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SUMMARY

In September 1987 the Nevada Division of Environmental Protection revised

iater Quality Standards for Las Vegas Wash (LVW) and Lake Mead. Standards were

set for chlorophyll a and unionized ammonia in Las Vegas Bay (LVB) (NDEP 1987).

The 1986 and 1987 LVB data showed non—achievement of both the chlorophyll a and

inionized 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 Las Vegas Bay Water Quality Conditions and Seasonal Periodicity.

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

dards in Las 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/l which is

considerably higher than the standard of 30 ugh (4 year mean). From April 9

through August 3 unionized ammonia was never below the .34 mg/l chronic toxicity

standard at station 2. The acute unionized ammonia standard (.45 mg/l) was not

exceeded. The standards were not achieved from April througn September but were

met from October through March.

Over the period of record examined (1977-1987) the density of l_VW has

cecreased significantly in comparison to LVB. At present, there are months

when LVW enters LVB as a neutrally buoyant or buoyant iet.
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The dilution ratio methoo was applied to the 1985 through 1987 data set to

estimate the total phosohorus 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/i total phosphorus and 1.43 mg/i total

amman I a.

The 985 through 1987 average flows at North Shore Road were used to calcu

late a ThIDL of 434 lbs/day total Dnoshorus and 970 lbs/aay total ammonia. The

total pnosphorus nonpoint source load was estimated to be 100 lbs/day which

results in 334 lbs/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 i9 VW, all of the TMDL was allocated to the

two treatment facilities. Due to the seasonal nature of the water quality

problem in ‘_VB, the TMDL’s woula have to be met from April through September.

The TMDL’s would not apply from October through March.

iii
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Total Phosphorus

During the growing season, total Dhospnorus concentration at station 3 was

considerably above the .351 mg/i level considered necessary to achieve the

30 ug/i cniorophyll a standard (Figure 1 ). Concentrations averaged .082 mg/i

in July, .091 mg/i in August, and .068 mg/i in September; mean surrnier total

phosphorus was .080 mg/i.

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 plume is denser than the lake water during the

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

Chlorophyll a

Station 3 Chorophyll a concentrations exhibited a seasonal pattern of algal

growth Las Vegas 3ay (LVB) in 1987 (Figure 1 ). Three samples collected bet

ween January 22 aria April 9 were below 10 ug/i. 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/i. Peak chlorophyll a at station 3 in 1987 occurred on

September 3 at 78.8 ug/l.

The chlorophyll a standard for r_VB at station 3 is set so that the long term

(4 year mean) surrnier concentration shall not exceed 30 ug/l and that no more

than one monthly mean shall exceed 45 ug/i in any calendar year. In 1987 mean

—1—
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Figure 1 . Daily total phosphorus and chloropnyll a

concentrations at station 3 in 1987.
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sunier chlorophyll a was 53.2 ugh and both August (49.5 ugh ) and September

(68.0 ugh) exceeded the monthly standard (Table 1 ).

The mean surriner 1987 level was similar to 1986 although mean monthly 1986

values had a iigher 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 indicatea 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 chlorophyll a

from center channel aaequately 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 .as Vegas Bay in 1988 to better

understand this relationship.

—3—
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Table 1 . Sumer Station 3 Chlorophyll a from 1985—1987.

YEAR 1985 :986 :987

July 32.2 49.3 42.0

August 35.9 113.9 49.5

September 30.4 15.1 68.0

1ean Sumer 32.8 59.4 53.2

—‘4—
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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 ArNTlonia

Unionized ammonia (NH3 —N) is calculated from the total ammonia (NH4 -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 oiurnal 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 througn March and

October through November. The exception was on October 29 wnen FUI went up to

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

The most important factor influencing FUI in Las 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 sumer than winter which

is reflected in the seasonal nature of the FUI. The diurnal cycle of FUT 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 .1 Average growing season (April -

September) unionized ammonia was significantly higher than the chronic

toxicity standard of .04 mg/l.

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—
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October samples. Some diurnal variation was coserved but no consistent pattern

s apparent. Crcss—secticnal samples ‘,iere also collecteci during the ciiurnal

studies. Thta1 inonia at 3C was a; times slightly above and other times

slightly DeloW the average of 3CS. Aithougn further diurnal sampling will be

conduc:ea, at ths time t appears that centar channel collection of total

ammonia adequately represents the cross—section.

