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EXECUTIVE SUMMARY 

Presently, treated effluent from the Clean Water Coalition (CWC) Member Agencies 
(i.e., Clark County Water Reclamation District, City of Las Vegas, City of Henderson, 
and City of North Las Vegas) Waste Water Treatment Plants (WWTPs) enters the 
Boulder Basin of Lake Mead as a surface flow via the Las Vegas Wash.  In 2002 the 
CWC commissioned Flow Science Incorporated to perform water quality modeling of the 
Boulder Basin of Lake Mead to evaluate alternative effluent discharge locations.  The 
relocation of the discharge from Las Vegas Wash (LVW) to Boulder Basin would be 
achieved through a series of pipelines and tunnels from the WWTPs to a deep water 
diffuser, under a proposed plan called Systems Conveyance and Operations Program 
(SCOP).   

The final Environmental Impact Statement (EIS) for SCOP was published in 
October 2006.  Since then a number of conditions have changed.  Lowering levels in 
Lake Mead, the proliferation of quagga mussels, and more effective wastewater treatment 
have occurred.  These changes have lead to the re-evaluation of the need for the SCOP.  
Thus, the CWC and Southern Nevada Water Authority (SNWA) commissioned Flow 
Science to perform additional water quality modeling and statistical analysis to provide 
support for the SCOP re-evaluation.  The present modeling and analysis re-evaluates the 
need for SCOP by examining the effect of all effluent being discharged to LVW, with 
respect to the Nevada Administrative Code (NAC) Water Quality Standards (WQS) for 
total inorganic nitrogen (TIN), total dissolved solids (TDS), and chlorophyll a. 

In the initial 2002 modeling, Flow Science used the Estuary Lake and Coastal Ocean 
Model (ELCOM), coupled with the Computational Aquatic Ecosystems Dynamics Model 
(CAEDYM), to develop the Boulder Basin Model (BBM).  The BBM was subsequently 
extended to include the Upper Basins, thus covering the whole of Lake Mead.  The 
Whole Lake Model (WLM) has advantages over the BBM, and is used for the present 
modeling analysis.  These advantages include replacement of the inflow boundary 
conditions at the Narrows with more clearly defined upstream inflow boundaries, and a 
more accurate phosphorus and algae calibration based upon improved in-reservoir 
phosphorus data and a longer model calibration/validation period.  This results in the 
WLM predicting lower chlorophyll a concentrations than the BBM for similar conditions.  
In addition, a more sophisticated statistical method for the estimation of probabilities that 
predicted parameter values will be higher than the NAC WQS was developed in the 
present analysis.  Therefore, the present modeling work benefits from recent 
enhancements to the modeling capability, which yield more accurate model results. 

In the present modeling, the WLM was used to simulate thirty-six (36) future case 
scenarios in which the effluent is discharged from LVW.  These simulations 
encompassed three fixed water surface elevations, three effluent flow rates (and 
corresponding SNWA withdrawals), and four effluent phosphorus loads (and 
corresponding effluent TIN concentrations).  The outputs from each of the thirty-six 
WLM simulations were used as inputs into a MATLAB statistical code that compared the 
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model results to the NAC WQS for TIN, TDS, and chlorophyll a.  The statistical analysis 
employed a Monte-Carlo approach to compute the probability of predicted values being 
higher than the NAC WQS for TIN, TDS, and chlorophyll a for a given condition. 

The following conclusions can be drawn from the modeling and statistical analysis.  
The probabilities discussed in the following refer to the probability that the predicted 
value is higher than the NAC WQS in any given year. 

• TDS is not critical, since the estimated probabilities of predicted TDS values 
being higher than the NAC WQS are negligible (less than one in 10,000) at all 
locations for all scenarios considered. 

• Estimated probabilities of predicted chlorophyll a values being higher than the 
NAC WQS are highest in the open water and at Station LWLVB3.5.  
However, the estimated probabilities are not too critical even when Year 2001 
(a year with anomalously high chlorophyll a measurements due to an unusual 
algae bloom) is included: 

o For the TP load of 125 lbs/day, the estimated probabilities of predicted 
chlorophyll a values being higher than the NAC WQS are a maximum 
of 0.1 percent at all locations for all scenarios when 2001 is excluded, 
compared with approximately 8 percent when 2001 is included. 

o For TP loads up to 275 lbs/day, the estimated probabilities of predicted 
chlorophyll a values being higher than the NAC WQS are generally 
less than 3 percent at all locations for all scenarios when 2001 is 
excluded, compared with 11 percent when 2001 is included. 

o For the TP load of 334 lbs/day, the estimated probabilities of predicted 
chlorophyll a values being higher than the NAC WQS are a maximum 
of 6 percent at all locations for all scenarios when 2001 is excluded, 
compared with 16 percent when 2001 is included. 

• Estimated probabilities for chlorophyll a may be over-estimated in the present 
analysis due to the lack of inclusion of quagga mussels in the 
ELCOM/CAEDYM model. 

• The critical location for 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 WSEL decreases. 

• Estimated probabilities of predicted TIN values being higher than the NAC 
WQS at the “all other locations” are all less than one in 10,000 for all 
scenarios.  Thus, TIN is not a critical parameter of concern at “all other 
locations” for the scenarios considered. 
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SUMMARY 

BACKGROUND 

Presently, treated effluent from the Clean Water Coalition (CWC) Member Agencies 
(i.e., Clark County Water Reclamation District, City of Las Vegas (COLV), City of 
Henderson (COH) and City of North Las Vegas) Waste Water Treatment Plants 
(WWTPs) enters the Boulder Basin of Lake Mead as a surface flow via the Las Vegas 
Wash (LVW).  Projected population growth in the Las Vegas Valley is expected to lead 
to higher future effluent flows, which may affect the water quality in Lake Mead.  In 
2002 the CWC commissioned Flow Science Incorporated to perform water quality 
modeling of the Boulder Basin of Lake Mead to evaluate alternative effluent discharge 
locations.  Flow Science subsequently used the Estuary Lake and Coastal Ocean Model 
(ELCOM), coupled with the Computational Aquatic Ecosystems Dynamics Model 
(CAEDYM), to develop the Boulder Basin Model (BBM). 

The relocation of the discharge from Las Vegas Wash to Boulder Basin would be 
achieved through a series of pipelines and tunnels from the WWTPs to a deep water 
diffuser, under a proposed plan called Systems Conveyance and Operations Program 
(SCOP).  The final Environmental Impact Statement (EIS) for SCOP was published in 
October 2006, and included the water quality modeling results.  Subsequent water quality 
modeling was performed to aid in the preliminary SCOP diffuser design. 

Since the water quality modeling was completed for the EIS and SCOP preliminary 
design, a number of conditions have changed.  Lowering levels in Lake Mead, the 
proliferation of quagga mussels, and more effective wastewater treatment have occurred.  
These changes have lead to the re-evaluation of the need for the SCOP.  The CWC and 
Southern Nevada Water Authority (SNWA) commissioned Flow Science Incorporated to 
perform additional water quality modeling and statistical analysis to provide support for 
the SCOP re-evaluation.  The present modeling and analysis re-evaluates the need for 
SCOP by examining the effect of all effluent being discharged to Las Vegas Wash, with 
respect to the Nevada Administrative Code (NAC) Water Quality Standards (WQS), for 
total inorganic nitrogen (TIN), total dissolved solids (TDS), and chlorophyll a.  These 
three parameters were identified as being critical by the CWC and SNWA.  In addition to 
supporting the SCOP re-evaluation, the results of the present work can be used in more 
general terms to evaluate the behavior of Lake Mead, with respect to the NAC WQS and 
other criteria, for future scenarios where the effluent is discharged to the Las Vegas 
Wash. 

WHOLE LAKE MODEL 

Since the previous modeling work the BBM has been extended to include the Upper 
Basins, thus covering the whole of Lake Mead.  The Whole Lake Model (WLM) has 
advantages over the BBM, and is used for the present modeling analysis.  The relevant 
advantages of using the WLM are summarized below: 
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• Nine year (2000 through 2008) calibration period, versus four years (2000 
through 2003). 

• Revised phosphorus and algae calibration based upon improved in-reservoir 
phosphorus data and a longer calibration period. 

o This results in the WLM predicting lower chlorophyll a concentrations 
than the BBM, for similar conditions. 

• Removal of the inflow boundary conditions at the Narrows, as is required by 
the BBM. 

APPROACH 

In the present modeling the WLM was used to simulate the reservoir operations using 
Years 2006 and 2007 hydrology and meteorology for thirty-six (36) future case scenarios 
in which the effluent is discharged from Las Vegas Wash.  These simulations 
encompassed three fixed WSELs, three effluent flow rates (and corresponding SNWA 
withdrawals), and four effluent phosphorus loads (and corresponding effluent TIN 
concentrations).  The parameters for the thirty-six simulations were determined 
collectively by the CWC Member Agencies, CWC and SNWA, in conjunction with Flow 
Science. 

The outputs from each of the thirty-six WLM simulations were used as inputs into a 
MATLAB statistical code that compared the model results to the NAC WQS for TIN, 
TDS, and chlorophyll a.  The MATLAB code was developed by Lordenstats statistical 
consultants:  Gary Lorden, Ph.D., Professor of Mathematics, Emeritus, Caltech and Jay 
Bartroff, Ph.D., Assistant Professor of Mathematics, USC.  The approach consisted of 
estimating the WLM errors at each of the sample points in the lake based on empirical 
statistical distributions derived from the difference between the calibration WLM 
simulations performed for known reservoir operations and meteorology and the 
corresponding measured field data from 2000 to 2008.  Then, the daily output of the 
WLM simulation results for each of the thirty-six scenarios (multiple WSEL, effluent 
flow rate, and effluent constituent concentrations) using Year 2007 hydrology and 
meteorology were sampled randomly in a manner designed to replicate the dates and 
locations of the actual in-lake sampling by the City of Las Vegas (COLV), SNWA and 
the United States Bureau of Reclamation (USBR).  After that, random statistical 
components based upon the empirical statistical distributions were added to the raw 
WLM model results obtained from each of the thirty-six ELCOM/CAEDYM simulations.  
The process was repeated many times using a Monte-Carlo approach resulting in ten-
thousand “realizations” for each of the thirty-six ELCOM/CAEDYM simulations.  
Statistical metrics relevant to the NAC WQS were computed for each realization, and the 
percentage of realizations with metrics that were higher than the NAC WQS was counted 
and presented as a probability that the predicted value is higher than the NAC WQS. 
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RESULTS 

The probabilities discussed in the following refer to the probability that the predicted 
value is higher than the NAC WQS in any given year.  For example, a probability of ten 
percent implies that in any given year there is a one-in-ten chance that the predicted value 
will be higher than the NAC WQS.  It does not imply that in any given ten year period 
there will be one year when the predicted value is higher than the NAC WQS.  In fact, for 
a ten percent (or one-in-ten probability) in any given year there is an approximately 
seventy percent (or seven-in-ten chance) that one or more years will have predicted 
values higher than the NAC WQS in any given ten-year period.  This is based on the 
binomial distribution that is presented in Section 6 of this report, along with a more 
detailed discussion of probabilities. 

Total Inorganic Nitrogen 

The NAC WQS for TIN apply separately to Station LWLVB1.2 and “all other” 
locations.  Station LWLVB1.2 is a movable station, located 1.2 miles from the 
confluence of the Las Vegas Wash with Lake Mead.  “All other” locations includes all 
the sample stations in Boulder Basin (including the Las Vegas Bay), other than Station 
LWLVB1.2. 

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

•  “All other” locations have a negligible (i.e., less than one in 10,000) 
probability of predicted values being higher than the NAC WQS for all 
scenarios considered. 

• The critical location for TIN is Station LWLVB1.2, where probabilities reach 
as high as 100 percent for scenarios with high effluent TIN loads. 

• For TIN at Station LWLVB1.2, the probabilities of predicted values being 
higher than the NAC WQS increase with effluent TIN load, i.e., the product of 
the effluent flow rate and the effluent TIN concentration. 

• For TIN at Station LWLVB1.2, the probabilities of predicted values being 
higher than the NAC WQS are strongly dependent upon the WSEL: 

o Lowest when WSEL is at 1,100 feet 

o Highest when WSEL is at 1,050 feet. 

• Potential increases in the TIN load and/or decreases in the WSEL may lead to 
a significant probability of TIN concentrations at Station LWLVB1.2 being 
higher than the NAC WQS. 
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Total Dissolved Solids 

The following conclusions can be drawn from the modeling and Monte-Carlo 
analysis for TDS: 

• Estimated probabilities of predicted TDS values being higher than the NAC 
WQS are negligible (less than one in 10,000) at all locations for all scenarios 
considered. 

• TDS is not critical. 

Chlorophyll a 

The NAC WQS for chlorophyll a apply separately to Stations LWLVB1.85, 
LWLVB2.7 and LWLVB3.5 and “open water” locations.  Stations LWLVB1.85, 
LWLVB2.7 and LWLVB3.5 are movable stations, respectively located 1.85, 2.7 and 3.5 
miles from the confluence of the Las Vegas Wash with Lake Mead.  The “open water” 
locations include all the sample stations in the open water of Boulder Basin (excluding 
the Las Vegas Bay). 

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

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

• Estimated probabilities increase with increased effluent TP load. 

o Probabilities are less than approximately 8 percent at all locations for 
TP loads of 125 lbs/day. 

o Probabilities are generally less than 11 percent at all locations for TP 
loads up to 275 lbs/day. 

o Probabilities reach up to 16 percent at all locations for the TP load of 
334 lbs/day. 

• Estimated probabilities are generally almost independent of effluent flow rate 
(at fixed TP load). 

• Estimated probabilities are strongly dependent on whether Year 2001 (a year 
with anomalously high chlorophyll a measurements due to an unusual algae 
bloom) is included or excluded from the analysis: 
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o For the TP load of 125 lbs/day, the probabilities are a maximum of 
0.1 percent when 2001 is excluded, compared with approximately 
8 percent when 2001 is included. 

o For TP loads up to 275 lbs/day, the probabilities are generally less than 
3 percent when 2001 is excluded, compared with 11 percent when 
2001 is included. 

o For the TP load of 334 lbs/day, the probabilities are a maximum of 
6 percent when 2001 is excluded, compared with 16 percent when 
2001 is included. 

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

o The ELCOM/CAEDYM model could potentially be modified to 
incorporate quagga mussel routines. 
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1 INTRODUCTION 

Presently, treated effluent from the Clean Water Coalition (CWC) Member Agencies 
(i.e., Clark County Water Reclamation District, City of Las Vegas (COLV), City of 
Henderson (COH) and City of North Las Vegas) Waste Water Treatment Plants 
(WWTPs) enters the Boulder Basin of Lake Mead as a surface flow via the Las Vegas 
Wash (LVW).  Projected population growth in the Las Vegas Valley is expected to lead 
to higher future effluent flows, which may affect the water quality in Lake Mead.  In 
2002 the CWC commissioned Flow Science Incorporated to perform water quality 
modeling of the Boulder Basin of Lake Mead to evaluate alternative effluent discharge 
locations.  Results of that modeling were summarized in a project report (Flow Science, 
2005). 

The relocation of the discharge from Las Vegas Wash to Boulder Basin would be 
achieved through a series of pipelines and tunnels from the WWTPs to a deep water 
diffuser, under a proposed plan called the Systems Conveyance and Operations Program 
(SCOP).  The final Environmental Impact Statement (EIS) for the SCOP was published 
in October 2006, and included the water quality modeling results.  Subsequent water 
quality modeling was performed to aid in the preliminary SCOP diffuser design (Flow 
Science, 2007a). 

Since the water quality modeling was completed for the EIS and SCOP preliminary 
design, a number of conditions have changed, which have lead to re-evaluation of the 
need for SCOP.  The CWC and SNWA commissioned Flow Science Incorporated to 
perform additional water quality modeling and statistical analysis to provide support for 
the SCOP re-evaluation by examining the effect of discharging all of the effluent to Las 
Vegas Wash.  This report presents the results and analysis of the additional modeling.  In 
addition to supporting the SCOP re-evaluation, the results of the present work can be 
used in more general terms to evaluate the behavior of Lake Mead, with respect to water 
quality, for future scenarios where the effluent is discharged to the Las Vegas Wash. 

1.1 PREVIOUS MODELING 

The previous modeling used the Estuary Lake and Coastal Ocean Model (ELCOM) 
coupled with the water quality model, Computational Aquatic Ecosystems Dynamic 
Model (CAEDYM), to simulate the mixing, stratification and water quality within Lake 
Mead.  Additional details on the development, validation and applications of the 
ELCOM/CAEDYM models are provided in Appendix A.   

Due to computational constraints and data limitations at the time, the model domain 
for the previous modeling consisted only of Boulder Basin, which is the furthest 
downstream and western-most basin of Lake Mead (Figure 1.1).  The Boulder Basin 
Model (BBM) required inflow volumes and water quality to be specified at the Narrows.  
These inputs were mostly determined from the in-reservoir Boulder Basin field data 
through back-calculations.  The BBM was calibrated and validated against measured field 
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data for the four year period of 2000 through 2003.  The model was demonstrated as 
being able to correctly predict the insertion elevation and fate of the inflows from the 
LVW, as well as the spatial variation of chlorophyll a concentrations in Boulder Basin 
(Flow Science, 2005). 

The validated BBM was used to model the water quality under many different future 
scenarios, based upon projections for population growth (i.e., increased effluent flow 
rates) that were available at the time, as well as different water surface elevations 
(WSELs) and effluent phosphorus loadings.  Model simulations included maintaining all 
of the effluent in the LVW, as well as diverting most of the effluent to deeper water 
through outfalls and diffusers located either in the Las Vegas Bay (LVB), or near the 
Boulder Islands (BI).  Results of the water quality modeling were included in the Final 
EIS, published in October 2006, and were also provided in depth in a separate modeling 
report (Flow Science, 2005). 

The water quality modeling indicated that the critical water quality parameter was the 
chlorophyll a concentration in the open water (Flow Science, 2005).  Specifically, the 
modeling and statistical analysis indicated that the open water Nevada Administrative 
Code (NAC) Water Quality Standards (WQS) for the chlorophyll a growing season 
average (GSA) would likely be surpassed if the discharge was maintained in the LVW, 
and the effluent flow rates (and correspondingly the effluent phosphorus loads) increased.  
While increased phosphorus removal by the WWTPs may be able to mitigate some of 
this risk, the modeling indicated that total phosphorus (TP) concentrations in the effluent 
would have to be reduced to levels lower than were routinely able to be achieved at the 
time, particularly if the lake water surface elevation (WSEL) dropped significantly. 

By contrast, the water quality modeling and statistical analysis indicated significantly 
lower probabilities for the NAC WQS on chlorophyll a to be surpassed if most of the 
effluent was discharged into deeper water, via a diffuser at either the LVB or BI locations 
(Flow Science, 2005).  Following the modeling, and as noted in the Final EIS, the BI 
alternative was selected as the environmentally preferred alternative for SCOP.  The 
Record of Decision (ROD) to proceed with SCOP was made in July, 2007. 

1.2 RE-EVALUATION OF THE LAS VEGAS WASH DISCHARGE 

Since the ROD a number of conditions have changed.  The population growth in the 
Las Vegas Valley has slowed, resulting in lower projected future effluent flow rates.  
Increased treatment and phosphorus removal by the CWC Member Agencies have 
become more common.  The combination of these factors is expected to lead to lower 
than previously anticipated phosphorus loads from the LVW, and commensurately lower 
chlorophyll a concentrations in Boulder Basin.  In addition, the proliferation of the 
invasive quagga mussel, first discovered in Lake Mead in 2007, may cause decreased 
chlorophyll a concentrations through the removal of both algae and phosphorus from the 
water column via filtering.  The degree of uptake of algae and phosphorus, and whether it 
is a temporary or a permanent effect, is unknown at this time.  These changes have called 
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into question the need for the SCOP as a means to control chlorophyll a concentrations in 
Boulder Basin. 

In addition to the above changes, continued prolonged drought in the Colorado River 
Basin has caused Lake Mead WSEL to drop to approximately 1,083 feet (140 feet below 
full pool).  Similar drops in WSEL in upstream Lake Powell are correlated with higher 
inflow total dissolved solids (TDS) concentrations in the Lake Mead inflows from the 
Colorado River.  These TDS concentrations peaked in 2005.  Since then TDS 
concentrations in Lake Mead have been decreasing, even though the WSEL is low, 
because Lake Powell has filled.  However, if the Lake Powell WSEL drops again and the 
Lake Mead WSEL remains low, then TDS concentrations in the inflow from the 
Colorado River would increase and this, coupled with less water available in Lake Mead 
(due to lower WSEL) for dilution of the LVW inflow, may increase the likelihood that 
TDS concentrations might move closer to the NAC WQS. 

Similarly the total inorganic nitrogen (TIN) concentrations in the Colorado River 
have increased, and recent measurements by the City of Las Vegas (City of Las Vegas, 
2009) have indicated concentrations near those of the NAC WQS for TIN. 

These developments have lead to the present round of modeling work, which re-
evaluates the discharge of effluent to the Las Vegas Wash with respect to the NAC WQS 
for chlorophyll a, TDS and TIN. 

The present modeling work benefits from recent enhancements to the modeling 
capability, which yield more accurate model results.  These model enhancements will be 
discussed in the next section, and include the extension of the model domain to include 
the whole lake, a longer model calibration/validation period, and improved field data 
(particularly phosphorus measurements with lower detection limits).  In addition, a more 
sophisticated statistical method for the estimation of probabilities that predicted 
parameter values will be higher than the NAC WQS was developed in the present 
analysis. 

1.3 WHOLE LAKE MODEL 

Since the previous modeling work the BBM has been extended to include the Upper 
Basins, thus covering the whole of Lake Mead.  The Whole Lake Model (WLM) has 
advantages over the BBM, and is used for the present modeling analysis.  The 
development of the WLM and the advantages of using it are briefly discussed here. 

Flow Science developed the WLM in 2006 and 2007 under contract and on behalf of 
the CWC and Southern Nevada Water Authority (SNWA) (Flow Science, 2007b).  The 
domain of the WLM extends from the Hoover Dam to the mouths of the Muddy, Virgin 
and Colorado Rivers (see Figure 1.1), and thus the need to specify the inflow volumes 
and water quality at the Narrows is avoided.  The removal of the boundary at the 
Narrows, and the ability to model the water quality in the Upper Basins, are the primary 
advantages of the WLM over the BBM.  The original WLM was calibrated and validated 
FSI V084015 Task 13 
March 3, 2011 
 



  

 

11 

for a six year period, spanning years 2000 through 2005 (Flow Science, 2007b).  The 
calibration/validation simulations were generally completed as separate single year 
simulations.  That is, at the beginning of each calendar year the simulation was re-
initialized.  The exception was year 2003, which was run as a continuation of the 2002 
simulation, so that the incomplete destratification that occurred in that winter could be 
captured by the model (Flow Science, 2007b). 

In 2008 and 2009, Flow Science extended the calibration and validation period to 
include years 2006 and 2007, under contract with the CWC, SNWA and the National 
Park Service (NPS) (Flow Science, 2009b).  Additional enhancements were added to the 
model including the use of wind data from multiple on-lake locations, the implementation 
of spatially-variable sediment oxygen demand, and the continuous simulation of years 
2005 through 2007.  In addition the model benefited from the more recent phosphorus 
field data obtained with lower detection limits.  These data resulted in a better 
understanding of the phosphorus and algae processes in Lake Mead and a subsequent re-
calibration of the relevant bio-geochemical model (CAEDYM) parameters (Flow 
Science, 2009b). 

In 2010, Flow Science further extended the calibration and validation period to 
include year 2008 (Flow Science, 2010).  Thus, the entire model calibration period now 
spans nine years (2000 through 2008), with the last four years (2005 through 2008) being 
simulated in one continuum. 

The WLM developed over recent years represents a significant enhancement over the 
BBM that was used in the original modeling for the EIS.  The relevant advantages of 
using the WLM are summarized below: 

• Nine year (2000 through 2008) calibration period, versus four years (2000 
through 2003). 

o This provides more modeled versus measured field data comparisons to 
use to estimate probabilities of predicted values being higher than the 
NAC WQS. 

o The more recent calibration years for the WLM are more representative of 
the present and expected near future conditions (i.e., lower WSEL) than 
the calibration years for the BBM. 

 
• Continuous calibration simulation over four years (2005 through 2008). 
 
• Revised phosphorus and algae calibration based upon improved in-reservoir 

phosphorus data and a longer calibration period. 
o This results in the WLM predicting lower chlorophyll a concentrations 

than the BBM, for similar conditions. 
 
• Removal of the inflow boundary conditions at the Narrows, as is required by the 

BBM. 
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1.4 OVERVIEW OF PRESENT MODELING AND STATISTICAL ANALYSIS 

In the present modeling the WLM was used to simulate thirty-six future case 
scenarios in which all wastewater effluent is discharged to the Las Vegas Wash assuming 
that lake operations and river hydrology and meteorology were as in Years 2006 and 
2007.  However, only the results from Year 2007 are used in the statistical analysis due to 
the possible effect of the initial condition on the Year 2006 results.  These simulations 
encompassed three fixed WSELs, three effluent flow rates (and corresponding SNWA 
withdrawals), and four effluent phosphorus loads (and corresponding effluent TIN 
concentrations).  The parameters for the thirty-six simulations were determined by the 
CWC Member Agencies, CWC and SNWA in conjunction with Flow Science.  The 
choice of Year 2007 was based upon it being the most recent year of calibration of the 
WLM at the time the project began (The WLM calibration for Year 2008 was completed 
in parallel with the present work).  WLM simulations for the entire thirty-six scenarios 
for all nine years of calibrated lake model would involve a total of 324 simulation years 
and be prohibitively expensive. 

The outputs from each of the thirty-six Year 2007 WLM simulations were used as 
inputs into a MATLAB statistical code written to provide estimated probabilities that 
predicted values will be higher than the NAC WQS for total inorganic nitrogen (TIN), 
total dissolved solids (TDS) and chlorophyll a.  The MATLAB code was developed by 
Lordenstats statistical consultants: Gary Lorden, Ph.D., Professor of Mathematics, 
Emeritus, Caltech and Jay Bartroff, Ph.D., Assistant Professor of Mathematics, USC.   

The approach consisted of estimating the WLM errors based on empirically-derived 
statistical distributions.  Then, the daily output of the WLM results for each of the thirty-
six ELCOM/CAEDYM simulations were sampled randomly in a manner designed to 
replicate the dates and locations of the actual in-lake sampling by the City of Las Vegas 
(COLV), SNWA and United States Bureau of Reclamation (USBR).  After that, random 
statistical components based upon the empirical statistical distributions were added to the 
raw WLM model results.  The process was repeated many times using a Monte-Carlo 
approach resulting in ten-thousand “realizations” for each of the thirty-six 
ELCOM/CAEDYM simulations.  Statistical metrics relevant to the NAC WQS were 
computed for each realization, and the percentage of realizations with metrics that were 
higher than the NAC WQS was counted and presented as a probability that the predicted 
parameter value is higher than the NAC WQS. 

1.5 REPORT ORGANIZATION 

This report describes the parameters and inputs for the thirty-six ELCOM/CAEDYM 
simulations, and presents the ELCOM/CAEDYM simulation results and the estimated 
probabilities that predicted values will be higher than the NAC WQS. 

Section 2 provides a detailed description of the parameters and inputs for the WLM 
ELCOM/CAEDYM simulations, including the modeled WSEL, effluent flow rates, 
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effluent phosphorus loads and effluent TIN concentrations.  Additional information on 
the assumed upstream inflow conditions, meteorology, SNWA withdrawals and Hoover 
Dam outflows is also provided. 

Section 3 briefly summarizes the NAC WQS for chlorophyll a, TIN and TDS, for 
which the probabilities that predicted parameter values will be higher than the relevant 
NAC WQS are later estimated. 

The ELCOM/CAEDYM model results for chlorophyll a, TIN and TDS are presented 
in Section 4.  Results include time-series plots at select locations, contour plots of 
chlorophyll a growing season average (GSA) as function of location in Boulder Basin, 
and tables of statistical metrics relevant to the NAC WQS (i.e., annual 95th percentiles for 
TIN, annual maximums for TDS, and GSA and annual 95th percentiles for chlorophyll a) 
at select locations.  Additional plots are presented to illustrate how the various statistical 
metrics vary with selected model input parameters (e.g., GSA for chlorophyll a as a 
function of effluent phosphorus loading).  It is noted that Section 4 only includes selected 
plots for these parameters.  More comprehensive plots for TIN, TDS and chlorophyll a 
are presented in Appendices C, D and E, respectively. 

Section 5 presents ELCOM/CAEDYM model results for simulated parameters of 
interest that were not covered in the previous section.  These parameters are: effluent 
tracer, total phosphorus (TP), filterable reactive phosphorus (FRP), perchlorate, and total 
organic carbon (TOC).  The primary focus of this section is on the predicted results of the 
model at the locations of the SNWA Intakes and the Hoover Dam Outlets.  As such, only 
a selection of results is presented, with a full suite of result plots provided in Appendices 
F, G, H, I, and J. 

Section 6 presents a brief overview of the statistical method used, with a more 
detailed discussion being provided in Appendix B.  Section 6 then presents the results of 
the statistical analysis of the ELCOM/CAEDYM model results.  Tables of estimated 
probabilities of predicted values being higher than the NAC WQS for each of the relevant 
WQSs for TIN, TDS, and chlorophyll a are presented.  Results include a detailed 
discussion of the TIN results at Station LWLVB1.2, which is a critical WQS, as well as 
analysis and discussion on the effect of year 2001 (a year with anomalously high 
chlorophyll a measurements due to an unusual algae bloom) on the results for 
chlorophyll a.  

The primary outcomes of the present study are the tables of probabilities that 
predicted parameter values will be higher than the relevant NAC WQS, as embodied in 
Section 6.  Thus, Section 6 also serves as the Conclusion for the report. 
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2 DESCRIPTION OF ELCOM/CAEDYM 
SIMULATIONS 

This section provides a description of the ELCOM/CAEDYM simulations performed 
for this analysis.  All simulations were performed using the Whole Lake Model described 
in Section 1.3 and Section 1.4.  Simulations were designed to model future "no SCOP" 
scenarios, where the entire effluent is discharged through the Las Vegas Wash (LVW).  
The Clean Water Coalition (CWC) and Southern Nevada Water Authority (SNWA), in 
conjunction with the CWC Member Agencies, developed a series of simulations that 
cover the expected operational parameters in the foreseeable future.  The main 
parameters that were varied include water surface elevations (WSELs), effluent flow 
rates, SNWA intake withdrawal rates, effluent total phosphorus (TP) loading and effluent 
total inorganic nitrogen (TIN) concentrations. 

Initially, thirty-six WLM simulations were performed using Year 2006 and 2007 
hydrology and meteorology.  These simulations encompass three fixed WSELs, three 
effluent flow rates (and corresponding SNWA withdrawals), and four effluent 
phosphorus loads (and corresponding TIN concentrations).  An additional two 
simulations were then performed at an intermediate WSEL (see Section 2.2), for a total of 
thirty-eight simulations.  The simulations are listed in Table 2.1.   

2.1 SIMULATION YEARS 

The thirty-six WLM simulations replicated the hydrology and meteorology of Years 
2006 and 2007, but with modified WSEL, TP, TIN, and flow rates.  That is, the 
meteorological data, Virgin River (VR) inflow, Muddy River (MR) inflow, and Hoover 
Dam withdrawals from the simulation Years 2006 and 2007  were used in the model 
inputs.  Details of these data can be found in the report, “Whole Lake Mead ELCOM-
CAEDYM: Model Addition of Years 2006 and 2007” (Flow Science, 2009b). 

Other model inputs were established as described in the following sections.  These 
inputs, including Colorado River (CR) inflow, effluent flows, SNWA Intake withdrawals, 
etc., were identical for both simulation years. 

In order to reduce the effects of the model initial conditions in January 2006, the 
statistical analysis only considered the second year of the simulations, i.e., Year 2007.   

2.2 WATER SURFACE ELEVATIONS 

The simulations were performed with lake WSELs fixed at 1,000 feet, 1,050 feet and 
1,100 feet.  A sensitivity analysis was performed using intermediate WSELs fixed at 
1,025 feet and 1,075 feet.  Only one simulation was performed for each intermediate 
WSEL using the highest effluent flow rate and highest phosphorus loading.  These 
simulations are Runs #37 and #38 in Table 2.1. 
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2.3 EFFLUENT FLOW RATES 

All the simulations were performed with monthly varying effluent flow rates.  
Diurnal variations in flow rates were not implemented.  Three different sets of flow rates 
were used, corresponding to the University of Nevada, Las Vegas, Center for Business 
and Economic Research 2008 Influent (CBER 2008) flows and two projected future 
flows. 

2.3.1 CBER 2008 Flow Rates (189 MGD Average Total Effluent Flow) 

The first of the three effluent flow rates simulated reflect CBER 2008 conditions.  
The effluent flow rates use monthly average flow rate data from April 2008 through 
March 2009, the most recent published available data as of June 2009, when the original 
Task Order was executed.  The annual average total effluent flow rate (i.e., influent flows 
to the treatment plants) for these simulations is 189 MGD, with an annual average net 
effluent flow to the LVW of 168 MGD (the difference of 21 MGD is due to effluent re-
use).   

The CBER 2008 flow rate simulations are Runs #1 through #12 in Table 2.1.  Further 
details on the flow rates, including the actual monthly flow variations, are available in 
Table 2.2. 

2.3.2 250 MGD Average Total Effluent Flow 

Additional simulations were performed with the total effluent flow rates scaled up 
from the CBER 2008 flow rates by the ratio of 250/189, such that the annual average 
total effluent flow rate is 250 MGD.  The re-use flow rates were scaled up from the 
CBER 2008 flow rates by the ratio of 35/21, such that the annual average re-use flow rate 
was 35 MGD.  The resulting annual average net effluent flow to the LVW is 215 MGD 
(the difference between the total effluent flow rate and re-use). 

Total effluent flows (i.e., influent flows to the treatment plants) are projected to reach 
250 MGD by Year 2018.  However, these year projections are subject to change.  If 
usage changes, the year corresponding to an average total effluent rate of 250 MGD will 
also change and the results of the simulations will still hold, albeit applied to a different 
year. For example, if the effluent flow rate reaches 250 MGD in 2017, then the model 
predictions would apply to the Year 2017, etc.  

These 250 MGD average total effluent flow rate simulations are Runs #13 through 
#24 in Table 2.1.  Further details on the flow rates, including the actual monthly flow 
variations, are available in Table 2.3. 
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2.3.3 300 MGD Average Total Effluent Flow 

Additional simulations were also performed with the effluent flow rates scaled up 
from the CBER 2008 flow rates by the ratio of 300/189, such that the annual average 
total effluent flow rate is 300 MGD.  The re-use flow rates were scaled up from the 
CBER 2008 flow rates by the ratio of 50/21, such that the annual average re-use flow rate 
was 50 MGD.  The resulting annual average net effluent flow to the LVW is 250 MGD 
(the difference between the total effluent flow rate and re-use).  

 Total average effluent flows are projected to reach 300 MGD by Year 2030.  Again, 
these year projections are subject to change as discussed above.   

These 300 MGD average total effluent flow rate simulations are Runs #25 through 
#36 in Table 2.1.  Further details on the flow rates, including the actual monthly flow 
variations, are available in Table 2.4. 

2.4 SNWA INTAKE WITHDRAWALS 

Withdrawals through SNWA Intakes vary monthly for all simulations.  Diurnal 
variations in flow rates were not implemented.  Each effluent flow rate has a 
corresponding SNWA Intake withdrawal.  Data for withdrawals were provided by 
SNWA. 

2.4.1 SNWA Withdrawal Rates for CBER 2008 Total Effluent Flow  

For simulations using the CBER 2008 average total effluent flow (189 MGD), 
monthly average SNWA withdrawal rate data from April 2008 through March 2009 were 
used.  The annual average value of these withdrawals is 389 MGD.  Further details on the 
flow rates, including the actual monthly flows, are available in Table 2.2. 

2.4.2 SNWA Withdrawal Rates for 250 MGD Total Effluent Flow  

For the simulations with average total effluent flow of 250 MGD (Year 2018), the 
SNWA withdrawal flow rates were set to an annual average of 530 MGD.  This 
530 MGD is the projection for the year 2018 withdrawals, although these projections are 
subject to change.  Further details on the flow rates, including the actual monthly flows, 
are available in Table 2.3. 

2.4.3 SNWA Withdrawal Rates for 300 MGD Total Effluent Flow 

For the simulations with average total effluent flow of 300 MGD (Year 2030), the 
SNWA withdrawal flow rates were set to an annual average of 556 MGD.  This 
556 MGD is the projection for the year 2030 withdrawals, although these projections are 
subject to change.  Further details on the flow rates, including the actual monthly flows, 
are available in Table 2.4. 
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2.4.4 Splits between SNWA Intakes 

Presently the SNWA withdraws water from Intakes #1 and #2, located on the east 
side of Saddle Island at an elevation of 992 feet (see Figure 2.1, which shows a map of 
Boulder Basin including the fixed sampling locations).  These intakes are located in the 
same model grid cell, and are thus treated as a single withdrawal location in the 
simulations.  SNWA Intake #3 is presently under construction and will be located 
approximately one mile south-east of Black Island at an elevation of 860 feet 
(Figure 2.1). 

For this analysis, the Intake #3 was assumed operational.  The splits of the SNWA 
withdrawals between SNWA Intakes #1 and #3 (the only two intakes assumed 
operational) were provided by SNWA and depend upon the simulated WSEL.  For fixed 
WSELs of 1,000 feet, 1,025 feet and 1,050 feet, all withdrawals were through SNWA #3.  
For fixed WSELs of 1,075 feet and 1,100 feet, withdrawals were split with sixty percent 
of the withdrawals through SNWA #1 and forty percent through Intake #3.   

2.5 EFFLUENT PHOSPHORUS LOADING 

Four different phosphorus loads were simulated: a low load (nominal TP load of 
125 lbs/day), a mid-range load (nominal TP load of 225 lbs/day), a mid-high load 
(nominal TP load of 275 lbs/day), and a high load (nominal TP load of 334 lbs/day, 
corresponding to the TMDL for the LVW).   

For each nominal TP load the TP concentration within the effluent was held constant 
throughout the simulation.  Thus the TP load (i.e., mass of TP entering each day) varies 
with the monthly-varying effluent flow rate.  The nominal TP load quoted refers to the 
maximum load occurring during the year (corresponding to the maximum monthly 
effluent flow rate).  For example, and as shown in Table 2.2, the CBER 2008 flow 
(189 MGD total effluent flow) simulation with the nominal TP loading of 334 lbs/day has 
TP loads ranging from 304 lbs/day (in June, when the net effluent flow to the LVW is the 
lowest) to 334 lbs/day (in February, when the net effluent flow to the LVW is the 
highest).  The annual average TP load for the nominal 334 lbs/day simulation is 
319 lbs/day. 

Further details on the monthly effluent concentrations and loadings, including the TP 
concentrations, are available in Tables 2.2 through 2.4. 

2.6 TOTAL INORGANIC NITROGEN CONCENTRATIONS 

For each of the four nominal phosphorus loadings there was also an assumed effluent 
TIN concentration.  These concentrations are 11.0 mg N/L, 14.0 mg N/L, 17.0 mg N/L, 
and 20.0 mg N/L for the low, mid-range, mid-high and high phosphorus loads, 
respectively.  Since the higher TIN concentrations correspond to higher TP loadings, the 
TIN concentrations predicted by the simulations will increase as the TP loading to the 
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lake increases.  Further details on the TIN concentrations are available in Tables 2.2 
through 2.4. 

2.7 ADDITIONAL SIMULATION DETAILS 

The following specifies additional details of the simulations, including initial 
conditions, splits of flows between the upper and lower Hoover Dam outlets, base flow in 
the LVW, Total Organic Carbon (TOC) concentrations, and the inflow Total Dissolved 
Solids (TDS) concentrations in the CR and effluent. 

2.7.1 Initial Conditions 

Since parameter concentrations in the lake depend on the flow rate and concentrations 
of the LVW inflow, each simulation would require a unique set of initial conditions if 
single year simulations were used.  To eliminate this need, all simulations were 
performed for two consecutive years.  This allows the initial conditions to “wash out” 
before the beginning of the second year thereby providing accurate conditions for the 
second year of simulation.  The second year of simulation is the focus of this work.  It is 
the period that is used for analysis and computing statistical parameters, and as such the 
impact of the initial conditions on the statistical analysis is minimized.  

The effluent tracer was initialized with a constant concentration in Boulder Basin 
equal to the ratio of the annual average effluent flow rate to the annual average CR flow 
rate.  This concentration varied with different effluent flow rates.  The effluent tracer was 
initialized as zero in the Upper Basins (upstream of the Narrows). 

All other parameters in the simulations were initialized using the 2005 initial 
conditions from the 2005 through 2007 model calibration (Flow Science, 2009b).  It is 
noted that this is consistent with the period of higher inflow conductivities/TDS in the CR 
and effluent during 2004 and 2005. 

2.7.2 Splits between Hoover Dam Outlets 

As stated in Section 2.1, the actual Hoover Dam withdrawal flow rates from Years 
2006 and 2007 were used in the simulations.  However, the split of the outflows between 
the lower outlets (895 feet elevation), and upper outlets (1,045 feet elevation) depended 
upon the simulated WSEL.  When the WSEL was fixed at 1,000 feet, 1,025 feet, or 1,050 
feet, all outflow was through the lower outlets.  For fixed WSELs of 1,075 feet and 1,100 
feet, the outflow was split equally between the lower and upper outlets. 

2.7.3 Las Vegas Wash Baseflow 

Aside from effluent discharges, the LVW has a base flow consisting of tributary and 
groundwater seepage.  A constant base flow of 20 MGD was considered for the LVW.  
The conductivities, salinities and constituent concentrations of this base flow are the 
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same as used in previous modeling for the Environmental Impact Statement (EIS) (Flow 
Science, 2005).  However, the perchlorate load in the base flow is considered herein to be 
70 lbs/day, which is based on recent perchlorate measurements (Flow Science, 2009a).  
The characteristics of the combined base flow and effluent were obtained using flow-
weighted averaging for all constituents excluding temperature.  The temperature of the 
LVW discharge is based upon the 20-minute data as used in the model calibration.  These 
temperature data include diurnal variation.  No storm-water flows were considered in 
these simulations. 

2.7.4 Effluent Perchlorate Concentrations 

The simulated perchlorate concentration in the effluent was 2.6 µg/L, the same as in 
recent perchlorate analysis work (Flow Science, 2009a).  As a result, the total perchlorate 
loading for the 189 MGD simulations was 74 lbs/day; 70 lbs from the base flow and 4 lbs 
from the effluent.  The loads for the 250 MGD and 300 MGD simulations were 
75 lbs/day and 77 lbs/day, respectively.   

2.7.5 Total Organic Carbon Inflow Concentrations 

The TOC concentration in the LVW inflow was considered to be 5.0 mg C/L.  This is 
the median of the values measured at LW0.8 in 2006 and 2007.  The TOC in the LVW 
inflow comprised 65 percent in dissolved form and 35 percent in particulate form, as per 
the 2005 through 2007 Whole Lake Model calibration (Flow Science, 2009b).  The TOC 
concentrations in the CR, VR and MR were the same as those used in the Whole Lake 
Model calibration (i.e., measured data in 2006 and 2007). 

2.7.6 Total Dissolved Solids Inflow Concentrations 

Based upon eight years of recent data (2000 through 2007), the annual average inflow 
conductivity for the CR peaked at 967 µS/cm in 2004.  This corresponds to a TDS 
concentration of approximately 620 mg/L [using the correlation 
TDS (mg/L) = 0.64 x conductivity (µS/cm)].  These annual maximum values were used 
for upstream values for all simulations, resulting in conservative estimates.   

Analysis of recent effluent data (2000 through 2007) from the CWC Member 
Agencies indicates that the combined annual average effluent TDS concentration peaked 
at 1260 mg/L in 2005.  This value was used for all simulations, a conservative estimate. 
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Table 2.1: Modeled Future "no SCOP" Simulations 

Run # Flows1 TP load1 
(lbs/day)

WSEL 
(ft) 

1 CBER 2008 (189 MGD) 125 1000 
2 CBER 2008 (189 MGD) 125 1050 
3 CBER 2008 (189 MGD) 125 1100 
4 CBER 2008 (189 MGD) 225 1000 
5 CBER 2008 (189 MGD) 225 1050 
6 CBER 2008 (189 MGD) 225 1100 
7 CBER 2008 (189 MGD) 275 1000 
8 CBER 2008 (189 MGD) 275 1050 
9 CBER 2008 (189 MGD) 275 1100 
10 CBER 2008 (189 MGD) 334 1000 
11 CBER 2008 (189 MGD) 334 1050 
12 CBER 2008 (189 MGD) 334 1100 
13 250 MGD 125 1000 
14 250 MGD 125 1050 
15 250 MGD 125 1100 
16 250 MGD 225 1000 
17 250 MGD 225 1050 
18 250 MGD 225 1100 
19 250 MGD 275 1000 
20 250 MGD 275 1050 
21 250 MGD 275 1100 
22 250 MGD 334 1000 
23 250 MGD 334 1050 
24 250 MGD 334 1100 
25 300 MGD 125 1000 
26 300 MGD 125 1050 
27 300 MGD 125 1100 
28 300 MGD 225 1000 
29 300 MGD 225 1050 
30 300 MGD 225 1100 
31 300 MGD 275 1000 
32 300 MGD 275 1050 
33 300 MGD 275 1100 
34 300 MGD 334 1000 
35 300 MGD 334 1050 
36 300 MGD 334 1100 
37 300 MGD 334 1025 
38 300 MGD 334 1075 

1. See Tables 2.2 through 2.4 for monthly details on flow rates, loadings and concentrations. 
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Table 2.2: CBER 2008 Flows (189 MGD Annual Average Total Effluent Flows) 

 
SNWA 

withdrawal1 
(MGD) 

Total 
Effluent 

flow2 (MGD) 

Re-use and 
internal 

flow3 (MGD) 

Effluent 
flow to 
LVW4 
(MGD) 

LVW 
baseflow5 

(MGD) 

LVW 
baseflow TP 

load5 
(lbs/day) 

LVW 
baseflow 
TP conc.5 
(mg P/L) 

LVW 
baseflow 

TIN conc.5 
(mg N/L) 

Jan 279 183 9 175 20 12 0.07 6.0
Feb 275 184 8 176 20 12 0.07 6.0
Mar 347 182 10 172 20 12 0.07 6.0
Apr 411 190 24 166 20 12 0.07 6.0
May 449 191 29 163 20 12 0.07 6.0
Jun 462 194 34 160 20 12 0.07 6.0
Jul 488 197 32 165 20 12 0.07 6.0
Aug 505 198 32 167 20 12 0.07 6.0
Sep 407 193 29 164 20 12 0.07 6.0
Oct 438 188 23 165 20 12 0.07 6.0
Nov 337 185 15 169 20 12 0.07 6.0
Dec 273 183 8 175 20 12 0.07 6.0
Avg. 389 189 21 168 20 12 0.07 6.0
Max 505 198 34 176 20 12 0.07 6.0

 

 Low Phosphorus Load Mid-range Phosphorus 
Load 

Mid-High Phosphorus 
Load High Phosphorus Load 

 125 lbs/day max 225 lbs/day max 275 lbs/day max 334 lbs/day max 
 119 lbs/day annual avg. 215 lbs/day annual avg. 262 lbs/day annual avg. 319 lbs/day annual avg. 
 Effluent Effluent Effluent Effluent 

 
TP 

conc. 
(mg P 

/L) 

TP 
load 
(lbs 
/day) 

TIN 
conc. 
(mg N 

/L) 

TP 
conc. 
(mg P 

/L) 

TP 
load 
(lbs 
/day) 

TIN 
conc. 
(mg N 

/L) 

TP 
conc. 
(mg P 

/L) 

TP 
load 
(lbs 
/day) 

TIN 
conc. 
(mg N 

/L) 

TP 
conc. 
(mg P 

/L) 

TP 
load 
(lbs 
/day) 

TIN 
conc. 
(mg N 

/L) 

Jan 0.0850 124 11.0 0.1530 223 14.0 0.1870 273 17.0 0.2272 331 20.0
Feb 0.0850 125 11.0 0.1530 225 14.0 0.1870 275 17.0 0.2272 334 20.0 
Mar 0.0850 122 11.0 0.1530 220 14.0 0.1870 269 17.0 0.2272 326 20.0 
Apr 0.0850 118 11.0 0.1530 213 14.0 0.1870 260 17.0 0.2272 316 20.0 
May 0.0850 116 11.0 0.1530 208 14.0 0.1870 254 17.0 0.2272 309 20.0 
Jun 0.0850 114 11.0 0.1530 205 14.0 0.1870 250 17.0 0.2272 304 20.0 
Jul 0.0850 117 11.0 0.1530 211 14.0 0.1870 258 17.0 0.2272 313 20.0 
Aug 0.0850 118 11.0 0.1530 213 14.0 0.1870 260 17.0 0.2272 316 20.0 
Sep 0.0850 116 11.0 0.1530 209 14.0 0.1870 256 17.0 0.2272 311 20.0 
Oct 0.0850 117 11.0 0.1530 211 14.0 0.1870 257 17.0 0.2272 313 20.0 
Nov 0.0850 120 11.0 0.1530 216 14.0 0.1870 264 17.0 0.2272 321 20.0 
Dec 0.0850 124 11.0 0.1530 224 14.0 0.1870 273 17.0 0.2272 332 20.0 
Avg. 0.0850 119 11.0 0.1530 215 14.0 0.1870 262 17.0 0.2272 319 20.0 
Max 0.0850 125 11.0 0.1530 225 14.0 0.1870 275 17.0 0.2272 334 20.0 

1. Based upon actual flows from April 2008 through March 2009. 
2. Based upon actual flows from April 2008 through March 2009. 
3. Includes internal re-use at the WWTPs. 
4. Scaled (factor 168/164) from actual flows from April 2008 through March 2009, so annual average is 168 MGD (re-use is 21 MGD). 
5. From EIS model runs (Table 6.2 of "Lake Mead ELCOM/CAEDYM Modeling", Flow Science, November, 2005) 
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Table 2.3: 250 MGD Annual Average Total Effluent Flows 

 
SNWA 

withdrawal1 
(MGD) 

Total 
Effluent 

flow2 (MGD) 

Re-use and 
internal 

flow3 (MGD) 

Effluent 
flow to 
LVW4 
(MGD) 

LVW 
baseflow5 

(MGD) 

LVW 
baseflow TP 

load5 
(lbs/day) 

LVW 
baseflow 
TP conc.5 
(mg P/L) 

LVW 
baseflow 

TIN conc.5 
(mg N/L) 

Jan 380 243 15 228 20 12 0.07 6.0
Feb 374 243 13 230 20 12 0.07 6.0 
Mar 473 241 16 224 20 12 0.07 6.0 
Apr 559 252 40 212 20 12 0.07 6.0 
May 612 253 48 205 20 12 0.07 6.0 
Jun 629 257 57 200 20 12 0.07 6.0 
Jul 664 260 53 207 20 12 0.07 6.0 
Aug 688 262 53 209 20 12 0.07 6.0 
Sep 554 255 48 207 20 12 0.07 6.0 
Oct 597 248 38 210 20 12 0.07 6.0 
Nov 459 244 26 219 20 12 0.07 6.0 
Dec 372 242 13 229 20 12 0.07 6.0 
Avg. 530 250 35 215 20 12 0.07 6.0 
Max 688 262 57 230 20 12 0.07 6.0 

 

 Low Phosphorus Load Mid-range Phosphorus 
Load 

Mid-High Phosphorus 
Load High Phosphorus Load 

 125 lbs/day max 225 lbs/day max 275 lbs/day max 334 lbs/day max 
 119 lbs/day annual avg. 215 lbs/day annual avg. 262 lbs/day annual avg. 319 lbs/day annual avg. 
 Effluent Effluent Effluent Effluent 

 
TP 

conc. 
(mg P 

/L) 

TP 
load 
(lbs 
/day) 

TIN 
conc. 
(mg N 

/L) 

TP 
conc. 
(mg P 

/L) 

TP 
load 
(lbs 
/day) 

TIN 
conc. 
(mg N 

/L) 

TP 
conc. 
(mg P 

/L) 

TP 
load 
(lbs 
/day) 

TIN 
conc. 
(mg N 

/L) 

TP 
conc. 
(mg P 

/L) 

TP 
load 
(lbs 
/day) 

TIN 
conc. 
(mg N 

/L) 

Jan 0.0650 124 11.0 0.1171 223 14.0 0.1431 272 17.0 0.1738 330 20.0
Feb 0.0650 125 11.0 0.1171 225 14.0 0.1431 275 17.0 0.1738 334 20.0 
Mar 0.0650 122 11.0 0.1171 219 14.0 0.1431 268 17.0 0.1738 325 20.0 
Apr 0.0650 115 11.0 0.1171 207 14.0 0.1431 253 17.0 0.1738 307 20.0 
May 0.0650 111 11.0 0.1171 201 14.0 0.1431 245 17.0 0.1738 298 20.0 
Jun 0.0650 109 11.0 0.1171 195 14.0 0.1431 239 17.0 0.1738 290 20.0 
Jul 0.0650 112 11.0 0.1171 202 14.0 0.1431 247 17.0 0.1738 301 20.0 
Aug 0.0650 114 11.0 0.1171 205 14.0 0.1431 250 17.0 0.1738 304 20.0 
Sep 0.0650 112 11.0 0.1171 202 14.0 0.1431 247 17.0 0.1738 300 20.0 
Oct 0.0650 114 11.0 0.1171 205 14.0 0.1431 251 17.0 0.1738 305 20.0 
Nov 0.0650 119 11.0 0.1171 214 14.0 0.1431 261 17.0 0.1738 317 20.0 
Dec 0.0650 124 11.0 0.1171 224 14.0 0.1431 273 17.0 0.1738 332 20.0 
Avg. 0.0650 117 11.0 0.1171 210 14.0 0.1431 257 17.0 0.1738 312 20.0 
Max 0.0650 125 11.0 0.1171 225 14.0 0.1431 275 17.0 0.1738 334 20.0 

1. Scaled up from April 2008 through March 2009 flows, assuming 530 MGD annual average flow. 
2. Scaled up from April 2008 through March 2009 flows, assuming 250 MGD annual average total effluent flow. 
3. Scaled up from re-use flows used for CBER 2008 flow simulations, assuming 35 MGD annual average re-use flow. 
4. Computed as difference between "Total Effluent flow" and "Re-use and internal flow". 
5. From EIS model runs (Table 6.2 of "Lake Mead ELCOM/CAEDYM Modeling", Flow Science, November, 2005) 
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Table 2.4: 300 MGD Annual Average Total Effluent Flows 

 
SNWA 

withdrawal1 
(MGD) 

Total 
Effluent 

flow2 (MGD) 

Re-use and 
internal 

flow3 (MGD) 

Effluent 
flow to 
LVW4 
(MGD) 

LVW 
baseflow5 

(MGD) 

LVW 
baseflow TP 

load5 
(lbs/day) 

LVW 
baseflow 
TP conc.5 
(mg P/L) 

LVW 
baseflow 

TIN conc.5 
(mg N/L) 

Jan 398 291 21 270 20 12 0.07 6.0
Feb 393 292 18 273 20 12 0.07 6.0 
Mar 496 289 24 265 20 12 0.07 6.0 
Apr 587 302 57 245 20 12 0.07 6.0 
May 642 304 68 235 20 12 0.07 6.0 
Jun 660 308 81 227 20 12 0.07 6.0 
Jul 696 312 76 236 20 12 0.07 6.0 
Aug 721 315 76 239 20 12 0.07 6.0 
Sep 581 306 69 237 20 12 0.07 6.0 
Oct 626 298 55 243 20 12 0.07 6.0 
Nov 481 293 37 256 20 12 0.07 6.0 
Dec 390 290 19 272 20 12 0.07 6.0 
Avg. 556 300 50 250 20 12 0.07 6.0 
Max 721 315 81 273 20 12 0.07 6.0 

 

 Low Phosphorus Load Mid-range Phosphorus 
Load 

Mid-High Phosphorus 
Load High Phosphorus Load 

 125 lbs/day max 225 lbs/day max 275 lbs/day max 334 lbs/day max 
 119 lbs/day annual avg. 215 lbs/day annual avg. 262 lbs/day annual avg. 319 lbs/day annual avg. 
 Effluent Effluent Effluent Effluent 

 
TP 

conc. 
(mg P 

/L) 

TP 
load 
(lbs 
/day) 

TIN 
conc. 
(mg N 

/L) 

TP 
conc. 
(mg P 

/L) 

TP 
load 
(lbs 
/day) 

TIN 
conc. 
(mg N 

/L) 

TP 
conc. 
(mg P 

/L) 

TP 
load 
(lbs 
/day) 

TIN 
conc. 
(mg N 

/L) 

TP 
conc. 
(mg P 

/L) 

TP 
load 
(lbs 
/day) 

TIN 
conc. 
(mg N 

/L) 

Jan 0.0548 123 11.0 0.0986 222 14.0 0.1205 272 17.0 0.1464 330 20.0
Feb 0.0548 125 11.0 0.0986 225 14.0 0.1205 275 17.0 0.1464 334 20.0 
Mar 0.0548 121 11.0 0.0986 218 14.0 0.1205 267 17.0 0.1464 324 20.0 
Apr 0.0548 112 11.0 0.0986 202 14.0 0.1205 247 17.0 0.1464 300 20.0 
May 0.0548 108 11.0 0.0986 194 14.0 0.1205 237 17.0 0.1464 288 20.0 
Jun 0.0548 104 11.0 0.0986 187 14.0 0.1205 228 17.0 0.1464 277 20.0 
Jul 0.0548 108 11.0 0.0986 195 14.0 0.1205 238 17.0 0.1464 289 20.0 
Aug 0.0548 109 11.0 0.0986 197 14.0 0.1205 241 17.0 0.1464 292 20.0 
Sep 0.0548 108 11.0 0.0986 195 14.0 0.1205 238 17.0 0.1464 289 20.0 
Oct 0.0548 111 11.0 0.0986 200 14.0 0.1205 245 17.0 0.1464 297 20.0 
Nov 0.0548 117 11.0 0.0986 211 14.0 0.1205 258 17.0 0.1464 313 20.0 
Dec 0.0548 124 11.0 0.0986 224 14.0 0.1205 273 17.0 0.1464 332 20.0 
Avg. 0.0548 114 11.0 0.0986 206 14.0 0.1205 251 17.0 0.1464 305 20.0 
Max 0.0548 125 11.0 0.0986 225 14.0 0.1205 275 17.0 0.1464 334 20.0 

1. Scaled up from April 2008 through March 2009 flows, assuming 556 MGD annual average flow. 
2. Scaled up from April 2008 through March 2009 flows, assuming 300 MGD annual average total effluent flow. 
3. Scaled up from re-use flows used for CBER 2008 flow simulations, assuming 50 MGD annual average re-use flow. 
4. Computed as difference between "Total Effluent flow" and "Re-use and internal flow". 
5. From EIS model runs (Table 6.2 of "Lake Mead ELCOM/CAEDYM Modeling", Flow Science, November, 2005)
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Boulder Basin Fixed Sampling Locations
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3 RELEVANT WATER QUALITY STANDARDS FOR 
LAKE MEAD 

The Nevada Administrative Code (NAC) is Nevada’s code of state regulations that 
include water quality standards for reservoirs such as Lake Mead.  The purpose of the 
regulations is to maintain the quality of water within Lake Mead for the purpose of 
beneficial uses (irrigation, recreation, supply, wildlife, etc.)  Four sections of the code in 
particular are relevant to this work, NAC 445A.194, NAC 445A.195, NAC 445A.196 and 
NAC 445A.197.  These regulations govern standards relating to water quality issues, 
including chemical and biological limitations of substances in the water. 

