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SUMMARY

In September 1987 the Nevada Division of Environmental Protection revised
Water Quality Standards for Las Vegas Wash (VW) and Lake Mead. Standards were
set for chlorophyll a and unionized ammonia in Las Vegas Bay (.VB) (NDEP 1987).
The 1986 and 1987 VB data showed non-achievement of both the chlorophyll a and
unionized ammonia standard which triggered an analysis of total phosphorus and
total ammonia Total Maximum Daily Loads and Waste Load Allocations which are

presented in this report.
This report is separated into three sections:
1. 1987 '.as Vegas Bay Water Quality Conditions and Seasonal Periodicity.

2. Concentration Estimates at Northshore Road to Meet Water Quality Stan-

dards in .as Vegas Bay.

3. Total Maximum Daily .oads at North Shore Road and Waste Load

Allocations.

Blue-green algae were present in 1987 but did not build to bloom Jevels
observed in 1986. Mean summer chlorophyll a at station 3 was 53.2 ug/1 which is
considerably higher than the standard of 30 ug/1 (4 year mean). From April 9
through August 3 unionized ammonia was never below the .04 mg/1 chronic toxicity
standard at station 2. The acute unionized ammonia standard (.45 mg/1) was not
exceeded. The standards were not achieved from April through September but were

met from October through March.

Over the period of record examined (1977-1987) the density of LVW has
decreased significantly in comparison to LVB. At present, there are months

when VW enters VB as a neutrally buoyant or buoyant jet.
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The dilution ratio method was applied to the 1985 through 1987 data set to
estimate the total phosphorus and total ammonia concentrations at North Shore
Road that would be necessary to achieve the standards. The target con-
centrations were estimated to be .64 mg/1 total phosphorus and 1.43 mg/1 total

ammonia.

The 1985 through 1987 average flows at North Shore Road were used to calcu-
late a TMDL of 434 1bs/day total pnosphorus and 970 1bs/day total ammonia. The
total phosphorus nonpoint source load was estimated to be 100 lbs/day which
results in 334 1bs/day to be allocated between Clark County Sanitation District
and City of Las Vegas Wastewater Treatment Plants. Lacking an understanding of
the kinetics of ammonia reduction in LVW, all of the TMDL was allocated to the
two treatment facilities. Due to the seasonal nature of the water quality
problem in LVB, the TMDL's would have to be met from April through September.

The TMD.'s would not apply from October through March.
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Total Phosphorus

During the growing season, total phosphorus concentration at station 3 was
considerably above the .051 mg/1 level considered necessary to achieve the
30 ug/1 chlorophyll a standard (Figure 1 ). Concentrations averaged .082 mg/1
in July, .091 mg/1 in August, and .068 mg/1 in September; mean summer total

phosphorus was .080 mg/1.

Seasonal periodicity was apparent as the concentration was below .051 mg/1
in January, early April, and October through December. This data is consistent
with the theory that the wash plume is denser than the lake water during the

winter and consequently has less of an influence on the surface waters.

Chlorophyll a

Station 3 Chorophyll a concentrations exhibited a seasonal pattern of algal
growth i~ Las Vegas Bay (L.VB) in 1987 (Figure 1 ). Three samples collected bet-
ween January 22 ana April 9 were below 10 ug/1. Concentrations fluctuated, but
generally increased between mid-April and late September when it then began to
decline. Three samples collected between late October and late December
averaged less than 10 ug/1. Peak chlorophyll a at station 3 in 1987 occurred on

September 3 at 78.8 ug/1.

The chlorophyll a standard for _VB at station 3 is set so that the long term
(4 year mean) summer concentration shall not exceed 30 ug/1 and that no more

than one monthly mean shall exceed 45 ug/1 in any calendar year. In 1987 mean
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summer chlorophyll a was 53.2 ug/1 and both August (49.5 ug/1) and September

(68.0 ug/1) exceeded the monthly standard (Table 1 ).

The mean summer 1987 level was similar to 1986 although mean monthly 1986
values had a nigher degree of variation. The patchy nature of the 1986 blue-
green algae bloom could explain this observation. The 1985 values were con-

siderably lower than either 1986 or 1987.

Observations in 1987 indicated that the blue-green alga, Microcystis did not
build to bloom levels observed in 1986. However, the species was frequently

observed in the inner bay and around the las Vegas Boat Harbor (Paulson 1987).

A cross sectional analysis of chlorophyll a at station 3 indicated that most
of the time the concentration at station 3C was sltightly lower than the mean of
stations 3CNS (Figure 1 ). This data suggests that measurement of chlorophyil a
from center chaqnel adequately represents chlorophyll a in the cross-section.

This will be further investigated in the 1988 monitoring program.

Diurnal sampling at station 3C during three surveys showed some degree of
daily variation but no consistent trend was observed over the 24-hour period
(Figure 2 ). Diurnal sampling will continue in Las Vegas Bay in 1988 to better

understand this relationship.



Table 1 . Summer Station 3 Chlorophyll a from 1985-1987.
YEAR 1985 1986 1987
July 32.2 49.3 42.0
August 35.9 113.9 49.5
September 30.4 15.1 68.0
Mean Summer 32.8 59.4 53.2

i
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Unionized Ammonia

Unionized ammonia (NH3 -N) is calculated from the total ammonia (NHg4 -N)
concentration and the fraction of unionized ammonia (FUI). The FUI is dependent
on pH and temperature. It should be mentioned that the FUI was not corrected

for diurnal variation or ionic strength in this analysis.

The FUI for 1987 is presented in Figure 3. FUI exhibited a seasonal
cycle with values generally less than .04 from January through March and
October through November. The exception was on October 29 when FUI went up to

.119. FUI peaked on July 28 at .373.

The most important factor influencing FUI in 'as Vegas Bay (LVB) is pH which
is primarily controlled by the rate of algal production. As described pre-
viously the rate of algal production is much higher in summer than winter which
is reflected in the seasonal nature of the FUI. The diurnal cycie of FUI has

been defined and will be discussed in a later section of this report.

Total ammonia also exhibited a seasonal cycle with concentrations increasing
from January through April and then decreasing through the end of the year
(Figure 3 ). Peak concentrations were observed from mid-April through
mid-May. This again is consistent with the idea that the plume has less effect

on LVB surface water in the late fall through early spring period.

Unionized ammonia at station 2 was similiar to previous years although peak
values were somewhat lower (Figure 3 .) Average growing season (April -
September) unionized ammonia was significantly higher than the chronic

toxicity standard of .04 mg/1.

