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CORE COMPONENT 2:
STRATEGIC MONITORINC
AND RESEARCH PLAN

UTAH DIVISION OF WAR QUALITY

EXECUTIVE SUMMARY

Establishing water qualityiteriafor Great Salt Lake, monitoriigeL a k veatersquality,assessing
itsdesignateduse supporand implementing pollution control prograresthe responsibilities of the
Utah Division of Water Quality (UDWQ) (Utah Administrative Code [UACIRBIL TVhile UDWQ
routinely accomplishes these tasks for streams and lakes statewide, Great SaltdsakdOdQ

and its partners with unique challenges. This component of the Great Salt Lake Water Quality
Strategy, the Strategic Monitoring and Research Plan (also referred to as Component 2), provides
UDWQ and its partners with a strategyftdfill its respasibilities under tHederal Clean Water Act
(CWA)and statelaw (UAC R317andto protect this valuable resourcAs outlined in this Core
Component, the objectives of the Strategic Monitoring and Research plan are to:

1. Implement a Baseline Sampling Plan
2. Improve upon the Baseline Sampling Plan

3. Recommeneksearch to support numeric criteria development, assessments of the aquatic life
and recreational designated usasd implement pollution control programs

Objectivesl and 2 are curtailed to the openaters of the Great Salt Lake specifically Gunnison Bay,
Gilbert Bay, Bear River Bay and Farmington Bayaddition to open water researdbbjective 3

includes recommended research for the@ @etlands. Aseparatewetland monitoring and
assessmentgsi will be developed in Core Compent 3 of the Great Salt Lake Water Quality

Strategy. In addition, arategic planto assessutrients will belevelopedint he St Coset egy 0 s
Component 4: Nutrient Assessment Plan

1. INTRODUCTION
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Great SaltLakd her e af t e ris,aunigtely dyndmi keenindl lake located adjacent to a
rapidly growing metropolitan @a in northern Utalit is the largest remnant of the ancient Lake
Bonneville, which existed from about 32,000 t@08 years ago and once covered about

20,000 square miles of western Utah, eastern Nevada, and southern Idaho. A natural dam gave way
about 16,000 years ago, resulting in a large flood that drained much of Lake Bonneville. Increased
evaporation over the fowing millennia has led to the presday Great Salt Lake, occupying the

lowest depression in the Great Basin. As is characteristic of termindhkakake has no outlet;

water that flows in can only evaporate or percolate into the substrate.

GreatSalt Lake isthesithar gest | ake i n the Un-amgestdernBalat es an
lake. It varies significantly in size and depth as a result of changes in inflow from precipitation,

tributaries, and groundwater, as well as from lossesghrevaporation. At a lake elevation of

4,200 feet, the lake is about 75 miles long and 30 miles wide and has about 335 miles of shoreline. It
occupies more than 1,7@8Quare miles and contains more thamiilion acrefeet (or almost

S5trilliongallonsp f wat er . Great Salt Lakeds shallow dept
its gradually sloping shoreline result in dramatic surface area variations with any increase or decrease

in lake level. Lake levels fluctuated more than 20 feet betweeB &a8d 1963, which had elevations
of4,211.5and 4,191.35% eet, respectively. The | akebds surfac
2,500 square miles in that same period (Hahl and Handy, 1969). The lake level rose 20.5 feet after

1963 to reach its record highvel of 4,211.85 feet on June 3, 1986. The net rise between 1982 and

1986 was 12.2 feet (Arnow and Stephens, 1987).

On average, 2.9 million acfi=et of water and 2.2 million tons of salt entee Lake each year. The

vast majority of lake inflow typitig comes from three drainageshe Jordan River (Bercent),

Weber River (13 percent), and Bear River (39 percent). Additional inflow comes from groundwater

(3 percent), direct precipitation (31 percent), and other minorstdetstreams (percent)

(Arnav and Stephens, 1987). Becauselth&k e 6 s only substantial water |
minerals, salts, and sediments from the watershed accumtliateaike. This resultslake water

thatranges from fresh water fotimes saltier than sea vea and creates a unique habitat for biota

that has adapted to and relies on the La@system.

Great Salt Lakeds uniqgue yet harsh conditions a
regionbutalsote eart hés WesternakKeisspbasoerceE&achndf useE
resourcds including birds, people, the mineral industry, and brine shrimp harvesirgain a

8
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fragile balance with the ecology tifie Lake, often dependent on the annual ctionls of theake
for its scale, diversity, and economic value.