Of the standards included in the NAC Water Quality Standards (WQS), and based on 
discussions with the Clean Water Coalition (CWC), Southern Nevada Water Authority 
(SNWA), and CWC Member Agencies, the critical parameters were determined to be 
chlorophyll a, total inorganic nitrogen (TIN), and total dissolved solids (TDS).   

The following sections will describe the stations included in the sampling, as well as 
the relevant NAC WQS for TIN, TDS and chlorophyll a.  For complete versions of NAC 
445A.194 through 197, please refer to Appendix K. 

3.1 STATIONS 

Samples from Boulder Basin are collected by the COLV, SNWA and United States 
Bureau of Reclamation (USBR).  Measurements from all of these agencies are used to 
determine compliance with the NAC WQS, and thus the analysis includes all locations 
(within Boulder Basin) that are measured by the three agencies.   

Table 3.1 lists the stations considered in this analysis as measured by the three 
agencies.  The locations of each of these fixed stations are shown in Figure 2.1.  The 
stations designated with the LWLVB prefix are movable stations that will change 
locations as the water surface elevation (WSEL) changes.  Specifically, Stations 
LWLVB1.2, LWLVB1.85, LWLVB2.7 and LWLVB3.5 are located at distances of 1.2, 
1.85, 2.7 and 3.5 miles from the confluence of the Las Vegas Wash (LVW) and Lake 
Mead.  These station locations for three WSELs (1,100 feet, 1,050 feet, and 1,000 feet) 
are shown in Figures 3.1 through 3.3, respectively.  At a WSEL of 1,100 feet 
(Figure 3.1) the LWLVB stations are significantly farther upstream than for a WSEL of 
1,000 feet (Figure 3.3).  The shifting of the LWLVB station locations changes the lake 
geometry around the stations as well.  For example, Station LWLVB3.5 is in a relatively 
wide portion of LVB for WSELs of 1,100 feet and 1,050 feet, but for a WSEL of 
1,000 feet it is in a relatively narrow channel at the mouth of LVB.  Selected fixed 
stations (i.e., Stations BB3, CR346.4, and CR350.0SE0.55) are also indicated on the 
figures, and remain in the same locations for all WSELs. 
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Table 3.1: Sampling Stations and Depths Used to Determine Compliance 

Agency Stations No. of 
samples Depths / elevations1

LWLVB1.2 2 0-5 m composite, bottom2

COLV 
LWLVB1.85, LWLVB2.7, 
LWLVB3.5, BB3, BB7, 
CR342.9, 
CR344.9W0.2, 
CR346.4, CR350SE0.55 

3 0-5 m composite, metalimnion3, bottom2

LVB3.5, LVB4.15 4 0 m, 12 m, metalimnion3, bottom 
LVB6.7 6 0 m, 12 m, metalimnion3, 860 ft4, 992 ft5

CR343.2, CR346.4, 
CR348.4NW0.8, 
CR351.7 

7 0 m, 12 m, 60 m, metalimnion3, 860 ft4, 992 
ft5, bottom 

SNWA 

INTAKE 5 0 m, 12 m, metalimnion3, 992 ft5, bottom 
LVB3.5 4 0 m, 5 m, metalimnion3, bottom 
LVB4.15, LVB4.95, 
LVB7.3, CR346.4 5 0 m, 5 m, 20 m, metalimnion3, bottom 

CR342.5 7 0 m, 5 m, 20 m, 895 ft, 1045 ft6, bottom 
USBR 

CR355.75 8 0 m, 5 m, 10 m, 20 m, 30 m, 50 m, 80 m, 
bottom 

1. The depths / elevations are only relevant for TIN and TDS samples.  Depths are provided in meters (m) and 
elevations are provided in feet (ft). 
2. COLV measures 1 m above bottom, and at a depth of no more than 70 m. 
3. The metalimnion is the location of the maximum temperature gradient. 
4. 860 ft is the elevation of SNWA Intake #3 (under construction). 
5. 992 ft is the elevation of SNWA Intakes #1/#2. 
6. 895 ft and 1045 ft are the elevations of the lower and upper Hoover Dam outlets. 

 

At each of the stations listed in Table 3.1 samples are collected at multiple depths, as 
indicated.  The chlorophyll a NAC WQS only apply to the top 5 m average samples (i.e., 
0 to 5 m composite), so different depths do not need to be considered for chlorophyll a.  
However all sample depths must be considered for the TIN and TDS standards.  The 
locations and depths in Table 3.1 were determined by an analysis of the 2005 through 
2008 field data, as collected from the three agencies, and are thought to be an accurate 
representation of all locations that may be used by the Nevada Division of Environmental 
Protection (NDEP) to determine compliance. 

3.2 WATER QUALITY STANDARDS 

The following sections describe the relevant NAC WQS for TIN, TDS and 
chlorophyll a.  For complete versions of NAC WQS, including other parameters, please 
refer to Appendix K. 
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3.2.1 Total Inorganic Nitrogen 

The NAC WQS for TIN are summarized in Figure 3.4, which shows a map of 
Boulder Basin.  Note that the station locations in Figure 3.4 are for a WSEL of 
1,100 feet, and the stations with a LWLVB prefix will be in different locations at 
different WSEL (see Section 3.1).   

As Figure 3.4 indicates, the NAC WQS requires that the annual 95th percentile at 
Station LWLVB1.2 be less than 5.3 mg/L (i.e., 95 percent of all samples must be less 
than 5.3 mg/L).  It is noted that samples from all depths are included together in the 
computation of the 95th percentile. 

The other NAC WQS for TIN applies to “all other locations”, which includes all 
locations located east of Station LWLVB1.2, as indicated in Figure 3.4 by the pale blue 
shaded region.  Specifically, these stations include Stations LWLVB1.85, LWLVB2.7, 
LWLVB3.5, LVB3.5*, LVB4.15*, LVB4.95, LVB6.7, LVB7.3, BB3, BB7, INTAKE, 
CR342.5, CR342.9, CR343.2, CR344.9W0.2, CR346.4, CR348.4NW0.8, 
CR350.0SE0.55, CR351.7, and CR355.75. 

The NAC WQS requires that the annual 95th percentile at these locations is less than 
4.5 mg/L (Figure 3.4).  It is noted that samples from all locations listed above, and from 
all sampled depths, and from all agencies, are treated as one data-set when computing the 
95th percentile.  That is, all measurements from all agencies are combined into a single 
aggregate data-set for a year, and a single 95th percentile is computed to determine 
compliance. 

3.2.2 Total Dissolved Solids 

The NAC WQS for TDS are summarized in Figure 3.5, and use the same stations and 
regions as are used for TIN. 

At Station LWLVB1.2, the NAC WQS require that the annual maximum does not 
exceed 3,000 mg/L.  However, in practice up to ten percent of the measurements may be 
“digressions” (i.e., higher than the WQS of 3,000 mg/L) before the NDEP will take 
action.  Therefore, for the remainder of this study, the NAC WQS for TDS at Station 
LWLVB1.2 will be interpreted as a requirement that the annual 90th percentile be less 
than 3,000 mg/L (i.e., 90 percent of all samples must be less than 3,000 mg/L) 
(Figure 3.5).  It is noted that samples from all depths are included together in the 
computation of the 90th percentile. 

The NAC WQS requires that the annual maximum at “all other locations” (see 
Section 3.2.1 for definition) is less than 1,000 mg/L.  However, in practice up to ten 
                                                      
* For low WSEL this fixed location may end up being located to the west of Station LWLVB1.2, in which case it is 
excluded from the analysis. 
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percent of the measurements may be “digressions”, and as such the NAC WQS for TDS 
at “all other locations” will be interpreted as a requirement that the annual 90th percentile 
be less than 1,000 mg/L (i.e., 90 percent of all samples must be less than 1,000 mg/L) 
(Figure 3.5).  It is noted that samples from all locations listed above, and from all 
sampled depths, and from all agencies, are treated as one data-set when computing the 
90th percentile.  That is, all measurements from all agencies are combined into a single 
aggregate data-set for a year, and a single 90th percentile is computed to determine 
compliance. 

3.2.3 Chlorophyll a 

The NAC WQS for chlorophyll a are summarized in Figure 3.6.  Note that the NAC 
WQS for chlorophyll a are all specified in terms of the top 5 m average value (i.e., 0 to 
5 m composite sample). 

As Figure 3.6 indicates, the NAC WQS allows for higher chlorophyll a 
concentrations closer to the LVW.  There are no WQS for chlorophyll a at Station 
LWLVB1.2.  At Station LWLVB1.85 no more than one monthly average chlorophyll a 
concentration may exceed 45 µg/L in one calendar year.  For this study this value will be 
referred to as the second highest monthly average (2nd month).  The Summer Average 
(SA), defined as the period from July 1 to September 30, for chlorophyll a may not 
exceed 40 µg/L.  Additionally, the mean for four consecutive SA values may not exceed 
30 µg/L. 

Stations LWLVB2.7 and LWLVB3.5 each have a Growing Season Average (GSA), 
defined as the average of samples collected between April 1 and September 30, for 
chlorophyll a that should not be exceeded.  The GSA permitted maximum values are 
16 µg/L and 9 µg/L for Stations LWLVB2.7 and LWLVB3.5, respectively (Figure 3.6). 

The remaining chlorophyll a NAC WQS apply to the “open water”.  The open water 
includes all the stations in Boulder Basin outside the Las Vegas Bay, and is indicated in 
Figure 3.6 by the pale blue shaded region.  Specifically, the open water stations include 
Stations BB3, BB7, INTAKE, CR342.5, CR342.9, CR343.2, CR344.9W0.2, CR346.4, 
CR348.4NW0.8, CR350.0SE0.55, CR351.7, and CR355.75. 

The NAC 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 (i.e., 95 percent of all samples must be less than 
10 µg/L) (Figure 3.6).  It is noted that samples from all locations in the open water, and 
from all agencies, are treated as one data-set when computing the GSA and 95th 
percentiles.  That is, all open water measurements from all agencies are combined into a 
single data-set for a year (or growing season), and a single GSA and a single 95th 
percentile is computed to determine compliance. 

 

FSI V084015 Task 13 
March 3, 2011 
 



Section3_Figures.ppt
FSI V084015 Task 13
March 3, 2011

Figure 3.1

Boulder Basin Sampling Locations – WSEL = 1,100 feet

Hoover Dam

Las Vegas Wash
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Figure 3.2

Boulder Basin Sampling Locations – WSEL = 1,050 feet

Hoover Dam

Las Vegas Wash
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Figure 3.3

Boulder Basin Sampling Locations – WSEL = 1,000 feet

Hoover Dam

Las Vegas Wash
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Figure 3.4

Boulder Basin TIN WQS

Other locations: 
95% of samples 

≤

 

4.5 mg/L
Station LWLVB1.2:

 
95% of samples 

≤

 

5.3 mg/L

Other locations include:

 
LWLVB1.85, LWLVB2.7, LWLVB3.5, LVB3.5, 

LVB4.15, LVB4.95, LVB6.7, LVB7.3, BB3, BB7, 
INTAKE, CR342.5, CR342.9, CR343.2, 

CR344.9W0.2, CR346.4, CR348.4NW0.8, 
CR350.0SE0.55, CR351.7, CR355.75. 
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Figure 3.5

Station LWLVB1.2:

 
90%* of samples 
≤

 

3,000 mg/L

* WQS specifies 100% of samples, but in practice

 
up to 10% digressions are allowed.

Boulder Basin TDS WQS

Other locations: 
90%* of samples 
≤

 

1,000 mg/L

Other locations include:

 
LWLVB1.85, LWLVB2.7, LWLVB3.5, LVB3.5, 

LVB4.15, LVB4.95, LVB6.7, LVB7.3, BB3, BB7, 
INTAKE, CR342.5, CR342.9, CR343.2, 

CR344.9W0.2, CR346.4, CR348.4NW0.8, 
CR350.0SE0.55, CR351.7, CR355.75. 
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Figure 3.6

Boulder Basin Chlorophyll a WQS

Open Water: 
GSA < 5 μg/L 

95% of samples 
< 10 μg/L

Station LWLVB2.7:

 
GSA <

 

16 μg/L

Station LWLVB3.5:

 
GSA <

 

9 μg/L

Open Water locations include:

 
BB3, BB7, INTAKE, CR342.5, CR342.9, 

CR343.2, CR344.9W0.2, CR346.4, 
CR348.4NW0.8, CR350.0SE0.55, 

CR351.7, CR355.75. 

Station LWLVB1.85:

 
Sum. Av. <

 

40 μg/L

 
2nd

 

highest month

 

< 45 μg/L

 
Mean. Sum. Av. over 4 years

 

< 30 μg/L
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4 SIMULATION RESULTS: TOTAL INORGANIC 
NITROGEN, TOTAL DISSOLVED SOLIDS, AND 
CHLOROPHYLL a 

Predicted ELCOM/CAEDYM results from the thirty-six WLM simulations for total 
inorganic nitrogen (TIN), total dissolved solids (TDS), and chlorophyll a are discussed in 
this section.  The focus of this section is to highlight the results of the model 
predictions and provide correlations of model results with water surface elevation 
(WSEL), flow rate, total phosphorus (TP) loading, and TIN effluent concentration.  
This section does NOT make any determinations regarding compliance with the 
NAC WQS.  See Section 6 for probabilities of predicted values being higher than the 
NAC WQS. 

In various plots and tables, relevant Nevada Administrative Code (NAC) Water 
Quality Standards (WQS) are provided.  Note, however, that nominal model 
predictions that are below a particular standard at a single specific location do not 
necessarily constitute compliance with that standard.  Similarly, nominal model 
predictions above a particular standard at a single specific location do not 
necessarily constitute an exceedance of that standard.  This is due to inherent 
measurement and modeling uncertainties, as well as the interpretation of many NAC 
WQS, where the standards are not applied at single specific locations, but are applied at 
groups of locations in an aggregate sense (see Section 3).  Furthermore, 
ELCOM/CAEDYM provides nominal model output for a certain condition, whereas 
Section 6 will present a detailed statistical analysis and provide probabilities of 
predicted values being higher than the NAC WQS, taking into account the 
measurement and modeling uncertainties and the grouping of sampling locations and 
depths together.  

The results for TIN are discussed first, followed by TDS and then chlorophyll a.  It is 
noted here that only highlights of the modeling results are presented in the body of the 
report.  A complete suite of figures containing results for all simulations is included in 
Appendices C, D, and E.   

4.1 TOTAL INORGANIC NITROGEN 

This section first discusses temporal trends of predicted TIN concentrations in 
Boulder Basin.  A discussion of predicted results relevant to the NAC WQS follows.  

4.1.1 Temporal Trends of Predicted Total Inorganic Nitrogen 

As will be discussed in Section 6, the most critical location for the TIN NAC WQS is 
at Station LWLVB1.2.  Predicted TIN concentrations at Station LWLVB1.2 are plotted 
in Figure 4.1 for simulations of Year 2006 and 2007 for four scenarios involving a 
discharge of 300 MGD and differing phosphorus loadings (Runs 26, 29, 32, and 35, see 
Tables 2.1 and 2.4).  Both simulation years are plotted, but the Year 2007 is more 
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representative since the effects of the initial conditions have been attenuated as discussed 
in Section 2.  Note that TIN results are reported in mg/L of nitrogen (mg N/L), and will 
be simply referred to as mg/L herein.  At the surface, the predicted TIN concentration in 
Year 2007 peaks in March to a value of approximately 12 mg/L.  Predicted 
concentrations of TIN show peaks and valleys throughout the growing season, a result of 
the variable level (i.e., depth) of effluent plume insertion into the lake and horizontal 
advection of the plume by wind.  It is noted that the level of plume insertion is very 
transient as small changes in temperature of either the inflow or the ambient lake water 
can strongly influence the level of inflow insertion.  The TIN concentrations at the 
surface generally begin to decrease in October, due to the cooling of the LVW inflow 
resulting in a deeper insertion level for the discharge from LVW.  At the hypolimnion 
(Hypo) elevation, predicted TIN concentrations are generally lower than at the surface, 
with attenuated peak concentrations. 

Plots of predicted TIN concentrations for all thirty-six simulations are located in 
Appendix C. 

4.1.2 Predicted Total Inorganic Nitrogen Values Relevant to NAC WQS 

Tables 4.1, 4.2, and 4.3 present the predicted 95th percentile values of TIN from the 
simulations modeling the 189 MGD (CBER 2008), 250 MGD and 300 MGD effluent 
flow rates, respectively.  The results are only provided at the movable LWLVB stations; 
the numerical values at the open water stations are all lower than those at Station 
LWLVB3.5 and are therefore not provided here.   

Predicted values in Tables 4.1, 4.2, and 4.3 above the NAC WQS are highlighted in 
yellow.  However, this does not necessarily imply that the NAC WQS will be surpassed, 
since (1) there are uncertainties in the modeling, measurements and sampling that need to 
be taken into account, (2) the WQS at Station LWLVB1.2 applies to the aggregate of 
measurements at both depths (surface and hypolimnion) rather than to each depth 
individually, and (3) the WQS at “all other locations” (including Station LWLVB1.85) 
applies to the aggregate of measurements at all depths and all locations (see 
Section 3.2.1) and as such the measurements taken at Station LWLVB1.85 will be 
“diluted” with all the other measurements (i.e., those at Stations LWLVB2.7, 
LWLVB3.5, and all the open water stations).  Note that the predicted values of the 95th 
percentile are related to the probabilities of predicted values being higher than the NAC 
WQS in the Monte Carlo statistical analysis discussed in Section 6. 

Notwithstanding the additional factors effecting compliance or non-compliance with 
the NAC WQS, the values presented in Tables 4.1, 4.2, and 4.3 are useful for examining 
trends with respect to effluent flow rate, effluent TIN concentration, and WSEL.  In 
general, it is noted that ELCOM/CAEDYM predicted 95th percentile values for TIN at 
Station LWLVB1.2 are lower than observed values.  However, the systematic difference 
between model and data is corrected in the Monte-Carlo analysis. 
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Figure 4.2 plots 95th percentile values versus effluent TIN concentration at the 
surface of Station LWLVB1.2 for simulations of different phosphorus/nitrogen loading 
scenarios at a 300 MGD effluent flow rate.  In these model runs, it is noted that effluent 
TIN concentrations of 11, 14, 17 and 20 mg/L respectively correspond to effluent TP 
loads of 125, 225, 275 and 334 lbs/day.  Figure 4.2 illustrates the linear relationship 
between TIN concentration in the effluent and predicted TIN concentrations within the 
lake.  Of the three modeled WSELs, the 1,050 feet level generally produces the highest 
TIN concentrations.  At a WSEL of 1,050 feet, values of the 95th percentile are above the 
NAC WQS for all but the lowest effluent TIN concentration.  The occurrence of the 
highest concentrations at WSEL of 1,050 feet is consistent with the peaks in predicted 
chlorophyll 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 Las Vegas Bay at different WSEL, as discussed in Section 5.1.    

Figure 4.3 summarizes the effect of effluent flow rate on predicted TIN 95th 
percentile values at a WSEL of 1,050 feet at Station LWLVB1.2.  As the effluent flow 
rate increases, more TIN mass enters the lake, and as a result, predicted TIN 
concentrations in the lake increase.  Similar conclusions can be made at other stations and 
other WSELs (see Tables 4.1 through 4.3).    

Again it is noted that nominal model predictions of the TIN 95th percentile that are 
below or above the NAC WQS do not necessarily constitute compliance or non-
compliance, respectively, with that standard.  Section 6 will present a detailed statistical 
analysis and provide probabilities of predicted values being higher than the NAC WQS 
under modeled conditions.   

4.2 TOTAL DISSOLVED SOLIDS 

This section first discusses temporal trends of predicted TDS concentrations in 
Boulder Basin.  A discussion of predicted results relevant to the NAC WQS follows.  

4.2.1 Temporal Trends of Predicted Total Dissolved Solids 

As will be discussed in Section 6, the NAC WQS for TDS are not anticipated to be 
critical at any location.  For illustrative purposes results at Station LWLVB1.85 are 
presented.  Plots of predicted TDS for all the simulations are located in Appendix D. 

  Predicted TDS concentrations at Station LWLVB1.85 for a WSEL of 1,050 feet are 
plotted in Figure 4.4 for three scenarios (Runs 11, 23 and 35).  Both simulation years are 
plotted, but the Year 2007 is more representative since the effects of the initial conditions 
have been attenuated, as discussed in Section 2.  Predicted TDS concentrations at the 
surface increase during the summer when the LVW plume is inserting closer to the 
surface.  For Year 2007, the peak predicted TDS concentration of approximately 
1,175 mg/L for the simulation with an effluent flow rate of 300 MGD occurs in March.  
The NAC WQS for Station LWLVB1.85 is 1,000 mg/L and the model predicts peak 
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values above the NAC WQS for all flow rates simulated.  However, as will be discussed 
in the next section this does not imply that the NAC WQS have been surpassed. 

At the hypolimnion elevation, the patterns of TDS are different than those at the 
surface.  Concentrations are higher during the winter than during the growing season.  
This is a result of the LVW inflow during winter being colder and thus denser than 
ambient lake water, resulting in an inflow that generally sinks to the bottom of the lake.    

Plots of predicted TDS for all the simulations are located in Appendix D. 

4.2.2 Predicted Total Dissolved Solids Values Relevant to NAC WQS 

Tables 4.4, 4.5, and 4.6 present the predicted annual maximum (Max) values of TDS 
from simulations modeling the 189 MGD (CBER 2008), 250 MGD and 300 MGD 
effluent flow rates, respectively.  The results are only provided at the movable LWLVB 
stations; the numerical values at the open water stations are all lower than those at Station 
LWLVB3.5 and are not provided here.   

Values in Tables 4.4, 4.5, and 4.6 above the NAC WQS are highlighted in yellow.  
However, this does not imply that the NAC WQS will be surpassed, since (1) there is 
uncertainty in the modeling, measurements and sampling that need to be taken into 
account, (2) the WQS at “all other locations” (including Station LWLVB1.85) applies to 
the aggregate of measurements at all depths and all locations (see Section 3.2.2) and as 
such the measurements taken at Station LWLVB1.85 will be “diluted” with all the other 
measurements (i.e., those at Stations LWLVB2.7, LWLVB3.5, and all the open water 
stations), and (3) in practice the NDEP does not take action unless more than 10 percent 
of the measurements are over the WQS limit, so that the NAC WQS effectively applies to 
the annual 90th percentile rather than the annual maximum (see Section 3.2.2).  Note that 
the predicted values of TDS are related to probabilities of predicted values being higher 
than the NAC WQS in Section 6. 

Notwithstanding the additional factors affecting the compliance or non-compliance of 
the NAC WQS, the values presented in Tables 4.4, 4.5, and 4.6 are useful for examining 
trends with respect to effluent flow rate and WSEL.  A cursory study of the tables 
indicates only minimal effects of different effluent TP loads (and TIN concentration) on 
the predicted TDS concentrations. 

Annual maximum values of TDS at Station LWLVB1.85 are plotted versus effluent 
flow rate in Figure 4.5.  As the effluent flow rate increases, predicted TDS 
concentrations increase nearly linearly.  The WSEL of 1,050 feet produces the highest 
predicted TDS concentrations.  This is consistent with the chlorophyll a and TIN results 
and is discussed further in Section 5.1.  At a WSEL of 1,050 feet the predicted maximum 
TDS values are above the NAC WQS for each effluent flow rate.  At a WSEL of 
1,000 feet both 250 and 300 MGD effluent flow rates produce maximum TDS values 
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above the NAC WQS.  No maximum TDS values above the NAC WQS are predicted for 
a WSEL of 1,100 feet. 

Again it is noted that nominal model predictions of the maximum TDS that are below 
or above the NAC WQS do not necessarily constitute compliance or non-compliance, 
respectively, with that standard.  Section 6 will present a detailed statistical analysis and 
provide probabilities of predicted values being higher than the NAC WQS under modeled 
conditions. 

4.3 CHLOROPHYLL a 

This section first discusses overall temporal and spatial trends of predicted 
chlorophyll a concentrations in Boulder Basin.  A discussion of predicted results relevant 
to the NAC WQS follows.  

4.3.1 Overall Temporal and Spatial Trends in Predicted Chlorophyll a 
Concentrations 

Time-series plots show that predicted chlorophyll a concentrations in Year 2007 peak 
in March and then generally taper off through the growing season.  For example, 
Figure 4.6 shows predicted chlorophyll a concentrations at Station LWLVB2.7, the first 
station in the Las Vegas Bay (LVB) with a NAC WQS for chlorophyll a.  Both 
simulation years are plotted, but the Year 2007 is more representative since the effects of 
the initial conditions have been attenuated as discussed in Section 2.  Predicted peak 
concentrations at this station are as high as 45 µg/L.  

Predicted chlorophyll a concentrations for Stations BB3 and CR346.4 are plotted in 
Figures 4.7 and 4.8, respectively.  The same trends of chlorophyll a seen at Station 
LWLVB2.7, i.e., peaks in March that taper off during the year, are also seen at these 
stations.  At Station BB3 predicted concentrations peak at 17 µg/L, while peaks at Station 
CR346.4 are near 5 µg/L.  Growing season average (GSA) values for both stations are 
below the NAC WQS of 5 µg/L for open water.  Note again, however, that because of 
inherent variability in sampling and model accuracy, and the grouping of open water 
locations together (see Section 3.2.3), specific predicted values below the NAC WQS do 
not necessarily constitute compliance with the NAC WQS.  To resolve this probabilities 
of predicted values being higher than the NAC WQS are computed and presented in 
Section 6.  

Results show that with increasing distance from the confluence of the LVW, 
predicted concentrations of chlorophyll a decrease.  This is apparent when comparing 
Figures 4.6 through 4.8.  Station LWLVB2.7 is in the Las Vegas Bay (LVB), 
Station BB3 is outside the mouth of the LVB in the Open Water, while Station CR346.4 
is in Boulder Basin on the opposite side to the LVB.   

Figure 4.9 presents plan view contour plots of predicted top 5 meter average 
chlorophyll a GSA in Boulder Basin for the 300 MGD effluent flow rate at a WSEL of 
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1,000 feet.  GSA is the average chlorophyll a value for the growing season (defined as 
April 1 through September 30).  The chlorophyll a GSA is computed using daily output 
from the simulation.  The plan view contour plots of predicted GSA presented in 
Figure 4.9 provide an overall view of the spatial trends in chlorophyll a.  Here again, it is 
evident that the chlorophyll a GSA values decrease with distance from the LVW.  
Figure 4.9 further shows that the chlorophyll a GSA increases with increased TP 
loading.  This trend will be investigated further in Section 4.1.2.2.  Similar plots for all 
simulations are provided in Appendix E. 

Figures 4.10 and 4.11 are similar to Figure 4.9, but at WSELs of 1,050 feet and 
1,100 feet, respectively.  The overall chlorophyll a GSA spatial trends remain the same at 
different WSEL.  That is, chlorophyll a values generally decrease with distance from the 
LVW.   

Similar plots for all simulations are located in Appendix E. 

4.3.2 Predicted Chlorophyll a Values Relevant to NAC WQS 

Table 4.7 shows predicted chlorophyll a values for simulations at the 189 MGD 
(CBER 2008) effluent flow rate at selected stations.  Table 4.7 is divided into two 
sections; LVB Stations and Open Water Stations.  The location of the station determines 
the applicable NAC WQS as discussed in Section 3.  Values for simulations at effluent 
flow rates of 250 MGD and 300 MGD are provided in Tables 4.8 and 4.9, respectively.  
Various values and trends can be extracted from these tables.  Some noteworthy results 
are discussed quantitatively in the following sections.  Again it is noted that nominal 
model predictions that are below a particular standard do not necessarily constitute 
compliance with that standard.  Section 6 will present a detailed statistical analysis and 
provide probabilities of predicted values being higher than the NAC WQS under modeled 
conditions. 

4.3.2.1 Quantitative Effects of  Effluent Flow Rate on Chlorophyll a GSA 

The effect of effluent flow rate on predicted chlorophyll a concentrations is shown in 
Figure 4.12, which plots GSA values versus effluent flow rate at Station LWLVB2.7 for 
a WSEL of 1,050 feet.  Each of the four curves corresponds to a different TP loading.  As 
flow rate increases the predicted chlorophyll a GSA values decrease, albeit only slightly.  
The effect of flow rate on predicted chlorophyll a is less than 1 µg/L for all TP loadings.  
Note that the simulations consider that the TP loading is independent of the flow rate, so 
all flows transport the same mass of phosphorus into the lake for any particular TP 
loading.  As a result, lower flows provide an effluent with a higher TP concentration, and 
thus slightly higher chlorophyll a concentrations result.  An examination of Tables 4.7 to 
4.9 shows that this trend generally holds at other locations and WSELs.   
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4.3.2.2 Quantitative Effects of  TP loading and WSEL on Chlorophyll a GSA  

Figure 4.13 plots GSA values vs. TP loading at Station LWLVB2.7 for the 189 MGD 
(CBER 2008) effluent flow rate.  Figure 4.13 illustrates the nearly linear relationship 
between TP loading and predicted chlorophyll a concentrations.  As TP loading 
increases, so do predicted chlorophyll a concentrations.  Furthermore, a WSEL of 1,050 
feet is predicted to have higher predicted chlorophyll a concentrations than WSELs of 
1,000 feet and 1,100 feet.  This is due to both lake geometry and Hoover Dam withdrawal 
depths changing with different WSEL, as discussed in Section 5.1 

Figures 4.14 and 4.15 present predicted chlorophyll a GSA vs. TP loading (at three 
WSELs) at Stations BB3 and CR346.4, respectively.  GSA values for Station BB3 reach 
approximately 4 µg/L at the maximum TP loading of 334 lbs/day (WSEL of 1,050 ft), 
compared to a maximum value of 2.7 µg/L at Station CR346.4.  Again, the lower values 
at Station CR346.4 are related to its location being further from the LVW.  Note that the 
effect of WSEL on predicted chlorophyll a GSA values at Stations BB3 and CR346.4 is 
small.  This is also typical of other Open Water locations (e.g., Station CR350SE0.55 in 
Tables 4.7 to 4.9). 

The annual 95th percentile values for chlorophyll a concentration at Stations BB3 and 
CR346.4 are plotted in Figures 4.16 and 4.17, respectively.  The 95th percentile values 
for Station BB3 reach approximately 6.4 µg/L at the maximum TP loading of 334 lbs/day 
(WSEL of 1,050 ft), compared to a value of 3.9 µg/L at Station CR346.4 (WSEL of 
1,000 ft).  Again, the lower values at Station CR346.4 are related to its location being 
further from the LVW.  Note that the effect of WSEL on predicted chlorophyll a 95th 
percentile values at Stations BB3 and CR346.4 is generally larger than that for the GSA.  
This is also typical of other Open Water locations (e.g., Station CR350SE0.55 in 
Tables 4.7 to 4.9).   

 

34 



  

 
Table 4.1: Total Inorganic Nitrogen Annual 95th Percentile Values for CBER 2008 (189 MGD Average Annual Effluent) Flow Rates 

  Inner Las Vegas Bay Las Vegas Bay    
         LWLVB1.2 LWLVB1.85 LWLVB2.7 LWLVB3.5

Run 
# 

Flow Rate 
(MGD) 

TP Load 
(lbs/day) 

Eff. TIN 
Conc. 
(mg/L) 

WSEL 
(ft) 

Top  
5m Hypo Top 

5m Meta Hypo Top 
5m Meta Hypo Top 

5m Meta Hypo 

1               189 125 11 1000 3.1 2.5 2.8 1.9 2.0 1.4 1.3 1.2 1.3 1.0 0.9
2               189 125 11 1050 3.6 2.6 3.2 2.0 2.1 1.6 1.3 1.4 1.2 1.0 1.0
3               189 125 11 1100 2.6 2.2 2.0 1.5 1.6 1.4 1.2 1.3 1.0 0.9 1.0
4 189 225 14 1000 3.8 3.0 3.4 2.4 2.3 1.6 1.5 1.3 1.4 1.2 1.0 
5 189 225 14 1050 4.4 3.1 3.9 2.5 2.5 1.9 1.5 1.6 1.3 1.2 1.2 
6 189 225 14 1100 3.0 2.7 2.4 1.9 1.9 1.6 1.4 1.5 1.2 1.1 1.2 
7               189 275 17 1000 4.6 3.6 4.1 2.9 2.8 1.9 1.7 1.5 1.6 1.3 1.1
8      189 275 17 1050 5.2 3.7 4.6         3.0 2.9 2.2 1.7 1.9 1.6 1.3 1.3
9               189 275 17 1100 3.6 3.2 2.8 2.2 2.2 1.9 1.7 1.8 1.3 1.2 1.4
10 189 334 20 1000 5.3 4.1 4.8 3.3 3.2 2.1 1.9 1.7 1.9 1.5 1.2 
11 189 334 20 1050 6.2 4.3 5.4 3.4 3.4 2.5 1.9 2.2 1.8 1.5 1.5 
12 189 334 20 1100 4.2 3.7 3.2 2.5 2.5 2.1 1.9 2.0 1.5 1.4 1.5 

 
1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All total inorganic nitrogen (TIN) values are reported in mg N/L. 
3. TIN is sampled as the top 5 meter average (Top 5m) and at the metalimnion (Meta) and hypolimnion (Hypo) locations.   
4. The Annual 95th Percentile WQS for LWLVB1.2 is 5.3 mg N/L and applies to the aggregate of all depths. 
5. The Annual 95th Percentile WQS for LWLVB1.85, LWLVB2.7 and LWLVB3.5 is 4.5 mg N/L and applies to the aggregate of all locations 

(including open water locations) and all depths. 
6. Yellow-highlighted numbers indicate 95th percentile values that are higher than the WQS.  Note, however, that values below a particular 

standard at a single specific location do not necessarily constitute compliance with that standard.  Similarly, values above a particular standard 
at a single specific location do not necessarily constitute an exceedance of that standard. 
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Table 4.2: Total Inorganic Nitrogen Annual 95th Percentile Values for Projected Future (250 MGD Average Annual Effluent) 

Flow Rate 1 

  Inner Las Vegas Bay Las Vegas Bay    
         LWLVB1.2 LWLVB1.85 LWLVB2.7 LWLVB3.5

Run 
# 

Flow Rate 
(MGD) 

TP Load 
(lbs/day) 

Eff. TIN 
Conc. 
(mg/L) 

WSEL 
(ft) 

Top  
5m Hypo Top 

5m Meta Hypo Top 
5m Meta Hypo Top 

5m Meta Hypo 

13            250 125 11 1000 3.7 2.9 3.4 2.3 2.3 1.7 1.5 1.3 1.5 1.2 1.0
14            250 125 11 1050 4.3 3.1 3.8 2.4 2.5 1.9 1.5 1.7 1.4 1.2 1.2
15            250 125 11 1100 3.2 2.8 2.5 1.8 2.0 1.7 1.4 1.5 1.2 1.1 1.2
16 250 225 14 1000 4.5 3.6 4.2 2.9 2.8 2.0 1.8 1.5 1.8 1.4 1.1 
17 250 225 14 1050 5.2 3.8 4.7 2.9 3.0 2.3 1.8 2.0 1.6 1.4 1.4 
18 250 225 14 1100 3.9 3.3 3.0 2.2 2.3 1.9 1.7 1.8 1.5 1.3 1.4 
19   250 275 17 1000 5.4  4.3 5.0         3.4 3.3 2.4 2.1 1.8 2.1 1.6 1.3
20   250 275 17 1050 6.3  4.6 5.6         3.7 3.6 2.7 2.1 2.4 1.9 1.6 1.6
21            250 275 17 1100 4.6 4.0 3.6 2.7 2.7 2.3 1.9 2.1 1.6 1.5 1.6
22 250 334 20 1000 6.3 4.9 5.8 4.0 3.8 2.7 2.4 2.0 2.4 1.8 1.4 
23 250 334 20 1050 7.3 5.3 6.5 4.3 4.2 3.1 2.4 2.7 2.2 1.8 1.8 
24 250 334 20 1100 5.3 4.6 4.1 3.1 3.1 2.5 2.2 2.5 1.9 1.8 1.9 

 
1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All total inorganic nitrogen (TIN) values are reported in mg N/L. 
3. TIN is sampled as the top 5 meter average (Top 5m) and at the metalimnion (Meta) and hypolimnion (Hypo) locations.   
4. The Annual 95th Percentile WQS for LWLVB1.2 is 5.3 mg N/L and applies to the aggregate of all depths. 
5. The Annual 95th Percentile WQS for LWLVB1.85, LWLVB2.7 and LWLVB3.5 is 4.5 mg N/L and applies to the aggregate of all locations 

(including open water locations) and all depths. 
6. Yellow-highlighted numbers indicate 95th percentile values that are higher than the WQS.  Note, however, that values below a particular 

standard at a single specific location do not necessarily constitute compliance with that standard.  Similarly, values above a particular standard 
at a single specific location do not necessarily constitute an exceedance of that standard. 
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Table 4.3: Total Inorganic Nitrogen Annual 95th Percentile Values for Projected Future (300 MGD Average Annual Effluent) 

Flow Rate 2 

     Inner Las Vegas Bay Las Vegas Bay 
         LWLVB1.2 LWLVB1.85 LWLVB2.7 LWLVB3.5

Run 
# 

Flow Rate 
(MGD) 

TP Load 
(lbs/day) 

Eff. TIN 
Conc. 
(mg/L) 

WSEL 
(ft) 

Top  
5m Hypo Top 

5m Meta Hypo Top 
5m Meta Hypo Top 

5m Meta Hypo 

25            300 125 11 1000 4.3 3.3 3.9 2.6 2.6 1.9 1.7 1.4 1.7 1.3 1.1
26            300 125 11 1050 4.8 3.6 4.2 2.7 2.8 2.2 1.7 1.9 1.6 1.3 1.3
27            125 11 1100 3.6 3.1 2.8 2.0 2.2 1.8300 1.6 1.7 1.4 1.2 1.3
28 300 225 14 5.1 4.0 4.7 3.3 3.1 2.3 2.0 1.7 2.1 1000 1.5 1.2 
29 300 225 14 1050 5.9 4.4 3.4 3.5 2.6 2.0 2.3 1.8 1.6 1.6 5.3 
30 300 225 14 1100 4.3 3.8 3.4 2.5 2.6 2.2 1.8 2.1 1.6 1.4 1.6 
31   300 275 17 1000 6.1  4.8 5.7     2.0    3.8 3.7 2.7 2.3 2.4 1.8 1.4
32   300 275 17 1050 7.0  5.2 6.3         4.1 4.2 3.1 2.4 2.7 2.1 1.8 1.8
33            300 275 17 1100 5.2 4.5 4.0 3.0 3.1 2.5 2.2 2.4 1.9 1.7 1.8
34 300 334 20 1000 7.1 5.5 6.6 4.6 4.3 3.1 2.7 2.2 2.7 2.0 1.6 
35 300 334 20 1050 8.2 6.1 7.4 4.8 4.8 3.6 2.7 3.1 2.5 2.0 2.0 
36 300 334 20 1100 6.0 5.2 4.6 4.6 3.5 2.9 2.5 2.8 2.2 2.0 2.1 

 
1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All total inorganic nitrogen (TIN) values are reported in mg N/L. 
3. TIN is sampled as the top 5 meter average (Top 5m) and at the metalimnion (Meta) and hypolimnion (Hypo) locations.   
4. The Annual 95th Percentile WQS for LWLVB1.2 is 5.3 mg N/L and applies to the aggregate of all depths. 
5. The Annual 95th Percentile WQS for LWLVB1.85, LWLVB2.7 and LWLVB3.5 is 4.5 mg N/L and applies to the aggregate of all locations 

(including open water locations) and all depths. 
6. Yellow-highlighted numbers indicate 95th percentile values that are higher than the WQS.  Note, however, that values below a particular 

standard at a single specific location do not necessarily constitute compliance with that standard.  Similarly, values above a particular standard 
at a single specific location do not necessarily constitute an exceedance of that standard. 
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Table 4.4: Total Dissolved Solids Annual Maximum Values for CBER 2008 (189 MGD Average Annual Effluent) Flow Rates 

    Inner Las Vegas Bay Las Vegas Bay 
        LWLVB1.2 LWLVB1.85 LWLVB2.7 LWLVB3.5

Run 
# 

Flow Rate 
(MGD) 

TP Load 
(lbs/day) 

WSEL 
(ft) 

Top  
5m Hypo Top 

5m Meta   Hypo Top 
5m Meta Hypo Top 

5m Meta Hypo

1               189 125 1000 972 932 966 882 864 830 808 751 806 808 729
2      189 125 1050 1065 1008 1076         917 891 872 832 831 827 798 755
3               189 125 1100 942 921 903 835 841 837 803 785 790 769 758
4 189 225 1000 976 928 957 907 863 829 808 751 806 807 729 
5 189 225 1050 1065 1007 1074 929 891 871 830 831 829 803 755 
6 189 225 1100 944 916 900 835 840 832 821 785 786 769 758 
7               189 275 1000 979 927 958 909 863 828 808 751 806 806 729
8      189 275 1050 1068 1006 1074         960 891 871 829 831 829 803 755
9               189 275 1100 946 915 902 835 839 829 815 785 787 769 758

10 189 334 1000 981 926 959 908 863 827 808 751 806 804 729 
11 189 334 1050 1066 1006 1074 961 891 873 826 830 830 805 755 
12 189 334 1100 946 912 901 835 839 830 812 785 786 769 757 

 
1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All total dissolved solids (TDS) values are reported in mg/L. 
3. TDS is sampled as the top 5 meter average (Top 5m) and at the metalimnion (Meta) and hypolimnion (Hypo) locations.   
4. The Annual Maximum WQS for LWLVB1.2 is 3,000 mg/L and applies to the aggregate of all depths. 
5. The Annual Maximum WQS for LWLVB1.85, LWLVB2.7 and LWLVB3.5 is 1,000 mg/L and applies to the aggregate of all locations 

(including open water locations) and all depths. 
6. Yellow-highlighted numbers indicate annual maximum values that are higher than the WQS.  Note, however, that values below a particular 

standard at a single specific location do not necessarily constitute compliance with that standard.  Similarly, values above a particular standard 
at a single specific location do not necessarily constitute an exceedance of that standard. 
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Table 4.5: Total Dissolved Solids Annual Maximum Values for Projected Future (250 MGD Average Annual Effluent) Flow Rate 1 

    Inner Las Vegas Bay Las Vegas Bay 
        LWLVB1.2 LWLVB1.85 LWLVB2.7 LWLVB3.5

Run 
# 

Flow Rate 
(MGD) 

TP Load 
(lbs/day) 

WSEL 
(ft) 

Top  
5m Hypo Top 

5m Meta   Hypo Top 
5m Meta Hypo Top 

5m Meta Hypo

13      250 125 1000 1044 966 1028         894 880 850 827 760 815 776 735
14      250 125 1050 1097 1029 1114         949 920 905 833 849 842 812 768
15               250 125 1100 975 956 943 834 865 847 817 799 801 770 768
16 250 225 1000 1052 963 1020 904 879 849 826 759 816 777 735 
17 250 225 1050 1100 1029 1113 961 918 906 848 849 844 816 768 
18 250 225 1100 974 946 937 858 865 853 817 799 798 771 768 
19      250 275 1000 1053 965 1018         958 878 848 826 759 817 778 735
20      250 275 1050 1099 1006 1112         986 918 906 846 850 844 817 768
21               250 275 1100 973 945 935 886 864 852 816 800 797 786 768
22 250 334 1000 1054 963 1009 962 879 847 825 759 817 780 734 
23 250 334 1050 1099 1004 1112 986 918 907 844 849 845 818 768 
24 250 334 1100 975 943 930 891 864 856 817 802 797 783 767 

 
1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All total dissolved solids (TDS) values are reported in mg/L. 
3. TDS is sampled as the top 5 meter average (Top 5m) and at the metalimnion (Meta) and hypolimnion (Hypo) locations.   
4. The Annual Maximum WQS for LWLVB1.2 is 3,000 mg/L and applies to the aggregate of all depths. 
5. The Annual Maximum WQS for LWLVB1.85, LWLVB2.7 and LWLVB3.5 is 1,000 mg/L and applies to the aggregate of all locations 

(including open water locations) and all depths. 
6. Yellow-highlighted numbers indicate annual maximum values that are higher than the WQS.  Note, however, that values below a particular 

standard at a single specific location do not necessarily constitute compliance with that standard.  Similarly, values above a particular standard 
at a single specific location do not necessarily constitute an exceedance of that standard. 
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Table 4.6: Total Dissolved Solids Annual Maximum Values for Projected Future (300 MGD Average Annual Effluent) Flow Rate 2 

    Inner Las Vegas Bay Las Vegas Bay 
        LWLVB1.2 LWLVB1.85 LWLVB2.7 LWLVB3.5

Run 
# 

Flow Rate 
(MGD) 

TP Load 
(lbs/day) 

WSEL 
(ft) 

Top  
5m Hypo Top 

5m Meta   Hypo Top 
5m Meta Hypo Top 

5m Meta Hypo

25      300 125 1000 1066 980 1055         902 893 862 836 771 830 784 743
26      300 125 1050 1114 1044 1135         968 938 947 846 864 852 822 777
27               300 125 1100 999 970 957 847 878 859 827 814 811 776 776
28 300 225 1000 1073 978 1036 918 893 860 836 770 829 785 743 
29 300 225 1050 1120 1044 1136 961 936 944 860 864 854 825 776 
30 300 225 1100 996 962 950 876 878 866 827 815 807 781 775 
31      300 275 1000 1074 977 1035         985 892 859 836 771 830 786 743
32      300 275 1050 1121 1044 1136 1003        936 945 859 864 855 825 777
33               300 275 1100 999 962 948 901 877 863 826 814 806 792 776
34 300 334 1000 1075 976 1034 985 892 858 835 770 829 788 743 
35 300 334 1050 1121 1045 1136 1004 935 945 856 863 855 827 777 
36 300 334 1100 999 960 944 911 877 867 825 814 805 790 776 

 
1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All total dissolved solids (TDS) values are reported in mg/L. 
3. TDS is sampled as the top 5 meter average (Top 5m) and at the metalimnion (Meta) and hypolimnion (Hypo) locations.   
4. The Annual Maximum WQS for LWLVB1.2 is 3,000 mg/L and applies to the aggregate of all depths. 
5. The Annual Maximum WQS for LWLVB1.85, LWLVB2.7 and LWLVB3.5 is 1,000 mg/L and applies to the aggregate of all locations 

(including open water locations) and all depths. 
6. Yellow-highlighted numbers indicate annual maximum values that are higher than the WQS.  Note, however, that values below a particular 

standard at a single specific location do not necessarily constitute compliance with that standard.  Similarly, values above a particular standard 
at a single specific location do not necessarily constitute an exceedance of that standard. 
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Table 4.7: Chlorophyll a Values for CBER 2008 (189 MGD Average Annual Effluent) Flow Rates 

 

    Las Vegas Bay Open Water 
       LWLVB1.85 LWLVB2.7 LWLVB3.5 BB3 CR346.4 CR350.0 SE0.55

Run 
# 

Flow Rate 
(MGD) 

TP Load 
(lbs/day) WSEL (ft) SA 2nd  

Month GSA     GSA GSA 95th GSA 95th GSA 95th

1              189 125 1000 6.1 8.3 3.4 2.5 2.0 3.3 1.5 2.4 1.2 2.2
2              189 125 1050 7.1 10.8 3.9 2.8 2.0 3.3 1.4 2.2 1.3 2.2
3              189 125 1100 5.3 7.3 3.2 2.5 2.0 3.2 1.5 2.3 1.4 2.3
4 189 225 1000 9.6 12.0 5.3 3.7 2.9 4.5 2.0 3.1 1.6 2.8 
5 189 225 1050 11.1 16.7 6.2 4.2 2.9 4.8 1.9 2.7 1.7 2.9 
6 189 225 1100 8.4 10.5 4.9 3.7 2.7 4.3 1.9 3.0 1.7 2.8 
7              189 275 1000 11.2 13.6 6.2 4.3 3.4 5.2 2.3 3.5 1.8 3.1
8              189 275 1050 12.8 18.3 7.3 4.9 3.4 5.5 2.1 3.0 1.9 3.2
9              189 275 1100 9.8 11.7 5.7 4.3 3.1 4.7 2.1 3.2 1.8 3.1
10 189 334 1000 12.8 15.7 7.3 5.1 4.0 6.0 2.6 3.9 2.0 3.5 
11 189 334 1050 14.6 19.6 8.6 5.8 3.9 6.4 2.5 3.3 2.1 3.6 
12 189 334 1100 11.4 13.2 6.6 5.0 3.6 5.3 2.4 3.5 2.0 3.4 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a values are reported in µg/L. 
3. Chlorophyll a is sampled as the top 5 meter average. 
4. Growing Season Average (GSA) is sampled from April 1 – September 30. GSA Water Quality Standards (WQS) for LWLVB2.7, 

LWLVB3.5, and Open Water Stations (BB3, CR346.4, CR350.0 SE0.55) are 16, 9 and 5 µg/L, respectively.  Open Water WQS applies to the 
aggregate of all Open Water Stations. 

