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Rationale of review and for proposed changes to the Nevada Pullution Control
Regulations (NAC 445.1354, 445,1355, 445,1356, 455, 1367, 445.1352, 445,1353,
445.1350, 445.1351) before the State Environmental Comm:ss1on on June 23 and 24
1987.

REACHES
The reaches under review are:

1) Las Vegas Wash from Pabco Road to the city and county sewage
treatment plants.

2) Las Vegas Wash from Pabco Road to Lake Mead.

3) Lake Mead from western boundary of Las Vegas Marina Campground to
confluence of Las Vegas Wash.

4) Lake Mead excluding area covered in 3 above.

BENEFICIAL USES

The specific wording of each beneficial use has been changed to be con-
sistent with wording adopted by the SEC at earlier hearings. The wording of the
beneficial use description for all the proposed tables has been modified as
follows:

8.  Agricultural use has been separated into two uses, "irrigation"
and "watering of livestock."

b. Aquatic life has been changed to "propagation of aquatic life",
and includes coldwater species for group 1 streams and warmwater
species for groups 2 and 3.

c. Bathing and water contact sports was changed to read “recreation
involving contact with the water."
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d.  Noncontact sports and esthetics is now "recreation not involving
contact with the water."

e, Drinking water supply is now referred to as "municipal or domestic
supply, or both".

f. Industrial supply remains unchanged.

g. Wildlife propagation has been changed to “propagation of
wildlife."

Although there is not any change in the actual beneficial uses which were
adopted by the SEC in 1982 after extensive testimony and discussion, it may
appear to some that by changing "aquatic life" to “propagation of aquatic life"
that a change was made. The definition of "aquatic 1ife" in NAC 445.133 states,
"The water must be suitable as a habitat for fish and other aquatic life
existing in a body of water. This does not preclude the reestablishment of
other fish or aguatic life." Propagation of aquatic life means a multiplying or
reproduction of aquatic life.

The specifc beneficial uses that apply to the previously identified reaches
are as follows:

Las Vegas Wash (Both Reaches)

1. Propagation of aquatic life excluding fish;

2. Propagation of wildlife;

3) Irrigation;

4) MWatering of livestock;

5) Freshwater marsh maintenance; and

6) Recreation not involving contact with the water.

Lake Mead from western boundary of Las Vegas Marina Campground to confluence
of Las Vegas Wash

1)  Industrial supply;

2) Propagation of aquatic life;

3} Propagation of wildlife;

4) Irrigation;

5) Watering of livestock; and

6) Recreation not involving contact with the water.
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Lake Mead not covered by above

1) Municipal or domestic supply, or both;

2} Industrial supply;

3) Propagation of aquatic life;

4) Propagation of wildlife;

5) Irrigation;

6) Matering of livestock;

7) Recreation involving contact with the water; and
8) Recreation not involving contact with the water.

Method of Determining The Requirements to Maintain Existing Higher Quality
(RMHQs )

To compute the annual average and single value requirements to maintain
existing higher quality (RMHQ) for the evaluated streams, analyses were con-
ducted both for the period of record and the three year period from 1984 through
1986. A1l available Nevada Division of Environmental Protection (DEP), U.S.
Environmental Protection Agency (EPA), U.S. Bureau of Reclamation (BOR), U.S.
Geological Survey (USGS), University of Nevada at Las Vegas (UNLV), and Clark
County Sanitation District (CCSD) data were utilized.

The procedures used to establish the RMHQs are as follows:

1. The percent violations of the existing standards for the period of
record are determined. If greater than 5 percent, the existing stan-
dard is compared with the BUS and if more stringent, the existing stan-
dard is proposed for the RMHQ,

However, this procedure does not apply to those parameters for which no
RMHQ's are proposed. Further explanation for not proposing RMHQ's in
some circumstances is given for individual parameters later in the
rationale.

2. In situations where the percent violations of existing standards are
less than five percent, more complex procedures are followed,

a. First the data for parameters to be considered are averaged and
the range of values are determined for both period of record and
the preceeding three year period.
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b. 95th percentiles are then determined for the period of record and
most recent three year period for each parameter. The 95th per-
centile is defined as the 95th ranked value of the sample popula-
tion distributed into one hundred evenly divided increments. In
performing the analysis on the data, the 95th percentile values
were determined and used to help determine RMHQ's.

No annual average 95th percentiles are calculated for temperature,
heavy metals and pesticides since neither the existing standards
nor the BUS address annual averages for these parameters. For
fecal coliform, annual geometric means are calculated. The 95th
percentile for the geometric mean is then determined.

C. A comparison is made among the average and single value existing
standards and the corresponding period of record high (or low)
ranges and 95th percentiles. The most stringent value resulting
from this comparison is then proposed as the RMHQ, if it is more
stringent than the BUS. If none of the values compared proves to
be more stringent than the proposed BUS, then no RMHQ is proposed.

d. Specific procedures were followed in the chlorophyll a and un-
ionized ammonia rationale as described in a later section of the
rationale.

Heavy Metals and Organics

The control of heavy metals and organics is covered by NAC 445.119
(narrative standards applicable to all waters). Future revisions of the stan-
dards should include numerical standards for specific paramters.

Las Vegas Wash

A1l data and standards for Las Vegas Wash were reviewed and no changes or
revisions to the existing standards are proposed. Refer to the water quality
analysis summary tables for Pabco Road and North Shore Road for a review of the
data and existing standards.

Lake Mead

A1l data and standards for Lake Mead were reviewed and revisions or addi-
tions of the following parameters are proposed; pH, total phosphorus,
chlorophyll a and un-ionized ammonia.
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PH

Beneficial uses related to pH include wildlife propagation, aquatic life and
water contact recreation. Wildlife propagation is the controlling beneficial
use for the low pH beneficial use standard (BUS) of 7.0, while the high pH BUS's
of 9.0 relate to aquatic life beneficial uses.

No RMHQ's are being recommended for the lower range since there is no evi-
dence that standards more stringent than the recommended single value BUS ranges
of fer better protection of the beneficial uses.

However, as pH affects the speciation of ammonia, a upper value RMHQ based
on the 95th percentile is recommended for the lake stations and are as follows:

Station pH
Station 2 8.9
Lake-wide 8.8

Total Phosphorus

When the total phosphorus standard was adopted in 1982, an in lake standard
was not adopted. Instead a standard requiring an effluent limit of 1 mg/1 for
all point sources and application of Best Management Practices for non-point
sources was adopted. This approach does not address the issue of loads and may
be overly restrictive for small discharges which discharge to other areas of the
Colorado River System.

The proposal is to eliminate the phosphorus standard including footnote ¢
for both tables covering Lake Mead and replace with a chlorophyll a standard as
discussed below and in Appendix C.

Chlorophyll a

Beneficial uses related to the concentration of chlorophyll a include muni-
cipal or domestic supply, propagation of aquatic life, propagation of wildlife,
watering of livestock, recreation involving contact with the water and
recreation not involving contact with the water. The following water quality
standard for chlorophyll a is recommended for the waters of Lake Mead:
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Station 3 (Las Vegas Bay)

No more than one monthly mean shall exceed 45 ug/l in any calendar
year.

Mean summer (July-September) chlorophyll a shall not exceed 40 ug/.
The 4 year mean of summer means shall not exceed 30 ug/l.

Mean is defined here as the average of at least two samples per month
and the daily value to be used will consist of the average of at least
three sights at the cross section of Station 3 which shall be represen-
tative of the top 5 meters of the cross section.

Station 3 is that location in the center of the channel where the depth
is 16 to 18 meters.

Lake-wide

- Mean growing season {April-September) chlorophyll a shall not exceed 5
ug/1 in the open waters of Boulder Basin, Virgin Basin, Gregg Basin, or
Pierce Basin. No more than 10% of the samples (single value) shall

exceed 10 ug/l.

See Appendix D for chlorophyll a rationale.

Un-ionized Ammonia

Beneficial uses related to un-ionized ammonia include propagation of aquatic
life. The following water quality standard for un-ionized ammonia is recom-
mended for Lake Mead:

- The 4-day average concentration of un-ionized ammona shall not exceed,
more often than once every three years, 0.04 mg/1. The daily value to
be used will consist of the average of at least three sites at the
cross section of Station 2 which shall be representative of the top 2.5
meters of the cross section and take into account diurnal fluctuations.
This is applicable to all of Lake Mead except between Station 2 and the
confluence of Las Vegas Wash.

10
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- The single value of un-ionized ammonia shall not exceed, more often
than once every three years, 0.45 mg/l.

- When the temperature is greater than 20°C the standard will be adjusted
according to-accepted U.S. Environmental Protection Agency methods.

- Station 2 is that location in the center of the channel where the depth
is 10 meters.

See Appendix E for un-ionized ammonia rationale.

11
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INTRODUCTION TO LIMNOLOGY AND DEFINITION

Of COMMONLY USED TERMS

Limnology can be defined as the study of the physical, chemical, and biolo-
gical relationships within a lake. The lakes and reservoirs of the United States
are very diverse and occur in many shapes and sizes and in a variety of landsca-
pes. The chemical composition of their waters range from very soft, comparable
to rainwater (Lake Tahoe), to dense brines which are many times more con-
centrated than seawater (Great Salt Lake). Hydrology is quite variable: in
some lakes the volume of water is replaced rapidly, every few days or so, but
water replacement in some large, deep lakes takes centuries. In terms of biolo-
gical condition, lakes range from nearly sterile environments to systems which
produce massive quantities of biomass (plant and animal life).

Limnologists classify lakes according to their biological productivity as
measured by physical, chemical, and biological parameters. The lakes with the
lowest concentrations of plant nutrients, and hence with the lowest levels of
biological productivity are called oligotrophic. In contrast, eutrophic lakes
have high levels of plant nutrients, and as a result have high levels of biolo-
gical productivity. Lakes with characteristics between oligotrophic and
eutrophic are called mesotrophic. Over time oligotrophic lakes naturally become
eutrophic (hundreds of thousands of years). The term eutrophication is used to
describe this change in trophic state. It has also been found that lakes can
undergo very rapid eutrophication in response to man-caused increases in
nutrients and sediments. This rapid, man-caused change is often called cultural
eutrophication.

