it can occur. The result of this is that it is possible for Wash nutrient loads to 
reach the outer Bay and potentially Boulder Basin, depending on the temperature and 
specific conductivity values of the wash and lake. 
 
Conclusions 
While the specific depth of the Wash insertion in the Bay changes from day to day based 
on changing conditions, generalizations are possible. 
 

• Winter conditions usually result in underflow conditions, reducing the potential 
impact of Wash nutrient loading. 
 

• Spring conditions are the most variable and susceptible to storm event influences.  
The potential impact of Wash nutrient loading needs to be assessed for individual 
storms and sampling conditions especially for warm spring rains which have the 
greatest chance for an overflow into the Bay.  These spring nutrient loadings during 
periods of the initial annual algae growths can be a major contributor to 
spring/summer algae blooms. 
 

• Summer conditions are likely to produce interflows of the Wash water. This should 
reduce the potential impact of nutrient loading as long as the depth of the 
thermocline remains at or below the depth of light penetration. 
 

• Fall conditions are most favorable for an interflow, shifting to underflow conditions. 
This should reduce the potential impact of nutrient loading most of the time. As with 
the spring, overflow conditions are possible and could result in nutrient loading to the 
surface water.  If this were to stimulate the phytoplankton community, it is likely that 
an event would be short lived.  The colder weather conditions, shortened day length 
and lake mixing would decrease the likelihood of a sustained bloom. 
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Characterize Wash Temperature Increases Across The Delta 
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Data for Wash temperature were gathered from the Lower Colorado River Water Quality 
Database for Wash sites LW 0.55/0.8/0.9.  These sites are very close to each other and are 
considered the same site.  The temperature at this site was taken to represents the Wash 
temperature before traveling through the delta.   Data was also found for the delta/lake 
interface site (LWLVB).  The temperature data at LWLVB was collected by positioning the 
boat as close as possible to the delta and taking a temperature reading before the water 
enters the lake.  LWLVB is considered to be the temperature of the Wash after passing 
across the delta.  Data was collected for the temperature of LW0.55/0.8/0.9 and LWLVB for 
the years 2001 through 2012 (Figure 11-1).  In the summertime the water at LWLVB is 
generally warmer than the Wash flow entering the delta (LW0.55/0.8/0.9) and in the winter 
the water at LWLVB is cooler than LW0.55/0.8/0.9.   
 
Figure 11-1: Wash and LWLVB temperature – 2001-2012 

 
 
The Wash is primarily made up of rising groundwater and wastewater.  The rising 
groundwater temperature does vary during the year.  The temperature of the wastewater, 
Wash water, and water at LWLVB rises and falls with the seasons, but the temperature 
fluctuations at LWLVB seem to be more extreme.   There is an approximately 0 to 6 ˚C 
increase in temperature between LW0.55/0.8/0.9 and LWLVB in the summer and an 
approximately 0 to 4 ˚C decrease in the winter.  During the time period (2001 – 2012) the 
lake elevation in Lake Mead declined dramatically and the delta distance was extended, 
thus making any analysis of these data more complex.  Without additional data it is difficult 
to determine the exact impact of the delta on the temperature of the Wash as it enters 
Lake Mead.   
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Figure 11-2: Wash and LWLVB temperature – 2000-2001 

 
 
 
Conclusions 
In some years there is a temperature difference between LW0.55/0.8/0.9 and LWLVB and in 
other years there is not.  The current dataset does not allow for an accurate assessment of 
the temperature increase of Wash water across the delta in the Bay. 
 
Recommendations for Future Data Collections 
If temperature increase or decrease across the delta is determined to be an important 
factor in any future algal bloom assessments, temperature measuring devices should be 
deployed at various distances along the delta to accurately determine the temperature 
changes. 
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12 
Further Study Nutrient Release From Sediment As Lake Mead Lowers 
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Summary of Previous Task Force:  
The previous Algae Task Force recommended that there be a project to determine if there 
will be any additional nutrient release from the sediments in the Bay delta as the elevation 
in Lake Mead declines. 
 
Summary of Data Collected Since Previous Task Force: 
An extensive delta has been formed and exposed in the Bay as a result of falling water 
levels in Lake Mead.  As a result, the Reclamation performed a study of the delta sediments 
in 2001 to determine the potential effect contaminants stored in the sediments may have 
on the water quality in Lake Mead. 
 
A delta was exposed and extended in the Bay in 2001 as a result of falling water levels in 
Lake Mead.  The delta is composed primarily of sediments from the Wash that have been 
continually transported toward Lake Mead and that were exposed as the lake dropped 
more than 30 feet during 2001.  At that time there was considerable debate as to the 
composition and effect of these sediments in the delta on water quality in Lake Mead.  In 
order to address this issue, in 2001 sediment samples from the delta were collected and 
analyzed.  Analyses included nutrients, metals, and perchlorate in sediments, sediment 
leachate from equilibrations with water from Lake Mead and the Wash, and pore water 
(water extracted from the sediment core). 
 