Millions of birds use thake as they migrate from breeding grounds as far away as the arctic to
wintering areas as far away as Argentina. For e
(Pralaropus tricolgii or morethantwd® hi r ds of t h & amnoatllylmigtate thppuglp ul at i o
theLake as they travel from the near arctic to the high Andes (Colwell and Jehl, 1994). The
magnitude of the Wil sonds ph anlthe degsignationpdbephakd at i on
as one of six sites within the Western Hemi sphe
(Aldrich and Pau2002).Over hal f of the wor | dPodiceps mgao)isat i on o
usethe Lakeor up to 4months during fall migration (Jehl, 1988)2007 the population of eared

grebes orthe Lakeexceeded 2.5million birds (N. Darnall, personal communication, October

15, 2007). Great Salt Lake hosts the largest nesting colony of American white pBetmas(s
erythrorhynchpwest of the continental divide (King and Anderson, 2005) and the largest breeding
population of California gulléérus californicuim the world (Aldrich and Paul, 2002).

Opportunities for recreation abound on and arotimelLake. Thousands of people visit the lake
annually to enjoy sailing, hiking, hunting, and watching the diverse bird life. Albakgetlaee two
state parks, numerous state wildlife refuges, and one federal wildlife refuge. Waterfowl hunting
alone was estimateid be almost an $.5-million industry i8010-11 (GSLAC 20123 The total
annual economic effect of recreatiorttod Lake was recently estimated to be almost $t8Bion
(GSLAC 20123

As a result of the minerals left behind by evaporatioal.ake ishome to a burgeoning mineral
industry that has a significant 1 mpact on Ut aho
extraction companiesigently operating on thieake generated a total of about 2 &illion tons of

sodium chloride, potassiurtiieda, magnesium chloride, magnesium metal, chlorine gas, and other
products(Gwynn, 1997). The total aralleconomic effectoftiea k e s mi ner al i ndust
estimated to be $1.1d®illion GSLAC 2012a).

Great Salt Lake produces a significantppi on of the wor |l dés supply of
harvest on the lake began in 1952, and the lake has become an internationally renowned source of

cysts for their quality as feed for the aquaculture and ornamental fish industry. The totial annua

economic effectofttiea k eds brine shrimp industry was recen
(GSLAC 2012aandis often limited by biological factors rather than market forces (Isaacson et al.,

2002).
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Combining the annual economic effect of tteetindustries previously described, the total annual
economic output or significancehafLake to the state of Utah was estimated to be $hBlion. This
represents an estimated 7,700 ftithe and paritime jobs in theegion and establishéke Lakeas a
significant factor in andGBUACR0129ni fi cant value

Stresses to the Lake ecosystem have been increasing in recent decades as a result of development,
water diversios, invasive species, and resource extraction. As a result, the complex, dynamic, and
resilient nature of the Lallescosystem has become evidemd the need to understand the system

ever more importanResearch continuestemonstrate thathe Lake is avaluable resource that

facesever increasing pressures. Additional research is necessary for UDWQ and its partners to
protect the Lakeds water qual i(GreatSaltdakeCMPgi c a l h e
2011; GSLAC 2012a; GSLAC 2012blDWQ, 2M9; UDWQ, 2011;CH2MHILL2008). This

Strategic Monitoring and Research Plan was developed to enable UDWQ to proanavelge

water quality in the Lakédulfill its responsibilitiesder the Clean Water Aeind state lawand

collaborate with partner® protect this valuable resource.

1.3.1 Technical and Regulatory Challenges
UDWAQ is charged with the responsibility to establish water qaailiégyiafor the Lake, monitor its

water quality, and assess dssignateduse support (UAC R3277). Due to thenique geochemistry

of theLake, the direct application of national freshwatesaltwatemumericriteria to the open

waters ofthe Lakemay beinappropriate (United States Environmental Protection Agency [EPA] 1987,
2004). Insteadthe aquatic life andrecreationaldesignated uses difie Lake are protected using the
Narrative Standard (UAR3172-7). UDWQ has, however, faced repeated challenges in monitoring
thelake and assesygyt h e Hesignatédsses.

