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Nevada’s Nutrient Criteria Strategy

Introduction

Significant efforts are underway throughout the rtop to develop more appropriate nutrient criteria.
Since 1998, Nevada has been participating in owgidRelX RTAG (Regional Technical Advisory
Group) efforts toward improved nutrient standar®hile the focus of the RTAG efforts have largely
been on California waters, NDEP has participatethéprocess in hopes of identifying an approach fo
improving Nevada’s existing nutrient criteria. was also thought that Nevada could potentiallyofsll
California’s nutrient criteria development plan.owkver some of Nevada’'s unique needs have made it
necessary to present its own criteria strategyidimgj off of the Region IX RTAG efforts and thosé o
other states. While developmentévada’s Nutrient Criteria Strategyas been encouraged by EPA,
this plan does not represent a binding commitmeNEP to perform certain activities.

While Nevada has nutrient standards for most ofathters listed in the regulations, there are a rerrob
problems with these criteria. Most significanttile beneficial criteria focus on phosphorus (antd no
nitrogen) for eutrophication control. Another egiag challenge is the establishment of nutrierteda

for waters being added to the regulations in tharéu There is a need for a consistent, scieatific
defensible approach for assigning nutrient critésizhese waters. The objective of this documenoi
begin defining NDEP’s strategy for: 1) dealing wibhir existing nutrient criteria., and 2) addressing
future nutrient criteria needs. This document seedbe considered a living, changing documents It
expected that as more information is gathered aoik raxperience is gained, strategy changes may be
appropriate.

Background on Nutrients and Impairment

Exceedances of total phosphorus standards are conmmany of Nevada's streams. 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 impactssoADodds et al. (2002) examined data from over 600
streams and found that nutrients concentrationsuated for less than half of the variance in thetkie
algae biomass. They speculated that other factord) as flow, light availability, channel conditi
grazing, were responsible for the remaining valiigbi In a detailed study of Colorado streamswis

Jr. and McCutchan, Jr. (2005) found even less oflationship between nutrient concentrations and
benthic biomass, with DIN (dissolved inorganic ogten) accounting for only 15% of the variance. No
statistically significant relationship was found tween benthic biomass and other nitrogen and
phosphorus species.

Given the problems of relying on nutrients concatitns to predict impairment, perhaps a more direct
initial indicator of whether or not a stream is ment impaired is with estimates (qualitative or
quantitative) of algal biomass. While some algaa necessary component of the ecosystem, excessive
algae can impact the beneficial uses in a varittyays. According to EPA (2000):

“Algae are either the direct or indirect cause obsh problems related to excessive nutrient
enrichment, e.g. algae are directly responsiblegieessive, unsightly periphyton mats or surface
plankton scums, and may cause high turbidity, dgdeaare indirectly responsible for diurnal
changes in DO and pH”
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Due to its importance as an impairment indicattgae@ monitoring is an important component of any
nutrient investigation. However, it is importait tecognize that algal biomass levels can be highly
variable with time and space and that some undetistg of algal dynamics is necessary before desggni
the appropriate protocols. Following is a briekchiption of the main factors affecting benthic and
planktonic algae biomass levels. Any one or margld be a factor in determining algal biomass at a
given place and at a given time:

Nutrient concentrations:  Nitrogen and phosphorus are the main nutrierds ¢huse excessive algal
growth (EPA, 2000) and nutrient concentrations aHact algae growth rates. However, there can be a
time lag between nutrient enrichment and algalaese in streams (EPA, 2000). It is interestingdte

that “...Diatoms are usually the first to establish, withrenéime required for FGA [filamentous green
algae] to colonize due to their more complex repicitbn requirementyEPA, 2000).

Another confounding factor is the possible exiséeata diel fluctuation in the nutrient concentas in
streams with algal activity. In his recent modgliof the Carson River (a nitrogen-limited system in
Nevada), Latham (2005) simulated a diel fluctuationitrate levels from 0.0 in the middle of theyda
around 0.1 mg/l (as N) in the night. Though ncadadve been collected to confirm this fluctuatiibn,
should not be unexpected given the low nitrogethi; system and the fact that the algal photosywnhe
activity (and its consumption of nutrients) is peakduring the day and shutting down at night. axoét

al. (1995) sampled Little Lost Man Creek in North€ralifornia approximately every 2-hours for a 3+da
period and found nitrate levels fluctuating frompab0.028 mg/l in the afternoon to 0.042 mg/l ie th
evening. Kent et al. (2005) monitored algal prdoity and nitrogen levels in an effluent dominated
concrete lined stream and found total nitrogenlteflactuating from approximately 3 mg/l (as N) ohay
the daylight hours up to approximately 8 mg/l (3s &regory (1979) found a greater than 80% deereas
in nitrate levels from the midnight to mid-day centrations for fifth order streams in Oregon. This
information suggests that a grab sample in the Imidfithe day may not be indicative of levels aaflié

for algal growth, particularly in systems with lowrogen or phosphorus and/or high algae activity.