Thirty-six sediment core samples were collected by MWH from nine sites on the exposed 
delta of the Wash on August 28, 2001 (Reclamation, July 2002).  Samples were also 
collected from the very edge of the delta at location LWLVB and LWLVB_B (Figure 12-1). 
 
   Figure 12-1:  Sediment sampling locations 
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Samples were analyzed at Reclamation’s Denver laboratory for total metals.  Sediment 
leachate and pore water were also sampled.  Samples were analyzed for calcium, 
magnesium, sodium, potassium, aluminum, antimony, arsenic, barium, beryllium, cadmium, 
chromium, copper, iron, lead, manganese, mercury, nickel, selenium, silver, thallium, zinc, 
total Kjeldahl nitrogen, nitrate + nitrite, ammonia, Total P, ortho phosphorus, and 
perchlorate.  The sediments were also characterized for density and organic content.   
 
The sediment core samples were composed of sand, gravel, and pebbles greater than ¼ 
inch in diameter.  In general, the upper 6 inches of the cores contained finer material than 
the bottom 6 inches.  Cores from the center of the stream channel (Stations 74, 75, and 76) 
had slightly higher water content than other cores, but density and organic content were 
similar for all cores.  The organic content was low.  Only 2 of the 38 sediment samples tested 
had more than one percent organic matter. 
 
Concentrations of all parameters examined were higher in the sediment pore water 
samples than in Lake Mead water collected at the SNWA Intake site.  Ammonia, TKN, and 
perchlorate were also higher in the sediment pore water than in water from the Wash, while 
concentrations of phosphorus and nitrate were lower.  The loss of nitrate and increase in 
ammonia was expected because dissolved oxygen concentrations and redox conditions in 
sediments are typically lower than those in overlying water, which favors conversion of 
nitrate to nitrogen gas and the decomposition of organic matter to ammonia.  Lower 
concentrations of phosphorus in the sediment pore water observed in the study were 
potentially a result of dilution of sediment pore water at the leading edge of the delta with 
water from Lake Mead.  Most metal concentrations were higher in the sediment pore water 
samples than in either the water from Lake Mead or the Wash. 
 
Leachate testing was conducted using water from the SNWA Intake site in Lake Mead and 
the Wash.  The concentrations of nutrients and perchlorate in the extracts from the core 
samples were quite variable.  In general, metal concentrations in the leachate were much 
less variable.  Because nutrient were released from the core samples to Lake Mead water 
during the leachate testes, the test was repeated using water from the Wash.  Those results 
were significantly different from the equilibrations using Lake Mead water with the sediment 
absorbing the nutrients. 
 
Measured Total P concentrations in the delta sediments ranged from 770 to 1,270 mg/kg.  
These concentrations are typical of concentrations found in inorganic lake sediments and 
also very similar to those found in the Earth’s crust.  Sediment nitrogen concentrations were 
relatively low, which is expected for sediments with very low levels of organic matter.  The 
concentrations of perchlorate extracted from the delta sediments were less than those 
observed by Reclamation in the Wash water from the same location, indicating that the 
delta sediments are not a source of perchlorate.  Concentrations of most metals in the 
delta sediments were similar to average concentrations in the Earth’s crust and were well 
below the lowest effect levels.  The only exceptions were antimony, arsenic, chromium, and 
selenium.  These four metals were all found at levels over twice as high as average Earth’s 
crust concentrations. 
  
Conclusions 
Based on the analysis of the data collected by Reclamation the following conclusions were 
made.  Sediments from the delta forming in the Bay are composed primarily of sand, 



91 
 

 
 

gravel, and fine to medium pebbles.  The variability observed in the test results was a result 
of the non-homogenous nature of the samples collected.  In combination with a very low 
content of organic matter the delta sediments have only a limited capacity to absorb or 
release nutrients and metals. 
 
The leaching tests performed during this study indicate that the delta sediments have the 
potential to release phosphorus if they are mixed with lake water, but they remove 
phosphorus from the water column when mixed the water from the Wash.  Delta sediments 
are not serving as a significant source of phosphorus to the Wash before it enters the Bay.   
Phosphorus on the delta is supplied by the Wash inflow, but this relationship becomes more 
complex when the sediment comes in contact with Lake Mead water. 
 
Arsenic was the only test variable which exceeded standards for all water and sediment 
samples.  This element is frequently found at elevated levels in soils in the western United 
States, and its presence in the delta sediments probably originates from that source.  Lake 
Mead has continued to drop in elevation since the algae bloom in 2001.  Lake Mead 
reached a minimum elevation of approximately 1090 feet in 2010.  The sediments have 
continued to rework themselves as the lake lowered.  Because the Chl-a concentrations in 
the Bay were extremely low, it would appear that there was not a correlation between 
nutrients in the delta and the 2001 algae bloom.  
 
