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Nutrient Assessment Protocols
for Lakes and Reservoirs in Nevada

Introduction

The purpose of this document is to provide someeggrguidance on possible steps for determining the
nutrient impairment status of lakes and reseniaifdevada. These protocols will be useful in addireg
a two key issues:

303(d) List and Appropriate Impairment Determinations: The Draft 2006 303(d) Lists
contains a number of lakes and reservoirs due ¢eeslances of the total phosphorus standards.
However, NDEP is not confident that sole reliange ghosphorus levels is an appropriate
approach for assessing lakes and reservoirs. @dbtrs such as nitrogen, chlorophyll-a, and
secchi disk need to be evaluated before resoureedeaoted to developing TMDLs and control
strategies.

Appropriate Nutrient Criteria:  As described in Nevada’'s Nutrient Criteria StygtéNDEP,
2007), NDEP faces significant challenges in revigfrevising existing nutrient criteria and
establishing new criteria for new waters to beuddeld in the regulations. Nutrient levels are
believed to be a poor indicator of nutrient impant Rather parameters such as dissolved
oxygen and algae density are much better meastirsseam health as affected by nutrients.
Assessments, such as described in this documdhinevease the state’s database on nutrients,
algae levels and other factors. As a result, NDEPbe better equipped to move toward more
appropriate nutrient criteria throughout Nevada.

This document is to be considered a living, chaggaport, which will be revised over time as NDEP
obtains more data, tests these protocols, and gans insight into Nevada’'s waters.

Background

Exceedances of total phosphorus standards are corimmmuoany of Nevada's waters. However in many
cases, it is not known if the phosphorus levelsaataally impacting the beneficial uses, e.g. dqui,
recreation, etc. As discussed by TetraTech (200%),use of nutrient concentrations alone are poor
predictors of assessing eutrophication impactsefBthe problems of relying on nutrients conceiutnet

to predict impairment, EPA Region IX RTAG (Regioffachnical Advisory Group) has recommended
the use of secondary indicators in determining impent status (Tetra Tech 2006). Key indicators fo
lakes and reservoirs include: 1) algal biomass gmeal as chlorophyll-a); and 2) Secchi disc depth.

is believed that these two parameters are moretdindicators of use support/impairment status tNan
and P concentrations.

Of these two indicators, algae is the primary driv¥hile some algae is a necessary component of the
ecosystem, excessive algae can impact the bendfieés in a variety of ways. According to EPA
(2000):

“Algae are either the direct or indirect cause obsh problems related to excessive nutrient
enrichment, e.g. algae are directly responsibleeiotessive, unsightly periphyton mats or surface
plankton scums, and may cause high turbiflibtyv Secchi depths]and algae are indirectly
responsible for diurnal changes in DO and pH”
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The use of trophic classifications is a common ficador categorizing various waterbodies in tewhs
their algal productivity. Classifications represengradient of conditions from oligotrophic (léthalgal
growth) to hypereutrophic (extreme algal growthgwiver there are no universally accepted threshold
values for nutrients, chlorophyll-a and Secchi depipon which one can classify a given waterbddy.
1998, EPA (1988) provided chlorophyll-a and Secahges for oligotrophic, mesotrophic, eutrophia an
hypereutrophic classifications (Table 1). WetZ#)(Q1) has provided a more detailed presentation of
nutrient, algal, and Secchi disc thresholds fopltio classifications (Table 2).

Table 1. Trophic Status by Chlorophyll-a and SecchDepth (EPA, 1988)

Trophic Status Chlorophyll-a (mean) Secchi Depth (m
Oligotrophic <4 >4
Mesotrophic 4-10 2-4
Eutrophic 10-25 1-2
Hypereutrophic >25 <1
Table 2. General Trophic Classification of Lakes ad Reservoirs'
Parameter
(annual mean Oligotrophic Mesotrophic Eutrophic Hypereutrophic
values)
TP (ug/l)
Mean 8.0 26.7 84.4
Range 3.0-17.y 10.9 - 95.6 16 — 386 750 — 1200
TN (ug/l)
Mean 661 753 1875
Range 307 - 1630 361 - 1387 393 - 6100
Chl-a (ug/l)
Mean 1.7 4.7 14.3
Range 0.3-45% 3-11 3-78 100 — 150
Chl-a maxima (ug/l)
Mean 4.2 16.1 42.6
Range 1.3-10.6 4.9 —-49.5 9.5-275
Secchi depth (m)
Mean 9.9 4.2 2.45
Range 5.4 -28.8 1.5-8.1 8-7.0 0.4-05

®From Wetzel (2001): Based on data of an internati@utrophication program. Trophic status basedhenopinions of the
experienced investigators of each lake. (Modifieaf \VVollenweider, 1979).
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Response Variables and Appropriate Thresholds

Over the years, many regression equations rela|
nutrient (primarily phosphorus) levels to alg
biomass (chlorophyll-a) have been developg
such as presented by Jones and Bachman (1
(see Figure 1); Dillon and Rigler (1976
However, there is still considerable uncertainty
these equations with phosphorus concentrati
explaining only a portion of the chlorophyll-
variability.