Data for three diurnal sampling runs for total ammonia are presented in

Figure 4 . Total ammonia was highest in the May samples and lTowest in the

—6—
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October samples. Some diurnal variation was observed but no consistent pattern
is apparent. Cross-sectional samples were also collected during the diurnal
studies. Total ammonia at 3C was at times slightly above and other times
slightly below the average of 3CNS. Althougnh further diurnal sampling will be
conducted, at *this time it appears that center channel collection of total

ammonia adequately represents the cross-section.
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1. INTRODUCTION

The estimation of appropriate Las Vegas Wash (LVW) mass
loadings of phosphorus and total ammonia to Las Vegas Bay (LVB)
that will meet the water quality standards, Anon. (1987),
requires that the hydrodynamics of the LVW-LVB interaction be
defined. It 1is the goal of this report to identify and justify
an appropriate model for describing the hydrodynamic interaction
of LVW with LVB and enable the LVW nass loadings that will meet
the new water quality standards in LVB to be estimated. The
selection of an appropriate hydrodynamic model is based on the
analysis of the historical data available for LVW and LVB. The
data sources and periods of time used in this report are
surtmarized in Table 1.1.

It is the premise of this investigation that LVB water
quality is controlled by the mass loading of LVW to LVB, and the
amount and direction of mixing that occurs between the LVW inflow
and the epilimnetic waters of LVB. While the mass loading can be
controlled by administrative action, the mixing processes and
their magnitude are controlled by nature and are beyond the
control of administrative action. The magnitude and direction of
mixing between the LVW inflow and LVB is controlled by the LVW
volumetric inflow, the momentum of the LVW inflow, and the
difference in buovancy (density) between the LVW inflow and the
ambient waters of LVB. In Chapter 2 of this report the
historical trends in the LVW density are examined. In Chapter 3,

the historical +trends in the LVB densities are examined. In

Chapter 4, the historical density data regarding LVW and LVB are



TABLE 1.1 REPORT DATA SOURCES AND

PERIOD OF RECORD USED

Period of

Data Source Record Used
LVW USGS Water
EC-TDS Resources Data 10/69-9/84
LVW EC USGS Water Resources
at Northshore Road Data 10/69-9/84
Clark County
Sanitation District 10/84-9/87
LVW Temperature/EC USGS Water Resources
at Northshore Road Data 10/69-9/84
Clark County
Sanitation District 10/84-9/87
LVB EC Limnological Research
and Temperature Center at UNLV 1/77-9/87
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compared. In Chapter 5, an appropriate model for describing the

LVW~LVB interaction is recommended and the allowéble LVW
concentrations of nitrogen and phosphorus at North Shore Road

(NSR) that will satisfy the LVB water quality standards are

estinmated.



O O

2. TRENDS IN LVW WATER DENSITY

2.1 Introduction

Water density 1is a function of three variables: water
temperature, the concentration of total dissolved solids (TDS),
and the concentration of suspended solids. Water densities are
affected by variations in.temperature and the concentrations of

dissolved and suspended solids according to the following

equation:

= (2.1)
P oT+ApS
3
where p = water density (kg/m )}, Py = water density as a function
3
of temperature (kg/= ), andApS = density increment due to

3
dissolved and suspended solids (kg/m ).

A number of formulations have been proposed to describe
water density variations due to temperature. The relationship

proposed by Gill (1982) is used here or

-2
pp = 999.8452594 + 6.793952 * 10 T -
-3 2 -4 3
9.095290 * 10 T + 1.001685 * 10 T -
-6 4 -9 5
1.120083 =~ 10 T + 6.535332 * 10 T (2.2)

wnhere T = water temperature in degrees Centigrade.
Density 1is also a function of the dissolved and suspended
solids concentration. The density increment due to TDS was

quantified by Ford and Johnson (1983) as

-4 -6
Ap = C (8.221 x 10 - 3.87 x 10 T
TDS TDS
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-8 2
+ 4.99 x 10 T ) - -(2.3)
3
where C concentration in (g/m or mg/l) and T = water
TDS
temperature in degrees Centiqrade. The typical measurements of

TDS in LVW at Northshore Road are in terms of the specific
conductance of the water: see for example Anon. (1980).

According to Anon. (1980)

"..., the concentration of dissolved solids (in milligrams

per 1liter) 1is about 65 percent of the specific conductance (in
micromhos)," Anon. (1980, p. 19).
In Anon. (1980), it is further noted that the relationship

between specific conductance and the concentration of TDS varies
from stream to stream and may also vary in the same stream with
time due to changes in the composition of the source water. In
the case of LVW at Northshore Road, there are sufficient data to
directly establish a regression relationship between TDS (in

na/l) and specific conductance (in micromhos) or
[TDS] = -293. + 0.830 [sc] (2.4)

with a correlation coefficient of 0.973 and normally distributed
residuals. It should ke noted that Equation (2.4) is based on
USGS <field and laboratory data and utilizes none of the Clark
County Sanitation District (CCSD) data since CCSD chose to use a
laboratory procedure different from that of the USGS to determine
the concentration of TDS.

The density increment due to suspended solids was determined

4
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by Ford and Johnson (1983) to be

-3
ap =C (L - 1/sG) * 10 (2.5)
ss Ss
3
where C = suspended solids concentration (g/m or mg/l) and SG
sSS
= specific gravity of the suspended solids. If a specific

gravity of 2.65 is assumed, then Equation (2.5) becomes
Ap = 0.00062 C (2.6)
ss ss
Combining Equations (2.3) and (2.5) gives the total density

increment in Equation (2.1) as

Ap - Ap (2.7)

Ap
s TDS sSs

2.2 LVW Water Temperature Trends

In this section. the LVW monthly average water temperatures
at Northshore Road are examined for the period October, 1969
through August, 1987. For this analysis both USGS and CCSD field
measurements were used, Table 1l.1. Further, the average monthly
water temperature was taken as the arithmetic average of the
publicly published temperature data for that month. Finally, in
the case of USGS data, it was the discrete temperature data
generally found in the water quality section of their annual
report that is used in this analysis.

The monthly average values of LVW water temperature are

plotted in Figure 2.1. In all, 212 points are plotted since

there are gaps in the data. Visually this figure 1s somewhat

confusing since there 1is both seasonal variation and a very

apparent trend to increasing monthly average water temperatures.
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If the data in Figure 2.l were a complete time series; i.e., no

data gaps, this time series could be analyzed by first removing
the long-term data trend, then removing identifiable periodicity,
and leaving only a random component. A common assumption in
examing environmental data such as water temperature is that the
long-term data +trend is linear; see for example Rich (1973).
Using this assumption and linear reqgression, the resulting long-
term trend equation for the water temperature data in Fiqure 2.1

is
[LVW-Templ = 12.8 + 0.0388 [N] (2.7)

where [LVW-Temp] = monthly average water temperature in degrees
Centigrade at Northshore Road and N = number of months since
October, 1969 with [N=0 for October, 1969]. The correlation
coefficient associated with Equation (2.7) is 0.185 which,
although low, 1is not surprising considering that only the trend
has Dbeen removed while the periodic and random components remain
to be removed. The residuals associated with Equation (2.7) aré
normally distributed, and a t-test of the slope (0.0338)
demonstrates that it is significantly different from zero. The
periodic component of this time series cannot examined because

there are data gaps.