Recommendations for Future Data Collections  
Since this work was completed in 2001 the delta has expanded dramatically in the Bay 
(Figure 12-2).   
 
    Figure 12-2 – Movement of Wash delta into the Bay - 1998 to 2010 
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Lake Mead elevations and phosphorus concentrations have been declining (Figure 12-3).  
Phosphorus concentrations have been decreasing due to the efforts of the three wastewater 
agencies.  All three have implemented optimized treatment and have constructed new 
treatment facilities to reduce phosphorus concentrations in their effluent. 
 
 
    Figure 12-3:  Lake Mead elevations and annual Total P load from wastewater treatment plants 
 

 
 
 
Given that many of the conditions that were found in the original research have changed 
since the study was completed, additional sediment investigations may be necessary.  The 
study could be repeated without the analysis of metals to reduce costs.   
 
Reference 
US Department of the Interior, Bureau of Reclamation, Technical Service Center, “Analysis of 

Sediments from the Las Vegas Bay Delta, Lake Mead”, TM #8220-10-02, July 2002 
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 13 
Determine Impacts From Construction Of Erosion Control Structures 
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Reduction Rates of OP, TP and TKN during 2003-2007
between LW5.9 and LW0.8
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Beginning in 1998, the Las Vegas Wash Coordination Committee implemented long-term 
management strategies for the Wash.  A series of projects were undertaken to control 
erosion, improve water quality, and enhance the ecosystem of the Wash.  These projects 
included construction of several ECS and a wetland park.  In total, 22 structures are planned 
for the Wash.  As of October 2010, 12 weirs are in place.  The ECS have provided benefits in 
terms of water quality improvement and ecosystem enhancement.  Another 3-5 ECS will be 
constructed by the National Park Service. 
 
Wash data from SNWA and COH were used in evaluating the ECS impacts on the possible 
algae bloom in the Lake Mead.  SNWA data is from Water Quality Monitoring in the 
Mainstream Wash, 2003-2007 report.  COH data is from bi-weekly NDEPS permit Wash 
sampling program collected for period of 1994-2010.  
 
Water Quality Monitoring in the Mainstream Wash, 2003-2007 1 
The data collected during this sampling period indicates an overall decrease of phosphorus 
from LW5.9 to LW0.8 (Figure 13-1).  The report states that the ECS reduce flow velocity and 
result in the deposition of significant amount of TSS.   The phosphorus reduction can be 
attributed to the decline in TSS in the Wash facilitated by the construction of ECS, which 
slowed the flow of the water allowing particles to settle out.  Annual average phosphorus 
levels have decreased from 2003-2007 (Figures 13-2 and 13-3) due to voluntary removal of 
phosphorus by the wastewater treatment plants and the wetlands system that have formed 
behind the ECS. 
 
   Figure 13-1:  Reduction rates of OP, Total P, TKN – 2003-2007 
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1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
LVW 6.05 0.26 0.18 0.22 0.17 0.16 0.26 0.23 0.17 0.17 0.12 0.08 0.07 0.08 0.08 0.09 0.07 0.06
LVW 0.55 0.22 0.15 0.18 0.16 0.16 0.25 0.21 0.15 0.14 0.11 0.08 0.06 0.07 0.08 0.09 0.07 0.05
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      Figure 13-2: Wash average annual Total P: Dry Weather – 1994-2010 

 

 

Figure 13-3: Wash average annual Ortho Phosphorus: Dry Weather – 1994-2010 

    

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
LVW 6.05 0.39 0.28 0.33 0.29 0.38 0.32 0.31 0.21 0.23 0.22 0.14 0.13 0.13 0.13 0.14 0.12 0.11
LVW 0.55 0.44 0.27 0.29 0.30 0.51 0.48 0.32 0.22 0.23 0.26 0.16 0.14 0.12 0.12 0.13 0.11 0.10
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1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Reduction Rate Total P -11 4 12 -3 -34 -52 -3 -5 1 -20 -15 -8 8 9 8 9 9
Reduction Rate Ortho P 14 17 16 5 0 5 8 12 18 8 0 14 13 2 4 1 13
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Reduction Rate Of Ortho and Total P during 1994 - 2010 between 
LW6.05 and LW0.55 

During the period from 1994 to 2005 the data show an increase in Total P concentrations 
between LW6.05 and LW0.55 sites (Figure 13-4).  Throughout this time the Wash did not have 
stable banks and several ECS were under construction.  Starting in 2006 there is a significant 
decrease (about 9%) in the concentrations of Total P.  At that time at least seven ECS were 
constructed below LW6.05 sampling site.  These ECS slowed down the  
Wash flow and reduced channel bed erosion, decreasing the amount of suspended 
sediment being transported in the water column as well as Total P concentrations. 