While good regression correlations betwe
nutrients and chlorophyll-a have been identified
many cases, the fact that many of the relationsti
are derived on a log-log scale tends to mask
uncertainty. Welch and Jacoby (2004) conclug
that for this reason many of these large dats
relationships are not very accurate for predictig
for any single lake. Lake-specific chl-a v ; ; ;
nutrient relationships may be possible but ¢ 1 10 100 1000
require extensive data, be cost prohibitive, aitld ¢ Measured TP (ugl ')

have considerable uncertainty.

Chlorophyll a (ugl™")

Figure 1. Chl-a vs. Total Phosphorus for 143 Lakes
(Jones and Bachmann, 1976)

It is recommended that chlorophyll-a levels be f
primary metric upon which Nevada lakes ar
assessed for nutrient impairment. According to R&a1985), chlorophyll-ais the most direct and
practical measurement of algal productivity andrephicatiori’ in lakes and reservoirs.

Secchi depths, in concert with chlorophyll-a leye@lee another common measure for characterizing the
trophic status of a waterbody. However, Secchiltepan be greatly impacted by suspended sediment
levels depending upon the waterbody.

There are a number of states that already relyhtoraphyll-a and Secchi data for their assessmefts.
examples, Arizona (2007) has established assesspretticols that require exceedances of chl-a
thresholds for 303(d) Listing purposes. To accdontthe natural gradient in their lake conditions,
Arizona has provided a matrix of chlorophyll-a vedudepending upon the waterbody type.

While Nevada has set antidegradation chlorophylladues for Lake Mead, none of Nevada's

lakes/reservoir have chlorophyll-a standards fergtotection of beneficial. However in the devehemt

of the Lahontan Reservoir phosphorus standards fN[B84), total phosphorus standards weretset “

achieve a meso-eutrophic level of productivity thebuld be characterized by a summer mean
chlorophyll-a value of less than 1@/1.” According to the documentation, a chlorophylikeaeshold of

10 g/l was selected as some research had shown klestdad reservoirs with chlorophyll-a levels above
this value usually have excessive growths of atagesignificantly impair beneficial uses.

Though it is believed that chlorophyll-a and Secthigets are by far the best measure of the
eutrophication status for our lakes and reservtiese is no clear consensus on appropriate tafigetise
support of the various beneficial uses. For thésom, TetraTech (2006) concluded that wedection of a
target will need to combine both scientific andippcomponent$
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Aquatic Life

There is a significant range of algal and clarityesholds that have been recommended in the literat
and used by various states:

According to Dillon et al. (1975) and McGhee (1988)Idwater fisheries are supported when
chlorophyll-a does not exceed 10 to 15 ug/l. Dillet al. (1975) also recommended a
chlorophyll-a threshold of 25 ug/I for warmwatesHeries.

Michigan has established summer mean chlorophgtitaria of 3 ug/l for coldwater fish lakes,
and 40 ug/l for warmwater fish lakes (TetraTec)®0 North Carolina has adopted chlorophyll-
a standards of 15 ug/l and 40 ug/l for trout and-mout waters respectively (EPA, 2003).
Colorado (2006) has recommended chlorophyll-a (grgwgeason means) thresholds for each of
the three fishery types — cold water (6 ug/l), amater (15 ug/l) and warm water (25 ug/l).

TetraTech (2006) recommended chlorophyll-a thretshfsbom 5 to 10 ug/I for coldwater fisheries
and 10 to 25 ug/l for warmwater fisheries.

Following a review of literature values and avdiatyater quality data for their lakes/reservoirs,
the State of Arizona adopted chlorophyll-a stansiaeahging from 5 to 15 for coldwater fisheries
and from 25-40 for warmwater fisheries (except didban lakes) depending upon the type of
waterbody (Table 3). Arizona also set Secchi deptasholds ranging from 0.9 to 2.0 meters
dependent upon the waterbody type (Table 3).