-Th
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1. INTRODUCTION

The estimation of appropriate Las Vegas Wash (LVW) mass

loadings of phosphorus arid 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 he

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 mass 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 VW and LVB. The

data sources and periods of time used in this report are

suruviarized in Table 1.1.

It is the premise of this investigation that LVB water

quality is contrDlled by the mass loading of LVW to LVB, and the

amount and directio:. 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

mixin between the LVW inflow and LVB is controlled by the LVW

volumetric inflow, the momentum of the 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, tne historical density data regarding LVW and LVB are

1
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TABLE 1.1 REPORT DATA SOURCES AND PERIOD OF RECORD USED

Period of
Data Source Record Used

LVW USGS Water
EC-TES Resources Data 10/69—9/84

i.VW EC USGS Water Resources
at Northshore Road Data 10/69—9/84

Clark County
Sanitation District 10/84—9/87

LVW Ternperature/EC USGS Water Resources
at Northshore Road Data 10/69—9/84

Clark County
Sanitation District 10/84—9/87

LVB EC irnno1ogical Research
and Temperature Center at UNLV 1/77—9/87
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compared. In Chapter 5, an appropriate model for describing the

LNW-LVB interaction is recommended and the allowable LVW

concentrations of nitrogen and phosphorus at North Shore Road

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

estirated.

2
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2. TRENDS IN LVW WATER DENSITY

2.1 Introduction

Water density is 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:

p=p + (2.1)
T s

3
where p water density (]<q/rn ), p9, = water density as a function

3
of temperature (kg/m ), andp = density increment due to

S

dissolved and suspended solids (kg/rn ).

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
= 999.8452594 + 6.793952 * 10

—3 2 —4 3
9.095290 * 10 T - 1.001685 * 10 T —

—6 4 —9 5
1.120083 10 T i- 6.536332 * 10 T (2.2)

where T = water temperature in degrees Centigrade.

Density is also a function of tne dissolved and suspended

solids concentration. The density increment due to TDS was

uuantified by Ford and Johnson (1983) as

—4 —6
C (8.221 x 10 — 3.87 x 10 T

TDS TDS

3
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—8 2
+ 4.99 x 10 T ) -(2.3)

3
where C concentration in (g/m or mg/i) and T = water

TDS
temperature in deqrees 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 liter) is about 65 percent of the specific conductance (in

micromhos),” Anon. (1980, o. 19).

ifl Anon. (19S0), it is further noted that the relationship

between specific conductance and the concentration of TDS varies

from streari 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

ncT/i) and specific conductance (in micromhos) or

TDS = —293. + C.830 sC] (2.4)

with a correlation coefficient of 0.973 and normally distributed

residuals. It snould 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
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by Ford and Johnson (1983) to be

—3
= C (1 — l/SG) * 10 (2.5)

55 ss

3
where C = suspended solids concentration (g/m or mg/i) and SG

ss
= specific gravity of the suspended solids. If a specific

qravity of 2.65 is assumed, then Equation (2.5) becomes

= 0.00062 C (2.6)
ss ss

Combining Equations (2.3) and (2.5) gives the total density

increnent in Equation (2.1) as

= (2.7)
s TDS ss

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 1.1. 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 is somewhat

confusing since there is both seasonal variation and a very

apparent trend to increasing monthly average water temperatures.

5
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FIGURE 2.1 Monthly average LVW water temperatur 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

examir.g environmental data such as water temperature is that the

ong—term data trend 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 Figure 2.1

is

ELVW—Temp] = 12.8 + 0.0388 [N] (2.7)

where LVW—Temp] = monthly average water temperature in degrees

Centigrade at orthshore Road and N = number of months since

October, 1969 with [N=0 for October, 1969:1. The correlation

coefficient associated with Equation (2.7) is 0.185 which,

although low, is not surprising considering that only the trend

has been removed while the periodic and random components remain

to be removed. The residuals associated with Equation (2.7) are

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 — using Equation

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

6
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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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riot 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, VW monthly average TDS concentrations at

Northsnore Road are examined for the period October, 1969 through

August, 1987. For t.s analysis, both USGS and CCSD specific

conductance measurements were used with Equation (2.4) to

estimate TDS concentration in (mg/i). 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

qaps. 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—TDSI = 4097. - 11.7 N] (2.8)

where VW-TDS1 = monthly average concentration of TDS (mg/i) at

Northshore Road and N = number of months since October, 1969.