The trophic state of a lake is determined by a large number of factors
including latitude, altitude, climate, watershed characteristics, soil types,
human activities, and lake morphometry. Three major factors seem to be most
important; climate, nutrient supply, and lake depth. Lakes in cold climates
tend to be less productive due to colder temperatures and a shorter growing
season; other things being equal warmer climates promote more eutrophic con-
ditions. Mean depth is an extremely important physical variable in determining
trophic state. In general, the most oligotrophic lakes are also the deepest -
Lake Superior and Lake Tahoe, for instance, and the very eutrophic lakes tend to

A.l.
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be quite shallow. While depth plays some role in holding down summer tem-
peratures in the deepest lakes and thus reducing the rate of biological produc-
tion, its greatest effect seems to be in reducing nutrient concentrations.
Whether a given nutrient comes from surface runoff, point source pollution, or
diffusion from bottom sediments, the greater the mean depth of a lake, the
greater the nutrient dilution.

Many quantitative studies have confirmed that the amount of plant biomass in
a lake during the summer peak is determined by the quantity of nutrients
available. It has also been found that for most lakes phosphorus is the
limiting nutrient. Experiments with pristine Canadian lakes have shown that an
oligotrophic lake can be almost immediately changed into a eutrophic lake by
adding inorganic phosphorus and nitrogen and that it rapidly reverts to the oli-
gotrophic state if the fertilizer supply is cut off. This confirms other stu-
dies that a continuous supply of phosphorus and nitrogen is necessary to
maintain the concentrations of those elements in the water column. Sediments
release some nutrients, but in the long-term more materials move to the sedi-
ments than come out; the sediments thus serve as net nutrient traps rather than
sources. An exception would be where nutrient input has significantly
decreased. In this case there may be a net movement of nutrients back to the
lake water, particularly shallow lakes or in lakes that had received heavy
nutrient loading from sewage effluents for a long period of years.

Many lakes experience thermal stratification. In its simplest form, it con-
sists of a layer of warm, relatively light water at the surface and a cold and
dense layer on the bottom, separated from each other by a transition layer with
a strong temperature gradient. Limnologists call the upper layer the epilim-
nion, the middle layer the metalimnion, and the bottom layer the hypolimnmion.
The density gradient in the metalimnion prevents the waters of the epilimnion
from circulating any deeper, thus sealing off the hypolimnion from the lake sur-
face.

In temperate regions many deep lakes are monomictic; these lakes do not
freeze, have one long mixing period all through the winter, and thermally stra-
tify during the summer and fall. In a typical cycle the lake is unstratified in
the early spring, water temperatures are uniform from surface to bottom, and
wind energy sufficient to completely mix the lake. Dissolved salts and gases
are evenly distributed throughout the water column. As the season progresses,
solar radiation causes the surface water to warm more rapidly than the
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underlying water, and the resulting temperature gradient produces a density gri-
dent that resists vertical mixing. A typical thermal stratification is pro-
duced, with a well-mixed epilimnion but a more or less stagnant metalimnion and
hypolimnion.

With cooler weather in the fall, the lake begins to lose heat as surface tem-
peratures drop. The wind is able to mix the lake progressively deeper and the
density gradient weakens. Eventually the metalimnion "erodes” and the entire
lake circulates in the fall turnover. The lake is completely mixed again.

The significance of stratification in eutrophic lakes is that no exchange of
dissolved gases, such as oxygen and carbon dioxide, is possible between the
hypolimnion and epilimnion. During the summer, organic material produced in the
epilimnion settles into the hypolimnion and bottom sediments where it is decom-
posed by biological action. Dissolved oxygen is consumed in the decomposition
process and cannot be replaced; light usually cannot penetrate sufficiently deep
in a eutrophic lake to permit photosynthesis and accompanying release of oxygen
to take place in the hypolimnion. It is not uncommon for complete hypolimnetic
oxygen depletion to develop during summer stratification. When it does, it per-
sists until fall turnover.

The biota of lakes are organized through two fundamental natural systems:
the flow of energy from the sun through food chains, and the cycling of nutrient
elements (e.g., carbon, nitrogen, phosphorus, iron, sulfur) that form organisms
and organic matter. Algae (microscopic plants) absorb sunlight and convert the
1ight energy into the chemical energy contained in the organic molecules that
they manufacture through photosynthesis. Plants form the base of a complex web
of food and energy transfers among groups of organisms labeled herbivores (plant
feeders), omnivores (plant and animal feeders), carnivores (animal feeders),
and detritivores (organisms that consume nonliving organic matter).

In the deep, open water of a lake, phytoplankton {planktonic algae) are the
base of the food chain. Zooplankton (microscopic animals) and small fish graze
on the algae, and in turn the zooplankton are grazed by fish. Death and
settling of the remains of food web organisms into the bottom sediments act as a
net Toss of nutrients from the epilimnion.

A.3.
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It is now apparent that the physical, chemical, and biological chara-
teristics of lakes are related so intimately that a change in one will surely
lead to changes in the other two. For example, a chemical factor such as
increased plant nutrients increases algal populations which in turn increases
turbidity and reduces-light penetration.

The worst problems associated with eutrophication (odors, fish kills, dense
algal growths) usually occur during warm weather months. 1In cold weather, the
most eutrophic lakes may resemble mesotrophic, or even oligotrophic water

bodies, as low light intensities and low temperatures slow down biological pro-
cesses.

During summer months the surface waters of highly eutrophic lakes are turbid
and may smell of decaying organic matter. Algal mats or dense blooms of phy=-
toplankton diminish or destroy the aesthetic value of lakes, but more important
are numerous species that cause taste and odor problems in drinking water: cer-
tain blue-green algae impart a musty odor to water and others emit toxic
substances that may kill other forms of aquatic life. Dense growths of algae
can cause daily fluctuations in dissolved oxygen and pH. During daylight hours
at the height of the growing season, surface water often become saturated and
sometimes supersaturated with dissolved oxygen given off by the plants. At
night when no oxygen is produced, respiration by aquatic plants and animals can
deplete the supply sufficiently to cause a fish kill.

Low species diversity and high biomass are common features of eutrophic
lakes. Poor water quality eliminates or greatly reduces many of the sensitive
species. Energy becomes blocked in lower levels of the food chain instead of
flowing smoothly through it, because many of the algae found in highly eutrophic
lakes, such as blue-greens, are also the ones least favored by plant-eating ani-
mals.

Nutrient control is a very important element of any lake management program.
For a program to be effective, the limiting nutrient - the one in the shortest
supply - must be identified and controlled. Plants require 20 different ele-
ments for growth, but only two, nitrogen and phosphorus, are likely to be in
short supply.
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Phosphorus is usually the most important nutrient controlling lake
productivity; therefore, total phosphorus (i.e., the phosphorus present in both
inorganic and organic, dissolved and suspended forms) is an important measure of
trophic state. Total phosphorus concentrations in lakes range from 1 part per
billion in ultra-oligotrophic lakes to several parts per million in some
hyper-eutrophic lakes. The dividing line between oligotrophic and mesotrophic
lakes is usually regarded as about 10 ug/1 (parts per billion) and eutrophic
lakes as about 20 ug/l.

Nitrogen is an important plant nutrient, but limnologists have done little
to develop quantitative trophic criteria for nitrogen concentrations. In part,
this situation reflects the general attitude that phosphorus is the most common
nutrient factor controlling trophic state, but it also attests to the con-
siderably more complicated chemistry and biology associated with nitrogen, and
the greater difficulty involved in controlling its sources.

Chlorophyll a, the principal photosynthetic pigment in plants, is generally
considered to be a very useful indicator of algal biomass. There are some
problems in relating chlorophyll a concentrations to the biomass of algae, but
this parameter is more convenient and more easily quantified than other measures
such as counting the number of algal cells per unit area. Average summer
chlorophyll a concentrations of about 10 ug/1 is generally considered the
dividing line between oligotrophic and eutrophic lakes.

It should be pointed out that not all eutrophic lakes are impaired. From a
fisheries standpoint, eutrophic lakes have higher rates of production than oli-
gotrophic lakes though the species composition is different. Indeed, fer-
tilizers have been used as a fisheries management tool to increase fish
production. '

Some general principles for lake management and for restoring water quality
in degraded lakes can be derived from the preceding discussion. The produc-
tivity of a lake is controlled by a number of factors, only one of which is
nutrient supply. To be effective, programs must be designed to overcome the
causes of eutrophication rather than dealing simply with the symptoms.

Where possible, the best way of reducing nutrient inputs to lakes is through
diversion. The next choice for reducing loading is through watershed management.
Management involves many aspects, including: 1) controlling land-use practices;
2) developing programs to minimize loss of soil and fertilizer from agricultural

g
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lands; 3) treating streams to remove nutrients {e.g., by passing them through
wetlands); 4) installing sewage treatment systems to remove nutrients from waste
water; and 5) developing laws and ordinances (e.g., to limit use of phosphate
detergents, or to prohibit septic tanks in areas where soils have poor retention
capacity for phosphorus).

A6,
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Review of Past Studies

Numerous water quality studies have been conducted on the Las Vegas Wash-Las
Vegas Bay-Lake Mead system. The following is a brief summary of the results of
these investigations.

U.S. Department of Health, Education, and Welfare. 1965

The study was conducted June 4-8, 1965. They found that Las Vegas Bay exhi-
bited surface algal concentrations five times the surface algal concentrations
observed in the main body of Lake Mead. However, these concentrations did not
interfere with recreational use of the bay. Algal species were identified near
the water supply intake structure that cause shortened water treatment filter
runs and others that are responsible for taste and odor. Surface nutrient
samples indicated that Lake Mead was phosphorus deficient. Total nitrogen was
relatively high which indicated a large potential for the development of algal
populations if sufficient phosphorus were added to the system. They warned that
any increase in the amount of phosphorus discharged to the lake will increase
algal populations.

