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SUMMARY

In September 1987 the Nevada Division of Environmental Protection revised
Water Quality Standards for Las Vegas Wash (LVW) 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 Loads at North Shore Road and Waste Load

Allocations.

Blue-green algae were present in 1987 but did not build to bloom levels
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 LVW 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 wére 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 TMD. of 434 1bs/day total phosphorus and 970 1bs/day total ammonia. The
total phosphorus nonpoint source load was estimated to be 100 1bs/day which
results in 334 1bs/day to be allocated between Clark County Sanitation District
and City of Las Vegas Naspewater Treatment Plants, Lacking an understanding of
the kinetics of ammonia reduction in LVW, all of the TMD_ was allocated to the
two treatment facilities. Due to the seasonal nature of the water quality
problem in LVB, the TMDL's wouid 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/i
in January, early April, and October through December. This data is consistent
with the theory that the wash piume 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 in Las Vegas Bay (LVB) in 1987 (Figure 1 ). Three sampies collected bet-
ween January 22 and April 9 were below 10 ug/1. Concentrations fluctuated, but
generally increased between midepril and late September when it then began to
decline. Three sampies 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 LVB 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 higher 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 l.as Vegas Boat Harbor (Paulson 1987).

A cross sectional ana]yéis of chlorophyll a at station 3 indicated that most
of the time the concentration at station 3C was slightly lower than the mean of
stations 3CNS (Figure 1 ). This data suggests that measurement of chlorophyl} a
from center channel adequateiy 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 11359 49.5
September 30.4 15.1 68.0
Mean Summer 32.8 59.4 53.2




(ug. 1)

CHLOROPHYLL a

Figure 2 . Diurnal variation in chlorophyll a at station 3 on
May 7 and 8, July 30 and 31, and October 7 and 8, 1987.
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Unionized Ammonia

Unionized ammonia (NH3 -N) is calculated from the total ammonia (NHg -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 vaiues 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 Las Vegas Bay (.VB) 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 cycle 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 eariy spring period.

Unionized ammonia at station 2 was similiar to previous years although peak
values were somewhat Tower (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 lowest in the

-6~



FRAOTION UNIONIZED AMMONLA

TOTAL AMMONTA (mg~1)

UNIONIZED AMMONLIA (mg-1)

1.3 4
1.8 4
11+

1+
0.8 -
0.8 -
0.7 +
8.8 -
0.8
04 -
0.9 -
0.8 -
0.
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in 1987.
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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. Although 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 dquality standards, Anon. (1987),
requires that the hydrodynamics of the LVW-LVB interaction be
defined. It is 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 1in this report are
summarized in Table 1.1.

It is the premise of this investigation that LVB water
gquality 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 oprocesses and
their magnitude are controlled by nature and are beyond the
control of administrative action. The magnitude and direction of
mixing Dbetween the LVW inflow and LVB is controlled by the LVW
volunmetric inflow, the momentum of Ehe LVW inflow, and the
difference in buoyancy (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.l.l 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

LVW Temperature/EC
at Northshore Road

LVB EC
and Tenmnperature

Data

Clark County
Sanitation District

USGS Water Resources
Data

Clark County
Sanitation District

Limnological Research
Center at UNLV

10/69-9/84

10/84-9/87

10/69-9/84

10/84-9/87

1/77-9/87
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conpared. In Chapter 5, an appropriate model for describing the
LVW-LVB interaction is recommended and the allowéble LVW
concentrations o©f nitrogen and phosphorus at North Shore Road

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

estimated.



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

egquation:
= (2.1)
P=Pp + bog
3
where p = water density (kg/m ), pp = water density as a function
3
of temperature {(kg/n ), andApS = density increment due to

3
dissolved and suspended solids (kg/m ).

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

vroposed by Gill (1982) is used here or

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

vhere 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



-8 2
+ 4.99 x 10 T ) £2.3)

where C concentration in (g/m3 or mg/l) and T = water
temperatzgz in degrees Centigrade. The typical measurements of
TDS in LVW at Northshore Road are in terms of the specific
conductance of the water: see for exanmple Anon. (1980).

According to Anon. (1980)

..., the concentration of dissolved solids {(in milligrams
per liter) 1is about 65 percent of the specific conductance ({in

micromhos)," Anon. (1980, p. 19).