The ccrrelation coefficient associated with Equation (P2.8) 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 reaardinq trends in LVW flow densities. First, there

7
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has been over the period of record examined a . ear and

significant trend to decreasing monthly average concentrations of

TDS in LVW at Northshore Road. Second, in recent years, 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 averaqe 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 ata 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-terrn

t.rend is
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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 ELVW—rho] = monthly average flow density in kg/rn3 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 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 fic density at Northshore Road.

Second, although the monthly average TOS concentration appears to

have stabilized 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 monthly average flow densities Northshore Road ‘jill

continue to decrease in the future although perhaps at a ower

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.

9
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3. TRENDS IN LVB WATER DENSITIES

3.1 Introduction

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 IVB 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 is

density stratified during the period April-October in the

vertical dimension. Therefore, for this discussion, the

renresentative values of temperature and TDS are by definition

the monthly average epilimnetic values of these variables.

Suspended 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. S.:ond, identifying the epilimnetic waters of VB

requires that a definition of the epilimnion be established and

followed. By definition, the eilimnion is the distance from the

top of the thermocline to the water surface. The top of the

tnerrnocline is the point where the vertical gradient of

temperature is aoproximately degree Centiqrade/lm. In cases

where there was no true thermocline under the foregoing

definition, the top of the thermocline is either established on

the basis of udqement or taken arbitrarily as being 5m below the

water surface. Finally, since there is generally no thermocline

durinci the period Novemberarch, inclusive, the analyses

discussed here are confined to the period April—October,
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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 VB one station must be selected as being representative of

the ambient density conditions encountered by i.1VW as it enters

LVB. For thi discussion, the sampling station designated as BC—

5is used as the representative sta.on. 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

:n this section, the LVB represe:::ative monthly averaqe

epilinnetic 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 Limnoloqical 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 Diotted in this figure. Visually, this figure is confusing

and there is no apparent trend in these temperature data. Using

the lir.ear 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 ELVBE—Tenp = representative monthly average epilmnetic

water temperature in degrees Centigrade at Station BC—5 and N =

numner of ronths since January, 1977. The correlation

11
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FIGURE 3.1 Representative monthly average eDilimnetic
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 O.OO1 the

residuals are normally distributed and a t-test of the slope

demonstrates that it is significar.tly 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 throuQh 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 epilirnnetic values of TDS

are plotted ix’. Figure 3.2. Aqain, a total of 71 points are

plotted in this figure. Assuminci a linear trend, the resulting

equation for lonq—term trend is

[LVBE—TDS = 719. — 1.79 [N (3.2)

where i4VBE—TDS] = monthly average epilimnetic concentration of

TDS (rwT/l) at Station BC-5 and N = number of months since

January, 1977. The correlation coefficient associated with

Equaticr. (3.2) is 0.471; the residuals are normally distributed;

and a t-cest 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 greater than

0 and less than 50 there appears to be an increasing trend while

for N creater than 50 and less than 125 there is a decreasinq

trend.
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FIGURE 3.2 Representative monthly average epilimnetic
TDS concentrations at Station BC-5 for the
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3.4 LVB Average Epilimnetic Density Trends

In this section, the LVB representative monthly average

epilirnnetic water densities at Station EC 5 are examined for the

period January .977 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 71 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)

where LVB—rho] = monthly average eoilimnetic water density in
3

(kcr,’m ) at Station BC—5 and N = number of months since January,

1977. The correlation coefficient associated with Equation (3.3)

is 0.OCD8; 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

fo11owir.- conclusions regarding

concentrations, and density.

regardless of whether only the

epilimnetic values or the values

surface are considered.

First, over the period of

monthly values of LVB water

preceding sections yield the

LVB trends in temperature, TDS

The conclusions are valid

representative monthly average

at various depths below the free

time examined the representative

density at Station BC—5 has

13
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water densities at Station BC-5 for the period
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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 xonth1y TDS concentration appear to have

reached a maxiiurn 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 epilirnnetic water temperature are much

less clear and no conclusions can be stated.