Department of Interior, Federal Water Pollution Control Federation. 1957

The study was conducted from May 19-31, 1966. Results of the study indi-
cated that growth of algae in Las Vegas Bay was producing an objectionable
aesthetic condition and if allowed to continue unabated, would eventually
destroy the recreational use of the area. The study claimed that the algal
growth resulted from the discharge of nutrients, particularly phosphorus,
through the Las Veg.s Wash from the Clark County Sewage Treatment Plant. They
recommended that phosphorus concentrations in the bay should not exceed 0.005
mg/1; this level would require a 90 percent reduction in effluent phosphorus
concentration.

B.1.
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Boyle Engineering. 1969

The study reviewed past water quality studies on Las Vegas Wash and Lake
Mead and made recommendations on future management of water resources. The
study predicted that Lake Mead water quality will deteriorate slightly in the
future. They further predicted that increasing attention will be directed
toward elimination of potential nutrient enrichment of Lake Mead and interre-
lated factors which promote or encourage eutrophication. They predicted that
such considerations will almost surely lead to requirements for treatment of
wastewater to the maximum degree practical by tertiary treatment before return
to Lake Mead. They recommended that the Las Vegas Valley Water District be
designated as the agency responsible for the management of water resources and
water quality control.

Environmental Protection Agency, Technical Services Report. 1971

The study found substantial nuisance algal growths in Las Vegas Wash. They
concluded that phosphorus and nitrogen may be limiting to algal growth during
different seasons of the year. They recommended that both nitrogen and
phosphorus be limited in the influent to Las Vegas Wash. Standards should be
set such that the receiving water does not exceed .010 mg/1 total phosphorus or
more than 1 mg/1 total nitrogen.

Deacon, J.E. and R.W. Tew. 1973

This study examined the “Interrelationships Between Chemical, Physical, and
Biological Conditions of the Waters of Las Vegas Bay of Lake Mead". The study
was conducted in 1971 and 1972. Their conclusions were that Las Vegas Bay
appeared to be mesotrophic with the inner portion of the bay exhibiting
eutrophic conditions. They were puzzled as to why Lake Mead did not show a
greater predominance of troublesome blue-green algal blooms. Cessation of
inflowing water from Las Vegas Wash would mediate the eutrophic character of the
inner portion of Las Vegas Bay. Significant reduction of nutrients through
improved treatment would also be reflected rapidly in lower algal populations.
They recommended that maintaining nutrient loading of less than about 400
1bs /day of total phosphorus and 1617 1bs/day of total nitrogen would alleviate
problems caused by algal abundance in Las Vegas Bay.

B.2,
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Sawyer, C.N. 1976

The report was prepared for the Clark County Board of County Commissioners
dealing with wastewater disposal from the BMI complex, Henderson, City of Las
Vegas and Clark County. He concluded that waters flowing into Lake Mead from
Las Vegas Wash have a definite deteriorating effect upon the lake.

1)

2)

3)

4)

5)

6)

7)

Nutrients stimulate extensive blooms of algae in the upper reaches of

Las Vegas Bay which impairs use of its waters for recreational pur=-
poses.

The biological productivity of Boulder Basin is increased to the point
where serious oxygen depletion occurs in the thermocline and further
degradation will have serious consequences at the Southern Nevada Water
System treatment plant.

The waters discharged to the Tower Colorado River at Hoover Dam have an
algal growth potential greater than surface waters in Boulder Basin.

Because Las Vegas Wash enters the bay as a density current, nutrients
are distributed over a greater area of Lake Mead, thereby minimizing
local effects.

[f TDS in the wash decreases, the inflow can be expected to enter in a
more normal manner and mix with the surface waters. This will cause
extreme algal growth conditions unless upstream control of phosphorus
and, possibly, nitrogen is practiced.

Las Vegas Wash, through the extensive vegetation it supports, is a
valuable, natural purification device. It has undoubtedly been a big
factor in maintaining the integrity of Lake Mead for many years.

Las Vegas Bay, Boulder Basin, and Lake Mohave are affected by cultural
contributions of algal nutrients in Las Vegas Valley. The only solu-
tion is to bring these under control so as to prevent conditions now
existing.

B.3.
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Goldman, C.R, 1976

Or. Goldman wrote this report as an independent contractor for the Clark
County Sanitation District to assess the adequacy of advanced wastewater treat-
ment and critically evaluate validity of the numerical standards. Some of his
more significant results are as follows:

1)

2)

3)

4)

5)

6)

Virtually all dissolved phosphorus occurs in inorganic form and in very
low concentrations, indicating that biologically - available phosphorus
is cycling extremely rapidly and the amount detectable may not be rele-
vant for determining potential algal production.

Severely eutrophic conditions were not observed in Las Vegas Bay during
the course of the study.

Calculated N:P ratios suggest that all Las Vegas Bay and Boulder Basin
stations, except for the inner bay, are most limited by phosphorus,

AWT treatment of Las Vegas Wash wastewater cannot guarantee the eradi-
cation of problems in Las Vegas Bay. The correct application of pre-
dictive models show that AWT technology will not be sufficient to
control algal growth in Las Vegas Bay.

Wastewater effluent currently enters the lake at the worst possible
place for producing excessive algal growth problems. Regardless of the
treatment strategy eventually employed, enrichment effects on Lake Mead
could be minimized by diverting the effluent into Boulder Basin rather
than continuing to discharge into Las Vegas Bay.

They were not convinced that AWT is the most appropriate solution to
Lake Mead water quality problems. Secondary wastewater treatment com-
bined with biological stripping of both nitrogen and phosphorus in
ponds and an expanded Las Vegas Wash marsh would provide a more econo-
mical and ecologically-sound alternative than AWT.

Goldman, C.R. and J.E., Deacon. 1978

This report was prepared for the Nevada Environmental Commission for the
City of Las Vegas as recommended water quality standards for Las Vegas Bay and
Lake Mead. Significant recommendations were as follows:

B.4.
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1)

2)

3)

4)

5)

6)

Since the water quality problem has historically been related to algal
concentrations, it is desirable to establish a level of algal con-
centration for the inner Las Vegas Bay that does not cause unacceptable
conditions or interfere with beneficial uses.

Chlorophyll a is a good measure of algal concentrations because it is

- directly related ta the quantity of algae and has been frequently moni-

tored in inner Las Vegas Bay. In the late 1960's and early 1970's
chlorophyll concentration in inner Las Vegas Bay reflected unacceptable
quantities of algae. Chlorophyll concentrations in the outer Las Vegas
Bay are low (5 ug/1) and have remained fairly constant since 1968.
Nutrient discharge from Las Vegas Wash has little influence on algal
concentration in the rest of Las Vegas Bay and Lake Mead.

The average daily total nitrogen load at North Shore Road be 3000 1bs
from March-October not to exceed a maximum of 3500 1bs or 5300 1bs not
to exceed 6300 1bs from November-February,

In order to maintain algal concentrations in inner Las Vegas Bay at the
present, acceptable level, it will be necessary to establish
appropriate maximum daily nutrient loads into inner Las Vegas Bay from
Las Vegas Wash,

The existing information on nutrient limitation for the inner Las Vegas
Bay provides substantial evidence that both phosphorus and nitrogen can
control algal growth. However, nitrogen more than phosphorus is the
principal factor. Therefore, it is necessary to establish permissible
daily loads for these nutrients from Las Vegas Wash.

Since 1974 the total phosphorus load of North Shore Road has averaged
1841 1bs/day from November-February and 1620 1bs/day from
March-October. Over the same periods, total nitrogen load has averaged
5252 1bs/day from November-February and 2933 1bs/day from
March-October.

From the standpoint of algae, existing water quality supports the bene-
ficial uses of fishing, swimming and boating under current nutrient
loads. Therefore, we recommend that the average daily total phosphorus
load at North Shore Road be 1600 1bs. from March-October not to exceed
a maximum of 1700 1bs. or 1800 1bs. not to exceed a maximum of 2000
1bs. from November-February.
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7) Las Vegas Wash also functions as a natural and effective means of
nitrogen and phosphorus removal. Mechanisms for nutrient removal,
acting singly or in combination, include uptake by plants, adsorption
to clay and silt particles and loss to the atmosphere
(denitrification). Once adequate erosion control and water distribu-
tion are implemented it is certain that these mechanisms can be
expanded and improved for significant further reduction of both
phosphorus and nitrogen. We recommend that a specifically designed
nutrient removal management program be developed and implemented con-
currently with the flow distribution and erosion control program
necessary to maintain wetland wildlife habitat.

Brown and Caldwell, 1982

This study was called the Las Vegas Valley Water Quality Program and was the
result of a Consent Decree in a litigation action filed by the cities of Las
Vegas and North Las Vegas in July 1978. The suit was filed against the U,S.
EPA, State of Nevada, and Clark County, and requested that water quality stan-
dards for Las Vegas Wash and Lake Mead be reevaluated. A summary of the algae
and nutrients conclusions follow:

1)  The chlorophyll concentration is the most significant water quality
factor affecting transparency in Las Vegas Bay. Quantitative rela-
tionships were developed to predict transparency from chlorophyll in
the bay.

2} Secchi depth (transparency) should be used as the basis for water
quality criteria in the bay. A minimum Secchi depth of 1.2 m should be
maintained in all areas of Lake Mead designated for swimming which
should be met 90 percent of the time from May through September,

3) Transparency of the inner bay is expected to increase in proportion to
reduction in phosphorus loading from Las Vegas Wash if the dissolved
N/P ratio of the wash entering the bay is greater than 10.

4) A mixing zone, within which the proposed criteria would not apply,

should be allowed extending from the mouth of Las Vegas Wash to station
2,
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5)

6)

7)

8)

Improved transparency would have beneficial effects on swimming,
aesthetics, and fishing uses in the inner bay. Nutrient reductions to
improve transparency may have some adverse effects on the fishery due
to decreased algal productivity.