Table 3. Summary of Arizona’s Chlorophyll-a and Sechi Thresholds for Lakes and
Reservoirs — Aquatic Life Uses (ADEQ, 2007)

- Lake Chl-a (ug/) , Secchi Depth (m).
Beneficial Use C growing season :
ategory mean growing season mean
Aquatic Life (cold) All 5-15 1.5-2.0
Aquatic Life (warm) All except o5 _ 40 08-10
urban
Urban 30 -50 0.7-1.0
Aquatic Life (effluent All 30 - 50 07-10
dependent)

Researchers have shown fish yield increasing witlteiases in chlorophyll-a for warmwater
systems (Jones and Hoyer, 1982; Maceina, 2001;td¢egeand Downing, 2004). However, a
study of lowa lakes by Egertson and Downing (208ddwed that while the number of fish

increased with increased algae, the species stiibead traditional sport fish to bottom feeding

species like carp and black bullhead. Maceinal.ef1896) found that black bass and crappie
fisheries increased with chlorophyll-a only up bmat 20 ug/I.

Recreation Uses

Recreation uses include contact (swimming) andawriact uses (boating, general aesthetic enjoyment)
Some publications have attempted to define relahips between chlorophyll-a and Secchi depth with
users visual perceptions. As shown in Figure 2r pgrception surveys for lakes in Minnesota sugges
that swimming uses become impaired when chloroghydivels are at about 15 ug/l or higher; or when
Secchi depths are about 1 meter or lower (HieskadyWalker, 1988). However, there can be sigmtica
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variation from region to region depending uponwaerbodies that are familiar to the users. Ferum
northern Minnesota, swimming was considered impaisen Secchi depths were less than 3 meters.
However, swimming impairment in southern Minnes@there most lakes have higher algal levels) may
occur when Secchi depths are less than 1 metesKatgiand Walker, 1988).

Beautiful =]
Minor Aesthetic

Swimming Impaired

Recreation Suitability

No Swimming
.........................................................

Crystal Clear | [

Some Algae

—/
Definite Algae
High Algae
0 10 20 30 40 50 60 70 80
Chlorophyll-a (ug/l)

Beautiful [
Minor Aesthetic [
Swimming Impaired [ ] Recreation Suitability
No Swimming ]
Cryotal Glear | 777777 ramamemmnsassiasiessamemsscanass e s
Some Algae [ ]
Definite Algae Physical Appearance
High Algae —
0 1 2 3 4 5 6

Secchi Depth (m)

Figure 2. Chlorophyll-a and Secchi Values and Restsl of User Perception Surveys (Heiskary
and Walker, 1988)

In a followup study, Smeltzer and Heiskary (199@leated additional user perception survey data for
lakes in both Minnesota and Vermont and again fosigdificant variability between different regions.
Users considered swimming uses to be slightly ingolaivhen Secchi depths ranged from about 0.8 to
about 3 meters, depending upon the region. Farhbeepths from about 0.5 to about 1.5 meters,suser
felt that swimming was substantially impaired.

Malcolm Pirnie (2005) compiled and evaluated chheesholds from a number of publications and
recommended chlorophyll-a targets ranging fromdl8a ug/l, and Secchi depth targets ranging frdm 0.
to 2.5 meters for the protection of recreation usefrizona lakes and reservoirs (Table 4). Ast jphr
California nutrient strategy development processtrdTech (2006) recommended similar targets with
chlorophyll-a thresholds ranging from 10 to 20 ughfl contact recreation and 10 to 25 for noncontact
recreation; and Secchi depth thresholds ranginm fioto 2 meters for both contact and noncontact
recreation.

Nevada’'s Nutrient Screening Protocols for LakesRadervoirs Page 5
December 2008



Table 4. Summary of Arizona’s Chlorophyll-a and Sechi Thresholds for Lakes and Reservoirs —
Recreation Uses (ADEQ, 2007)

- Lake Chl-a (ug/l) , Secchi Depth (m).
Beneficial Use growing season :

Category mean growing season mean

Contact Recreation Deep 10 — 15 15-25
Shallow 10— 15 15-2.0

Igneous 20-30 05-1.0

Sedimentary 20-30 15-2.0

Urban 20 — 30 05-1.0

Drinking Water Uses

Excessive algal growth can impairing drinking wagepplies by creating taste and odor problems.e®as
upon recommendations from Malcolm Pirnie (2005)izéna set chlorophyll-a thresholds ranging from
10 to 20 ug/l, and Secchi depth thresholds ranffiogn 0.5 to 1.5 meters for all lakes/reservoirshwit
drinking water uses. For lakes/reservoirs thatuthe water intakes, TetraTech (2006) recommended
chlorophyll-a thresholds from 5 to 10 ug/l. Theat8tof Oregon has established similar chlorophyll-a
standards of 10 ug/l for lakes that thermally dtraand 15 ug/l for lakes that do not thermallyasifiy
(TetraTech 2006).