Flow/Storage Volume: Algal biomass varies with time with peak levels gelly occurring during the
summer when stream flows are low and temperatugés HBiomass levels can vary from year to year,
with higher flows leading to lower temperatures grgsibly less algaeAnother consideration is the
time since the system has experienced a scoumgdlent. Biggs (2000) found that 62 percent ef th
variance in peak biomass was explained by the simee the last flood event (Figure 1.) Similary f
Colorado streams, Lewis, Jr. and McCutchan, JO%P®und a positive relationship between periphyto
biomass and time elapsed since the beginning ariweing season.

Algae growth in reservoirs can be influenced by tbsidence time of the water with higher residence

time waters experiencing higher algal biomass (ERA, 2000). Lake/reservoir morphometry and the

management of reservoirs can impact algal biomd@ased on a study of selected Nevada lakes and
reservoirs, Reuter et al. (1991) concluded thasd¢hmaterbodies with shallower mean depths are more
likely to develop eutrophication problems than deeper waters.

Temperature: Increased water temperature are known to increeegiral activity, including algae
growth (Tetra Tech, 2002). However, cladophoraalgas been found to die-off at stram temperatures
exceeding 23.5 °C (Dodds and Gudder, 1992). THeseff events can lead to low dissolved oxygen
levels as the algae decay. On the other endeo$plctrum, lower temperatures can lead to lovga al
biomass. Lewis, Jr. and McCutchan, Jr. (2005htiled an inverse relationship between periphyton
biomass and elevation, therefore an positive eiahip between biomass and temperature.
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Figure 1. Maximum Chlorophyll a Concentrations inBenthic Algae as a Function of Mean
Days Since Last Flood Event (from Biggs, 2000)

Shading/light: Welch and others (1992) have found that streamisbathn substantially reduce algal
production. High turbidity levels (>10 NTU) carsalinhibit periphyton growth (Quinn et al., 1992).
Another shading source to consider is the topogragithe surrounding landscape. In lakes/reservoir
with high turbidity, light penetration into the ugpwater column can be limited thereby having dacaf
upon planktonic algae growth.

Substrate conditions: Large, rough substrates are the best habitat fiquipgon due to its need to attach
to objects. Sedimentation on top of rocky substecain decrease periphyton biomass (Welch et #2)19

Biological community structure: Steinman (1996) has found that dense populatioatgak consuming
grazers can lead to negligible algal biomass, evigmhigh nutrient levels. Also, there is somedgrice
that bacteria may outcompete algae for nutrients sacrete allelopathic substances that inhibitlalga
growth (EPA N-Steps Website, 2007).

Cyanobacteria: Relationships between water column nutrient levatsl algal biomass can be
confounded by cyanobacteria, which have the abittyix nitrogen from the atmosphere (Welch and
Jacoby, 2004). As a result, low nitrogen in théaewaolumn could contribute to growth of cyanobsdeate
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Background on EPA Guidance

During the 1990s, reports on water quality condiiavere indicating that nutrients were a leadingsea
of waterbody impairment throughout the country. ti#t time, many states did not have numeric mitrie
criteria in their water quality standards. In 19P&sident Clinton and Vice President Gore rekbéseir
Clean Water Action Plan which called on EPA to @age nutrient criteria development efforts. Later
that same year, EPA released thational Strategy for the Development of Regionatridnt Criteria
describing their approach in developing nutrieriorimation and working with states and tribes in the
adoption of nutrient criteria. Since the issuaotthis strategy, EPA has produced some key doctsnen
in support of nutrient criteria development:

Nutrient Criteria Technical Guidance Manual: Riveasid Streams (2000); Nutrient Criteria
Technical Guidance Manual: Lakes and Reservw#f00)

These documents “provide scientifically defensible technical guidanto assist States and
Tribes in developing regionally-based numeric ci#geand algal criteria..”

Four documents (covering Nevada and other areasgrgéy titled Ambient Water Quality
Criteria Recommendations — Information Supportimg tDevelopment of State and Tribal
Nutrient Criteria

Rivers and Streams in Nutrient Ecoregion Il (Weasteorested Mountains) (2000)
Lakes and Reservoirs in Nutrient Ecoregion Il (Véast-orested Mountains) (2000)
Rivers and Streams in Nutrient Ecoregion Il (Xafiest) (2000)

Lakes and Reservoir in Nutrient Ecoregion Il (XeWest) (2000)

Oo0oOo0o

These documents present EPA 304(a) nutrient aiferi Ecoregion Il and 1l (portions of which
are within Nevada). See SectiBRA 304(a) Criteria section for more detail.

On January 9, 2001, EPA issued a memorandum recodingethat states develop a nutrient criteria plan
to describe their intended process for replacingatige criteria with numeric criteria. HoweverPE
has always considered that Nevada already has rmumdrient water quality standards and has nohbee
looking to NDEP for such a document. While Nevhda nutrient standards for most of the watersdiste
in the regulations, the beneficial criteria focus phosphorus (and not nitrogen) for eutrophication
control.