5. Summer Average (SA) is sampled from July 1 – September 30. The SA WQS for LWLVB1.85 is 40 µg/L. 
6. Second highest month (2nd month) is the second highest monthly average in the calendar year.  The 2nd month WQS for LWLVB1.85 is 

45 µg/L. 
7. The Annual 95th Percentile (95th) WQS for Open Water Stations is 10 µg/L.  Open Water WQS applies to the aggregate of all Open Water 

Stations. 

FSI V084015 Task 13 
March 3, 2011 

41 

 



  

 
Table 4.8: Chlorophyll a Values for Projected Future (250 MGD Average Annual Effluent) Flow Rate 1 

 

    Las Vegas Bay Open Water 
      LWLVB1.85 LWLVB2.7 LWLVB3.5 BB3 CR346.4 CR350.0 SE0.55

Run 
# 

Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) SA 2nd  

Month GSA     GSA GSA 95th GSA 95th GSA 95th

13            250 125 1000 6.0 9.6 3.3 2.4 1.9 3.2 1.4 2.3 1.2 2.2
14            250 125 1050 6.7 10.5 3.8 2.7 1.9 3.4 1.4 2.2 1.3 2.3
15            250 125 1100 5.0 7.7 3.1 2.5 1.9 3.3 1.4 2.3 1.3 2.3
16 250 225 1000 9.6 13.1 5.2 3.6 2.8 4.5 1.9 3.0 1.5 2.8 
17 250 225 1050 10.6 16.9 6.0 4.1 2.8 4.8 1.9 2.7 1.7 2.9 
18 250 225 1100 8.1 11.4 4.7 3.6 2.7 4.3 1.8 2.9 1.7 2.9 
19            250 275 1000 11.1 14.2 6.1 4.2 3.2 5.1 2.2 3.2 1.7 3.1
20            250 275 1050 12.2 18.7 7.1 4.8 3.3 5.6 2.1 3.0 1.9 3.3
21            250 275 1100 9.5 12.8 5.5 4.2 3.0 4.8 2.1 3.1 1.8 3.1
22 250 334 1000 12.8 15.7 7.1 4.9 3.7 6.0 2.5 3.6 1.9 3.4 
23 250 334 1050 14.0 20.1 8.3 5.6 3.8 6.3 2.4 3.3 2.1 3.6 
24 250 334 1100 10.9 14.0 6.4 4.8 3.5 5.2 2.3 3.4 2.0 3.4 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a values are reported in µg/L. 
3. Chlorophyll a is sampled as the top 5 meter average. 
4. Growing Season Average (GSA) is sampled from April 1 – September 30. GSA Water Quality Standards (WQS) for LWLVB2.7, 

LWLVB3.5, and Open Water Stations (BB3, CR346.4, CR350.0 SE0.55) are 16, 9 and 5 µg/L, respectively.  Open Water WQS applies to the 
aggregate of all Open Water Stations. 

5. Summer Average (SA) is sampled from July 1 – September 30. The SA WQS for LWLVB1.85 is 40 µg/L. 
6. Second highest month (2nd month) is the second highest monthly average in the calendar year.  The 2nd month WQS for LWLVB1.85 is 

45 µg/L. 
7. The Annual 95th Percentile (95th) WQS for Open Water Stations is 10 µg/L.  Open Water WQS applies to the aggregate of all Open Water 

Stations. 
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Table 4.9: Chlorophyll a Values for Projected Future (300 MGD Average Annual Effluent) Flow Rate 2 
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    Las Vegas Bay Open Water 
      LWLVB1.85 LWLVB2.7 LWLVB3.5 BB3 CR346.4 CR350.0 SE0.55

Run 
# 

Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) SA 2nd  

Month GSA     GSA GSA 95th GSA 95th GSA 95th

25            300 125 1000 6.9 9.5 3.2 2.4 1.9 3.2 1.4 2.2 1.2 2.2
26            300 125 1050 7.6 10.2 3.7 2.6 1.9 3.4 1.4 2.2 1.3 2.2
27            300 125 1100 5.7 7.7 3.0 2.4 1.9 3.2 1.4 2.4 1.3 2.3
28 300 225 1000 11.1 13.1 5.1 3.5 2.7 4.5 1.9 2.9 1.5 2.8 
29 300 225 1050 12.1 15.3 5.9 4.0 2.8 4.7 1.8 2.7 1.6 2.9 
30 300 225 1100 9.1 11.4 4.6 3.6 2.6 4.1 1.8 2.8 1.6 2.8 
31            300 275 1000 12.8 14.2 6.0 4.1 3.2 5.0 2.2 3.3 1.7 3.1
32            300 275 1050 14.0 16.8 6.9 4.7 3.2 5.6 2.1 3.0 1.8 3.3
33            300 275 1100 10.6 12.8 5.3 4.1 3.0 4.8 2.0 3.1 1.8 3.1
34 300 334 1000 14.7 15.4 6.9 4.8 3.7 5.7 2.5 3.7 1.9 3.5 
35 300 334 1050 16.1 18.1 8.1 5.5 3.7 6.5 2.4 3.4 2.1 3.7 
36 300 334 1100 12.2 14.1 6.2 4.7 3.4 5.2 2.3 3.3 2.0 3.4 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a values are reported in µg/L. 
3. Chlorophyll a is sampled as the top 5 meter average. 
4. Growing Season Average (GSA) is sampled from April 1 – September 30. GSA Water Quality Standards (WQS) for LWLVB2.7, 

LWLVB3.5, and Open Water Stations (BB3, CR346.4, CR350.0 SE0.55) are 16, 9 and 5 µg/L, respectively.  Open Water WQS applies to the 
aggregate of all Open Water Stations. 

5. Summer Average (SA) is sampled from July 1 – September 30. The SA WQS for LWLVB1.85 is 40 µg/L. 
6. Second highest month (2nd month) is the second highest monthly average in the calendar year.  The 2nd month WQS for LWLVB1.85 is 

45 µg/L. 
7. The Annual 95th Percentile (95th) WQS for Open Water Stations is 10 µg/L.  Open Water WQS applies to the aggregate of all Open Water 

Stations. 
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Figure 4.1

Total Inorganic Nitrogen - Station LWLVB1.2
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 35 - TP Load 334 lbs/day,TIN conc. = 20 mg N/L
Run 32 - TP Load 275 lbs/day,TIN conc. = 17 mg N/L
Run 29 - TP Load 225 lbs/day,TIN conc. = 14 mg N/L
Run 26 - TP Load 125 lbs/day,TIN conc. = 11 mg N/L

Hypolimnion - Elevation 1,001 feet

Annual 95th

Percentile (5.3 mg/L)

**The Water Quality Standard (WQS) 
shown on this figure is for reference 
only.  Plotted values higher than the 
WQS do not necessarily represent 
non-compliance. 
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Figure 4.2

Total Inorganic Nitrogen Annual 95th Percentile vs. 
Effluent Total Inorganic Nitrogen Concentration

Station LWLVB1.2, Annual Average Effluent Flow Rate = 300 MGD
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TIN conc. = 14 mg N/L => TP loading = 225 lbs/day

TIN conc. = 17 mg N/L => TP loading = 275 lbs/day

TIN conc. = 20 mg N/L => TP loading = 334 lbs/day

**The Water Quality Standard (WQS) 
shown on this figure is for reference 
only.  Plotted values higher than the 
WQS do not necessarily represent  
non-compliance. 
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Figure 4.3

Total Inorganic Nitrogen Annual 95th Percentile vs. 
Effluent Total Inorganic Nitrogen Concentration

Station LWLVB1.2, WSEL = 1,050 feet
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TIN conc. = 14 mg N/L => TP loading = 225 lbs/day

TIN conc. = 17 mg N/L => TP loading = 275 lbs/day

TIN conc. = 20 mg N/L => TP loading = 334 lbs/day

**The Water Quality Standard (WQS) 
shown on this figure is for reference 
only.  Plotted values higher than the 
WQS do not necessarily represent  
non-compliance. 
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Figure 4.4

Total Dissolved Solids - Station LWLVB1.85
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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**The Single Value Maximum (SVM) 
shown on this figure is for reference 
only.  Plotted values higher than the 
SVM do not necessarily represent 
non-compliance. 
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Figure 4.5

Total Dissolved Solids Annual Maximum vs. Annual 
Average Effluent Flow Rate

Station LWLVB1.85, Total Phosphorus Loading = 334 lbs/day
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**The Water Quality Standard (WQS) 
shown on this figure is for reference 
only.  Plotted values higher than the 
WQS do not necessarily represent  
non-compliance. 
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Figure 4.6

Chlorophyll a - Station LWLVB2.7
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
Run 26 - TP Load 125 lbs/day
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**The Water Quality Standard (WQS) 
shown on this figure is for reference 
only.  Plotted values higher than the 
WQS do not necessarily represent 
non-compliance. 
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Figure 4.7

Chlorophyll a - Station BB3
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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**The Water Quality Standard (WQS) 
shown on this figure is for reference 
only.  Plotted values higher than the 
WQS do not necessarily represent 
non-compliance. 
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Figure 4.8

Chlorophyll a - Station CR346.4
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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**The Water Quality Standard (WQS) 
shown on this figure is for reference 
only.  Plotted values higher than the 
WQS do not necessarily represent 
non-compliance. 



Section4_Figures.ppt
FSI V084015 Task 13
March 3, 2011

Figure 4.9

Chlorophyll a - Growing Season Average
WSEL = 1,000 feet, Annual Average Total Effluent Flow Rate = 300 MGD
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Figure 4.10

Chlorophyll a - Growing Season Average
WSEL = 1,050 feet, Annual Average Total Effluent Flow Rate = 300 MGD
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Figure 4.11

Chlorophyll a - Growing Season Average
WSEL = 1,100 feet, Annual Average Total Effluent Flow Rate = 300 MGD
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Figure 4.12

Chlorophyll a Growing Season Average vs. Total 
Phosphorus Loading

Station LWLVB2.7, WSEL = 1,050 feet
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Figure 4.13

Chlorophyll a Growing Season Average vs. Total 
Phosphorus Loading

Station LWLVB2.7, Annual Average Effluent Flow Rate = 189 MGD
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Figure 4.14

Chlorophyll a Growing Season Average vs. Total 
Phosphorus Loading

Station BB3, Annual Average Effluent Flow Rate = 189 MGD
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Figure 4.15

Chlorophyll a Growing Season Average vs. Total 
Phosphorus Loading

Station CR346.4, Annual Average Effluent Flow Rate = 189 MGD

0

1

2

3

4

5

6

7

8

9

10

100 125 150 175 200 225 250 275 300 325 350

TP load (lbs/day)

ch
lo

ro
ph

yl
l a

 (u
g/

L)

WSEL 1,000 feet WSEL 1,050 feet WSEL 1,100 feet

Growing Season Average 
Water Quality Standard = 5 ug/L

**The Water Quality Standard (WQS) 
shown on this figure is for reference 
only.  Plotted values higher than the 
WQS do not necessarily represent  
non-compliance. 



Section4_Figures.ppt
FSI V084015 Task 13
March 3, 2011

Figure 4.16

Chlorophyll a Annual 95th Percentile vs. Total 
Phosphorus Loading

Station BB3, Annual Average Effluent Flow Rate = 189 MGD
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Figure 4.17

Chlorophyll a Annual 95th Percentile vs. Total 
Phosphorus Loading

Station CR346.4, Annual Average Effluent Flow Rate = 189 MGD
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5 SIMULATION RESULTS: EFFLUENT TRACER, 
TOTAL PHOSPHORUS, FILTERABLE REACTIVE 
PHOSPHORUS, PERCHLORATE, TOTAL 
ORGANIC CARBON 

This section analyzes selected results for simulated parameters of interest not 
regulated in NAC 445A.194 – 197 that were not covered in the previous section.  These 
parameters are: effluent tracer, total phosphorus (TP), filterable reactive phosphorus 
(FRP), perchlorate, and total organic carbon (TOC). 

The primary focus of this section is on the model predicted results for Year 2007 
(hydrology and meteorology) for each of the thirty-six simulations at the locations of the 
Southern Nevada Water Authority (SNWA) Intakes and the Hoover Dam Outlets.  As 
such, only a selection of plots is presented here, with a full suite of plots provided in 
Appendices F, G, H, I, and J.  In addition, the effluent tracer results are analyzed in more 
detail to examine the effects of different water surface elevation (WSEL) on overall 
effluent concentrations in the lake.  This WSEL sensitivity analysis is presented in the 
following section. 

5.1 WSEL SENSITIVITY ANALYSIS 

Results presented in Section 4 illustrate that of the three simulated WSELs 
(1,000 feet, 1,050 feet and 1,100 feet) the highest chlorophyll a, TIN and TDS 
concentrations at stations in the LVB occur at a WSEL of 1,050 feet.  To investigate and 
further understand this phenomenon two additional simulations at intermediate WSELs of 
1,025 feet and 1,075 feet were performed.  These simulations used the highest effluent 
flow rate (300 MGD) and the highest TP loading (334 lbs/day), although the trends 
discussed here with respect to WSEL are expected to hold at other flow rates and 
phosphorus loadings. 

Figure 5.1 plots annual average effluent tracer contours (top 5 meter averages) for 
each of the five simulated WSELs.  Effluent tracer is used here for the analysis, since it is 
conservative and it also enables conclusions specific to the effluent be drawn.  However, 
it is anticipated that similar conclusions may be drawn for all constituents entering via the 
LVW, notwithstanding subtle differences due to non-conservative behavior of 
chlorophyll a, phosphorus, nitrogen and TOC.  Amongst the simulations shown, a WSEL 
of 1,050 feet is generally predicted to have the highest annual average effluent tracer 
concentrations for discharges from the LVW.  

Figure 5.2 plots annual average effluent tracer concentration at the surface of 
Stations LWLVB1.85, BB3 and CR346.4 versus the simulated WSEL.  At the surface of 
these stations, it is clear that the highest annual average effluent concentrations occur for 
the intermediate WSEL of 1,050 feet.  Intuitively, it may have been expected that the 
highest effluent concentrations would occur at the lowest WSEL (1,000 feet), since there 
is less water available for dilution.  However, the concentrations within the surface of the 
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reservoir may depend upon a number of factors, including the depths of withdrawal 
through Hoover Dam and, to a lesser extent, the SNWA intakes, as well as geometric 
effects in the LVB. 

For the simulations with WSEL of 1,000, 1,025 and 1,050 feet only the Lower (el. 
895 feet) Hoover Dam Outlets are open, and for most of the year these outlets are below 
the epilimnion.  By contrast, for the simulations with WSEL of 1,075 and 1,100 feet, both 
the Lower and Upper (el. 1,045 feet) Hoover Dam Outlets are open, and the Upper 
Outlets are located within the epilimnion.  Thus, during the stratified period (i.e., spring 
through fall) the withdrawals through the Upper Outlets result in effluent being removed 
from the epilimnion for the simulations with WSEL of 1,075 and 1,100 feet.  This may 
result in concentrations in the open water (i.e., Stations BB3 and CR346.4) that are lower 
than at other WSEL.  The concentrations at Station LWLVB1.85 may be further 
influenced by geometric effects, as will be discussed shortly.  Additionally, it is noted, 
that the SNWA intake withdrawal depths may have an effect on the concentrations, but 
these effects are smaller due to the much lower flow rates compared to Hoover Dam. 

For the simulations with only the Lower Hoover Dam Outlets open (i.e., WSEL of 
1,000, 1,025 and 1,050 feet), the withdrawals are mostly from the hypolimnion.  
However, in the fall the epilimnion deepens down to more than 105 feet, and the 
simulation with the WSEL of 1,000 feet then has withdrawals through the dam from the 
epilimnion (since the Lower outlets are at 895 feet).  This lowers the concentrations in the 
epilimnion.  For the simulation with the WSEL of 1,025 feet, the withdrawals from the 
epilimnion occur later in the year, when the epilimnion has deepened down to more than 
130 feet.  This again lowers the concentrations in the epilimnion, but not as much as for 
the lower WSEL, since the withdrawals from the epilimnion begin later.  Similarly, for 
the simulation with the WSEL of 1,050 feet, the withdrawals from the epilimnion occur 
even later in the year, when the epilimnion has deepened down to more than 155 feet.  
Due to having the least time when the effluent is withdrawn through the dam from the 
epilimnion, this may be part of the reason why the simulation with the WSEL of 
1,050 feet has the highest resulting concentrations of effluent tracer in the epilimnion for 
the open water locations (i.e., Stations BB3 and CR346.4), as depicted in Figure 5.2. 

In addition to the timing of the different amounts of effluent being removed through 
the Hoover Dam, the different geometry of the LVB and different locations of the 
movable LWLVB stations can further influence the predicted concentrations of the 
stations in the LVB (e.g., Station LWLVB1.85 in Figure 5.2).  Figures 3.1 through 3.3 
are maps of Boulder Basin indicating the lake boundary and the station locations at each 
of the three WSEL (1,100 feet, 1,050 feet and 1,000 feet, respectively).  When the WSEL 
is at 1,100 feet (Figure 3.1) Station LWLVB1.85 is located in a narrow portion of the 
LVB, which limits the water available for dilution.  Similarly, when the WSEL is at 
1,050 feet (Figure 3.2) Station LWLVB1.85 has shifted further east (to maintain the 
distance of 1.85 miles from the confluence with the Las Vegas Wash (LVW)), but is still 
in a narrow portion of the LVB.  By contrast, when the WSEL is at 1,000 feet (Figure 
3.3) Station LWLVB1.85 has moved further east, and is now in a wider part of the LVB.  
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Thus, there is more water available for dilution, and the simulated concentrations are thus 
lower than would otherwise be expected for a WSEL of 1,000 feet.  Thus the geometry of 
the LVB and the locations of the stations in the LVB can have a direct effect on the 
simulated concentrations.  This may partially explain the reason for the trends at Station 
LWLVB1.85 being slightly different to those at Stations BB3 and CR346.4, as shown in 
Figure 5.2. However it is still noted that, despite these differences, the highest 
concentrations occur for the simulation with a WSEL of 1,050 feet at all these locations. 

5.2 EFFLUENT TRACER CONCENTRATION 

Figure 5.3 plots effluent tracer concentration at Station LWLVB1.85 for the highest 
effluent flow rate (300 MGD) and the highest TP load (334 lbs/day) (Runs 34, 35 and 
36).  Predicted levels of effluent concentration show peaks and valleys throughout the 
year, a result of the variable level of plume insertion and horizontal advection of the 
plume by wind.  It is noted that the level of plume insertion is very transient as small 
changes in temperature of either the LVW inflow or the ambient lake water can strongly 
influence the level of inflow insertion.  While there are fluctuations, predicted effluent 
concentrations are generally higher at the surface during the spring and summer than 
during the fall and winter.  During spring and summer the inflow to the Las Vegas Wash 
(LVW) is warm and inserts closer to the surface.  At these times the effluent 
concentration in the hypolimnion is lower and has less temporal variability.  During the 
fall and winter the cooler inflow sinks towards the bottom of the lake, resulting in 
increased effluent concentrations in the hypolimnion.  

Predicted effluent concentrations at the SNWA Intakes are plotted in Figure 5.4 for 
three simulated WSELs.  At SNWA #1 and #2 (el. 992 feet), concentrations patterns are 
similar for simulations at WSELs of 1,000 feet and 1,050 feet.  At these WSEL SNWA 
Intakes #1 and #2 are located in the epilimnion for most of the year.  As such the 
predicted effluent concentrations increase throughout the summer as more effluent enters 
the epilimnion from the LVW.  Towards the end of the year the predicted effluent tracer 
concentrations decrease as the lake mixes vertically, and the lower concentration waters 
from the hypolimnion dilute the higher concentrated waters from the epilimnion.  It is 
noted that at these WSEL it is assumed that SNWA Intakes #1 and #2 are not operating, 
with all withdrawals taken through Intake #3.    

For the simulation at a WSEL of 1,100 feet predicted effluent concentrations decrease 
throughout much of the summer at SNWA #1 and #2, which are located in the 
hypolimnion for most of the time at this WSEL.  Most of the effluent is trapped in the 
epilimnion above the intake for this WSEL.  However, in late October the epilimnion 
deepens down to the elevation of the intake and the concentrations increase. 

SNWA Intake #3 is deeper (el. 860 feet) than #1 and #2, and is below the epilimnion 
for much of the year at all modeled WSEL.  This results in concentrations at SNWA 
Intake #3 decreasing between April and December, as illustrated in Figure 5.4.  During 
this period predicted effluent concentrations are below 4% for the three simulated 
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WSELs.  However, when the lake is not stratified, predicted effluent concentrations are 
higher at SNWA Intake #3.  For a WSEL of 1,000 feet predicted effluent concentrations 
reach approximately 14%.  For WSELs of 1,050 feet and 1,100 feet predicted effluent 
concentrations reach approximately 10% and 7%, respectively. 

Predicted effluent concentrations at the Hoover Dam Outlets are plotted in 
Figure 5.5.  Concentrations are predicted to be below approximately 7% for all WSELs 
simulated.  For the simulations at WSELs of 1,000 feet and 1,050 feet only the Lower 
Hoover Dam Outlets are operating.  Predicted effluent concentrations increase near the 
end of the year when the thermocline nears the elevation of the outlets.  This occurs later 
for a WSEL of 1,050 feet than it does for a WSEL of 1,000 feet.  Both the Upper and 
Lower Hoover Dam Outlets are operating for the simulation at a WSEL of 1,100 feet.  
Predicted effluent concentrations of the combined discharge of the outlets remains fairly 
constant throughout the year and are below 4%. 

Plots of predicted effluent tracer concentrations for all thirty-six simulations are 
presented in Appendix F. 

5.3 TOTAL PHOSPHORUS 

TP concentrations at the SNWA Intakes are plotted in Figure 5.6 for the highest 
effluent flow rate (300 MGD) and the highest TP load (334 lbs/day) (Runs 34, 35 and 
36).  Note that TP results are reported in mg/L of phosphorus (mg P/L), and will be 
simply referred to as mg/L herein.  Concentrations of predicted TP at SNWA #1 and #2 
are approximately 0.01 mg/L for this TP loading.  These concentrations are higher than 
those observed at present, due to the higher TP load.  Concentrations again fluctuate due 
to LVW plume insertion elevation and resemble the peaks and valleys of effluent 
concentration.  At SNWA #3, predicted TP concentrations also peak when the predicted 
effluent concentrations peak.  For the simulation with a WSEL of 1,000 feet the peak TP 
concentration is approximately 0.025 mg/L.  For simulations with WSELs of 1,050 feet 
and 1,100 feet peak concentrations are approximately 0.015 mg/L. 

Figure 5.7 plots predicted TP concentrations at the Hoover Dam Outlets.  
Concentrations are approximately 0.01 mg/L for most of the year.  Concentrations rise 
slightly for simulations with WSELs of 1,000 feet and 1,050 feet at the end of the year, 
but remain below 0.015 mg/L.  The overall temporal trends (e.g., timing of the peaks) in 
TP concentration at the Hoover Dam Outlets are similar to those for effluent tracer 
concentration. 

Plots of predicted TP concentrations for all thirty-six simulations are presented in 
Appendix G. 

5.4 FILTERABLE REACTIVE PHOSPHORUS 

Figure 5.8 plots FRP at the SNWA Intakes for the highest effluent flow rate 
(300 MGD) and the highest TP load (334 lbs/day).  Note that FRP results are reported in 
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mg/L of phosphorus (mg P/L), and will be simply referred to as mg/L herein.  At SNWA 
#1 and #2 FRP concentrations drop during the growing season for simulations with 
WSEL at 1,000 feet and 1,050 feet due to uptake by algae in the lake.  However, in the 
winter the algae die releasing the FRP and concentrations rise again.  SNWA #3 shows 
large increases of FRP in March, caused by the LVW inflow being inserted at that 
elevation.  There is some decrease in concentrations of FRP during the growing season, 
but it is small due to the greater depth of SNWA #3. 

Figure 5.9 plots the predicted FRP concentrations at the Hoover Dam Outlets.  The 
FRP concentrations also decrease during the growing season at the Hoover Dam Outlets, 
and remain mostly below 0.005 mg/L. 

Plots of predicted FRP concentrations for all thirty-six simulations are presented in 
Appendix H. 

5.5 PERCHLORATE 

Predicted perchlorate concentrations at the SNWA Intakes are plotted in Figure 5.10.  
Perchlorate is a conservative tracer and thus the trends in perchlorate concentration 
closely follow those of the effluent tracer.  At SNWA #1 and #2 predicted perchlorate 
concentrations are below approximately 4 µg/L for all simulations for Year 2007.  At 
SNWA #3 peak concentrations of perchlorate are approximately 5 µg/L for the second 
year of simulation (Year 2007). 

Figure 5.11 shows predicted perchlorate concentrations at Hoover Dam.  Trends 
again follow the effluent tracer trends.  Peak concentrations of perchlorate are 
approximately 2.5 µg/L for the second year of simulation (Year 2007). 

Plots of predicted perchlorate concentrations for all thirty-six simulations are 
presented in Appendix I. 

5.6 TOTAL ORGANIC CARBON 

Predicted TOC concentrations at the SNWA Intakes are plotted in Figure 5.12.  TOC 
concentrations show similar trends to effluent tracer concentrations.  When the effluent at 
the intakes increases, so do the TOC concentrations.  However, the TOC concentrations 
typically do not drop below about 2.5 mg C/L, which is the approximate background 
concentration of the water entering from the Upper Basins.  At SNWA #1 and #2, peak 
predicted TOC concentrations are approximately 4 mg C/L.  At SNWA #3, peak 
predicted TOC concentrations are approximately 3.5 mg C/L.   

Figure 5.13 shows predicted TOC concentrations at Hoover Dam.  Trends again 
follow the effluent tracer trends.  Peak concentrations of TOC are approximately 
3.5 mg C/L. 
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Plots of predicted TOC concentrations for all thirty-six simulations are presented in 
Appendix J. 
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Figure 5.1
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Figure 5.2

For WSEL = 1,100 and 1,075 feet Upper (el. 1,045 feet) and Lower (el. 895 feet ) Hoover Dam Outlets are open 
For WSEL = 1,050, 1,025, and 1,000 feet only the Lower Hoover Dam outlets are open
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Figure 5.3

Effluent Tracer Concentration - Station LWLVB1.85
Annual Average Effluent Flow Rate = 300 MGD, Total Phosphorus Load = 334 lbs/day
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Figure 5.4

Effluent Tracer Concentration - SNWA Intakes
Annual Average Effluent Flow Rate = 300 MGD, Total Phosphorus Load = 334 lbs/day
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Figure 5.5

For WSEL = 1,100 feet results are plotted for the combined Upper and Lower Hoover Dam Outlets 
For WSEL = 1,050 and 1,000 feet results are plotted for the Lower Hoover Dam outlets

Effluent Tracer Concentration - Hoover Dam
Annual Average Effluent Flow Rate = 300 MGD, Total Phosphorus Load = 334 lbs/day
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Figure 5.6

Total Phosphorus - SNWA Intakes
Annual Average Effluent Flow Rate = 300 MGD, Total Phosphorus Load = 334 lbs/day

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05
SNWA Intakes #1 & #2 - Elevation 992 feet

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05

Run 36 - WSEL = 1,100 feet
Run 35 - WSEL = 1,050 feet
Run 34 - WSEL = 1,000 feet

SNWA Intake #3 - Elevation 860 feet



Section5_Figures.ppt
FSI V084015 Task 13
March 3, 2011

Figure 5.7

Total Phosphorus - Hoover Dam
Annual Average Effluent Flow Rate = 300 MGD, Total Phosphorus Load = 334 lbs/day
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For WSEL = 1,100 feet results are plotted for the combined Upper and Lower Hoover Dam Outlets 
For WSEL = 1,050 and 1,000 feet results are plotted for the Lower Hoover Dam outlets
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Figure 5.8

Filterable Reactive Phosphorus - SNWA Intakes
Annual Average Effluent Flow Rate = 300 MGD, Total Phosphorus Load = 334 lbs/day
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Figure 5.9

Filterable Reactive Phosphorus - Hoover Dam
Annual Average Effluent Flow Rate = 300 MGD, Total Phosphorus Load = 334 lbs/day
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For WSEL = 1,100 feet results are plotted for the combined Upper and Lower Hoover Dam Outlets 
For WSEL = 1,050 and 1,000 feet results are plotted for the Lower Hoover Dam outlets
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Figure 5.10

Perchlorate - SNWA Intakes
Annual Average Effluent Flow Rate = 300 MGD, Total Phosphorus Load = 334 lbs/day
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Figure 5.11

Perchlorate - Hoover Dam
Annual Average Effluent Flow Rate = 300 MGD, Total Phosphorus Load = 334 lbs/day
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For WSEL = 1,100 feet results are plotted for the combined Upper and Lower Hoover Dam Outlets 
For WSEL = 1,050 and 1,000 feet results are plotted for the Lower Hoover Dam outlets
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Figure 5.12

Total Organic Carbon - SNWA Intakes
Annual Average Effluent Flow Rate = 300 MGD, Total Phosphorus Load = 334 lbs/day
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Figure 5.13

Total Organic Carbon - Hoover Dam
Annual Average Effluent Flow Rate = 300 MGD, Total Phosphorus Load = 334 lbs/day
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For WSEL = 1,100 feet results are plotted for the combined Upper and Lower Hoover Dam Outlets 
For WSEL = 1,050 and 1,000 feet results are plotted for the Lower Hoover Dam outlets
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6 ESTIMATION OF PROBABILITIES 

6.1 INTRODUCTION 

The ELCOM/CAEDYM computer model performs calculations to determine values 
of various water quality parameters within Lake Mead.  The model has been applied to 
predict the concentrations of various water quality parameters under potential future 
conditions such as low lake level, increased effluent flows, and various phosphorus and 
nitrogen loadings using the lake hydrology and meteorology for Years 2006 and 2007.  In 
Section 4, the results of thirty-six ELCOM/CAEDYM simulations under various 
conditions were presented for three water quality parameters: chlorophyll a, total 
inorganic nitrogen (TIN) and total dissolved solids (TDS).  These three parameters were 
identified as being critical with respect to compliance with the Nevada Administration 
Code (NAC) Water Quality Standards (WQS). 

As with any predictive model, and while ELCOM/CAEDYM provides a good 
representation of the water quality in the lake, the results may differ from the actual 
conditions in the future due to various sources of uncertainty.  These uncertainties imply 
that nominal ELCOM/CAEDYM model predictions that are below or above the NAC 
WQS do not necessarily constitute compliance or non-compliance, respectively, with that 
standard.  Rather, the degree of compliance or non-compliance for each model prediction 
should be expressed as a probability. 

Statistical experts, Gary Lorden, Ph.D., Professor of Mathematics, Emeritus, Caltech 
and Jay Bartroff, Ph.D., Assistant Professor of Mathematics, USC, were consulted to 
develop a statistical method to estimate the probabilities that predicted values will be 
higher than the NAC WQS for total inorganic nitrogen (TIN), total dissolved solids 
(TDS) and chlorophyll a for each of the ELCOM/CAEDYM simulations.  It is noted here 
that a predicted value being higher than the NAC WQS does not necessarily imply an 
“exceedance”.  The Nevada Division of Environmental Protection (NDEP) may take into 
account other factors in determining whether an “exceedance” has occurred.  Thus, in this 
analysis the term “exceedance” is not used when presenting results. 

The approach consisted of estimating the ELCOM/CAEDYM model errors based on 
empirical statistical distributions derived from a comparison of ELCOM/CAEDYM 
simulations for known conditions and for which substantial measured field data were 
available.  Then, the daily output of the ELCOM/CAEDYM model results for each of the 
thirty-six scenarios for Year 2007 were sampled randomly in a manner designed to 
replicate the dates and locations of the actual sampling by the City of Las Vegas (COLV), 
the Southern Nevada Water Authority (SNWA) and the United States Bureau of 
Reclamation (USBR).  After that, random deviations based upon the empirical statistical 
distributions were added to the raw ELCOM/CAEDYM scenario modeling results to 
simulate field measurements.  The process was repeated many times (10,000 iterations) 
using a Monte-Carlo approach.  Statistical metrics relevant to the NAC WQS were 
computed for each realization.  The average values of the metrics from all realizations 
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were presented as “Monte-Carlo Results” (i.e., refinements of the ELCOM/CAEDYM 
results to yield more accurate predicted values), and the percentage of realizations with 
metrics that were higher than the NAC WQS was counted and presented as a probability 
that the predicted value is higher than the NAC WQS.  The method was implemented 
using a MATLAB code written by Prof. Bartroff.  Full details of the statistical method 
are provided in Appendix B. 

The details of the Monte-Carlo method were unanimously accepted at a review 
committee meeting that was held at the Clean Water Coalition (CWC) offices in 
Henderson, Nevada on August 5, 2010 and attended by the CWC Member Agencies, the 
CWC, SNWA, Flow Science, and Lordenstats. 

6.2 RESULTS 

The following three sections present results in the form of tables of Monte-Carlo 
Results and probabilities for each of TIN, TDS and chlorophyll a, respectively.  The 
probabilities presented refer to the probability that the predicted value is higher than the 
NAC WQS in any given year. 

For example, a probability of ten percent implies that in any given year there is a one-
in-ten chance that the predicted value will be higher than the NAC WQS.  It does not 
imply that in any given ten year period there will be one year when the predicted value is 
higher than the NAC WQS.  Similarly, a probability of 75 percent (i.e., three-in-four 
chance) does not imply that in any four year period there will be three years when the 
predicted value is higher than the NAC WQS. 

The binomial distribution can be used to further illustrate how the probabilities should 
be interpreted.  If the probability in any given year is p, then the probability of having 
exactly k years with predicted values higher than the NAC WQS in a period of n years is 
given by†: 

( ) ( ) knk pp
knk

npnk =);(P −−1!, .  (1) 

ues higher than the NAC WQS in a ten year period (n = 10) as summarized 
in the table: 

                                                     

− !!

For example, if the probability is ten percent (p = 0.1) in any given year, then 
equation (1) can be used to compute the probability that there will be k years with 
predicted val

 
† http://en.wikipedia.org/wiki/Binomial_distribution 
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Probability of k Years with Predicted Values Higher than NAC WQS 
 in a Ten Year Period for a Probability of 10 Percent 

k P(k;10,0.1)
0 35 % 
1 39 % 
2 19 % 
3 or more 7 % 

 

An important result of the above discussion is that if the probability of a predicted 
value being higher than the NAC WQS is ten percent in any given year, the probability 
that one or more years will have predicted values higher than the NAC WQS in any given 
ten-year period is 65 percent (and not ten percent).  Conversely, the probability of not 
having any years with a predicted value higher than the NAC WQS in a 10-year period is 
35 percent. 

6.2.1 Total Inorganic Nitrogen 

The Monte-Carlo results for TIN for the thirty-six scenarios are summarized in 
Tables 6.1, 6.2 and 6.3.  The first five columns define the run number, effluent flow rate, 
total phosphorus (TP) load, effluent TIN concentration and water surface elevation 
(WSEL).  Results are provided at Station LWLVB1.2 (where the NAC WQS for the 
annual 95th percentile is 5.3 mg/L) and at “all other locations” (where the NAC WQS is 
4.5 mg/L).  “All other locations” includes the aggregate of all locations within Boulder 
Basin (other than Station LWLVB1.2) as sampled by the COLV, SNWA and USBR as 
discussed in Section 3 and as implemented in the Monte-Carlo method through the 
“person in the boat” (PIB) sampling routine (see Appendix B). 

Tables 6.1, 6.2 and 6.3 include the TIN annual 95th percentile concentrations as 
estimated by the Monte-Carlo method (i.e., “Monte-Carlo Result”), as well as the 
estimated probabilities that more than five percent of samples are “digressions”.  A 
“digression” is defined as a single measurement that is above the NAC WQS.  Thus, 
“more than five percent digressions” implies that the predicted value for the annual 95th 
percentile will be higher than the NAC WQS.  Note that the 95th percentile concentration 
is the average of the 10,000 Monte-Carlo realizations, and is different than the 95th 
percentile that would be computed directly from the ELCOM/CAEDYM calibration 
simulations.  In effect, the Monte-Carlo method “refines” the ELCOM/CAEDYM 
calibrations based upon the Difference Distributions (see Appendix B). 

The Monte-Carlo results indicate that the probabilities of predicted 95th percentile 
TIN values being higher than the NAC WQS at the “all other locations” are all less than 
one in 10,000 for all thirty-six scenarios (Tables 6.1, 6.2 and 6.3).  Thus, TIN is not a 
critical parameter of concern at “all other locations” for the scenarios considered. 
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By contrast, the probabilities of predicted 95th percentile TIN values being higher 
than the NAC WQS at Station LWLVB1.2 range from less than one in 10,000 to 100 
percent (Tables 6.1, 6.2 and 6.3).  The values of the probabilities primarily depend upon 
the effluent TIN load and the WSEL, as discussed in the following. 

Figure 6.1 plots the estimated probability of more than five percent “digressions” 
(i.e., probability that predicted value is higher than the NAC WQS) for TIN at Station 
LWLVB1.2 as a function of effluent TIN load in lbs/day.  Three curves are plotted: one 
for each WSEL considered.  Each curve is comprised of twelve points, corresponding to 
three effluent flow rates and four effluent TIN concentrations. 

The three curves on Figure 6.1 follow the “S” shape typical of cumulative frequency 
distributions.  That is, probabilities are low at low TIN loads, and increase gradually at 
first, and then more rapidly, as the TIN load increases.  It is noted that linear interpolation 
of these curves should not generally be used to estimate probabilities for a given TIN 
load, since there are not enough data points (particularly at the low end) to adequately 
resolve the shape of the curve. 

In addition to illustrating the dependence of the probabilities on the TIN load, 
Figure 6.1 also illustrates the effect of different WSEL.  For a given TIN load, the 
probabilities are lowest when the WSEL is highest (1,100 feet), and the probabilities are 
highest for the intermediate WSEL (1,050 feet).  The intermediate WSEL scenarios have 
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 Station LWLVB1.2 (see 
Section 5.1). 

It is noted that presently the WSEL of Lake Mead is at approximately 1,083 feet.  The 
effluent TIN load between 2005 and 2008 ranged from approximately 17,000 to 
23,000 lbs/day‡.  The analysis indicates that increases in the TIN load and/or decreases in 
the WSEL (towards 1,050 feet) may lead to increased probabilities of TIN concentrations 
being higher than the NAC WQS (Figure 6.1). 

In addition to the Monte-Carlo results for the thirty-six scenarios discussed above, the 
Monte-Carlo method was also tested and validated by applying it to the 2005 through 
2008 ELCOM/CAEDYM model calibration simulations and comparing the results 
directly to the measured field data.  The validation results provided in Appendix B 
indicate that the Monte-Carlo method is being applied correctly.  Furthermore, the 
Monte-Carlo TIN validation results plotted in Figure 6.2 indicate that TIN concentrations 
at Station LWLVB1.2 have increased steadily from 2005 through 2008 and are 
approaching the NAC WQS at this location.  This is demonstrated in Figure 6.2, a plot of 
the measured and predicted TIN annual 95th percentile concentrations at Station 

                                                      
‡ These estimates were computed using measurements in the Las Vegas Wash.  An estimated baseflow load of 
1,000 lbs/day was subtracted.  No allowance was made for additional loads from storms, and as such these estimates 
may be higher than the actual effluent TIN load. 
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LWLVB1.2 from 2005 through 2008§.    As shown, TIN is a critical parameter of concern 
at Station LWLVB1.2 in that the 95th percentile concentrations are approaching the NAC 
WQS at this location. 

6.2.2 Total Dissolved Solids 

The Monte-Carlo results for TDS for the thirty-six scenarios are summarized in 
Tables 6.4, 6.5 and 6.6.  The first five columns define the run number, effluent flow rate, 
total phosphorus (TP) load, effluent TIN concentration and water surface elevation 
(WSEL).  Results are provided at Station LWLVB1.2 (where the NAC WQS for the 
annual 90th percentile is 3,000 mg/L) and at “all other locations” (where the NAC WQS 
is 1,000 mg/L).  “All other locations” includes the aggregate of all locations within 
Boulder Basin (other than Station LWLVB1.2) as sampled by the COLV, SNWA and 
USBR as discussed in Section 3 and as implemented in the Monte-Carlo method through 
the PIB sampling routine. 

Tables 6.4, 6.5 and 6.6 include the TDS annual 90th percentile concentrations as 
estimated by the Monte-Carlo method (i.e., “Monte-Carlo Result”), as well as the 
estimated probabilities that more than ten percent of samples are “digressions”.  A 
“digression” is defined as a single measurement that is above the NAC WQS.  Thus, 
“more than ten percent digressions” implies that the predicted value for the annual 90th 
percentile will be higher than the NAC WQS.  Note that the 90th percentile concentration 
is the average of the 10,000 Monte-Carlo realizations, and is different than the 90th 
percentile that would be computed directly from the ELCOM/CAEDYM calibration 
simulations.  In effect, the Monte-Carlo method “refines” the ELCOM/CAEDYM 
calibrations based upon the Difference Distributions (see Appendix B). 

The Monte-Carlo results indicate that the probabilities of predicted 90th percentile 
TDS values being higher than the NAC WQS are all less than one in 10,000 at both 
locations and for all thirty-six scenarios (Tables 6.4, 6.5 and 6.6).  Thus, TDS is not a 
critical parameter of concern for the scenarios considered. 

6.2.3 Chlorophyll a 

The Monte-Carlo results for chlorophyll a for the thirty-six scenarios are summarized 
in Tables 6.7, 6.8 and 6.9.  The first five columns define the run number, effluent flow 
rate, total phosphorus (TP) load, effluent TIN concentration and water surface elevation 
(WSEL).  Results are provided for the chlorophyll a growing season averages at Stations 
LWLVB2.7 and LWLVB3.5 and for the “open water”, and for the chlorophyll a annual 

                                                      
§ The 95th percentile concentrations for the field data were computed in two ways: (1) using MATLAB, which uses 
linear interpolation between field data, and (2) using the fourth highest result, which is the method used by the COLV 
for sample sizes between 60 and 80.  As Figure 6.2 indicates, there is generally little difference between the two 
methods.  The Monte-Carlo predictions are plotted as the average of the 10,000 realizations with the standard 
deviations shown as error bars.   
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95th percentile for the “open water”.  The “open water” includes the aggregate of all 
locations within the open water of Boulder Basin (see Section 3.2.3) as sampled by the 
COLV, SNWA and USBR as discussed in Section 3 and as implemented in the Monte-
Carlo method through the PIB sampling routine.  The relevant NAC WQS limits are 
provided in the header of each column of Tables 6.7, 6.8 and 6.9 for each location and 
criteria**.  

Tables 6.7, 6.8 and 6.9 include the chlorophyll a concentrations as estimated by the 
Monte-Carlo method (i.e., “Monte-Carlo Result”), as well as the estimated probabilities 
of predicted values being higher than the NAC WQS.  Note that the concentrations are 
the average of the 10,000 Monte-Carlo realizations, and are different than the 
concentrations that would be computed directly from the ELCOM/CAEDYM calibration 
simulations. In effect, the Monte-Carlo method “refines” the ELCOM/CAEDYM 
calibrations based upon the Difference Distributions (see Appendix B). 

The results in Tables 6.7, 6.8 and 6.9 use the Difference Distributions (see 
Appendix B) from all nine calibration years (i.e., 2000 through 2008) in the Monte-Carlo 
method, including Year 2001.  The unusually large algae bloom that occurred in 2001 has 
a significant effect on the Monte-Carlo results as will be discussed shortly. 

The Monte-Carlo results in Tables 6.7, 6.8 and 6.9 indicate similar concentrations 
and probabilities for each of the effluent flow rates.  As discussed in Section 4.3.2.1, the 
effluent flow rate has only a minimal effect on the predicted chlorophyll a concentrations 
(at fixed TP loading), with increased flow rates resulting in slightly decreased 
chlorophyll a concentrations.  Thus, the values in Table 6.7 are similar to but slightly 
higher than those in Tables 6.8 and 6.9. 

Tables 6.7, 6.8 and 6.9 indicate that the probabilities of predicted values being higher 
than the corresponding NAC WQS increase with increased effluent TP load.  The highest 
probabilities occur in the open water and at Station LWLVB3.5, and for TP loads up to 
275 lbs/day are typically less than or equal to 11 percent.  For a TP load of 334 lbs/day, 
the probabilities reach as high as 16 percent. 

6.2.3.1 Effect of  Year 2001 

In 2001 there was an unusual algae bloom in Lake Mead that resulted in high 
chlorophyll a concentrations.  The effect of Year 2001 is incorporated into the probability 
analysis through the random selection of the year in the Monte-Carlo analysis (see 
Appendix B for full details).  The year is chosen at random from a total of the nine years 
that the ELCOM/CAEDYM model is calibrated/validated for (i.e., years 2000 through 
                                                      
**Note that there are chlorophyll a NAC WQS at Station LWLVB1.85 for the summer average and the second highest 
monthly average (see Section 3.1.3).  Analysis of the ELCOM/CAEDYM model results (which are presented in 
Section 4.3) indicate that the ratios of the model results to the NAC WQS limits at Station LWLVB1.85 are lower than 
those at both Stations LWLVB2.7 and LWLVB3.5.  Thus Station LWLVB1.85 is not expected to be a critical location 
for chlorophyll a, and the probability analysis was not performed for that location. 
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2008).  Thus, in the Monte-Carlo simulation, approximately one-in-nine of the 
realizations will be designated as a Year 2001 type event, and generally result in higher 
predicted chlorophyll a concentrations and probabilities.  It is noted that one-in-nine 
corresponds to the 11 percent probability, which is prevalent in Tables 6.7, 6.8 and 6.9.   

While the analysis implicitly assumes that the 2001 algae bloom is a one-in-nine year 
event, it is likely that the return period is longer than nine years.  However, the return 
period for a 2001 algae bloom has not been estimated, and without knowing the exact 
return period it is not possible to modify the Monte-Carlo analysis to correctly reflect the 
effect of Year 2001.  Instead, the effect of Year 2001 on the results is investigated by 
repeating the Monte-Carlo analysis with the Year 2001 completely excluded.  This 
analysis was done for illustrative purposes only.  The results and probabilities presented 
herein are based upon the assumption that the 2001 event did not happen, or would never 
happen again, which are very likely incorrect assumptions.  Nevertheless, the results 
presented here reflect a lower bound on the predicted concentrations and probabilities, 
and are useful for illustrative purposes. 

Tables 6.10, 6.11 and 6.12 are similar to Tables 6.7, 6.8 and 6.9, respectively, except 
that the Year 2001 is excluded from the Monte-Carlo analysis. 

Comparisons between the two sets of tables (e.g., comparing Table 6.10 with 
Table 6.7) indicate that the exclusion of Year 2001 from the analysis results in lower 
predicted chlorophyll a concentrations and lower probabilities of predicted values being 
higher than the corresponding NAC WQS.  Specifically, for TP loads up to 275 lbs/day 
the probabilities are all less than 3 percent, compared with approximately 11 percent 
when Year 2001 was included.  For the TP load of 334 lbs/day the highest probability is 
reduced from 16 percent (Year 2001 included) to 6 percent (Year 2001 excluded). 

6.2.3.2 Quagga Mussels 

Quagga mussels were first discovered in Lake Mead in January 2007.  Quagga 
mussels remove algae from the water-column through filtering, and are thought to 
compete with algae for nutrients (in particular phosphorus), and thus lead to the lower 
chlorophyll a concentrations observed in the field data from 2007 onwards.  The 
ELCOM/CAEDYM model does not currently account for quagga mussels, and thus does 
not capture this effect (as illustrated in Appendix B).  As such, the model results going 
forward may overestimate chlorophyll a†† concentrations in Lake Mead, possibly leading 
to estimates of probabilities that are higher than would be obtained if the quagga mussels 
were correctly accounted for.  It is noted that the ELCOM/CAEDYM model could 
potentially be modified to incorporate quagga mussel effects. 

                                                      
†† Since TDS is a conservative substance it is not expected to be substantially affected by the presence or absence of 
quagga mussels.  While TIN is not conservative (nitrogen can be taken up and released by algae and quagga mussels), 
the critical location (i.e., Station LWLVB1.2) is close to the Las Vegas Wash inflow, and thus TIN is expected to 
behave approximately conservatively at this location. 
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6.3 SUMMARY 

The salient points from the probability analysis are summarized below for TIN, TDS, 
and chlorophyll a. 