Nuisance Blooms

Since chlorophyll-a levels in a given waterbody experience significant temporal variation over the
course of a growing seasprihe selection of a mean chlorophyll-a threshadd fmplications for the

frequency of possible nuisance algal bloor==
(TetraTech, 2006). Walmsley (1984

suggested that use impairment in lakes 100%
more sensitive to the frequency and seve 90% - >10, Algae Visible
of algae bloom than to average alg 80%

conditions, and has recommended usi
chlorophyll-a thresholds of >20 and >30 ug
for defining occurrences of nuisance bloor
and severe nuisance blooms, respectivg 20% A
In an attempt to address this issue from 30% -
statistical ~ approach, Walker (1989 20%
developed a series of curves relating meg

algae levels in lakes and reservoir to t 0% . . . _ Nuisance Bloom
frequency of blooms (Figure 3). Walker’ 0 5 10 15 20 25 30
relationships suggest that severe nuisal
blooms (chl-a > 30 ug/l) can become mo
likely when mean algal levels are at 10 ug
or higher.

70% A
> 20, Nuisance Bloom

60% A
50% A

Bloom Frequency

\

10% > 30, Severe

Mean Chlorophyll-a (mg/m°)

Figure 3. Bloom Frequency vs. Mean Chlorophyll-a
Levels (Walker, 1985)

As part of Nevada's assessment approach, an ofetiothealing with nuisance blooms would be to use
both a mean growing season chlorophyll-a threshnttia “single value” maximum threshold. This same

''In a 1982 study, the Organization for Economic @wative Development (OECD) found that maximum
chlorophyll-a levels averaged over 3 time the ahmeans (Walker, 1985).
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approach has been used by Colorado (2006) whearmum chlorophyll-a threshold of 40 ug/I (not to
be exceeded more than 20% of the time) was recoaetelong with growing season mean values.

Cyanobacteria Considerations

Cyanobacteria (sometimes referred to as blue-gedgae) are actually a form of bacteria that are
photosynthetic like algae, but unlike algae, soyenobacteria are able to utilize (fix) nitrogenrfrohe
atmosphere (Wetzel, 2001). There are a numbeuwiah health effects associated with cyanobacteria.
Exposure to cyanobacteria can cause rashes, sHireya irritation, allergic reactions, gastrointesti
upset, and other effects (Cal. Dept. of Public He&008). At high levels, exposure can resukérious
illness or death. Some cyanobacteria blooms pedoxins during growth or decay that kill aquatic
animals (Downing et al., 2001).

As part of their nutrient implementation procedyrdse State of Arizona (ADEQ, 2007) established
cyanonbacteria thresholds. For full body contacreation and drinking water uses, cyanobacteria is
limited to 20,000 cells/milliliter as cited by thgorld Health Organization as protective againgrgknic
health effects. For aquatic life uses, cyanobictedimited to <50% of the total count of celtsfirevent
cyanobacteria dominance.

According to Downing et al. (2001), there is comrsable controversy over the conditions needed for
cyanobacteria dominance. It has been reasoneccyaabbacteria should dominate at low N:P ratios
given that cyanobacteria can fish atmospheric g&no This theory has largely been based upon iprk
Smith (1983), but more recent work has found thadtient concentrations and algal biomass may be
better predictors of cyanobacteria blooms. Dowreh@l. (2001) analyzed data from 99 temperate zone
lakes and found that the risk of cyanobacteria damte (>50% of biomass) seems to increase for
phytoplankton chlorophyll-a levels above 10 ug/ig(fe 4). This compares well with work done
recently in Arizona. In a review of data for Arim lakes and reservoir, Malcolm Pirnie (2007)
concluded that the probability of cyanobacteria shamce was higher when the chlorophyll-a levels
exceeded 10-15 ug/l.