Questions regarding the ability of the naivat chuse to address selenium ledatsite specific
numeristandardfor selenium foGilbert Bay ofthe Lake in 2008 DWQ 2007) and an

investigation of mercury in 2082011 (UDWQ, 2011). All of these studies have encountered unique
challenges in moaitng water quality, and

UDWQds efforts assessing the a k designateduse support.

reponsibilities on Great Salt Lake hay| Some examples of these challenges include the
consistently encountered significant
technical challenges due to the
complexities inherentimd uniqueness o
Great Salt Lake.

following:

1 Decision making for situations that were
not well defined with little or no historical data.

10
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1 Typical sampling and laboratory awyéical methods were not necessarily applicabletier
Lake water, as was established in the selenium standard process (Moellmer et al., 2006;
personal communication with USGS, 2011).

1 Typical theories as to how selenium and mercury might be procesgeldmby the lake
were found to not applyUDWQ, 2007 2011).

Using methods and assumptions commonly usedritoringand assessinfyesh orsalt water

waters could have led to erroneous data and decisions that were too protective or not protective
enaugh and did not address the right sourceatfutans (UDWQ, 2011CH2MHIL[.2008). UDWQ

is faced with the reality that an investment is needed to delelke specific sampling and analysis
methodg¢o manage water quality and assedssignatedusesuppat.

1.3.2 Development of a Great Salt Lake Health Index
The Great Salt Lake Advisory Council commissioned a study in 2011 to define the ecological health of

the four bays othe Lake: Gilbert Bay, Farmington Bay, Bear River Bay, and Gunnison Bay. The study
devdoped a framework for defining the health thfe Lake, based on eight ecological targttat
capture the biological diversity of the k ee@osystem. These targets were systeta lake and
wetlands, open water of bays, unimpounded marsh complex, inegonatlands, mudflats and
playas, isolated island habitat for breeding birds, alkali knolls, and adjoining grasslands and
agricultural lands. Based on the findings, most ecological targets surrdedaig were

considered to be in good health; howesanne targets, such as the open water of bays and
unimpounded marsh complexes, were found to have a high level of uncertainty due to lack of
historical and current data and scientific understanding. Several habitats were also found to be in
poor or fair halth, including the impounded wetlands around Farmington Bay, aikiai&noll
habitats around Bear River Bay and Farmingtayn GSLAC 2012h

The study did not rank the health of the open water areas of Gunnison Bay, Bear River Bay, or
Farmington Banor was a rank provided for the unimpounded marsh complex habitats surrounding
the Lake. This was due to gaps in our understanding of fundamental biogeochemical and ecological
processes in the Lake. The study identified eight (8) research needs astiighgilecting both

level of uncertainty and potential future stresses. Four of the 8 highly ranked research needs relate to
water quality as follow

1 Level of toxins in water column and sediment that does not impair populations of significant
speciesnd current concentrations throughout the lake. These toxins include mercury (including

methylmercury), arsenic, cyanotoxins, and avian botulism.

11
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1 Maximum level of phytoplankton in winter and in summer that is healthy for Farmington, Bear
River, and Gilbdrbays.

9 Trophic condition supportive of native biota, especially in Farmington and Bear River bays,
including thresholds for indicators such as summer chlorophyll a concentrations and
invertebrate diversity.

1 Indicator of water qualitglelivered to unimpoded marshes and impounded wetlands.
Impacts of various parameters such &&$o nutrients, and sediments on wetland functions.

The studyighlightedhe need to better understand the current conditi@md stresses (current and
projected)to the Lake,not only to better define the health of these ecological targets, but also to
protecttheL a k defignateduses. This study illustrates the need for research not only for UDWQ to
proactively fulfill its responsibilities, but for all local, state, andrédamtities to fulfill their
responsibilities in protecting this valuable resource.

The Strategic Monitoring and Research Rsdevelopedo enable UDWQ to proactively fulfill its
CWA and stateesponsibiliesto monitor and agss water quality for the protectionthie L a k e 8 s
aqguaticlife and recreationatlesignated usesupportnumeric criteria development atiz
implemenpollution control programSpecifically, the Strategic Monitoring and Research Plan
addresesUDWQO s restponsi bilities

1 Monitor the waterquality of the Lake.

o ldentifies dongterm monitoringlan tocollect environmental samples to assess the
current condition of th@pen waters of théake and track spatial and temporal
trends of pollutantsf concern that may affect the aquatic life and recreational
designated uses.

o Identifies a Quality Assurance Program Plan (QAPP) that addresses the accuracy,
reliability and quality of sampling and analyzing various parameters under highly
saline condibins(UDWQ, 2014).