Figure 2.1 and Equation (2.7) provide significant
information. First, there is a clear trend to increasing monthly
average LVW water temperatures at Northshore Road. Second, over
the period of time examined, the monthly average water
temperature at Northshore Road has increased - usina Equation
(2.7) - by approximately 8 degrees Centigrade. Third, it does
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FIGURE 2.2 Monthly average LVW TDS concentrations at
Northshore Road for the period October, 1969
through August, 1987
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not appear that the trend to increasing water temperaturés has
reached a plateau of stability. Fourth, examination of Equation
(2.2) demonstrates that increased water temperature results in

decreased water density.

2.3 LVW TDS Trends
In this section, LVW nonthly average TDS concentrations at

Northshore Road are examined for the period October, 1969 through

August, 1987. For th_.s analysis, ©both USGS and CCSD specific
conductance measurements were used with Equation (2.4) to
estimate TDS concentration in (mg/l). All other definitions

remain as they were for the monthly average water temperature
discussion.

The monthly average values of TDS are plotted in Figure 2.2.
Again, a total of 212 points are plotted since there are data
aaps. Visually, this figure is less confusing than Figure 2.1
since there are only minor seasonal variations in TDS. Again,
assuming a linear trend, the resulting regression equation for

long-term linear trend is
(LVW-TDS] = 4097. - 11.7 [N] (2.8)

where [LVW-TDS] = monthly average concentration of TDS (mg/l) at
Northshore Road and N = number of months since October, 1969.
The correlation coefficient associated with Equation (2.8) is
0.84 and a t-test of the slope (-11.7) demonstrates that it is
significantly different from zero.

Figure 2.2 and Equation (2.8) also provide significant

information reaarding trends in LVW flow densities. First, there
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has been over the period of record examined 5 .uﬁear and
significant trend to decreasing monthly average concentrations of
TDS in LVW at Northshore Road. Second, in recent vyears, the
monthly average concentration of TDS at Northshore Road appears
to have stabilized. Given this observation, it would be
inappropriate to extrapolate the assumption of linear trend
and/or assume that there will be further significant decreases in
the LVW TDS concentration. Third, examination of Equation (2.3)
demonstrates that decreased concentrations of TDS result in

reduced water densities.

2.4 Suspended.Solids

The analysis of <the effect of suspended solids on the
density of the LVW at Northshore Road is not considered in this
discussion because of the poor, unreliable, and intermittent data

record available.

2.5 LVW Density Trends

In this section, LVW monthly average flow density at
Northshore Road is examined for the period October, 1969 through
August, 1987. For this analysis both USGS and CCSD temperature
and specific conductance data are used with Equations (2.1),
(2.2), (2.3) and (2.4) to estimate water density. All other
definitions remain as they were noted in previous sections.

The monthly average values of density are plotted in Figure

2.3 and again there are 212 points in this plot. Assuming a
linear trend, the resulting regression equation for long-ternm
trend is
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[LVW-rho] = 1002. - 0.0156 [N] (2.9)

where [LVW-rho]l = monthly average flow density in kg/m3 at
Northshore Road and N = number of months since October, 1969.
The correlation coefficient associated with Equation (2.9) 1is
0.555 which, although low i1s rot surprising given the significant
effect of the seasonal variation of temperature on water density,
the residuals are normally distributed, and a t-test of the slope
(-0.0156) demonstrates that it is significantly different than
zZero.

Consideration of the data plotted in Figure 2.3, Equation
(2.9), and the foregoing discussion of LVW temperature and TDS
trends provides results in the following conclusions. First,
during the period of time examined, increasing average monthly
temperatures and decreasing concentrations of TDS combined to
decrease the monthly average flc' density at Northshore Road.
Second, althouch the monthly average TDS concentration appears to
have stanilized there are no indications that monthly average
flow temperatures have stabilized. Third, in order to be
conservative and protective of beneficial uses in LVB, it must be
assumed that rmonthly average flow densities Northshore Road will
continue to decrease in the future although perhaps at a :lower
rate than in the past. Note, this conclusion does not and cannot
consider the possible intervention of man on the variables such
as the conveyance of the LVW flow in a pipe below the proposed

Lake at Las Vegas development.
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3. TRENDS IN LVB WATER DENSITIES

3.1 Introducticn

Water density in LVB is also : function of water temperature,
the concentration of TDS, and the concentration of suspended
solids, the definition of representative monthly values of these
variables in LVB is more difficult than for LVW at Northshore
Road for a number of reasons. First, in LVB all of the variables
on which density depend vary as a function of depth since LVB 1is
density stratified during the period April-October in the
vertical dimension. Therefore, for this discussion, the
representative values of temperature and TDS are by definition
the mnonthly average epilimnetic values of these variables.
Suspended solids are not consicdered in this discussion since this
component of density is assumed to be insignificant in LVB. It
should also be noted that suspended solids data are not available
for LVB. Sz2ond, identifying the epilimnetic waters of LVB
requires that a definition of the epilimnion be established and
followed. By definition, the epilimnion is the distance from the
top o©of the thermocline to the water surface. The top o©f the
thermocline is the point where the vertical gradient of
temperature 1is approximately 1 degree Centigrade/1lm. In cases
where there was no true thermocline under the foregoing
definition, the top of the thermocline is either established on
the basis of judgement or taken arbitrarily as being 5m below the
water surface. Finally, since there is generally no thermocline
durina the period November-March, inclusive, the analyses

discussed here are confined to the period April-October,

10
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inclusive, which is also a critical period from the viewpoint of
water quality. Third, of the stations sampled on a regular basis

in LVB one statlon must be selected as belng representatlve of

the ambient density conditions encountered by LVW as it enters

LVB. For this discussion, the sampling station designated as BC-

5 is used as tne representatlve staelon. Fourth, in many months

vertical profiles of temperature and specific conductivity are
available for several dates and one of these must be selected as
being representative of the month. In this discussion, the

profiles measured in the middle to the end of the month are used.

3.2 LVB Average Epilimnetic Water Temperature Trends

In this section, the LVB represextative monthly average
epilimnetic water temperatures at Station BC-5 are examined for
tne period January, 1977 through July, 1987. The data for this
analysis derive from Lake Mead Limnological Research Center at
the University of Nevada, Las Vegas.

The representative monthly average epilmnetic values of
water temperature are plotted in Figure 3.1. In all, 71 points
are plotted in this figure. Visually, this figure is confusing;
and there is no apparent trend in these temperature data. Using
the linear trend analysis discussed in Chapter 2, the long-term

linear trend equation for the data in Figure 3.1 is
(LVBE-Temp] = 23.0 + 0.0037 [N] (3.1)

where [LVBE-Temp] = representative monthly average epilmnetic
water temperature in degrees Centigrade at Station BC-5 and N =

numper of nmonths since January, 1977. The correlation

11
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FIGURE 3.1 Representative monthly average epilifnhetic
water temperatures at Station BC-5 for the
period January, 1977 through July, 1987
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coefficient associated with Equation (3.1) is 0.001: the
residuals are normally distributed; and a t-test of the slope

denonstrates that it is significantly different from zero.

3.3 LVB Average Epilimnetic TDS Trends

In this section, the LVB representative monthly average
epilimnetic TDS concentrations at Station BC-5 are examined for
the period January, 1977 through July, 1987. Note, the TDS
concentrations for LVB was based on converting field measured
values of specific conductance to values of TDS by Equation (2.4)
since no specific conductance - TDS data were available for this
area of Lake Mead.