For Nitrogen and phosphorus loading conditions during the 1979 and 1980
recreation seasons, Secchi depth inwards of station 3 did not meet the
proposed criteria of 1.2 m more than 10 percent of the time.

The following TMOL's for total phosphorus are required to meet the
recommended criterion for Secchi depth:

Spring (May to June) - 680 1bs/day
Sumer (July to Sept) - 600 1bs/day
Winter (October to April) - No TMDL required

Nutrient removal in the Las Vegas Wash was remarkable considering tra-
vel times and channelization of flow. If the flow was slowed down by
spreading the water throughout the marsh or impounding the water in a
series of ponds, greater nutrient removal would be expected to occur.

B.7.
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APPENDIX C

EXPERIENCES IN DEVELOPING A CHLOROPHYLL a
STANDARD IN THE SOUTHEAST TO PROTECT
LAKES, RESERVOIRS, AND ESTUARIES
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EXPERIENCES IN-DEVELOPING A CHLOROPHYLL A STANDARD IN
THE SOUTHEAST TO PROTECT LAKES, RESERVOIRS,

AND ESTUARIES

R. F. McGHEE
U.S. Environmental Protection Agency
Atlanta, Georgia

ABSTRACT

The adverse consequences associaled with excessive growths of algae have been a problem of major
concem for local, State, and Federal water pollution control agencies The reguiatory framework set forth
by the Clean Waler Act makes contrel of algae most logical through water quality standards-based ef-
fluent limitations. This paper documents the development of a chiorophyll a water quality standard by the
State of North Carolina, The purpose of the standard was to provide regulatons that could be used to
limit both point and nonpoint source discharges of nutrients.

INTRODUCTION

After passage of the Federa! Water Pollution Control Act
Amendment of 1972, State water pollution control agencies
received unprecedented amounts of Federal funds 1o be us-
ed in water quality planning functions. The first round of plan-
ning concentrated on an inventory of poliutant sources,
development of point source waste load allocations, and ex-
amination of water quality standards. These processes were
documented, for the mast pan, in Section 303(e) Basin Flans.

The second round of planning continued those programs
and greally emphasized examining nonpoint sources of
pollutants. The second round of planning culminated in the
development of Section 208-financed Water Quality Manage-
ment Plans. During the development of 208 plans, the
Federal Water Pollution Control Act was amended in 1977
and 1981 and retitled the Federal Clean Water Act {the Act).

Starting with the 1972 amendments, the Act outiined a
two-pronged approach for restoring and maintaining good
quality in the Nation's waters. The Act set forth a plan to
conirel water pollution by establishing technology-based
minimum levels of treatment for point source discharges and

increased the levels of treatment through time. In addition,
the Act proposed to control water poliution by establishing
water quality standards. Once established, the water quali-
ty standards served as the basis for developrnent of aliowable
waste loads for both point and nonpoint source discharges.

Except in rare cases, the development of technology-
based minimumn treatment ievels did not limit nutrients such
as phosphorus and nitrogen. For this reason, the regulatory
framework made development of water quality standards the
most logical approach for a statewide program to control ex-
cessive growths of algae.

NORTH CAROLINA CASE

In the 303(s) Basin Planning Process, members of the State
regulatory staff became acutely aware of the actual and
potential water quality problems associated with excessive
growths of algae. Also, in 1971 and 1972 the Chowan River,
a freshwater estuary to the Albemarie Sound, experienced
blooms of blue-green algae. These blooms made the estuary
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unsuitable for water contact recreation adversely affected
both sport and commercial risheries, and created industrial
water supply problems. Other estuaries and !akes within the
State had also encountered adverse consequences from ex-
cessive algal growth. The public reaction to these cases mar-
dated that the State pollution contrat agency correct the
problems.
In February 1975, the State held a public hearing on
several proposed water qualty standards revisions including
a narrative standard for nutrent and algae control. That stan-
dard read as follows:
In impourded or slow-mov.ng waters which are Subjected to
nuinent enrichment and ir which excessive algae actvity resuits
in Or 1s expected 10 result n interference with estacshed water
uses. the Department of “atural ang Economic Resources 's
authonzed to establish a stream nutrent standara appropriate
to the body of water a“zcted

The proposed requlation was written using a State statute

that gave the department general authority to control water

poilution,

The language of the narrative standard appeared suffi-
cient for the State to control nutrients; however, experience
had shown that the Slate can be more effective with less
resources when usiing numerical rather than narrative stan-
dards. For this reasan, the State Division of Environmental
Management staff was charged with responsibility to develop,
if possible, numerical standards for conirolling algae. in May
of 1977, the State staff requested the assistance of the Water
Resources Research Institute. The Irstitute is an organiza-
tion that coordinates water *esearch with the Universities.
At the Division's request. :na Institute organized a Water
Quality Standards Advisory Sroup compnsed of individuals
from the Universities in North Carolina and other State agen-
cies with lechnical expert'se n aigae. Members of the Ad-
visory Group included:

Or James Stuat - &aer Resources Researc- insttte.
~ae.gh

Or. Peter Carrgoelt = - versty of Nen Carglea Crapel Hil

Or Charles We:ss = -~versity of Non» Carobna. Crape! HY

Mr. Terry Anderson = nersity of Norn Carglra Crapel Ml

Or Donaid Star ey = .= sersityof “erh Carohra, Crapel Hil

Or. Edward Kuazler = «mvesity of Nerm Carolna, Chapel Hill

Or Gus Witherspoon - “.2n Carelina Siate Un varsty. Raeigh

Or. Donald Hayre = “arh Cartlina State Unnversty. Ralegh

Dr Mark Brinson - East Carglira Unversity, Graenville

Mr. Scont Van Hom - ot Carolina Wictle Resources Comimis-
$Oon, Flalengh

Mr Cape Carmes - “orth Carvling « igife Resources Commis-
$cn. Raleigh

Mr. Donald Topaben - “onh Carolina Dwision of inlana Fisheres,
.

Mr. Alan Peroutha - ‘«an Carohing Jwison of Ervmnmentat
Varagement, Raisigh

Mr. Dawd Park - “orth Carohrg Cwision of Er sronmental

Varagement. Raleigh
Mt R F McGhee - “onh Cardina Dwsion of Ervronmental
Maragment. Rawegh

Prior to meeting with the Advisory Group, the Division of
Environmental Managment statf conducted a Iterature
search and developed a proposed standard for discussian
with the Advisory Group. Tre proposed standard read as
follows:

Chiorophy'l a shall not exzeed 50 g/t n f-eshwater 'akes and
reservoirs. 20 ugfl in ‘akes and reservo *s designated as Trout
Waters, and 100 .g/l im 2 sounds. estuaries, and sther siow
moving waters, The chic-zpayll a corcentration sral be that
concentraton determired at any one t'me and at a cepth equal
12 one-hal' te Secch depin

The Advisory Group int:aly met June 10, 1977 and had
a final meeting on July 7. 1977 The Group concluded that
a chlorophylt a standard was a good ™ethod for controlting
excessive cultural eutrophication. The Group also conclud-
ed that presently oligotrophic lakes shouid possibly be main-

tained at thewr current level. Further study on that issue was
recommended. The Advisory Group aiso concluded that a
statewide standard on phosphorus, nitrogen, or both would
not be technicaily sound because other charactenstics of the
water bodies would not be taken into account.

Of utmost utility to the Advisory Group was a presenta-
tion of information by D, Charles M. Weiss (1976) from his
recently completed report *Trophic State of North Carolina
Lakes.” His report included sampling of 69 iakes in North
Carolina and a rigorous statistical analysis of the data. The
report suggested ctassification of North Carolina iakes in the
following manner:

Chiorophyll a Total Phosphorus Secch Depth

Trophic State mg/m3 mg/m? Meters
Qiigotrophic <2 <10 >30
Oligo-mesotrophic 2-6 10-19 1530
Mesotrophic 8-15 20-39 10-13

a - Eutrophic 15-40 40-79 0510

4 - Eutrophic 40100 80-150 005
Hypereutrophic > 100 > 150 <01

Dr Weiss advised that a standard of 40 pg/l for warmwater
lakes and 15 wg/l for trout lakes seemed more reasonable
than the values proposed by the Division of Environmental
Management. The Advisory Group concurred with these
values.

Dr. Stanley commented that chlorophyli a concentrations
exceeded 100 ug/l in the Pamiico estuary during he winter
with no noticeable adverse effects. The final stangard pro-
vided for this situation by being applicable only auring the
summer months.

In October 1977, the Division of Environmental Manage-
ment obtained permission from the Environmental Manage-
ment Commission to hold pubhic meetings on the oroposed
chlorophyll a standarg along with many other proposed stan-
dards revisons. The purpose of the meetings was o chtain
public input into the formulation of ail water quality standards
revisions. Two public meetings were held in Novemper 1977

In May 1978, the Dwision of Environmental Management
completed a set of proposed water quality stancaras that
included the chiorophyll a standard. Also during th's perod
the Division presented and oblained cancurrence win pro-
posed standards from both the 208 Technical Advisory Com-
mittea and the 208 Policy Advisery Committee The En-
vironmental Management Commission authorized public
hearings, mandatory for rulemaking in North Carolina.

Public hearings were held at three locations in the State
during July and August 1978, Very little concerm or opposi-
tion was voiced over the chiorophyll g standards except for
applying them to very small lakes such as as farm ponds.
The Environmental Management Commission members
originally voiced concemn over lake size and in response. size
limitations were added to the standards.