Figure 13-4:  Reduction rate of Ortho and Total P between LW6.05 and LW0.55 – 1994-2010 

 
Conclusion 
The ECS and the wetlands formed behind them play an important role in reducing nutrient 
levels by taking up phosphorus from the system and allowing TSS to settle out of the water 
column.  The water quality data from the mainstream sampling program indicate that the 
wetland systems created by the ECS play a positive role in improving water quality.   

References 
Southern Nevada Water Authority Resource Monitoring Water Quality Team, 2008. “Las 
Vegas Wash Mainstream Water Quality Report, 2003-2007” 
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Summary of Previous Task Force 
The 2001 Algae Task Force suggested that the agencies in the Las Vegas valley request 
Federal assistance to study the algae blooms. 
 
Summary of Data Collected Since Previous Task Force 
The Federal Agencies that have Lake Mead water quality monitoring programs are the 
National Park Service, Reclamation – Lower Colorado River Regional Office, Reclamation – 
TSC Denver, and USGS – Henderson. 
 
National Park Service: 
The National Park Service has collected bacteria sampling at seven high use areas on Lake 
Mead from1994 – Present.  These coves are: 
 
 Boulder Beach 
 Hemenway Harbor  
 Box Car Cove  
 Sandy Cove 
 James Bay 
 Teakettle Cove 
 Middle Point 
 
The samples are taken to the SNWA Laboratory and analyzed for fecal coliforms, E. coli, and 
fecal Streptococci.  These data are stored on file with the National Park Service and SNWA. 
 
The National Park Service also participates in adult quagga mussel monitoring at hard and 
soft sediment sites.  The hard and soft substrate sites are collected by the National Park 
Service and the samples are counted by UNLV.  The samples are collected quarterly and 
annually. 
  
The seven hard substrate sites are collected by divers and are as follows: 
 
Quarterly Sites: 
 Boulder Islands (80’,60’,40’,20’ and 10’) 
 Black Island (80’,60’,40’,20’ and 10’) 
 Sentinel Island (100’, 80’,60’,40’,20’and 10’) 
 
Annual Sites: 
 Overton Arm (80’,60’,40’,20 and 10’) 
 Temple Bar (80’,60’,40’,20’ and 10’) 
 Sandy Point (40’,20’ and 10’) 
  
 The soft sediment sites are collected using a ponar dredge at the locations in Table 3-1. 
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Table 14-1: Quarterly and Annual Sites: 
Quarterly Sites 

Sentinel CR 346.4 SNT100 
Sentinel CR 346.4 SNT360 
Sentinel CR 346.4 SNT370 

Las Vegas Bay LVB 7.3 LVB 7.3-20 
Las Vegas Bay LVB 7.3 LVB 7.3-30 
Las Vegas Bay LVB 7.3 LVB 7.3-80 
Las Vegas Bay LVB 7.3 LVB 7.3-150 
Las Vegas Bay LVB 7.3 LVB 7.3-200 
Las Vegas Bay LVB 7.3 LVB 7.3-275 
Las Vegas Bay LVB 3.5 LVB 3.5-32 
Las Vegas Bay LVB 3.5 LVB 3.5-35 
Las Vegas Bay LVB 3.5 LVB 3.5-36 

Callville CR 351.7 CLV010 
Callville CR 351.7 CLV050 
Callville CR 351.7 CLV100 
Callville CR 351.7 CLV150 
Callville CR 351.7 CLV200 
Callville CR 351.7 CLV250 
Callville CR 351.7 CLV300 
Callville CR 351.7 CLV350 

 
Annual  Sites: 

Overton Arm Overton Arm OVA020 
Overton Arm Overton Arm OVA050 
Overton Arm Overton Arm OVA070 
Overton Arm Overton Arm OVA100 

Virgin Virgin VRG050 
Virgin Virgin VRG150 
Virgin Virgin VRG250 
Virgin Virgin VRG300 

Temple Bar Temple Bar TBR060 
Temple Bar Temple Bar TBR100 
Temple Bar Temple Bar TBR200 
Temple Bar Temple Bar TBR250 

Gregg Gregg Basin GRB060 
Gregg Gregg Basin GRB100 
Gregg Gregg Basin GRB200 

 
Data is stored on file with the National Park Service and UNLV. 
 