The representative monthly average epilimnetic values of TDS
are plotted in Figure 3.2. Again, a total of 71 points are
plotted in this figure. Assuming a linear trend, the resulting

equation for long-term trend is

CLVBE-TDS] = 719. - 1.79 [N] (3.2)
where [LVBE-TDS] = monthly average epilimnetic concentration of
TDS (m3/1) at Station BC-5 and N = number of months since
January, 1977. The correlation coefficient associated with

Equation (3.2) is 0.471; the residuals are normally distributed;
and a t-test of the slope demonstrates that it is significantly
different from zero. Note, the data trends in Ficure 3.2 would
be better represented by two lines. That is, for N greater than
O and less than 50 there appears to be an increasing trend while

for N greater than 50 and less than 125 there is a decreasing

trend.

12
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Representative monthly average epilimmnetic
TDS concentrations at Station BC-5 for the
period January, 1977 through July, 1987
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3.4 LVB Average Epilimnetic Density Trends

In this section, the LVB representative monthly average
epilimnetic water densities at Station BC-5 are examined for the
period January 1977 through July 1987. For this analysis, the
temperature and specific conductance data presented in Sections
3.2 and 3.3 are used with Equation (2.1) to estimate water
density.

The 7] representative monthly average values of epilimnetic
density are plotted in Figure 3.3. Assuming a linear trend, the

resulting equation for long-term trend is
[LVB-rho] = 998. - 0.00211 [N] (3.3)

wnere [LVB-rhol] = monthly average epilimnetic water density in
(kg/m3) at Station BC-5 and N = number of months since January,

1977. The correlation coefficient associated with Equation (3.3)
is 0.008; the residuals are normally distributed; and a t-test of

the slope demonstrates that the slope is significantly different

from zero.

3.5 Conclusions

The discussions 1in the preceding sections yield the
followin~- conclusions regarding LVB trends in temperature, TDS
concentrations, and density. The conclusions are valid

regardless of whether only the representative monthly average

epilimnetic values or the values at various depths below the free
surface are considered.

First, over the period of time examined the representative

monthly values of LVB water density at Station BC-5 has

13
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FIGURE 3.3 Representative monthly average epilimmetic
water densities at Station BC-5 for the period
January, 1977 through July, 1987
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decreased. Second, during the period of time examined. the noted

decrease in density was primarily the result of increasing water
temperatures and decreasing concentrations of TDS. The
representative values of monthly TDS concentration appear to have
reached a maxirmum during 1981 and subsequently decreased rapidly.
Although the noted decrease in TDS is most likely due to dilution
and salinity ccntrol, the noted decrease in TDS shows no siqn of
abating. The trends in epilimnetic water temperature are much

less clear and no conclusions can be stated.

14



4. COMPARISON OF LVW-LVB DENSITY TRENDS

4.1 Introduction

Water gquality in LVB 1is primarily contrclled by the
hydrodynamic interaction that occurs between LVW and LVB; and the
most significant factor governing the nature of this interaction
is the density of the LVW flow relative to the density of the
epilmnetic waters of LVB. When the density of LVW 1is much
greater than that of the epilimnetic waters of LVB, LVW enters
LVB as a negatively buoyant jet and flows into the hypolimnetic
waters of LVB. The effect of a negatively buoyant plume on
epilmnetic water quality is minimal because mixing between the
epilimnion and the hypolimnion is inhibited by the thermocline.
When the density of LVW is equal to or less than or equal to that
of the epilimnetic waters of LVB, LVW enters LVB as neutral cr
puoyant jet. The effect of a neutrally buoyant or buoyant jet on
epilimnetic water quality is major since the pollutants in the
LVW inflow are injected direcly into the epilimnetic waters.

In this section, the results from Chapters 2 and 3 are used
to exanine the trend in the relative density difference between
LVW and LVB. At this point, the data available are only
sufficient to examine trend. That is, USGS and CCSD data were
used to estimate the average monthly density of the LVW flow at
Northshore Road, Chapter 2. For each month used in this chapter,
a single representative vertical profile of temperature and
specific conductivity at Station BC-5 was used to estimate a

:lonthly representative density for LVB. Thus, it would ©De
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entirely inappropriate to interpret the following discussion as a

comparison of specific values; rather, the following discussion

addresses historic trends in the LVW-LVB density difference.

4.2 LVW-LVB Average Epilmnetic Density Difference Trend

In this section, the difference trend between the monthly
average LVW inflow density and the representative monthly average
epilimnetic density is examined. The period of record used for
this discussicna is January, 1977 through July, 1987 with only the
months of April through October, inclusive, considered. The
average density of the epilimnetic waters are defined according
to the 'rule' discussed in Chapter 3.

In Figure 4.1 the variable [del] is plotted as a function of

TN] where
{del] = [LVW-rho] - [LVB-rho] (4.1)

with [LVW-rho?! estimated as discussed in Chapter 2 and [LVB-rho]
estimated as discussed in Chapter 3. Assuming, as described
before. that [del] has a linear trend, the resulting equation for

long-term trend is

fdel] = 2.40 - 0.0127 (N] (4.2)
where N = number of months since January, 1977. The correlation
coefficient associated with Equation (4.2) is 0.315; the

residuals are normally distributed; and a t-test of the slope
demonstrates that it is significantly different than zero.
The importance of the data in Figure 4.1 and Equation (4.2)

to the analysis of water quality in LVB is significant. First,

16
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Representative values of the variable [del]
at Station BC-5 for the period January, 1977
through July, 1987
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Figure 4.1 graphically demonstrates that [del] has decreased in
value over the period of time examined. Furthermore, there have
been months in which [del] was negative; that is, the
representative rmonthly average LVB epilmnetic density was greater
than the density of LVW. Second, Equation (4.2) demonstrates
that over the period of time examined the hydrodynamic
interaction of LVW and LVB has dramatically changed. In the
early part of the period examined. LVW entered LVB as a
negatively Dbuoyant iJet. In the latter part of the period
examined, LVW entered LVB as a neutrally buoyant or buoyant Jjet.
Furthermore, since the slope in Equation (4.2) is negative and
non--zero, it must be assumed that [del] 7ill continue to decrease
in value.

In Figure 4.2 {del] is plotted in bar graph form as a
function of time. This graph presents additional evidence that
the trend in ([del] has caused and could continue to cause serious
water quality problems in LVB for the following reasons. First,
[del] typically has a relatively small value in April and May and
generally increases in value until nid or late summer when it
again decreases in value. Second, during periods of time in 1985
and 1986 [del] was negative indicating LVW may have entered LVB
as a buoyant or neutrally buoyant jet. Under such circumstances,
the nutrients contained 1in tne LVW inflow and were injected
directly into the epilimnetic waters of LVB at the beginning of
the growing season or period of increased biological activity.
Recall that in 1986 chl a values in LVB reached objectionable

levels.