In Anon. (1980), it 1is further noted that the relatioconship
hetween 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 Morthshore Road, there are sufficient data to
directly establish a regression relationship between TDS (in

na/l) and specific conductance {(in micromhos) or
LTDS1 = -293. '+ 0.830 [sC] (2.4}

with a correlation coefficient of 0.973 and normally distributed
residuals. It should be 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



by Ford and Johnson (1983) to be

-3
4p =C¢C (1 - 1/8G) * 10 (2.5)
Ss Ss
3
where C = suspended solids concentration (g/m or mg/l) and SG
55
= specific gravity of the suspended solids. If a specific

qravity 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
increnent in Equation (2.1) as
bo T Bhing’ T APl (2.7)

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 1in 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 is somewhat

confusing since there 1is both seasonal variation and a very

apparent trend to increasing monthly average water temperatures.



coefficient associated with Equation (3.1) is 0.001; the
residuals are normally distributed; and a t-test of the slope

demonstrates 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
[LVBE-TDS] = 719. - 1.79 [N] (3.2)

where [LVBE-TDS] = monthly average epilimnetic concentration of
TDS (mg/l) 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 Figure 3.2 would
be better represented by two lines. That is, for N greater than
0 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



FIGURE 3.2

Representative monthly average epilimnetic
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. - €.00211 [N] (3.3)

wnere (LVB-rho] = monthly average epilimnetic water density 1in
(kgfm3) 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 in the preceding sections yield the
following 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



FIGURE 3.3
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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 maximum during 1981 and subsequently decreased rapidly.
Although the noted decrease in TDS is most likely due to dilution
and salinity control, the noted decrease in TDS shows no sign of
abating. The trends in epilimnetic water temperature are much

less clear and no conclusions can be stated.

14



4. COMPARISON QOF LVW-LVB DENSITY TRENDS

4.1 Introduction
Water quality in LVB is primarily controlled 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 bﬁoyant 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 egqual to that
of the epilimnetic waters of LVB, LVW enters LVB as neutral cr
puovant jet. The effect of a neutrally buoyant or buoyant jet on
epilimnetic water guality 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 examine 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 gach month used in this chapter,
a single representative vertical profile of temperature and
specific conductivity at Station BC-5 was used to estimate a

monthly representative density for LVB. Thus, it would be



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 discussion is January, 1977 through July, 1987 with only the
months of April through October, inclusive, considered. The
average density of tﬁe epilimnetic waters are defined according
to the 'rule' discussed in Chapter 3.

In Figure 4.1 the variable (dell] is plotted as a function of

TN] where
{del] = [LVW-rhol] - [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]l 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) 1is 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 guality in LVB is significant. First,

16



FIGURE 4.1
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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 monthly 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 buoyant jet. In the latter part of the period
examined, LVW entered LVB as a neutrally buoyant or buoyant jet.
Furthermore, since the slope in Equation (4.2) is negative and
non--zero, it must be assumed that [del] will 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 mid or late summer when it
again decreases in value. Second, during periods of time in 1985
and 1986 [del]l was negative indicating LVW may have entered LVB
as a buoyant or neutrally buoyant jet. Under such circumstances,
the nutrients contained in the 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.



FIGU

at Station BC-5 for the veriod January, 1977
through July, 1987 in bar graph form
4,
m
x
:E 3‘- _—l '—‘ = =
g — _ 2 T ] 7
e I o
% i o L
= — = _J =
L [| l 5 | | 3
| |
Q. | SN N N SO | L S R O A 1 | 111 | |
A M J Jas O A M2 2 A S 8 AM J 22 A SO A M J A I
1577 187 1979 1e80
o ;
3 ;
x o3 ;
- |
R ] — e
= 2 ! P | i 0
RSN O N - — | [ |Z
= . 3 ' ! | i & M
L] - Rt S I
I — i o
1 J — | [ 2 j
o S T N T I RN R Loy Z Ly |
A M J 0 A SO A Mo Ja s 13 AMMJI JaAa S D AMJI Jd A S
981 e82 1583 1984
4,
zh
¥4
?‘_E: c.
*
o
4
J 1
i A M
0, ] I | I I 11 1
S J J A S O AM J J AS D A M J J
-i 1985 1986 1587