Reclamation –Lower Colorado River Regional Office 
The Lower Colorado River Regional Office of Reclamation began collecting samples in Lake 
Mead beginning in 2007.   Field activities associated with the Lake Mead monitoring program 
are conducted at 22 established thalweg stations throughout the reservoir.  One of the days 
is spent on the Overton Arm to the extent of the Virgin and Muddy River inflows.  Another is 
spent on the upper reach of Lake Mead to the extent of the Colorado River inflow, and one 
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shorter day is needed to sample stations in the Bay and Boulder Basin.   The sampling stations 
are: 
 
CRLM_B  CR342.5  VRLM   LVB7.3   LVB4.15 
CR394.0  VR2.0   MRLM   CR355.75  LVB4.95 
CR390.0  VR6.0   LWLVB   CR346.4 
CR380.0  VR9.4   LVB2.7   VR18.0 
CR360.7  VR12.9   LVB3.5   VR25.1 
 
At each station, several activities are conducted to gather information and collect samples 
representative of the reservoir at that location.  Secchi depths are taken and profile data are 
collected for temperature, conductivity, dissolved oxygen, and pH.  Samples are collected 
for ortho phosphorus, Total P, Chl-a, Chl-b, Chl-c, pheophytin, TDS, cations, anions, silica, 
fluoride, phytoplankton, and zooplankton.  Quagga mussel veliger abundance is reported 
with the zooplankton results. 
 
To date, a report of the multi-year compilation of the quarterly Lake Mead data is in progress.   
 
Reclamation - TSC in Denver  
Limnology study throughout Lake Mead has been collected by the Reclamation TSC.  This 
program began with Boulder Basin in 1990 and was subsequently expanded by the TSC to 
include data on the Overton Arm beginning in 1999 and the Colorado River main stem in 
Lake Mead beginning in 2001.  Data collection on the Overton and Colorado River arms was 
significantly expanded in 2005.  
 
Variables measured by the limnology study include profiles for chemical and physical 
characteristics (temperature, dissolved oxygen, pH, and conductivity), major nutrients 
(nitrogen and phosphorus), water clarity (Secchi depth) and biological characteristics 
(phytoplankton and zooplankton).  Additional variables have periodically been added in 
response to specific threats to the water quality in Lake Mead that could have adverse 
impacts on recreation or use of the reservoir as a drinking water source (perchlorate, 
bacteria, and algal toxins).  Most recently, variables that could impact water use and 
treatability were added including arsenic, bromide, and total organic carbon (TOC).  
Analysis of bacteria samples will be discontinued in 2010 because those analyses are 
included in other programs, such as the NPS beach monitoring program, at locations that are 
of more concern.  Monitoring for Dreissenid veligers was added as a separate component of 
the program in 2007 and is now combined with the limnology project.  All data from the 
limnology program are housed in a central data repository hosted by SNWA.   
 
Monitoring for the identification and enumeration of Dreissenid sp. veligers will continue at 
the four existing stations (Sandy Point, Temple Bar, Echo Bay, and Hoover Dam) that were 
part of the Dreissenid sp. monitoring program.  The Dreissenid sp. monitoring will be combined 
with the limnology study and will no longer include analyses of calcium and magnesium 
since additional data for those variables is no longer needed to assess the potential spread 
of Quagga mussels in Lake Mead. 
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-Boulder Basin Monthly sampling at up to eight locations. 
-Overton Arm Monthly sampling at up to nine locations.  
-Colorado River Arm Monthly sampling at six locations. 
 
USGS - Henderson Office  
USGS operates a near continuously reading Water Quality Platforms in Boulder Basin.  The 
equipment conducts four profiles every twenty four hours and provides depth dependent 
water quality data Lake Mead.  The water quality parameters monitored are: 
 - Specific Conductance 
 - pH 
 - Water Temperature 
 - Dissolved Oxygen 
 - Turbidity 
 - Fluorescence 

- Chl- a and b; Pheophytin a (samples collected and sent to NWQL for analyses – 
Water Years 2005 - 2009) 

 
Hourly meteorological data is also collected from a station located close to Sentinel Island 
on Lake Mead.  The data collected are: 
 
 - Air Temperature 
 - Barometric Pressure 
 - Relative Humidity 
 - Solar Radiation 
 - Wind Speed and Direction 
 
Hourly water-velocity data from station locations on Lake Mead are also conducted using an 
ADCP. 
 
There have been a number of platforms in Lake Mead that have collected data for varying 
periods of time.   The Period-of-Record by Station is: 
 
Las Vegas Bay 1 10/01/00 – 07/09/01 
Las Vegas Bay 2 09/06/01 – 06/19/02 
Las Vegas Bay 3 04/04/03 – 04/30/09 
Las Vegas Bay 4 11/05/09 – 04/09/10  
Overton Arm  01/20/05 – 06/17/09  
Sentinel Island 01/24/02 – Present 
Temple Basin  07/29/08 – 09/29/10 
Virgin Basin  02/10/05 – 09/30/09 
 
A USGS Scientific Investigations Report is underway for water quality data collected between 
Water Years 2005 - 2009 and should be online after April, 2011.  The link for all USGS data in 
the annual data reports that are available online is:  http://wdr.water.usgs.gov/  
Some of the other data reports for Lake Mead are: 
 
Gasoline-related compounds in Lakes Mead and Mohave, Nevada, 2004–06:  
U.S. Geological Survey Scientific Investigations Report 2007–5144, 28 p. 
http://pubs.usgs.gov/sir/2007/5144/  

http://wdr.water.usgs.gov/
http://pubs.usgs.gov/sir/2007/5144/
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Virgin River flood flow monitoring, USGS. 
 