6.3.1 Total Inorganic Nitrogen 

The NAC WQS for TIN apply separately to Station LWLVB1.2 and “all other” 
locations.  Station LWLVB1.2 is a movable station, located 1.2 miles from the 
confluence of the Las Vegas Wash with Lake Mead.  “All other” locations includes all 
the sample stations in Boulder Basin (including the Las Vegas Bay), other than Station 
LWLVB1.2 

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

•  “All other” locations have a negligible (i.e., less than one in 10,000) 
probability of predicted values being higher than the NAC WQS for all 
scenarios considered. 

• The critical location for TIN is Station LWLVB1.2, where probabilities reach 
as high as 100 percent for scenarios with high effluent TIN loads. 

• For TIN at Station LWLVB1.2, the probabilities of predicted values being 
higher than the NAC WQS increase with effluent TIN load, i.e., the product of 
the effluent flow rate and the effluent TIN concentration. 

• For TIN at Station LWLVB1.2, the probabilities of predicted values being 
higher than the NAC WQS are strongly dependent upon the WSEL: 

o Lowest when WSEL is at 1,100 feet 

o Highest when WSEL is at 1,050 feet. 

• Potential increases in the TIN load and/or decreases in the WSEL from 
present conditions may lead to a significant probability of TIN concentrations 
at Station LWLVB1.2 being higher than the NAC WQS. 

6.3.2 Total Dissolved Solids 

• Estimated probabilities of predicted TDS values being higher than the NAC 
WQS are negligible (less than one in 10,000) at all locations for all scenarios 
considered. 

• TDS is not critical. 

FSI V084015 Task 13 
March 3, 2011 
 



  

 

58 

6.3.3 Chlorophyll a 

The NAC WQS for chlorophyll a apply separately to Stations LWLVB1.85, 
LWLVB2.7 and LWLVB3.5 and “open water” locations.  Stations LWLVB1.85, 
LWLVB2.7 and LWLVB3.5 are movable stations, respectively located 1.85, 2.7 and 3.5 
miles from the confluence of the Las Vegas Wash with Lake Mead.  The “open water” 
locations include all the sample stations in the open water of Boulder Basin (excluding 
the Las Vegas Bay). 

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

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

• Estimated probabilities increase with increased effluent TP load. 

o Probabilities are less than 9 percent at all locations for TP loads of 
125 lbs/day. 

o Probabilities are generally less than 11 percent at all locations for TP 
loads up to 275 lbs/day. 

o Probabilities reach up to 16 percent at all locations for the TP load of 
334 lbs/day. 

• Estimated probabilities are generally almost independent of effluent flow rate 
(at fixed TP load). 

• Estimated probabilities are strongly dependent on whether Year 2001 (a year 
with anomalously high chlorophyll a measurements due to an unusual algae 
bloom) is included or excluded from the analysis: 

o For the TP load of 125 lbs/day, the probabilities are a maximum of 
0.1 percent when 2001 is excluded, compared with approximately 
8 percent when 2001 is included. 

o For TP loads up to 275 lbs/day, the probabilities are generally less than 
3 percent when 2001 is excluded, compared with 11 percent when 
2001 is included. 

o For the TP load of 334 lbs/day, the probabilities are a maximum of 
6 percent when 2001 is excluded, compared with 16 percent when 
2001 is included. 
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o The ELCOM/CAEDYM model could potentially be modified to 
incorporate quagga mussel routines. 

 

• Estimated probabilities may be over-estimated in the present analysis due to 
the lack of inclusion of quagga mussels in the ELCOM/CAEDYM model. 
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Table 6.1: Monte-Carlo TIN Annual 95th Percentiles [mg/L] and Estimated Probability of More Than Five Percent Digressions [(%)] 

for CBER 2008 (189 MGD Average Annual Effluent) Flow Rates 

Monte-Carlo Result [mg/L] 
(Probability) 

Station LWLVB1.2 All Other 
locations 

Run 
# 

Flow 
Rate 

(MGD)
TP Load 
(lbs/day)

Eff. 
TIN 

Conc. 
(mg/L)

WSEL 
(ft) 

WQS = 5.3 mg/L WQS = 4.5 mg/L 
1 189 125 11.0 1000 3.9 (0.3 %) 1.5 (< 0.01 %) 
2 189 125 11.0 1050 4.2 (2.1 %) 1.4 (< 0.01 %) 
3 189 125 11.0 1100 3.1 (< 0.01 %) 1.2 (< 0.01 %) 
4 189 225 14.0 1000 4.6 (13 %) 1.7 (< 0.01 %) 
5 189 225 14.0 1050 5.0 (31 %) 1.5 (< 0.01 %) 
6 189 225 14.0 1100 3.6 (0.03 %) 1.3 (< 0.01 %) 
7 189 275 17.0 1000 5.5 (59 %) 1.9 (< 0.01 %) 
8 189 275 17.0 1050 5.9 (77 %) 1.8 (< 0.01 %) 
9 189 275 17.0 1100 4.2 (1.3 %) 1.5 (< 0.01 %) 
10 189 334 20.0 1000 6.2 (88 %) 2.1 (< 0.01 %) 
11 189 334 20.0 1050 6.8 (97 %) 2.0 (< 0.01 %) 
12 189 334 20.0 1100 4.8 (18 %) 1.7 (< 0.01 %) 

1. Monte-Carlo Results are the averages of the 90th percentiles from the 10,000 realizations. 
2. Probabilities are estimated from Monte-Carlo method using 10,000 realizations. 

FSI V084015 Task 13 
March 3, 2011 

60 

 



  

 
Table 6.2: Monte-Carlo TIN Annual 95th Percentiles [mg/L] and Estimated Probability of More Than Five Percent Digressions [(%)]  

for Projected Future (250 MGD Average Annual Effluent) Flow Rate 1 

Monte-Carlo Result [mg/L] 
(Probability) 

Station LWLVB1.2 All Other 
locations 

Run 
# 

Flow 
Rate 

(MGD)
TP Load 
(lbs/day)

Eff. 
TIN 

Conc. 
(mg/L)

WSEL 
(ft) 

WQS = 5.3 mg/L WQS = 4.5 mg/L 
13 250 125 11.0 1000 4.7 (17 %) 1.8 (< 0.01 %) 
14 250 125 11.0 1050 5.0 (33 %) 1.6 (< 0.01 %) 
15 250 125 11.0 1100 3.8 (0.1 %) 1.4 (< 0.01 %) 
16 250 225 14.0 1000 5.7 (68 %) 2.1 (< 0.01 %) 
17 250 225 14.0 1050 6.1 (84 %) 1.8 (< 0.01 %) 
18 250 225 14.0 1100 4.5 (6 %) 1.6 (< 0.01 %) 
19 250 275 17.0 1000 6.7 (96 %) 2.4 (< 0.01 %) 
20 250 275 17.0 1050 7.2 (99 %) 2.1 (< 0.01 %) 
21 250 275 17.0 1100 5.3 (47 %) 1.8 (< 0.01 %) 
22 250 334 20.0 1000 7.7 (100 %) 2.7 (< 0.01 %) 
23 250 334 20.0 1050 8.4 (100 %) 2.4 (< 0.01 %) 
24 250 334 20.0 1100 6.0 (83 %) 2.0 (< 0.01 %) 

1. Monte-Carlo Results are the averages of the 90th percentiles from the 10,000 realizations. 
2. Probabilities are estimated from Monte-Carlo method using 10,000 realizations. 
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Table 6.3: Monte-Carlo TIN Annual 95th Percentiles [mg/L] and Estimated Probability of More Than Five Percent Digressions [(%)]  

for Projected Future (300 MGD Average Annual Effluent) Flow Rate 2 

Monte-Carlo Result [mg/L] 
(Probability) 

Station LWLVB1.2 All Other 
locations 

Run 
# 

Flow 
Rate 

(MGD)
TP Load 
(lbs/day)

Eff. 
TIN 

Conc. 
(mg/L)

WSEL 
(ft) 

WQS = 5.3 mg/L WQS = 4.5 mg/L 
25 300 125 11.0 1000 5.3 (48 %) 1.9 (< 0.01 %) 
26 300 125 11.0 1050 5.7 (68 %) 1.8 (< 0.01 %) 
27 300 125 11.0 1100 4.2 (1.6 %) 1.5 (< 0.01 %) 
28 300 225 14.0 1000 6.4 (91 %) 2.3 (< 0.01 %) 
29 300 225 14.0 1050 6.9 (97 %) 2.1 (< 0.01 %) 
30 300 225 14.0 1100 5.0 (33 %) 1.7 (< 0.01 %) 
31 300 275 17.0 1000 7.6 (100 %) 2.7 (< 0.01 %) 
32 300 275 17.0 1050 8.2 (100 %) 2.4 (< 0.01 %) 
33 300 275 17.0 1100 6.0 (80 %) 2.0 (< 0.01 %) 
34 300 334 20.0 1000 8.7 (100 %) 3.1 (< 0.01 %) 
35 300 334 20.0 1050 9.6 (100 %) 2.7 (< 0.01 %) 
36 300 334 20.0 1100 6.8 (98 %) 2.3 (< 0.01 %) 

1. Monte-Carlo Results are the averages of the 90th percentiles from the 10,000 realizations. 
2. Probabilities are estimated from Monte-Carlo method using 10,000 realizations. 
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Table 6.4: Monte-Carlo TDS Annual 90th Percentiles [mg/L] and Estimated Probability of More Than Ten Percent Digressions [(%)] 

for CBER 2008 (189 MGD Average Annual Effluent) Flow Rates 

Monte-Carlo Result [mg/L] 
(Probability) 

Station LWLVB1.2 All Other 
locations 

Run 
# 

Flow 
Rate 

(MGD)
TP Load 
(lbs/day)

Eff. 
TIN 

Conc. 
(mg/L)

WSEL 
(ft) 

WQS = 3000 mg/L WQS = 1000 mg/L 
1 189 125 11.0 1000 937 (< 0.01 %) 746 (< 0.01 %) 
2 189 125 11.0 1050 971 (< 0.01 %) 759 (< 0.01 %) 
3 189 125 11.0 1100 914 (< 0.01 %) 737 (< 0.01 %) 
4 189 225 14.0 1000 937 (< 0.01 %) 746 (< 0.01 %) 
5 189 225 14.0 1050 971 (< 0.01 %) 759 (< 0.01 %) 
6 189 225 14.0 1100 913 (< 0.01 %) 737 (< 0.01 %) 
7 189 275 17.0 1000 937 (< 0.01 %) 746 (< 0.01 %) 
8 189 275 17.0 1050 971 (< 0.01 %) 759 (< 0.01 %) 
9 189 275 17.0 1100 913 (< 0.01 %) 737 (< 0.01 %) 
10 189 334 20.0 1000 937 (< 0.01 %) 746 (< 0.01 %) 
11 189 334 20.0 1050 971 (< 0.01 %) 759 (< 0.01 %) 
12 189 334 20.0 1100 913 (< 0.01 %) 737 (< 0.01 %) 

1. Monte-Carlo Results are the averages of the 90th percentiles from the 10,000 realizations. 
2. Probabilities are estimated from Monte-Carlo method using 10,000 realizations. 
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Table 6.5: Monte-Carlo TDS Annual 90th Percentiles [mg/L] and Estimated Probability of More Than Ten Percent Digressions [(%)] 

for Projected Future (250 MGD Average Annual Effluent) Flow Rate 1 
Monte-Carlo Result [mg/L] 

(Probability) 

Station LWLVB1.2 All Other 
locations 

Run 
# 

Flow 
Rate 

(MGD)
TP Load 
(lbs/day)

Eff. 
TIN 

Conc. 
(mg/L)

WSEL 
(ft) 

WQS = 3000 mg/L WQS = 1000 mg/L 
13 250 125 11.0 1000 961 (< 0.01 %) 755 (< 0.01 %) 
14 250 125 11.0 1050 995 (< 0.01 %) 768 (< 0.01 %) 
15 250 125 11.0 1100 934 (< 0.01 %) 743 (< 0.01 %) 
16 250 225 14.0 1000 961 (< 0.01 %) 756 (< 0.01 %) 
17 250 225 14.0 1050 995 (< 0.01 %) 768 (< 0.01 %) 
18 250 225 14.0 1100 934 (< 0.01 %) 743 (< 0.01 %) 
19 250 275 17.0 1000 960 (< 0.01 %) 755 (< 0.01 %) 
20 250 275 17.0 1050 995 (< 0.01 %) 768 (< 0.01 %) 
21 250 275 17.0 1100 933 (< 0.01 %) 743 (< 0.01 %) 
22 250 334 20.0 1000 960 (< 0.01 %) 755 (< 0.01 %) 
23 250 334 20.0 1050 994 (< 0.01 %) 768 (< 0.01 %) 
24 250 334 20.0 1100 933 (< 0.01 %) 743 (< 0.01 %) 

1. Monte-Carlo Results are the averages of the 90th percentiles from the 10,000 realizations. 
2. Probabilities are estimated from Monte-Carlo method using 10,000 realizations. 
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Table 6.6: Monte-Carlo TDS Annual 90th Percentiles [mg/L] and Estimated Probability of More Than Ten Percent Digressions [(%)] 

for Projected Future (300 MGD Average Annual Effluent) Flow Rate 2 

Monte-Carlo Result [mg/L] (Probability) 

Station LWLVB1.2 All Other 
locations 

Run 
# 

Flow 
Rate 

(MGD)
TP Load 
(lbs/day)

Eff. 
TIN 

Conc. 
(mg/L)

WSEL 
(ft) 

WQS = 3000 mg/L WQS = 1000 mg/L 
25 300 125 11.0 1000 976 (< 0.01 %) 762 (< 0.01 %) 
26 300 125 11.0 1050 1012 (< 0.01 %) 775 (< 0.01 %) 
27 300 125 11.0 1100 946 (< 0.01 %) 748 (< 0.01 %) 
28 300 225 14.0 1000 977 (< 0.01 %) 762 (< 0.01 %) 
29 300 225 14.0 1050 1012 (< 0.01 %) 775 (< 0.01 %) 
30 300 225 14.0 1100 946 (< 0.01 %) 748 (< 0.01 %) 
31 300 275 17.0 1000 976 (< 0.01 %) 762 (< 0.01 %) 
32 300 275 17.0 1050 1012 (< 0.01 %) 775 (< 0.01 %) 
33 300 275 17.0 1100 946 (< 0.01 %) 748 (< 0.01 %) 
34 300 334 20.0 1000 976 (< 0.01 %) 762 (< 0.01 %) 
35 300 334 20.0 1050 1012 (< 0.01 %) 775 (< 0.01 %) 
36 300 334 20.0 1100 945 (< 0.01 %) 748 (< 0.01 %) 

1. Monte-Carlo Results are the averages of the 90th percentiles from the 10,000 realizations. 
2. Probabilities are estimated from Monte-Carlo method using 10,000 realizations. 
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Table 6.7: Monte-Carlo Chlorophyll a Growing Season Averages and 95th Percentiles [µg/L] and Estimated Probability of 

Predicted Values Being Higher Than NAC WQS [(%)] for CBER 2008 (189 MGD Average Annual Effluent) Flow Rates 

Monte-Carlo Result [µg/L] (Probability) 
Growing Season Average 95th Percentile 

Station 
LWLVB2.7 

Station 
LWLVB3.5 Open Water Open Water 

Run 
# 

Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

Eff. 
TIN 

Conc. 
(mg/L)

WSEL 
(ft) 

WQS = 16 µg/L WQS = 9 µg/L WQS = 5 µg/L WQS = 10 µg/L 
1             189 125 11.0 1000 3.5 (0.2 %) 2.4 (0.8 %) 2.1 (1.9 %) 4.5 (7.3 %)
2             189 125 11.0 1050 4.2 (0.6 %) 3.1 (3.0 %) 2.1 (2.7 %) 4.4 (6.6 %)
3             189 125 11.0 1100 4.5 (1.0 %) 2.9 (2.2 %) 2.2 (4.1 %) 4.6 (8.2 %)
4 189 225 14.0 1000 5.2 (2.4 %) 3.3 (4.1 %) 2.9 (10 %) 6.0 (10 %) 
5 189 225 14.0 1050 6.5 (5.6 %) 4.6 (9.8 %) 2.9 (11 %) 6.0 (11 %) 
6 189 225 14.0 1100 6.8 (6.3 %) 4.1 (7.7 %) 2.9 (11 %) 6.0 (11 %) 
7 189 275 17.0 1000 6.1 (4.3 %) 3.9 (6.5 %) 3.3 (11 %) 6.9 (11 %) 
8 189 275 17.0 1050 7.6 (8.5 %) 5.3 (12 %) 3.3 (11 %) 6.9 (11 %) 
9 189 275 17.0 1100 8.0 (9.5 %) 4.7 (11 %) 3.2 (11 %) 6.7 (11 %) 
10 189 334 20.0 1000 7.2 (7.7 %) 4.5 (9.6 %) 3.9 (12 %) 8.0 (14 %) 
11 189 334 20.0 1050 9.0 (12 %) 6.2 (16 %) 3.9 (12 %) 7.9 (13 %) 
12 189 334 20.0 1100 9.1 (12 %) 5.4 (13 %) 3.6 (11 %) 7.5 (12 %) 

1. Monte-Carlo Results are the averages of the Growing Season Averages and 95th Percentiles from the 10,000 realizations. 
2. Probabilities are estimated from Monte-Carlo method using 10,000 realizations. 
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Table 6.8: Monte-Carlo Chlorophyll a Growing Season Averages and 95th Percentiles [µg/L] and Estimated Probability of 

Predicted Values Being Higher Than NAC WQS [(%)] for Projected Future (250 MGD Average Annual Effluent) Flow Rate 1 

Monte-Carlo Result [µg/L] (Probability) 
Growing Season Average 95th Percentile 

Station 
LWLVB2.7 

Station 
LWLVB3.5 Open Water Open Water 

Run 
# 

Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

Eff. 
TIN 

Conc. 
(mg/L)

WSEL 
(ft) 

WQS = 16 µg/L WQS = 9 µg/L WQS = 5 µg/L WQS = 10 µg/L 
13             250 125 11.0 1000 3.4 (0.1 %) 2.3 (0.6 %) 2.1 (1.5 %) 4.4 (7.3 %)
14             250 125 11.0 1050 4.1 (0.4 %) 3.0 (2.7 %) 2.1 (1.7 %) 4.4 (6.3 %)
15             250 125 11.0 1100 4.4 (0.9 %) 2.9 (2.0 %) 2.2 (3.6 %) 4.5 (7.5 %)
16 250 225 14.0 1000 5.1 (2.2 %) 3.3 (3.8 %) 2.8 (12 %) 6.1 (12 %) 
17 250 225 14.0 1050 6.2 (4.8 %) 4.4 (9.0 %) 2.9 (11 %) 5.9 (11 %) 
18 250 225 14.0 1100 6.7 (5.9 %) 4.0 (7.3 %) 2.8 (11 %) 5.9 (11 %) 
19 250 275 17.0 1000 5.9 (4.2 %) 3.7 (6.1 %) 3.2 (11 %) 6.8 (11 %) 
20 250 275 17.0 1050 7.3 (8.0 %) 5.1 (12 %) 3.3 (11 %) 6.8 (11 %) 
21 250 275 17.0 1100 7.7 (8.7 %) 4.6 (10 %) 3.1 (11 %) 6.6 (11 %) 
22 250 334 20.0 1000 6.9 (6.8 %) 4.3 (8.5 %) 3.7 (12 %) 7.9 (13 %) 
23 250 334 20.0 1050 8.6 (11 %) 6.0 (15 %) 3.8 (12 %) 7.8 (13 %) 
24 250 334 20.0 1100 8.9 (11 %) 5.3 (13 %) 3.5 (11 %) 7.4 (11 %) 

1. Monte-Carlo Results are the averages of the Growing Season Averages and 95th Percentiles from the 10,000 realizations. 
2. Probabilities are estimated from Monte-Carlo method using 10,000 realizations. 
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Table 6.9: Monte-Carlo Chlorophyll a Growing Season Averages and 95th Percentiles [µg/L] and Estimated Probability of 

Predicted Values Being Higher Than NAC WQS [(%)] for Projected Future (300 MGD Average Annual Effluent) Flow Rate 2 

Monte-Carlo Result [µg/L] (Probability) 
Growing Season Average 95th Percentile 

Station 
LWLVB2.7 

Station 
LWLVB3.5 Open Water Open Water 

Run 
# 

Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

Eff. 
TIN 

Conc. 
(mg/L)

WSEL 
(ft) 

WQS = 16 µg/L WQS = 9 µg/L WQS = 5 µg/L WQS = 10 µg/L 
25             300 125 11.0 1000 3.3 (0.2 %) 2.3 (0.6 %) 2.0 (0.9 %) 4.4 (6.8 %)
26             300 125 11.0 1050 3.9 (0.4 %) 3.0 (2.5 %) 2.1 (1.5 %) 4.3 (6.1 %)
27             300 125 11.0 1100 4.2 (0.7 %) 2.8 (1.9 %) 2.1 (2.7 %) 4.5 (7.0 %)
28 300 225 14.0 1000 5.0 (1.8 %) 3.2 (3.3 %) 2.8 (11 %) 6.0 (11 %) 
29 300 225 14.0 1050 6.1 (4.6 %) 4.3 (8.5 %) 2.8 (11 %) 5.9 (11 %) 
30 300 225 14.0 1100 6.4 (5.5 %) 4.0 (7.0 %) 2.8 (11 %) 5.8 (11 %) 
31 300 275 17.0 1000 5.8 (3.5 %) 3.7 (5.6 %) 3.1 (11 %) 6.8 (11 %) 
32 300 275 17.0 1050 7.2 (8.0 %) 5.0 (12 %) 3.2 (11 %) 6.7 (11 %) 
33 300 275 17.0 1100 7.5 (7.9 %) 4.5 (10 %) 3.1 (11 %) 6.6 (11 %) 
34 300 334 20.0 1000 6.8 (6.5 %) 4.2 (8.5 %) 3.6 (11 %) 7.8 (13 %) 
35 300 334 20.0 1050 8.4 (10 %) 5.8 (15 %) 3.7 (11 %) 7.7 (12 %) 
36 300 334 20.0 1100 8.6 (11 %) 5.1 (12 %) 3.4 (11 %) 7.3 (11 %) 

1. Monte-Carlo Results are the averages of the Growing Season Averages and 95th Percentiles from the 10,000 realizations. 
2. Probabilities are estimated from Monte-Carlo method using 10,000 realizations. 
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Table 6.10: Monte-Carlo Chlorophyll a Growing Season Averages and 95th Percentiles [µg/L] and Estimated Probability of 

Predicted Values Being Higher Than NAC WQS [(%)] for CBER 2008 (189 MGD Average Annual Effluent) Flow Rates 
Excluding 2001 

Monte-Carlo Result [µg/L] (Probability) 
Growing Season Average 95th Percentile 

Station 
LWLVB2.7 

Station 
LWLVB3.5 Open Water Open Water 

Run 
# 

Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

Eff. 
TIN 

Conc. 
(mg/L)

WSEL 
(ft) 

WQS = 16 µg/L WQS = 9 µg/L WQS = 5 µg/L WQS = 10 µg/L 
1 189 125 11.0 1000 2.8 (< 0.01 %) 1.9 (0.01 %) 1.8 (< 0.01 %) 3.7 (< 0.01 %) 
2 189 125 11.0 1050 3.4 (0.01 %) 2.5 (0.1 %) 1.8 (< 0.01 %) 3.6 (< 0.01 %) 
3 189 125 11.0 1100 3.6 (< 0.01 %) 2.4 (0.04 %) 1.9 (< 0.01 %) 3.8 (< 0.01 %) 
4 189 225 14.0 1000 4.2 (0.1 %) 2.7 (0.2 %) 2.5 (< 0.01 %) 5.0 (< 0.01 %) 
5 189 225 14.0 1050 5.3 (0.2 %) 3.7 (1.5 %) 2.5 (< 0.01 %) 5.0 (0.02 %) 
6 189 225 14.0 1100 5.5 (0.4 %) 3.4 (0.8 %) 2.4 (< 0.01 %) 5.0 (0.01 %) 
7 189 275 17.0 1000 4.9 (0.2 %) 3.2 (0.7 %) 2.8 (< 0.01 %) 5.8 (0.2 %) 
8 189 275 17.0 1050 6.1 (0.7 %) 4.3 (2.8 %) 2.8 (< 0.01 %) 5.7 (0.2 %) 
9 189 275 17.0 1100 6.5 (1.3 %) 3.9 (2.0 %) 2.7 (< 0.01 %) 5.6 (0.1 %) 
10 189 334 20.0 1000 5.8 (0.7 %) 3.7 (1.5 %) 3.3 (0.8 %) 6.6 (2.3 %) 
11 189 334 20.0 1050 7.2 (2.3 %) 5.0 (5.7 %) 3.3 (0.9 %) 6.5 (2.1 %) 
12 189 334 20.0 1100 7.5 (2.8 %) 4.4 (3.3 %) 3.1 (0.2 %) 6.3 (1.4 %) 

1. Monte-Carlo Results are the averages of the Growing Season Averages and 95th Percentiles from the 10,000 realizations. 
2. Probabilities are estimated from Monte-Carlo method using 10,000 realizations. 
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Table 6.11: Monte-Carlo Chlorophyll a Growing Season Averages and 95th Percentiles [µg/L] and Estimated Probability of 
Predicted Values Being Higher Than NAC WQS [(%)] for Projected Future (250 MGD Average Annual Effluent) Flow Rate 1 

Excluding 2001 

Monte-Carlo Result [µg/L] (Probability) 
Growing Season Average 95th Percentile 

Station 
LWLVB2.7 

Station 
LWLVB3.5 Open Water Open Water 

Run 
# 

Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

Eff. 
TIN 

Conc. 
(mg/L)

WSEL 
(ft) 

WQS = 16 µg/L WQS = 9 µg/L WQS = 5 µg/L WQS = 10 µg/L 
13 250 125 11.0 1000 2.8 (< 0.01 %) 1.9 (< 0.01 %) 1.8 (< 0.01 %) 3.7 (< 0.01 %) 
14 250 125 11.0 1050 3.3 (< 0.01 %) 2.4 (0.1 %) 1.8 (< 0.01 %) 3.6 (< 0.01 %) 
15 250 125 11.0 1100 3.6 (0.0 %) 2.4 (0.05 %) 1.8 (< 0.01 %) 3.8 (< 0.01 %) 
16 250 225 14.0 1000 4.1 (0.1 %) 2.6 (0.1 %) 2.4 (< 0.01 %) 5.0 (< 0.01 %) 
17 250 225 14.0 1050 5.0 (0.1 %) 3.6 (1.2 %) 2.4 (< 0.01 %) 4.9 (0.01 %) 
18 250 225 14.0 1100 5.4 (0.3 %) 3.2 (0.7 %) 2.4 (< 0.01 %) 4.9 (< 0.01 %) 
19 250 275 17.0 1000 4.8 (0.1 %) 3.0 (0.3 %) 2.7 (< 0.01 %) 5.7 (0.1 %) 
20 250 275 17.0 1050 5.9 (0.7 %) 4.1 (2.6 %) 2.8 (< 0.01 %) 5.6 (0.1 %) 
21 250 275 17.0 1100 6.3 (1.2 %) 3.7 (1.5 %) 2.7 (< 0.01 %) 5.5 (0.1 %) 
22 250 334 20.0 1000 5.6 (0.5 %) 3.5 (1.0 %) 3.1 (0.2 %) 6.5 (1.6 %) 
23 250 334 20.0 1050 6.9 (1.7 %) 4.8 (4.8 %) 3.2 (0.4 %) 6.4 (1.7 %) 
24 250 334 20.0 1100 7.3 (2.6 %) 4.3 (3.0 %) 3.0 (0.1 %) 6.2 (1.0 %) 

1. Monte-Carlo Results are the averages of the Growing Season Averages and 95th Percentiles from the 10,000 realizations. 
2. Probabilities are estimated from Monte-Carlo method using 10,000 realizations. 
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Table 6.12: Monte-Carlo Chlorophyll a Growing Season Averages and 95th Percentiles [µg/L] and Estimated Probability of 
Predicted Values Being Higher Than NAC WQS [(%)] for Projected Future (300 MGD Average Annual Effluent) Flow Rate 2 

Excluding 2001 

Monte-Carlo Result [µg/L] (Probability) 
Growing Season Average 95th Percentile 

Station 
LWLVB2.7 

Station 
LWLVB3.5 Open Water Open Water 

Run 
# 

Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

Eff. 
TIN 

Conc. 
(mg/L)

WSEL 
(ft) 

WQS = 16 µg/L WQS = 9 µg/L WQS = 5 µg/L WQS = 10 µg/L 
25 300 125 11.0 1000 2.7 (< 0.01 %) 1.8 (< 0.01 %) 1.7 (< 0.01 %) 3.6 (< 0.01 %) 
26 300 125 11.0 1050 3.2 (< 0.01 %) 2.4 (0.1 %) 1.8 (< 0.01 %) 3.6 (< 0.01 %) 
27 300 125 11.0 1100 3.4 (< 0.01 %) 2.3 (0.04 %) 1.8 (< 0.01 %) 3.7 (< 0.01 %) 
28 300 225 14.0 1000 4.0 (0.1 %) 2.6 (0.2 %) 2.3 (< 0.01 %) 4.9 (< 0.01 %) 
29 300 225 14.0 1050 4.9 (0.1 %) 3.5 (1.2 %) 2.4 (< 0.01 %) 4.9 (0.01 %) 
30 300 225 14.0 1100 5.2 (0.3 %) 3.2 (0.7 %) 2.3 (< 0.01 %) 4.9 (< 0.01 %) 
31 300 275 17.0 1000 4.7 (0.2 %) 3.0 (0.3 %) 2.7 (< 0.01 %) 5.6 (0.1 %) 
32 300 275 17.0 1050 5.8 (0.5 %) 4.1 (2.4 %) 2.7 (< 0.01 %) 5.6 (0.1 %) 
33 300 275 17.0 1100 6.1 (0.9 %) 3.6 (1.1 %) 2.6 (< 0.01 %) 5.5 (0.0 %) 
34 300 334 20.0 1000 5.4 (0.3 %) 3.4 (0.7 %) 3.0 (0.1 %) 6.4 (1.4 %) 
35 300 334 20.0 1050 6.8 (1.5 %) 4.7 (4.3 %) 3.1 (0.1 %) 6.4 (1.4 %) 
36 300 334 20.0 1100 7.0 (1.8 %) 4.1 (2.4 %) 2.9 (0.0 %) 6.1 (0.7 %) 

1. Monte-Carlo Results are the averages of the Growing Season Averages and 95th Percentiles from the 10,000 realizations. 
2. Probabilities are estimated from Monte-Carlo method using 10,000 realizations. 
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Figure 6.1
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Figure 6.2

Monte-Carlo result is average of 10,000 realizations.  
Error bars are standard-deviation of 10,000 realizations.
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A   DESCRIPTION OF ELCOM/CAEDYM MODELS 
AND EVIDENCE OF VALIDATION 

The coupling of biogeochemical and hydrodynamic processes in numerical 
simulations is a fundamental tool for research and engineering studies of water quality in 
coastal oceans, estuaries, lakes, and rivers.  A modeling system for aquatic ecosystems 
has been developed that combines a three-dimensional hydrodynamic simulation method 
with a suite of water quality modules that compute interactions between biological 
organisms and the chemistry of their nutrient cycles.  This integrated approach allows for 
the feedback and coupling between biogeochemical and hydrodynamic systems so that a 
complete representation of all appropriate processes can be included in an analysis.  The 
hydrodynamic simulation code is the Estuary Lake and Coastal Ocean Model (ELCOM) 
and the biogeochemical model is the Computational Aquatic Ecosystem Dynamics Model 
(CAEDYM). 

The purpose of this appendix is to demonstrate that ELCOM and CAEDYM are 
accepted models that have been systematically tested and debugged, and then 
successfully validated in numerous applications.  A history of the models is provided, 
followed by an outline of the general model methodology and evolution that emphasizes 
the basis of the ELCOM/ CAEDYM codes in previously validated models and research.  
Then the process of code development, testing, and validation of ELCOM/CAEDYM is 
detailed.  Specific model applications are described to illustrate how the 
ELCOM/CAEDYM models have been applied to coastal oceans, estuaries, lakes, and 
rivers throughout the world and the results successfully validated against field data.  
Finally, a general description of the governing equations, numerical models, and 
processes used in the models is provided along with an extensive bibliography of 
supporting material. 

A comprehensive description of the equations and methods used in the models is 
provided in the “Estuary Lake and Coastal Ocean Model: ELCOM v2.2 Science Manual” 
by Hodges and Dallimore (2006),  “Estuary Lake and Coastal Ocean Model: ELCOM 
v2.2 User Manual” by Hodges and Dallimore (2007), “Computational Aquatic Ecosystem 
Dynamics Model: CAEDYM: v2.2 Science Manual” by Hipsey, Romero, Antenucci and 
Hamilton (2005), and the “Computational Aquatic Ecosystem Dynamics Model: 
CAEDYM: v2.2 User Manual” by Hipsey, Romero, Antenucci and Hamilton (2005). 

 

A.1 MODEL HISTORY 

 The ELCOM/CAEDYM models were originally developed at the Centre for 
Water Research (CWR) at the University of Western Australia, although the 
hydrodynamics code ELCOM is an outgrowth of a hydrodynamic model developed 
earlier by Professor Vincenzo Casulli in Italy and now in use at Stanford University 
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under the name TRIM-3D.  The CAEDYM model was essentially developed at CWR as 
an outgrowth of earlier water quality modules used in the one-dimensional model, 
Dynamic Reservoir Simulation Model - Water Quality (DYRESM-WQ, Hamilton and 
Schladow, 1997). 

 The original ELCOM/CAEDYM models, as developed by CWR, were 
implemented in Fortran 90 (with F95 extensions) on a UNIX computer system platform.  
In 2001, the codes for both models were ported to a personal computer (PC) platform 
through an extensive recompiling and debugging effort by Flow Science Incorporated 
(Flow Science) in Pasadena, California. 

 

A.2 MODEL METHODOLOGY 

ELCOM is a three-dimensional numerical simulation code designed for practical 
numerical simulation of hydrodynamics and thermodynamics for inland and coastal 
waters.  The code links seamlessly with the CAEDYM biogeochemical model 
undergoing continuous development at CWR, as shown graphically in Figure A.1.  The 
combination of the two codes provides three-dimensional simulation capability for 
examination of changes in water quality that arise from anthropogenic changes in either 
quality of inflows or reservoir operations. 

 

  

  

Bathymetry
Data

Boundary
Conditions

Measured
Physical Data
(Time varying)

Measured Water
Quality Data
(Time varying)

ELCOM

CAEDYM

3D Output of Simulated
Physical and Water Quality Data

(For each grid cell at selected time steps)

Simulated
Physical Data

(For each grid cell
at each time step)

Simulated
Velocity Data
(For each grid cell
at each time step)

Simulated Water
Quality Data
(For each grid cell
at each time step)

Bathymetry
Data

Boundary
Conditions

Measured
Physical Data
(Time varying)

Measured Water
Quality Data
(Time varying)

ELCOM

CAEDYM

3D Output of Simulated
Physical and Water Quality Data

(For each grid cell at selected time steps)

Simulated
Physical Data

(For each grid cell
at each time step)

Simulated
Velocity Data
(For each grid cell
at each time step)

Simulated Water
Quality Data
(For each grid cell
at each time step)

Figure A.1  Flow chart showing the integration of the linked ELCOM/CAEDYM models. 
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The numerical method used in ELCOM is based on the TRIM-3D model scheme of 
Casulli and Cheng (1992) with adaptations made to improve accuracy, scalar conversion, 
numerical diffusion, and implementation of a mixed-layer model.  The ELCOM model 
also extends the TRIM-3D scheme by including conservative advection of scalars.  The 
unsteady Reynolds-averaged, Navier-Stokes equations, and the scalar transport equations 
serve as the basis of ELCOM.  The pressure distribution is assumed hydrostatic and 
density changes do not impact the inertia of the fluid (the Boussinesq approximation), but 
are considered in the fluid body forces.  There is an eddy-viscosity approximation for the 
horizontal turbulence correlations that represent the turbulent momentum transfer.  
Vertical momentum transfer is handled by a Richardson number-based diffusion 
coefficient.  Since numerical diffusion generally dominates molecular processes, 
molecular diffusion in the vertical direction is neglected in ELCOM. 

 Both ELCOM and TRIM-3D are three-dimensional, computational fluid 
dynamics (CFD) models.  CFD modeling is a validated and well-established approach to 
solving the equations of fluid motions in a variety of disciplines.  Prior to the 
development of TRIM-3D, there were difficulties in modeling density-stratified flows 
and such flows required special numerical methods.  With TRIM-3D, Casulli and Cheng 
(1992) developed the first such successful method to model density-stratified flows, such 
as occur in the natural environment.  Since then, TRIM-3D has been validated by 
numerous publications.  ELCOM is based on the same proven method, but incorporates 
additional improvements as described above.  Furthermore, the ELCOM model is based 
on governing equations and numerical algorithms that have been used in the past (e.g., in 
validated models such as TRIM-3D), and have been validated in refereed publications.  
For example: 

• The hydrodynamic algorithms in ELCOM are based on the Euler-Lagrange 
method for advection of momentum with a conjugate gradient solution for the 
free-surface height (Casulli and Cheng, 1992). 

• The free-surface evolution is governed by vertical integration of the continuity 
equation for incompressible flow applied to the kinematic boundary condition 
(e.g., Kowalik and Murty, 1993). 

• The numerical scheme is a semi-implicit solution of the hydrostatic Navier-
Stokes equations with a quadratic Euler-Lagrange, or semi-Lagrangian 
(Staniforth and Côté, 1991). 

• Passive and active scalars (i.e., tracers, salinity, and temperature) are advected 
using a conservative ULTIMATE QUICKEST discretization (Leonard, 1991).  
The ULTIMATE QUICKEST approach has been implemented in two-
dimensional format and demonstration of its effectiveness in estuarine flows 
has been documented by Lin and Falconer (1997). 
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• Heat exchange is governed by standard bulk transfer models found in the 
literature (e.g., Amorocho and DeVries, 1980; Imberger and Patterson, 1981; 
Jacquet, 1983). 

• The vertical mixing model is based on an approach derived from the mixing 
energy budgets used in one-dimensional lake modeling as presented in 
Imberger and Patterson (1981), Spigel et al (1986), and Imberger and 
Patterson (1990).  Furthermore, Hodges presents a summary of validation 
using laboratory experiments of Stevens and Imberger (1996).  This validation 
exercise demonstrates the ability of the mixed-layer model to capture the 
correct momentum input to the mixed-layer and reproduce the correct basin-
scale dynamics, even while boundary-induced mixing is not directly modeled. 

• The wind momentum model is based on a mixed-layer model combined with a 
model for the distribution of momentum over depth (Imberger and 
Patterson, 1990). 

The numerical approach and momentum and free surface discretization used in 
ELCOM are defined in more detail in Hodges, Imberger, Saggio, and Winters (1999).  
Similarly, the water quality processes and methodology used in CAEDYM are described 
in more detail in Hamilton and Schladow (1997).  Further technical details on ELCOM 
and CAEDYM are provided in Sections A.4 and A.5 below. 

 
A.3 VALIDATION AND APPLICATION OF ELCOM/CAEDYM 

Since initial model development, testing and validation of ELCOM and/or CAEDYM 
have been performed and numerous papers on model applications have been presented, 
written, and/or published as described in more detail below.  In summary: 

• ELCOM solves the full three-dimensional flow equations with small 
approximations. 

• ELCOM/CAEDYM was developed, tested, and validated over a variety of test 
cases and systems by CWR. 

• Papers on ELCOM/CAEDYM algorithms, methodology, and applications 
have been published in peer reviewed journals such as the Journal of 
Geophysical Research, the Journal of Fluid Mechanics, the Journal of 
Hydraulic Engineering, the International Journal for Numerical Methods in 
Fluids, and Limnology and Oceanography. 

• ELCOM/CAEDYM was applied by Flow Science to Lake Mead, Nevada.  As 
part of this application, mass balances were verified and results were 
presented to a model review panel over a two-year period.  The model review 
panel, the National Park Service, the Bureau of Reclamation, the Southern 
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Nevada Water Authority, and the Clean Water Coalition (a consortium of 
water and wastewater operators in the Las Vegas, Nevada, region) all 
accepted the ELCOM/CAEDYM model use and validity. 

• There are numerous applications of ELCOM/CAEDYM in the literature that 
compare the results to data, as summarized in Section A.3.2. 

 
The process of code development, testing, and validation of ELCOM/CAEDYM by 

CWR, and the ongoing validation and refinement of the codes through further application 
of the models are detailed in the following subsections.  The major components of the 
development, testing, and validation process are summarized in Figure A.2. 

Appendix A 
FSI V084015 Task 13 A-6 
March 3, 2011 
 



 

Appendix A 
FSI V084015 Task 13 
March 3, 2011 

A-7 

 

ELCOM/CAEDYM

1997-present
Initial CWR Code

Development and Validation

1998-present
Additional Validation Studies

and Model Refinement
Phase 1: Initial Code Development

(CWR, 1997)

Phase 2: Testing and Validation
(CWR, 1998)

Phase 3: Swan River Destratification 
Model (CWR, 1998)

Phase 4: Secondary Code 
Development (CWR, 1998-1999)

Phase 5: Swan River Upper Reaches 
Model 100

Lake Mead, USA
(Flow Science, 2001-present)

Lake Burrogorang, Australia
(CWR)

Lake Kinneret, Israel
(CWR, 1999-2003)

Lake Pamvotis, Greece
(CWR, 1998)

Lake Constance, Germany
(CWR, 2000-2004)

Venice Lagoon, Italy
(CWR, 2003-present)
Additional Reservoirs

(e.g., Silvan Reservoir, Tiete River, 
Lake Couer D’Alene, etc.)

ELCOM/CAEDYM

1997-present
Initial CWR Code

Development and Validation

1998-present
Additional Validation Studies

and Model Refinement
Phase 1: Initial Code Development

(CWR, 1997)

Phase 2: Testing and Validation
(CWR, 1998)

Phase 3: Swan River Destratification 
Model (CWR, 1998)

Phase 4: Secondary Code 
Development (CWR, 1998-1999)

Phase 5: Swan River Upper Reaches 
Model 100

Lake Mead, USA
(Flow Science, 2001-present)

Lake Burrogorang, Australia
(CWR)

Lake Kinneret, Israel
(CWR, 1999-2003)

Lake Pamvotis, Greece
(CWR, 1998)

Lake Constance, Germany
(CWR, 2000-2004)

Venice Lagoon, Italy
(CWR, 2003-present)
Additional Reservoirs

(e.g., Silvan Reservoir, Tiete River, 
Lake Couer D’Alene, etc.)

Figure A.2  ELCOM/CAEDYM code development, testing, validation, and 
applications by CWR and Flow Science Incorporated. 



 

 

A.3.1 CWR Code Development, Testing, and Validation 

Initial development of the code by CWR occurred from March through December 
1997 (Phase 1), followed by a period of testing and validation from January through 
April 1998 (Phases 2 and 3).  Secondary code development by CWR occurred from 
September 1998 through February 1999 (Phase 4).  Testing and validation were 
performed over a variety of test cases and systems to ensure that all facets of the code 
were tested.  In addition, Phase 5 modeling of the Swan River since 1998 has been used 
to gain a better understanding of the requirements and limitations of the model (Hodges 
et al, 1999). 

 
A.1.1.1. Phase 1:  Initial Code Development 

 The ELCOM code was initially conceived by CWR as a Fortran 90/95 adaptation 
of the TRIM-3D model of Casulli and Cheng (1992) in order to: 1) link directly to the 
CAEDYM water quality module developed concurrently at CWR and 2) provide a basis 
for future development in a modern programming language.  Although written in Fortran 
77, TRIM-3D is considered a state-of-the-art numerical model for estuarine applications 
using a semi-implicit discretization of the Reynolds-averaged hydrostatic Navier-Stokes 
equations and an Euler-Lagrange method for momentum and scalar transport. 

 During development of ELCOM, it became clear that additional improvements to 
the TRIM-3D algorithm were required for accurate solution of density-stratified flows in 
estuaries.  After the basic numerical algorithms were written in Fortran 90, subroutine-
by-subroutine debugging was performed to ensure that each subroutine produced the 
expected results.  Debugging and testing of the entire model used a series of test cases 
that exercised the individual processes in simplified geometries.  This included test cases 
for the functioning of the open boundary condition (tidal forcing), surface wave 
propagation, internal wave propagation, scalar transport, surface thermodynamics, 
density underflows, wind-driven circulations, and flooding/drying of shoreline grid cells.  
Shortcomings identified in the base numerical algorithms were addressed during 
secondary code development (Phase 4). 

 Towards the end of the initial code development, ELCOM/CAEDYM were 
coupled and test simulations were run to calibrate the ability of the models to work 
together on some simplified problems.  Results showing the density-driven currents 
induced by phytoplankton shading were presented at the Second International 
Symposium on Ecology and Engineering (Hodges and Herzfeld, 1997).  Further details of 
modeling of density-driven currents due to combinations of topographic effects and 
phytoplankton shading were presented at a joint meeting of the American Geophysical 
Union (AGU) and the American Society of Limnology and Oceanography (ASLO) by 
Hodges et al. (1998), and at a special seminar at Stanford University (Hodges 1998).  
Additionally, presentations by Hamilton (1997), Herzfeld et al. (1997), and Herzfeld and 

Appendix A 
FSI V084015 Task 13 A-8 
March 3, 2011 
 



 

Hamilton (1998) documented the concurrent development of the CAEDYM ecological 
model. 

 
A.1.1.2. 

A.1.1.3. 

A.1.1.4. 

Phase 2:  Testing and Validation 

 The simplified geometry tests of Phase I revealed deficiencies in the TRIM-3D 
algorithm including the inability of the TRIM-3D Euler-Lagrange method (ELM) to 
provide conservative transport of scalar concentrations (e.g., salinity and temperature).  
Thus, a variety of alternate scalar transport methods were tested, with the best 
performance being a flux-conservative implementation of the ULTIMATE filter applied 
to third-order QUICKEST discretization based on the work of Leonard (1991). 

 Model testing and validation against simple test cases was again undertaken.  In 
addition, a simulation of a winter underflow event in Lake Burragorang in New South 
Wales, Australia, was performed to examine the ability of the model to capture a density 
underflow in complex topography in comparison to field data taken during the inflow 
event.  These tests showed that the ability to model underflows is severely constrained by 
the cross-channel grid resolution. 

 
Phase 3:  Swan River Destratification Model 

 Phase 3 involved examining a linked ELCOM/CAEDYM destratification model 
of the Swan River system during a period of destratification in 1997 when intensive field 
monitoring had been conducted.  The preliminary results of this work were presented at 
the Swan-Canning Estuary Conference (Hertzfeld et al, 1998).  More comprehensive 
results were presented at the Western Australian Estuarine Research Foundation 
(WAERF) Community Forum (Imberger, 1998). 

 
Phase 4:  Secondary Code Development 

 In conducting the Phase 3 Swan River destratification modeling, it became clear 
to CWR that long-term modeling of the salt-wedge propagation would require a better 
model for mixing dynamics than presently existed.  Thus, the availability of an extensive 
field data set for Lake Kinneret, Israel, led to its use as a test case for development of an 
improved mixing algorithm for stratified flows (Hodges et al, 1999). 

 A further problem appeared in the poor resolution of momentum terms using the 
linear ELM discretization (i.e., as used in the original TRIM-3D method).  Since the 
conservative ULTIMATE QUICKEST method (used for scalar transport, see Phase 1 
above) does not lend itself to efficient use for discretization of momentum terms in a 
semi-implicit method, a quadratic ELM approach was developed for more accurate 
discretization of the velocities. 
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A.1.1.5. 

A.1.1.1. 

Phase 5:  Swan River Upper Reaches Model 

Phases 1-4 developed and refined the ELCOM code for accurate modeling of 
three-dimensional hydrodynamics where the physical domain is well resolved.  Phase 5 is 
an ongoing process of model refinement that concentrates on developing a viable 
approach to modeling longer-term evolution hydrodynamics and water quality in the 
Swan River where fine-scale resolution of the domain is not practical.  The Swan River 
application is also used for ongoing testing and calibration of the CAEDYM water 
quality module. 

 The Swan River estuary is located on the Swan Coastal Plain, Western Australia.  
It is subject to moderate to high nutrient loads associated with urban and agricultural 
runoff and suffered from Microcystis aeruginosa blooms in January 2000.  In an effort to 
find a viable means of conducting seasonal to annual simulations of the Swan River that 
retain the fundamental along-river physics and the cross-channel variability in water 
quality parameters, CWR has developed and tested ELCOM/CAEDYM extensively.  A 
progress report by Hodges et al (1999) indicates that ELCOM is capable of accurately 
reproducing the hydrodynamics of the Swan River over long time scales with a 
reasonable computational time. 

 Furthermore, studies conducted by Robson and Hamilton (2002) proved that 
ELCOM/CAEDYM accurately reproduced the unusual hydrodynamic circumstances that 
occurred in January 2000 after a record maximum rainfall, and predicted the magnitude 
and timing of the Microcystis bloom.  These studies show that better identification and 
monitoring procedures for potentially harmful phytoplankton species could be established 
with ELCOM/CAEDYM and will assist in surveillance and warnings for the future. 

A.3.2 Model Applications 

 In addition to the initial code development, testing, and validation by CWR, 
numerous other applications of ELCOM/CAEDYM have been developed by CWR and 
validated against field data.  Additionally, Flow Science has applied ELCOM/CAEDYM 
extensively at Lake Mead (USA) and validated the results against measured data.  The 
results of numerous ELCOM/CAEDYM model applications are presented below. 

 
Lake Mead (Nevada, USA) 

An ELCOM/CAEDYM model of Boulder Basin, Lake Mead near Las Vegas, 
Nevada, is being used to evaluate alternative discharge scenarios for inclusion in an 
Environmental Impact Statement (EIS) for the Clean Water Coalition (CWC), a 
consortium of water and wastewater operators in the Las Vegas region.  Figure A.3 is a 
cut-away of the three-dimensional model grid used for Boulder Basin, showing the 
varying grid spacing in the vertical direction.  Figure A.4 is an example of the model 
output, showing the isopleths of a tracer plume within the reservoir for a sample case. 
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Figure A.3  Model Grid for Lake Mead. 
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As part of the EIS process, a model review panel met monthly for two years to review 
the validation of the ELCOM/CAEDYM model, its calibration against field data, and its 
application.  The modeling committee approved the use of the model. 

Subsequently, a scientific Water Quality Advisory Panel concluded that the 
ELCOM/CAEDYM model was applicable and acceptable.  The members of the Water 
Quality Advisory Panel were diverse and included Jean Marie Boyer, Ph.D., P.E. (Water 
Quality Specialist/Modeler, Hydrosphere), Chris Holdren, Ph.D., CLM (Limnologist, 
United States Bureau of Reclamation), Alex Horne, Ph.D. (Ecological Engineer, 
University of California Berkeley), and Dale Robertson, Ph.D. (Research Hydrologist, 
United States Geological Survey). 

More specifically, the Water Quality Advisory Panel agreed on the following 
findings:  

Figure A.4  Boulder Basin isopleths of 
tracer for a fall 2000 sample case. 

• The ELCOM/CAEDYM model is appropriate for the project. 
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• There are few three-dimensional models available for reservoirs.  ELCOM is 
one of the best hydrodynamic models and has had good success in the Boulder 
Basin of Lake Mead and other systems. 

• The ELCOM model accurately simulates most physical processes. 

• The algorithms used in CAEDYM are widely accepted (a biological 
consultant, Professor David Hamilton of The University of Waikato, New 
Zealand, has been retained to review the CAEDYM coefficients and 
algorithms). 