14
1=

4.2 Representative values of the wvariable [del]




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 neutral 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 Figure
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 ggeater than the depth to the top o©f the
thernocline, LVW enters LVB as a negatively buoyant plume and the
probability of pollutants in the LVW inflow nmixing 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 much 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 neutral
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 these depths was

often negligible. In 1985 and 1986, the LVW inflow was often
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buoyant in the late spring and early summer with generally
minimal differences in the depth to neutral 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
exanple, 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 wvicinity 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. Although 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 LVW and LVB must be selected for
the near term. Secénd, 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 reiected. Amondg the types of models examined

were:

1. Entrainment Models: There are a number of models
available which purport to describe the behavior 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 Models: The interaction of LVW with LVB could
potentially be modeled as a Jjet entering a stagnant,
stratified f£luid. Jet models vary from traditional models
such as those described by French (1986) and Fischer et al
(1979) to new models such as those described by Roberts
(1984) and Roberts and Matthews (1987)}. If the trends in
ILVW and LVB densities persist, then in the future a
traditional Jjet model may adequately describe the LVW-LVB
interaction. A preliminary analysis using this type of model

was performed, and this analysis demonstrated that when LVW

enters LVB as a neutrally buoyant jet all point source



discharges of pollutants will have to be removed from the

LVW flow to meet the LVB water quality standards. The new
jet models [Roberts (1984) and Roberts and Matthews (1987}]
were developed to describe the entry of a high momentum
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.

e 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 relate LVW and LVB data; and this is
felt to be a serious problem that vrecludes 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
concentrations at NSR of phosphorus and nitrogen that will

satisfy the LVB water quality standards.



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 ia the LVW flow at NSR (mg/l), cs
concentration of the tracer at the point of interest in LVB
(mg/l), and cb = concentration of the tracer at a background
station in LVB (mg/l). If D, ¢s, 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 ¢s at a

specified station in LVB or

cw = (D+1l)es - D{ch) & (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:

“Mean summer (July-September) chlorophyll a shall not exceed
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
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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 d&eveloped by Coopver (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 possible
licht and nitrogen limitations at this site. The data were also
screened to remove those data that could be considered to be
nitrogen limited (TN}TP less than 10). This screening procedure
removed only 12 of the 267 available data points and only one of
these points was in the period 1985-1987. The data for this
analvsis are plotted in Fiqure 5.2, and the regression eguation

developed was
chl a = 0.603 ITPO41 - 0.704 (5.3)

with a correlation coefficient of 0.83 and where TP04 = the
concentration of total phosphorus.

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
previous study on Lake Meadyielded similar results, Anon. (1982).
Although regression equations such as Equation (5.3) can vary
from lake to lake, Equation (5.3) is very similar to the chl a -

TP04 develoned for other lakes; see for example Sakamoto (1966),

Dillon and Rigler (1274) and Jones and Bachmann (1976).

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

1. The allowable TP04 concentration at BC-3 to meet the chl

a water quality standard is 0.051 mg/l.

2% For each month during the period April~Septémber
(inclusive), the available TP04 data for Station BC-3 are
averaged yielding a monthly average value. Note, the period
April-September is used Because of the critical effect on
summer chl a concentrations that spring inijections of

nutrients into the epilimnetic waters of LVB have.

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

a 'vearly' average value.

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

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

In Table 5.1 the monthly average TP04 (designated TP04 mu)
data are summarized for LVW, Station BC-3 (the standard station)
and Station BC-8 (the background station) for the vyears 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 LVB, it 1is not
appropriate to use data previous to 1985 in this analysis. Also
summarized in Table 5.1 are averaoce 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
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excess of 110% of average. In Table 5.2, the monthly average
values and the standard deviations associated with these averages
of D and the concentration of TP0O4 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 distributions 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 which can then be used to simulate
yearly (April-September)} average values, and the vyearly
average values can be used to estimate running, allowable 4

year average values of TP0O4 at NSR.

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

estimate a target TP04 concentration at NSR and the standard
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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 (BC-8) {BC-8)
mg/1 mg/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
3 10.6 4.85 0.008 0.003
9 21.7 9.16 0.007 0.002

Tha



deviation associated with this value.