During the summer of 1978 the Chowan River estuary ex-
perienced massive blooms of blue-green algae that greally
heightened the interest in establishing standards 10 control
algae. The Chowan situation was so intense tha another
regulation called “"Nulrient Sensitive Waters” was zrafted
oy the Division of Environmental Management Sta#: pro-
fibited, with some exceptions, the discharge of nitrogen and
phosphorus above background ievels in designatec waters
This regutation proceedeq simultaneously with the crerenhyll

a standard,

After several delays, not related to the chlorophytl 2 stan.
dard, the Environmental Management Commission acopted
the following standard on August 9. 1979

Chiorophyl! a: not greatar than 40 wQA for lakes sourds
estuanes, reservorrs, and other slow-rnovmg wae’s not
designated as trout watars, and not greater than 5 g for

c.2.
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lakes reservs “s and other siGw-MoviNg wa'e* designated as
trout waters (=7 applicable gurng the mo~tns of December
through Marc~ 1ot applicable to lakes and reservors less than
10 acres in s.~ace area)

Also on that same date, the Chowan Rwver Basin was
designated by the commission as a Nutrient Sensitve Water
EPA approved the chlorophyli a standard on November 9
1979. under the provisions of Sec 303(c) of the Act.

POST STANDARD ADOPTION

At the time of adoption of the chiorophyil a standard, the
State recognizec that data and staff resources were not
available to fully apply the stanoard statewide. However, the
State has used the standard wn making many water qualty
decisions. For the most part, the State has concentrated
resources on the most severe nutrient problem areas, and
also used the standard to formuiate positions on a few pro-

- . ;e G . - g

posed wasie treatment ‘z: es and water resource projects
such as dams {Westal 2ers. comm.)

The State is pleasec & 'h the ulilty of the standard and
plans to retain it until @ mare technically complete and usable
allermative becomes avz .able {Weslall, pers. comm.)

ACKNOWLEDGEMENTS: ™ ¢ author expresses appreciaton lo the
stat! of the Nonn Carolina J-vson of Environmental Management
fo- their assistance in resez-2~ng the water quality standards files
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APPENDIX D
Chlorophyll a

Rationale for Las Vegas Bay - Lake Mead



Introduction

Lake Mead

Lake Mead was formed by impounding the Colorado River behind Hoover Dam in
1935. The reservoir is located in the Mohave Desert where maximum summer tem-
peratures commonly exceed 40 C from June through September. Winds over 30 Km/hr
are frequent. The lake has four major basins; Pierce Basin, Gregg Basin, Virgin
Basin, and Boulder Basin (Figure 1) Moapa and Virgin rivers discharge into the
Overton Arm of Virgin Basin and the Colorado River into the Pierce Basin. The
Las Vegas Wash (LVW) discharges into a narrow inlet of Las Vegas Bay (LVB), a
large arm of Boulder Basin (Figure 2),

Lake Mead is a deep, warm monomictic lake. Thermal stratification develops
in May and June, and a classical thermocline develops between a depth of 10 and

15 m in July (Baker et al. 1977). Turnover begins in October and the lake is
completely destratified by January. )

The major portions of the lake have been declining in productivity {algal
production) since completion of Glen Canyon Dam in 1963, Phosphorus laden silt
particles in the Colorado River have been sedimenting out in Lake Powell signi=
ficantly reducing the load to Lake Mead. The result has been a reclassification
of the lake from oligo-mesotrophic to oligotrophic. This sharp decrease in
phosphorus, decreased growth at all levels of the food chain and has detrimen-
tally affected the sport fishery (Baker and Paulson 1983; Evans and Paulson
1983; Paulson and Baker 1983; Prentki et al. 1981). Experimental fertilization
studies in 1986 confirmed initial feasibility of a larger fertilization study of
a major portion of the Overton Arm to be conducted in Spring 1987,

Despite reduced nutrient loading to the major portions of Lake Mead, LVB has
remained highly productive due to increased loading from LVW and the wastewater
treatment plants. However, the level of productivity in major portions of LVB
has surpassed that necessary to support a productive sport fishery (mesotrophy)

and in 1986 eutrophic, poor water quality conditions detrimentally affected
other beneficial uses of the bay.

LAS VEGAS WASH

Las Vegas Wash is the terminus of the 1600 mi2 Las Vegas Valley drainage
system that discharges into Las Vegas Bay of Lake Mead. Both the City of Las
Vegas Wastewater Treatment Plant and Clark County Sanitation District discharge

D.1.
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Figure 2. Map of Las Vegas Bay and Boulder Basin, Lake Mead.
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into the wash about 11 miles upstream from the bay. An artificial wetlands has
become established within the Las Vegas Wash downstream from the sewage treat-
ment plants that is supported by the rich nutrient supply and long growing
season. The wetland-marsh is dominated by cattail, Typha domengensis and com-
mon reed, Phragmites communis. Extensive growth of salt cedar, Tamarix petandra
border the riparian zone.

The Las Vegas Wash and associated wetlands has historically acted as a
buffer between the wastewater treatment facilities and the bay. Significant
quantities of phesphorus and nitrogen were removed within the wetlands before
discharging to the bay. Nitrification of ammonia to nitrate occurred seasonally
in the wash and loading of ammonia to the bay was insignificant.

Goldman and Deacon (1978) reported a 90% reduction in ammonia loading as
measured at Northshore Road while Morris and Paulson (1981) reported lower
reductions (31%). Morris and Paulson (1981) also reported that total nitrogen
was being reduced by 27% during summer 1980 and total phosphorus by roughly 33%.

Other studies conducted during this period document that the rate of
nutrient removal in the wash appeared to be declining (URS 1978). The scien-
tific recommendation at this time called for more intensive management of the
wetland in order to maintain and enhance its nutrient removal capability. Brown
and Caldwell (1982) recommended that consideration should be given to mechanisms
that will prevent future loss of nutrient removal capacity in the wash. They
suggested spreading the water over a larger area of the marsh or impounding
water in a series of ponds to enhance nutrient removal.

Since about 1975 the Las Vegas Wash has been experiencing severe vertical
and lateral erosion. Rapid growth of Las Vegas Valley since 1930 has increased
municipal and industrial wastewater discharge, which has altered flood-plain
vegetation and ultimately promoted channel degradation (Glancy and Whitney
1986). Urbanization has enhanced flood volumes and peak flows. For example,
six of the 11 years since 1975 peak flows in the wash have exceeded 1000 CFS.

In comparison, the 18 year period from 1957 to 1974 saw only two years when peak
flows exceeded 1000 CFS.

The following factors are generally considered to be the most important in
accelerating the erosion process:

1)  sustained high wastewater flows;

2)  major floods of 1975 and 1984;

3) increasing flood volumes and peak flows; and
4) removal of road culvert at North Shore Road.
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Figure 3 presents cross sections of the Las Vegas Wash at six sites between
the narrows (Cross Section 3) and the Las Vegas Valley Lateral (Cross Section
24) in 1975 and 1984. The measurements were taken by Boyle Engineering
Corporation as part of a study for the protection of the lateral from erosion
(Colorado River Commission 1985). It is apparent from these figures that the
wash channel has experienced severe downcutting and lateral erosion. In some
sections the channel has downcut over 30 feet and eroded laterally over 500 feet
since 1975 (Cross Sections 12 and 16). The net effect of this channelization is
that the water is losing contact with the wetlands and has lost much of its
capability to "polish" wastewater flows before entering the bay. Hydraulic
detention time from the treatment plants to the Lake has decreased from 18-20
hours in 1980 to 9-10 hours in 1985,

Discharge of the Las Vegas Wash has increased significantly since the early
1970's. The average flow of the wash has increased from about 60 CFS in 1973 to
about 120 CFS in 1985 (Figure 4), This trend reflects continuing population
growth in Clark County from roughly 300,000 in the early 1970's to about 600,000
in 1985 and the resulting wastewater discharge (Figure 5).

Increasing wastewater flows in the wash have diluted the total dissolved
solids (TDS) from about 4500 mg/1 in 1969 to about 2000 mg/1 in 1985 at North
Shore Road. These flows act primarily in diluting major inflows of salt-laden
groundwater between Pabco and North Shore Roads (Morris and Paulson 1981).
Although TDS concentrations have declined in the wash the TDS load has remained
relatively constant at about 1.1 million 1bs/day.

Also of significance is the formation of a delta at the mouth of Las Vegas
Wash. Approximately 4.25 million cubic yards of eroded wash material has been
deposited in a large fan shaped delta at the wash mouth. (Glancy and Whitney
1986). This newly formed delta may influence plume dynamics. Spreading of the
water over the delta may increase temperature causing the plume to become more
buoyant. Also, a non-channeled flow would have less momentum which would also
contribute to increased surface mixing.

It must be concluded that a combination of the above factors have changed
the hydrodynamics of the wash plume. These changes have resulted in 1) more
nutrients being transported down the wash, and 2) a greater percentage of the
nutrients in the wash being transported to epilimnetic waters of the lake. It
should be pointed out here that our understanding of the processes governing

D.5.
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water quality within the wash and plume dynamics is not well understood, but we
do know that the changes that have taken place have adversely impacted water
guality in LVB.

LAS VEGAS WASH, NORTH SHORE ROAD LOADING

Total Phosphorus

Between 1972 to 1981 total phosphorus loading at North Shore Road fluctuated
between 1200 to 1500 1bs /day (Figure 6). Beginning in July 1981 both the City
and County plants instituted phosphorus removal and the loading was reduced to
about 400 1bs/day. Since July 1981 loading has gradually increased to the
average 1986 load of about 620 1bs/day. It appears that summer phosphorus
retention within the wash has become less efficient since about 1979 likely as a
result of less water contact with the marsh due to channelization.

Total Nitrogen

Nitrogen loading also exhibits a seasonal cycle of summer removal that was
more efficient in the 1970's. Loads have increased from 1972 (3000 1bs/day) to
1980 (7500 1bs/day) (Figure 7}. Loading decreased from 1980 to 1982 (4500
1bs /day) possibly as a result of marsh re-establishment. Since 1982, nitrogen
loading has increased to its current 1986 level of about 9600 1bs/day.