17
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FIGURE 4.2 Representative values of the variable [dell
at Station BC-5 for the period January, 1977
through July, 1987 in bar graph form
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In Figure 4.3 the depth of neutral buoyancy and the depth to
the top of the thermocline at Station BC-5 are plotted as a
function of time. By definition, the depth of néutral buoyancy is
the depth at which the density of the inflow equals the density
of the ambient receiving water. In Figure 4.3, the depth to
neutral buoyancy is plotted as a circle in five meter intervals;
for example greater than 30m but less than 35m. The depth to
the top of the thermocline is plotted as an asterisk in PFigure
4.3, and as an exact depth. '

Important information regarding the changing nature of the
hydrodynamic interaction between LVW and LVB can also be found in
Figure 4.3. For example, when the depth to the point of neutral
buoyancy is much greater than the depth to the top of the
thermocline, LVW enters LVB as a neqativeiy buoyant plume and the
'probabiiity of pollutants in the LVW inflow mixing with the
epilimnetic waters of LVB are minimal. In contrast, when the
vertical separation between the depth to neutral buoyancy and the
top of the thermocline is small, the pollutants in the LVW inflow
are nmnuch more likely to be mixed into the epilimnetic waters of
LVB. An exanination of the data presented in Figure 4.3
demonstrates that in the period 1977-1979 the depth to neﬁ@ral
buoyancy was significantly below the top of the thermocline.
Therefore, during this period of time, there was minimal mixing
between the LVW inflow and the epilimnetic waters of LVB. During
the period 1980-1984, the difference in the depth to neutral
buoyancy and the top of the thermocline declined. 1In particular,
during mid to late summer the difference between-£hese_depths was

often negligible. In 1985 and 1986, the LVW inflow was often

18
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buoyant in the late spring and early summer with generally
minimal differences in the depth to néutral buoyancy and the top
of the thermocline until late summer. In 1987 - a partial data
year - the differences in the depth to neutral buoyancy and the
top of the thermocline was large in the late spring and early
summer and a a minimal difference occurred in June.

In viewing and considering these data and results, it must
be remembered that only data trends are being examined. For
example, during dye studies performed to study the 'hydrodynamic
interaction of LVW and LVB in April-May and August, 1980 Fischer
and Smith (1983) pointed out the importance of time and space
considerations. The data presented here confirm the results
obtained above for 1985-1986; that is, during these years there
were significant and constant pathways for pollutants in the LVW

inflow to move to the epilimnetic waters of LVB.

4.3 Conclusions

The data presented in the preceding sections of this chapter
support the following description of the historical hydrodynamic
interaction between LVW and LVB. During the period 1977-1980,
LVW entered LVB as a negatively buoyant inflow; and there was
minimal transport of LVW pollutants to the epilimnetic waters of
LVB. During the period 1981-1984, LVW became less negatively
buoyant and began entering LVB in the vicinity of the
thermocline. During this period of time, a greater proportion of
nutrients entered the epilimnetic waters of LVB. In the period
1985-1986, LVW may at times have entered LVB as a neutrally

buoyant or buoyant inflow. Thus, at times it is likely that the
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pollutants present in the LVW inflow were injected directly into
the epilimnetic waters of LVB. Althoﬁgh the data set for 1987 is
incomplete, it would appear that LVW entered LVB as a negatively
buoyant inflow in the late spring but entered in the thermocline
region in June.

In addressing the estimation of allowable LVW loads of
nitrogen and phosphorus to meet the water quality standards in
LVB, there are two primary considerations. First, a technique of
describing the interaction of va and LVB must be selected for
the near term. Second, consideration must be given to how this

interaction may change in the long term.
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5. MODEL SELECTION AND IMPLEMENTATION

5.1 Introduction

Given the available data and the complex and changing nature
of the LVW-LVB hydrodynamic interaction, the identification of a
model to estimate the concentrations of phosphorus and nitrogen
in LVW that will satisfy the current water quality standards in
LVB is difficult. In performing this study, a number of models
were considered and rejected. Among the types of models examined

were:

1. Entrainment Models: There are a qumber of models
available which purport to describe the beha;ior of a river
entering a vertically stratified reservoir. However,
previous experience demonstrates that - these models are
unable to accurately describe the LVW-LVB interaction; see

for example, Fischer and Smith (1983).

2. Jet Moaels: The interaction of LVW with LVB could
potentially be modeled as a Jet entering a stagnant,
stratified fluid. Jet models vary from traditional models
such as those described by French (1986) and Fischer et al
(1979) to new models such as those descrived by Roperts
(1984) and Roberts and Matthews (1987). If the trends in
LVW and LVB densities persist, then in the future a
traditional jet model may adequately describe the LVW-LVB
interaction. A preliminary analysis using this type of model
was performed, and this analysis demonstratéd that when LVW

entefs LVB as a neutrally buoyant jet all point source
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discharges of pollutants will have to be removed from the

LVW flow to meet the LVB water quality standard;. The new
jet models [Roberts (1984) and Roberts and Matthews (1987)]
were developed to describe the entry of a high momentun
axisymmetric jet into a stratified fluid. The LVW inflow is
neither a high momentum nor an axisymmetric jet, and thus
the results of Roberts (1984) and Roberts and Matthews

(1987) do not apply exactly to this situation.

3. Stochastic Models: There are a number of purely
statistical methods available for using the available data
to estimate allowable LVW concentrations.- However, these
models do not directly rélate LVW and LVB data;- and this is

felt to be a serious problem that precludes their use in

this situation.

4. Dilution Ratio: The dilution ratio method for describing
the LVW-LVB interaction was first discussed by Anon. (1982).
This technique has the advantages of being based on the law

of conservation of mass and directly relating the available

LVW and LVB data. This method has the further advantage of

simplicity.

After careful consideration of both the available models and
data, it was concluded that the dilution ratio technique was the
best model available for estimating, in the near term, the LVW

concentratiéns at NSR of phosphorus and nitrogen that will

satisfy the LVB water quality standards.
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5.2 Dilution Ratio
The dilution ratio model development is documented in Anon.

(1982), and there is no need to present a detailed derivation of

this model here. The model states
D = (cw-cs)/(cs-cb) (5.1)

where with reference to Figure 5.1, D = dilution ratio, cw =
concentration of a tracer in the LVW flow at NSR (mg/l1), c¢s =
concentration of the tracer at the point of interest in LVB
(mg/1), and cb = concentration of the tracer at a background
station in LVB (mg/l1). If D, cs, and cb are known, then Equation.
(5.1) can be rearranged to estimate the concentration in the LVW

flow (cw) at NSR that will produce the concentration c¢s at a

specified station in LVB or

cw = (D+1l)cs - D(cb) ' (5.2)

5.3 Application of Dilution Ratio Model to LVB chl a Standard -

The water quality standard for chl a at LVB Station  BC-3

reads in part:

DI P 1.1

LN - s b - - - - e -1 = N -
Medadl Swunel \vuly Oop ediael; SN2 V)it 11 =2’ evrneid

R}
P

40 ug/l. The 4 year mean of summer means shall not exceed

30 ug/1."