A computer code was developed to perform this stochastic
sirmulation, and fifty vyears of record were simulated. The

results of this simulation are:

Target average NSR

Concentration of TP04 = 0.78 mg/l

Standard deviation

Associated with target average = 0.058 mg/l

The water guality standard for chl a states that the standard
will never be exceeded. From a practical viewpoint, 'never' is
interpreted to mean that TPO4 will have only a 1% chance of
exceedance at Station BC-3. The 47 four year average values of
target TP04 concentrations that resulted from the stochastic
simulation are normally distributed and the target TPO4
concentration at NSR that will satisfy the water gquality standard
is
ru -z g = Target NSR TP04 concentration

NSR NSR
or

0.78 - 2.4 (0.058) = 0.64 mg/l

5.4 Apvlication 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 ammonia shall

27



not exceed more often than once every three years 0.04

mg/1l."

It 1is assumed and can be shown that if the chronic unionized
ammonia standard is met then acute unionized ammonia standard
will also be satisfied.

The unionized ammonia standard also indicates that diurnal
fluctuations of the concentration 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 dayv, the first step in this analysis was to
develop a techniaue 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
because it was not felt that TDS changed sufficiently over the
periods 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

Ratio of Fraction of Unlonlzed
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daily average fraction unionized ammonia is plotted as a function
of the number of hours elapsed after midnight. In this fiqure,
the vertical 1lines 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
amnmonia. In this figure, the daily average value of fui occurs
at approximately 1300 Pacific baylighﬁ Time (PDT): the maximum at
approximately 1600 (PDT):; and the nminimum at approximately 0800
(PDT).

In Table 5.3 thé 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 averadge values of
fui. The wvalues of fui in this table were corrected for TDS
concentrations wusing the methodology sugagested by Stumm and
Morgan {(1970). Again, gagiven 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
dilution 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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FIGURE 2.1 Monthly average LVW water temperature at
Northshore Road for the period October, 1969

through August, 1987
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If the data in Figure 2.1 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 trénd is linear: see for example Rich (1973).
Using this assumption and linear regression, the resulting long-
term trend equation for the water temperature data in Figqure 2.1

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

where [LVW-Temp]l = 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 ~ been removed while the periodic and random components remain
to be removed. The residuals associated with Egquation (2.7) are
normally distributed, and a t-test of the slope (0.0388)
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 tenperatures at Northshore Road. Second, over
the period of time examined, the monthly average water
temperature at Northshore Road has increased - using Equation

(2.7) - by approximately 8 degrees Centigrade. Third, it does



not appear that the trend to increasing water temperatures 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 mnonthly average TDS concentrations at
Northshore Road are examined for the period October, 1969 through
August, 1987. For this 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 Qere 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
gaps. 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/1) at
Northshore Rocad 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 1is
significantly different from zero.

Figure 2.2 and Equation (2.8) also provide significant

information regarding trends in LVW flow densities. First, there



FIGURE 2.2 Monthly average LVW TDS concentrations at
Northshore Road for the period October, 1969
through August, 1987
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has been over the period of record examined é .élear and
significant trend to decreasing monthly average concentrations of
TDS in LVW at Northshore Road. Second, 1in recent vears, 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 SuspendedlSolids

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-term

trend is



FIGURE 2.3

Monthly average LVW water densities at
Northshore Road for the period October,
1969 through August, 1987
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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) is
0.555 which, although low is not 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
zero.

Consideration af the data plotted in Figure 2.3, Equation
{2.9), and the fdregoing discussion of LVW temperature and TDS
trenés 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 flow density at Northshore Road.
Second, although the monthly average TDS concentration appears to
have stapilized 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 ﬁust be
assumed that monthly average flow densities Northshore Road will
continue to decrease in the future although perhaps at a slower
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 develcopment.



3. TRENDS IN LVB WATER DENSITIES

3.1 Introduction

Water density in LVB is also a function of water temperature,
the concentration of TDS, and the concentration of suspended
solids, the definition of representative monthly values of these
variables in LVE is more difficult than for LVW at HNorthshore
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 is
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 nonthly average epilimnetic values of these variables.
Susvended solids are not considered 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. Second, identifying the epilimnetic waters of LVB
reguires that a definition of the epilimnicon be established and
followed. By definition, the epilimnion is the distance from the
top o©f the thermocline to the water surface. The top o©f the
thernocline is +the point where the vertical gradient of
temperature is approximately 1 degree Centiarade/1lm. In cases
where there was no true thermocline wunder 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
during the period November-March, inclusive, the analyses

discussed here are confined to the period April-October,

10



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 station must be selected as being representative 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 the representative station. 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 Averaée Epilinnetic Water Temperature Trends