0 Identifies research studies to impreaenpling and analyticahethods t@nsure
consistency and defensibilitydata and to better leverage available resources.

1 Assessthel a k &qbasiclife and recreationadesignateduses

12



FINAL Core Component 2: Strategic Mitoring and Research Plan

o Identifes monitoring and research to colksgentialdke assessment data to
determinadesignated ussupport.

1 Support the development afumericwater quality criteriaand the implementation of
pollution control programs

o Identifies monitoring and researgeded for the development olimeriavater
quality criteriafor the Lakeand determine the effectiveness of pollution control
programs

The specific objectives of the Strategic Monitoring and Research Plan are summarized.iaridgure
are detailed as fdows.

Objectives of thé&trategic Monitoring and Research Plan for Great Salt Lake

OUTPUT 1

OBJEC_TIVE . _ Long term database dhe Lakewater
Implement Baseline Sampling Plan quality

Quality Assurance Program Plan

OUTPUT 2

OBJECTIVE 2 Refine analytical methods and procedure

Improve the Baseline Sampling Plan

Refine sampling methods and procedure

Refine sampling locations and timing

OUTPUT 3
Support numeric criteria development

Support assessments of the aquatic life 3
recreational designated uses

Supportpollution control programs

OBJECTIVE 3
Research

FIGUREOBJECTIVES OF THRATEGIC MONITORINGN® RESEARCH PLAN

1.4.1 Objective 11 Implement Baseline Sampling Plan
This objective is of highest pr istatenmonitgringand wi | |
program. Theéntentof the Baseline Sampling Plan (BS#®)asllect environmental samples to assess

13
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the current condition of tlipen waters of théake and track spatial and temporal trends of
pollutants of concern that may affect the aquatic life and recreationgradsd uses.

TheBSP was designed to eall the data necessary to addreabke following questions:

1 What pollutants are opotentialconcern for the Lake

1 What are the concentrimins of those pollutants in the Lakaer or the tissue of brine shrimplan
the eggs of nesting birds?

1 How do these concentrations vary spatially and temporally?

The BSP includes a Quality Assurance Program Plan (QAPP) that addresses the accuracy, reliability
and quality of sampling and analyzing various parameters under tsghihe condition® DWQ

2014). These detailed quality assurance proceduregargcularly critical for the Lakeecause
standardsampling and anatical methods frequently need to be modified to accourthfor a k e 6 s
high salt contentA detailed revew of historical data identified the need féurther clarification in

sampling techniques, laboratory instrumentation, and analytical methods, which will continue to be
captured in QAPP revisions. The QAPP also aims to improve collaborative moifddsHy e

helping to ensure data comparability among the entities that collect monitoring data.

Key parametersnd pollutantsvere determined based on results of previous studies conducted
by UDWQ and other agencies and include thoskutantghat areidentified to beof highest risk to
thela k edésignateduses. Standaized sampling and analydiscilitatescrossagency use of the
data and consistary by all organizations sampling and monitottingLake.

UDWQhas monitored and conducted researchdéne Lakeds I mpounded and fr
2005. Currenmonitoring othese types oivetlandsis guided by Sampling and Analysis Plans

(UDWQ 2012, 2013).The assessment framework for these wetlands is still in development and will

be describedn more detail aCore Component &f the Strategy is developedhis section

summari zes UDWQOs basel i n¢elakeaspdfinedhy designatedt he ope
use classes 5A through 5D.

1.4.2 Objective i Improve Baseline Sampling Plan
This objective ©f second highest priority. The identified research studies will work toward refining

and improving th&SPand analytical procedures faollutants of concein thelake. These studies

will fill data and knowledgegaps and are essential to improvingWRQé s ab i | ithegake o0 moni
assess designated use supjpoid proactively develomumeriavater qualitycriteriaand implement

pollution control programSpecifially this objective is designed to

14
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1 Identily gaps in accuracy and reliability of exiggisampling and analytical procedures for
theLake

1 Complete studies to verify and confirm or improve the standard sampling procedures and
laboratory analytical methods for accurate representation of the unique water qudhty of
Lake

1 Complete studies t@kify and confirm or improve sampling locations, sampling time and
frequency, angbollutans that are monitored through tB&P