The chl a standard is then translated to a total phosphorus
(TPO4) = concentration at LVB Station BC-3 by a regression
relationship developed by the Nevada Division of Environmental

Protection (NDEP), Cooper (1988). To estimate the functional

23
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relationship between total phosphorus concentrations and chl a
for LVB a regression equation was developed. This is a technique
that has been widely used to predict the effect of changes in the
concentration of total phosphorus on algal biomass. _

The equation developed by Cooper (1988) was derived from
data collected at LVB Stations BC-3, BC-4, and BC-5 during 1979-
1987. Data from Station BC-2 were not used because of possiblé
licht and nitrogen limitations at this site. The data were also
screened to remove those data that could be considered to Dbe
‘nitrogen limited (TN:TP less than 10). This screening proceduré
renoved only 12 of the 267 available data points and only one of
these points was in the period 1985-1987. The data for this

analysis are plotted in Figure 5.2, and the regression equation

developed was
chl a = 0.603 [TPO41 - 0.704 (5.3)

with a correlation coefficient of 0.83 and where TP04 = the
concentration of total phosphorus. h
Solution of Equation (5.3) for a long-term mean chl a of 30
ug/l at Station'BC—3 predicts a summer mean total phosphorus
concentration of 0.051 mg/l, Cooper (1988). The results of a
prévious study os Lake Meaﬁbielded similar results, Anon. (1982).
Although regression equations such as Equation (5.3) can vary
from lake to lake, Equation (5.3) is very simila; to the chl a -

TP04 developed for other lakes: see for example Sakamoto (1966),
Dillon and Rigler (1974) and Jones and Bachmann (1976).

In this application, the following intgrpfetation of the
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above water quality standard is used:

1. The allowable TP0O4 concentration at BC-3 to meet the chl

a water quality standard is 0.051 mg/1.

2. For each month during the period April-September
(inclusive), the available TP04 data for Station BC-3 are
averaged ylielding a monthly average value. Note, the period
April-September 1is used Eécause.of the critical effect on
surmer c¢hl a concentrations that spring injections of

nutrients into the epilimnetic waters of LVB have.

3. For each year, the monthly average values of TP04 are
averaged for the period April-September (inclusive) yielding

a 'yearly' average value.

4. Four yearly average values of TP04 are averaged, and it

is this value that cannot exceed 0.051 mg/l TPO4.

In Table 5.1 the monthly average TPO4 (designated TP04 mu)
data are summarized for LVW, Station BC-3 (the standard station)
and Station BC-8 (the background station) for the years 1985-
1987. Given the previously described changes in LVW and LVB
water densities and the geometric changes that have occurred in
the LVW channel at the point it enters LVSB, it ;s not
appropriate to use data previous to 1985 in this analysis. Also
summarized in Table 5.1 are averace values of the dilution ratio,
D, calculated from the average concentrations summarized in this
table. Finally, it should be noted that some data at NSR have

been deleted from the data base because LVW flow rates were in

25
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excess of 110% of average.v/ In Table 5.2, the monthly average

values and the standard deviations asspciated with these averages
of D and the concentration of TP04 at Station BC-8 are summarized
for the period 1985-1987.

The water quality standard is based on a four year average
value; however, there are only three years of data available.
One approach to solving this problem is stochastic simulation.
In performing such a simulation, the following assumptions are

used:

1. D and cb (Station BC-8) are normally distributed random
variables with the monthly means and standard deviations

summarized in Table 5.2.
2. The data summarized in Table 5.2 are not biased.

3. The distribuﬁions of D and cb are stationary in time.
Although this assumption has been violated in the past and
may be violated in the future, it should not be violated in
the near term. Note, it is to satisfy this assumption that

no data previous to 1985 are used in this analysis.

4. The data summarized in Table 5.2 can be used to simulate
monthly average values wiliti dail cilen be useu LU siamulaie
yearly (April-September) average values, and the yearly

average values can be used to estimate running, allowable 4

year average values of TPO4 at NSR.

5. The running 4 year average values can be combined to

estimate a target TP04 concentration at NSR and the standard

26



TABLE 5.2 MONTHLY AVERAGE VALUES OF D AND mu BC-8 FOR THE
PERIOD 1985-1987 '

TP04 Concentrations

at
D BC-8
Month mu sig mu sig
D D (BCc-8) (RC-8)
mg/1 ma/1
4 25.8 12.6 0.011 0.005
5 17.8 4.55 0.010 0.004
6 17.4 6.46 0.010 0.006
7 13.2 6.75 0.008 0.002
8 10.6 4.85 0.008 0.003
9 21.7 9.16 0.007 0.002
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deviation associated with this value.

A computer code was developed to perform this stochastic

cimulation, and fifty vyears of record were simulated. The

results of this simulation are:

Target average NSR

Concentration of TP04 & 0.78 ma/l l

Standard deviation

Associated with target average = 0.058 mg/l

The water quality standard for chl a states that the standard
will never be exceeded. From a practical viewéoint, 'never' 1is
interpreted to mean that TPO4 will have onlvy a 1% chance of
exceecance at Station BC-3. The 47 four year average values of
target TP0O4 concentractions that resulted from the stochastic
simulation are normally distributed and the target TPO4
concentration at NSR that will satisfy the water quality standard

is

5.4 Application of Dilution Ratio Model to LVB Unionized

Ammonia Standard
The water quality standard for unionized ammonia at LVB at

Station BC-2 reads in part:

“The 4-day average concentration of un-ionized amrmonia snall
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not exceed more often than once every three years 0.04

ng/l." |
It is assumed and can be shown that if the chronic wunionized
ammonia standard is met then acute unionized ammonia standard
will also be satisfied.

The unionized ammonia standard also indicates that diurnal
fluctuations of the councentiation of unionized ammonia in the top
2.5m of water will be taken into account.

Since the available historic data regarding unionized
ammonia at LVB Station BC-2 were taken at various times
throuchout the day, the first step in this analysis was to
develop a technique for reducing historic values of unionized
ammonia to average daily values. During the summer of 1987,- a
data sonde was emplaced for varying periods of time in the center
of the X-section at Station BC-2 in LVB. The data sonde
monitored on a hourly basis water temperature and pH, and with

these variables known, the hourly fraction of unionized ammonia

(fui) can be estimated by [Emerson et al (1975) ]
fui = 1./[1+10**((0.0902-pH) + 2730/(273.2+T)) ] (5.3)

where T = water temperature in degrees Centigrade. These values
can then be used to define the time at which the daily average
fui occurs and with the large number of values available Figure
5.3 can be constructed. Note, Equation (5.3) does not take into
account the effect of total dissolved solids on the value of fui
pecause it was not felt that TDS changed sufficiently over the
périods of time considered to have a significant effect. In

Fiqure 5.3, the ratio of the fraction unionized ammonia to the
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FIGURE 5.3 The ratio of the fraction unionized ammonia to the
average fraction unionized ammonia as a function of
time. Note, times in this figure are Pacific Day-

light Time.
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daily average fraction unionized ammonia is plotted as a function
of the number of hours elapsed after midnight. In this figure,
the vertical lines associated with each point represent the
expected value of the fui ratio plus or minus one standard
deviation. Figure 5.3 can be used to transform the historic
values of unionized ammonia to average values of unionized
armnonia. In this figqure, the daily average value of fui occurs
at approximately 1300 Pacific Daylighﬁ Time (PDT):; the ﬁé;imug‘at
approximately 1600 (PDT); and the minimum at approximately 0800
(PDT).