14
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4. COMPARISON OF LVW—LVB DENSITY TRENDS

4.1 Introduction

Water quality in LVB is primarily contrdiled by the

hydrodynamic interaction that occurs between LVW and LVB; and the

most significant factor coverning the nature of this interacticn

is the density of the LVW flow relative to the density of the

epilmnetic waters of LVB. When the density of LW is much

greater than that of the epilimnetic waters of LVB, LW 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

eilirnnion and the hypolimnion is inhibited by the thermocline.

When the density of LW is equal to or less than or equal to that

of the epilimnetic waters of LVB, LW enters LVB as neutral cr

buoyant jet. The effect of a neutrally buoyant or buoyant jet on

epilimnetic water quality is major since the pollutants in the

LW 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

LW 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 LW 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

:.onthly representative density or VB. Thus, it would be

is
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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 represtative monthly average

epilimnetic density is examined. The period of record used for

this discussic. is January, 1977 through July, 1987 with only the

months of April through October, inclusive, considered. The

average density of the epilirnnetic waters are defined according

to the ‘rule’ discussed in Chapter 3.

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

[N] 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 [dell has a linear trend, the resulting equation for

long-term trend is

rdel] = 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 t.he analysis of water quality in LVB is significant. First,

16
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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 VW and LVB has dramatically changed. In the

early part of the period examined. LVW entered LVB as a

negatively buoyant et. 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] ill 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] was negative indicating LW may have entered LVB

as a buoyant or neutrally buoyant jet. Under such circumstances,

the nutrients contained in te LW 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



0

FIGURE 4.2 RepresentatiVe values of the variable tdel]

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 therrnocline 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 a CjZC1C in five meter intervalQ;

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 greater than the depth to the top of the

thermocline, LVW enters LVB as a negatively buoyant plume and the

probability of pollutants in the LW 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 LW inflow

are much more likely to be mixed into the epilimnetic waters of

LVB. An examination 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 therrnocline.

Therefore, during this period of time, there was minimal mixing

between the LW 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. In particular,

during mid to late summer the difference between these 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 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

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 LW

inflow to move to the epilirnnetic 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 LW and LVB. During the period 1977—1980,

LW entered LVB as a negatively buoyant inflow; and there was

minimal transport of LW pollutants to the epilirnnetic waters of

LVB. During the period 1981—1984, LW 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 epilirrtnetic waters of LVB. In the period

1985—1986, LW may at times have entered LVB as a neutrally

buoyant or buoyant inflow. Thus, at times it is likely that the

19
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pollutants present in the LW inflow were injected directly into

the epilirnnetic waters of LVB. Although the data set for 1987 is

incomplete, it would appear that LW entered LVB as a negatively

buoyant inflow in the late spring but entered in the thermoqline

region in June.

In addressing the estimation of allowable LW 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 LW and LVB must be selected for

the near term. Second, consideration must be given to how this

interaction may change in the long term.

20
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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 he 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 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 jet entering a stagnant,

stratified fluid. Jet models vary from traditional models

such as those described by French (1986) and Fischer et a).

(1979) to new models such as those described by RoDerts

(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 demonstrated that when LVW

enters LVB as a neutrally buoyant jet all point source

21
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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

axisyrnmetric jet into a stratified fluid. The LVW inflow is

neither a high momentum nor an axiymmetric 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 etjrnate allowable LVW concentrations. However, these

models do not directly relate LW 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

LW 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 LW

concentrations at NSR of phosphorus and nitrogen that will

satisfy the LVB water quality standards.

22
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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., 0 = dilution ratio, cw =

- concentration of a tracer in the LVW flow at NSR (mg/i), Cs =

Concentration of the tracer at the point of interest in LVB

(mg/i), and cb = concentration of the tracer at a background

station in LVB (mg/i). If 0, 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 cs at a

specified station in LVB or

cw = (D+1)cs — D(cb) . (5.2)

5.3 Application of Dilution Ratio Model to LVB chi a Standard

The water quality standard for chi a at LVB Station •BC—3

reads in part:

?iii bLLUILei.

40 ugh. The 4 year mean of summer means shall not exceed

30 ugh.”