Total Ammonia

Historically the Las Vegas Wash was a very efficient nitrifier of ammonia.
Prior to 1978 over 90 percent of the ammonia load was converted to nitrate by
North Shore Road (Figure 8). Loading at that time ranged from 50 to 400
1bs /day. Loading began increasing in 1978 (2000 1bs /day), increasing steadily
through 1980 (4400 1bs/day) but then declined from 1980 to 1982 (2500 1bs /day) .
Ammonia loads have increased since 1982 to the current 1986 level of 7400
1bs /day. The steady increase in ammonia loading at North Shore Road is likely a

~ function of increased loading from the treatment plants and a lack of nitrifica-

tion in the wash due to channelization.

LAS VEGAS BAY WATER QUALITY

Because the worst problems associated with eutrophication are manifested in
surmer (July, August, September) the following discussion of water quality con-
ditions in LVB will be limited to this season. In addition, more water quality
data from the bay has been collected during summer than any other time period.
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Nutrients

As with any tributary flow into a lake or reservoir there is a strong gra-
dient in nutrient concentrations moving from the inner bay (STA 2) to Boulder
Basin (STA 8). The highest gradients in concentrations occur between stations 2
and 3 and stations 3 and 4. lower gradients occur outside of station 4.
Likewise, large variations in nutrient levels occur at stations 2 and 3 with
smaller variations at stations 4, 5 and 8.

Total Phosphorus

Despite phosphorus removal from both sewage treatment facilities in 1981,
summer phosphorus concentrations have more than doubled at station 2, tripled at
station 3, and doubled at station 4 and 5 between 1979 and 1986 (Figure 9).
Within this time period summer tota) phosphorus concentrations ranged from a
mean of .079 mg/1 at station 2 to .007 mg/1 at station 8 with stations 3, 4 and
5 falling within these extremes. Concentrations have remained relatively stable
(.006 - .009 mg/1) at station 8. Maximum total phosphorus was measured in 1986
at stations 2 and 3 coinciding with maximum chlorophyll‘g concentrations.

Thus, despite a significant phosphorus load reduction at North Shore Road in
-1981, in-lake concentrations were unaffected and have continued to increase. We
believe the reason we did not observe a reduction of in-lake phosphorus is due

~ to changes in plume dynamics; a higher percentage of wash nutrients are being
transported to the epilimnetic waters of LV8. These changes are directly
related to increasing wastewater flows, severe vertical and lateral erosion, and
a loss of wetlands which have combined to alter wash water quality and thus
plume characteristics. The exact hydrodynamic changes are not well understood,
but it is unequivocal that these changes have occurred and to the detriment of
water quality,

Total Nitrogen

Although large variations exist in the data, total nitrogen has been
increasing in Las Vegas Bay and Boulder Basin since 1979 (Figure 10). This clo-
sely follows annual nitrogen lToading at NSR that has increased from 5800 1bs/day
in 1979 to approximately 9400 1bs/day in 1986; a 64% increase. With the excep-
tion of 1982 and 1983 in-lake tota? nitrogen has progressively increased every
year since 1979, Levels in 1985 and 1986 are 3 times those measured in 1979 at
stations 2 and 3 and over 2 times those at stations 4 and 5. Increased loading
and changing plume dynamics have increased total nitrogen all of the way out to
station 8 where levels have increased by about 30%.

D.13.
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Figure 9. Mean summer total phosphorus concentrations in Las Vegas
Bay from 1979 through 1986.
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Figure 10. Mean summer total nitrogen concentrations in Las Vegas
Bay from 1979 +hrough 1986.
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Total Ammonia

Total ammonia concentrations at all stations remained relatively stable from
1979 through 1983. Between 1983 and 1985 station 2 total ammonia increased from
.043 mg/1 to .423 mg/1; an increase of about 8.8 times (Figure 11). Station 3
showed a similar trend increasing from .046 mg/1 to .279 mg/1. This trend con-

. tinued -into 1986 with only slightly lower values. Stations 4, 5 and 8 increased

slightly from 1982 to 1983 and by a large increment in 1985. From 1983 to 1985
total ammonia levels tripled at station 4 doubled at station 5, and increased
slightly at station 8, This trend continued in the 1986 data.

Chlorophyll a

As was the case with the nutrient concentrations, chlorophyll‘g, a measure
of algal biomass, shows a strong gradient from the inner bay to Boulder Basin
(Figure 12), This is not unexpected, as it is the nutrients that are supporting
the algal growth rate.

Mean summer chlorophyl? a from 1979 through 1986 at stations 2, 3, 4, 5 and
8 were 49,0, 34.4, 12.7, 7.9 and 1.7 ug/1, respectively. Stations 2 and 3 exhi-
bited record high monthly mean chlorophyll a levels as well as record maximum
levels during spring-summer 1986. At Station 2 chlorophyll a peaked at an all-
time high of 378 ug/1 on June 26 and averaged 147.8 ug/1 in June, 63.3 ug/1 in
July and 100.7 ug/1 in August. In 1986, chlorophyll a at station 3 averaged
43.7 ug/1 in June, 49.3 ug/! in July, and 113.9 ug/1 in August; all time peak
chlorophyll a was measured on August 7 at 331.5 ug/1.

Station 2 summer chlorophyll a levels have been increasing since the
mid-1970's (Figure 13), For example, at station 2 mean summer chlorophyll a
levels have increased from an average of 15 ug/1 from 1974 to 1978 to about 50
ug/1 from 1979 to 1986. Summer peak chlorophyll a has increased from Tess than
40 ug/1 in the mid-1970's to well over 100 ug/1 since 1980 (Figure 14). In com-
parison, mean summer values have remained relatively steady at station 5 (Figure
13). However, summer maximum values have increased from less than 15 ug/1
(1974-1978) to over 30 ug/1 (1979-1986). Station 8 chlorophyll a declined
slightly from 1974 to 1978, but has remained relatively stable (1.3-2.6 ug/1)
since 1979.

High summer chlorophyll a in the inner bay in 1986 was associated with a
large bloom of Microcystis, a group of noxious, scum-forming blue-green algae.
The species is one of the most common bloom-forming algae (Prescott 1970) and is
generally considered a sign of gross eutrophication. The species has been seen
in Lake Mead before but never at densities observed in 1986 (Paulson 1986).

D.15.
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Figure 12, Mean summer chlorophyll a concentrations in Las Vegas
Bay from 1979 through 1986.
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Figure 13. Mean summer chlorophyll & concentrations at Las Vegas
Bay stations 2 and 5 from 1974 cthrough 1986,
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Figure 14. Maximum summer chlorophyll A concentrations at Las Vegas
Bay stations 2 and 5 from 1974 through 1986,
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During the 1986 bloom, surface scums appeared in late May and peaked in late
June and early July. The bloom was especially apparent on calm days such as
June 26 when surface scums covered most of the inner bay and extended to areas
around the Las Vegas Wash Marina and boat ramp. The bloom was not as severe in
the middle Las Vegas Bay, but colonies were visible past station 5 at times seen
all the way out to Boulder Basin.

The dramatic increase in chlorophy1l a in the inner bay in 1986 is directly
related to the shift in algal species composition. Studies have shown that
blue-green algae are not readily ingested or digested by zooplankton, and there-
fore do not represent a good food source (Lefevre 1950; Burns 1968; Schindler
1971; Hayward and Gallup 1976). Lack of grazing on the algae by the zooplankton
leads to high concentrations of blue-greens commonly observed during a bloom.
Due to the fact that zooplankton do not feed well on blue-green algae, a block
in the food chain is created that effects the entire bioenergetics of the system
on which the ecosystem depends. This phenomenon will have an adverse effect on
all organisms within the food chain including the sport fish.

Nitrogen /Phosphorus Ratio

As a result of the photosynthetic reaction, algae will assimilate nitrogen
and phosphorus from their aquatic environment in a ratio of between about 10 to
16 parts nitrogen to one part phosphorus until one of these two nutrients beco-
mes depleted in the water assuming no other limitation exists. At that time,
the nutrient present in the water body in the lowest concentration, relative to
the physiological needs of the algae, will limit subsequent growth of the al gae.
Although there are Targe variations from one algal species to another it is
generally accepted that the N/ ratio remains constant enough to accurately
assess which of these two nutrients is likely to limit algal growth in a lake.
Thus, an examination of the relative quantities of nitrogen and phosphorus in a
Take at a given time, especially during the growing season, will indicate which
of the two nutrients is "left over" after the other has been depleted by the
algae. Clearly, the nutrient which is present in large quantities during
periods of excessive algal growth is not limiting growth of the al gae.

Several different ways of expressing the N/ ratio are possible. Some advo-
cate using the total nitrogen (organic + inorganic nitrogen) to total phosphorus
(organic + inorganic phosphorus) ratio and others the soluble nitrogen (NHg-N +
NO3-N + NOp-N} to soluble phosphorus (orthophosphate) forms. The dissolved
forms of nitrogen and phosphorus are generally considered to be immediately
available for algal uptake.
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Total nitrogen (TN) to total phosphorus (TP) ratios increase from the inner
to outer Las Vegas Bay (Figure 15). Average summer TN/TP ratios from 1979 to
1986 ranged from 14.0 at station 2 to 38.7 at station 8. This suggests that Las
Vegas Bay is largely phosphorus limited coming closer to nitrogen limitation in
the inner bay. The TN/TP ratio in Las Vegas Bay has generally been increasing
in recent years largely as a result of increasing nitrogen levels,

Total soluble inorganic nitrogen (TIN) to soluble orthophosphate (OP) ratios
have increased dramatically from 1979 to 1986 (Figure 16). Within this period
inner bay TIN/OP increased from less than 10 to over 60 and the middle bay from
less than 10 to over 50. A large increase in the TIN/OP ratio occurred between
1980 (pre-phosphorus removal)} and 1981 (post-phosphorus removal). In this time
period summer dissalved orthophosphorus decreased from .037 mg/1 to .012 mg/1 at
station 2 and from .025 mg/1 to .006 mg/1 at station 3. During the same period
the TIN levels doubled at station 2 and tripled at station 3. Similar changes
occurred in the wash TIN/OP ratio. The summer wash ratio increased from about 3
in 1980 to over 30 in 1981 at North Shore Road.