As part of EPA’sNational StrategyRegional Technical Assistance Groups (RTAG) (ixtimg of EPA
staff, representatives from the states within #gan, etc.) were formed throughout the U.S. tdlifate
improved nutrient criteria development. Within ER&gion IX, EPA, Nevada, Arizona and California
agency representatives have been participatingserigs of RTAG meetings and publication reviews.
Following considerable work, the RTAG recently esded a final report presenting a nutrient criteria
development approach for California. The RTAG iing$ are discussed in more detail in BRA
Region IX RTAG Findings section of this report
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EPA 304(a) Criteria

In 2001, EPA published recommended water qualitieréa for nutrients under Section 304(a) of the
Clean Water Act, with the intention that they seageastarting point. EPA strongly encourages states
and tribe to refine these recommendations followkey elements in the EPA Technical Guidance
Manuals. States and tribes are encourage to addve#h chemical causal variables (nitrogen,
phosphorus) and early indicator response variafbtorophyll-a, turbidity) in the development of

criteria or procedures for translating narrativiéecia.

EPA recommends 3 options for developing nutrieit¢da (in order of preference)

1. Develop criteria that fully reflect localized cotidns and protect specific designated uses, using
EPA’s Technical Guidance Method. Such criteria thayexpressed either as numeric criteria or
as procedures to translate a state or tribal meagratiterion into a quantified endpoint

2. Adopt EPA’'s 304(a) Criteria Recommendations, eithgrnumeric criteria or as procedures to
translate narrative criterion into a quantified jpoidt.

3. Develop a Unique System using — empirical approsdioading models, cause and effect based
studies/relationships, other analytical tools.

Rivers and Streams

In developing their 304(a) recommendations for gvand streams, EPA first compiled datasets from
Legacy STORET, NASQAN, NAWQA from 1990 to 1998. itfsthese data, EPA calculated assumed
“reference” conditions for various parameters witldach ecoregion (Level 1llI). EPA’s Technical
Guidance Manual for Developing Nutrient Criteria Rivers and Streams describes 2 ways to establish
reference values:

1. Choose the ?5percentile of a population of reference streaffikis is EPA’s preferred way to
establish reference conditions. Thé" Percentile was selected since it is likely asgediavith
minimally impacted conditions, and will be proteetiof designated uses.

2. When reference streams are not identified, us@®i@ercentile of the entire population of data
to represent a surrogate for an actual referenpalagion. According to EPA, case studies have
indicated that the Z5percentile from an entire population roughly apgmates the 78
percentile of the reference population.

In the determination of the 304(a) criteria for @agion, EPA did not have information on minimally
impacted sites available on a national basis, ey telied on the 25 percentile of the available data
(within an ecoregion) for the establishing the exi. One problem with this approach is that it
automatically assumes that 75% of the streamsngpaired for nutrientsAnother problem is that the
STORET data do not include all of NDEP’s data. Table 1 summarizes the recommendations for the
Nevada ecoregions. Figure 2 shows the locatidheof/arious Level 1l ecoregions in Nevada. Il
using the 304(a) criteria, States and tribes acewaged taletermine their own reference sites, compile
additional data and evaluate at finer geograplatesc
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Table 1. Recommended Criteria for Level Ill Ecoregon Rivers and Streams, mg/l (25 Percentile)

Parameter Ecoregion 5 Ecoregion 13 Ecoregion 14 Ecoregion 80
(Sierra Nevada) | (Central Basin and | (Mojave Basin (Northern Basin
Range) and Range) and Range)

TKN 0.10 0.228 0.288 0.23
NO2 + NO3 0.01 0.038 0.353 0.025
TN (calculated) 0.11 0.266 0.641 0.255
TN (reported) 0.29 0.425 0.67 0.483
TP 0.015 0.0288 0.010 0.055

Lakes and Reservoirs

EPA’s 304(a) recommendations for lakes and reseswoere developed in a similar manner to the river
and stream recommendations. The resulting recomatiems are summarized in Table 2.

Table 2. Recommended Criteria for Level Ill Ecoregon Lakes and Reservoirs, mg/l (25
Percentile)

February 2009

Parameter Ecoregion 5 Ecoregion 13 Ecoregion 14 Ecoregion 80

(Sierra (Central Basin (Mojave Basin (Northern Basin
Nevada) and Range) and Range) and Range)

TKN 0.24 0.34 na 0.016

NO2 + NO3 na 0.01 na 0.01

TN (calculated) na 0.35 na 0.17

TN (reported) 0.25 0.51 na na

TP 0.015 0.030 na 0.086

Secchi (m) na 2.3 na 2.8

Chlorophyll-a (ug/l) na 19-35 na 3.1-44
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Level Il Ecoregions

- 5 (Sierra Nevada)
- 13 (Central Basin and Range)

- 14 (Mojave Basin and Range)
- 80 Northern Basin and Range)

Figure 2. Level Il Ecoregions in Nevada
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EPA Region IX RTAG Findings

Since 1998, Nevada has been patrticipating in ReARTAG meetings with representatives from EPA,
California, Arizona, consulting firms, research amgations, etc. While the focus of the RTAG dfor
have largely been on California waters, NDEP hasigygaated in the process in hopes of identifyimg a
approach for improving Nevada’'s existing nutrienmitecia. It was also thought that Nevada could
potentially follow California’s nutrient criteriassvelopment plan.