1.4.3 Objective Fi Research to Suppothe Development of NumeritWater Quality
Criteria Assessmenbf the Designated Uses and Implemgation of Pollution
Control Programs

Numerous questions asked during previous investigations remain unanswered, and answers are
essential to developing water qualisiteria, improving monitoring activities, and assessing the
designateduses othe Lake Some of these studies have already been initiated or are being

completed by UDWQ and other agencies. That does not negate the need for UDWQ to encourage or
support their completion to fulfill its responsibilities. These studies will be implementadgiepend
priority and available fundingSpecifially thisobjectiveis designed to

1 Complete research to proactively identify potential water quabtycerns

1 Complete research required to support the evaluation and development of defaensilgiec
water quality criteria

1 Complete research required to effectively and defensibly asessgnatedusesupport.

2. BASELINE SAMPLINGAN FOR THE OPENTWRS OF GREAT SALT
LAKE

Monitoring the water quality dhe Lake, and thus the development and implementafia baseline
sampling plan, is a critical responsibility of
protect the water quality athe Lake. This plan will provide for tlmgtermroutine collection of

water qualitysampledo better charactaze pollutants of potentiabacern in the open waters of the

Lakeas well as concentratiomsbrine shrimg@and bird eggs ¢ follow movement of these pollutants in

t he L ak e 0 Bhe primarydfocws eftthe BSP is the collection of water sampletuaiev

whether the recreational and aquatic wildlife designated uses are supportied the federal CWA

and state law

The BSRill provide the following:

15
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1 Apublic, longerm database ofthéa k e s wat er qual ity

91 Appropriate sampling and analytical teahques of various matrices and targetlutans in
the lake

1 Supportfor the development afumeriavater qualitycriteria assessment tfielL a k e 6 s
designated usesnd implementation of pollution control programs

1 Acollaborative approach with partner agcies

UDWQhas monitored and conducted research on the impounded and fringe wetlands since 2005.
Currentmonitoring othese types oivetlandsis guided by Sampling and Analysis PIWBWQ

2012, 2013). The assessment framework for these wetlargddl i1 development and will be

describedn more detail a€ore Component &f the Strategy is developed:his section summarizes
UDWQds basel i ne s amp lthebageasfdefined byhdesigmatedeure clasaes BA s o f
through 5E (UAC R3D76.5).

Figure2 shows the study area for tBSPItinclude t he oOopemnakatbterde fofnetdhas
Gilbert Bay (Class 5A), Gunnison Bay (Class 5B), Farmington Bay¥;lasd Bear River Bay

(Class 5C) and is generally bounded by the sherakndefined by the current lake water level but

an area no greater than as repréeent e r b WY DWRS s
segmentation of the waters of Great Salt Lake (UAC R23&) The UPRR Causeway separates

Gilbert Bay from Gunnisday and Bear River Bay. The Antelope Island Causeway at the northern

end of Antelope Island and Island Dike Road at the southern end of Antelope Island separate Gilbert
Bay from Farmington Balgight sampling stations are located in Gilbert Bay, 2 inikgrom Bay

and 1 in Bear River Bay. More stations will be addetth&BSP as resources and ac¢pasticularly

in Gunnison Bay) becosawailable.

The EP Asteg DQ@Oenoeess (ERP806) was used to guide the requiremeartisl design
rationale for tke LakeBSPThe DQOs define the type, quantity, and quality of data and establish
performance and acceptance criteria to ensure that data collected support the goals of the study.

Tablel details the DQOs for this sampling plaoluding the need, goals, data input, study
boundaries, decision rules, and performance and acceptance criteria.
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FIGURE GREAT SALT LAKE BASYE SAMPLING PLAN$DY AREA AND SAMMRG LOCATION
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TABLEL DATA QUALITY OBJEWHS FOR THE GREATLSAAKE BASELINE SANNG PLAN

Step

DQOs for Great SalLake Baseline Sampling Plan

Problem Statemerdand
Resources

Problem

Several pollutants, such as selenium, mercury, and other metals and metalkndsyrate cause adverse effects on the
biological health and thdesignated usesf some water bodies and are known to exist in the watetisedfake. Little is known
about existing corntrations of these pollutamtsGreat Salt Lake, their temporal asdatial variability, and their fate and
transport. Great Salt Lake®s ademnssgsairg thase jpollutamstmadkiagtheimanteenr
variability difficult and precluded the use of typicalmeric water quality criterta managetheL ak e 6 s wat er ¢
resulted in a dearth of data that often results in a reactive approach to managing water quality and makes the assdbsme
water quality inthe Lake extremely difficult. These uncertainties resulted igedxpenditure of resources to develop the
criterion for seleniurmhelake is protected by a narrative water quality standard and currently has only orspsiigic numeric
water quality standard for selenium in Gilbert Bay (UAC R314).