 
 The Boulder Basin ELCOM/CAEDYM model was calibrated against four years 

of measured data for numerous physical and water quality parameters including 
temperature, salinity, conductivity, dissolved oxygen, pH, nutrients (nitrogen and 
phosphorus), chlorophyll a, perchlorate, chloride, sulfate, bromide, and total organic 
carbon.  Detailed results of this calibration and the subsequent evaluation of alternative 
discharge scenarios were made available in late 2005 in the CWC EIS that was being 
prepared for this project.  An example of the calibration results for chlorophyll a for 2002 
is presented in Figure A.5 below.  In this figure, simulated concentrations are compared 
against field data measured in the lake by the United States Bureau of Reclamation 
(USBR) and the City of Las Vegas (COLV). 
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Figure A.5  ELCOM/CAEDYM calibration results for chlorophyll a for 2002 as a 
function of distance from the inflow at Las Vegas Wash. 
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In addition to the good agreement between the model and field data and the 
acceptance of the model by the review committees, Flow Science also performed a mass 
balance on the model to ensure conservation of tracer materials.  As a result of such tests 
and debugging, Flow Science and the CWR have made continuous improvements to the 
model as necessary including refinements to the ULTIMATE QUICKEST scheme and 
boundary cell representations. 

 
A.1.1.2. Lake Burragorang (New South Wales, Australia) 

 ELCOM was applied and validated for Lake Burragorang in order to rapidly 
assess the potential impacts on water quality during an underflow event (CWR).  
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Underflows usually occur during the winter when inflow water temperature is low 
compared to the reservoir.  This causes the upheaval of hypolimnetic water at the dam 
wall, and as a result it transports nutrient rich waters into the euphotic zone. 

 The thermal dynamics during the underflow event were reproduced accurately by 
ELCOM for the case with idealized bathymetry data with coarse resolutions (straightened 
curves and rotating the lake in order to bypass the resolution problem), but not for the 
simulation with the complex, actual bathymetry.  This is because the model tests showed 
that the ability to model underflows is severely constrained by the cross-channel grid 
resolution.  When the cross-channel direction is poorly resolved at bends and curves, an 
underflow is unable to propagate downstream without a significant loss of momentum.  
Nevertheless, the simulations with the coarse idealized domain certainly can be used as 
aids and tools to visualize the behavior of reservoirs.  Particularly, ELCOM was able to 
capture the traversal of the underflow down the length of Lake Burragorang and then had 
sufficient momentum to break against the wall causing the injection of underflow waters 
into the epilimnion near the dam.  This simulated dynamic was in agreement with what 
was measured in the field. 

 
A.1.1.3. 

A.1.1.4. 

Lake Kinneret (Israel) 

 ELCOM was applied to model basin-scale internal waves that are seen in Lake 
Kinneret, Israel, since understanding of basin-scale internal waves behaviors provide 
valuable information on mixing and transport of nutrients below the wind-mixed layer in 
stratified lakes.  In studies done by Hodges et al. (1999) and Laval et al (2003), the 
ELCOM simulation results were compared with field data under summer stratification 
conditions to identify and illustrate the spatial structure of the lowest-mode basin-scale 
Kelvin and Poincare waves that provide the largest two peaks in the internal wave energy 
spectra. The results demonstrated that while ELCOM showed quantitative differences in 
the amplitude and steepness of the waves as well as in the wave phases, the basin-scale 
waves were resolved very well by ELCOM.  In particular, the model captures the 
qualitative nature of the peaks and troughs in the thermocline and the depth of the wind-
mixed layer at relatively coarse vertical grid resolutions (Hodges et al, 1999). 

 
Lake Pamvotis (Greece) 

 ELCOM/CAEDYM was applied to Lake Pamvotis, a moderately sized (22 km2), 
shallow (4 m average depth) lake located in northwest Greece.  Since the lake has 
undergone eutrophication over the past 40 years, many efforts are directed at 
understanding the characteristics of the lake and developing watershed management and 
restoration plans. 

 Romero and Imberger (1999) simulated Lake Pamvotis over a one month period 
during May to June, 1998, and compared the simulated thermal and advective dynamics 
of the lake with data obtained from a series of field experiments.  The simulation results 
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over-predicted heating; however, diurnal fluctuations in thermal structures were similar 
to those measured.  Since the meteorological site was sheltered from the winds, the wind 
data used in the simulation was believed to be too low, causing insufficient evaporative 
heat-loss and subsequent over-heating by ELCOM.  An increase in the wind speed by a 
factor of three gave temperature profiles in agreement with the field data.  Moreover, the 
study demonstrated that the model is capable of predicting the substantial diurnal 
variations in the intensity and direction of both vertical and horizontal velocities.  
Romero and Imberger were also able to illustrate the functionality of ELCOM when 
coupled to the water quality model, CAEDYM, and confirmed that the model could be 
used to evaluate the effect of various strategies to improve poor water quality in localized 
areas in the lake.  

 
A.1.1.5. 

A.1.1.6. 

Lake Constance (Germany, Austria, Switzerland) 

 Appt (2000) and Appt et al. (2004) applied ELCOM to characterize the internal 
wave structures and motions in Lake Constance [Bodensee] since internal waves are a 
key factor in understanding the transport mechanisms for chemical and biological 
processes in a stratified lake such as Lake Constance.  Lake Constance is an important 
source of drinking water and a major tourism destination for its three surrounding 
countries of Germany, Austria, and Switzerland.  Due to anthropogenic activities and 
climatic changes, Lake Constance water quality has deteriorated and its ecosystem has 
changed. 

 It was shown that ELCOM was able to reproduce the dominant internal wave and 
major hydrodynamic processes occurring in Lake Constance.  For instance, three types of 
basin-scale waves were found to dominate the wave motion: the vertical mode-one 
Kelvin wave, the vertical mode-one Poincare waves, and a vertical mode-two Poincare 
wave.  Moreover, an upwelling event was also reproduced by ELCOM suggesting that 
the width and length ratio of the basin, spatial variations in the wind, and Coriolis effects 
play critical roles in the details of the upwelling event.  This on-going research has shown 
that ELCOM can be used as a tool to predict and understand hydrodynamics and water 
quality in lakes. 

 
Venice Lagoon (Italy) 

 ELCOM/CAEDYM is being used to develop a hydrodynamic and sediment 
transport model of Venice Lagoon, Italy, since future gate closures at the mouth of the 
lagoon are likely to impact flushing patterns.  This project is an integral part of the 
Venice Gate Projects in Italy that was launched in May 2003 to prevent flooding. 

 ELCOM was validated for the tidal amplitude and phase using the data obtained 
from 12 tidal stations located throughout the lagoon (Yeates, 2004).  Remaining tasks 
include model validation of temperature, salinity, and velocity against measurements 
made in the major channels of the lagoon. 
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A.1.1.7. 

A.1.1.8. 

A.1.1.9. 

A.1.1.10. 

A.1.1.11. 

Silvan Reservoir (Australia) 

 ELCOM is currently being applied to reproduce the circulation patterns observed 
in Silvan Reservoir, Australia, during a field experiment that was conducted in March 
2004 to determine the transport pathways in the lake.  This experiment confirmed the 
upwelling behavior of the lake and the strong role of the inflows in creating hydraulic 
flows in the reservoir (Antenucci, 2004). 

 
Billings and Barra Bonita Reservoirs (Brazil) 

 ELCOM/CAEDYM is being applied to Billings and Barra Bonita Reservoirs in 
Brazil.  Billings Reservoir is an upstream reservoir that feeds Barra Bonita via the Tiete 
River.  The objective of the project is to develop an integrated management tool for these 
reservoirs and river reaches for use in the future planning of water resource utilization in 
Sao Paulo, Brazil (Romero and Antenucci, 2004). 

 
Lake Coeur D’Alene (Idaho, USA) 

 ELCOM/CAEDYM is being applied to investigate the trade-off between reducing 
heavy metal concentrations and a potential increase in eutrophication due to remediation 
procedures in Lake Coeur D’Alene, Idaho.  In order to investigate heavy metal fate and 
transport, CAEDYM is being improved further to include heavy metals and a feedback 
loop to phytoplankton based on metal toxicity (Antenucci, 2004). 

 
Lake Perris (California, USA) 

 ELCOM was applied to Lake Perris in order to compare the impacts of several 
recreational use strategies on measured fecal coliform concentrations at the outlet tower.  
The physical results of the simulation were validated against measured temperature and 
salinity data over a one-year period.  The comparison of fecal coliform concentrations 
against measured data was fair due to a lack of data describing the timing and magnitude 
of loading and the settling and re-suspension of fecal matter. 

Other Applications 

 Other ELCOM/CAEDYM applications and development in on-going research at 
CWR include: 

• Plume dynamics and horizontal dispersion (Marmion Marine Park, Australia). 

• Inflow and pathogen dynamics (Helena, Myponga and Sugarloaf Reservoirs, 
Australia). 
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• Mixing and dissipation in stratified environments (Tone River, Japan, and 
Brownlee Reservoir, USA). 

• Tidally forced estuaries and coastal lagoons (Marmion Marine Park and 
Barbamarco Lagoon, Italy). 

• Three-dimensional circulation induced by wind and convective exchange (San 
Roque Reservoir, Argentina, and Prospect Reservoir, Australia). 

• Sea-surface temperature fluctuation and horizontal circulation (Adriatic Sea). 

• Response of bivalve mollusks to tidal forcing (Barbamarco Lagoon, Italy). 

• Impacts of the additional withdrawals and brine discharge into the ocean from 
a proposed desalination facility co-located with an existing power plant in the 
City of Carlsbad (California, USA). 

• Design of a new ocean outfall system to discharge 44 m3/sec of treated 
wastewater into the Pacific Ocean off Palos Verdes (California, USA). 

 
A.4 TECHNICAL DESCRIPTION OF ELCOM 

As outlined above, ELCOM solves the unsteady, viscous Navier-Stokes equations for 
incompressible flow using the hydrostatic assumption for pressure.  ELCOM can 
simulate the hydrodynamics and thermodynamics of a stratified system, including 
baroclinic effects, tidal forcing, wind stresses, heat budget, inflows, outflows, and 
transport of salt, heat and passive scalars.  Through coupling with the CAEDYM water 
quality module, ELCOM can be used to simulate three-dimensional transport and 
interactions of flow physics, biology, and chemistry.  The hydrodynamic algorithms in 
ELCOM are based upon the proven semi-Lagrangian method for advection of momentum 
with a conjugate-gradient solution for the free-surface height (Casulli and Cheng, 1992) 
and a conservative ULTIMATE QUICKEST transport of scalars (Leonard, 1991).  This 
approach is advantageous for geophysical-scale simulations since the time step can be 
allowed to exceed the Courant-Friedrichs-Lewy (CFL) condition for the velocity without 
producing instability or requiring a fully-implicit discretization of the Navier-Stokes 
equations. 

A.4.1 Governing Equations 

 Significant governing equations and approaches used in ELCOM include: 

• Three-dimensional simulation of hydrodynamics (unsteady Reynolds-
averaged Navier-Stokes equations). 
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• Advection and diffusion of momentum, salinity, temperature, tracers, and 
water quality variables. 
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• Hydrostatic approximation for pressure. 

• Boussinesq approximation for density effects. 

• Surface thermodynamics module accounts for heat transfer across free 
surface. 

• Wind stress applied at the free surface. 

• Dirichlet boundary conditions on the bottom and sides. 

 
A.4.2 Numerical Method 

 Significant numerical methods used in ELCOM include: 

• Finite-difference solution on staggered-mesh Cartesian grid. 

• Implicit volume-conservative solution for free-surface position. 

• Semi-Lagrangian advection of momentum allows time steps with CFL > 1.0. 

• Conservative ULTIMATE QUICKEST advection of temperature, salinity, and 
tracers. 

• User-selectable advection methods for water quality scalars using upwind, 
QUICKEST, or semi-Lagrangian to allow trade-offs between accuracy and 
computational speed. 

• Solution mesh is Cartesian and allows non-uniformity (i.e. stretching) in 
horizontal and vertical directions. 
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The implementation of the semi-Lagrangian method in Fortran 90 includes sparse-
grid mapping of three-dimensional space into a single vector for fast operation using 
array-processing techniques.  Only the computational cells that contain water are 
represented in the single vector so that memory usage is minimized.  This allows Fortran 
90 compiler parallelization and vectorization without platform-specific modification of 
the code.  A future extension of ELCOM will include dynamic pressure effects to account 
for nonlinear dynamics of internal waves that may be lost due to the hydrostatic 
approximation. 

Because the spatial scales in a turbulent geophysical flow may range from the order 
of millimeters to kilometers, it is presently impossible to conduct a Direct Navier-Stokes 
(DNS) solution of the equations of motion (i.e. an exact solution of the equations).  
Application of a numerical grid and a discrete time step to a simulation of a geophysical 
domain is implicitly a filtering operation that limits the resolution of the equations.  
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Numerical models (or closure schemes) are required to account for effects that cannot be 
resolved for a particular grid or time step.  There are four areas of modeling in the flow 
physics:  (l) turbulence and mixing, (2) heat budgets, (3) hydrodynamic boundary 
conditions, and (4) sediment transport. 

 

A.4.3 Turbulence Modeling and Mixing 

ELCOM presently uses uniform fixed eddy viscosity as the turbulence closure 
scheme in the horizontal plane (in future versions a Smagorinsky 1963 closure scheme 
will be implemented to represent subgrid-scale turbulence effects as a function of the 
resolves large-scale strain-rates).  These methods are the classic “eddy viscosity” 
turbulence closure.  With the implementation of the Smagorinsky closure, future 
extensions will allow the eddy-viscosity to be computed on a local basis to allow 
improvements in modeling local turbulent events and flow effects of biological 
organisms (e.g., drag induced by macroalgae or seagrass). 

In the present code, the user has the option to extend the eddy-viscosity approach to 
the vertical direction by setting different vertical eddy-viscosity coefficients for each grid 
layer.  However, in a stratified system, this does not adequately account for vertical 
turbulent mixing that may be suppressed or enhanced by the stratification (depending on 
the stability of the density field and the magnitude of the shear stress).  To model the 
effect of density stratification on turbulent mixing the CWR has developed a closure 
model based on computation of a local Richardson number to scale.  The latter is 
generally smaller than the time step used in geophysical simulations, so the mixing is 
computed in a series of partial time steps.  When the mixing time-scale is larger than the 
simulation time step, the mixing ratio is reduced to account for the inability to obtain 
mixing on very short time scales.  This model has the advantage of computing consistent 
mixing effects without regard to the size of the simulation time-step (i.e. the model 
produces mixing between cells that is purely a function of the physics and not the 
numerical step size). 

 
A.4.4 Heat Budget 

The heat balance at the surface is divided into short-wave (penetrative) radiation and 
a heat budget for surface heat transfer effects.  The surface heat budget requires user 
input of the net loss or gain through conduction, convection, and long wave radiation in 
the first grid layer beneath the free surface.  The short wave range is modeled using a 
user-prescribed input of solar radiation and an exponential decay with depth that is a 
function of a bulk extinction coefficient (a Beer’s law formulation for radiation 
absorption).  This coefficient is the sum of individual coefficients for the dissolved 
organics (“gilvin”), phytoplankton biomass concentration, suspended solids, and the 
water itself.  The extinction coefficients can either be computed in the water quality 
module (CAEDYM) or provided as separate user input. 
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A.4.5 Hydrodynamic Boundary Conditions 

The hydrodynamic solution requires that boundary conditions on the velocity must be 
specified at each boundary.   There are six types of boundary conditions:  (1) free surface, 
(2)  open edge, (3)  inflow-outflow, (4)  no-slip, (5)  free-slip, and (6)  a Chezy-Manning 
boundary stress model (the latter is presently not fully implemented).  For the free 
surface, the stress due to wind and waves is required.  The user can either input the 
wind/wave stress directly, or use a model that relates the surface stress to the local wind 
speed and direction via a bulk aerodynamic drag coefficient.  Open boundaries (e.g. tidal 
inflow boundaries for estuaries) require the user to supply the tidal signature to drive the 
surface elevation.  Transport across open boundaries is modeled by enforcing a Dirichlet 
condition on the free-surface height and allowing the inflow to be computed from the 
barotropic gradient at the boundary.  Inflow-outflow boundary conditions (e.g. river 
inflows) are Dirichlet conditions that specify the flow either at a particular boundary 
location or inside the domain.  Allowing an inflow-outflow boundary condition to be 
specified for an interior position (i.e. as a source or sink) allows the model to be used for 
sewage outfalls or water outlets that may not be located on a land boundary.  Land 
boundaries can be considered zero velocity (no-slip), zero-flux (free-slip) or, using a 
Chezy-Manning model, assigned a computed stress. 

A.4.6 Sediment Transport 

While sediment transport is fundamentally an issue of flow physics, the algorithms 
for the sediment transport are more conveniently grouped with the water quality 
algorithms in CAEDYM.  Settling of suspended particulate matter is computed using 
Stokes law to obtain settling velocities for the top and bottom of each affected grid cell.  
This allows the net settling flux in each cell to be computed.  A two-layer sediment 
model has been developed that computes resuspension, deposition, flocculation, and 
consolidation of sediment based on (1) the shear stress at the water/sediment interface, 
(2) the type of sediment (cohesive/non-cohesive), and (3) the thickness of the sediment 
layer.  Determination of the shear stress at the water/sediment interface requires the 
computation of bottom shear due to current, wind, and waves.  A model has been 
developed to account for the effects of small-scale surface waves that cannot be resolved 
on a geophysical-scale grid.  This model computes the theoretical wave height and period 
for small-scale surface waves from the wind velocity, water depth, and domain fetch.  
From these, the wavelength and orbital velocities are calculated.  The wave-induced shear 
stress at the bottom boundary resulting from the wave orbital velocities is combined with 
a model for the current-induced shear stress to obtain the total bottom shear that effects 
sediment resuspension.  The cohesiveness of the sediment determines the critical shear 
stresses that are necessary to resuspend or deposit the sediments.  A model of 
consolidation of the sediments is used to remove lower sediment layers from the 
maximum mass that may be resuspended. 
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A.5 TECHNICAL DESCRIPTION OF CAEDYM 

CAEDYM is an outgrowth of previous CWR water quality modules in DYRESM-
WQ and the Estuary Lake Model - Water Quality (ELMO-WQ) codes.  CAEDYM is 
designed as a set of subroutine modules that can be directly coupled with one, two, or 
three-dimensional hydrodynamic "drivers", catchment surface hydrological models, or 
groundwater models.  Additionally, it can be used in an uncoupled capacity with 
specification of velocity, temperature, and salinity distributions provided as input files 
rather than as part of a coupled computation.  The user can specify the level of 
complexity in biogeochemical process representation so both simple and complex 
interactions can be studied.  Direct coupling to a hydrodynamic driver (e.g. ELCOM) 
allows CAEDYM to operate on the same spatial and temporal scales as the 
hydrodynamics.  This permits feedbacks from CAEDYM into ELCOM for water quality 
effects such as changes in light attenuation or effects of macroalgae accumulation on 
bottom currents.  Figure A.6 shows an illustration of the interactions of modeled 
parameters in CAEDYM.  Being an “N-P-Z” (nutrient-phytoplankton-zooplankton) 
model, CAEDYM can be used to assess eutrophication.  Unlike the traditional general 
ecosystem model, CAEDYM serves as a species- or group-specific model (i.e. resolves 
various phytoplankton species).  Furthermore, oxygen dynamics and several other state 
variables are included in CAEDYM. 
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The representation of biogeochemical processes in ecological models has, 

historically, been treated in a simple manner.  In fact, the pioneering work on modeling 
marine ecosystems (Riley et al, 1949; Steel, 1962) is still used as a template for many of 
the models that are currently used (Hamilton and Schladow, 1997).  The level of 
sophistication and process representation included in CAEDYM is of a level hitherto 
unseen in any previous aquatic ecosystem model.  This enables many different 
components of the system to be examined, as well as providing a better representation of 
the dynamic response of the ecology to major perturbations to the system (e.g. the 
response to various management strategies).  Figure A.7 shows the major state variables 
included in the CAEDYM model.  Using CAEDYM to aid in management decisions and 
system understanding requires (1) a high level of process representation, (2) process 
interactions and species differentiation of several state variables, and (3) applicability 

Figure A.6  Illustration of interactions of 
modeled parameters in CAEDYM. 
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over a spectrum of spatial and temporal scales.  The spectrum of scales relates to the need 
for managers to assess the effects of temporary events, such as anoxia at specific 
locations, through to understanding long-term changes that may occur over seasons or 
years.  There is considerable flexibility in the time step used for the ecological 
component.  Long time steps (relative to the hydrodynamic advective scale) may be used 
to reduce the frequency of links to ELCOM when long-term (i.e. seasonal or annual) 
simulations are run. 
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Figure A.7  Major state variables included in the CAEDYM model. 

Appendix A 
FSI V084015 Task 13 A-25 
March 3, 2011 
 



 

 

A.5.1 Biological Model 

The biological model used in CAEDYM consists of seven phytoplankton groups, five 
zooplankton groups, six fish groups, four macroalgae groups and three invertebrate 
groups, as well as models of seagrass and jellyfish.  This set will be expanded as 
biological models are developed, tested, and calibrated to field data.  There is flexibility 
for the user in choosing which species to include in a simulation.  Vertical migration is 
simulated for motile and non-motile phytoplankton, and fish are migrated throughout the 
model domain according to a migration function based on their mortality.  A weighted 
grazing function is included for zooplankton feeding on phytoplankton and fish feeding 
on zooplankton.  The biomass grazed is related to both food availability and preference of 
the consumer for its food supply.  Improved temperature, respiration and light limitation 
functions have been developed to represent the environmental response of the organisms.  
The benthic processes included a self-shading component and beach wrack function for 
macroalgae, sediment bioturbation and nutrient cycling by polychaetes, and effects of 
seagrass on sediment oxygen status. 

 In particular, the seven phytoplankton groups modeled are dinoflagellates, 
freshwater diatoms, marine/estuarine diatoms, freshwater cyanobacteria, marine estuarine 
cyanobacteria, chlorophytes, and cryptophytes.  Phytoplankton biomass is represented in 
terms of chlorophyll a.  Phytoplankton concentrations are affected by the following 
processes: 

• Temperature growth function 

• Light limitation 

• Nutrient limitation by phosphorus and nitrogen (and when diatoms are 
considered, silica) 

• Loss due to respiration, natural mortality, excretion, and grazing 

• Salinity response 

• Vertical migration and settling 

 

A.5.2 Nutrients, Metals, and Oxygen Dynamics 

The transport and chemical cycling of nutrients is an important part of simulating the 
interaction of biological organisms in an ecosystem.  CAEDYM includes as state 
variables the following: 
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• Nutrients (dissolved inorganic phosphorus, total phosphorus, total nitrogen, 
ammonium nitrate, and silica). 

• Dissolved oxygen and biochemical oxygen demand. 

• Metals (dissolved and particulate forms of iron and manganese). 

• Suspended sediment (the particulate and colloidal fractions). 

• pH 

The model incorporates oxygen dynamics and nutrient cycling in both the sediments 
and water column.  A sediment pool of organic detritus and inorganic sediments, both of 
which may be resuspended into the water column, is included.  Redox-mediated release 
of dissolved nutrients is simulated from the sediments to the water column. 

Processes included in the water and sediment oxygen dynamics include: 

• Atmospheric exchange (Wanninkhof, 1992). 

• Oxygen production and consumption through phytoplankton, macroalgae, and 
seagrass/macrophyte photosynthesis and respiration, respectively. 

• Utilization of dissolved oxygen due to respiration of higher organisms such as 
zooplankton and fish and due to photosynthesis and respiration in jellyfish 

• Water column consumption of oxygen during nitrification. 

• Biochemical oxygen demand due to mineralization of organic matter in the 
water column and in the sediments. 

Oxygen flux from the water column to the sediments, sediment oxygen demand 
(SOD), as developed from Fick’s law of diffusion. 

The last two processes are used together with a sediment porosity and diffusion 
coefficient (Ullman and Aller, 1982) in order to define the depth of the toxic layer in the 
sediments. 

Nutrient processes included in the sediment and water column dynamics include: 

• Phytoplankton nutrient uptake, with provision for luxury storage of nutrients. 

• Release of dissolved inorganic nutrients from phytoplankton excretion. 

• Excretion of nutrients as fecal material by zooplankton. 

• Nitrification and denitrification by bacterial mediated action. 
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• Generation of inorganic nutrients from organic detritus. 

• Transfer of nutrients through the food chain (e.g. phytoplankton--
zooplankton--fish). 

• Uptake of nutrients by macroalgae and seagrasses. 

• Adsorption/desorption of nutrients from inorganic suspended sediments. 

• Sediment/water transfer of nutrients (via such processes as sediment 
resuspension, sedimentation, redox-mediated nutrient release, and 
bioturbation). 

In essence, CAEDYM represents the type of interactive processes that occur amongst 
the ecological and chemical components in the aquatic ecosystem.  As a broad 
generalization, one component of the system cannot be manipulated or changed within 
the model without affecting other components of the system.  Similarly in nature, 
changing an integral component in the aquatic system will have wide-ranging and follow-
on effects on many of the other system components.   CAEDYM is designed to have the 
complexity and flexibility to be able to handle the continuum of responses that will be 
elicited as components of a system that are manipulated.  Thus, the model represents a 
valuable tool to examine responses under changed conditions, as for example, when new 
approaches to managing an ecosystem are adopted. 
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B.1 INTRODUCTION 

The ELCOM/CAEDYM computer model performs calculations to determine the 
values of various water quality parameters within Lake Mead.  The model has been 
calibrated and validated against nine years (2000 through 2008) of extensive field data.  
The model has been applied to predict the concentrations of various water quality 
parameters under potential future conditions such as low lake level, increased effluent 
flows, and various phosphorus and nitrogen loadings.  In the main report, the results of 
thirty-six ELCOM/CAEDYM simulations under various conditions are discussed.   

While ELCOM/CAEDYM provides a good representation of the water quality in the 
lake, as with any predictive model the predicted model results may differ from the actual 
conditions in the future due to various sources of uncertainty.  These uncertainties imply 
that nominal ELCOM/CAEDYM model predictions that are below or above the Nevada 
Administration Code (NAC) Water Quality Standards (WQS) do not necessarily 
constitute compliance or non-compliance, respectively, with that standard.  Rather, the 
compliance or non-compliance for each model prediction should be expressed as a 
probability. 

This appendix describes a Monte-Carlo approach that was used to refine the 
ELCOM/CAEDYM results to obtain more accurate predicted values, and to obtain 
estimates of the probabilities that predicted values will be higher than the NAC WQS for 
total inorganic nitrogen (TIN), total dissolved solids (TDS) and chlorophyll a.  It is noted 
here that a predicted value being higher than the NAC WQS does not necessarily imply 
an “exceedance”.  The Nevada Division of Environmental Protection (NDEP) may take 
into account other factors in determining whether an “exceedance” has occurred.  Thus, 
in this analysis the term “exceedance” is not used when presenting results. 

The approach consists of estimating the ELCOM/CAEDYM model errors based on 
empirical statistical distributions.  Then, the daily output of the ELCOM/CAEDYM 
model results are sampled randomly in a manner designed to replicate the dates and 
locations of the actual sampling by the City of Las Vegas (COLV), the Southern Nevada 
Water Authority (SNWA) and the United States Bureau of Reclamation (USBR).  After 
that, random deviations based upon the empirical statistical distributions are added to the 
raw ELCOM/CAEDYM model results to simulate field measurements.  The process was 
repeated many times (10,000 iterations) using a Monte-Carlo approach.  Statistical 
metrics relevant to the NAC WQS are computed for each realization.  The average values 
of the metrics from all realizations were presented as “Monte-Carlo Results” (i.e., 
refinements of the ELCOM/CAEDYM results to yield more accurate predicted values), 
and the percentage of realizations with metrics that were higher than the NAC WQS was 
counted and presented as a probability that the predicted value is higher than the NAC 
WQS. 

The details of the Monte-Carlo method were unanimously accepted at a review 
committee meeting that was held at the Clean Water Coalition (CWC) offices in 
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Henderson, Nevada on August 5, 2010 and attended by the dischargers, the CWC, 
SNWA, Flow Science, and Lordenstats. 

B.2 OVERVIEW 

This section briefly describes the organization of this appendix.  Initially the various 
sources of uncertainty are discussed, including both model and measurement errors, as 
well as the frequency and locations of the sampling.  Then, the quantification of these 
uncertainties through the computation of “Difference Distributions” is described for each 
of TIN, TDS and chlorophyll a. 

Next, the application of the Monte-Carlo method is described.  A MATLAB code was 
written to perform the Monte-Carlo simulations.  Each simulation involved ten-thousand 
realizations of possible outcomes for single years, with the overall probability of 
predicted values being higher than the NAC WQS being computed as the percentage of 
these realizations where the predicted values were higher than the WQS.  Each of these 
realizations included several random components: the realization year, the specific 
sampling dates and locations, and the application of the Difference Distributions to the 
ELCOM/CAEDYM results.  These are described fully in later sections.  

Finally, the Monte-Carlo method is validated through comparisons to field data 
measurements, and the sensitivity of the method to sample size is investigated. 

B.3 SOURCES OF UNCERTAINTY 

For convenience, the sources of uncertainty can be separated into two categories: 

1. Model and measurement errors.  These include errors in the ELCOM/CAEDYM 
model due to erroneous input data, imperfect model algorithms and numerical 
discretization, as well as inherent errors in the measured field data due to 
instrument calibration, detection limits and differences between laboratories.  The 
sum of these errors can be quantified by directly comparing ELCOM/CAEDYM 
model 2000 through 2008 calibration results at specific locations and dates to the 
measured field data.  Doing so results in “Difference Distributions”, as will be 
discussed and illustrated in the next section. 

2. Dates and locations of sampling.  The NAC WQS specifies a minimum number of 
samples that must be collected within a year or growing season at the various 
stations in Lake Mead.  However, the specific dates and locations of the samples 
are not stated in the NAC WQS.  The exact dates, locations, and frequency of the 
samples as collected by the COLV, SNWA and USBR may have a direct effect on 
the value of the statistical metrics (i.e., annual 95th percentile for TIN, annual 90th 
percentile for TDS and growing season average and annual 95th percentile for 
chlorophyll a,) computed to determine compliance with the NAC WQS.  This 
effect has been termed the “Person-in-the-Boat (PIB)” effect, and the manner in 
which this is modeled in the Monte-Carlo approach is described in Section B.5.3. 
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B.4 DIFFERENCE DISTRIBUTIONS 

The “Difference Distributions” refer to the difference between the result (i.e., the 
concentration of TIN, TDS or chlorophyll a,) obtained from field data measurements and 
the result obtained from the ELCOM/CAEDYM model at the same location and time.  
The differences were thus computed on a “point-to-point” basis (i.e., comparison of 
individual sample results rather than overall metrics), and inherently included errors both 
in the ELCOM/CAEDYM model and the field data. 

The Difference Distributions formed a fundamental component of the Monte-Carlo 
analysis, as will be discussed in Section B.5.  The following sections present the 
empirical* Difference Distributions for TIN, TDS and chlorophyll a, and discuss how 
they were computed. 

B.4.1 Total Inorganic Nitrogen 

Nitrate† concentrations are measured by the City of Las Vegas (COLV), Southern 
Nevada Water Authority (SNWA) and the United States Bureau of Reclamation (USBR) 
at a total of approximately twenty locations in Boulder Basin.  Over the nine-year 
ELCOM/CAEDYM model calibration/validation period there were a total of 
approximately 21,000 measurements of nitrate for all locations and at multiple depths 
within Boulder Basin.  The differences between the ELCOM/CAEDYM simulation and 
the field data at all locations and for all data sources are illustrated in a single plot as 
shown in Figure B.1.  This figure plots the measured field data on the horizontal axis, 
and the simulated data on the vertical axis.  The points cluster around the 45-degree line 
indicating the ELCOM/CAEDYM model is well calibrated.  However, there is some 
scatter between the points and the 45-degree line, and it is this scatter that is desired to be 
quantified for use in the Monte-Carlo method.  The following describes how the scatter is 
quantified by the computation of Difference Distributions for different spatial zones and 
simulation years. 

Analysis of the simulation and field data indicated that the differences between the 
ELCOM/CAEDYM model and the field data measurements were different at different 
locations within Boulder Basin.  That is, the differences were higher or lower at certain 
locations than other locations.  To incorporate this into the analysis, Boulder Basin was 
divided into four spatial zones: (1) the surface (i.e., depth less than 10 m) at Station 
LWLVB1.2, (2) the bottom (i.e., depth greater than 10 m) at Station LWLVB1.2, (3) the 
Las Vegas Bay (LVB) (all depths), and (4) the open water (all depths).  The LVB zone 
was defined to be from 1.2 miles from the confluence of Lake Mead and the Las Vegas 
Wash (LVW) to a line drawn from Saddle Island to Black Island, and excludes Station 
LWLVB1.2, but includes Stations LWLVB1.85, LWLVB2.7 and LWLVB3.5.  The open 
water zone was defined to cover all other areas of Boulder Basin (i.e., east of the line 
drawn from Saddle Island to Black Island). 
                                                 
* That is, defined by the actual data, rather than by an analytical fit to the data. 
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Figure B.2 illustrates how the Difference Distribution for the surface of Station 
LWLVB1.2 for 2005 was computed.  The upper part of Figure B.2 is a plot of the nitrate 
concentrations as measured by the COLV (green squares) at the surface of Station 
LWLVB1.2 and the ELCOM/CAEDYM simulation result (red line) over four years 
(2005 through 2008) of the nine-year (2000 through 2008) calibration period.  It is noted 
that field measurements were not made at this location prior to 2005.  In addition, the 
smoothed simulation (blue line) is also plotted.  This smoothed line is the 13-day rolling 
average of the simulation result.  The reasons for smoothing are discussed in 
Section B.5.1.  For each of the measured data points (green squares) a corresponding 
smoothed ELCOM/CAEDYM predicted value was obtained (from the blue line) to form 
a “difference pair”‡.  These differences are shown schematically for selected data points 
in 2005 in Figure B.2 (black, double-ended, vertical arrows). 

The numerical differences are computed after a (base 10) log-transformation, viz, 

differencei ≡ log(modeli) – log(fieldi), 

where, fieldi denotes the ith field measurement and modeli denotes the corresponding 
smoothed simulation value.  It is noted that the use of the log transformation is quite 
common when dealing with natural systems (where distributions of concentrations are 
often well approximated by LogNormal distributions), and results in differences being 
expressed in a relative (i.e., as a fraction of the field data result), rather than an absolute, 
sense. 

The differences for a specific spatial zone and year form a Difference Distribution, 
which can be represented as a histogram, as shown in the lower part of Figure B.2 for the 
surface at Station LWLVB1.2 for 2005.  The histogram shows a distribution centered 
close to zero (indicating a well calibrated model), and with some width as a result of the 
uncertainties discussed in Section B.3. 

The Difference Distributions for the surface at Station LWLVB1.2 for years 2005 
through 2008 are shown in Figure B.3.  There are some differences between the 
distributions in each year§, and it is for this reason that separate models were used for 
each year in the Monte-Carlo method (see Section B.5.2). 

Plots of the Difference Distributions for the bottom at Station LWLVB1.2, the LVB 
zone and the open water zone are provided in Figures B.4, B.5 and B.6, respectively.  
These Difference Distributions are used in the Monte-Carlo analysis as described in 
Section B.5.  The Difference Distributions at the bottom of Station LWLVB1.2 
(Figure B.4) typically have larger negative tails than those at the surface of Station 
                                                 
‡Lower and upper thresholds of 0.2 and 7 mg N/L, respectively (see Figure B.2) were implemented in 
order to remove grossly erroneous field data points.  If field data were outside these thresholds, then the 
“difference pair” was discarded.  Note that different thresholds were used for the chlorophyll a analysis 
(see Section B.4.3), and no thresholds were used for the TDS analysis (Section B.4.2). 
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§The year-to-year differences are relatively subtle for TIN (and TDS), but are more pronounced and 
important for chlorophyll a (see Section B.4.3).  For consistency, the same approach is used for TIN, TDS 
and chlorophyll a. 
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LWLVB1.2 (Figure B.3).  It is for this reason that separate zones were used for the 
surface and bottom at this location, since otherwise the application of the differences (see 
Section B.5.4) from the bottom of Station LWLVB1.2 to the simulation at the surface of 
Station LWLVB1.2 would result in erroneous estimates. 

Field measurements were not made at Station LWLVB1.2 prior to 2005.  While there 
were field data for the LVB zone and open water zone prior to 2005, the analysis requires 
Difference Distributions from the same year to be used for all zones in a single Monte-
Carlo realization (see Section B.5.2), and as such Difference Distributions were only 
computed for years 2005 through 2008.  

B.4.2 Total Dissolved Solids 

TDS** concentrations are measured by the COLV, SNWA and the USBR at a total of 
approximately twenty locations in Boulder Basin.  Over the nine-year 
ELCOM/CAEDYM model calibration period there were a total of approximately 200,000 
measurements of TDS for all locations and at multiple depths within Boulder Basin.  The 
differences between the ELCOM/CAEDYM simulation and the field data at all locations 
and for all data sources are illustrated in a single plot as shown in Figure B.7.  This 
figure plots the measured field data on the horizontal axis, and the simulated data on the 
vertical axis.  Again, the points cluster around the 45-degree line indicating the 
ELCOM/CAEDYM model is well calibrated.  However, there is again some scatter 
between the points and the 45-degree line, and it is this scatter that is desired to be 
quantified. 

Following the method applied to the TIN analysis††, the Difference Distributions for 
TDS were computed for the four spatial zones and four years.  Plots of the TDS 
Difference Distributions for the surface at Station LWLVB1.2, the bottom at Station 
LWLVB1.2, the LVB zone and the open water zone are provided in Figures B.8, B.9, 
B.10 and B.11, respectively.  These Difference Distributions are used in the Monte-Carlo 
analysis as described in Section B.5. 

B.4.2.1  USGS Platform Data 

Additional conductivity/TDS data are measured in Boulder Basin by the United 
States Geological Survey (USGS) platforms in the LVB (near to the fixed Station 
LVB3.5) and at Sentinel Island (near to Station CR346.4).  These data are measured 
nominally every six hours, and thus represent a dense data set, with more than 400,000 
measurements in 2006 through 2008.  The USGS data were analyzed and compared with 
the data from other sources (i.e., COLV, SNWA and USBR) as discussed in the 
following. 

                                                 
** TDS concentrations are estimated from the measured conductivity data using,  
                 TDS (mgL) = 0.64 x conductivity (µS/cm). 
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†† By contrast to the TIN analysis, neither a lower or upper threshold was used in the computation of 
differences for TDS. 
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Figure B.12 plots the conductivity measured by the COLV, SNWA and USBR at 
Station CR346.4 (vertical axis) versus the conductivity measured by the USGS at the 
Sentinel Island Platform (horizontal axis) at the same time and depth‡‡ for 2006 through 
2008.  The data points closely follow the 45-degree line, indicating agreement between 
the data sets.  There are a few clusters of data points away from the 45-degree line, which 
are likely the result of the USGS probe temporarily drifting. 

The difference distributions (i.e., the difference between the ELCOM/CAEDYM 
model and the measured field data) for the different data sources are presented in 
Figure B.13, which consists of six sub-plots.  The upper three plots show the 
distributions for the three agencies (i.e., COLV, SNWA and USBR) for the entire 
Boulder Basin (left), Station CR346.4 only (center) and Station LVB3.5 only (right).  The 
lower three plots show the distributions for the USGS measurements for the entire 
Boulder Basin (left), Sentinel Island Platform (center) and the LVB Platform (right).  It is 
noted that the LVB platform is located close to Station LVB3.5, and that the Sentinel 
Island Platform is located close to Station CR346.4. 

Comparison of the distributions indicates that the centers and spreads of the 
distributions at Stations CR346.4 and LVB3.5 are similar to those at the Sentinel Island 
and LVB platforms, respectively.  This indicates that the USGS data are similar to the 
aggregate COLV, SNWA and USBR data at these two specific locations. 

It would have been possible to include these USGS data directly into the Monte-Carlo 
analysis.  However, this was not done since the large number of data points at only two 
locations would tend to skew the Difference Distributions to be more reflective of those 
specific locations, rather than of the overall LVB and Boulder Basin.  Instead the USGS 
data were used indirectly to confirm agreement with the other data sets as described 
above. 

B.4.3 Chlorophyll a 

Chlorophyll a concentrations are measured by the COLV, SNWA and the USBR at a 
total of approximately twenty locations in Boulder Basin.  Over the nine-year 
ELCOM/CAEDYM model calibration period there were a total of approximately 2600 
measurements of chlorophyll a (top 5 meter average) for all locations within Boulder 
Basin.  The differences between the ELCOM/CAEDYM simulation and the field data at 
all locations and for all data sources are illustrated in Figure B.14.  This figure plots the 
measured field data on the horizontal axis, and the simulated data on the vertical axis.  
Again, the points cluster around the 45-degree line indicating the ELCOM/CAEDYM 
model is well calibrated.  However, there is again some scatter between the points and the 
45-degree line, and it is this scatter that is desired to be quantified. 
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‡‡ The USGS data were interpolated in both time and depth to enable direct comparisons (i.e., at same time 
and depth) with the COLV, SNWA and USBR data.  Due to the USGS data being dense in time (measured 
every six hours) and depth (measured every 5 meters), the interpolation errors are anticipated to be small. 
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The method used for the analyses of TIN and TDS was applied to compute Difference 
Distributions for chlorophyll a§§.  However, since there are no applicable NAC WQS at 
Station LWLVB1.2, the Difference Distributions were only computed for the LVB zone 
and open water zone.  Additionally, since there are field data in these two zones for the 
entire nine-year (2000 through 2008) calibration period, distributions were computed for 
all nine years, rather than just four. 

Plots of the chlorophyll a Difference Distributions for the LVB zone and the open 
water zone are provided in Figures B.15 and B.16, respectively.  These Difference 
Distributions are used in the Monte-Carlo analysis as described in Section B.5.   

Figures B.15 and B.16 indicate that some years (e.g., 2000 and 2006) have 
Difference Distributions centered about zero, while other years (e.g., 2001) have 
distributions shifted to the left (indicating that the model under-predicts), and other years 
(e.g., 2008) have distributions shifted to the right (indicating that the model over-
predicts).  It is in order to preserve the temporal correlation of the Difference 
Distributions (i.e., the fact that the ELCOM/CAEDYM model tends to predict values in 
one year that are higher than the field data (e.g., 2008), and values in other years that are 
lower than the field data (e.g., 2001)), that the Difference Distributions were computed 
on a year-by-year basis (see Section B.5.2). 

B.5 APPLICATION OF MONTE-CARLO METHOD 

A MATLAB code was developed by Lordenstats to perform a Monte-Carlo 
simulation to estimate the probabilities that predicted values will be higher than the NAC 
WQS for each of the thirty-six ELCOM/CAEDYM simulations.  The core of the 
MATLAB code is the synthesis of one year of “field data” from the daily output of the 
ELCOM/CAEDYM model, as schematically illustrated in Figure B.17.  The code 
randomly incorporates the effects of year, person-in-the-boat (PIB) sampling, and 
difference distributions, as described in the following.  The details of the Monte-Carlo 
method were unanimously accepted at a review committee meeting that was held at the 
CWC offices in Henderson, Nevada on August 5, 2010 and attended by the dischargers, 
the CWC, SNWA, Flow Science, and Lordenstats.   

B.5.1 Smoothing 

Each ELCOM/CAEDYM simulation generates an essentially continuous time-series 
of modeled concentrations at each location and depth in Lake Mead.  This is typically 
saved as daily output, as represented by the first data-box (blue parallelogram) in 
Figure B.17.  The first step in the MATLAB code is to smooth the daily output using a 
13-day rolling average, as represented by the first process-box (black rectangle with 

                                                 

Appendix B 
FSI V084015 Task 13 B-8 

§§For the chlorophyll a analysis a lower threshold of 0.5 µg/L was implemented in the computation of the 
differences.  This threshold was used due to limited accuracy of both the model and field data at low 
concentrations.  If either or both the model result or field data were below this threshold, then the 
“difference pair” was discarded.  Note that no upper threshold was implemented for the chlorophyll a 
analysis. 
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rounded corners) in Figure B.17.  The smoothing process is required to prevent 
erroneously high or low Monte-Carlo predicted concentrations, as discussed in the 
remainder of this section. 

Figure B.18 plots the nitrate concentrations as measured by the COLV (green 
squares) at the surface of Station LWLVB1.2, the ELCOM/CAEDYM simulation (red 
line), and some Monte-Carlo constructed concentrations (blue squares) for April and May 
of 2005.  Subplot (a) illustrates no smoothing, while subplot (b) illustrates 13-day 
smoothing and also includes the smoothed simulation (blue line) on the plot.   

The ELCOM/CAEDYM simulation and the measured field data indicate fluctuations 
in concentrations between approximately 1 and 4 mg N/L.  This is representative of the 
presence or absence of the plume from the LVW inflow (which contains higher nitrogen 
concentrations than the ambient lake water) at the sampling location.  The plume near 
Station LWLVB1.2 can change locations (both vertically and horizontally) over the 
period of several hours or days. The high concentrations occur when the plume is at the 
sampling location (in this case the surface of Station LWLVB1.2), while the low 
concentrations occur when the plume is not at the sampling location.   

The “in-plume” and “out-of-plume” phenomena can lead to erroneously high or low 
Monte-Carlo predicted concentrations as illustrated in Figure B.18(a).  In 
Figure B.18(a), the green, doubled ended vertical arrow indicates the difference between 
the measured field data point and the ELCOM/CAEDYM simulation.  This difference 
forms part of a Difference Distribution as described in Section B.4.  In the Monte-Carlo 
method, this difference is applied randomly to the ELCOM/CAEDYM simulation (see 
Section B.5.4) as illustrated by the blue, double ended vertical arrows*** in 
Figure B.18(a).  The resulting Monte-Carlo predicted concentrations are represented by 
blue squares.  In Figure B.18(a) (no smoothing), these predicted concentrations approach 
10 mg N/L, and are clearly erroneously high (well outside the expected range of 1 to 
4 mg N/L).  Similar examples could also be used to show that the method may also result 
in erroneously low predicted concentrations. 

By contrast, when the 13-day smoothing is used the concentrations predicted by the 
Monte-Carlo method remain in the expected range (Figure B.18(b)).  This is a result of 
two effects:  (1) the Difference Distribution is changed as a result of using the 13-day 
smoothing before the differences are computed (see Section B.4), and (2) the random 
differences are now applied to the smoothed ELCOM/CAEDYM simulation, and 
therefore are not applied to individual peaks (or troughs).  These effects are evident in 
Figure B.18(b) by the computed difference (green arrow) being smaller than in 
Figure B.18(a), and the addition of this difference to the smoothed (blue) line in 
Figure B.18(b) rather than the non-smoothed (red) line in Figure B.18(a). 
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*** The lengths of the blue arrows are the same as the length of the green arrow.  This is for illustrative 
purposes only.  In the Monte-Carlo method the size and sign of the differences (i.e., the lengths of the blue 
arrows) are determined by randomly sampling the Difference Distribution (see Section B.5.4).  Note, that 
the vertical scale of the plot is a log-scale to take into account the log-transformation that was used in the 
computation of the differences. 
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B.5.2 Choice of Year 

After the smoothing, the next step in the MATLAB code is to determine which year 
of data will be synthesized.  The choice of year determines which of the Difference 
Distributions will be applied later in the Monte-Carlo process.  When synthesizing one 
year of field data it is important that the Difference Distribution from the same year is 
sampled, since the measured concentrations within each year are correlated to each other 
(i.e., the ELCOM/CAEDYM model tends to predict values in one year that are higher 
than the field data (e.g., chlorophyll a in 2008), and values in other years that are lower 
than the field data (e.g., chlorophyll a in 2001)).  The choice of year is represented by the 
first process-box (black rectangle with rounded corners) in Figure B.17, and the year is 
chosen at random from years 2000 through 2008 for chlorophyll a, and years 2005 
through 2008 for TIN and TDS.  The years were chosen with equal frequencies to give 
each the same weight in simulating the probabilities that predicted values will be higher 
than the NAC WQS in future years. 

B.5.3 PIB Sampling 

The third process-box in Figure B.17 represents the PIB sampling.  This routine 
randomly generates the sample dates and locations for each of the three agencies (COLV, 
SNWA and USBR).  The code assumes a constant number of boat trips for each agency 
per year.  Based upon analysis of the field measurements 52 trips per year were assumed 
for the COLV and SNWA (weekly sampling) and 12 trips per year were assumed for the 
USBR (monthly sampling).  Additional sensitivity testing was also performed for the TIN 
analysis at Station LWLVB1.2 using 47 trips per year for the COLV (see Section B.7).   
The specific days in each year for the boat trips were assumed to be spaced 
approximately equally throughout the year, with a random perturbation. 

The field measurement data indicated that not all stations were sampled on every trip.  
For example, a cursory analysis of the COLV field data indicated that Stations 
LWLVB1.2 and LWLVB1.85 were sampled almost every trip, Stations LWLVB2.7, 
LWLVB3.5 and BB3 were sampled approximately every other trip, and Stations 
CR346.4 and CR350SE0.55 were sampled every third or fourth trip.  Rather than try to 
synthesize a specific sampling routine to determine the sampling locations on each trip, 
the sample locations were based directly on the boat trips from the field data between 
2005 and 2008.  That is, for each given boat trip by a specific agency in the Monte-Carlo 
simulation, a particular sampling trip by that agency that occurred between 2005 and 
2008 was chosen at random, and the locations that were sampled during that trip were 
sampled by the PIB routine.  The years were restricted to 2005 through 2008 (rather than 
2000 through 2008) to reflect the changes in the sampling protocols that were 
implemented in 2005. 

The application of the PIB routine results in a year of samples of the 
ELCOM/CAEDYM simulation, as depicted by the second data-box in Figure B.17. 
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B.5.4 Applying Deviations 

The next step is to apply the deviations from the Difference Distributions for the 
specific year to these samples.  For each boat trip the Difference Distribution for the 
chosen year is sampled at random to yield a “deviation”, and the deviation is applied to 
ELCOM/CAEDYM samples.  Each individual ELCOM/CAEDYM sample uses the 
deviation from the Difference Distribution for the zone that the station is located in (e.g., 
Station BB3 is in the open water zone, and will thus use a deviation from the Difference 
Distribution for that zone).  Additionally, since the Difference Distributions are expressed 
in terms of the difference of logs, the application of the deviations to the 
ELCOM/CAEDYM samples will be in terms of a relative adjustment, rather than an 
additive adjustment. 

B.5.5 Probabilities 

Once the deviations have been applied, a single year of simulated Monte-Carlo “field 
data” results, as represented by the third data box in Figure B.17.  From these field data, 
statistical metrics related to the NAC WQS are computed, and any instances where 
predicted values are higher than the NAC WQS are recorded.   

This process is repeated ten-thousand times for each of the thirty-six 
ELCOM/CAEDYM simulations, and for each of the parameters of interest (i.e., TIN, 
TDS and chlorophyll a).  The final overall probabilities that predicted values will be 
higher than the NAC WQS are computed by dividing the total number of times that 
predicted values were higher than the NAC WQS during the ten-thousand repetitions by 
ten-thousand. 

B.6 VALIDATION OF MONTE-CARLO METHOD 

The Monte-Carlo method was tested and validated by applying it to the 2005 through 
2008 ELCOM/CAEDYM model calibration simulations and comparing the results 
directly to the measured field data.  The Monte-Carlo method yields ten-thousand 
different realizations for each calendar year, which must be compared to the single result 
from the actual field data.  Comparisons are thus made between the field data and the 
average of the Monte-Carlo realizations.  The standard deviation of the Monte-Carlo 
realizations is also computed to give an indication of the anticipated variability.  In 
addition to direct comparisons to the field data, estimations for the probabilities that 
predicted values may have been higher than the NAC WQS for years 2005 through 2008 
are also made. 

B.6.1 Total Inorganic Nitrogen 

The Monte-Carlo results for the 2005 through 2008 TIN calibration simulations are 
summarized in Table B.1.  Results are provided at Station LWLVB1.2 (where the NAC 
WQS for the annual 95th percentile is 5.3 mg/L) and at “all other locations” (where the 
NAC WQS is 4.5 mg/L).  “All other locations” includes the aggregate of all locations 
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within Boulder Basin (other than Station LWLVB1.2) as sampled by the COLV, SNWA 
and USBR and as implemented in the Monte-Carlo method through the PIB sampling 
routine. 

Table B.1 includes the TIN annual 95th percentile concentrations as estimated by the 
Monte-Carlo method, as well as the estimated probabilities that more than five percent of 
samples are “digressions”.  A “digression” is defined as a single measurement that is 
above the NAC WQS.  Thus, “more than five percent digressions” implies that the 
predicted value for the annual 95th percentile will be higher than the NAC WQS.  Note 
that the 95th percentile concentration is the average of the 10,000 Monte-Carlo 
realizations, and is different to the 95th percentile that would be computed directly from 
the ELCOM/CAEDYM calibration simulations.  In effect, the Monte-Carlo method 
“refines” the ELCOM/CAEDYM calibrations based upon the Difference Distributions. 