In Table 5.3 the monthly average total ammonia (TNH mu) data
are summarized for LVW, Station BC-2 (the standard station) and
Station BC-8 (the background station) for the years 1985-1987.
Also susmmarized in Table 5.3 are the monthly average values of
fui. The values of fui in this table were corrected for TDS
concentrations using the methodology suggested by Stumm and
Morgan (1970). Again, aiven the previously described changes in
LVW and LVB water densities and the geometric changes that have
occurred in the LVW channel at the point it enters LVB, it is not
appropriate to use data previous to 1985 for this analysis. Also
summarized in this table are monthly average values of the
Ailwtion ratio. D. calculated from the average concentrations
summarized in this table. Finally, some total ammonia data at
NSR have been -deleted from the data base because on these dates

LVW flow rates exceeded 110% of average. In Table 5.4, the

critical season (April-September inclusive) average values and

the standard deviations associated with these averages are
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TABLE 5.4 CRITICAL SEASON PARAMETER AVERAGES AND STANDARD

DEVIATIONS
D . fui cb
nu a nu a mu o}
22.2 10.2 0.234 N.109 0.019 0.010
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summarized for the period 1985-1987. Although the unionized
ammonia standard applies throughout the year because of the
dynamics of the LVW-LVB interaction and pH variations, April-
September is the critical period from the viewpoint of LVB water
quality.

The unionized ammonia water cuality standard is based on a

four day average value of the concentration of nnionized ammonia;

however, there are no actual four day average values in the data
base. One approach to solving this data problem is stochastic
simulation. In performing this simulation, the following

assumptions are made:

1. D, c¢b (Station BC-8), and fui are nofmally distributed
random variables with the critical season (April-September,
inclusive) means and standard deviations summarized in Table
5.4. While it would be preferable to useé monthly average
values of these parameters, the extreme variability of the

available data preclude this approach.
2. The data surmarized in Table 5.4 are not biased.

3. fThe distributions of D, c¢b (Station BC-8), and fui are

stationary in time. Although this assumption has been

- - N st b P h] + [T, [
1d rz-obh2 clzlaled L Lils fdlle o, L

=+is3latzd  in tlie TSz
should not be violated in the near term. To satisfy this
assumption, no data previous to 1985 are included 1in the

analysis.

4. The data summarized in Table 5.4 can be used to estimate

tarqet daily average concentrations of total ammonia at NSR.
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These target daily average values can then be combined to

estimate target four day running average values which can

then be combined to estimate target «critical period
concentrations. '
A computer code was developed to vperform the stochastic
simulation afAd b0 vyears oI record was simulated.” The key
calculation in the code - the target daily average value of

total ammonia at NSR was

TNH = (0.04/fui) * (D+1) - D * cb

-
where TNH = target concentration of total ammonia at NSR (mg/l).

The fifty years of simulated data had the following

characteristics.

Target minimum average NSR total ammonia concentration .

(TNH)= 1.56 na/l

Standard deviation associated with

tarqget minimum averaae = 0.30 mg/l

At this point it is appropriate to note that by the terminoloqgy

taraqet minimum averaage NSR concenﬁration' the folldwinq
computational and data selection process is indicated. Durina
eacn vyearly critical period there are 183 Adays; and thus, 183
daily averaqge values of total_émmonia. After four day averadges
are formed, there are 180 values for the critical period. From
each of the 50 critical neriods simulated, the minimimum

concentration of TNH tnat will satisfv the water auality standard
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is found. mhis set of 50 values 1is normally distributed:

therefore, the target concentration at NSR such that the

concentration of unionized ammonia at BC-2 will only exceed 0.04

rg/l once in three years is

n -z O = tarret TNH concentration

NSR NSR
or '

1.56 - 0.44(0.30) = 1.43 mq/} TNH at NSR
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, A )

The tollowing ailowable concentrations at North :=hore Rd. w~ere

deriveda by Lr. -~rencn:

0.64 mg/: Lctal shoshorus

1.43 mng/ ! total ammonia

The average T low at North shore Koad ftcr the past 3 water years.

accoraging te u.S.43.8. aata 1s 126 cupic feet per second. Uusing this

riow., The Tollowing total maximum aiiowabie :.0ads at North Shore wroag

were caicuiateq:

434 ibss/day rotal pnosphorus

970 1ps/day romz! ammonia

Nonpoint Sources:

JatTore the ™DL <an pe atlocatea to the point source dischargers,
-ne nonpolnt source/background !oad must be =stimated. ihe nonpoint
fourcesbackgrouna (23ad ~¥as Assumea ~C De the average difference between

the load at Nortnh 3hore Road andg the sum of the toads contributea from

cohin sources. Tue LD previds: Jescribced Lnanqcecs L3S egas

-

m

wasn and Las vegas Bay adensities and pnysical changes 1n Las vegas wasn
.oannetl, thiy 325, 146 and (Y87 ijata were cncsen is -est 8T =2Cling

rne current conaitinns.
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Po1nt source aischarges 1Nto Las vegas Adasnh 1nclude:

—

ity of Las vegas

. Clark County Sanitation Cistr:ct
3. TIMET

4. xerr-McGee

5. Stauffer

“ne City ot Henderson may be aischarging Lo Las vegas wash 1n the
future, TIMET discharges noncontact cooling water and other ~“2:3T".e:
Lncentaminatad Tiows. Kerr McGee discharges noncontact cooling water
anad stormwater, and Stautrfer discharges stormwater. The discharges
~r~m poth Kerr-McGee anad Stauffer are -nrarmittent., and have peen
rajatively uhcommon 'n the past. Adailtionally, there are no data
avaliaple on the concentration of nutrients 1n Kerr-McGee and
Staurrer’s aischarges. TIMET discharges approximateiy 4 MGD anc bpothn
-~e -ota: zmmonhia ing total chospnorus concentrations 1n these
discharges are approximateiy 0.01 mas! ~r iess. Therefore. onty the
11scharge from the <1ty »f Las segas ana <lark County treatment piants
~ere used to =2stimate the total monthly average point source l|oad

siscrarged ©T> Las vegas wWash.:

The U.5.G.S. Tiow gage at North sShore Road was aestroyed in 1984
ang has hot been replaced. Therertore, =0 estimat2 the .d%aa 3at orth
snore rFoaqa. 4 cup!s -=2el per 3econd was aaded to the jadged riow at