In this section, the LVB representative monthly average
epllimnetic water temperatures at Station BC-5 are examined for
the 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-Templ = 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 =

nunmber of months since January, 1977. The correlation

11



FIGURE 3.1 Representative monthly average epiliﬁhetic
water temperatures at Station BC-5 for the
period January, 1977 through July, 1987
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TABLE 5.4 CRITICAL SEASON PARAMETER AVERAGES AND STANDARD

DEVIATIONS
D fui ch
ru g mu o mu o
22.2 10.2 0.234 0.109 0.019 0.010



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 LVE water
quality.

The unionized ammonia water cuality standard is based on a

four day average value of the concentration of unionized 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:-

l. D, cb (Station BC-8), ané fui are normally distributed
random variables with the critical season (April-September,
inclusive) means and standard deviations summarized in Table
5.4. Wnhile it would be preferable to use monthly average
values of these parameters, the extreme variability of the

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

3. The distributions of D, «c¢b (Station BC-8), and fui are
stationary in time. Although this assumption has been
violated in the past and mav be violated in the future, it
should not be violated in the near term. To satisfy this
assumption, no data previous to 1985 are included in the

analysis.

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

target 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 perform the stochastic
simulation and 50 years of record was simulated. The Kkey

calculation in the code - the target daily average value of

total ammonia at NSR was
TNH = (0.04/fui) * (D+l) - D * cb

where TNH = target concentration of total ammonia at NSR (mg/l).
The fifty vyears of simulated data had the following

characteristics.

Target minimum average NSR total ammonia concentration

(TNH)= 1.56 na/l

Standard deviation associated with

target minimum averade = 0.30 mg/l

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

tarqget minimum average NSR concentration' the following
computational and data selection process is indicated. During
each yearly critical period there are 183 days: and thus, 183
daily average values of total ammonia. After four day averages
are formed, there are 180 values for the critical pgriod. From
each of the 50 critical periods simulated, the minimimum

concentration of TNH that will satisfy the water quality standard

L
(=



is found. This 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

g/l once in three years is

mua -z @ = taraget TNH concentration
NSR NSR

or

1.56 - 0.44(0.30) = 1.43 mg/1 TNH at NSR
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Total Maximum Daily Loads at North Shore Roaa
and
Waste Load Allocations

Prepared by:

Nevada Division of Environmental Protection



T 1 mum il =

The tollowing allowable concentrations at North Zhore Rd. were

derived by Dr. rFrench:

0.64 mgyi total phoshorus
1,43 mgy 1t notal ammonia
The average Tiow 2t dMortTn Shore ¥oad Tor The past . water vears,
accorging w2 ¢.5.43.5. Jata s 1268 cupic Teet per secona. Using this

Tiow. The TStiowling total @maximum allowaple loaas at dortn Shore Roaag

were caiculatedq:

434 0s/day notal phosphorus

970 ypsysday TotTal ammonta

Nonpoint Sources:

gerore “he MDL can e altocated to The point 3curce 4dischargers,
The nonpoiInt 3Source/backaround (0ad mUsST be estimated. fhe nonpoint
sourcesbackgrouna loag ~as assumed =0 pe the average ditference between
the l|oaa at {dorth Shore |Soad ana the sum of the 1oads contributed from
the point 3ources. Pue 1o previousiy descritced changes in Las Vegas
wasn and Las vegas Bay aensities and physical changes 1n Las Vegas wasn
channei, 2niy 1335, 1986 and 1987 adata were chosen as best reflecting

Che current conaitions.



Point source discharges into Las Vegas Wash inciude:

1. City of Las Vegas

2. Clark County Sanitation District
3. TIMET

4. Kerr-mcGee

5. Staurter

he City or Henderson may be aischarging to Las yegas wash 1n the
Tuture. TIMET discharges noncontact Cool1na water and other reiative:v
Lncentaminatea Tiows.  serr McGee discharges noncontact cooling water
ang stormwater, and Stautrter gdilscharges stormwater. The gischarges
Trom poth kerr-McGee and Stautrfer are intermitLant, and have neen
refatively uncommon th The past. AdgiTional iy, there are no data
avatiable on the concentration of nutrients in Kerr-McGee ana
Stautrar s alscharges, TIMET aischarges approximateiy 4 MGD anc notn
“he Tota:r ammonia and totai pnosphorus concentrations 1n these
J18Cnarges are approximately 0.01 mgs 1 or |ess, Thererore. only the
discnarge from the 21ty aF Las Yegas ana <lark County treatment niants
weére used to =2stimate the total monthiy average point source lopad

aiscnarged T2 Las Yegas wash.