Sediment Sampling (Benthic), (Carson City) and UNR 
 
Conclusions 
Federal agencies have been collecting water quality data on Lake Mead and entering the 
results into various databases for use by agencies.   In the event of an algae bloom the 
causes (triggers) may be able to be determined. 
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1 Characterize Impacts from Lake Las Vegas 
• The data collected to date would indicate that the seeding of the Las Vegas Bay with 

Prymnesium parvum is remotely feasible.  Water quality conditions in the Las Vegas 
Bay are not favorable for the growth of Prymnesium parvum.   

 
2 History of Chl-a Standards and TMDL for Lake Mead 

• The Chl-a standards for the Bay and Lake Mead are RMHQs and not beneficial use 
standards.  RMHQs are set to control degradation of those waters with quality better 
than that needed to support the beneficial uses.  Discharges are not allowed to cause 
exceedances of beneficial use standards. 
   

• An important difference between RMHQs and beneficial use standards is that RMHQs 
are not used in developing 303(d) listings. 
 

• The current Chl-a standards are based upon measured Chl-a levels during 1981-85 
(1987 standards) and 1991-96 (1998 standards revisions).  However, during these 
periods, Lake Mead water levels were about 100 feet higher than current levels.  As 
such, it is uncertain if the current RMHQs are appropriate for the lower lake levels. 
 

• Since establishment of the TMDL for Total P, lake levels have dropped significantly, and 
Wash flows have increased significantly.  As a result, the dilution calculations and the 
Chl-a vs. Total P relationship may no longer be valid. 

 
3 WQS – Data Collection vs. Actual Lake Mead Data 

• This chapter uses a timeline to present an integrated picture of the evolution of the Las 
Vegas watershed and its effect upon water quality of Bay.  The discussion includes a 
summary of key events and changes in hydrology, wastewater treatment and the 
evolution of regulations. Since 2005, the water quality standards for the Las Vegas Bay 
have been met. 

 
4 Assess Non-Point Source Nutrient Loadings and Total P Load Estimates from the MS4 

• The largest annual loads to the Bay are contributed by dry weather flows (which 
include wastewater flows), but daily loads are highest during storm events. 
 

• The extensive urban growth in Las Vegas Valley in the past two decades has not 
increased the concentration of Total P in wet or dry weather flows, but has increased 
the average annual load through increases in runoff volumes. 
 

• The nonpoint source WLA of 100 lbs/day for the Total P TMDL is not exceeded during 
non-storm days, which is when the load allocation applies. 
 

• Efforts by WWTFs to reduce Total P in effluent discharges have been effective in 
reducing Total P in the lower Wash. 
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• Storm runoff produces high Total P concentrations and loads for short periods.  
Currently there is no load allocation for Total P during wet weather conditions. 
 

• BMPs employed in the Wash watershed addressing Total P have been effective in 
avoiding violation of the TMDL waste load allocation for nonpoint sources.  
 

• To understand the response of Total P concentrations to runoff for individual storms 
and storm types, pollutographs for Total P are needed.  The sampling protocol 
currently being used by the MS4 program does not meet this requirement. 
 

• Total P loads for individual storm events, need to be conducted. The sampling 
protocol currently being used by the MS4 program does not meet this requirement. 
 

• Additional cooperation could be valuable between the various sampling efforts on 
the lower Wash by the MS4 program, COH and Lake Las Vegas.  Combining resources 
could enhance the overall understanding of Total P transport in the Wash. 

5 Use Model to Determine Assimilative Capacity in the Bay and Lake Mead 
• Predicted Chl-a values being higher than the WQS are highest in the open water and 

at Station LWLVB3.5. 
 

• Estimated probabilities increase with increased effluent Total P load. 
o Probabilities are that Total P loads less than 275 lbs/day will be needed to 

control Chl-a. 
o It is predicted that the Chl-a WQS will be exceeded at all locations with the 

Total P load of 334 lbs/day. 
 

• Estimated probabilities are generally almost independent of effluent flow rate at a 
fixed Total P load. 
 

• Estimated probabilities may be over-estimated in the analysis due to the lack of 
inclusion of quagga mussels and loads from storms in the model. 
 