With the assistance of TetraTech, the Region IX BThas made progress toward improved nutrient
standards. A comparison of the EPA 304(a) criteith the findings of a pilot study indicated theeuof

the 304(a) criteria would result in numerous watwsg misclassified as impaired. Overall, the RTAG
concluded that nutrient concentrations (both ngrognd phosphorus species) alone are poor preslictor
of the likelihood of impairment. Other factors bBuas substrate conditions, light, flow, turbidithgys of
accrual, etc. also affect algal dynamics and p@kedissolved oxygen problems. TetraTech and the
RTAG have concluded that other secondary indicaursh as benthic algae density, dissolved oxygen)
provide more direct evidence of nutrient impairmstattus. Therefore, the RTAG decided to pursue an
alternative approach to EPA’s 304(a) criteria. Ildoer it is believed that additional data are needed
throughout California to better understand theds between nutrients and these secondary indicato

The proposed California approach calls for theegation of site-specific nutrient numeric endpoiass
part of TMDL development activities throughout ttate. Overtime, a robust database will accumulate
with improved nutrient and secondary indicator datt the Regional Water Boards could usertfiove
beyond these site-specific applicatioraid set water quality standards. To assist tlggoRal Board in

the development of nutrient numeric endpoints, &tch and the RTAG developed a unigue approach
that includes:

A beneficial use risk classification framework
Risk-based secondary indicators
Modeling tools to link secondary indicators to it concentrations

According to TetraTech and the RTAG (2005pr“many of the biological indicators associatedhwi
nutrients there is not clear scientific consensnsadarget threshold that results in impairménfhree
Beneficial Use Risk Categories (BURC) have beep@sed to begin addressing this problem:

BURC | — waterbodies are not expected to exhibitri@not impairment (presumptively
unimpaired)

BURC Il — waterbodies may require additional infation and analysis to determine status
(potentially impaired)

BURC Il — waterbodies have a high likelihood ohéiting nutrient impairment (presumptively
impaired)

In support of this classification system, the RTA@eed upon some secondary indicator values dgfinin
the boundaries between each of these BURCs (Sde 3abFor translating the secondary indicatots in
numeric nutrient criteria, TetraTech provided sosmaplified modeling tools. However, the RTAG
recognizes that more detailed modeling tools mapdexed for some TMDLs. The RTAG emphasizes
that these tools are only a single line of evidesnog need to be used as part of an overall approdich
multiple lines of evidence considered.
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Table 3. Nutrient Numeric Endpoints for Secondary hdicators — EPA Region IX RTAG

Response Variable Risk Beneficial Use
Category COLD WARM REC-1 REC-2 MUN SPWN | MIGR
Benthic Algal Biomass [ <100 <150 <100 <100
(chl-a, mg/m2) — 1l 100 - 150 150 - 200 c I 100 - 100 - B
Maximum 150 150
11 >150 >200 >150 >150
Planktonic Algal Biomass | <5 <10 <10 <10 <5
in Lakes and Reservoirs Il 5-10 10-25 10 - 20 10 -25 5-10 A B
(chl-a, ug/l) — summer I 10 25 20 25 10
mean
Clarity (Secchi depth, m) [ >2 >2
— summer mean Il A A 1-2 1-2 A A B
11 <1 <1
Dissolved Oxygen (mg/l) — [ >9.5 >6.0 >8.0
St_re_ams, mean of 7 daily Il 5.0-9.5 4.0-6.0 A A A 50- c
minimums 8.0
1] <5.0 <4.0 <5.0
pH maximum — [ <9.0 <9.0
photosynthesis driven Il 9.0-95 9.0-95 A A A C C
11 9.5 9.5
Dissolved Organic [ <2
Compounds Il A A A A 2-5 A A
11 >5

A = no direct linkage

B = more research needed to quantify linkage

C = addressed by aquatic life criteria

COLD = coldwater fishery; WARM = warmwater fishe®EC-1 = non-contact recreation; REC-2 = contaoteaion; MUN =
municipal supply; SPWN = fish spawning; MIGR = figtigration

As part of an initial effort to test this approaahght pilot waterbodies through California arenggi
evaluated following the RTAG procedures and assedienodeling tools. These waterbodies either have
a TMDL that is completed or underway. RTAG recomdeions for continued refinement of the
California approach include:

Supply collected data from the pilot waterbodids i@alifornia State Water Boards databases

If the Regional Water Boards approve the approtay should consider development of draft
waterbody impairment assessments based on thegeoBJRC

Develop monitoring guidance for all secondary iatlic parameters (algae, dissolved oxygen,
etc.) and procedures for conducting BURC impairnaasessments

As future work within this framework occurs, refiments can be made with the classification system,
secondary indicators and linkage analysis modetsis still uncertain how this information will be
translated into numeric water quality standards.

Upon review of Tetra Tech’s most recent documenttie RTAG {Technical Approach to Develop
Nutrient Numeric Endpoints for Californic2006), NDEP believes that a different approacly ina
appropriate for Nevada. Like California, Nevadaoaheeds more data to better understand linkages
between nutrients and secondary indicators, suchiges biomass. However, Nevada is not likely to
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pursue the collection of these data through its TMiBogram. While there are numerous waterbodies on
Nevada’s Draft 2006 303(d)/305(b) Integrated Reportexceedances of total phosphorus standards,
there is great uncertainty as to which waters dgthave eutrophication problems and for which TMDL
may be appropriate. Nevada is opposed to devejopihDLs for listed waters unless impairment can be
confirmed through additional lines of evidence,lsas algal biomass or dissolved oxygen.