Clearly, the nutrient present in the largest quantity relative to the needs
of algal growth is inorganic nitrogen and the lowest quantity is orthophosphorus.

This analysis strongly suggests that, on the basis of TIN/OP ratios, phosphorus

ts the Timiting nutrient in Las Vegas Bay.

Secchi Depth (Water Clarity)

Secchi depth is a measure of visibility or the depth to which one may see
into the water. The Secchi disc is a simple device used to estimate this depth,
It consists of a weighted circular plate, 20 cm in diameter with the surface
painted with opposing black and white quarters. The disc is attached to a
calibrated line that is slowly lowered into the water until it disappears and
then slowly raised until it reappears. The average of the two readings is the
Secchi disc visibility (Lind 1974).

In lakes with low inorganic turbidity, there is usually an inverse rela-
tionship between Secchi depth and chlorophyll a; as chlorophyll a increases
Secchi depth (water clarity) decreases. This relationship is very strong for
Las Vegas Bay (Figure 17 and 18). The relationship can be described by the
equation, log Secchi depth = (-.52)(log chla) + .98. Mean summer Secchi depth is
relatively low (1.5m (5 ft.) from 1980-1986) at station 2 where chlorophyll a is
high and gradually increases out into the middle and outer bay as chlorophyll a
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decreases. Station 8 summer Secchi depth has averaged slightly over 7 m (23 ft.)
since 1979, which is an indication of its very low chlorophyll a levels and con-
current productivity.

Lake Elevation

Lake Mead's surface elevation has been suggested by some to be an important
factor in controlling Las Vegas Bay water quality (Deacon 1977; Brown and
Caldwell 1982). Deacon (1977) attributed improvements in water quality to dilu-
tion resulting from increased water levels in Lake Mead. Figure 19 shows that
Lake Mead's average summer surface elevation increased from 1970 up until the
high runoff year of 1983 when it overflowed the spillway. From 1983 through
1986 the lake's surface elevation has shown a general decline and projections by
the U.S. Bureau of Reclamation indicate that the decline will continue for the
next several years (U,5.B.R., personal communication). Although the diluting
effect of lake elevation is not well understood and not quantifiable it must be
assumed that it cannot be used as a mitigating factor in the future management
of water quality in Las Vegas Bay. Declining water levels may, in fact, cause a
deterioration of existing water quality at current nutrient loading rates.

Trophic Classification

Lakes are commonly classified according to their biological productivity as
measured by physical, chemical and biological parameters. Oligotrophic lakes
are characterized by low nutrient levels, iow biological productivity and
usually maintain high hypolimnetic and benthic oxygen Tevels throughout the year
(Goldman and Horne 1983). There is good light penetration through the clear
waters and there is little or no rooted aquatic vegetation. In contrast,
eutrophic lakes have high nutrient and inorganic matter levels and hypolimnetic
oxygen is likely to be depleted in the summer. Due to the high production of
algae, light penetration is limited. Mesotrophic lakes are generally considered
to have a moderate productivity level and fall somewhere between the two extre-
mes.

Based on a review of the OECD Cooperative Program on eutrophication, data
from 128 lakes and reservoirs from around the world (40 from U.S.) were analyzed
and a trophic state classification scheme developed (Table 1). The lakes and
reservoirs from which the data were collected ranged from ultra-oligotrophic
pristine lakes to highly eutrophic ones, and from small, shallow, highly flushed
lakes to the Great Lakes.
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Table 1. Classification of trophic status of lakes and reservoirs from the QECD

eutrophication study (Jones and Lee 1982)

Average
Chlorophyll a Average Secchi Average Total

Classification {ug/1) Depth (m) Phosphorus (mg/1)
Oligotrophic <2.0 >4.6 <.006
0ligo-Mestrophic 2.1-2.9 4.5-3.8 .006-.010

Mesotrophic 3.0-6.9 3.7-2.4 .010-,029
Meso-Eutrophic 7.0-9.9 2.3-1.8 .030-.045

Eutrophic 210.0 <1.7 20.46
Table 2. Trophic classification of Las Vegas Bay stations 2 through 8 using

0ECD method.

—_ —J =7 I @

b —J

Parameter Station 2  Station 3  Station 4 Station 5 Station 8
meso-
Chlorophyl1.g eutrophic  eutrophic  eutrophic eutrophic oligotrophic
meso-
Secchi depth eutrophic  eutrophic  mesotrophic mesotrophic oligotrophic
Total oligo-
Phosphorus eutrophic  eutrophic mesotrophic mesotrophic mesotrophic

Overall highly

Classification eutrophic eutrophic  mesotrophic mesotrophic oligotrophic

D.24.
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It was generally found that waterbodies were classified as eutrophic when
chlorophyll a exceeded 10 ug/1 and oligotrophic if they were less than 2 ug/1.
Between these values is a transition zone with waterbodies having planktonic
chlorophyll concentrations of 3-7 ug/1. This classification was extended to use
Secchi depth and total phosphorus,

Using this classification scheme station 2 is classified as highly eutrophic

station 3 as eutrophic, stations 4 and 5 as mesotrophic and station 8 as oli-
gotrophic.

Another trophic state index was developed by Carlson (1977) that incor-
porates most lakes in a scale of 0 to 100, Each major division (10, 20, 30,
etc.) represents a doubling in algal biomass. The index number can be calcu-
lated from chlorophylllg, Secchi depth, and total phosphorus using the
following equations:

TSI (SD) = 10 (6 1n_SD)

In 2
TSI (CHL) = 10 (6 - 2.04-0.68 1n CHL)
In 2
TSI (TP) = 10 (6 48 )
In TP
In 2

In general, lakes and reservoirs with a TSI from 0-40 are oligotrophic, 40-50
mesotrophic, and greater than 50 eutrophic. The method classified regions of
the bay consistent with the OECD method (Table 2)., Stations 2 and 3 were
classified as eutrophic, station 4 as meso-eutrophic, station 5 as mesotrophic,
and station 8 as oligotrophic.
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Table 3. Application of Carlson's trophic state index (TSI) to Las Vegas Bay mean
summer values for 1979-1986.

Station 2 Station 3 Station 4 Station 5 Station 8
TSI 54.2 49.3 43.7 41,1 31.5
Chloro- Trophic meso- oligo-
phyll a State eutrophic eutrophic mesotrophic mesotrophic oligotrophic
Secchi TSI 68.8 65.2 56.9 50.9 35.8
Depth Trophic meso-
State eutrophic eutrophic eutrophic eutrophic oligotrophic
Total TSI 67.2 61.4 50.0 45.8 32.2
Phosphorus Trophic meso-
State eutrophic eutrcohic  eutrophic mesotrophic oligotrophic
TSI 63.4 58.6 50.2 45.9 33.2
Overall Trophic meso-
State eutrophic eutrophic  eutrophic mesotrophic oligotrophic
D.26.
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The two classification schemes are also in good agreement with many others that
strictly rely on chlorophyll a as the trophic state indicator (Sakamoto 1966 ;
National Academy of Science 1972; U.S. EPA 1974).

Dissolved Oxygen

Dissolved oxygen concentrations are an important gauge of existing water
quality and the ability of a waterbody to support a well-balanced aquatic fauna.
As pointed out earlier hypolimnetic dissolved oxygen depressions are a symptom
of eutrophication. Oxygen depletion is generally caused by increased amounts of
planktonic algae in the surface waters, which settle through the thermocline and
become a source of biochemical oxygen demand (BOD) in the hypolimnetic water
column and sediments. In Las Vegas Bay, which has a significant ammonia load,
the oxygen demand through nitrification (NHa NO» NO3) is another signifi-

cant source of BOD to the hypolimnion.

EPA (1976) recommends that a minimum concentration of dissolved oxygen to
maintain good fish populations is 5.0 mg/1. Further, decreased dissolved oxygen
levels, if sufficiently severe, can adversely affect aquatic insects and
zooplankton upon which fish feed.

Another important consideration is the potential release of phosphorus from
sediments under low dissolved oxygen conditions, Much of the phosphorus found
in sediments is adsorbed on ferric hydroxides. Under reducing conditions, these
iron compounds dissolve and phosphorus is released. Investigators have
generally found that when dissolved oxygen levels fall below 1 mg/1 phospharus
will be released from lake sediments (Mortimer 1971; Fillos and Swanson 1975).

Most parts of Lake Mead experience a metalimnetic oxygen depression, which

is not an uncommon condition. The metalimnetic depletion in the major portions

of Lake Mead begin in late April and becomes more extensive as the summer
progresses. Dissolved oxygen levels only occasionally drop below 5 mg/1 and
this depletion is limited to the metalimnion only. The depletion begins to
dissipate with the lowering of the thermocline in October. However, due to the
higher oxygen demanding substances, the inner and middle Las Vegas Bay zone of
oxygen depletion extends into the hypolimnion to the lake bottom and by late
summer becomes quite severe.
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Station 2 is shallow enough to remain well mixed throughout the summer
months and does not experience oxygen depletion. Between station 2 and 3 the

lake becomes deep enough for a thermocline to become established and a hypolim-
_nion forms.

Hypolimnetic depletion begins in late April in Las Vegas Bay and becomes
more extensive as the summer progresses (Figures 20 through 22), Minimum
dissolved oxygen concentrations increase with increasing distance from Las Vegas
Wash likely as a function of BOD and hypolimnetic volume. For example, on June
26 at station 3 most of the hypolimnion had dissolved oxygen levels less than 1
mg/1. In comparison, station 4 and 5 both had severe metalimnetic depletions
with higher hypolimnetic values. By August 28, depletion remained about the
same at station 3 and became more severe at stations 4 and 5. At station 4,
hypolimnetic dissolved oxygen levels had been reduced to less than 2 mg/1 and
less than 3 mg/1 at station 5. By the end of October station 3 was well mixed
and reoxygenated throughout the water column. Stations 4 and § had mixed to
about 30m, both still showing signs of the summer depletion below this level.