Table B.1: Monte-Carlo Results for TIN Annual 95th Percentile and Estimated 
Probability of More Than Five Percent Digressions 

Monte-Carlo Result [mg/L] (Probability) 
Station LWLVB1.2 All Other Locations Year 

WQS = 5.3 mg/L WQS = 4.5 mg/L 
2005 3.3 (< 0.01%) 1.3 (< 0.01%) 
2006 3.9 (0.4 %) 1.4 (< 0.01%) 
2007 4.1 (2.1 %) 1.5 (< 0.01%) 
2008 4.5 (9.2 %) 1.5 (< 0.01%) 

1. Monte-Carlo Results are the averages of the 95th percentiles from the 
10,000 realizations. 
2. Probabilities are estimated from Monte-Carlo method using 10,000 
realizations. 

 

The Monte-Carlo results indicate increasing TIN concentrations at both locations over 
the 2005 through 2008 period (Table B.1).  The increase in TIN concentrations at Station 
LWLVB1.2 directly leads to increased probabilities of predicted values being higher than 
the NAC WQS.  The probability of predicted values being higher than the NAC WQS 
increases from less than one in 10,000 in 2005 to approximately one in ten in 2008.  The 
increase in TIN concentrations at “all other locations” is more gradual, and the 
probabilities of predicted values being higher than the NAC WQS are all less than one in 
10,000. 

The Monte-Carlo TIN results are compared with field data measurements in 
Figure B.19, which plots the measured and predicted TIN annual 95th percentile 
concentrations at Station LWLVB1.2 from 2005 through 2008.  The 95th percentile 
concentrations for the field data were computed in two ways: (1) using MATLAB, which 
uses linear interpolation between field data, and (2) using the fourth highest result, which 
is the method used by the COLV for sample sizes between 60 and 80.  As Figure B.19 
indicates there is generally little difference between the two methods.  The Monte-Carlo 
predictions are plotted as the average of the 10,000 realizations with the standard 
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deviations shown as error bars.  The averages of the Monte-Carlo predictions generally 
agree well with the measured field data, and are within one standard deviation of the 
average Monte-Carlo prediction, indicating that the Monte-Carlo method is being applied 
correctly. 

Additional comparisons to the measured field data are made in Table B.2, which 
shows the number of “digressions” at Station LWLVB1.2 as observed in the field data 
and as predicted by the Monte-Carlo method.  At this location a “digression” is defined as 
a single measurement above the NAC WQS of 5.3 mg/L.  The Monte-Carlo result is the 
average number of digressions from the 10,000 realizations, and is thus not a whole 
number. 

The field data only indicated one single digression in 2007, and no digressions in 
other years (Table B.2).  The Monte-Carlo method predicted average number of 
digressions ranging from 0.4 in 2005 to 2.1 in 2008.  It can be shown that digressions are 
a “rare” event, and as such their occurrence in a given year can be modeled by a Poisson 
distribution†††, singularly parameterized by the long term average number of digressions 
each year.  As such, it is noted that if a digression is observed zero times in a particular 
year, then all that can be said (with 95% confidence) is that the long-term average count 
would be 3 or less digressions per year.  Thus, the difference between 0, 1, 2 or 3 
digressions in any given year is negligible, and the number of digressions predicted by 
the Monte-Carlo method is consistent with the field data observations. 

Table B.2: Number of Digressions for TIN 95th Percentile at Station LWLVB1.2 

No. of digressions 
Year Field 

data 
Monte-
Carlo 

2005 0 0.4 
2006 0 1.0 
2007 1 1.4 
2008 0 2.1 

1. A digression at Station LWLVB1.2 is defined 
as a TIN measurement greater than 5.3 mg/L. 
2. Monte-Carlo result is the average number of 
digressions from 10,000 realizations. 

 

B.6.2 Total Dissolved Solids 

The Monte-Carlo results for the 2005 through 2008 TDS calibration simulations are 
summarized in Table B.3.  Results are provided at Station LWLVB1.2 (where the NAC 
WQS for the annual 90th percentile is 3,000 mg/L) and at “all other locations” (where the 
NAC WQS is 1,000 mg/L).  
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Table B.3: Monte-Carlo Results for TDS Annual 90th Percentile and Estimated 
Probability of More Than Ten Percent Digressions 

Monte-Carlo Result [mg/L] (Probability) 
Station LWLVB1.2 All Other Locations Year 
WQS = 3,000 mg/L WQS = 1,000 mg/L 

2005 910 (< 0.01%) 743 (< 0.01%) 
2006 927 (< 0.01%) 751 (< 0.01%) 
2007 907 (< 0.01%) 731 (< 0.01%) 
2008 908 (< 0.01%) 715 (< 0.01%) 

1. Monte-Carlo Results are the averages of the 90th percentiles from the 
10,000 realizations. 
2. Probabilities are estimated from Monte-Carlo method using 10,000 
realizations. 

 

Table B.3 includes the TDS annual 90th percentile concentrations as estimated by the 
Monte-Carlo method, as well as the estimated probabilities that more than ten percent of 
samples are “digressions”.  Note that the 90th percentile concentration is the average of 
the 10,000 Monte-Carlo realizations, and is different to the 90th percentile that would be 
computed directly from the ELCOM/CAEDYM calibration simulations. 

The Monte-Carlo results indicate TDS concentrations at both locations over the 2005 
through 2008 period have remained relatively constant (Table B.1). The probabilities of 
predicted values being higher than the NAC WQS are all less than one in 10,000 at both 
locations, indicating that TDS is not a critical parameter of concern. 

The Monte-Carlo TDS results are compared with field data measurements in 
Figure B.20, which plots the measured and predicted TDS annual 90th percentile 
concentrations at Station LWLVB1.2 from 2005 through 2008.  The Monte-Carlo 
predictions are plotted as the average of the 10,000 realizations with the standard 
deviations shown as error bars.  The averages of the Monte-Carlo predictions are 
typically within approximately 10 mg/L of the measured field data, which is comparable 
to the accuracy of the conductivity probes‡‡‡.  In addition the field measurements are well 
within one standard deviation of the average Monte-Carlo prediction, indicating that the 
Monte-Carlo method is being applied correctly. 

B.6.3 Chlorophyll a 

The Monte-Carlo results for the 2005 through 2008 chlorophyll a calibration 
simulations are summarized in Table B.4.  Results are provided for the chlorophyll a 
growing season averages at Stations LWLVB2.7 and LWLVB3.5 and for the “open 
water”, and for the chlorophyll a annual 95th percentile for the “open water”.  The 
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relevant NAC WQS limits are provided in the header of each column of Table B.4 for 
each location and criteria.  

Table B.4 includes the chlorophyll a concentrations as estimated by the Monte-Carlo 
method, as well as the estimated probabilities of predicted values being higher than the 
NAC WQS.  Note that the concentrations are the average of the 10,000 Monte-Carlo 
realizations, and are different to the concentrations that would be computed directly from 
the ELCOM/CAEDYM calibration simulations. 

The results in Table B.4 use the Difference Distributions (see Section B.4.3) from all 
nine calibration years (i.e., 2000 through 2008) in the Monte-Carlo method, including 
year 2001.  The unusually large algae bloom that occurred in 2001 has a significant effect 
on the Monte-Carlo results as will be discussed shortly. 

Table B.4: Monte-Carlo Results for Chlorophyll a and Estimated Probability of 
Predicted Values Being Higher Than NAC WQS (Including 2001) 

Monte-Carlo Result [µg/L] (Probability) 
Growing Season Average 95th Percentile 

Station 
LWLVB2.7 

Station 
LWLVB3.5 Open Water Open Water 

Year 

WQS = 16 µg/L WQS = 9 µg/L WQS = 5 µg/L WQS = 10 µg/L 
2005 3.4 (0.2 %) 2.9 (2.5 %) 2.3 (7.8 %) 4.8 (9.2 %) 
2006 3.9 (0.4 %) 3.2 (3.8 %) 2.3 (6.3 %) 4.5 (7.8 %) 
2007 5.5 (2.9 %) 4.2 (8.2 %) 2.7 (11 %) 5.4 (11 %) 
2008 5.0 (1.9 %) 3.7 (5.7 %) 2.5 (9.3 %) 4.8 (9.3 %) 

1. Monte-Carlo Results are the averages of the Growing Season Averages or 95th Percentiles from the 10,000 
realizations. 
2. Probabilities are estimated from Monte-Carlo method using 10,000 realizations. 

 

The predicted chlorophyll a concentrations presented in Table B.4 are all 
significantly lower than (typically less than half of) the relevant NAC WQS.  However, 
the estimated probabilities of predicted values being higher than the NAC WQS are 
significant, which is a reflection of the large variability in the chlorophyll a 
measurements and modeling.  The highest estimated probabilities are in the open water, 
and reach as high as 11% in 2007 (both for growing season average and 95th percentile 
criteria).  These probabilities are mostly a reflection of the effect of including Difference 
Distributions from year 2001 in the analysis.  Year 2001 is one year out of a total of nine 
years (2000 through 2008) of Difference Distributions used for chlorophyll a, and one-in-
nine corresponds to an 11% probability.   

The Monte-Carlo analysis was repeated, with the Difference Distributions from year 
2001 being excluded from the analysis.  Results are shown in Table B.5, which is similar 
to Table B.4, apart from the exclusion of year 2001.  Table B.5 indicates that excluding 
2001 from the Monte-Carlo analysis results in much reduced probabilities of predicted 

Appendix B 
FSI V084015 Task 13 B-15 
March 3, 2011 
 



 

values being higher than the NAC WQS, with probabilities being less than one percent at 
all locations and in all years. 

The Monte-Carlo chlorophyll a results are compared with field data measurements 
from 2005 through 2008 in Figures B.21 through B.24.  These figures plot the measured 
and predicted chlorophyll a growing season average (Figures B.21, B.22 and B.23) and 
annual 95th percentile (Figure B.24) concentrations at Station LWLVB2.7 (Figure B.21), 
Station LWLVB3.5 (Figure B.22) and the open water (Figures B.23 and B.24).  The 
Monte-Carlo predictions are plotted as the average of the 10,000 realizations with the 
standard deviations shown as error bars.  Monte-Carlo predictions including and 
excluding year 2001 are shown on each plot. 

Table B.5: Monte-Carlo Results for Chlorophyll a and Estimated Probability of 
Predicted Values Being Higher Than NAC WQS (Excluding 2001) 

Monte-Carlo Result [µg/L] (Probability) 
Growing Season Average 95th Percentile 

Station 
LWLVB2.7 

Station 
LWLVB3.5 Open Water Open Water 

Year 

WQS = 16 µg/L WQS = 9 µg/L WQS = 5 µg/L WQS = 10 µg/L 
2005 2.7 (< 0.01%) 2.3 (0.1 %) 2.0 (< 0.01%) 4.0 (< 0.01%) 
2006 3.2 (0.01 %) 2.6 (0.2 %) 1.9 (< 0.01%) 3.7 (< 0.01%) 
2007 4.4 (0.1 %) 3.4 (0.9 %) 2.3 (< 0.01%) 4.5 (< 0.01%) 
2008 4.1 (0.01 %) 3.0 (0.3 %) 2.1 (< 0.01%) 4.0 (< 0.01%) 

1. Monte-Carlo Results are the averages of the Growing Season Averages or 95th Percentiles from the 10,000 
realizations. 
2. Probabilities are estimated from Monte-Carlo method using 10,000 realizations. 

 

The effect of year 2001 on the Monte-Carlo analysis is further apparent in 
Figures B.21 through B.24.  The predicted chlorophyll a concentrations when 2001 is 
excluded are considerably lower than when 2001 is included, and in addition the standard 
deviations are smaller.  Together these effects directly lead to the considerably lower 
probabilities of predicted values being higher than the NAC WQS when 2001 is 
excluded, as discussed earlier. 

When 2001 is excluded, the averages of the Monte-Carlo predictions in 2005 and 
2006 are close to the measured field data (Figures B.21 through B.24).  However, in 
2007 and 2008 the field data concentrations decrease, while the Monte-Carlo predicted 
concentrations increase.  The primary reason for this divergence is believed to be the 
presence of quagga mussels in Lake Mead, which were first discovered in January 2007.  
The quagga mussels are thought to compete with algae for nutrients (in particular 
phosphorus), and thus lead to the lower chlorophyll a concentrations observed in the field 
data.  The ELCOM/CAEDYM model does not currently account for quagga mussels, and 
thus does not capture this effect.  However, the ELCOM/CAEDYM model could 
potentially be modified to incorporate quagga mussels. 
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Notwithstanding the apparent divergence of the field data measurements and the 
Monte-Carlo predictions in 2007 and 2008, the field measurements are typically within 
one standard deviation of the average Monte-Carlo prediction, indicating that the Monte-
Carlo method is being applied correctly. 

B.7 SENSITIVITY OF SAMPLE SIZE 

The NAC WQS for TIN at Station LWLVB1.2 is a standard on the annual 95th 
percentile and may be sensitive to how many samples are collected in a year, as discussed 
in the following.  Station LWLVB1.2 is only sampled by the COLV, and based upon the 
assumed 52 boat trips per year, the two sample depths, and the PIB sampling routine 
(where Station LWLVB1.2 is not necessarily visited on every trip [see Section B.5.3]), an 
average of 84 samples per year results in the Monte-Carlo analysis.  Since there are 
typically more than 80 samples per year, four digressions (i.e., measurements greater than 
the NAC WQS) are allowed per year before a predicted value for the 95th percentile is 
noted as being higher than the NAC WQS.  If there were less than 80 samples per year 
then only three digressions would be allowed before a predicted value is noted as being 
higher than the NAC WQS.  The remainder of this section examines the sensitivity of the 
Monte-Carlo analysis to the sample size. 

The first twelve of the thirty-six ELCOM/CAEDYM simulations were used for this 
analysis, since they span a wider range of estimated probabilities than the 2005 through 
2008 calibration simulations.  Table B.6 presents the results of the analysis.  The first 
five columns of the table provide the run number, flow rate, TP load, effluent TIN 
concentration and water surface elevation (WSEL).  The sixth column provides the TIN 
annual 95th percentile concentration at Station LWLVB1.2 as estimated by the Monte-
Carlo analysis.  The last two columns provide the probabilities of predicted values being 
higher than the NAC WQS for 52 boat trips per year (resulting in an average of 84 
samples, and permitting four digressions) and 47 boat trips per year (resulting in an 
average of 76 samples, and permitting only three digressions), respectively.   

The probabilities in Table B.6 change only slightly as a result of decreasing the 
sample size to less than 80 samples:  the low probabilities (less than 50%) increase 
slightly, and the high probabilities (more than 50%) decrease slightly.  The relatively 
minor effect of sample size indicates that the having approximately 80 samples provides 
a certain robustness in the computation of the 95th percentile. 
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Table B.6: Monte-Carlo Results for TIN 95th Percentile and  
Estimated Probability of Predicted Values Being Higher Than NAC WQS 

for Different Number of COLV Boat Trips per Year 

Probability (%) 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

Eff. 
TIN 

Conc. 
(mg/L)

WSEL 
(ft) 

Monte-
Carlo 
[mg/L] 

N = 52 per 
year 

N = 47 per 
year 

1 189 125 11.0 1000 3.9 0.3% 0.5% 
2 189 125 11.0 1050 4.2 2.1% 2.8% 
3 189 125 11.0 1100 3.1 < 0.01 % < 0.01 % 
4 189 225 14.0 1000 4.6 13% 14% 
5 189 225 14.0 1050 5.0 31% 31% 
6 189 225 14.0 1100 3.6 0.03% 0.03% 
7 189 275 17.0 1000 5.5 59% 58% 
8 189 275 17.0 1050 5.9 77% 76% 
9 189 275 17.0 1100 4.2 1.3% 2.2% 
10 189 334 20.0 1000 6.2 88% 86% 
11 189 334 20.0 1050 6.8 97% 96% 
12 189 334 20.0 1100 4.8 18% 19% 

1. Monte-Carlo Results are the averages of the 95th percentiles from the 10,000 realizations.  
2. Probabilities are estimated from Monte-Carlo method using 10,000 realizations. 
3. N = 52 trips per year results in an average of 84 samples. 
4. N = 47 trips per year results in an average of 76 samples. 
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* Nitrate calibration is presented in preference to TIN, since there are more nitrate field data.

 

TIN is comprised predominantly of nitrate, with small amounts of ammonium and nitrite.
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Figure B.2
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Figure B.3
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Figure B.4
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Figure B.5

-1 0 1
0

100

200

300

400

log(model) - log(field)

fre
qu

en
cy

2005

-1 0 1
0

100

200

300

400

log(model) - log(field)

fre
qu

en
cy

2006

-1 0 1
0

100

200

300

400

log(model) - log(field)

fre
qu

en
cy

2007

-1 0 1
0

100

200

300

400

log(model) - log(field)

fre
qu

en
cy

2008

TIN Difference Distributions in Las Vegas Bay



Appendix_B.ppt
FSI V084015 Task 13
March 3, 2011

Figure B.6
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Figure B.7
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* TDS is computed from conductivity using the following correlation:

 

TDS (mg/L) = 0.64 x conductivity (μS/cm)
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Figure B.8
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Figure B.9
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Figure B.10
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Figure B.11
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Figure B.12
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Figure B.13
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Figure B.14
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Figure B.15
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Figure B.16
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Figure B.17
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Figure B.18

Measured, Simulated and Monte-Carlo Constructed 
Nitrate Concentrations at Surface of Station LWLVB1.2

Smoothed Model

date

N
O

3
(m

g
N

/L
)

Apr-05 May-05 Jun-05

2

4

6
8

10

COLV data
simulation

1

date
N

O
3

(m
g

N
/L

)
Apr-05 May-05 Jun-05

2

4

6
8

10

1

COLV data

 
simulation

 
Monte-Carlo data

 
smoothed simulation

(a) No smoothing                                (b) 13-day smoothing



Appendix_B.ppt
FSI V084015 Task 13
March 3, 2011

Figure B.19

Monte-Carlo result is average of 10,000 realizations.  
Error bars are standard-deviation of 10,000 realizations.
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Figure B.20
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Figure B.21
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Figure B.22
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Figure B.23
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Figure B.24
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Total Inorganic Nitrogen Figures 
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This appendix contains time-series figures of total inorganic nitrogen (TIN) 
concentrations for the thirty-six ELCOM/CAEDYM model simulations.  Figures show 
the surface and hypolimnion concentrations of TIN for each station, with the exception of 
the SNWA Intakes and Hoover Dam Outlets which show the TIN concentrations at their 
specific elevations.  The figures plot simulations with the same effluent flow rate and 
water surface elevation (WSEL) to compare the four different total phosphorus loadings 
(and corresponding nitrogen concentrations). 

Time-series figures are ordered by station beginning with stations closest to the Las 
Vegas Wash, progressing into open water, and ending at the Hoover Dam.  For each 
station, figures are ordered first by effluent flow rate (lowest to highest) and then by 
WSEL (lowest to highest). 
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Figure C.1

Total Inorganic Nitrogen - Station LWLVB1.2
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.2

Total Inorganic Nitrogen - Station LWLVB1.2
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.3

Total Inorganic Nitrogen - Station LWLVB1.2
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.4

Total Inorganic Nitrogen - Station LWLVB1.2
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.5

Total Inorganic Nitrogen - Station LWLVB1.2
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.6

Total Inorganic Nitrogen - Station LWLVB1.2
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.7

Total Inorganic Nitrogen - Station LWLVB1.2
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD

date

TI
N

(m
g

N
/L

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0
2
4
6
8

10
12
14

Surface

date

TI
N

(m
g

N
/L

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0
2
4
6
8

10
12
14

Run 34 - TP Load 334 lbs/day
Run 31 - TP Load 275 lbs/day
Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

Hypolimnion - Elevation 942 feet

Annual 95th

Percentile (5.3 mg/L)



Appendix_C.ppt
FSI V084015 Task 13
March 3, 2011

Figure C.8

Total Inorganic Nitrogen - Station LWLVB1.2
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.9

Total Inorganic Nitrogen - Station LWLVB1.2
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.10

Total Inorganic Nitrogen - Station LWLVB1.85
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.11

Total Inorganic Nitrogen - Station LWLVB1.85
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.12

Total Inorganic Nitrogen - Station LWLVB1.85
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.13

Total Inorganic Nitrogen - Station LWLVB1.85
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.14

Total Inorganic Nitrogen - Station LWLVB1.85
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.15

Total Inorganic Nitrogen - Station LWLVB1.85
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.16

Total Inorganic Nitrogen - Station LWLVB1.85
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.17

Total Inorganic Nitrogen - Station LWLVB1.85
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.18

Total Inorganic Nitrogen - Station LWLVB1.85
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.19

Total Inorganic Nitrogen - Station LWLVB2.7
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.20

Total Inorganic Nitrogen - Station LWLVB2.7
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD

date

TI
N

(m
g

N
/L

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0
2
4
6
8

10
12
14

Surface

date

TI
N

(m
g

N
/L

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0
2
4
6
8

10
12
14

Run 11 - TP Load 334 lbs/day
Run 8 - TP Load 275 lbs/day
Run 5 - TP Load 225 lbs/day
Run 2 - TP Load 125 lbs/day

Hypolimnion - Elevation 889 feet

Annual 95th

Percentile (4.5 mg/L)



Appendix_C.ppt
FSI V084015 Task 13
March 3, 2011

Figure C.21

Total Inorganic Nitrogen - Station LWLVB2.7
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.22

Total Inorganic Nitrogen - Station LWLVB2.7
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.23

Total Inorganic Nitrogen - Station LWLVB2.7
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.24

Total Inorganic Nitrogen - Station LWLVB2.7
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.25

Total Inorganic Nitrogen - Station LWLVB2.7
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.26

Total Inorganic Nitrogen - Station LWLVB2.7
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.27

Total Inorganic Nitrogen - Station LWLVB2.7
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.28

Total Inorganic Nitrogen - Station LWLVB3.5
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.29

Total Inorganic Nitrogen - Station LWLVB3.5
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.30

Total Inorganic Nitrogen - Station LWLVB3.5
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.31

Total Inorganic Nitrogen - Station LWLVB3.5
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.32

Total Inorganic Nitrogen - Station LWLVB3.5
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.33

Total Inorganic Nitrogen - Station LWLVB3.5
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.34

Total Inorganic Nitrogen - Station LWLVB3.5
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.35

Total Inorganic Nitrogen - Station LWLVB3.5
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.36

Total Inorganic Nitrogen - Station LWLVB3.5
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.37

Total Inorganic Nitrogen - SNWA Intakes
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.38

Total Inorganic Nitrogen - SNWA Intakes
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.39

Total Inorganic Nitrogen - SNWA Intakes
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD

date

TI
N

(m
g

N
/L

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

1

2

3

4

5
SNWA Intakes #1 & #2 - Elevation 992 feet

date

TI
N

(m
g

N
/L

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

1

2

3

4

5

Run 12 - TP Load 334 lbs/day
Run 9 - TP Load 275 lbs/day
Run 6 - TP Load 225 lbs/day
Run 3 - TP Load 125 lbs/day

SNWA Intake #3 - Elevation 860 feet

Annual 95th

Percentile (4.5 mg/L)



Appendix_C.ppt
FSI V084015 Task 13
March 3, 2011

Figure C.40

Total Inorganic Nitrogen - SNWA Intakes
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.41

Total Inorganic Nitrogen - SNWA Intakes
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.42

Total Inorganic Nitrogen - SNWA Intakes
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.43

Total Inorganic Nitrogen - SNWA Intakes
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.44

Total Inorganic Nitrogen - SNWA Intakes
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.45

Total Inorganic Nitrogen - SNWA Intakes
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.46

Total Inorganic Nitrogen - Station BB3
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.47

Total Inorganic Nitrogen - Station BB3
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.48

Total Inorganic Nitrogen - Station BB3
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.49

Total Inorganic Nitrogen - Station BB3
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.50

Total Inorganic Nitrogen - Station BB3
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.51

Total Inorganic Nitrogen - Station BB3
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.52

Total Inorganic Nitrogen - Station BB3
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.53

Total Inorganic Nitrogen - Station BB3
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.54

Total Inorganic Nitrogen - Station BB3
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.55

Total Inorganic Nitrogen - Station CR346.4
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.56

Total Inorganic Nitrogen - Station CR346.4
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.57

Total Inorganic Nitrogen - Station CR346.4
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure C.58

Total Inorganic Nitrogen - Station CR346.4
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.59

Total Inorganic Nitrogen - Station CR346.4
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.60

Total Inorganic Nitrogen - Station CR346.4
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure C.61

Total Inorganic Nitrogen - Station CR346.4
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.62

Total Inorganic Nitrogen - Station CR346.4
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.63

Total Inorganic Nitrogen - Station CR346.4
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure C.64

Total Inorganic Nitrogen - Hoover Dam
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure C.65

Total Inorganic Nitrogen - Hoover Dam
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 8 - TP Load 275 lbs/day
Run 5 - TP Load 225 lbs/day
Run 2 - TP Load 125 lbs/day

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure C.66

Total Inorganic Nitrogen - Hoover Dam
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Figure C.67

Total Inorganic Nitrogen - Hoover Dam
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure C.68

Total Inorganic Nitrogen - Hoover Dam
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure C.69

Total Inorganic Nitrogen - Hoover Dam
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Figure C.70

Total Inorganic Nitrogen - Hoover Dam
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 31 - TP Load 275 lbs/day
Run 28 - TP Load 225 lbs/day
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Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure C.71

Total Inorganic Nitrogen - Hoover Dam
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure C.72

Total Inorganic Nitrogen - Hoover Dam
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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This appendix contains time-series figures of total dissolved solids (TDS) 
concentrations for the thirty-six ELCOM/CAEDYM model simulations.  Figures show 
the surface and hypolimnion concentrations of TDS for each station, with the exception 
of the SNWA Intakes and Hoover Dam Outlets which show the TDS concentrations at 
their specific elevations.  The figures plot simulations with the same total phosphorus 
loading and water surface elevation (WSEL) to compare the three different effluent flow 
rates. 

Time-series figures are ordered by station beginning with stations closest to the Las 
Vegas Wash, progressing into open water, and ending at the Hoover Dam.  For each 
station, figures are ordered first by total phosphorus load (lowest to highest) and then by 
WSEL (lowest to highest). 
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Figure D.1

Total Dissolved Solids - Station LWLVB1.2
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Figure D.2

Total Dissolved Solids - Station LWLVB1.2
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,001 feet

Single Value
Maximum (3,000 mg/L)
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Figure D.3

Total Dissolved Solids - Station LWLVB1.2
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,047 feet

Single Value
Maximum (3,000 mg/L)
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Figure D.4

Total Dissolved Solids - Station LWLVB1.2
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet

Single Value
Maximum (3,000 mg/L)
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Figure D.5

Total Dissolved Solids - Station LWLVB1.2
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,001 feet

Single Value
Maximum (3,000 mg/L)
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Figure D.6

Total Dissolved Solids - Station LWLVB1.2
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD
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Single Value
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Figure D.7

Total Dissolved Solids - Station LWLVB1.2
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD
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Single Value
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Figure D.8

Total Dissolved Solids - Station LWLVB1.2
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,001 feet

Single Value
Maximum (3,000 mg/L)
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Figure D.9

Total Dissolved Solids - Station LWLVB1.2
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,047 feet

Single Value
Maximum (3,000 mg/L)
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Figure D.10

Total Dissolved Solids - Station LWLVB1.2
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet

Single Value
Maximum (3,000 mg/L)
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Figure D.11

Total Dissolved Solids - Station LWLVB1.2
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,001 feet

Single Value
Maximum (3,000 mg/L)
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Figure D.12

Total Dissolved Solids - Station LWLVB1.2
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,047 feet

Single Value
Maximum (3,000 mg/L)
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Figure D.13

Total Dissolved Solids - Station LWLVB1.85
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 903 feet

Single Value
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Figure D.14

Total Dissolved Solids - Station LWLVB1.85
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 962 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.15

Total Dissolved Solids - Station LWLVB1.85
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,001 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.16

Total Dissolved Solids - Station LWLVB1.85
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 903 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.17

Total Dissolved Solids - Station LWLVB1.85
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 962 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.18

Total Dissolved Solids - Station LWLVB1.85
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,001 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.19

Total Dissolved Solids - Station LWLVB1.85
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 903 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.20

Total Dissolved Solids - Station LWLVB1.85
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 962 feet

Single Value
Maximum (1,000 mg/L)



Appendix_D.ppt
FSI V084015 Task 13
March 3, 2011

Figure D.21

Total Dissolved Solids - Station LWLVB1.85
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,001 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.22

Total Dissolved Solids - Station LWLVB1.85
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 903 feet

Single Value
Maximum (1,000 mg/L)



Appendix_D.ppt
FSI V084015 Task 13
March 3, 2011

Figure D.23

Total Dissolved Solids - Station LWLVB1.85
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 962 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.24

Total Dissolved Solids - Station LWLVB1.85
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,001 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.25

Total Dissolved Solids - Station LWLVB2.7
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.26

Total Dissolved Solids - Station LWLVB2.7
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.27

Total Dissolved Solids - Station LWLVB2.7
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.28

Total Dissolved Solids - Station LWLVB2.7
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.29

Total Dissolved Solids - Station LWLVB2.7
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.30

Total Dissolved Solids - Station LWLVB2.7
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.31

Total Dissolved Solids - Station LWLVB2.7
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.32

Total Dissolved Solids - Station LWLVB2.7
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.33

Total Dissolved Solids - Station LWLVB2.7
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.34

Total Dissolved Solids - Station LWLVB2.7
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet

Single Value
Maximum (1,000 mg/L)



Appendix_D.ppt
FSI V084015 Task 13
March 3, 2011

Figure D.35

Total Dissolved Solids - Station LWLVB2.7
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.36

Total Dissolved Solids - Station LWLVB2.7
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.37

Total Dissolved Solids - Station LWLVB3.5
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 778 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.38

Total Dissolved Solids - Station LWLVB3.5
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.39

Total Dissolved Solids - Station LWLVB3.5
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.40

Total Dissolved Solids - Station LWLVB3.5
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 778 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.41

Total Dissolved Solids - Station LWLVB3.5
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.42

Total Dissolved Solids - Station LWLVB3.5
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.43

Total Dissolved Solids - Station LWLVB3.5
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 778 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.44

Total Dissolved Solids - Station LWLVB3.5
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.45

Total Dissolved Solids - Station LWLVB3.5
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.46

Total Dissolved Solids - Station LWLVB3.5
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 778 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.47

Total Dissolved Solids - Station LWLVB3.5
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.48

Total Dissolved Solids - Station LWLVB3.5
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.49

Total Dissolved Solids - SNWA Intakes
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet

Single Value
Maximum (1,000 mg/L)



Appendix_D.ppt
FSI V084015 Task 13
March 3, 2011

Figure D.50

Total Dissolved Solids - SNWA Intakes
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.51

Total Dissolved Solids - SNWA Intakes
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.52

Total Dissolved Solids - SNWA Intakes
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.53

Total Dissolved Solids - SNWA Intakes
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.54

Total Dissolved Solids - SNWA Intakes
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.55

Total Dissolved Solids - SNWA Intakes
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day

date

TD
S

(m
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
600

650

700

750

800

850

900
SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.56

Total Dissolved Solids - SNWA Intakes
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.57

Total Dissolved Solids - SNWA Intakes
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.58

Total Dissolved Solids - SNWA Intakes
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.59

Total Dissolved Solids - SNWA Intakes
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.60

Total Dissolved Solids - SNWA Intakes
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.61

Total Dissolved Solids - Station BB3
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.62

Total Dissolved Solids - Station BB3
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day

date

TD
S

(m
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
600

650

700

750

800

850

900
Surface

date

TD
S

(m
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
600

650

700

750

800

850

900

Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.63

Total Dissolved Solids - Station BB3
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.64

Total Dissolved Solids - Station BB3
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.65

Total Dissolved Solids - Station BB3
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.66

Total Dissolved Solids - Station BB3
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet

Single Value
Maximum (1,000 mg/L)



Appendix_D.ppt
FSI V084015 Task 13
March 3, 2011

Figure D.67

Total Dissolved Solids - Station BB3
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.68

Total Dissolved Solids - Station BB3
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.69

Total Dissolved Solids - Station BB3
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.70

Total Dissolved Solids - Station BB3
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.71

Total Dissolved Solids - Station BB3
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.72

Total Dissolved Solids - Station BB3
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.73

Total Dissolved Solids - Station CR346.4
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 771 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.74

Total Dissolved Solids - Station CR346.4
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 824 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.75

Total Dissolved Solids - Station CR346.4
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 870 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.76

Total Dissolved Solids - Station CR346.4
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 771 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.77

Total Dissolved Solids - Station CR346.4
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 824 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.78

Total Dissolved Solids - Station CR346.4
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 870 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.79

Total Dissolved Solids - Station CR346.4
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 771 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.80

Total Dissolved Solids - Station CR346.4
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 824 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.81

Total Dissolved Solids - Station CR346.4
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 870 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.82

Total Dissolved Solids - Station CR346.4
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 771 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.83

Total Dissolved Solids - Station CR346.4
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 824 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.84

Total Dissolved Solids - Station CR346.4
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 870 feet

Single Value
Maximum (1,000 mg/L)
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Figure D.85

Total Dissolved Solids - Hoover Dam
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.



Appendix_D.ppt
FSI V084015 Task 13
March 3, 2011

Figure D.86

Total Dissolved Solids - Hoover Dam
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day

date

TD
S

(m
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
600

650

700

750

800

850

900

Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure D.87

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.

Total Dissolved Solids - Hoover Dam
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Combined Hoover Dam Outlets
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Figure D.88

Total Dissolved Solids - Hoover Dam
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure D.89

Total Dissolved Solids - Hoover Dam
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure D.90

Total Dissolved Solids - Hoover Dam
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Figure D.91

Total Dissolved Solids - Hoover Dam
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure D.92

Total Dissolved Solids - Hoover Dam
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure D.93

Total Dissolved Solids - Hoover Dam
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Figure D.94

Total Dissolved Solids - Hoover Dam
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure D.95

Total Dissolved Solids - Hoover Dam
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure D.96

Total Dissolved Solids - Hoover Dam
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Time-series figures are ordered by station beginning with stations closest to the Las 
Vegas Wash, progressing into open water, and ending at the Hoover Dam.  For each 
station, figures are ordered first by effluent flow rate (lowest to highest) and then by 
WSEL (lowest to highest). 

This appendix contains figures and tables of chlorophyll a concentrations for the 
thirty-six ELCOM/CAEDYM model simulations.  The first nine figures show contour 
plots of the growing season average concentration of the top five meter average at each 
grid cell.  The remaining figures are time-series plots of the top five meter average 
concentrations of chlorophyll a.  The figures plot simulations with the same effluent flow 
rate and water surface elevation (WSEL) to compare the four different total phosphorus 
loadings (and corresponding nitrogen concentrations). 

The tables present the monthly average chlorophyll a concentrations at Stations 
LWLVB1.2 (Tables E.1 through E.3), LWLVB1.85 (Tables E.4 through E.6), 
LWLVB2.7 (Tables E.7 through E.9), LWLVB3.5 (Tables E.10 through E.12), BB3 
(Tables E.13 through E.15), CR346.4 (Tables E.16 through E.18) and CR350SE0.55 
(Tables E.19 through E.21), for each of the thirty-six model simulations. 
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Table E.1: Chlorophyll a Monthly Average Concentrations at Station LWLVB1.2  
for Present (189 MGD Average Annual Effluent) Flow Rates 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

1                189 125 1000 0.2 0.8 9.7 10.6 13.5 10.3 8.5 7.9 8.9 4.7 4.2 0.8
2                189 125 1050 0.9 4.8 15.4 12.6 15.7 13.6 11.9 11.1 11.0 6.5 5.9 1.3
3                189 125 1100 0.2 1.0 9.9 9.3 11.5 9.3 8.2 7.4 8.5 5.2 4.3 1.0
4 189 225 1000 0.2 0.9 12.2 15.1 20.9 16.3 13.4 12.5 13.2 7.1 6.0 1.1 
5 189 225 1050 1.1 5.7 21.9 18.7 24.3 21.7 18.5 17.1 16.2 9.9 8.3 1.6 
6 189 225 1100 0.3 1.3 13.7 13.6 18.2 14.9 13.0 11.7 13.0 8.1 6.4 1.5 
7                189 275 1000 0.2 0.9 13.0 16.7 23.9 18.7 15.4 14.3 14.9 8.2 6.7 1.3
8                189 275 1050 1.1 5.9 23.8 21.0 28.0 24.5 21.3 19.4 18.0 11.2 9.0 1.7
9                189 275 1100 0.3 1.5 15.0 15.2 21.1 17.2 15.0 13.4 14.9 9.3 7.2 1.7

10 189 334 1000 0.2 1.0 13.6 18.1 26.5 21.1 17.5 16.2 16.5 9.3 7.4 1.4 
11 189 334 1050 1.2 5.9 25.2 23.0 31.9 27.8 24.0 21.6 19.8 12.5 9.7 1.8 
12 189 334 1100 0.4 1.7 16.2 16.8 24.1 19.8 17.1 15.2 16.6 10.5 8.0 1.9 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.2: Chlorophyll a Monthly Average Concentrations at Station LWLVB1.2  
for Projected Future (250 MGD Average Annual Effluent) Flow Rate 1 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

13                250 125 1000 0.2 1.4 12.4 11.0 13.0 9.5 8.1 7.6 8.5 4.9 4.7 0.9
14                250 125 1050 0.6 4.1 15.1 12.0 15.1 13.1 11.2 10.5 10.2 6.3 5.8 1.1
15                250 125 1100 0.2 1.3 10.1 9.3 11.3 8.9 8.0 7.3 8.1 5.2 4.3 0.9
16 250 225 1000 0.2 1.6 16.7 16.2 20.8 15.6 13.1 12.2 13.1 7.4 6.8 1.3 
17 250 225 1050 0.8 5.2 21.7 17.8 23.5 20.9 17.6 16.2 15.2 9.7 8.3 1.5 
18 250 225 1100 0.3 1.7 14.6 13.9 18.0 14.6 12.8 11.5 12.5 8.1 6.5 1.4 
19                250 275 1000 0.3 1.7 17.9 18.1 24.0 18.2 15.2 14.0 14.8 8.4 7.5 1.4
20                250 275 1050 0.8 5.4 23.7 19.9 27.1 23.7 20.4 18.5 17.0 10.9 9.0 1.6
21                250 275 1100 0.3 1.9 16.1 15.8 21.0 17.1 14.9 13.3 14.2 9.3 7.3 1.5
22 250 334 1000 0.3 1.7 18.9 19.8 27.6 20.9 17.5 15.9 16.4 9.6 8.3 1.6 
23 250 334 1050 0.8 5.5 25.3 22.0 30.9 27.0 23.0 20.7 18.7 12.2 9.7 1.7 
24 250 334 1100 0.4 2.1 17.4 17.3 24.0 19.6 17.0 15.1 16.1 10.6 8.2 1.7 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.3: Chlorophyll a Monthly Average Concentrations at Station LWLVB1.2  
for Projected Future (300 MGD Average Annual Effluent) Flow Rate 2 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

25                300 125 1000 0.2 1.6 12.0 10.6 12.5 9.1 7.8 7.2 8.0 4.6 4.5 0.9
26                300 125 1050 0.4 2.5 13.5 11.9 14.6 12.6 10.8 10.0 9.5 6.1 5.7 0.9
27                300 125 1100 0.2 1.5 10.1 9.1 10.8 8.6 7.6 6.9 7.7 4.9 4.3 0.9
28 300 225 1000 0.3 1.8 16.2 15.8 20.0 15.0 12.6 11.6 12.4 7.1 6.6 1.2 
29 300 225 1050 0.5 3.3 19.2 17.8 23.0 20.3 17.0 15.6 14.5 9.4 8.2 1.3 
30 300 225 1100 0.3 1.9 14.5 13.7 17.4 14.1 12.3 10.9 11.9 7.8 6.4 1.3 
31                300 275 1000 0.3 1.9 17.5 17.5 23.2 17.5 14.6 13.4 14.1 8.1 7.3 1.3
32                300 275 1050 0.5 3.5 20.9 20.1 26.6 23.3 19.6 17.8 16.3 10.7 9.0 1.4
33                300 275 1100 0.3 2.1 16.0 15.4 20.1 16.4 14.3 12.6 13.6 9.0 7.2 1.5
34 300 334 1000 0.3 2.0 18.5 19.3 26.6 20.2 16.9 15.2 15.7 9.2 8.0 1.5 
35 300 334 1050 0.5 3.6 22.4 22.0 30.5 26.1 22.3 19.9 17.9 11.9 9.7 1.5 
36 300 334 1100 0.4 2.3 17.3 17.0 23.1 18.9 16.3 14.4 15.3 10.3 8.1 1.7 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.4: Chlorophyll a Monthly Average Concentrations at Station LWLVB1.85  
for Present (189 MGD Average Annual Effluent) Flow Rates 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

1                189 125 1000 0.1 0.5 7.6 8.3 10.1 7.3 5.9 5.8 6.6 3.2 2.8 0.6
2                189 125 1050 0.3 2.6 11.5 8.7 10.8 8.5 7.3 7.0 7.0 3.5 2.9 0.6
3                189 125 1100 0.1 0.5 7.3 6.6 8.3 6.0 5.1 4.8 6.0 3.5 2.8 0.6
4 189 225 1000 0.1 0.6 9.8 12.0 16.1 11.8 9.5 9.3 10.2 4.8 4.1 0.8 
5 189 225 1050 0.3 3.1 16.7 12.9 17.3 13.9 11.7 11.1 10.7 5.3 4.3 0.8 
6 189 225 1100 0.1 0.6 10.5 9.6 13.3 9.7 8.2 7.7 9.4 5.5 4.4 0.9 
7                189 275 1000 0.1 0.6 10.4 13.4 18.6 13.6 11.1 10.8 11.7 5.5 4.6 0.9
8                189 275 1050 0.4 3.2 18.3 14.5 20.2 16.3 13.7 12.8 12.2 6.1 4.8 0.9
9                189 275 1100 0.2 0.7 11.7 10.9 15.5 11.3 9.6 9.0 11.0 6.4 5.1 1.0

10 189 334 1000 0.1 0.6 11.0 14.7 21.2 15.7 12.8 12.4 13.3 6.3 5.1 1.0 
11 189 334 1050 0.4 3.3 19.6 16.1 23.3 18.9 15.8 14.6 13.8 7.0 5.3 0.9 
12 189 334 1100 0.2 0.8 12.8 12.3 18.1 13.2 11.1 10.5 12.6 7.4 5.8 1.2 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.5: Chlorophyll a Monthly Average Concentrations at Station LWLVB1.85  
for Projected Future (250 MGD Average Annual Effluent) Flow Rate 1 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

13                250 125 1000 0.1 0.9 9.6 8.4 9.8 7.0 5.9 5.7 6.4 3.2 3.1 0.6
14                250 125 1050 0.2 2.3 11.6 8.2 10.5 8.3 7.0 6.6 6.5 3.4 2.9 0.5
15                250 125 1100 0.1 0.6 7.7 6.6 8.0 5.7 4.9 4.6 5.6 3.3 2.8 0.6
16 250 225 1000 0.2 1.0 13.1 12.5 16.1 11.5 9.6 9.2 10.1 4.7 4.4 0.9 
17 250 225 1050 0.3 2.9 16.9 12.1 16.9 13.5 11.3 10.5 10.0 5.1 4.2 0.7 
18 250 225 1100 0.1 0.8 11.4 9.7 13.0 9.4 7.9 7.5 8.9 5.3 4.4 0.9 
19                250 275 1000 0.2 1.1 14.2 14.1 18.7 13.5 11.2 10.7 11.6 5.4 4.9 1.0
20                250 275 1050 0.3 3.0 18.7 13.6 19.7 15.8 13.1 12.2 11.4 5.9 4.7 0.8
21                250 275 1100 0.2 0.9 12.8 11.1 15.2 11.1 9.4 8.8 10.4 6.2 5.0 1.0
22 250 334 1000 0.2 1.1 15.1 15.6 21.8 15.6 13.0 12.4 13.1 6.2 5.5 1.1 
23 250 334 1050 0.3 3.1 20.1 15.2 22.7 18.3 15.1 14.0 13.0 6.7 5.3 0.9 
24 250 334 1100 0.2 1.1 14.0 12.5 17.5 13.0 10.8 10.1 11.8 7.2 5.7 1.2 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.6: Chlorophyll a Monthly Average Concentrations at Station LWLVB1.85  
for Projected Future (300 MGD Average Annual Effluent) Flow Rate 2 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

25                300 125 1000 0.1 1.0 9.5 8.2 9.5 6.7 5.6 5.4 6.0 3.1 3.0 0.6
26                300 125 1050 0.2 1.4 10.8 8.3 10.2 8.0 6.7 6.3 6.1 3.3 2.8 0.5
27                300 125 1100 0.1 0.7 7.7 6.5 7.7 5.5 4.7 4.4 5.3 3.2 2.7 0.6
28 300 225 1000 0.2 1.2 13.1 12.3 15.6 11.0 9.1 8.8 9.5 4.6 4.3 0.8 
29 300 225 1050 0.2 1.9 15.3 12.4 16.6 13.1 10.9 10.1 9.5 5.0 4.2 0.7 
30 300 225 1100 0.2 1.0 11.4 9.6 12.6 9.1 7.7 7.1 8.5 5.2 4.3 0.9 
31                300 275 1000 0.2 1.3 14.2 13.8 18.2 12.9 10.7 10.2 11.0 5.2 4.8 0.9
32                300 275 1050 0.2 2.0 16.8 14.0 19.3 15.3 12.7 11.7 10.9 5.7 4.7 0.8
33                300 275 1100 0.2 1.1 12.8 11.0 14.6 10.7 9.0 8.3 9.9 6.1 5.0 1.0
34 300 334 1000 0.2 1.3 15.1 15.4 21.0 15.1 12.5 11.8 12.5 5.9 5.3 1.0 
35 300 334 1050 0.2 2.1 18.1 15.6 22.3 17.8 14.6 13.4 12.4 6.5 5.2 0.9 
36 300 334 1100 0.2 1.2 14.1 12.3 17.0 12.4 10.4 9.7 11.3 7.0 5.6 1.1 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.7: Chlorophyll a Monthly Average Concentrations at Station LWLVB2.7 
for Present (189 MGD Average Annual Effluent) Flow Rates 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

1                189 125 1000 0.0 0.1 3.4 4.4 4.4 3.2 2.8 2.7 3.0 2.0 1.5 0.4
2                189 125 1050 0.1 0.9 5.9 4.8 4.7 3.7 3.6 3.3 3.5 2.0 1.4 0.3
3                189 125 1100 0.0 0.2 3.9 4.4 4.1 2.8 2.6 2.4 2.9 2.2 1.5 0.5
4 189 225 1000 0.1 0.2 4.6 6.4 6.9 5.0 4.4 4.4 4.9 2.8 2.1 0.6 
5 189 225 1050 0.1 1.0 8.9 7.0 7.6 5.9 5.9 5.4 5.7 3.0 2.0 0.4 
6 189 225 1100 0.1 0.3 5.8 6.1 6.5 4.2 4.0 3.8 4.7 3.3 2.1 0.7 
7                189 275 1000 0.1 0.2 5.0 7.3 8.1 5.9 5.2 5.2 5.8 3.2 2.3 0.6
8                189 275 1050 0.1 1.1 10.1 8.0 8.9 6.9 7.0 6.4 6.7 3.5 2.3 0.4
9                189 275 1100 0.1 0.3 6.6 6.8 7.7 4.9 4.8 4.6 5.5 3.8 2.4 0.8

10 189 334 1000 0.1 0.2 5.4 8.4 9.4 6.9 6.1 6.1 6.7 3.6 2.6 0.7 
11 189 334 1050 0.1 1.1 11.2 9.1 10.6 8.1 8.3 7.5 7.9 4.0 2.6 0.5 
12 189 334 1100 0.1 0.3 7.4 7.7 9.0 5.7 5.6 5.4 6.4 4.3 2.8 0.9 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.8: Chlorophyll a Monthly Average Concentrations at Station LWLVB2.7 
for Projected Future (250 MGD Average Annual Effluent) Flow Rate 1 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

13                250 125 1000 0.1 0.2 4.3 4.4 4.2 3.1 2.7 2.6 2.9 2.0 1.6 0.4
14                250 125 1050 0.1 0.8 6.3 4.6 4.7 3.6 3.5 3.2 3.3 1.9 1.4 0.3
15                250 125 1100 0.0 0.2 4.1 4.3 4.0 2.7 2.5 2.3 2.8 2.1 1.4 0.4
16 250 225 1000 0.1 0.3 6.1 6.3 6.7 4.9 4.4 4.2 4.8 2.7 2.2 0.6 
17 250 225 1050 0.1 1.0 9.6 6.6 7.5 5.7 5.7 5.1 5.4 2.9 2.0 0.4 
18 250 225 1100 0.1 0.3 6.1 5.9 6.3 4.2 3.9 3.6 4.5 3.2 2.1 0.7 
19                250 275 1000 0.1 0.3 6.7 7.2 7.9 5.7 5.1 4.9 5.6 3.1 2.4 0.6
20                250 275 1050 0.1 1.1 10.8 7.6 8.8 6.7 6.7 6.1 6.4 3.4 2.3 0.4
21                250 275 1100 0.1 0.4 6.9 6.6 7.4 4.8 4.6 4.3 5.3 3.7 2.4 0.7
22 250 334 1000 0.1 0.3 7.3 8.3 9.3 6.7 6.0 5.8 6.5 3.5 2.7 0.7 
23 250 334 1050 0.1 1.1 12.0 8.6 10.4 7.9 8.0 7.3 7.6 3.9 2.6 0.5 
24 250 334 1100 0.1 0.4 7.8 7.5 8.6 5.6 5.3 5.0 6.2 4.2 2.7 0.8 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.9: Chlorophyll a Monthly Average Concentrations at Station LWLVB2.7  
for Projected Future (300 MGD Average Annual Effluent) Flow Rate 2 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

25                300 125 1000 0.1 0.3 4.6 4.4 4.1 3.0 2.6 2.5 2.8 1.9 1.6 0.4
26                300 125 1050 0.0 0.5 6.3 4.7 4.6 3.5 3.4 3.0 3.2 1.9 1.4 0.3
27                300 125 1100 0.0 0.3 4.3 4.2 3.9 2.7 2.4 2.2 2.7 2.1 1.4 0.4
28 300 225 1000 0.1 0.3 6.5 6.4 6.6 4.7 4.2 4.0 4.6 2.6 2.1 0.5 
29 300 225 1050 0.1 0.7 9.3 6.8 7.4 5.5 5.5 5.0 5.2 2.8 2.0 0.4 
30 300 225 1100 0.1 0.4 6.4 5.8 6.1 4.1 3.8 3.4 4.4 3.1 2.1 0.6 
31                300 275 1000 0.1 0.4 7.2 7.3 7.8 5.6 5.0 4.8 5.4 3.0 2.4 0.6
32                300 275 1050 0.1 0.7 10.4 7.7 8.7 6.5 6.5 5.9 6.1 3.2 2.2 0.4
33                300 275 1100 0.1 0.4 7.2 6.6 7.2 4.7 4.5 4.0 5.1 3.6 2.3 0.7
34 300 334 1000 0.1 0.4 7.8 8.3 9.1 6.5 5.8 5.6 6.3 3.4 2.6 0.7 
35 300 334 1050 0.1 0.8 11.5 8.8 10.2 7.6 7.7 7.0 7.3 3.8 2.5 0.5 
36 300 334 1100 0.1 0.5 8.1 7.4 8.4 5.5 5.1 4.7 6.0 4.1 2.7 0.8 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.10: Chlorophyll a Monthly Average Concentrations at Station LWLVB3.5 
for Present (189 MGD Average Annual Effluent) Flow Rates 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