Nevada’s Nutrient Criteria Approach

As previously discussed, Nevada has establishatenucriteria for many of its waters. While these
criteria have shortcomings, NDEP is still requiteduse these criteria as our basis for the 303i&t)nig
analyses. This document attempts to address gikatéor dealing with issues associated with the

existing standards, along with strategies for wagkioward improved nutrient standards for all water

Existing Nutrient Criteria

An understanding of Nevada'’s existing nutrientesié is a necessary first step before developing an
overall strategy. Nevada's water regulations dortao types of nutrient criteria: beneficial ugderia
and RMHQs (Requirements to Maintain Existing HigQerality).

The beneficial use criteria have generally beeivddifrom EPA guidance as needed to protect
the most restrictive use.
o Phosphorus — Most of the waters have TP standandgng from 0.05 to 0.10 mg/I for
the protection of aquatic life.
o Nitrogen — Most of the waters have Nitrate stansl@afdlO mg/l (as Nitrogen) for the
protection of drinking water uses. Nevada regataticontain no beneficial use nitrogen
limits for the control of eutrophication. The Tkee River has a nitrate standard of 2
mg/l (as N) due to toxicity concerns related to dwatan Cutthroat Trout. No waters have
Total Nitrogen beneficial use standards.
o Dissolved Oxygen — most waters have DO standar8gadr 6.0 mg/l.
RMHQs are part of Nevada’s antidegradation poligypder the current approach, discharge
permit limitations are set based upon RMHQs if theigt for the particular water. If they do not
exist, beneficial use standards are used for getfiituent limits. RMHQs are generally
calculated as the &%percentile of the historic sample data. RMHQssatefor reaches where the
95" percentiles are better quality than the Benefids# standard.
o Phosphorus — Most Phosphorus RMHQs have beenrsePfoThe Truckee River has
both TP and OP RMHQ values.
o Nitrogen — Most of the nitrogen RMHQs have beerf@eTN. A few waters have
nitrate RMHQs.

While several waterbody reaches have TN RMHQs aadneting these RMHQs, one should not
assume that all of these waters are free from phication problems.

Monitoring Efforts to Date

Ambient Water Quality Monitoring

Over the years, BWQP has maintained a water qudhtybase for over 700 sites (streams, lakes,
reservoirs) throughout Nevada with much of the ddigaiting as early as the mid-1960s. However the
amount of data per site is highly variable, with e¥4he sites in the database having only 5 or fewe
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sampling events and ~10% of the sites with moa@ tt00 sampling events (as of September 2008). A
majority of these data are for routine parametsusl{ as pH, nutrients, TSS, turbidity, TDS, co#ic,)
and dissolved/total metals in the water column.

Historically, the monitoring network has been reklly static with little variation from year to yea
Occasionally, stations were added or dropped adede& address special needs. Recently, BWQP
implemented a rotational design for its ambientewajuality monitoring program. Under this new
approach, more detailed monitoring and associai@udards reviews activities are applied to a given
region of the state on a rotational basis, movirig a new region about every 2-3 years dependiog up
resources.

Biomonitoring and Assessment

BWQP and EPA have been performing bioassessmeritariog at reference, targeted, and probabilistic
sites throughout the state since 2000. Origindligassessment data were collected using targitied r
protocols developed by California (Harrington, bt 2000). More recently, BWQP has been collecting
bioassessment samples/data using reach/transéoct@so(Western EMAP, National Rivers and Streams
Assessment). Much of this work has been suppdiedClean Water Act Section 106 Monitoring
Initiative funds. In a push to develop statisligatalid assessment, EPA is providing financialentves
(through Monitoring Initiative funds) to those st that implement state-scale statistically-valid
sampling/surveys as part of their monitoring progra To meet EPA’s minimum requirements and
qualify for additional Monitoring Initiative fund$yevada needs to monitor at least 10 sites perowear

a 5 year period on a rotating basin approach othancappropriate method. BWQP believes that
bioassessment data are key to developing more g effects-based water quality standards asd ha
agreed to include a state-scale probabilistic sumt its overall program to increase our biodatsh
BWQP expects to meet these minimum requirementp{ababilistic sites per year) and also monitor
several additional targeted and reference sites wear.

Proposed Approach

Nevada’s proposed approach draws from several metpoesented by other states and EPA. The
foundation of the strategy is the well-recognizeshatusion that nitrogen/phosphorus levels alone are
poor indicators to nutrient problems. A goal ofvilda’s strategy is to begin using nutrient, DO and
biological data together to determine benefici& uspairment. It is difficult to impossible to nece our
complex water systems to a simple set of numerideani values. There will be considerable uncattai
with any criteria that are utilized, therefore dodesable flexibility is needed in dealing with nietnt
issues. Unfortunately, water quality standardseh#anded to focus on black-and-white demarcations
between unimpaired and impaired conditions, witkelroom for flexibility.