The chi 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 chi 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 Sta.ions BC-3, BC—4, and BC-5 during 1979—-

1987. Data from Station BC—2 were not used because of possible

light 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

analysis are plotted in Figure 5.2, and the regression equation

developed was

chi a = 0.603 CTPO41 — 0.704 (5.3)

with a correlation coefficient Qf 0.83 and where TPO4 = the

concentration of total phosphorus.

Solution of Equation. (5.3) for a long-term mean chi a of 30

ugh at Station ,BC—3 predicts a suimner mean total phosphorus

concentration of 0.051 mg/i, 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 chi a —

TPO4 developed for other 1akes see for example Sakamoto (1966),

Dillon and Rigler (1974) and Jones and Bachnann (1976).

In this application, the following interpretation of the

24
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above water quality standard is used:

1. The allowable TPO4 concentration at BC-3 to meet the chi

a water quality standard is 0.051 mg/I.

2. For each month during the period April—September

(inclusive), the available TPO4 data for Station BC-3 are

averaged yielding a monthly average value. Note, Lhe period

April—September is used because of the critical effect on

summer chi a concentrations that spring injections of

nutrients into the epilimnetic waters of LVB have.

3. For each year, the monthly average values of TPO4 are

averaged for the period April-September (inclusive) yielding

a ‘yearly’ average value.

4. Four yearly average values of TPO4 are averaged, and it

is this value that cannot exceed 0.051 mg/I TP04.

In Table 5.1 the monthly average TPO4 (designated TPO4 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 Lv3, it .LS flOt

appropriate to use data previous to 1985 in this analysis. Also

summarized in Table. 5.1 are averaoe 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 TPO4 at Station BC-8 are summarized

for the period l985—l987.

The water quality standard is based on a four year average

value; however, there are only three years of data available.

Oiie approach to solving this problem is storhastic simulation.

In performing such a simulation, the following assumptions are

used:

1. D and cb (Station BC-B) 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 viiues w:.i.c: n t i..eu

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 TPO4 concentration at NSR and the standard

26
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TABLE 5.2 MONTHLY AVERAGE VALUES OF D AND mu BC-B FOR THE

PERIOD 1985—1987

TPO4 Concentrations
at

D BC—S

Month mu sig mu sig

D D (BC-8) (BC-B)
mg/i mg/i

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

simulation, and fifty years of record were simulated. The

results of this simulation are:

Target average NSR

Concentration of TPO4 0.78 mg/i

Standard deviation

Associated with target average = 0.058 mg/i

The water quality standard for chi 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 averaqe values of

target TPO4 concentrations that resulted from the stochastic

simulation are normally distributed and the target TPO4

concentration at NSR that will satisfy the water quality standard

is

mu — z
.

= Taraet NSR TPO4 concentration

NSR NSR
or

n 7 -- 4 (fl flZO - fl it mr/j

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 f un—ionized ammonia shall

27
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not exceed more often than once every three years 0.04

It is 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

fluctua LiOns u Lh LuneuLiaLiori of unionized ammonia in the top

2.5m of water will be taken into account.

Since the available historic data reqarding 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 averaqe 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 = l./[l+l0**((0.0902pH) +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

Figure 5.3, the ratio of the fraction unionized ammoria to the

2g



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

ammonia. In this figure, the daily averaqe value of fui occurs

at approximately 1300 Pacific Daylight Time (PDT) the maximum at

approximately 1600 (PDTh 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—B (the background station) for the years 1985-1987.

Also susmrnarizeci in Table 5.3 are the monthly averaae values of

fui. The values of fui in this table were corrected for TDS

concentrations using the methodology suggested by Sturnm and

Morgan (1970). Again, given the previously described changes in

LVW anrl LVB water densities and the geometric changes that have

occurred in the LVW channel at the point it enters LyE, it is not

appropriate to use data previous to 1985 for this analysis. Also

summarized in this table are monthly average values of the

rt1nt4ori rt’in. Q. rlculated from the averaqe 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

29
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TABLE 5.4 CRITICAL SEASON PARAMETER AVERAGES AND STANDARD

DEVIATIONS

ID fui cb

flu nu flu a

22.2 10.2 0.234 0.109 0.019 0.010



0 0
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 auality standard is based on a

four day average value of the concentration n ininnized ammonia;

however, there are no actual four day average values in the data

base. One approach to solving this ata problem is stochastic

simulation. In performing this simulation, the following

assumptions are made:

1. D, cb (Station BC-B), and fui are normally 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 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, cb (Station BC—B), and fui are

stationary in time. Although this assumption has been

1:d ‘.: ::s . L -,

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

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

estimate tarqet four day running average values which can

then be combined to estimate tarqet critical period

concentrations.