Station 8 exhibits dissolved oxygen profiles entirely different from those
in Las Vegas Bay (Figure 23). By late summer a true metalimnetic depletion had
developed which persisted into fall. Rarely does dissolved oxygen fall below 5
mg/1 during summer-fall stratification at station 8 in Boulder Basin.

The progression of the dissolved oxygen depletion at station 5 from May
through November of 1980 through 1986 is plotted on Figure 24. The figure shows
the minimum dissolved oxygen concentrations for each sampling date. The same
general pattern occurred during each year. However, prior to 1985 minimum
dissolved oxygen levels did not drop below 5 mg/1 until the end of June. In
fact, since 1968 dissolved oxygen had not been depleted to 5 mg/1 before late
June or early July (Brown and Caldwell 1982). In 1985 and 1986, however, the
depletion to 5 mg/1 occurred in early June and remained lower throughout the
season than in previous years. This pattern has emerged in spite of the fact
that lake elevation and thus hypolimnetic volume has generally been increasing
since 1970. The projected future decline in lake elevation in conjunction with
or without an increasing load of oxygen demanding substances will exacerbate
this problem.

Studies conducted by the Division of Environmental Protection in 1985

Suggest that fish survival is low below the thermocline at stations 3 and 4.,
Young largemouth bass held in suspended live-cages showed significant mortality
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Figure 20. Dissolved oxygen profiles at station 3 on four
selected days in 1986.
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Figure 21, Dissolved oxygen profiles at station 4 on four
selected days in 1986.
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Figure 22. Dissolved oxygen profiles at station 5 on four
selected days in 1986.
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selected days in 1986,
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in areas where dissolved oxygen dropped below 1.5 to 2.0 mg/1 (NDEP 1985). Wild
fish in the bay would likely avoid areas with dissolved oxygen levels less than
about 3 mg/1. The bioassay supports the contention that fish are likely
restricted to epilimnetic habitat during hypolimnetic dissolved oxygen deple-
tions during most of the summer and fall period in parts of the inner and middle
Las Vegas Bay.

Many would argue that low hypolimnetic dissolved oxygen levels have little
impact on a warmwater fishery, However, adult striped bass are considered to be
a-cool-water fish and prefer water temperatures less than 23 C (Turner and
Farley 1971). Temperatures below 23 C are generally confined to the area below
‘the thermocline during summer months. Under these conditions striped bass stay
below the thermocline and swim up into surface waters to feed before returning
to the cooler water, In late summer, striped bass may avoid Las Vegas Bay
inward of station 5. This scenerio could remove striped bass from their food
supply in the surface waters of the inner and middle bay.

Further decreases in the hypolimnetic dissolved oxygen concentrations in Las
Vegas Bay will adversely affect available fish habitat during summer-fall
periods. If dissolved oxygen levels drop below 1 mg/1 over the sediments,
internal phosphorus loading would be expected to become a future nutrient source
to the bay.

Management Objectives for Las Vegas Bay - Lake Mead Water Quality

|.ake management involves the formulation of objectives, not all of which are
compatible in a given waterbody. Common objectives such as high quality water
supply, suitability for contact recreation, and pleasing aesthetic properties
are generally associated with low algal biomass and chlorophyll a values,
Increases in plankton biomass in a lake elevate the cost of treatment for water
supply, both where human consumption is involved and in the case of industrial
process water, Removal of plankton from a water supply becomes necessary when
plankton numbers become high enough to cause odor, taste, health, or aesthetic
problems or clogs the distribution system. Costs rise abruptly at each new level
of treatment resulting from capital expenses and gradually increase between
steps as a function of operational costs largely associated with filtration and
chemical additives. Where water supply is concerned, maintenance of the lowest
possible plankton biomass is clearly desirable.
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Water supply, contact recreation and aesthetics are recognized beneficial
uses of Las Vegas Bay and Lake Mead. If these were the only uses, management
for an oligotrophic bay (chlorophyll a <2-5 ug/1) would be the objective,
However, production of fish for sportfishing is often impaired by decreases in
phytoplankton growth. Sportfishing is an important beneficial use in Lake Mead
and the waterbody, as a whole, is considered lacking in the food resources
necessary to support a productive sport fishery (Baker and Paulson 1983; Evans
and Paulson 1985; Paulson and Baker 1983; Prentki etal., 1981). The rela-
tionships between phytoplankton biomass and fish yield varies considerably among
lakes, but a distinct relationship exists. Empirically derived relationships
indicate that increased phytoplankton production does lead to greater fish pro-
duction (Ryder et al. 1974; Oglesby 1977; Mills and Schiavone 1982). Based on
this premise, experimental fertilization of a large area of the Overton Arm for
the purpose of increasing fish productivity is planned for Spring 1987 (Paulson
et al. 1987). Experimentation during summer 1986 demonstrated that additions of
nitrogen and phosphorus can increase the level of productivity in the lake from
an oligotrophic to a mesotrophic state (5-10 ug/1 chlorophyll a) in just a few
days.

The above generalizations suggest that there is a potential conflict or
incompatibility between fishery optimization and other management objectives.
The available data suggests that during the summer months the Las Vegas Wash
nutrient load has little effect on the productivity in the open waters of
Boulder Basin (near station 8). Even during 1986, when record high chlorophyll
2 values were measured in Las Vegas Bay, extremely high chlorophyll a values at
station 3 did nothing to benefit station 8 productivity,

The algal scums that developed in 1986 were composed of blue-green algae
that are considered undesirable to the fishery food chain. The surface scum
extended into the middle bay where it was highly visible to Las Vegas Wash
campground, marina, and boat ramp users. Plankton counts on May 2 at the
Southern Nevada Water system inlet were dominated by Anacystis sp. (Microcystis
Sp.) (29,000 cells/ml) and as a result the water treatment plant experienced
decreased filter runs (letter from Las Vegas Valley Water District dated June
30, 1986).

Surface scums or dense blooms of algae are generally considered unattractive
and in some cases represent a health hazard. Many species of blue-green algae
are known to cause gastroenteritis in humans. When blooms of these toxic spe-
cies become concentrated enough it can cause illness or death in almost any
mammal, bird, or fish which ingest enough of the toxic cells (Carmichael 1981;
Gorham and Carmichael 1980). A visible abundance of planktonic plants may deter
swimming, Decreased water clarity reduces recreational safety, especially where
subsurface obstructions are prevalent.
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Periphyton (attached algae) growth in Las Vegas Bay has been a problem in
the past and was first reported in 1967 when floating mats of Cladophora were
seen in the bay (Brown and Caldwell 1982, Paulson, UNLV Personal Communication).
There were also complaints about algae growth on boat hulls by boat owners at
Las Vegas Wash Marina, particularly during the early 1970's,

The water quality conditions observed in Las Vegas Bay during spring-summer
1986 were clearly unacceptable and degrading to the beneficial uses of the bay,
including the fishery. In cooperation with the Nevada Department of Wildlife,
Lake Mead Limnological Research Center, and other agency personnel, a consensus
was reached that the water quality characteristics related to productivity
(specifically chlorophyll a levels) and associated desirable algal species
observed in Las Vegas Bay between 1981 and 1985 was protective of the beneficial
uses associated with the bay such as the marina, campground and water supply,
and yet provided an acceptable level of productivity for the bay sport fishery.

Management objectives for Las Vegas Bay are as follows:
1)  The dominant algae shall be of the non-surface scum forming variety,

2) The trophic status of inner Las Vegas Bay must not deteriorate below
its 1981-1985 eutrophic classification with summer mean chlorophyll a
of 45 ug/1 at station 2 and 30 ug/) at station 3.

3) The trophic status of middle Las Vegas Bay will maintain its 1981-1985
mesotrophic classification with summer mean chlorophyll a of 12 ug/1 at
station 4 and 9 ug/1 at station 5.

4) Hypolimnetic dissolved oxygen depletions should improve over 1985-86
levels due to a reduction in oxygen demanding materials (NHg4 and algal
biomass).

.

sta 3, 1.6 m; sta 4, 2.6m; sta 5, 3.0 m; sta 8, >6m using the equation,
log Secchi depth = (-.52)(log CHLa) +,98.

5) Water clarity will be maintained at desirable levels (e.g. Secchi depth:

6) Efforts will be made to increase the productivity of the ogverall
Boulder Basin area from an oligotrophic to a meso-oligotrophic level by
recommending a seasonal discharge limit for total phosphorus,
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Recommended Chlorophyll a Standard

In order to protect the beneficial uses of Las Vegas Bay the NDEP feels that
chlorophyll a values must be maintained below 1986 values and the species com-
position be of the non-blue-green variety, NDEP believes, on average, that
summer water quality conditions observed between 1981 through 1985 were protec-
tive of the beneficial uses and that the long-term symmer average chlorophyll
should not increase above the average levels of 1981 through 1985, Thus, the
development of the recommended standard to meet the objective must rely on data
collected over this period. The following describes the methodology used by the
Division to arrive at its recommended standard to achieve this objective.

1}  Summer data (July-September) was used because it contained from 2 to 4
measurements per month (n=41) compared to spring when sampling fre-
quency was low (n=13)., Maximum chlorophylllg concentrations occurred
during summer and we feel these values would be protective of the
entire growing season (April-September),

2) Target chlorOphyll_g concentrations were developed by first calculating
mean monthly values for the summer periods of 1981-1985 for stations 2,
3, 4, 5 and 8; annual summer means were calculated from the monthly
means of summer months (July-Sept.) for each year. The means for each

year were then averaged for a grand mean chlorophyll a concentration.
They are as follows:

Long Term Target Summer Means

Station 2 45 ug/1
Station 3 30 ug/
Station 4 12 ug/
Station 5 9 ug/1

3) The Las Vegas Bay chlorophyll‘g standard will be contr