EPA recognizes the need to move beyond just watemistry for nutrient standards. In a May 26, 2007
memorandum, Benjamin Grumbles, EPA Assistant Adsiiaior, encourages the adoption of standards
for both causal (both nitrogen and phosphorus)rasgonse (chlorophyll-a and transparency) variables

Whatever Nevada chooses to do, it needs to:
Be scientifically defensible and protect the deatgd uses
Consider the potential effects of the propose@deaton downstream water quality and uses
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Short-Term Strategy

Until more progress is made in developing apprderiautrient criteria, the following short-term
strategies are recommended, separated into 2 atigisil) addressing waters with existing nutrient
criteria; and 2) addressing new waters to be adddte regulations. A slightly different approaish
suggested for these 2 water classifications. Tlaeeea number of waters in the state that are not
specifically mentioned in the regulations, yet \watrimproved protection. Part of the NDEP Long
Range Plan is to include more of these waterbaddidse water quality regulations.

1. Nitrogen/phosphorus Criteria

a. Existing Waters: Continue to use existing phosphorus criteria in theegulations as
appropriate.

- Since phosphorus criteria are in the regulatior®ER is required to use these values in
determining use status for the 303(d) Impaired Vgatast (Category 5 of the Integrated
Report). Currently, the ability to revise thesduea is thought to be limited. However, the
existing phosphorus criteria will be used as inica of “potential” use support or
impairment. Multiple lines of evidence such asael@piomass, DO data, etc. along with water
chemistry could be used to assess the actual dusgtadus (as resources allow). EPA has
agreed that NDEP could use a weight of evidenceoapgp to determine whether or not
listing or delisting is appropriate, regardlesgxfeedances of TP standards.

For waters on the 303(d) List for phosphorus, felip activities should take place (as
resources allow) to determine whether or not natnielated problems exist (excess algae,
depressed DO) and what may be appropriate nexs ¢sejgh as delisting, TMDLs, etc.) —
See Nevada’'s Nutrient Assessment Protocols for Wade&tteams(NDEP, 2009) and
Nevada’'s Nutrient Assessment Protocols for Laked Reservoirs(NDEP, 2008) for
discussions on approaches for determining use sugadus.

b. New Waters: Numeric nutrient criteria should _notbe added to the regulations, unless
available data/information suggest otherwise. laat, preliminary P, N and chlorophyll-a
indicators should be established for assessmenippges only.

- Streams: When N and/or P indicators are exceeded as pezbantNevada's Nutrient
Screening Indicators for Wadeable Strea(WOEP, 2009), followup assessment activities
should take place (as resources allow). BNegada's Nutrient Assessment Protocols for
Wadeable Stream®DEP, 2009) for discussions on approaches fogrdehing use support
status. It is anticipated that the current P andditators will be refined and tested as more
data are collected as part of the Long-Term Styateg
Lakes/reservoirs: It may be appropriate to develop waterbody spedifiteria for a given
lake/reservoir depending upon NDEP’s resources.s Thould require some detailed
monitoring and analyses along with a review of ke literature to assist in the evaluation.
In lieu of setting specific criteria in the NAC, afternative would be to establish N, P and
chl-a indicators that could be used to identify theed for additional investigations.
Nevada’s Nutrient Assessment Protocols for LakelsReservoirdNDEP, 2008) lays out the
use of chlorophyll-a indicators. Like the streamdicators, the lake/reservoir indicators
could be tested and refined over time.
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2. Narrative Standard

a. EX|st|ng and New Waters:Add a narrative standard to the NAC to address dlgeowth.
Currently, the NAC does not include any narratitandard explicitly for algal growth. It is
recommended that such a narrative standard be awd#te regulations. Protocols for
applying the narrative standard are describeémada’s Nutrient Assessment Protocols for
Wadeable Stream®DEP, 2009) antNevada’s Nutrient Assessment Protocols for Lakes an
ReservoirdNDEP, 2008).

3. Dissolved Oxygen Standard

a. Existing Waters: Continue to use existing dissolved oxygen standardthe regulations;New
Waters: Add dissolved oxygen standards in the regulations.

It is well recognized that DO is an important irat@r of eutrophication problems and that
appropriate DO monitoring (early morning readingscapture daily low values) needs to a
part of the protocols for evaluating nutrient impaent status. However, it needs to be
recognized that in streams, DO criteria may nophmective from other modes of nutrient
impairment for aquatic life (physical habitat impgcand recreation (aesthetics). Experience
with Nevada rivers suggests that algae levels teée rather “excessive” before DO levels
below 5 mg/l are observed. Prior to reaching tHeseessive” levels, the algae are likely
impairing recreation uses and aquatic life throogides other than dissolved oxygen.

4. Antidegradation Protection

a. Existing and New Waters:Improve antidegradation protection
Currently, Nevada implements antidegradation reguénts through the setting of RMHQs
(Requirements to Maintain Existing Higher Qualiliphits in the NAC. While RMHQs are
not used in determining 303(d) impairment, they ased in setting effluent limits for
discharge permits. For the new waters, nutrieteotion could be provided with the
addition of RMHQs (total nitrogen, dissolved inonga nitrogen, total phosphorus,
orthophosphates) depending upon the availabilitgufficient data. However, it is unlikely
that sufficient data will exist for many of thesaters.
Nevada is embarking on the development of an ingat@antidegradation policy. Under the
current RMHQ approach, only those few waters witiHQs are offered antidegradation
protection. The new policy will hopefully providmtidegradation protection of all waters
with higher quality water as appropriate.