1                189 125 1000 0.0 0.1 2.8 3.9 3.0 2.3 1.9 1.8 2.0 1.7 1.3 0.4
2                189 125 1050 0.0 0.3 3.5 3.6 3.2 2.7 2.5 2.3 2.2 1.6 1.0 0.2
3                189 125 1100 0.0 0.1 2.9 3.9 3.1 2.3 2.1 2.0 1.9 1.6 1.2 0.4
4 189 225 1000 0.1 0.1 3.8 5.4 4.6 3.5 2.8 2.9 3.2 2.3 1.8 0.5 
5 189 225 1050 0.1 0.4 5.1 5.1 5.0 4.1 3.9 3.7 3.5 2.3 1.4 0.3 
6 189 225 1100 0.0 0.2 4.3 5.3 4.7 3.3 3.1 3.0 2.9 2.4 1.7 0.5 
7                189 275 1000 0.1 0.1 4.2 6.2 5.4 4.0 3.3 3.5 3.7 2.6 2.0 0.5
8                189 275 1050 0.1 0.4 5.8 5.8 5.9 4.8 4.6 4.4 4.2 2.6 1.6 0.3
9                189 275 1100 0.0 0.2 4.9 5.9 5.5 3.8 3.7 3.5 3.5 2.7 1.9 0.6

10 189 334 1000 0.1 0.1 4.5 7.0 6.3 4.7 3.9 4.1 4.4 2.9 2.2 0.6 
11 189 334 1050 0.1 0.4 6.5 6.7 6.9 5.6 5.4 5.2 5.0 3.0 1.8 0.4 
12 189 334 1100 0.1 0.2 5.6 6.7 6.4 4.4 4.3 4.1 4.1 3.1 2.2 0.7 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.11: Chlorophyll a Monthly Average Concentrations at Station LWLVB3.5 
for Projected Future (250 MGD Average Annual Effluent) Flow Rate 1 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

13                250 125 1000 0.0 0.2 3.6 3.8 2.9 2.2 1.8 1.7 1.9 1.7 1.4 0.4
14                250 125 1050 0.0 0.3 3.7 3.6 3.2 2.6 2.4 2.2 2.1 1.5 1.0 0.2
15                250 125 1100 0.0 0.2 3.2 3.9 3.0 2.2 2.0 2.0 1.8 1.6 1.2 0.3
16 250 225 1000 0.1 0.2 5.1 5.4 4.5 3.5 2.7 2.7 3.0 2.3 1.8 0.5 
17 250 225 1050 0.0 0.3 5.4 5.0 4.9 4.0 3.8 3.6 3.4 2.2 1.4 0.3 
18 250 225 1100 0.0 0.2 4.9 5.2 4.5 3.2 3.0 3.0 2.9 2.3 1.6 0.5 
19                250 275 1000 0.1 0.2 5.6 6.1 5.2 4.0 3.2 3.2 3.6 2.5 2.0 0.5
20                250 275 1050 0.1 0.4 6.1 5.6 5.7 4.7 4.5 4.2 4.0 2.5 1.5 0.3
21                250 275 1100 0.0 0.2 5.5 5.8 5.2 3.7 3.5 3.6 3.4 2.6 1.9 0.6
22 250 334 1000 0.1 0.2 6.2 7.0 6.1 4.6 3.7 3.7 4.2 2.8 2.3 0.6 
23 250 334 1050 0.1 0.4 6.9 6.5 6.7 5.5 5.2 5.0 4.8 2.9 1.7 0.4 
24 250 334 1100 0.1 0.3 6.1 6.6 6.1 4.3 4.0 4.1 4.0 3.0 2.1 0.6 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 

 

Appendix E 
FSI V084015 Task 13 
March 3, 2011 

E-13 

  
 



 

Table E.12: Chlorophyll a Monthly Average Concentrations at Station LWLVB3.5 
for Projected Future (300 MGD Average Annual Effluent) Flow Rate 2 

 
Run 

# 
Flow 
Rate 

(MGD) 
            TP Load 

(lbs/day) 
WSEL 

(ft) Jan Feb Mar April May June July Aug Sep Oct Nov Dec

25                300 125 1000 0.0 0.2 3.8 3.8 2.9 2.2 1.8 1.7 1.9 1.7 1.4 0.4
26                300 125 1050 0.0 0.2 3.6 3.6 3.1 2.6 2.4 2.2 2.0 1.5 1.0 0.2
27                300 125 1100 0.0 0.2 3.4 3.8 3.0 2.1 1.9 1.9 1.8 1.6 1.1 0.3
28 300 225 1000 0.1 0.2 5.5 5.4 4.4 3.3 2.6 2.6 2.9 2.2 1.8 0.5 
29 300 225 1050 0.0 0.2 5.3 5.0 4.8 3.9 3.7 3.5 3.3 2.1 1.4 0.3 
30 300 225 1100 0.0 0.2 5.0 5.1 4.5 3.1 3.0 2.9 2.8 2.2 1.6 0.5 
31                300 275 1000 0.1 0.2 6.1 6.2 5.2 3.8 3.1 3.1 3.4 2.5 2.0 0.5
32                300 275 1050 0.0 0.3 6.0 5.7 5.6 4.6 4.3 4.1 3.9 2.4 1.5 0.3
33                300 275 1100 0.0 0.3 5.7 5.8 5.2 3.6 3.4 3.4 3.3 2.6 1.8 0.5
34 300 334 1000 0.1 0.3 6.6 7.0 6.0 4.5 3.6 3.6 4.0 2.8 2.2 0.6 
35 300 334 1050 0.0 0.3 6.7 6.5 6.6 5.3 5.1 4.8 4.7 2.8 1.7 0.4 
36 300 334 1100 0.1 0.3 6.5 6.5 6.0 4.1 3.9 4.0 3.8 2.9 2.1 0.6 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.13: Chlorophyll a Monthly Average Concentrations at Station BB3 
for Present (189 MGD Average Annual Effluent) Flow Rates 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

1                189 125 1000 0.0 0.1 1.6 3.0 2.5 1.9 1.7 1.5 1.4 1.6 1.1 0.4
2                189 125 1050 0.0 0.1 1.9 2.8 2.6 1.9 1.7 1.5 1.3 1.2 0.8 0.2
3                189 125 1100 0.0 0.0 1.5 3.1 2.4 2.1 1.7 1.5 1.2 1.1 0.9 0.2
4 189 225 1000 0.1 0.1 2.3 4.1 3.7 2.8 2.6 2.3 2.2 2.2 1.5 0.5 
5 189 225 1050 0.0 0.1 2.9 3.6 3.9 2.8 2.6 2.4 2.1 1.8 1.0 0.3 
6 189 225 1100 0.0 0.1 2.3 3.9 3.4 2.9 2.4 2.1 1.7 1.6 1.2 0.3 
7                189 275 1000 0.1 0.1 2.5 4.6 4.2 3.2 3.0 2.7 2.6 2.4 1.7 0.6
8                189 275 1050 0.0 0.2 3.3 4.1 4.5 3.3 3.0 2.8 2.5 2.0 1.1 0.3
9                189 275 1100 0.0 0.1 2.6 4.3 3.8 3.3 2.8 2.5 2.0 1.8 1.4 0.4

10 189 334 1000 0.1 0.1 2.8 5.2 5.0 3.7 3.5 3.2 3.1 2.8 1.9 0.6 
11 189 334 1050 0.1 0.2 3.8 4.6 5.3 3.8 3.5 3.3 3.0 2.3 1.3 0.3 
12 189 334 1100 0.0 0.1 3.0 4.8 4.4 3.8 3.2 2.9 2.3 2.0 1.6 0.4 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.14: Chlorophyll a Monthly Average Concentrations at Station BB3 
for Projected Future (250 MGD Average Annual Effluent) Flow Rate 1 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

13                250 125 1000 0.0 0.1 1.8 2.8 2.4 1.9 1.6 1.4 1.4 1.6 1.2 0.4
14                250 125 1050 0.0 0.1 2.1 2.8 2.5 1.9 1.7 1.5 1.3 1.2 0.7 0.2
15                250 125 1100 0.0 0.0 1.6 3.0 2.3 2.0 1.6 1.4 1.1 1.1 0.9 0.2
16 250 225 1000 0.1 0.1 2.7 3.6 3.6 2.7 2.4 2.2 2.1 2.1 1.5 0.5 
17 250 225 1050 0.0 0.1 3.1 3.6 3.8 2.8 2.5 2.3 2.1 1.7 1.0 0.3 
18 250 225 1100 0.0 0.1 2.4 3.9 3.3 2.8 2.3 2.1 1.7 1.5 1.2 0.3 
19                250 275 1000 0.1 0.1 3.0 4.1 4.2 3.1 2.8 2.6 2.5 2.4 1.7 0.6
20                250 275 1050 0.0 0.1 3.5 4.1 4.4 3.2 2.9 2.7 2.4 2.0 1.1 0.3
21                250 275 1100 0.0 0.1 2.8 4.3 3.7 3.2 2.7 2.5 2.0 1.7 1.3 0.3
22 250 334 1000 0.1 0.1 3.4 4.6 4.9 3.6 3.3 3.0 3.0 2.7 1.9 0.6 
23 250 334 1050 0.0 0.2 4.0 4.6 5.2 3.7 3.4 3.2 2.9 2.2 1.2 0.3 
24 250 334 1100 0.0 0.1 3.3 4.8 4.3 3.7 3.1 2.8 2.3 2.0 1.5 0.4 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.15: Chlorophyll a Monthly Average Concentrations at Station BB3 
for Projected Future (300 MGD Average Annual Effluent) Flow Rate 2 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

25                300 125 1000 0.0 0.1 2.0 2.7 2.4 1.8 1.6 1.4 1.3 1.6 1.2 0.4
26                300 125 1050 0.0 0.1 2.1 2.8 2.5 1.9 1.7 1.5 1.3 1.2 0.7 0.2
27                300 125 1100 0.0 0.1 1.7 3.0 2.3 2.0 1.6 1.4 1.1 1.1 0.9 0.2
28 300 225 1000 0.1 0.1 3.1 3.6 3.6 2.6 2.4 2.1 2.1 2.1 1.5 0.5 
29 300 225 1050 0.0 0.1 3.1 3.7 3.7 2.7 2.5 2.2 2.0 1.7 1.0 0.3 
30 300 225 1100 0.0 0.1 2.6 3.8 3.2 2.7 2.3 2.0 1.6 1.5 1.2 0.3 
31                300 275 1000 0.1 0.1 3.5 4.0 4.2 3.1 2.8 2.5 2.4 2.3 1.7 0.5
32                300 275 1050 0.0 0.1 3.6 4.1 4.4 3.1 2.8 2.6 2.4 1.9 1.1 0.3
33                300 275 1100 0.0 0.1 3.0 4.2 3.7 3.1 2.6 2.3 1.9 1.7 1.3 0.3
34 300 334 1000 0.1 0.1 3.9 4.6 4.8 3.5 3.3 2.9 2.9 2.6 1.9 0.6 
35 300 334 1050 0.0 0.1 4.1 4.6 5.1 3.6 3.3 3.1 2.8 2.2 1.2 0.3 
36 300 334 1100 0.0 0.1 3.4 4.7 4.2 3.6 2.9 2.7 2.2 1.9 1.5 0.4 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.16: Chlorophyll a Monthly Average Concentrations at Station CR346.4 
for Present (189 MGD Average Annual Effluent) Flow Rates 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

1                189 125 1000 0.0 0.0 0.8 2.4 1.5 1.4 1.2 1.1 1.0 1.3 1.0 0.3
2                189 125 1050 0.0 0.0 0.9 2.2 1.5 1.4 1.2 1.1 1.0 1.0 0.7 0.2
3                189 125 1100 0.0 0.0 0.7 2.5 1.6 1.5 1.2 1.1 0.8 1.0 0.7 0.2
4 189 225 1000 0.0 0.0 1.1 3.1 2.0 1.9 1.8 1.7 1.6 1.7 1.2 0.4 
5 189 225 1050 0.0 0.0 1.3 2.8 1.9 1.9 1.7 1.6 1.5 1.4 0.9 0.2 
6 189 225 1100 0.0 0.0 1.0 3.0 2.1 2.0 1.7 1.5 1.2 1.3 0.9 0.2 
7                189 275 1000 0.0 0.0 1.2 3.5 2.3 2.2 2.0 2.0 1.8 1.9 1.3 0.4
8                189 275 1050 0.0 0.0 1.4 3.0 2.1 2.2 2.0 1.9 1.7 1.6 1.0 0.3
9                189 275 1100 0.0 0.0 1.1 3.3 2.3 2.3 1.9 1.7 1.4 1.4 1.0 0.3

10 189 334 1000 0.1 0.0 1.4 3.9 2.6 2.6 2.4 2.3 2.2 2.1 1.5 0.4 
11 189 334 1050 0.0 0.0 1.6 3.4 2.4 2.5 2.3 2.2 2.0 1.9 1.1 0.3 
12 189 334 1100 0.0 0.0 1.3 3.6 2.6 2.6 2.1 1.9 1.6 1.6 1.1 0.3 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.17: Chlorophyll a Monthly Average Concentrations at Station CR346.4 
for Projected Future (250 MGD Average Annual Effluent) Flow Rate 1 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

13                250 125 1000 0.0 0.0 0.9 2.3 1.5 1.4 1.2 1.1 1.0 1.3 1.0 0.3
14                250 125 1050 0.0 0.0 0.9 2.2 1.5 1.4 1.2 1.1 0.9 1.0 0.7 0.2
15                250 125 1100 0.0 0.0 0.7 2.5 1.6 1.5 1.2 1.0 0.8 1.0 0.7 0.2
16 250 225 1000 0.0 0.0 1.3 3.0 2.0 1.9 1.7 1.6 1.5 1.7 1.2 0.4 
17 250 225 1050 0.0 0.0 1.3 2.7 1.9 1.9 1.7 1.6 1.4 1.4 0.9 0.2 
18 250 225 1100 0.0 0.0 1.1 2.9 2.1 2.0 1.6 1.4 1.2 1.3 0.9 0.2 
19                250 275 1000 0.0 0.0 1.5 3.3 2.2 2.2 2.0 1.9 1.8 1.9 1.3 0.4
20                250 275 1050 0.0 0.0 1.5 3.0 2.1 2.2 2.0 1.8 1.7 1.6 1.0 0.3
21                250 275 1100 0.0 0.0 1.2 3.2 2.3 2.2 1.8 1.6 1.3 1.4 0.9 0.2
22 250 334 1000 0.1 0.0 1.7 3.7 2.5 2.5 2.3 2.2 2.1 2.1 1.4 0.5 
23 250 334 1050 0.0 0.0 1.6 3.3 2.4 2.5 2.2 2.1 1.9 1.8 1.1 0.3 
24 250 334 1100 0.0 0.0 1.4 3.5 2.5 2.5 2.1 1.8 1.5 1.6 1.0 0.3 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.18: Chlorophyll a Monthly Average Concentrations at Station CR346.4 
for Projected Future (300 MGD Average Annual Effluent) Flow Rate 2 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

25                300 125 1000 0.0 0.0 1.0 2.3 1.5 1.4 1.2 1.1 1.0 1.3 1.0 0.3
26                300 125 1050 0.0 0.0 0.9 2.2 1.4 1.4 1.2 1.1 0.9 1.0 0.7 0.2
27                300 125 1100 0.0 0.0 0.8 2.4 1.6 1.5 1.2 1.0 0.8 0.9 0.7 0.2
28 300 225 1000 0.0 0.0 1.4 2.9 2.0 1.9 1.7 1.6 1.5 1.6 1.2 0.4 
29 300 225 1050 0.0 0.0 1.2 2.8 1.9 1.9 1.7 1.5 1.4 1.4 0.9 0.2 
30 300 225 1100 0.0 0.0 1.1 2.9 2.0 2.0 1.6 1.4 1.1 1.2 0.8 0.2 
31                300 275 1000 0.0 0.0 1.6 3.2 2.2 2.1 1.9 1.8 1.7 1.8 1.3 0.4
32                300 275 1050 0.0 0.0 1.4 3.0 2.1 2.1 1.9 1.8 1.6 1.5 0.9 0.3
33                300 275 1100 0.0 0.0 1.3 3.1 2.2 2.2 1.8 1.6 1.3 1.4 0.9 0.2
34 300 334 1000 0.1 0.0 1.8 3.6 2.5 2.4 2.2 2.1 2.0 2.1 1.4 0.4 
35 300 334 1050 0.0 0.0 1.6 3.4 2.4 2.4 2.2 2.1 1.9 1.8 1.1 0.3 
36 300 334 1100 0.0 0.0 1.4 3.4 2.5 2.4 2.0 1.8 1.5 1.5 1.0 0.3 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.19: Chlorophyll a Monthly Average Concentrations at Station CR350SE0.55 
for Present (189 MGD Average Annual Effluent) Flow Rates 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

1                189 125 1000 0.0 0.0 0.9 2.2 1.3 1.1 0.9 0.9 0.9 1.4 1.1 0.2
2                189 125 1050 0.0 0.0 1.0 2.2 1.4 1.3 1.0 1.0 0.9 1.0 0.7 0.2
3                189 125 1100 0.0 0.0 0.8 2.6 1.6 1.3 1.0 0.9 0.7 1.0 0.7 0.2
4 189 225 1000 0.0 0.0 1.2 2.8 1.7 1.4 1.1 1.2 1.3 1.7 1.2 0.3 
5 189 225 1050 0.0 0.0 1.5 2.7 1.9 1.6 1.3 1.3 1.3 1.4 0.9 0.2 
6 189 225 1100 0.0 0.0 1.0 3.1 2.0 1.7 1.3 1.1 1.0 1.2 0.9 0.2 
7                189 275 1000 0.0 0.0 1.4 3.1 1.8 1.6 1.3 1.4 1.5 1.8 1.3 0.3
8                189 275 1050 0.0 0.0 1.7 3.0 2.1 1.8 1.5 1.5 1.5 1.5 0.9 0.2
9                189 275 1100 0.0 0.0 1.2 3.3 2.2 1.8 1.4 1.2 1.1 1.3 0.9 0.2

10 189 334 1000 0.0 0.0 1.5 3.4 2.1 1.8 1.5 1.6 1.8 2.0 1.4 0.3 
11 189 334 1050 0.0 0.0 1.9 3.3 2.3 2.1 1.7 1.7 1.8 1.7 1.0 0.2 
12 189 334 1100 0.0 0.0 1.4 3.5 2.5 2.0 1.6 1.4 1.3 1.4 1.0 0.2 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.20: Chlorophyll a Monthly Average Concentrations at Station CR350SE0.55 
for Projected Future (250 MGD Average Annual Effluent) Flow Rate 1 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

13                250 125 1000 0.0 0.0 1.0 2.1 1.3 1.1 0.8 0.9 0.9 1.4 1.1 0.2
14                250 125 1050 0.0 0.0 1.1 2.2 1.4 1.2 1.0 0.9 0.9 1.0 0.7 0.2
15                250 125 1100 0.0 0.0 0.8 2.6 1.6 1.3 1.0 0.9 0.7 1.0 0.7 0.2
16 250 225 1000 0.0 0.0 1.4 2.6 1.6 1.4 1.1 1.2 1.3 1.7 1.2 0.3 
17 250 225 1050 0.0 0.0 1.5 2.7 1.8 1.6 1.3 1.3 1.3 1.3 0.8 0.2 
18 250 225 1100 0.0 0.0 1.1 3.0 2.0 1.7 1.3 1.1 1.0 1.2 0.9 0.2 
19                250 275 1000 0.0 0.0 1.6 2.9 1.8 1.5 1.2 1.3 1.5 1.8 1.3 0.3
20                250 275 1050 0.0 0.0 1.8 2.9 2.0 1.8 1.5 1.5 1.5 1.5 0.9 0.2
21                250 275 1100 0.0 0.0 1.3 3.2 2.2 1.8 1.4 1.2 1.1 1.3 0.9 0.2
22 250 334 1000 0.0 0.0 1.8 3.2 2.0 1.7 1.4 1.5 1.7 1.9 1.3 0.3 
23 250 334 1050 0.0 0.0 2.0 3.2 2.3 2.0 1.7 1.7 1.7 1.7 1.0 0.2 
24 250 334 1100 0.0 0.0 1.5 3.5 2.5 2.0 1.6 1.4 1.3 1.4 1.0 0.2 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Table E.21: Chlorophyll a Monthly Average Concentrations at Station CR350SE0.55 
for Projected Future (300 MGD Average Annual Effluent) Flow Rate 2 

 
Run 

# 
Flow 
Rate 

(MGD) 
TP Load 
(lbs/day) 

WSEL 
(ft) Jan            Feb Mar April May June July Aug Sep Oct Nov Dec

25                300 125 1000 0.0 0.0 1.1 2.1 1.3 1.1 0.8 0.8 0.9 1.4 1.1 0.2
26                300 125 1050 0.0 0.0 1.1 2.2 1.4 1.2 1.0 0.9 0.8 1.0 0.7 0.2
27                300 125 1100 0.0 0.0 0.9 2.5 1.6 1.3 1.0 0.8 0.7 1.0 0.7 0.2
28 300 225 1000 0.0 0.0 1.5 2.6 1.6 1.4 1.1 1.2 1.2 1.6 1.2 0.3 
29 300 225 1050 0.0 0.0 1.5 2.7 1.8 1.6 1.3 1.3 1.2 1.3 0.8 0.2 
30 300 225 1100 0.0 0.0 1.2 3.0 2.0 1.6 1.3 1.1 1.0 1.2 0.9 0.2 
31                300 275 1000 0.0 0.0 1.7 2.8 1.8 1.5 1.2 1.3 1.4 1.8 1.2 0.3
32                300 275 1050 0.0 0.0 1.7 3.0 2.0 1.8 1.5 1.4 1.4 1.5 0.9 0.2
33                300 275 1100 0.0 0.0 1.4 3.2 2.2 1.8 1.4 1.2 1.1 1.3 0.9 0.2
34 300 334 1000 0.0 0.1 1.9 3.1 2.0 1.7 1.4 1.5 1.7 1.9 1.3 0.3 
35 300 334 1050 0.0 0.0 2.0 3.3 2.2 2.0 1.7 1.7 1.6 1.6 1.0 0.2 
36 300 334 1100 0.0 0.0 1.6 3.4 2.4 2.0 1.6 1.3 1.2 1.4 1.0 0.2 

1. Values are calculated for second year of simulation (2007) only, using daily output from simulation. 
2. All chlorophyll a concentrations are reported in µg/L. 
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Figure E.1

Chlorophyll a - Growing Season Average
WSEL = 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.2

Chlorophyll a - Growing Season Average
WSEL = 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.3

Chlorophyll a - Growing Season Average
WSEL = 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.4

Chlorophyll a - Growing Season Average
WSEL = 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.5

Chlorophyll a - Growing Season Average
WSEL = 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.6

Chlorophyll a - Growing Season Average
WSEL = 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.7

Chlorophyll a - Growing Season Average
WSEL = 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.8

Chlorophyll a - Growing Season Average
WSEL = 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.9

Chlorophyll a - Growing Season Average
WSEL = 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.10

Chlorophyll a - Station LWLVB1.2
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.11

Chlorophyll a - Station LWLVB1.2
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.12

Chlorophyll a - Station LWLVB1.2
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.13

Chlorophyll a - Station LWLVB1.2
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.14

Chlorophyll a - Station LWLVB1.2
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.15

Chlorophyll a - Station LWLVB1.2
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.16

Chlorophyll a - Station LWLVB1.2
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.17

Chlorophyll a - Station LWLVB1.2
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.18

Chlorophyll a - Station LWLVB1.2
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.19

Chlorophyll a - Station LWLVB1.85
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.20

Chlorophyll a - Station LWLVB1.85
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.21

Chlorophyll a - Station LWLVB1.85
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.22

Chlorophyll a - Station LWLVB1.85
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.23

Chlorophyll a - Station LWLVB1.85
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.24

Chlorophyll a - Station LWLVB1.85
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD

date

ch
lo

ro
ph

yl
la

(μ
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

10
20
30
40
50
60
70

Run 24 - TP Load 334 lbs/day
Run 21 - TP Load 275 lbs/day
Run 18 - TP Load 225 lbs/day
Run 15 - TP Load 125 lbs/day

Top 5 Meter Average

Summer
Average (40 μg/L)



Appendix_E.ppt
FSI V084015 Task 13
March 3, 2011

Figure E.25

Chlorophyll a - Station LWLVB1.85
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.26

Chlorophyll a - Station LWLVB1.85
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.27

Chlorophyll a - Station LWLVB1.85
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.28

Chlorophyll a - Station LWLVB2.7
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.29

Chlorophyll a - Station LWLVB2.7
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.30

Chlorophyll a - Station LWLVB2.7
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.31

Chlorophyll a - Station LWLVB2.7
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD

date

ch
lo

ro
ph

yl
la

(μ
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

10
20
30
40
50
60
70

Run 22 - TP Load 334 lbs/day
Run 19 - TP Load 275 lbs/day
Run 16 - TP Load 225 lbs/day
Run 13 - TP Load 125 lbs/day

Top 5 Meter Average

Growing Season
Average (16 μg/L)



Appendix_E.ppt
FSI V084015 Task 13
March 3, 2011

Figure E.32

Chlorophyll a - Station LWLVB2.7
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.33

Chlorophyll a - Station LWLVB2.7
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.34

Chlorophyll a - Station LWLVB2.7
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.35

Chlorophyll a - Station LWLVB2.7
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.36

Chlorophyll a - Station LWLVB2.7
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.37

Chlorophyll a - Station LWLVB3.5
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.38

Chlorophyll a - Station LWLVB3.5
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.39

Chlorophyll a - Station LWLVB3.5
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.40

Chlorophyll a - Station LWLVB3.5
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.41

Chlorophyll a - Station LWLVB3.5
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.42

Chlorophyll a - Station LWLVB3.5
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.43

Chlorophyll a - Station LWLVB3.5
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.44

Chlorophyll a - Station LWLVB3.5
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.45

Chlorophyll a - Station LWLVB3.5
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.46

Chlorophyll a - SNWA Intakes
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.47

Chlorophyll a - SNWA Intakes
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.48

Chlorophyll a - SNWA Intakes
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.49

Chlorophyll a - SNWA Intakes
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.50

Chlorophyll a - SNWA Intakes
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.51

Chlorophyll a - SNWA Intakes
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.52

Chlorophyll a - SNWA Intakes
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.53

Chlorophyll a - SNWA Intakes
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.54

Chlorophyll a - SNWA Intakes
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.55

Chlorophyll a - Station BB3
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.56

Chlorophyll a - Station BB3
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.57

Chlorophyll a - Station BB3
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.58

Chlorophyll a - Station BB3
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.59

Chlorophyll a - Station BB3
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD

date

ch
lo

ro
ph

yl
la

(μ
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

5

10

15

20

Run 23 - TP Load 334 lbs/day
Run 20 - TP Load 275 lbs/day
Run 17 - TP Load 225 lbs/day
Run 14 - TP Load 125 lbs/day

Top 5 Meter Average

Annual 95th

Percentile (10 μg/L)

Growing Season
Average (5 μg/L)



Appendix_E.ppt
FSI V084015 Task 13
March 3, 2011

Figure E.60

Chlorophyll a - Station BB3
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.61

Chlorophyll a - Station BB3
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.62

Chlorophyll a - Station BB3
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.63

Chlorophyll a - Station BB3
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.64

Chlorophyll a - Station CR346.4
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.65

Chlorophyll a - Station CR346.4
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.66

Chlorophyll a - Station CR346.4
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.67

Chlorophyll a - Station CR346.4
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.68

Chlorophyll a - Station CR346.4
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.69

Chlorophyll a - Station CR346.4
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD

date

ch
lo

ro
ph

yl
la

(μ
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

5

10

15

20

Run 24 - TP Load 334 lbs/day
Run 21 - TP Load 275 lbs/day
Run 18 - TP Load 225 lbs/day
Run 15 - TP Load 125 lbs/day

Top 5 Meter Average

Annual 95th

Percentile (10 μg/L)

Growing Season
Average (5 μg/L)



Appendix_E.ppt
FSI V084015 Task 13
March 3, 2011

Figure E.70

Chlorophyll a - Station CR346.4
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD

date

ch
lo

ro
ph

yl
la

(μ
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

5

10

15

20

Run 34 - TP Load 334 lbs/day
Run 31 - TP Load 275 lbs/day
Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

Top 5 Meter Average

Annual 95th

Percentile (10 μg/L)

Growing Season
Average (5 μg/L)



Appendix_E.ppt
FSI V084015 Task 13
March 3, 2011

Figure E.71

Chlorophyll a - Station CR346.4
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.72

Chlorophyll a - Station CR346.4
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.73

Chlorophyll a - Hoover Dam
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.74

Chlorophyll a - Hoover Dam
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure E.75

Chlorophyll a - Hoover Dam
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD

date

ch
lo

ro
ph

yl
la

(μ
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

5

10

15

20

Run 12 - TP Load 334 lbs/day
Run 9 - TP Load 275 lbs/day
Run 6 - TP Load 225 lbs/day
Run 3 - TP Load 125 lbs/day

Top 5 Meter Average



Appendix_E.ppt
FSI V084015 Task 13
March 3, 2011

Figure E.76

Chlorophyll a - Hoover Dam
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.77

Chlorophyll a - Hoover Dam
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.78

Chlorophyll a - Hoover Dam
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure E.79

Chlorophyll a - Hoover Dam
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.80

Chlorophyll a - Hoover Dam
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure E.81

Chlorophyll a - Hoover Dam
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Effluent Tracer Concentration Figures 
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This appendix contains time-series figures of effluent tracer concentration for the 
thirty-six ELCOM/CAEDYM model simulations.  Figures show the surface and 
hypolimnion concentrations of effluent tracer for each station, with the exception of the 
SNWA Intakes and Hoover Dam Outlets which show the effluent tracer concentration at 
their specific elevations.  The figures plot simulations with the same total phosphorus 
loading and water surface elevation (WSEL) to compare the three different effluent flow 
rates. 

Time-series figures are ordered by station beginning with stations closest to the Las 
Vegas Wash, progressing into open water, and ending at the Hoover Dam.  For each 
station, figures are ordered first by total phosphorus load (lowest to highest) and then by 
WSEL (lowest to highest). 
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Figure F.1

Effluent Tracer Concentration - Station LWLVB1.2
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Figure F.2

Effluent Tracer Concentration - Station LWLVB1.2
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Figure F.3

Effluent Tracer Concentration - Station LWLVB1.2
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Figure F.4

Effluent Tracer Concentration - Station LWLVB1.2
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Figure F.5

Effluent Tracer Concentration - Station LWLVB1.2
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Figure F.6

Effluent Tracer Concentration - Station LWLVB1.2
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Figure F.7

Effluent Tracer Concentration - Station LWLVB1.2
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Figure F.8

Effluent Tracer Concentration - Station LWLVB1.2
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Figure F.9

Effluent Tracer Concentration - Station LWLVB1.2
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Figure F.10

Effluent Tracer Concentration - Station LWLVB1.2
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Figure F.11

Effluent Tracer Concentration - Station LWLVB1.2
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Figure F.12

Effluent Tracer Concentration - Station LWLVB1.2
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Figure F.13

Effluent Tracer Concentration - Station LWLVB1.85
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Figure F.14

Effluent Tracer Concentration - Station LWLVB1.85
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Figure F.15

Effluent Tracer Concentration - Station LWLVB1.85
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Figure F.16

Effluent Tracer Concentration - Station LWLVB1.85
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Figure F.17

Effluent Tracer Concentration - Station LWLVB1.85
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Figure F.18

Effluent Tracer Concentration - Station LWLVB1.85
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Figure F.19

Effluent Tracer Concentration - Station LWLVB1.85
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Figure F.20

Effluent Tracer Concentration - Station LWLVB1.85
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Figure F.21

Effluent Tracer Concentration - Station LWLVB1.85
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Figure F.22

Effluent Tracer Concentration - Station LWLVB1.85
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Figure F.23

Effluent Tracer Concentration - Station LWLVB1.85
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Figure F.24

Effluent Tracer Concentration - Station LWLVB1.85
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Figure F.25

Effluent Tracer Concentration - Station LWLVB2.7
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet
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Figure F.26

Effluent Tracer Concentration - Station LWLVB2.7
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day

date

ef
flu

en
tt

ra
ce

r(
%

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

10
20
30
40
50
60
70

Surface

date

ef
flu

en
tt

ra
ce

r(
%

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

10
20
30
40
50
60
70

Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet
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Figure F.27

Effluent Tracer Concentration - Station LWLVB2.7
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet
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Figure F.28

Effluent Tracer Concentration - Station LWLVB2.7
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet
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Figure F.29

Effluent Tracer Concentration - Station LWLVB2.7
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet
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Figure F.30

Effluent Tracer Concentration - Station LWLVB2.7
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet
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Figure F.31

Effluent Tracer Concentration - Station LWLVB2.7
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet
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Figure F.32

Effluent Tracer Concentration - Station LWLVB2.7
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 20 - Annual Average Effluent Flow Rate 250 MGD
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Hypolimnion - Elevation 889 feet



Appendix_F.ppt
FSI V084015 Task 13
March 3, 2011

Figure F.33

Effluent Tracer Concentration - Station LWLVB2.7
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet
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Figure F.34

Effluent Tracer Concentration - Station LWLVB2.7
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet
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Figure F.35

Effluent Tracer Concentration - Station LWLVB2.7
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet
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Figure F.36

Effluent Tracer Concentration - Station LWLVB2.7
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet
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Figure F.37

Effluent Tracer Concentration - Station LWLVB3.5
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 778 feet
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Figure F.38

Effluent Tracer Concentration - Station LWLVB3.5
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet
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Figure F.39

Effluent Tracer Concentration - Station LWLVB3.5
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet
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Figure F.40

Effluent Tracer Concentration - Station LWLVB3.5
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 778 feet
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Figure F.41

Effluent Tracer Concentration - Station LWLVB3.5
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day

date

ef
flu

en
tt

ra
ce

r(
%

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

10
20
30
40
50
60
70

Surface

date

ef
flu

en
tt

ra
ce

r(
%

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

10
20
30
40
50
60
70
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Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet
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Figure F.42

Effluent Tracer Concentration - Station LWLVB3.5
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet
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Figure F.43

Effluent Tracer Concentration - Station LWLVB3.5
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 778 feet
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Figure F.44

Effluent Tracer Concentration - Station LWLVB3.5
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet
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Figure F.45

Effluent Tracer Concentration - Station LWLVB3.5
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet
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Figure F.46

Effluent Tracer Concentration - Station LWLVB3.5
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 778 feet
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Figure F.47

Effluent Tracer Concentration - Station LWLVB3.5
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet
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Figure F.48

Effluent Tracer Concentration - Station LWLVB3.5
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet
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Figure F.49

Effluent Tracer Concentration - SNWA Intakes
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Figure F.50

Effluent Tracer Concentration - SNWA Intakes
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Figure F.51

Effluent Tracer Concentration - SNWA Intakes
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Figure F.52

Effluent Tracer Concentration - SNWA Intakes
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Figure F.53

Effluent Tracer Concentration - SNWA Intakes
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Figure F.54

Effluent Tracer Concentration - SNWA Intakes
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Figure F.55

Effluent Tracer Concentration - SNWA Intakes
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Figure F.56

Effluent Tracer Concentration - SNWA Intakes
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 8 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Figure F.57

Effluent Tracer Concentration - SNWA Intakes
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Figure F.58

Effluent Tracer Concentration - SNWA Intakes
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Figure F.59

Effluent Tracer Concentration - SNWA Intakes
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Figure F.60

Effluent Tracer Concentration - SNWA Intakes
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Figure F.61

Effluent Tracer Concentration - Station BB3
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Figure F.62

Effluent Tracer Concentration - Station BB3
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Figure F.63

Effluent Tracer Concentration - Station BB3
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Figure F.64

Effluent Tracer Concentration - Station BB3
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Figure F.65

Effluent Tracer Concentration - Station BB3
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Figure F.66

Effluent Tracer Concentration - Station BB3
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Figure F.67

Effluent Tracer Concentration - Station BB3
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Figure F.68

Effluent Tracer Concentration - Station BB3
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Figure F.69

Effluent Tracer Concentration - Station BB3
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Figure F.70

Effluent Tracer Concentration - Station BB3
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Figure F.71

Effluent Tracer Concentration - Station BB3
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Figure F.72

Effluent Tracer Concentration - Station BB3
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Figure F.73

Effluent Tracer Concentration - Station CR346.4
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 771 feet
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Figure F.74

Effluent Tracer Concentration - Station CR346.4
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 824 feet
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Figure F.75

Effluent Tracer Concentration - Station CR346.4
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 870 feet
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Figure F.76

Effluent Tracer Concentration - Station CR346.4
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 771 feet



Appendix_F.ppt
FSI V084015 Task 13
March 3, 2011

Figure F.77

Effluent Tracer Concentration - Station CR346.4
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 824 feet
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Figure F.78

Effluent Tracer Concentration - Station CR346.4
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 870 feet
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Figure F.79

Effluent Tracer Concentration - Station CR346.4
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 771 feet
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Figure F.80

Effluent Tracer Concentration - Station CR346.4
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 824 feet
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Figure F.81

Effluent Tracer Concentration - Station CR346.4
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 870 feet
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Figure F.82

Effluent Tracer Concentration - Station CR346.4
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 771 feet
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Figure F.83

Effluent Tracer Concentration - Station CR346.4
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 824 feet
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Figure F.84

Effluent Tracer Concentration - Station CR346.4
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day

date

ef
flu

en
tt

ra
ce

r(
%

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

4

8

12

16

20
Surface

date

ef
flu

en
tt

ra
ce

r(
%

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

4

8

12

16

20

Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 870 feet
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Figure F.85

Effluent Tracer Concentration - Hoover Dam
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure F.86

Effluent Tracer Concentration - Hoover Dam
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.



Appendix_F.ppt
FSI V084015 Task 13
March 3, 2011

Figure F.87

Effluent Tracer Concentration - Hoover Dam
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Figure F.88

Effluent Tracer Concentration - Hoover Dam
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure F.89

Effluent Tracer Concentration - Hoover Dam
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure F.90

Effluent Tracer Concentration - Hoover Dam
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.



Appendix_F.ppt
FSI V084015 Task 13
March 3, 2011

Figure F.91

Effluent Tracer Concentration - Hoover Dam
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure F.92

Effluent Tracer Concentration - Hoover Dam
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure F.93

Effluent Tracer Concentration - Hoover Dam
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Figure F.94

Effluent Tracer Concentration - Hoover Dam
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure F.95

Effluent Tracer Concentration - Hoover Dam
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure F.96

Effluent Tracer Concentration - Hoover Dam
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Total Phosphorus Figures 
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This appendix contains time-series figures of total phosphorus (TP) concentrations for 
the thirty-six ELCOM/CAEDYM model simulations.  Figures show the surface and 
hypolimnion concentrations of TP for each station, with the exception of the SNWA 
Intakes and Hoover Dam Outlets which show the TP concentrations at their specific 
elevations.  The figures plot simulations with the same effluent flow rate and water 
surface elevation (WSEL) to compare the four different total phosphorus loadings. 

Time-series figures are ordered by station beginning with stations closest to the Las 
Vegas Wash, progressing into open water, and ending at the Hoover Dam.  For each 
station, figures are ordered first by effluent flow rate (lowest to highest) and then by 
WSEL (lowest to highest). 
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Figure G.1

Total Phosphorus - Station LWLVB1.2
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 7 - TP Load 275 lbs/day
Run 4 - TP Load 225 lbs/day
Run 1 - TP Load 125 lbs/day

Hypolimnion - Elevation 942 feet
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Figure G.2

Total Phosphorus - Station LWLVB1.2
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 8 - TP Load 275 lbs/day
Run 5 - TP Load 225 lbs/day
Run 2 - TP Load 125 lbs/day

Hypolimnion - Elevation 1,001 feet
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Figure G.3

Total Phosphorus - Station LWLVB1.2
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 12 - TP Load 334 lbs/day
Run 9 - TP Load 275 lbs/day
Run 6 - TP Load 225 lbs/day
Run 3 - TP Load 125 lbs/day

Hypolimnion - Elevation 1,047 feet
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Figure G.4

Total Phosphorus - Station LWLVB1.2
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 22 - TP Load 334 lbs/day
Run 19 - TP Load 275 lbs/day
Run 16 - TP Load 225 lbs/day
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Hypolimnion - Elevation 942 feet
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Figure G.5

Total Phosphorus - Station LWLVB1.2
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 20 - TP Load 275 lbs/day
Run 17 - TP Load 225 lbs/day
Run 14 - TP Load 125 lbs/day

Hypolimnion - Elevation 1,001 feet
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Figure G.6

Total Phosphorus - Station LWLVB1.2
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure G.7

Total Phosphorus - Station LWLVB1.2
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 34 - TP Load 334 lbs/day
Run 31 - TP Load 275 lbs/day
Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

Hypolimnion - Elevation 942 feet
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Figure G.8

Total Phosphorus - Station LWLVB1.2
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
Run 26 - TP Load 125 lbs/day

Hypolimnion - Elevation 1,001 feet
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Figure G.9

Total Phosphorus - Station LWLVB1.2
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 36 - TP Load 334 lbs/day
Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

Hypolimnion - Elevation 1,047 feet
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Figure G.10

Total Phosphorus - Station LWLVB1.85
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure G.11

Total Phosphorus - Station LWLVB1.85
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure G.12

Total Phosphorus - Station LWLVB1.85
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure G.13

Total Phosphorus - Station LWLVB1.85
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 13 - TP Load 125 lbs/day
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Figure G.14

Total Phosphorus - Station LWLVB1.85
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.02

0.04

0.06

0.08

0.1

0.12
Surface

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.02

0.04

0.06

0.08

0.1

0.12

Run 23 - TP Load 334 lbs/day
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Run 14 - TP Load 125 lbs/day

Hypolimnion - Elevation 962 feet
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Figure G.15

Total Phosphorus - Station LWLVB1.85
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.02

0.04

0.06

0.08

0.1

0.12
Surface

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.02

0.04

0.06

0.08

0.1

0.12

Run 24 - TP Load 334 lbs/day
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Run 15 - TP Load 125 lbs/day

Hypolimnion - Elevation 1,001 feet
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Figure G.16

Total Phosphorus - Station LWLVB1.85
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 25 - TP Load 125 lbs/day

Hypolimnion - Elevation 903 feet
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Figure G.17

Total Phosphorus - Station LWLVB1.85
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 35 - TP Load 334 lbs/day
Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
Run 26 - TP Load 125 lbs/day

Hypolimnion - Elevation 962 feet
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Figure G.18

Total Phosphorus - Station LWLVB1.85
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 36 - TP Load 334 lbs/day
Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

Hypolimnion - Elevation 1,001 feet
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Figure G.19

Total Phosphorus - Station LWLVB2.7
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 4 - TP Load 225 lbs/day
Run 1 - TP Load 125 lbs/day

Hypolimnion - Elevation 830 feet



Appendix_G.ppt
FSI V084015 Task 13
March 3, 2011

Figure G.20

Total Phosphorus - Station LWLVB2.7
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 11 - TP Load 334 lbs/day
Run 8 - TP Load 275 lbs/day
Run 5 - TP Load 225 lbs/day
Run 2 - TP Load 125 lbs/day

Hypolimnion - Elevation 889 feet
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Figure G.21

Total Phosphorus - Station LWLVB2.7
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 12 - TP Load 334 lbs/day
Run 9 - TP Load 275 lbs/day
Run 6 - TP Load 225 lbs/day
Run 3 - TP Load 125 lbs/day

Hypolimnion - Elevation 942 feet
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Figure G.22

Total Phosphorus - Station LWLVB2.7
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.02

0.04

0.06

0.08

0.1

0.12
Surface

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.02

0.04

0.06

0.08

0.1

0.12

Run 22 - TP Load 334 lbs/day
Run 19 - TP Load 275 lbs/day
Run 16 - TP Load 225 lbs/day
Run 13 - TP Load 125 lbs/day

Hypolimnion - Elevation 830 feet
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Figure G.23

Total Phosphorus - Station LWLVB2.7
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 23 - TP Load 334 lbs/day
Run 20 - TP Load 275 lbs/day
Run 17 - TP Load 225 lbs/day
Run 14 - TP Load 125 lbs/day

Hypolimnion - Elevation 889 feet
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Figure G.24

Total Phosphorus - Station LWLVB2.7
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 24 - TP Load 334 lbs/day
Run 21 - TP Load 275 lbs/day
Run 18 - TP Load 225 lbs/day
Run 15 - TP Load 125 lbs/day

Hypolimnion - Elevation 942 feet
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Figure G.25

Total Phosphorus - Station LWLVB2.7
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 34 - TP Load 334 lbs/day
Run 31 - TP Load 275 lbs/day
Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

Hypolimnion - Elevation 830 feet
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Figure G.26

Total Phosphorus - Station LWLVB2.7
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 35 - TP Load 334 lbs/day
Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
Run 26 - TP Load 125 lbs/day

Hypolimnion - Elevation 889 feet
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Figure G.27

Total Phosphorus - Station LWLVB2.7
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 36 - TP Load 334 lbs/day
Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

Hypolimnion - Elevation 942 feet
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Figure G.28

Total Phosphorus - Station LWLVB3.5
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 10 - TP Load 334 lbs/day
Run 7 - TP Load 275 lbs/day
Run 4 - TP Load 225 lbs/day
Run 1 - TP Load 125 lbs/day

Hypolimnion - Elevation 778 feet
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Figure G.29

Total Phosphorus - Station LWLVB3.5
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 11 - TP Load 334 lbs/day
Run 8 - TP Load 275 lbs/day
Run 5 - TP Load 225 lbs/day
Run 2 - TP Load 125 lbs/day

Hypolimnion - Elevation 830 feet
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Figure G.30

Total Phosphorus - Station LWLVB3.5
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 12 - TP Load 334 lbs/day
Run 9 - TP Load 275 lbs/day
Run 6 - TP Load 225 lbs/day
Run 3 - TP Load 125 lbs/day

Hypolimnion - Elevation 889 feet
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Figure G.31

Total Phosphorus - Station LWLVB3.5
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 22 - TP Load 334 lbs/day
Run 19 - TP Load 275 lbs/day
Run 16 - TP Load 225 lbs/day
Run 13 - TP Load 125 lbs/day

Hypolimnion - Elevation 778 feet
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Figure G.32

Total Phosphorus - Station LWLVB3.5
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.02

0.04

0.06

0.08

0.1

0.12
Surface

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.02

0.04

0.06

0.08

0.1

0.12

Run 23 - TP Load 334 lbs/day
Run 20 - TP Load 275 lbs/day
Run 17 - TP Load 225 lbs/day
Run 14 - TP Load 125 lbs/day

Hypolimnion - Elevation 830 feet
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Figure G.33

Total Phosphorus - Station LWLVB3.5
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 24 - TP Load 334 lbs/day
Run 21 - TP Load 275 lbs/day
Run 18 - TP Load 225 lbs/day
Run 15 - TP Load 125 lbs/day

Hypolimnion - Elevation 889 feet
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Figure G.34

Total Phosphorus - Station LWLVB3.5
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 34 - TP Load 334 lbs/day
Run 31 - TP Load 275 lbs/day
Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

Hypolimnion - Elevation 778 feet
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Figure G.35

Total Phosphorus - Station LWLVB3.5
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 35 - TP Load 334 lbs/day
Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
Run 26 - TP Load 125 lbs/day

Hypolimnion - Elevation 830 feet
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Figure G.36

Total Phosphorus - Station LWLVB3.5
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 36 - TP Load 334 lbs/day
Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

Hypolimnion - Elevation 889 feet
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Figure G.37

Total Phosphorus - SNWA Intakes
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 10 - TP Load 334 lbs/day
Run 7 - TP Load 275 lbs/day
Run 4 - TP Load 225 lbs/day
Run 1 - TP Load 125 lbs/day

SNWA Intake #3 - Elevation 860 feet



Appendix_G.ppt
FSI V084015 Task 13
March 3, 2011

Figure G.38

Total Phosphorus - SNWA Intakes
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 11 - TP Load 334 lbs/day
Run 8 - TP Load 275 lbs/day
Run 5 - TP Load 225 lbs/day
Run 2 - TP Load 125 lbs/day

SNWA Intake #3 - Elevation 860 feet
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Figure G.39

Total Phosphorus - SNWA Intakes
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 12 - TP Load 334 lbs/day
Run 9 - TP Load 275 lbs/day
Run 6 - TP Load 225 lbs/day
Run 3 - TP Load 125 lbs/day

SNWA Intake #3 - Elevation 860 feet
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Figure G.40

Total Phosphorus - SNWA Intakes
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 22 - TP Load 334 lbs/day
Run 19 - TP Load 275 lbs/day
Run 16 - TP Load 225 lbs/day
Run 13 - TP Load 125 lbs/day

SNWA Intake #3 - Elevation 860 feet
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Figure G.41

Total Phosphorus - SNWA Intakes
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05
SNWA Intakes #1 & #2 - Elevation 992 feet

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05

Run 23 - TP Load 334 lbs/day
Run 20 - TP Load 275 lbs/day
Run 17 - TP Load 225 lbs/day
Run 14 - TP Load 125 lbs/day

SNWA Intake #3 - Elevation 860 feet
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Figure G.42

Total Phosphorus - SNWA Intakes
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 24 - TP Load 334 lbs/day
Run 21 - TP Load 275 lbs/day
Run 18 - TP Load 225 lbs/day
Run 15 - TP Load 125 lbs/day

SNWA Intake #3 - Elevation 860 feet
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Figure G.43

Total Phosphorus - SNWA Intakes
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 34 - TP Load 334 lbs/day
Run 31 - TP Load 275 lbs/day
Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

SNWA Intake #3 - Elevation 860 feet
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Figure G.44

Total Phosphorus - SNWA Intakes
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05
SNWA Intakes #1 & #2 - Elevation 992 feet

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05

Run 35 - TP Load 334 lbs/day
Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
Run 26 - TP Load 125 lbs/day

SNWA Intake #3 - Elevation 860 feet
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Figure G.45

Total Phosphorus - SNWA Intakes
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05
SNWA Intakes #1 & #2 - Elevation 992 feet

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05

Run 36 - TP Load 334 lbs/day
Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

SNWA Intake #3 - Elevation 860 feet
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Figure G.46

Total Phosphorus - Station BB3
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 10 - TP Load 334 lbs/day
Run 7 - TP Load 275 lbs/day
Run 4 - TP Load 225 lbs/day
Run 1 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet
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Figure G.47

Total Phosphorus - Station BB3
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 11 - TP Load 334 lbs/day
Run 8 - TP Load 275 lbs/day
Run 5 - TP Load 225 lbs/day
Run 2 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet
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Figure G.48

Total Phosphorus - Station BB3
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 6 - TP Load 225 lbs/day
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Hypolimnion - Elevation 929 feet
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Figure G.49

Total Phosphorus - Station BB3
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 22 - TP Load 334 lbs/day
Run 19 - TP Load 275 lbs/day
Run 16 - TP Load 225 lbs/day
Run 13 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet
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Figure G.50

Total Phosphorus - Station BB3
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 23 - TP Load 334 lbs/day
Run 20 - TP Load 275 lbs/day
Run 17 - TP Load 225 lbs/day
Run 14 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet
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Figure G.51

Total Phosphorus - Station BB3
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05
Surface

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05

Run 24 - TP Load 334 lbs/day
Run 21 - TP Load 275 lbs/day
Run 18 - TP Load 225 lbs/day
Run 15 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet
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Figure G.52

Total Phosphorus - Station BB3
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 34 - TP Load 334 lbs/day
Run 31 - TP Load 275 lbs/day
Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet
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Figure G.53

Total Phosphorus - Station BB3
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 35 - TP Load 334 lbs/day
Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
Run 26 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet
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Figure G.54

Total Phosphorus - Station BB3
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 36 - TP Load 334 lbs/day
Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet
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Figure G.55

Total Phosphorus - Station CR346.4
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Hypolimnion - Elevation 771 feet
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Figure G.56

Total Phosphorus - Station CR346.4
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 11 - TP Load 334 lbs/day
Run 8 - TP Load 275 lbs/day
Run 5 - TP Load 225 lbs/day
Run 2 - TP Load 125 lbs/day

Hypolimnion - Elevation 824 feet



Appendix_G.ppt
FSI V084015 Task 13
March 3, 2011

Figure G.57

Total Phosphorus - Station CR346.4
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 12 - TP Load 334 lbs/day
Run 9 - TP Load 275 lbs/day
Run 6 - TP Load 225 lbs/day
Run 3 - TP Load 125 lbs/day

Hypolimnion - Elevation 870 feet
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Figure G.58

Total Phosphorus - Station CR346.4
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 22 - TP Load 334 lbs/day
Run 19 - TP Load 275 lbs/day
Run 16 - TP Load 225 lbs/day
Run 13 - TP Load 125 lbs/day

Hypolimnion - Elevation 771 feet



Appendix_G.ppt
FSI V084015 Task 13
March 3, 2011

Figure G.59

Total Phosphorus - Station CR346.4
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 23 - TP Load 334 lbs/day
Run 20 - TP Load 275 lbs/day
Run 17 - TP Load 225 lbs/day
Run 14 - TP Load 125 lbs/day

Hypolimnion - Elevation 824 feet
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Figure G.60

Total Phosphorus - Station CR346.4
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05
Surface

date

TP
(m

g
P

/L
)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05

Run 24 - TP Load 334 lbs/day
Run 21 - TP Load 275 lbs/day
Run 18 - TP Load 225 lbs/day
Run 15 - TP Load 125 lbs/day

Hypolimnion - Elevation 870 feet
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Figure G.61

Total Phosphorus - Station CR346.4
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 34 - TP Load 334 lbs/day
Run 31 - TP Load 275 lbs/day
Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

Hypolimnion - Elevation 771 feet
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Figure G.62

Total Phosphorus - Station CR346.4
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 35 - TP Load 334 lbs/day
Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
Run 26 - TP Load 125 lbs/day

Hypolimnion - Elevation 824 feet
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Figure G.63

Total Phosphorus - Station CR346.4
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 36 - TP Load 334 lbs/day
Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

Hypolimnion - Elevation 870 feet
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Figure G.64

Total Phosphorus - Hoover Dam
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD

date

TP
(m

g
P/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05

Run 10 - TP Load 334 lbs/day
Run 7 - TP Load 275 lbs/day
Run 4 - TP Load 225 lbs/day
Run 1 - TP Load 125 lbs/day

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure G.65

Total Phosphorus - Hoover Dam
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 11 - TP Load 334 lbs/day
Run 8 - TP Load 275 lbs/day
Run 5 - TP Load 225 lbs/day
Run 2 - TP Load 125 lbs/day

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure G.66

Total Phosphorus - Hoover Dam
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 12 - TP Load 334 lbs/day
Run 9 - TP Load 275 lbs/day
Run 6 - TP Load 225 lbs/day
Run 3 - TP Load 125 lbs/day

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Figure G.67

Total Phosphorus - Hoover Dam
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 22 - TP Load 334 lbs/day
Run 19 - TP Load 275 lbs/day
Run 16 - TP Load 225 lbs/day
Run 13 - TP Load 125 lbs/day

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure G.68

Total Phosphorus - Hoover Dam
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD

date

TP
(m

g
P/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05

Run 23 - TP Load 334 lbs/day
Run 20 - TP Load 275 lbs/day
Run 17 - TP Load 225 lbs/day
Run 14 - TP Load 125 lbs/day

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.