The U.5.G.8. flow gage at North Shore Rocad was destroved in 1984
and has not been replaced. Therefore, to estimate the joad at North
Shore Roaa, 4 cubilc feet per second was added to the gaged flow at

Pabco Roaa. The 4 cfs correction was aerived by the U.2.3.%. There 1s



some uncartalnty in the assumed flow at North Shore Road. In the near
future, the U.$.G.S. pians to instali a new flow measuring stationh 1n
Las vegas Wash. If future resagings from the new gage along with
stugies of the reiationship pbetween the new gaging location and North
Shore Road reveat that the assumed flows at Morth Shore Roaa are
1naccurate, NDEP will reevaiuate the Ttotal maximum agaily Toads {TMDLs)

ang waste ioad allocations :wWiLAS ).

Total Phosphorus:

40Nt iy average total pnosphorus nONpPoInt Sourcse :0aas were
detarmined by supbtracting the total average (oad discharged by the Two
Treatment ziants rrom The monthly average total ohospnorus 1oaq at
Nortn shore Fa. These monthiy average ditferences were then averagec
over tne Jdrowing season {Aprii - sSeptember: to obtain a yearty average
nonpoiInNt source toad. Finaiiy, the average growing season honpoint
sourcs Sagds vere averaged tTor the Lhree years unager consideraticon 1o
Arr:vae AT an overal! average nonpoint sourcs ioaa. The monthiy average
roads rischardced Dy the sewage hreatment plants were 20talned rrom the
@i f-maoni1noring reports submittea to MDEP by the City of Las vegas ana
slary L sunty zanittation Cistrict, Lgcads at  North sShore Road were
calcutated on the days that <lark county and U.$.3.5. monitoring data
ware availaple. These gairiv 1oads were then averaged on a monthiy
basi1s To obtain a monthiy average i0ad at North Shore Road. Using this
approacn, the nonpoint source {gad at North Shore Soad was estimated To

pe 90 'Bssdav. ~igure 1 1liustrates the monthiy average vaiues tThat



were used to obtain the overall average nonpoint source icad. As can
be seen 1n this figure, there 18 a rather large variation from month
to month tn the estimated nonpoint source load. In figure 2. the Iocaa
coming trom the treatment piants and the load at North Shore Road are
plottea on the same graph. It would appear that the variation 1n the
estimatea nonpoint source 1oad 1$ due T2 vartation 1o0ad at North Shore

Roag rather than vartation in the point source alscharges.

The variation 1n the total phosphorus locad at Morth Shore Road 1s
11keiy cue to the sporadic nature of stormwater flows. A good
relationsnip between suspendeda solids and total phosphorus ex1sts
tcorreiation coefficent =v0.95) which 1mpiys that a portion of the
total phosphorus 1s bound to the sediments. There :1s a satisfactory
relationshi1p between total phesphorus ana flow and between suspendeaq
soi1as and tlow. It 1s tikeiy that the particuiate componenent of tnhe
icad sett!es and resuspends with scour: consequent!y, the travei time
of this portion of the jocaa may be supbstantiaily ionger than the
Nyaraulc time Or travel (EPA Technical Suidance for Pertforming waste
Locaa Aillocations - Book IV Lakes and Impoundments, Chapter 2
Eutrepnication pg. 3-15, 3-16). The intermittent nature of the

Transport of particuilates couid be partly responsibie for the variation

1n The totai pcheosphorus ioad at North Shore Roaa.

In an effort to eliminate some of the unpredictaple variation 1n

the nonpoint source ioads. dailly flows which exceeged 110 percent of

¥

the average Tlow were not considered in caicuiating the monthiy average
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Figure 1: Monthly Total Phosphorus Nonpoint Source Loads
at North Shore Rd.
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County Compared to Total Phosphorus Load at
North Shore Rd.