@® Cyanobacteria
biomass

Trend in
Cyanobacteria

Risk of >50%
Cyanobacteria

3aoueulwop
elajoeqouehn Jo sy

‘I'I1Trr|_I'I'ITI1TI| R

1 10 100
Chlorophyll a (ugeL-")

Figure 4. Risk of Cyanobacteria Dominance vs. Mea@hlorophyll-a (Downing et al., 2001)
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Secchi Depth and Chlorophyll-a Relationships

As already discussed, Secchi disc dep
along with chlorophyll-a levels are commog \
metrics used to assess the trophic status 35

lake and reservoirs. When settir] . \
chlorophyll-a and Secchi depth targets f \
these assessments, it is important 28 \
recognize that a relationship exists betwe 2 [Seoshi Depth = 7.7+ (Wiahia 7]
these 2 metrics (Figure 5), and that t \/

Secchi Depth (m)

selected targets should be relative - S~

compatible. For example, it may not ' —
appropriate to select a chlorophyll-a targ 0s I E—
of 30 ug/l and a Secchi depth of 2 meters, . oy

a Secchi depth may be more achievable 0 5 10 15 20 2 %0 £2 a0
this chlorophyll-a level (Figure 5). Chlorophyl-a (ug/h

Figure 5. Relationship between Chlorophyll-a and
When setting Secchi targets, the influence| Secchi Depth (Carlson, 1977)

suspended solids must be recognized.

could be possible to exceed a selected Secchittaite the cause being elevated suspended sediment
and not a nutrient/algae problem.

Chlorophyll-a and Secchi Disc Data for Nevada Lakasd Reservoirs

Before establishing chlorophyll-a and Secchi dmgets, it is helpful to examine at current leviels
Nevada’s lakes and reservoirs. A variety of chpbrdl-a and Secchi disc data exist for lakes and
reservoirs throughout Nevada. While much of thése are stored in NDEP-BWQP’s water quality
database, some additional information is availasle result of the National Eutrophication StudyAE
1978) and a study of high altitude reservoirs (U&viB, 1994).

NDEP Data

Plots of chlorophyll-a (from epilimnion) and Secdlisc data from NDEP’s database are shown in
Figures 6 and 7, respectively. These data shownthay of the waters have experienced chl-a |desks
than 10 ug/l levels, however Lahontan Reservoir\Wadker Lake have experienced some of the highest
chlorophyll-a levels with some values greater th@f ug/l. Some other waters have low Secchi depths
such as Nesbitt Lake and Rye Patch Reservoir,abler low algal biomass. Suspended sediment is the
likely cause of these low clarity levels.

1970s National Eutrophication Study

As part of a 1970s National Eutrophication Stud@A=1978), chlorophyll-a and Secchi depth data were
collected at 8 lakes and reservoirs in Nevadaldkverk consisted of 3 sampling events during 1975,
however the report only presented median valuesHimrophyll-a and Secchi depth. Based upon these
data (Figure 8), Lake Tahoe experienced the bestittons with very low median chlorophyll-a and yer
high Secchi depth in comparison to the other watév/#dhorse Reservoir showed the worst conditions
with high chlorophyll-a and very low Secchi depths.
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Figure 6. Chlorophyll-a Levels in Nevada’s Lakes ath Reservoirs based upon
BWQP database

Figure 7. Secchi Disc Levels in Nevada’'s Lakes amfteservoirs based upon
BWQP database
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Figure 8. Median Chlorophyll-a and Secchi Depth D from 1970s National Eutrophication Study

(EPA, 1978)

1994 UC Davis Study

From late 1991 through 1993, UC Dav
(1994) monitored water quality
conditions at 4 selected lakes ar
reservoirs in  Nevada, with thg
chlorophyll-a and Secchi depth resul
summarized in Figure 9. These da
show the South Fork Reservoir with th
higher chlorophyll-a levels and th
lowest Secchi depths of the
waterbodies sampled.

Figure 9. Chlorophyll-a Depth Data from 1994 UC Dais
Study (UC Davis, 1994)
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Suggested Nutrient Assessment Protocols for Laked Reservoirs

Table 5 presents suggested chlorophyll-a and Seltetitargets that NDEP can begin using in assgssin
the trophic status of the lakes and reservoirseaada.