Appendix_G.ppt
FSI V084015 Task 13
March 3, 2011

Figure G.69

Total Phosphorus - Hoover Dam
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 24 - TP Load 334 lbs/day
Run 21 - TP Load 275 lbs/day
Run 18 - TP Load 225 lbs/day
Run 15 - TP Load 125 lbs/day

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Figure G.70

Total Phosphorus - Hoover Dam
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 34 - TP Load 334 lbs/day
Run 31 - TP Load 275 lbs/day
Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure G.71

Total Phosphorus - Hoover Dam
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 35 - TP Load 334 lbs/day
Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
Run 26 - TP Load 125 lbs/day

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure G.72

Total Phosphorus - Hoover Dam
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 36 - TP Load 334 lbs/day
Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Filterable Reactive Phosphorus Figures 
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This appendix contains time-series figures of filterable reactive phosphorus (FRP) 
concentrations for the thirty-six ELCOM/CAEDYM model simulations.  Figures show 
the surface and hypolimnion concentrations of FRP for each station, with the exception of 
the SNWA Intakes and Hoover Dam Outlets which show the FRP concentrations at their 
specific elevations.  The figures plot simulations with the same effluent flow rate and 
water surface elevation (WSEL) to compare the four different total phosphorus loadings. 

Time-series figures are ordered by station beginning with stations closest to the Las 
Vegas Wash, progressing into open water, and ending at the Hoover Dam.  For each 
station, figures are ordered first by effluent flow rate (lowest to highest) and then by 
WSEL (lowest to highest). 
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Filterable Reactive Phosphorus - Station LWLVB1.2
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Filterable Reactive Phosphorus - Station LWLVB1.2
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Filterable Reactive Phosphorus - Station LWLVB1.2
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Filterable Reactive Phosphorus - Station LWLVB1.2
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Filterable Reactive Phosphorus - Station LWLVB1.2
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 14 - TP Load 125 lbs/day

Hypolimnion - Elevation 1,001 feet



Figure H.6
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Filterable Reactive Phosphorus - Station LWLVB1.2
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 24 - TP Load 334 lbs/day
Run 21 - TP Load 275 lbs/day
Run 18 - TP Load 225 lbs/day
Run 15 - TP Load 125 lbs/day

Hypolimnion - Elevation 1,047 feet



Figure H.7
Appendix_H.ppt
FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB1.2
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 34 - TP Load 334 lbs/day
Run 31 - TP Load 275 lbs/day
Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

Hypolimnion - Elevation 942 feet



Figure H.8
Appendix_H.ppt
FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB1.2
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD

date

FR
P

(m
g

P/
L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05

0.06
Surface

date

FR
P

(m
g

P/
L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05

0.06

Run 35 - TP Load 334 lbs/day
Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
Run 26 - TP Load 125 lbs/day

Hypolimnion - Elevation 1,001 feet



Figure H.9
Appendix_H.ppt
FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB1.2
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 36 - TP Load 334 lbs/day
Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

Hypolimnion - Elevation 1,047 feet



Figure H.10
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FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB1.85
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 10 - TP Load 334 lbs/day
Run 7 - TP Load 275 lbs/day
Run 4 - TP Load 225 lbs/day
Run 1 - TP Load 125 lbs/day

Hypolimnion - Elevation 903 feet



Figure H.11
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FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB1.85
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 11 - TP Load 334 lbs/day
Run 8 - TP Load 275 lbs/day
Run 5 - TP Load 225 lbs/day
Run 2 - TP Load 125 lbs/day

Hypolimnion - Elevation 962 feet



Figure H.12
Appendix_H.ppt
FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB1.85
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 12 - TP Load 334 lbs/day
Run 9 - TP Load 275 lbs/day
Run 6 - TP Load 225 lbs/day
Run 3 - TP Load 125 lbs/day

Hypolimnion - Elevation 1,001 feet



Figure H.13
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FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB1.85
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 22 - TP Load 334 lbs/day
Run 19 - TP Load 275 lbs/day
Run 16 - TP Load 225 lbs/day
Run 13 - TP Load 125 lbs/day

Hypolimnion - Elevation 903 feet



Figure H.14
Appendix_H.ppt
FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB1.85
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 23 - TP Load 334 lbs/day
Run 20 - TP Load 275 lbs/day
Run 17 - TP Load 225 lbs/day
Run 14 - TP Load 125 lbs/day

Hypolimnion - Elevation 962 feet



Figure H.15
Appendix_H.ppt
FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB1.85
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 24 - TP Load 334 lbs/day
Run 21 - TP Load 275 lbs/day
Run 18 - TP Load 225 lbs/day
Run 15 - TP Load 125 lbs/day

Hypolimnion - Elevation 1,001 feet



Figure H.16
Appendix_H.ppt
FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB1.85
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 34 - TP Load 334 lbs/day
Run 31 - TP Load 275 lbs/day
Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

Hypolimnion - Elevation 903 feet



Figure H.17
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FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB1.85
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 35 - TP Load 334 lbs/day
Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
Run 26 - TP Load 125 lbs/day

Hypolimnion - Elevation 962 feet



Figure H.18
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FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB1.85
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 36 - TP Load 334 lbs/day
Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

Hypolimnion - Elevation 1,001 feet



Figure H.19
Appendix_H.ppt
FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB2.7
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 10 - TP Load 334 lbs/day
Run 7 - TP Load 275 lbs/day
Run 4 - TP Load 225 lbs/day
Run 1 - TP Load 125 lbs/day

Hypolimnion - Elevation 830 feet



Figure H.20
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FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB2.7
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 11 - TP Load 334 lbs/day
Run 8 - TP Load 275 lbs/day
Run 5 - TP Load 225 lbs/day
Run 2 - TP Load 125 lbs/day

Hypolimnion - Elevation 889 feet



Figure H.21
Appendix_H.ppt
FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB2.7
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 12 - TP Load 334 lbs/day
Run 9 - TP Load 275 lbs/day
Run 6 - TP Load 225 lbs/day
Run 3 - TP Load 125 lbs/day

Hypolimnion - Elevation 942 feet



Figure H.22
Appendix_H.ppt
FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB2.7
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 22 - TP Load 334 lbs/day
Run 19 - TP Load 275 lbs/day
Run 16 - TP Load 225 lbs/day
Run 13 - TP Load 125 lbs/day

Hypolimnion - Elevation 830 feet



Figure H.23
Appendix_H.ppt
FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB2.7
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 23 - TP Load 334 lbs/day
Run 20 - TP Load 275 lbs/day
Run 17 - TP Load 225 lbs/day
Run 14 - TP Load 125 lbs/day

Hypolimnion - Elevation 889 feet



Figure H.24
Appendix_H.ppt
FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB2.7
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 24 - TP Load 334 lbs/day
Run 21 - TP Load 275 lbs/day
Run 18 - TP Load 225 lbs/day
Run 15 - TP Load 125 lbs/day

Hypolimnion - Elevation 942 feet



Figure H.25
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FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB2.7
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 34 - TP Load 334 lbs/day
Run 31 - TP Load 275 lbs/day
Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

Hypolimnion - Elevation 830 feet



Figure H.26
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FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB2.7
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 35 - TP Load 334 lbs/day
Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
Run 26 - TP Load 125 lbs/day

Hypolimnion - Elevation 889 feet
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March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB2.7
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 36 - TP Load 334 lbs/day
Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

Hypolimnion - Elevation 942 feet
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FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB3.5
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 10 - TP Load 334 lbs/day
Run 7 - TP Load 275 lbs/day
Run 4 - TP Load 225 lbs/day
Run 1 - TP Load 125 lbs/day

Hypolimnion - Elevation 778 feet
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FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB3.5
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 11 - TP Load 334 lbs/day
Run 8 - TP Load 275 lbs/day
Run 5 - TP Load 225 lbs/day
Run 2 - TP Load 125 lbs/day

Hypolimnion - Elevation 830 feet



Figure H.30
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FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB3.5
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 12 - TP Load 334 lbs/day
Run 9 - TP Load 275 lbs/day
Run 6 - TP Load 225 lbs/day
Run 3 - TP Load 125 lbs/day

Hypolimnion - Elevation 889 feet
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March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB3.5
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 22 - TP Load 334 lbs/day
Run 19 - TP Load 275 lbs/day
Run 16 - TP Load 225 lbs/day
Run 13 - TP Load 125 lbs/day

Hypolimnion - Elevation 778 feet
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March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB3.5
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 23 - TP Load 334 lbs/day
Run 20 - TP Load 275 lbs/day
Run 17 - TP Load 225 lbs/day
Run 14 - TP Load 125 lbs/day

Hypolimnion - Elevation 830 feet
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March 3, 2011

Filterable Reactive Phosphorus - Station LWLVB3.5
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 24 - TP Load 334 lbs/day
Run 21 - TP Load 275 lbs/day
Run 18 - TP Load 225 lbs/day
Run 15 - TP Load 125 lbs/day

Hypolimnion - Elevation 889 feet
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Filterable Reactive Phosphorus - Station LWLVB3.5
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD

date

FR
P

(m
g

P/
L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05

0.06
Surface

date

FR
P

(m
g

P/
L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

0.01

0.02

0.03

0.04

0.05

0.06

Run 34 - TP Load 334 lbs/day
Run 31 - TP Load 275 lbs/day
Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

Hypolimnion - Elevation 778 feet
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Filterable Reactive Phosphorus - Station LWLVB3.5
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 35 - TP Load 334 lbs/day
Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
Run 26 - TP Load 125 lbs/day

Hypolimnion - Elevation 830 feet
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Filterable Reactive Phosphorus - Station LWLVB3.5
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 36 - TP Load 334 lbs/day
Run 33 - TP Load 275 lbs/day
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Run 27 - TP Load 125 lbs/day

Hypolimnion - Elevation 889 feet
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March 3, 2011

Filterable Reactive Phosphorus - SNWA Intakes
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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SNWA Intake #3 - Elevation 860 feet
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Filterable Reactive Phosphorus - SNWA Intakes
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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SNWA Intake #3 - Elevation 860 feet
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Filterable Reactive Phosphorus - SNWA Intakes
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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SNWA Intake #3 - Elevation 860 feet
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Filterable Reactive Phosphorus - SNWA Intakes
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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SNWA Intake #3 - Elevation 860 feet
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Filterable Reactive Phosphorus - SNWA Intakes
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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SNWA Intake #3 - Elevation 860 feet
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Filterable Reactive Phosphorus - SNWA Intakes
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 24 - TP Load 334 lbs/day
Run 21 - TP Load 275 lbs/day
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SNWA Intake #3 - Elevation 860 feet
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Filterable Reactive Phosphorus - SNWA Intakes
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

SNWA Intake #3 - Elevation 860 feet
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Filterable Reactive Phosphorus - SNWA Intakes
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
Run 26 - TP Load 125 lbs/day

SNWA Intake #3 - Elevation 860 feet
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Filterable Reactive Phosphorus - SNWA Intakes
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 36 - TP Load 334 lbs/day
Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

SNWA Intake #3 - Elevation 860 feet
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Filterable Reactive Phosphorus - Station BB3
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 10 - TP Load 334 lbs/day
Run 7 - TP Load 275 lbs/day
Run 4 - TP Load 225 lbs/day
Run 1 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet
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Filterable Reactive Phosphorus - Station BB3
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 11 - TP Load 334 lbs/day
Run 8 - TP Load 275 lbs/day
Run 5 - TP Load 225 lbs/day
Run 2 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet
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Filterable Reactive Phosphorus - Station BB3
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 12 - TP Load 334 lbs/day
Run 9 - TP Load 275 lbs/day
Run 6 - TP Load 225 lbs/day
Run 3 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet
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Filterable Reactive Phosphorus - Station BB3
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 22 - TP Load 334 lbs/day
Run 19 - TP Load 275 lbs/day
Run 16 - TP Load 225 lbs/day
Run 13 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet
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Filterable Reactive Phosphorus - Station BB3
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 23 - TP Load 334 lbs/day
Run 20 - TP Load 275 lbs/day
Run 17 - TP Load 225 lbs/day
Run 14 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet
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Filterable Reactive Phosphorus - Station BB3
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 24 - TP Load 334 lbs/day
Run 21 - TP Load 275 lbs/day
Run 18 - TP Load 225 lbs/day
Run 15 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet
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Filterable Reactive Phosphorus - Station BB3
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 34 - TP Load 334 lbs/day
Run 31 - TP Load 275 lbs/day
Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet
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Filterable Reactive Phosphorus - Station BB3
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 35 - TP Load 334 lbs/day
Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
Run 26 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet
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Filterable Reactive Phosphorus - Station BB3
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 36 - TP Load 334 lbs/day
Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet
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Filterable Reactive Phosphorus - Station CR346.4
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 10 - TP Load 334 lbs/day
Run 7 - TP Load 275 lbs/day
Run 4 - TP Load 225 lbs/day
Run 1 - TP Load 125 lbs/day

Hypolimnion - Elevation 771 feet
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Filterable Reactive Phosphorus - Station CR346.4
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 11 - TP Load 334 lbs/day
Run 8 - TP Load 275 lbs/day
Run 5 - TP Load 225 lbs/day
Run 2 - TP Load 125 lbs/day

Hypolimnion - Elevation 824 feet
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Filterable Reactive Phosphorus - Station CR346.4
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 12 - TP Load 334 lbs/day
Run 9 - TP Load 275 lbs/day
Run 6 - TP Load 225 lbs/day
Run 3 - TP Load 125 lbs/day

Hypolimnion - Elevation 870 feet
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Filterable Reactive Phosphorus - Station CR346.4
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 22 - TP Load 334 lbs/day
Run 19 - TP Load 275 lbs/day
Run 16 - TP Load 225 lbs/day
Run 13 - TP Load 125 lbs/day

Hypolimnion - Elevation 771 feet
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Filterable Reactive Phosphorus - Station CR346.4
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 23 - TP Load 334 lbs/day
Run 20 - TP Load 275 lbs/day
Run 17 - TP Load 225 lbs/day
Run 14 - TP Load 125 lbs/day

Hypolimnion - Elevation 824 feet
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Filterable Reactive Phosphorus - Station CR346.4
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 24 - TP Load 334 lbs/day
Run 21 - TP Load 275 lbs/day
Run 18 - TP Load 225 lbs/day
Run 15 - TP Load 125 lbs/day

Hypolimnion - Elevation 870 feet
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Filterable Reactive Phosphorus - Station CR346.4
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 34 - TP Load 334 lbs/day
Run 31 - TP Load 275 lbs/day
Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

Hypolimnion - Elevation 771 feet
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Filterable Reactive Phosphorus - Station CR346.4
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 35 - TP Load 334 lbs/day
Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
Run 26 - TP Load 125 lbs/day

Hypolimnion - Elevation 824 feet
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Filterable Reactive Phosphorus - Station CR346.4
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 36 - TP Load 334 lbs/day
Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

Hypolimnion - Elevation 870 feet
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Filterable Reactive Phosphorus - Hoover Dam
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 4 - TP Load 225 lbs/day
Run 1 - TP Load 125 lbs/day

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Filterable Reactive Phosphorus - Hoover Dam
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 5 - TP Load 225 lbs/day
Run 2 - TP Load 125 lbs/day

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Filterable Reactive Phosphorus - Hoover Dam
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 12 - TP Load 334 lbs/day
Run 9 - TP Load 275 lbs/day
Run 6 - TP Load 225 lbs/day
Run 3 - TP Load 125 lbs/day

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Filterable Reactive Phosphorus - Hoover Dam
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 22 - TP Load 334 lbs/day
Run 19 - TP Load 275 lbs/day
Run 16 - TP Load 225 lbs/day
Run 13 - TP Load 125 lbs/day

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Filterable Reactive Phosphorus - Hoover Dam
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 23 - TP Load 334 lbs/day
Run 20 - TP Load 275 lbs/day
Run 17 - TP Load 225 lbs/day
Run 14 - TP Load 125 lbs/day

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Filterable Reactive Phosphorus - Hoover Dam
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 24 - TP Load 334 lbs/day
Run 21 - TP Load 275 lbs/day
Run 18 - TP Load 225 lbs/day
Run 15 - TP Load 125 lbs/day

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Filterable Reactive Phosphorus - Hoover Dam
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 34 - TP Load 334 lbs/day
Run 31 - TP Load 275 lbs/day
Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Filterable Reactive Phosphorus - Hoover Dam
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 35 - TP Load 334 lbs/day
Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
Run 26 - TP Load 125 lbs/day

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.



Figure H.72
Appendix_H.ppt
FSI V084015 Task 13
March 3, 2011

Filterable Reactive Phosphorus - Hoover Dam
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 36 - TP Load 334 lbs/day
Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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This appendix contains time-series figures of perchlorate concentrations for the thirty-
six ELCOM/CAEDYM model simulations.  Figures show the surface and hypolimnion 
concentrations of perchlorate for each station, with the exception of the SNWA Intakes 
and Hoover Dam Outlets which show the perchlorate concentrations at their specific 
elevations.  The figures plot simulations with the same total phosphorus loading and 
water surface elevation (WSEL) to compare the three different effluent flow rates. 

Time-series figures are ordered by station beginning with stations closest to the Las 
Vegas Wash, progressing into open water, and ending at the Hoover Dam.  For each 
station, figures are ordered first by total phosphorus load (lowest to highest) and then by 
WSEL (lowest to highest). 
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Perchlorate - Station LWLVB1.2
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet
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Perchlorate - Station LWLVB1.2
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,001 feet
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Perchlorate - Station LWLVB1.2
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,047 feet
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Perchlorate - Station LWLVB1.2
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet
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Perchlorate - Station LWLVB1.2
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,001 feet
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Perchlorate - Station LWLVB1.2
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,047 feet
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Perchlorate - Station LWLVB1.2
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet
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Perchlorate - Station LWLVB1.2
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,001 feet
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Perchlorate - Station LWLVB1.2
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,047 feet
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Perchlorate - Station LWLVB1.2
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet
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Perchlorate - Station LWLVB1.2
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,001 feet
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Perchlorate - Station LWLVB1.2
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,047 feet
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Perchlorate - Station LWLVB1.85
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 903 feet
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Perchlorate - Station LWLVB1.85
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 962 feet
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Perchlorate - Station LWLVB1.85
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,001 feet
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Perchlorate - Station LWLVB1.85
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 903 feet
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Perchlorate - Station LWLVB1.85
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 962 feet
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Perchlorate - Station LWLVB1.85
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,001 feet
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Perchlorate - Station LWLVB1.85
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 903 feet
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Perchlorate - Station LWLVB1.85
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 962 feet
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Perchlorate - Station LWLVB1.85
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,001 feet
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Perchlorate - Station LWLVB1.85
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 903 feet
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Perchlorate - Station LWLVB1.85
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 962 feet
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Perchlorate - Station LWLVB1.85
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 1,001 feet
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Perchlorate - Station LWLVB2.7
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet
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Perchlorate - Station LWLVB2.7
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet
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Perchlorate - Station LWLVB2.7
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet
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Perchlorate - Station LWLVB2.7
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day

date

pe
rc

hl
or

at
e

(μ
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

5

10

15

20

25
Surface

date

pe
rc

hl
or

at
e

(μ
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

5

10

15

20

25

Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet
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Perchlorate - Station LWLVB2.7
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet
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Perchlorate - Station LWLVB2.7
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet
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Perchlorate - Station LWLVB2.7
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet
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Perchlorate - Station LWLVB2.7
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet
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Perchlorate - Station LWLVB2.7
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet
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Perchlorate - Station LWLVB2.7
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day

date

pe
rc

hl
or

at
e

(μ
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

5

10

15

20

25
Surface

date

pe
rc

hl
or

at
e

(μ
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

5

10

15

20

25

Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet
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Perchlorate - Station LWLVB2.7
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet
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Perchlorate - Station LWLVB2.7
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 942 feet
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Perchlorate - Station LWLVB3.5
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 778 feet
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Perchlorate - Station LWLVB3.5
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet
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Perchlorate - Station LWLVB3.5
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet
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Perchlorate - Station LWLVB3.5
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 778 feet
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Perchlorate - Station LWLVB3.5
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet
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Perchlorate - Station LWLVB3.5
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet
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Perchlorate - Station LWLVB3.5
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 778 feet
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Perchlorate - Station LWLVB3.5
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet
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Perchlorate - Station LWLVB3.5
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet
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Perchlorate - Station LWLVB3.5
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 778 feet
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Perchlorate - Station LWLVB3.5
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 830 feet
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Perchlorate - Station LWLVB3.5
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 889 feet
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Perchlorate - SNWA Intakes
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Perchlorate - SNWA Intakes
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet

date

pe
rc

hl
or

at
e

(μ
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

2

4

6

8

10

Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Perchlorate - SNWA Intakes
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Perchlorate - SNWA Intakes
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Perchlorate - SNWA Intakes
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Perchlorate - SNWA Intakes
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Perchlorate - SNWA Intakes
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet

date

pe
rc

hl
or

at
e

(μ
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

2

4

6

8

10

Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Perchlorate - SNWA Intakes
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Perchlorate - SNWA Intakes
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day

date

pe
rc

hl
or

at
e

(μ
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

2

4

6

8

10
SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Perchlorate - SNWA Intakes
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Perchlorate - SNWA Intakes
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Perchlorate - SNWA Intakes
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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SNWA Intakes #1 & #2 - Elevation 992 feet
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

SNWA Intake #3 - Elevation 860 feet
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Perchlorate - Station BB3
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Perchlorate - Station BB3
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Perchlorate - Station BB3
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet



Figure I.64
Appendix_I.ppt
FSI V084015 Task 13
March 3, 2011

Perchlorate - Station BB3
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Perchlorate - Station BB3
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day

date

pe
rc

hl
or

at
e

(μ
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

2

4

6

8

10
Surface

date

pe
rc

hl
or

at
e

(μ
g/

L)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

2

4

6

8

10

Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Perchlorate - Station BB3
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Perchlorate - Station BB3
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Perchlorate - Station BB3
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet



Figure I.69
Appendix_I.ppt
FSI V084015 Task 13
March 3, 2011

Perchlorate - Station BB3
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Perchlorate - Station BB3
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Perchlorate - Station BB3
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Perchlorate - Station BB3
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 929 feet
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Perchlorate - Station CR346.4
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 771 feet
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Perchlorate - Station CR346.4
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 824 feet
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Perchlorate - Station CR346.4
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 870 feet
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Perchlorate - Station CR346.4
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 771 feet
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Perchlorate - Station CR346.4
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 824 feet
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Perchlorate - Station CR346.4
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 870 feet
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Perchlorate - Station CR346.4
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 771 feet



Figure I.80
Appendix_I.ppt
FSI V084015 Task 13
March 3, 2011

Perchlorate - Station CR346.4
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 824 feet
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Perchlorate - Station CR346.4
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 870 feet
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Perchlorate - Station CR346.4
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 771 feet
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Perchlorate - Station CR346.4
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 824 feet
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Perchlorate - Station CR346.4
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Hypolimnion - Elevation 870 feet
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Perchlorate - Hoover Dam
WSEL 1,000 feet, Total Phosphorus Load = 125 lbs/day
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Run 25 - Annual Average Effluent Flow Rate 300 MGD
Run 13 - Annual Average Effluent Flow Rate 250 MGD
Run 1 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Perchlorate - Hoover Dam
WSEL 1,050 feet, Total Phosphorus Load = 125 lbs/day
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Run 26 - Annual Average Effluent Flow Rate 300 MGD
Run 14 - Annual Average Effluent Flow Rate 250 MGD
Run 2 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Perchlorate - Hoover Dam
WSEL 1,100 feet, Total Phosphorus Load = 125 lbs/day
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Run 27 - Annual Average Effluent Flow Rate 300 MGD
Run 15 - Annual Average Effluent Flow Rate 250 MGD
Run 3 - Annual Average Effluent Flow Rate 189 MGD

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Perchlorate - Hoover Dam
WSEL 1,000 feet, Total Phosphorus Load = 225 lbs/day
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Run 28 - Annual Average Effluent Flow Rate 300 MGD
Run 16 - Annual Average Effluent Flow Rate 250 MGD
Run 4 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Perchlorate - Hoover Dam
WSEL 1,050 feet, Total Phosphorus Load = 225 lbs/day
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Run 29 - Annual Average Effluent Flow Rate 300 MGD
Run 17 - Annual Average Effluent Flow Rate 250 MGD
Run 5 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Perchlorate - Hoover Dam
WSEL 1,100 feet, Total Phosphorus Load = 225 lbs/day
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Run 30 - Annual Average Effluent Flow Rate 300 MGD
Run 18 - Annual Average Effluent Flow Rate 250 MGD
Run 6 - Annual Average Effluent Flow Rate 189 MGD

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.



Figure I.91
Appendix_I.ppt
FSI V084015 Task 13
March 3, 2011

Perchlorate - Hoover Dam
WSEL 1,000 feet, Total Phosphorus Load = 275 lbs/day
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Run 31 - Annual Average Effluent Flow Rate 300 MGD
Run 19 - Annual Average Effluent Flow Rate 250 MGD
Run 7 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Perchlorate - Hoover Dam
WSEL 1,050 feet, Total Phosphorus Load = 275 lbs/day
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Run 32 - Annual Average Effluent Flow Rate 300 MGD
Run 20 - Annual Average Effluent Flow Rate 250 MGD
Run 8 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Perchlorate - Hoover Dam
WSEL 1,100 feet, Total Phosphorus Load = 275 lbs/day
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Run 33 - Annual Average Effluent Flow Rate 300 MGD
Run 21 - Annual Average Effluent Flow Rate 250 MGD
Run 9 - Annual Average Effluent Flow Rate 189 MGD

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Perchlorate - Hoover Dam
WSEL 1,000 feet, Total Phosphorus Load = 334 lbs/day
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Run 34 - Annual Average Effluent Flow Rate 300 MGD
Run 22 - Annual Average Effluent Flow Rate 250 MGD
Run 10 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Perchlorate - Hoover Dam
WSEL 1,050 feet, Total Phosphorus Load = 334 lbs/day
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Run 35 - Annual Average Effluent Flow Rate 300 MGD
Run 23 - Annual Average Effluent Flow Rate 250 MGD
Run 11 - Annual Average Effluent Flow Rate 189 MGD

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.



Figure I.96
Appendix_I.ppt
FSI V084015 Task 13
March 3, 2011

Perchlorate - Hoover Dam
WSEL 1,100 feet, Total Phosphorus Load = 334 lbs/day
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Run 36 - Annual Average Effluent Flow Rate 300 MGD
Run 24 - Annual Average Effluent Flow Rate 250 MGD
Run 12 - Annual Average Effluent Flow Rate 189 MGD

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.



 

 

 

 

 

 

APPENDIX J 
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This appendix contains time-series figures of total organic carbon (TOC) 
concentrations for the thirty-six ELCOM/CAEDYM model simulations.  Figures show 
the surface and hypolimnion concentrations of TOC for each station, with the exception 
of the SNWA Intakes and Hoover Dam Outlets which show the TOC concentrations at 
their specific elevations.  The figures plot simulations with the same effluent flow rate 
and water surface elevation (WSEL) to compare the four different total phosphorus 
loadings. 

Time-series figures are ordered by station beginning with stations closest to the Las 
Vegas Wash, progressing into open water, and ending at the Hoover Dam.  For each 
station, figures are ordered first by effluent flow rate (lowest to highest) and then by 
WSEL (lowest to highest). 
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Figure J.1

Total Organic Carbon - Station LWLVB1.2
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Run 1 - TP Load 125 lbs/day

Hypolimnion - Elevation 942 feet
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Figure J.2

Total Organic Carbon - Station LWLVB1.2
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Hypolimnion - Elevation 1,001 feet
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Figure J.3

Total Organic Carbon - Station LWLVB1.2
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure J.4

Total Organic Carbon - Station LWLVB1.2
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Run 16 - TP Load 225 lbs/day
Run 13 - TP Load 125 lbs/day

Hypolimnion - Elevation 942 feet
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Figure J.5

Total Organic Carbon - Station LWLVB1.2
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Appendix_J.ppt
FSI V084015 Task 13
March 3, 2011

Figure J.6

Total Organic Carbon - Station LWLVB1.2
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure J.7

Total Organic Carbon - Station LWLVB1.2
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.8

Total Organic Carbon - Station LWLVB1.2
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.9

Total Organic Carbon - Station LWLVB1.2
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.10

Total Organic Carbon - Station LWLVB1.85
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure J.11

Total Organic Carbon - Station LWLVB1.85
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure J.12

Total Organic Carbon - Station LWLVB1.85
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure J.13

Total Organic Carbon - Station LWLVB1.85
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure J.14

Total Organic Carbon - Station LWLVB1.85
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure J.15

Total Organic Carbon - Station LWLVB1.85
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure J.16

Total Organic Carbon - Station LWLVB1.85
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.17

Total Organic Carbon - Station LWLVB1.85
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.18

Total Organic Carbon - Station LWLVB1.85
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.19

Total Organic Carbon - Station LWLVB2.7
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Appendix_J.ppt
FSI V084015 Task 13
March 3, 2011

Figure J.20

Total Organic Carbon - Station LWLVB2.7
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure J.21

Total Organic Carbon - Station LWLVB2.7
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure J.22

Total Organic Carbon - Station LWLVB2.7
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD

date

TO
C

(m
g

C
/L

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0
2
4
6
8

10
12
14

Surface

date

TO
C

(m
g

C
/L

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0
2
4
6
8

10
12
14

Run 22 - TP Load 334 lbs/day
Run 19 - TP Load 275 lbs/day
Run 16 - TP Load 225 lbs/day
Run 13 - TP Load 125 lbs/day
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Figure J.23

Total Organic Carbon - Station LWLVB2.7
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure J.24

Total Organic Carbon - Station LWLVB2.7
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure J.25

Total Organic Carbon - Station LWLVB2.7
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.26

Total Organic Carbon - Station LWLVB2.7
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.27

Total Organic Carbon - Station LWLVB2.7
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.28

Total Organic Carbon - Station LWLVB3.5
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure J.29

Total Organic Carbon - Station LWLVB3.5
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure J.30

Total Organic Carbon - Station LWLVB3.5
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure J.31

Total Organic Carbon - Station LWLVB3.5
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure J.32

Total Organic Carbon - Station LWLVB3.5
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Hypolimnion - Elevation 830 feet
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Figure J.33

Total Organic Carbon - Station LWLVB3.5
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure J.34

Total Organic Carbon - Station LWLVB3.5
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.35

Total Organic Carbon - Station LWLVB3.5
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.36

Total Organic Carbon - Station LWLVB3.5
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.37

Total Organic Carbon - SNWA Intakes
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD

date

TO
C

(m
g

C
/L

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

1

2

3

4

5

6
SNWA Intakes #1 & #2 - Elevation 992 feet

date

TO
C

(m
g

C
/L

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

1

2

3

4

5

6

Run 10 - TP Load 334 lbs/day
Run 7 - TP Load 275 lbs/day
Run 4 - TP Load 225 lbs/day
Run 1 - TP Load 125 lbs/day

SNWA Intake #3 - Elevation 860 feet



Appendix_J.ppt
FSI V084015 Task 13
March 3, 2011

Figure J.38

Total Organic Carbon - SNWA Intakes
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure J.39

Total Organic Carbon - SNWA Intakes
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure J.40

Total Organic Carbon - SNWA Intakes
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure J.41

Total Organic Carbon - SNWA Intakes
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD

date

TO
C

(m
g

C
/L

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

1

2

3

4

5

6
SNWA Intakes #1 & #2 - Elevation 992 feet

date

TO
C

(m
g

C
/L

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

1

2

3

4

5

6

Run 23 - TP Load 334 lbs/day
Run 20 - TP Load 275 lbs/day
Run 17 - TP Load 225 lbs/day
Run 14 - TP Load 125 lbs/day

SNWA Intake #3 - Elevation 860 feet



Appendix_J.ppt
FSI V084015 Task 13
March 3, 2011

Figure J.42

Total Organic Carbon - SNWA Intakes
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure J.43

Total Organic Carbon - SNWA Intakes
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.44

Total Organic Carbon - SNWA Intakes
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.45

Total Organic Carbon - SNWA Intakes
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.46

Total Organic Carbon - Station BB3
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure J.47

Total Organic Carbon - Station BB3
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure J.48

Total Organic Carbon - Station BB3
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure J.49

Total Organic Carbon - Station BB3
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure J.50

Total Organic Carbon - Station BB3
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure J.51

Total Organic Carbon - Station BB3
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure J.52

Total Organic Carbon - Station BB3
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.53

Total Organic Carbon - Station BB3
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.54

Total Organic Carbon - Station BB3
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD

date

TO
C

(m
g

C
/L

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

1

2

3

4

5

6
Surface

date

TO
C

(m
g

C
/L

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

1

2

3

4

5

6

Run 36 - TP Load 334 lbs/day
Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

Hypolimnion - Elevation 929 feet



Appendix_J.ppt
FSI V084015 Task 13
March 3, 2011

Figure J.55

Total Organic Carbon - Station CR346.4
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure J.56

Total Organic Carbon - Station CR346.4
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure J.57

Total Organic Carbon - Station CR346.4
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Figure J.58

Total Organic Carbon - Station CR346.4
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure J.59

Total Organic Carbon - Station CR346.4
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure J.60

Total Organic Carbon - Station CR346.4
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Figure J.61

Total Organic Carbon - Station CR346.4
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.62

Total Organic Carbon - Station CR346.4
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.63

Total Organic Carbon - Station CR346.4
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Figure J.64

Total Organic Carbon - Hoover Dam
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 189 MGD
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Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure J.65

Total Organic Carbon - Hoover Dam
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 189 MGD
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Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure J.66

Total Organic Carbon - Hoover Dam
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 189 MGD
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Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Figure J.67

Total Organic Carbon - Hoover Dam
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 250 MGD
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Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure J.68

Total Organic Carbon - Hoover Dam
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 250 MGD
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Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure J.69

Total Organic Carbon - Hoover Dam
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 250 MGD
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Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Figure J.70

Total Organic Carbon - Hoover Dam
WSEL 1,000 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 28 - TP Load 225 lbs/day
Run 25 - TP Load 125 lbs/day

Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure J.71

Total Organic Carbon - Hoover Dam
WSEL 1,050 feet, Annual Average Effluent Flow Rate = 300 MGD

date

TO
C

(m
g

C
/L

)

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08
0

1

2

3

4

5

6

Run 35 - TP Load 334 lbs/day
Run 32 - TP Load 275 lbs/day
Run 29 - TP Load 225 lbs/day
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Lower Hoover Dam Outlets

Only the lower Hoover Dam outlets (895 feet) are open for simulations with WSELs of 1,000 and 1,050 feet. 
Results plotted for these simulations are concentrations at the lower outlets.
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Figure J.72

Total Organic Carbon - Hoover Dam
WSEL 1,100 feet, Annual Average Effluent Flow Rate = 300 MGD
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Run 33 - TP Load 275 lbs/day
Run 30 - TP Load 225 lbs/day
Run 27 - TP Load 125 lbs/day

Combined Hoover Dam Outlets

Both upper (1,045 feet) and lower (895 feet) Hoover Dam outlets are open for simulations with a WSEL of 1,100 feet.  
Results plotted for these simulations are the average of concentrations at both upper and lower outlets.
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Relevant Water Quality Standards 
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This appendix presents the relevant sections of the Nevada Administrative Code 
(NAC) Water Quality Standards (WQS) for Lake Mead.  Specifically, sections NAC 
445A.194 through 197 are provided. 

The NAC WQS were downloaded on March 23, 2010, from 
http://www.leg.state.nv.us/nac/NAC-445A.html.  
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NAC 445A.194  Requirements to maintain existing higher quality for area of Lake 
Mead not covered by NAC 445A.197; standards for beneficial uses. (NRS 445A.425, 
445A.520)
     1.  The requirements to maintain existing higher quality become effective when the 
existing water quality is higher than the water quality standard for beneficial uses, as 
determined by the Commission. Once the requirements to maintain existing higher 
quality become effective, the requirements are applicable thereafter. The requirements to 
maintain existing higher quality for the area of Lake Mead which is not covered by NAC 
445A.197 are set forth in NAC 445A.195, and include, without limitation, requirements 
relating to temperature, pH, chlorophyll a, total dissolved solids, chloride, sulfate, total 
inorganic nitrogen, turbidity and color. 
     2.  The water quality standards for beneficial uses for the area of Lake Mead which is 
not covered by NAC 445A.197 are set forth in NAC 445A.195, and include, without 
limitation, standards relating to temperature, pH, dissolved oxygen, total ammonia, total 
dissolved solids, chloride, sulfate, suspended solids, nitrate, nitrite, turbidity, fecal 
coliform and E. coli. The beneficial uses for this area are: 
     (a) Irrigation; 
     (b) Watering of livestock; 
     (c) Recreation involving contact with the water; 
     (d) Recreation not involving contact with the water; 
     (e) Industrial supply; 
     (f) Municipal or domestic supply, or both; 
     (g) Propagation of wildlife; and 
     (h) Propagation of aquatic life, including, without limitation, a warm-water fishery. 
     (Added to NAC by Environmental Comm’n, eff. 11-22-82; A 12-17-87; R062-98, 8-
4-98; R136-04, 2-11-2005) 
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NAC 445A.195  Lake Mead excluding area covered by NAC 445A.197. (NRS 
445A.425, 445A.520)
  

Lake Mead 
  

  
PARAMETER 

REQUIREMENTS TO 
MAINTAIN EXISTING 

HIGHER QUALITY 
WATER QUALITY 
STANDARDS FOR 
BENEFICIAL USES 

BENEFICIAL USES AS DESIGNATED 
IN NAC 445A.194 (Most Stringent Use 

Listed First) 
Temperature 
        Single Value 

  
∆T 0°C a

  
∆T 2°C a

Propagation of aquatic life, including, 
without limitation, a warm-water fishery. 

pH 
        Single Value 

  
95% of samples not to 

exceed 8.8 SU 
  
Within Range 6.5-9.0 SU

Propagation of aquatic life, including, 
without limitation, a warm-water fishery, 
recreation involving contact with water, 
propagation of wildlife, municipal or 
domestic supply, or both, industrial supply, 
irrigation and watering of livestock.  

Dissolved Oxygen 
        Single Value  

  
— 

  
≥5 mg/l in the epilimnion 

or average in water 
column during periods 
of nonstratification 

Propagation of aquatic life, including, 
without limitation, a warm-water fishery, 
watering of livestock, recreation involving 
contact with water, recreation not 
involving contact with water, municipal or 
domestic supply, or both, and propagation 
of wildlife. 

Chlorophyll a–µg/l     b   Recreation involving contact with water, 
propagation of aquatic life, including, 
without limitation, a warm-water fishery, 
recreation not involving contact with water 
and municipal or domestic supply, or both.

Total Ammonia (as N)-mg/l —     c Propagation of aquatic life, including, 
without limitation, a warm-water fishery. 

T
  

otal Dissolved Solids  
  
  
      Single Value   
  

Flow Weighted Annual 
Average Concentration 
≤723 mg/l measured 

elow Hoover Damb
— 

d

  
  
— 
  
≤1000 mg/l 

Municipal or domestic supply, or both, and 
irrigation. 
  

Chloride 
        Single Value 

  
    e 

  
≤400 mg/l e

Municipal or domestic supply, or both, 
watering of livestock and propagation of 
wildlife. 

Sulfate 
        Single Value 

  
    e 

  
≤500 mg/l e

  
Municipal or domestic water supply, or 
both. 

Suspended Solids 
        Single Value 

  
— 

  
≤25 mg/l Propagation of aquatic life, including, 

without limitation, a warm-water fishery, 
and recreation not involving contact with 
water. 

Nitrogen Species as N  
        Single Value  

  
Total Inorganic Nitrogen 
95% of Samples ≤4.5 mg/l

  
Nitrate ≤ 10 m /l g
Nitrite ≤1 mg/l 

Municipal or domestic supply, or both, 
watering of livestock, propagation of 
aquatic life, including, without limitation, a 
warm-water fishery, and propagation of 
wildlife. 

Turbidity 
        Single Value 

  
    f 

  
≤25 NTU Propagation of aquatic life, including, 

without limitation, a warm-water fishery, 
municipal or domestic supply, or both, 
recreation involving contact with water and 
recreation not involving contact with 
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PARAMETER 

REQUIREMENTS TO 
MAINTAIN EXISTING 

HIGHER QUALITY 
WATER QUALITY 
STANDARDS FOR 
BENEFICIAL USES 

BENEFICIAL USES AS DESIGNATED 
IN NAC 445A.194 (Most Stringent Use 

Listed First) 
water. 

Fecal Coliform     
≤200/400g

MF or MPN/100ml 
Recreation involving contact with water, 
irrigation, recreation not involving contact 
with water, municipal or domestic supply, 
or both, propagation of wildlife and 
watering of livestock. 

E. Coli 
        30-day Log Mean 
        Single Value 

  
— 
— 

  
≤126 MF/100ml 
≤235 MF/100ml 

Recreation involving contact with water, 
recreation not involving contact with 
water, municipal or domestic supply, or 
both, irrigation and watering of livestock. 

Color-Pt-Co Units 
        Single Value 

  
    h 

  
— Recreation not involving contact with 

water and municipal or domestic supply, or 
both. 

  
a.     Maximum allowable increase in temperature above water temperature at the boundary of an approved mixing 

zone. 
b.     The requirements for chlorophyll a are: 
      (1)  Not more than one monthly mean in a calendar year at Station LWLVB 1.85 may exceed 45µg/l. “Station 

LWLVB 1.85” is located at the center of the channel at a distance of 1.85 miles into Las Vegas Bay from the 
confluence of the Las Vegas Wash with Lake Mead. 

      (2)  The mean for chlorophyll a in summer (July 1-September 30) must not exceed 40 µg/l at Station LWLVB 1.85, 
and the mean for 4 consecutive summer years must not exceed 30 µg/l. The sample must be collected from the 
center of the channel and must be representative of the top 5 meters of the channel. “Station LWLVB 1.85” is 
located at the center of the channel at a distance of 1.85 miles into Las Vegas Bay from the confluence of the 
Las Vegas Wash with Lake Mead. 

      (3)  The mean for chlorophyll a in the growing season (April 1-September 30) must not exceed 16 µg/l at Station 
LWLVB 2.7 and 9 µg/l at Station LWLVB 3.5. “Station LWLVB 2.7” is located at a distance of 2.7 miles into 
Las Vegas Bay from the confluence of the Las Vegas Wash with Lake Mead. “Station LWLVB 3.5” is located 
at a distance of 3.5 miles into Las Vegas Bay from the confluence of the Las Vegas Wash with Lake Mead. 

      (4)  The mean for chlorophyll a in the growing season (April 1-September 30) must not exceed 5 µg/l in the open 
water of Boulder Basin, Virgin Basin, Gregg Basin and Pierce Basin. The single value must not exceed 10 µg/l 
for more than 5 percent of the samples. 

      (5)  Not less than two samples per month must be collected between the months of March and October. During the 
months when only one sample is available, that value must be used in place of the monthly mean. 

c.     The requirement for water quality with regard to the concentration of total ammonia is provided pursuant to the 
provisions of NAC 445A.118. 

d.     The salinity standard for the Colorado River System is specified in NAC 445A.143. 
e.     The combination of this constituent with other constituents comprising TDS must not result in the violation of the 

TDS standards for Lake Mead and the Colorado River. 
f.     Turbidity must not exceed that characteristic of natural conditions by more than 10 Nephelometric Units. 
g.     Based on a minimum of not less than five samples taken over a 30-day period, the fecal coliform bacterial level 

must not exceed a log mean of 200 per 100ml nor must more than 10 percent of the total samples taken during any 
30-day period exceed 400 per 100ml. 

h.     Color must not exceed that characteristic of natural conditions by more than 10 units Platinum-Cobalt Scale. 
 The Commission recognizes that at entrances of tributaries to Lake Mead, localized violations of standards may 

occur. 
  
     (Added to NAC by Environmental Comm’n, eff. 11-22-82; A 12-17-87; R062-98, 8-
4-98; R017-99, 9-27-99; R136-04, 2-11-2005; R159-06, 9-18-2006) 
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NAC 445A.196  Requirements to maintain existing higher quality for area of Lake 
Mead from distance of 1.2 miles into Las Vegas Bay from confluence of Las Vegas 
Wash with Lake Mead; standards for beneficial uses; goal of requirements and 
standards. (NRS 445A.425, 445A.520)
     1.  The requirements to maintain existing higher quality become effective when the 
existing water quality is higher than the water quality standard for beneficial uses, as 
determined by the Commission. Once the requirements to maintain existing higher 
quality become effective, the requirements are applicable thereafter. For the area of Lake 
Mead from a distance of 1.2 miles into Las Vegas Bay from the confluence of the Las 
Vegas Wash with Lake Mead, the requirements to maintain existing higher quality are set 
forth in NAC 445A.197, and include, without limitation, requirements relating to 
temperature, pH, total inorganic nitrogen, total dissolved solids and turbidity. 
     2.  The water quality standards for beneficial uses for Lake Mead from a distance of 
1.2 miles into Las Vegas Bay from the confluence of the Las Vegas Wash with Lake 
Mead are set forth in NAC 445A.197, and include, without limitation, standards relating 
to temperature, pH, dissolved oxygen, nitrate, nitrite, total ammonia, total dissolved 
solids, suspended solids, turbidity and fecal coliform. The beneficial uses for this area 
are: 
     (a) Irrigation; 
     (b) Watering of livestock; 
     (c) Recreation not involving contact with the water; 
     (d) Industrial supply; 
     (e) Propagation of wildlife; and 
     (f) Propagation of aquatic life, including, without limitation, a warm-water fishery. 
     3.  The goal of the requirements of subsection 1 and the standards of subsection 2 is to 
ensure that all of Lake Mead is fishable and swimable by the next triennial review 
required by the Clean Water Act, 33 U.S.C. §§ 1251 et seq. 
     (Added to NAC by Environmental Comm’n, eff. 11-22-82; A 12-17-87; R062-98, 8-
4-98; R136-04, 2-11-2005) 
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NAC 445A.197  Lake Mead from 1.2 miles into Las Vegas Bay from confluence of 
Las Vegas Wash with Lake Mead. (NRS 445A.425, 445A.520)  Control point at 1.2 
miles into Las Vegas Bay from the confluence of the Las Vegas Wash with Lake Mead. 
  

Inner Las Vegas Bay 
  

  
PARAMETER 

REQUIREMENTS TO 
MAINTAIN EXISTING 

HIGHER QUALITY 
WATER QUALITY 
STANDARDS FOR 
BENEFICIAL USES 

BENEFICIAL USES 
AS DESIGNATED IN NAC 445A.1 69

(Most Stringent Use Listed First)  
Temperature 
        Single Value 

  
∆T 0°C a

  
∆T 2°C a

Propagation of aquatic life, including, 
without limitation, a warm-water fishery. 

pH 
      Single Value   
  
  

  
95% of samples not to 

exceed 8.9 SU 
  
Within Range 6.5-9.0 SU

Propagation of aquatic life, including, 
without limitation, a warm-water fishery, 
propagation of wildlife, irrigation, industrial 
supply and watering of livestock. 

Dissolved Oxygen 
        Single Value 

  
— 

  
≥5 mg/l  Propagation of aquatic life, including, 

without limitation, a warm-water fishery, 
watering of livestock, recreation not 
involving contact with water and 
propagation of wildlife. 

Nitrogen Species as 
      Single Value   
  

  
Total Inorganic Nitrogen 
95% of Samples ≤5.3 mg/l

  
Nitrate ≤90 mg/l 
Nitrite ≤5 mg/l 

Propagation of aquatic life, including,
without limitation, a warm-water fishery, 
watering of livestock and propagation of 
wildlife. 

Total Ammonia (as N)-mg/l —     b Propagation of aquatic life, including, 
without limitation, a warm-water fishery. 

Total Dissolved Solids 
      Single Value   
  

    c  ≤3000 mg/l Watering of livestock and irrigation. 

Suspended Solids 
        Single Value 

  
— 

  
≤25 mg/l Propagation of aquatic life, including, 

without limitation, a warm-water fishery 
and recreation not involving contact with 
water. 

Turbidity 
        Single Value 

  
    d 

  
≤25 NTU Propagation of aquatic life, including, 

without limitation, a warm-water fishery 
and recreation not involving contact with 
water. 

Fecal Coliform 
        MF or MPN/100ml Single 

Value 
  
— 

  
  e   
  

Propagation of wildlife, recreation not 
involving contact with water, irrigation and 
watering of livestock. 

  
a.     Maximum allowable increase in temperature above water temperature at the boundary of an approved mixing 

zone. 
b.     The requirement for water quality with regard to the concentration of total ammonia is provided pursuant to the 

provisions of NAC 445A.118. Data must be collected at Station LWLVB 1.2. “Station LWLVB 1.2” is located at 
the center of the channel at a distance of 1.2 miles into Las Vegas Bay from the confluence of the Las Vegas Wash 
with Lake Mead. 

c.     The salinity standard for the Colorado River System is specified in NAC 445A.143. 
d.     Turbidity must not exceed that characteristic of natural conditions by more than 10 Nephelometric Units. 
e.     Any discharge from a point source into the Las Vegas Wash must not exceed a log mean of 200 per 100ml based 

on a minimum of not less than five samples taken over a 30-day period nor may more than 10 percent of the total 
samples taken during any 30-day period exceed 400 per 100ml. 

 The Commission recognizes that, because of discharges of tributaries, localized violations of standards may occur in 
the inner Las Vegas Bay. 
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     (Added to NAC by Environmental Comm’n, eff. 11-22-82; A 12-17-87; 7-5-94; 
R062-98, 8-4-98; R136-04, 2-11-2005; R159-06, 9-18-2006) 
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