.i

loaa at North Shore Road. Over the 3 year period under consideration,

a totai of 5 values were eliminatea.

The '!'ocadg aillocation shall be establiisheg with a margin of safety
which Takes 1NTo account any lack of kKnowledge concerning the

rejlationsnip oetween erfluent limitations ana water aquaiity according

TO 40 CFR 130.7.¢C.1. L 1) parcent satety TACLOr was assumeda.
Thererore a nonpoint source i2ag <f (U0 ibss/day LoTal zhosSphorus :1s

assumeag.

Jotal Ammonia:

The assumpctTiong mace ' faicuiating the totai ohosphorus nonpoin.
source 220 were 3iso wsed ror 2atcutlating the total ammonla nonpoint

SGurce road.

The gata "ngicates that there 's no nonpoilnt source ioaa of

ammonta N tha Las vYegas wasn. fnus., a1l =7 the .oaa may be allocated

0}

ZC The amunic:iza! discharagers. re reccgnized that some ammonta
TRAQUCTToN Nas TCourrec Detween the ooints of gischnarge ana North Shore
Foad n T2 past (3ée rigure . 18 <an be seen ‘n this Tiqure, The
amount of ammonia "eauction that oCccurs 1h Las Vegas wash has been
jecreasing in recent years, The kinetics of this reaucticn process are
compiex and nave not been derined. The amount o ammonia reduction
that w1ii DCcur 11 the concentration range of the proposed TMDL can not

be accurataly determinea at tThls time: theretore no credit for ammonia

raguctian in the wash <an pe granted.
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Figure 3: Total Ammonia Loads Discharged by the City and
County Compared to Total Ammonia Load at North
Shore Rd.



WASTE LOAD ALLOCATION:

aAfter considering the nonpoint/background loads, the remaining

controllaple totail maximum dailly Toads (TMDL) are as follows:

Total Phosphorus ~ 334 lbs/day

Total Ammonia - 970 lbs/day

The permissibie totatl load can then ve atitocated among the various
aischargers., These waste loaqQ ailocations are seasonal iimitations
developed to achileve the water quailly stanadaraes. At !east 20 methods
for ailliocating the total icaa among the dischargers nave peen
1gentifiea «Chaaderton, 15811, These various approaches actually *mpiy
ar1fferent aetrinitions of equlty. Methods which utiiitze criteria such
A8 2gual oSt per pound ot pollubant removed, gercent removali
proportional to community effective income, equai cost of treatment
etc. are not appropriate to administer from the state level.
Discnharging eauail etffluent concentration was selected as the most

Appreoriate In this situation.

f1 r ' H

Allocating the load proportionai to current effluent flows
results 1n 44% of the remaining controllable load ailocated to the City
of Las vegas ana 56% allocated to Clark County Sanitation District
(CCSD}Y. Using the above percentages the following loads were

caluculated.



City - 147 1bs/day total phosphorus

427 tbs/day total ammonia

CcCSD ~ 187 ibs/day total pnosphorus

543 lbs/gay totat ammonia

the City of Henaerson nas expressed tc NDEF no agesire oo gischarge

LO Las vegas wash quring the period Aprii Througn Sepntemper.

M WA A =

the Toilowing total =nospncorus loads wi!il ne aliowed UNTT | ADrs .
1990
Jity — 231 tbhssaay

Z2C80D - 293 1bssgay

iCntzve compilance wi1th waste ioag aliocations ror Immoniza oy

Aprit, 1995.



Egual Effluent Concentration:

Allocating the load proportional to current effluent flows results in

44% of the remaining controllable load allocated to the thy of Las

Yegas and 56% allocated to Clark County Sanitation District (ccsp).

Using the above percentages the following loads were calculated:

City - 147 lbs/day

427 .1bs/day

CCSD - 187 Ibs/day

543 Ibs/day

total

total

total

total

phosphorus

ammonia

ohosphorus

ammornita

The City of Henderson has éxpressed to NDEP no desire to discharge

to Las Vegas wash during the period April througn September.

INTERIM WASTE LOAD AL{ OCATION:

The following total phosphorus Jloads wil]l be allowed until Apri1?,

18990:
City - 231 lbs/day

CCSD - 293 lbs/day

Achieve compliance with waste load allocations for ammoriia by

April, 1993,
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