• The critical location of TIN is Station LWLVB1.2, where it is predicted that TIN values 
could be higher than the NAC WQS. TIN may become critical in the near future at this 
location if the TIN load increases and/or the water surface elevation decreases. 
 

• For TIN at Station LWLVB1.2, the probabilities of predicted values being higher than the 
WQS increase with effluent TIN load. 
 

• Potential increases in the TIN load and/or decreases in the water surface elevation 
may lead to a significant probability of TIN concentrations at LWLVB1.2 being higher 
than the WQS.  
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• The model predicts TIN concentrations at sample site LWLVB1.2 of <12.5 mg/L will be 
needed to meet water quality standards for a flow rate of 300mgd and at an 
elevation of 1050 feet (see Figure 5-7) 
 

• Agencies in southern Nevada will need to determine the acceptable risk associated 
with potential algae blooms and adjust wastewater phosphorus treatment levels 
accordingly.  

 
6 Voluntary Total P Removal at Treatment Plants 

• The WWTF in the Las Vegas valley have implemented optimized, year round 
phosphorus removal which has resulted in a reduction in Chl-a in Lake Mead. 

 
7 Quagga Mussels 

• Quagga mussels were first discovered in Lake Mead during the winter of 2007 and 
they have had significant impacts on infrastructure in and around Lake Mead.   

 
8 Conduct Study to Determine Exact Cause of 2001 Algal Bloom 

• It is not possible to determine the exact causes (triggers) of the 2001 algae bloom in 
Las Vegas Bay because at the time insufficient data was collected. 

 
9 Build SCOP Project to Obtain More Assimilative Capacity 

• A decision was made to terminate the SCOP Project in 2011 because the additional 
assimilative capacity was not deemed necessary for many years due to the improved 
wastewater treatment in the valley. 

 
10 Characterize Wash Insertions Into the Bay 

• Winter conditions usually result in underflow conditions, reducing the potential impact 
of Wash nutrient loading. 
 

• Spring conditions are the most variable and susceptible to storm event influences.  The 
potential impact of Wash nutrient loading needs to be assessed for individual storms 
and sampling conditions especially for warm spring rains which have the greatest 
chance for an overflow into the Bay.  These spring nutrient loadings during periods of 
the initial annual algae growths can be a major contributor to spring/summer algae 
blooms. 
 

• Summer conditions are likely to produce interflows of the Wash water. This should 
reduce the potential impact of nutrient loading as long as the depth of the 
thermocline remains at or below the depth of light penetration. 
 

• Fall conditions are most favorable for an interflow, shifting to underflow conditions. This 
should reduce the potential impact of nutrient loading most of the time. As with the 
spring, overflow conditions are possible and could result in nutrient loading to the 
surface water.  If this were to stimulate the phytoplankton community, it is likely that an 
event would be short lived.  The colder weather conditions, shortened day length and 
lake mixing would decrease the likelihood of a sustained bloom. 
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11 Characterize Wash Temperature Increases Across the Delta 
• In some years there is a temperature difference between LW0.55/0.8/0.9 and LWLVB 

and in other years there is not.  The current dataset does not allow for an accurate 
assessment of the temperature increase of Wash water across the delta in the Bay. 
 

• If temperature increase or decrease across the delta is determined to be an 
important factor in any future algal bloom assessments, temperature measuring 
devices should be deployed at various distances along the delta to accurately 
determine the temperature changes. 
 

12 Further Study Nutrient Release from Sediment as Lake Mead Lowers 
• Sediments from the delta forming in the Bay are composed primarily of sand, gravel, 

and fine to medium pebbles.  In combination with a very low content of organic 
matter the delta sediments have only a limited capacity to absorb or release nutrients 
and metals. 
 

• The leaching tests performed during this study indicate that the delta sediments have 
the potential to release phosphorus if they are mixed with lake water, but they remove 
phosphorus from the water column when mixed the water from the Wash.  Delta 
sediments are not serving as a significant source of phosphorus to the Wash before it 
enters the Bay.    
 

• Lake Mead has continued to drop in elevation since the algae bloom in 2001.  Lake 
Mead reached a minimum elevation of approximately 1090 feet in 2010.  The 
sediments have continued to rework themselves as the lake lowered.  Because the 
Chl-a concentrations in the Bay were extremely low, it would appear that there was 
not a correlation between nutrients in the delta and the 2001 algae bloom.  
 

13 Determine Impacts from Construction of Erosion Control Structures 
• The ECS and the wetlands formed behind them play an important role in reducing 

nutrient levels by taking up phosphorus from the system and allowing TSS to settle out 
of the water column.  The water quality data from the mainstream sampling program 
indicate that the wetland systems created by the ECS play a positive role in improving 
water quality.   