Sapco Roaaq. The 4 =TS correcticn ~as 2erived by the i).S.a5.8. There 's
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some uncertainty 1n the assumed flow at North Shore Road. In the near
“uyture, the U.S.G.S. pians to 1nstali a new flow measuring station 1n
-as vegas wash. If future readings from the rew gage along with
studies of the relationship petween the new gaging iocation and NMortn
inore Road reveal that the assumed flows at North <hore Roaad are
-naccurate, NDEP wi1l}l reevaiuate the totai maximum dailly ioads (TMDLs)

and waste load allocations tWLAS).
T h :

Mohtnly average rota! phosSphorus Nonpoint sSource o0aas were
1atermined by subtracting the total average :oac discharged by the two
~reatment piénts from the monthly average total phosphorus iocaa at
.orth Shore Rd. These monthiy average airferences were then averagea

~ver the 3Jrowing season .Aprt1i - September: tc obtain a yearly averagde

nonpoilnt source ioad. €inaiily, the average growing season nonpoint

*

source 'cads were averaged for the three vears unaer cons1derat10n.to
arrive at an overall average nonpoint zourca 'Sad. The monthiy average
cads 4gischargea Dy tnhe iewage rreatment 2iallts +~ere optained r-om the
zaif-monitoring reports submitted to HNOEP ny the Cilty of Las vegas and
-.ark County tanitation Uistrict. Loads at nNorth Shore road were

~aiculated on the days that Clark County and U.3.G.S. monitoring data

~ere availlable. These ‘1ailiv r0aqQs were rnen averaged on a monthiy
Zas1s5 Lo obtaitin a month average ,2ad at ..orth shore rRoaa. Jsing in:.
ioproacn. —he nonpoint source :20ad at Morth -ncre ~cad ~as estimated T.o

-2 2 os,;d4av. Figure ° 1li.ustrates the montn , average values that
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were used to obtain the overall average ncnpoint source load. As can
se seen 1n this figure, there 1s a rather ilarge variation from month
ro month 1n the estimated nonpoint source load. In figure 2; the locaa
coming from the treatment plants and the loaa at North Shore Roaa are
~jotted on the same Jdraph. It would appear that the variation n the
estimatea nonpoint source 10ad :3 due LD variation idad at North Shore

Soaag rather than variation 'n the point source aischarges.

The variation 1n the toﬁai phosphorus loaa at North Shore Roaa 1s
‘1kely due to the sporadic nature of stormwater flows. A good
reiationship between suspended solids ana total phosphorus exists
. correlation coefficent = 0.95) which implys that a portion of the
total phosphorus 1s bound to the sediments. There 1s a satisfactory
-z ,ationship between total pnospnhorus ana flow and between suspended
soiliags and flow. It 1s i1keiy'cnat the particuiate componenent of the
‘oad settles and resuspends with scour; consequently. the travel time
a¥ this portion of the loac may be substantially ionger than the
rvqrauiic time of -~ravel (EFA Tecnhnical Guidance fcr Rerforming waste
_cad Allocations - Book IV Lakes and Impoundments, Chapter 2
Zacropnication pg. $-15, s-18). The 1ntermittent nature of the
ﬁransport of particuiates couid be partiy responsible tor the variation

1in the totai phosphorus load at North Shore Road.
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In an effort to eliminate some of the unpredictable variation in
the nonpoint source loads, daily flows which exceeded 110 percent of
the average flow were not considered in calculating the monthly average
load at North Shore Road. Over the 3 year period under consideration,

a total of 5 values were eliminated.

The load allocation shall be established with a margin of safety
which takes into account any lack of knowledge concerning the
relationship between effluent limitations and water quality according
to 40 CFR 130.7.c.1. A 10 percent safety factor was assumed.
Therefore a nonpoint source load of 100 1bs/day total phosphorus is

assumed.

Total Ammonia:

The assumptions made in calculating the total pﬁosphorus nonpoint
source load were also used for calculating the total ammonia nonpoint

source load.

The data indicates that there is no nonpoint source load of
ammonia in the Las Vegas Wash. Thus, all of the load may be allocated
to the municipal dischargers. It is recognized that some ammonia
reduction has occurred between the points of discharge and North Shore

Road in the past (see figure 3). As can be seen in this figure, the
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Figure 3: Total Ammonia Loads Discharged by the City and
County Compared to Total Ammonia Load at North

Shore Rd.



amount of ammonia reduction that occurs in Las Vegas Wash has been
decreasing in recent years. The kinetics of this reduction process are
complex and have not been defined. The amount of ammonia reduction

that will occur in the concentration range of the proposed TMDL can not

be accurately determined at this time; therefore no credit for ammonita

reduction in the wash can be granted.

WASTE LOAD ALLOCATION:

After considering the nonpoint/background loads, the remaining

controllable total maximum daily loads (TMDL) are as follows:

Total Phosphorus - 334 lbs/day

Total Aammonia - 870 1bs/day

The permissible total load can then be :ivided among the various
dischargers. At least 20 methods for allocating the total Jload among
the dischargers have been identified (Chadderton, 1981). These various
approaches actually imply different definitions of equity. Methods
which utilitze criteria such as equa{ cost per pound of pollutant
removed, percent removal proportional to community effective income,
equal cost of treatment etc. are not appropriate to administer from the

state Jevel. Discharging equal effluent concentration was selected as

the most appropriate in this situation.
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Equal Effluent Concentration:

Allocating the Jload proportional to current effluent flows results in
44% of the remaining controllable load allocated to the City of Las
Yegas and 56% -1located to Clark County Sanitation District (CCSD).

Using the above percentages the following loads were calculated:

City - 147 lbs/day total phosphorus

427 lbs/day total ammonia

CCSD - 187 lbs/day total phosphorus

543 1bs/day total ammonia

The City of Henderson has expressed to NDEP no desire to discha-ce

to Las Vegas Wash during the period April through September.

INTERIM WASTE LQOAD ALLOCATION:

The following total phosphorus loads will be allowed until April.
" 1990:
City - 231 lbs/day

CCSD ~ 293 1bs/day

Achieve compliance with waste load allocations for ammonia by

April, 1993.

-

-10-
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fqual E£ffluent Concentration:

Allocating the load proportional to current effluent flows results in
44% or the remaining controllable load allocated to the City of Las
Vegas and 56% 21located to Clark County Sanitation District (CCSD).

Using the above percentages the following loads were calculated:

City - 147 lbs/day total phosphorus

427 lbs/day total ammonia

ccSD - 187 lbs/day total phosphorus

543 lbs/day total ammonia

——a—

The City of Henderson has expressed to NDEP no desire to dischar-zs

2

to Las Vegas Wash during the period April through September.

INTERIM WASTE LCAD ALLCCATION:

The following total phosphorus Jloads will be allowed until Apri?,

1990:

City - 231 lbs/day

CCSD - 293 lbs/day

Ackeve comcliance with waste load allocations for ammonia by

ADril, 1993,

-10-



	Las Vegas Bay TMDL - Introduction
	Las Vegas Bay TMDL - Section 1. WQ Conditions and Seasonal Periodicity
	Las Vegas Bay TMDL - Section 2. Concentration Estimates at Northshore Road to meet WQ standards
	Las Vegas Bay TMDL - Section 3. Wasteload Allocations