Table 5. Initial Chlorophyll-a and Secchi Targets br Nevada’'s Assessments

Chlorophyll-a Secchi Depth -
Beneficial Use Category Growing Season | Growing Season | growing season
Mean (ug/l) Maximum (ug/l) mean (m)
Aquatic Life Cold water 10 30 15
Cool water 15 30 1.2
Warm water 25 40 0.8
Noncontact & Infrequent Use 2( 40 1.0
Contact Recreation Frequent Use 10 30 1.5
Municipal & n/a 10 30 15
Domestic Supply

Number of Sample Sites

Arizona has developed a table of guideline forl@shing sampling locations when evaluating laked a
reservoirs for eutrophic conditions (Table 6). Thenber of sites varies depending upon the siznesh
and the mean depth of the waterbody. Followimgdafinitions of the three waterbody shapes adddess
in the guidelines:

“Simple” waterbody is round to oblong with a bowld topography

“Complex” waterbody has multiple arms or tributémputs such that each arm may have
individual characteristics

“Linear” waterbody is typically a reservoir fed bype main tributary and has three
sections: riverine, transition, and bay (by daen)

It is suggested that Table 6 be used as a genard¢lme when implementing these protocols but
assessments can still be acceptable with less @ monitoring sites. Algal levels can have gregttisil
variability throughout a lake or reservoir as shownFigure 10. Additional sampling sites may be
appropriate to characterize this variability.

Sample Depth

For comparison to the chlorophyll-a targets, alsg®ples should be collected within the upper porntib

the photic zone of the waterbody. The photic zoaeld roughly be defined as that region from the
water’'s surface to the Secchi disc depth. It tomemended that algae samples be collected from the
upper 1 meter of the waterbody, and should notkert from a depth greater than the Secchi depth.
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Table 6. Arizona’s Guidelines for Number of Lake &mpling Locations

Lake Size (acres) Lake Shape Mean Lake Depth (m) Min. NcgigSSample
< 1,000 Simple <4 1
>4 2
Complex <4 1
>4 2
Linear <4 2
>4 3
1,000 — 10,000 Simple >4 2
Complex >18 2
> 18 with > 1 arm 3
Linear > 18 3
10,000 - 100,000 Complex > 18 3
> 18 with > 2 arms 4
Linear > 18 3
> 100,000 Linear/complex >18 5

Sample Frequency

Given the significant temporal variation that isspible in algal biomass, frequent (monthly or lesgr
multiple years) may ultimately be needed to acelyatharacterize algae conditions for a given lake
reservoir. However, this level of effort can beaerce intensive and cost prohibitive. Initial géing
could consist of 2 samples taken during the sunforeone season. Depending upon the results of that
sampling, more extensive sampling could be undentak the future.

Low Water Level Considerations

Lake and reservoir nutrient assessments must acdourlow water conditions, which can lead to
increased temperatures and higher algal biomasest BF Nevada's lakes and reservoirs go through
periods of low levels brought on by natural drougbriditions. In addition, many Nevada reservoas c
experience low conditions each year due to wateases for irrigation. The guidelines in Tabler® ot
intended to apply during periods of low water lsveHowever more work is needed to define apprapria
thresholds.

Cyanobacteria

If resources allow, algae cell counts could be meteed as part of the monitoring. Arizona’s

cyanobacteria thresholds could be used to evaluate:

< 20,000 cells/milliliter of cyanobacteria
< 50% of biomass attributed to cyanobacteria

Secchi Disc versus Chlorophyll-a

In evaluating Secchi data, it is important to cdasithe potential impact that suspended sediment ca
have on lake clarity. It is possible for lakeshve low Secchi depths with the problem being sedtm
and not algae. For this reason, it is recommetidatdthe chlorophyll-a targets be the primary iathc

for use support, with the Secchi disc serving aBtadal support for a trophic determination.
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Figure 10. IKONOS Multispectral Imagery of East Caryon Reservoir (Utah). In-reservoir
colors indicate qualitative derivation of algal bianass distribution for October 11, 2000.
Red indicates high algal concentration (>20 ug chd/l); orange indicates medium-high (10-
20 chl-a/l); green indicates medium(5-10 ug chl-3{land yellow indicates low (<5 ug chl-
a/l), from Utah DEQ (2008).
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Impairment Determinations

Initially, it is proposed that impairment deterntioas be based upon the criteria presented in Table
Representative samples need to be collected diléngrowing season

Table 7. Conditions for Determining Nutrient/Algal Impairment

Chl-a Targets Data Needs Impairment Criteria
Growing Season Mean 2 independent sampling events froVater is considered impaired if the
multiple sites for a given year mean chl-a level of all samples for a

given year is greater than tgeowing
season mean targets

Growing Season 1 or more independent sampling | Water is considered impaired if any
Maximum events from 1 or more sites for a | one of the samples contain chl-a levels
given year greater than thgrowing season

maximum targets
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