Long-Term Strategy

As stated earlier, many states and others havdumett that nutrient levels are not a good indicator
eutrophication impairment. Attempts in other state develop relationships between N and P levads a
stream impairment status have met with minimal essc The literature suggests that there has been
better success at establishing relationships betwesgrients and algal biomass for reservoirs/lakes,
however there is still considerable uncertaintthiese relationships and they may not be appropioatz
specific waterbody (Welch and Jacoby, 2004).

With that in mind, it seems that future nutrienitazia may need to incorporate considerable fldikybi
recognizing all the other factors that play a roleeutrophication (shading, flow, substrate, e&ddng
with consideration given to responses (algae, nawedebrates, DO, etc.). Unfortunately, this ¢en
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challenging as water quality standards have histlyi focused on black-and-white N and P

demarcations between “use support” and “use immaitin A more robust approach is needed than the
traditional use of N and P criteria. Thereforeg thverarching goal for the long-term strategy is to
develop/refine a multiple line of evidence apprqatitorporating factors such as nutrients, algal
conditions, macroinvertebrate conditions, etc. thenutrient impairment analysis.

To assist in the implementation of the Short Tertrat8gy, the following documents have been
developed:

Nutrient Assessment Protocols for Wadeable StreaiNsvada(2009)
Nutrient Asssessment Protocols for Lakes and Reisein Nevadg2008)
Nevada’s Nutrient Screening Indicators for Wade&ti@amg2009)

These documents present some initial protocols¢oii assessing nutrient impairment status. Tieain
of the Long Term Strategy is to build off of thes#orts and develop a robust weight of evidence
approach.

Three basic steps have been identified for the-term strategy:

1. Continue existing sampling program for nutrientigjaa characterization, physical conditions,
macroinvertebrates, etc. and look for opportuniiiesugment efforts

2. Test protocols, indicators, and other weight otlence factors, and refine as appropriate

3. After adequate testing, consider incorporating Wedj evidence approach in the regulations

1. Continue existing sampling program for nutrients, dgae characterization, physical conditions,
macroinvertebrates, etc. and look for opportunitieso augment efforts

Additional data are needed to support the developred refinement of a multiple line of evidence
approach. At this time, there is little algae ihemand planktonic) data for Nevada waters (stseam
lakes, reservoirs). Only recently has our bionmmig efforts included benthic algae sampling for
chlorophyll-a in streams. Additionally, limited lohophyll-a data exists for only a handful of
lakes/reservoirs. A key part of Nevada's strategyoi continue our current monitoring program and
seek means to collect more data on algae, nutri@its as resources allow; and to promote
opportunities with others such as EPA, DRI, USGEMBUSFS, etc. to assist in the development of
algae, nutrient, physical condition informatiorg.efA long term goal is to collect data for a ramdge
waterbody types, with varying use support/impairtneonditions (from reference sites to 303(d)
listed waters), within various geographic areasufghout Nevada. It may be appropriate to target
some of the same sites that have been monitoréldeirpast as part of the biomonitoring efforts.
Ultimately, a significant level of biological dataill be needed in order to develop appropriate
effects-based nutrient criteria for aquatic lifetection.
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River and Streams

Future monitoring of rivers and streams is reconutedrto include the following as appropriate:

N and P speciedNOTE: current State Lab detection limits for nitrates (0.1 mg/). Lower
detection limits are recommended for detailed invagyations)

dissolved organic carbon

periphyton chlorophyll-a and AFDM (ash-free dry ias

periphyton species composition

algal percent cover of substrate, N/P/C stoichioyneft algae

diel DO monitoring

diel temperature monitoring

diel pH monitoring

physical conditions (shading, substrate, flow, ctercharacteristics (slope, width, depth,
etc.))

macroinvertebrates

streamflow

In many of Nevada’s streams, nutrients can be rabeeconcern during the summer when algae
growth is typically at its highest. With that inimd, it may be more valuable to perform more

nutrient monitoring during the algae growth seaswam during other times of the year. Also,

algal conditions for a given waterbody can haveagtemporal and spatial variability. For a

given water, it will be desirable to monitor at ammber of locations several times during the
growing season (or longer), possibly for multipéays.

Under the bioassessment program, significant leselsutrient, macroinvertebrate and physical
condition information has been collected for a efyriof streams throughout Nevada. It is
anticipated that these data will be useful in idgimg aquatic life effects-based nutrient criteria
based upon relationships between N/P and macrdéiwrete metrics (similar to Figure 3).
BWQP’s current strategy includes the continuatidnbmassessment monitoring following
EMAP-type protocols for selected sites.

The literature provides a variety of benthic aldggbmass (chlorophyll-a) thresholds (most
ranging from 100 to 200 ug/l chl-a) recommendedtfier protection of aquatic life and recreation
uses (sedNevada’s Nutrient Assessment Protocols for Wade&bleams(2009)) that may be
useful in assessment our streams. However, iitflermation can be found describing the
sampling design needed to collect the appropriddal ssamples for comparison to these
thresholds. Two general approaches exist for cifig benthic algae samples: 1) targeted
approach in which a specific type of substrate asn@ed; and 2) multihabitat/reachwide
approach in which samples are collected at transect lonaticovering a variety of substrate
conditons. The approach presentedirtrient Assessment Protocols for Wadeable Stréams
Nevada(NDEP, 2009) describes a targeted approach wreemlag is limited to a 100 meter
reach regardless of stream width.