A computer code was developed to perform the - stochastic

simulation ad hO years of record was imulted. The key

calculation in the code — the tarqet daily averaqe value of

total ammonia at NSR was

TUH = (0.04/fui) * (D±l) — D * cb

where TNH = tarqet concentration of total ammonIa at NSR (mq/i).

The fifty years of simulated data had the following

characteristics.

Target minimum average NSR total ammonia concentration

(TNH)= 1.56 rtq/l

Standard deviation associated with

target minimum averaqe = 0.30 mq/l

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

trrTet minimum averaae NSR concentration the followinQ

computational and dat selection process is indicated. During

eacn yearly critical period there are 183 days; and thus, 183

:aily average values of total ammonia. After four day averages

are forried, there are 180 values for the critical period. From

eaci of the 3o critical r,erjods simulated, the minir’iimum

concentration of TNH that ii1l satisfy the water auality standard

31
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is found. This set of 50 values is normally distributec1

therefore, the taroet concentration at NSR such that the

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

nq.’l once in three years is

flu z a = tarriet TTH concentration -

NSR NSR
or

1.56 — 0.44(0.30) 1.43 mq,’i TNFI at NSR
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C

point source uscnarges i1tO Las eqas asn include:

1 . .itj or as vegas

2. Clark County Sanitation LDistrzt

. TIMET

4. c.err-McGee

5. Stauffer

The City Ct Henderson may oe discharging t.O Las Yeqas Wash in the

uture. TIMET discharges noncontact caoiinq water and other at- e-’

.nccntaminaLea iows. err Mcee discharges noncontact cooting water

and stormwater, and Staul-fer discharges stormwater. The discharges

—r’-m noth cerr-McGee and Stauffer are nterm1tten. nd have oeen

relatively uncommon lfl the past. Additionally, there are no data

‘iai iable on tne concentration nut”ents in Kerr—McGee ana

3tauri-ers discharges. TIMET discnarqes approximately 4 MGD anc rotri

:‘e :ta. rnmoni ;ota! hospnorus oncentrations in these

iiscnarges are aDproximately 0.01 mgi ‘r less. Therefore. onty the

ilscharge from the ir,y -f is eqas na ‘.2 lark .2Dunt’/ treatment piancs

were used to estrnate the t,otai montrliv average point source ioad

iscnarqed t Las ‘ieqas iash.

he u.S.G.S. LDw qaqe at North 3hore ioaa was destroyed in 1984

na ras rot oeen replacea. Thererore, to estimate te oaa t :orth

riore rcaa. 4 cuD!; -eec rer second was aaaea to the aqea now at

Zaoco Roac. The s correct]; as er1ved ny tne There s
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3ome uncertaI’Ey n the assumed flow at. North Shore Roaa. in the near

‘jture, the U.S.G.S. plans to install a new flow measuring station in

_as vegas Wash. tf future reaaings from the new gage along with

studies of the relationship oetween the new gaging location and North

.nore Roaa reveal that the assumed flows at North shore Roaa are

inaccurate, NDEP will reevaluate the total maximum daily ioaas TMDLS

and waste load allocations WL4s.

Total PhosDhorus:

r1ontnly average total phosphorus nonpoint source oaas were

Determined b suotracting the total average oao discharged oy the two

treatment olants from the monthly average total ohosphorus baa at

.Drth Shore Rd. These monthly average irferences were flen averagea

‘ier the growing season Apr - September to otain a yearly average

nonpoint source load. 1naiiy. the average growing season nonpoint

source caas were averaged for the three years under tonsideration to

arrive at an overaib average nonocint source ioad. The monthly average

;aas uscnarqea Dy tne sewage r.reatment .nca were cotainea om tie

seir-monitoring reports suomittea to ‘EP DV t.ne CIty 01 Las egas ana

ar ounty anltation district. oads at iorth Shore rRoaa were

calculated on the days that Clark’ County and U.S.G.S. monitoring data

were avai laDle. rhese id oaas were inen averaged n a monthly

.asis to tai a montn ii’ierae oaa at. ,ort Shore roaa. JSiflg th

coroacn. te nonooint source oaa t North ice oaa was estmatea to

igure ust.rates the montn average .aiues that.
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were used tO obtain the overall average flOflPOiflt source load. As can