 
14 Look to the Federal Government to Fund More Research 

• Federal agencies have been collecting water quality data on Lake Mead and 
entering the results into various databases for use by agencies.   In the event of an 
algae bloom the causes (triggers) may be able to be determined. 
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Lake Las Vegas 
The Algae Task Force was reconvened in 2010 to study the 2010 golden algae bloom in Lake 
Las Vegas and its potential impact on the Bay.  The data collected to date would indicate 
that the seeding of the Bay with Prymnesium parvum is remotely feasible.  Water quality 
conditions in the Bay are not favorable for the growth of Prymnesium parvum.   
 
Bay/Boulder Basin  
The 2001 Algae Task Force recommended 10 activities to control future algae blooms.  Each 
of these recommendations has been addressed at length in the document and can be 
summarized as follows: 
 

1. Request Federal assistance to study the algae blooms.   Since the implementation of 
the recommendations of the 2001 Algae Task Force there have been no further algae 
blooms to study.   
 

2. Assess nutrient loadings into the Bay during both wet and dry weather conditions.   
There is data available in the Lower Colorado River Regional Water Quality Database 
which describes the Total P loading into the Bay during dry weather conditions.  This 
data has been summarized in Chapter 4 of this report.  The 2010 Algae Task Force has 
conducted limited sampling of wet weather flows. This data is also summarized in 
Chapter 4.    Phosphorus loadings during wet weather events can be quite large.    
 

3. Develop a model of the Bay to determine the assimilative capacity remaining in the 
Bay and the Boulder Basin.  The CWC as a part of its SCOP project developed a model 
for the Bay and the Boulder Basin.  The model did not address assimilative capacity 
remaining for the Bay and the Boulder Basin.  The model did predict that wastewater 
phosphorus discharges of less than 275 pounds Total P per day would be needed to 
comply with the Chl-a WQS in the Bay and the Boulder Basin.   The model did not 
address Total P loadings from wet weather flows and it did not take into account the 
impact that quagga mussels might have on the phytoplankton concentrations in Lake 
Mead.  It also suggested that the wastewater agencies would have to lower the TIN in 
their discharges to <12 mg/L to maintain compliance with the RMHQ. 
 

4. Begin year round phosphorus removal at the wastewater treatment plants.  The 
wastewater agencies began year round phosphorus removal in November 2002.  As a 
result of this effort the wastewater agencies lowered their average phosphorus 
discharged to less than 300 pounds per day. 
 

5. Conduct a Federally assisted study to determine the exact cause of the algae bloom.  
None of the studies to date have determined the exact cause (trigger) of the 2001 
algae bloom.  Data collected during and prior to the 2001algae bloom was minimal.  
Determinations of cause regarding the 2001 bloom are multifaceted and complex 
and not possible with the available data. 
 

6. Establish a working group to ensure that nutrient loadings are reduced from non-point 
sources.  A working group has not been established. 
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7. Proceed with the SCOP project as soon as possible.  The SCOP project has been 
terminated.  Due to the economic climate of the Las Vegas valley and the optimized 
treatment by the wastewater agencies, the SCOP project was deemed unnecessary. 
 

8. Increase sampling and water quality analysis for the Wash, the Bay and Boulder Basin.  
Sampling has increased since 2001 and all agencies are now contributing water 
quality data to the Lower Colorado River Regional Water Quality Database for use by 
other agencies.  Substantially more data exists to study an algae bloom should one 
occur. 
 

9. Study the nutrients in the sediments of the Bay.  Limited studies have been conducted 
and are discussed in Chapter 12 of this report. 
 

10. Conduct monthly meetings to review data and discuss possible solutions for algae 
control.  Frequent meetings are held to discuss water quality in the Wash and Lake 
Mead. 

 
 
Voluntary Phosphorus Removal by Wastewater Agencies  
The wastewater agencies voluntarily reduced phosphorus discharges in both 2002 and 
again in 2005.  In 2002, year round phosphorus removal reduced the amount of 
phosphorus entering Lake Mead to less than 300 pounds per day.  After the WWTF 
optimized in 2005, the phosphorus loading was reduced to about 200 pounds per day 
phosphorus.  After 2005, the Bay and Boulder Basin were compliant with the Chl-a WQS 
and the phosphorus loading from the treatment plants were reduced to pre-1956 
loadings. The Chl-a concentrations were the lowest recorded to date.  
 
Wet Weather Phosphorus Loadings 
Wet weather phosphorus loading continues to be an  potential cause (trigger) for algae 
blooms in the Bay.  The data collected by the 2010 Algae Task Force shows that the 
phosphorus loadings for storms appears to be quite large.   Data characterizing 
phosphorus loadings from wet weather flows is sparse but it still needs to be considered as 
a potential cause of future algae blooms.  It is recommended that more data be 
collected to characterize phosphorus loadings from storm flows.      
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