! The multihabitat/reachwide approach is the tealmimost common with bioassessment monitoring and
is used by Nevada’'s bioassessment crews. UndeEMAP protocols, algae biomass samples are
collected at 11 transects equally spaced out ov&remm reach (set at 40 x stream width), with the
samples composited for chlorophyll-a analysis.
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Figure 3. Use of Fish IBI to Develop Effects-Based@P Criteria (taken from Stevenson
presentation posted on N-Steps Website - http://rteps.tetratech-ffx.com/)

While the Nevada bioassessment data will be intdduen developing aquatic life effects-based

nutrient criteria, these data may not be as usefctharacterizing benthic algal biomass in subject
streams. Only recently has BWQP’s stream bioassagsmonitoring included algae sampling

for biomass (chlorophyll-a) algae sampling, howether EMAP methods are being used and the
data may not be directly comparable to the litemtinresholds (100 to 200 ug/l). Also, the

bioassessment sampling occurs only once duringytbeing season and may not capture the
peak algal biomass.

Lakes and Reservoirs

Future monitoring for lakes and reservoirs is res@nded to include the following as appropriate:

N and P species

pH

dissolved organic carbon

phytoplankton chlorophyll-a and species compaosition
secchi depth

dissolved oxygen profiles

temperature profiles

physical conditions (volume, depth, surface aneffgu/outflow)

Like in streams, algal levels in lakes/reservoms e variable. Monitoring may need to occur at
several locations on a lake/reservoir, several girdaring the growing season (or longer), and
possibly over multiple years. It can also be ustficollect water chemistry samples for the lakes
inflows and outflows, and to measure the streanglomw order to evaluate loadings to the lake.
Nevada’s Nutrient Assessment Protocols for Laked Raservoirg NDEP, 2008) provides some
recommendations on the number of sampling locatie@esled for a given waterbody.
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2. Test protocols, indicators, and other weight of edence factors, and refine as appropriate

To assist in the implementation of the Short Tetmat8gy, initial assessment protocols have been
developed which rely on several factors: water moluchemistry, algae levels (qualitative and
guantitative), and DO levels. These protocolsudel both sampling guidance for these factors and
thresholds for acceptable levels for these factdks. more data are collected, these protocols and
thresholds should be reviewed and revised as apatep

It is intended that the multiple line of evidengeoach include effects-based thresholds to thenext
possible. In setting effects-based criteria, angable relationship between a stressor and amespo
needs to be identified, such as the Fish IBI vsrél&ionship presented in Figure 3, or the re@aat
user vs. attached algae levels in Figure 4.

Figure 4. User Perceptions of Desirable Recreatiofionditions vs. Algal Biomass (Suplee, 2008)
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3. After considerable testing, consider incorporating weight of evidence approach in the
regulations as criteria

After thoroughly using/testing the sampling/anaygiotocols, and the associated indicators, it may
be possible to begin incorporating these indicatots the regulations as a weight of evidence
appropach. However, it is expected that such p stay be years in the future. Any efforts to

incorporate new nutrient criteria into the NAC wabdbllow the necessary administrative steps for
setting new regulations, involving public input adite Environmental Commission hearings.

Future Work

It is expected that this Nutrient Strategy documwiit be revised with time as NDEP increases its
understanding of nutrients throughout the sta@meof the questions that need to be addressadisicl

What are the appropriate sampling and analyticaliogols for benthic and phytoplankton algae
taking into account:

0 temporal and spatial variability

0 varying substrate conditions (sand vs. cobble)

o lake/reservoir shape, depth

What levels of algal biomass constitutes impairngiaén that streams/lakes/reservoirs have a
gradient of Aquatic Life Uses (from excellent tooppthat need to be recognized?

At what point does algal biomass begin to negatiapact dissolved oxygen levels? While it is
recognized that algae/DO relationship are highlyalde due to affects by other factors such as
flow conditions, channel characteristics, is itgibke to identify algae/DO thresholds for different
stream types?

What is the extent and impact of blue-green algaddvada waters? How should the occurrence
of blue-green algae be accounted for in settinggén water quality standards?

What affect do diel fluctuations in nutrients hayson daytime nutrient sampling results? Does
this phenomenon need to be accounted for whemgettitrient criteria?

How do physical conditions (including flow/watervéds) affect nutrient/algal relationships?
How should these conditions be accounted for irsetgng of nutrient criteria?

o While streams with better physical conditions (gaithding, etc.) can handle more
nutrients than lesser streams, the better streawaimlply should not have higher (less
restrictive) N and P standards than the pooreastse

o Nevada regulations state only that standards doappty during “extreme” events,
however “extreme” has not been defined. The 7@i0 flow statistic has been used
upon occasion as a threshold for determining wheemsfare “extremely” low. While a
useful approach, 7Q10 statistics can only be cafed!for streams with gaging stations
which exist for only a small subset of the state&ters. What is an appropriate threshold
for lakes and reservoirs?
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