e seen in this figure, there is a rather large variation from month

o month in the estimated nonpoint source load. In figure 2, the load

coming from the treatment plants and the load at North Shore Road are

ottea on the same ‘graph. It would appear that the variation n trie

estimated nonpoint source ioaa ;s .iue t.D iariatlofl oao at North Shore

oaa rather than variation n the point source aischarges.

The variation in the total phosphorus load at North Shore Roaa is

‘kely due to the sporadic nature of stormwater flows. A good

reiationship between suspended solids and total phosphorus exists

correlation coefficent 0.95) which implys that a portion of the

total phosphorus is bound to the sediments. There is a satisfactory

sac.ionship between total pnospnorus and flow and between suspended

solids and flow. it is likely t.nat the particulate componenent of the

oad settles and resuspends with scour; consequently, the travel time

of this portion of the load may e suostantiauly longer than the

-varaujic time or travel (EPA Tecnnical pidance for Performing waste

_zad Allocations — Book I’1 Lakes and Impoundments, Chapter 2

iropn1cat1on pg. 3—15, ..—ióJ. The intermittent nature of the

transport of particulates could be partly responsible for the variation

in the total phosphorus load at North Shore Road.

-4,--
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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 lbs/day total phosphorus is

assumed.

Total Ammonia:

The assumptions made it, calculating the total phosphorus nonpoint

source load were also used for calculating the total ammonia nonpoint

source load.

The data indicates that there is flO flonpoint 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

—7—
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Total Ammonia Loads

13 -‘

12]

11-4

1—85 7—85 i—86 7—88 1—87 7—87

C Load at confluence + Load at N.Shore Rd.

Figure 3: Total Awmonia Loads Discharged by the City and

County Compared to Total Ammonia Load at North

Shore Rd.

—8—
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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 wil7 occur in the concentration range of the proposed TMDL can not

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

reduction in the wash can be granted.

WASTE LOAD ALLOcATr0N:

After considering the nonpoint/background loads, the remaining

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

Total Phosphorus - 334 lbs/day

Total mmonia - 970 lbs/day

The permissible total load can then be .:ivided among the various

dischargers. At least 20 methods for allocating the total load among

the dischargers have been identified (Chadderton, 1981). These various

approaches actual7y imply different definitions of equity. Methods

which utilitze criteria such as equal 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 level. Discharging equal effluent concentration was selected as

the most appropriate in this situation.

—9—
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Equal Effluent Concentration:

Allocating the load proportional to current effluent flows results in

44 of the remaining controllable load allocated to the City of Las

Vegas and 56 llocated to Clark County Sanitation District (CCSD).

Using the above percentages the following loads were calculated:

City - 147 lbs/day total phosphorus

‘27 lbs/day total ammonia

CCSD - 187 lbs/day total phosphorus

543 lbs/day total ammonia

The City of Henderson has expressed to NDEP no desire to dischage

to Las Vegas Wash dur7ng the period April through September.

INTERIM WASTE LOAD ALLOCATION:

The following total phosphorus loads will be allod until Apri7.

1990:

City - 231 lbs/day

CCSD - 293 lbs/day

Achieve compliance with waste load allocations for ammonia by

April, 1993.

—10—
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Equal Efiue9t Co’icentratn:

Allocatfg the load pr-cortiona7 to current effluent flows results in

44Z of the remaining controllable load allocated to the City of Las

Vegas and 56x 2llocated 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

The City of Henderson has expressed to NOEP no desire to discha.;e

to Las Vegas Wash during the period April through September.

INTERIM WASTE LCA2 ALCCATICN:

The following total phosphorus loads will be allowed until Apri7.

1990:

City - 231 7bs/day

CCSD - 293 lbs/day

Ac’e?’e ccr’ance with waste loac allocahcns for ammonia h/

Acr-’l, 5?3.

—10—
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