A longterm database of water quality measures (including water and biota tissue chemistry) is needed to agsassttends
and enable UDWQ to fulfill its responsibilities. A {grgn plan to monitor selenium concentrations in bird eggs is heeded tc
assess cqutiance with the existing numeric criterion. Proven protocols are needed to enable the consistent collection ani
of environmental samples from Great Salt Bake h y p e r s Rdseamteis neealdéd ¢orbetter understand the idiosyncras
ofGreat Salt Lakeds ecosystem and how they relate to wat
and identify reliable measures that can be used to assess its health.

Project Partners

It i s UDWQds obj ect inatewithwarionsestate anth federal agenciasrthét have manatyément
responsibilities, conduct research, and monitor the condition of Great Salt Lake. The following agencies are identifezd a
in completing a baseline sampling program and developiotppols for future monitoring of the health of Great Salt Lake:

Davis County Health Department (DCHD)

United States Geological Survey (USGS)

Utah Division of Wildlife Resources/Great Salt Lake Ecosystem Program (UDWR)
Utah Division of Forestry, Fire, 8tdte Lands (FFSL)

Utah Geological Survey (UGS)

United States Fish and Wildlife Service (USFWS)

= =4 -4 -4 -a -8 -2

Environmental Protection Agency (EPA)
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Step

DQOs for Great SalLake Baseline Sampling Plan

Available Resources

UDWQ will seek to collaborate with partner agencies to provide the resources required for theslsasapting program.
UDWQ will include funds for the proposed baseline sampling program in its annual budget. Monies for supplemental stt
be appropriated on an aseeded basis.

Relevant Deadlines

UDWQ began implementation in Spring 2011 and wailitmue on an annual basis. A report providing a summary and evalt
of analytical results wild.l be IntegmatedbReépord. i n t he State o

Goal of the Study

Key Questions

The overall question to be resolved can be statedd¥h at i s t he overall water qual.i
The following more specific questions will be addressed by the baseline sampling program:

1 What pollutants are opotentialconcern for Gat Salt Lake?

1 What are the concentratiaf those pollutants inréat Salt lakeb s wat er or the tissue
nesting birds?

1 How do these concentrations vary spatially and temporally?
Possible Outcomes

1 Information obtained from the sampling efforts is adequate to aety@tantify concentrations pbllutantsn Great
Salt Lake. Data are useful for management decigi@ssgnated use suppo#,better understanding of Great Salt
Lakeds ecosystem, and guiding future research.

1 Information obtained from the sampling effds not adequate to accurately quantify concentrations of identified
pollutantsn Great Salt Lake. Steps will be taken to improve and/or develop appropriate sampling and analytical
methods for Great Salt Lake and revise the baseline sampling prograeedsd.

1 Information obtained is adequate to understand the spatial and temporal variation of idembifietntsn the lake.

Information obtained is not adequate to understand the spatial and temporal variation of pollutants in the lake. ¢
are taken to prioritize research needs to understand these variations better and revise baseline sampling progre
needed.

Inputs to the Decision

Informational Inputs
The following information will be collected:

1 Water and brine shrimp will be sampled twicer pear at 11 locations in Great Salt Lake as showFigure Zi Once
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Step

DQOs for Great SalLake Baseline Sampling Plan

during the bird nesting season (in the month of June) and once during the fall brine shrimp cyst harvest (in the 1
October). Water samples will be collected metes from the botbm of the water column and 0.2 meters from the
surface.

1 A minimum of five (preferably eight) bird eggs each will be cbbfrom American avocets anlddknecked stilts at
two locations when present: Bridger Bay on Antelope lalah&altair Cdlocated water, sediment and
macronvertebrate samples will be measwedcurrentlat the site. This will be completed dutingbird nesting
season (April through June) at a minimum of once eyegr® Arannual assessment will be used to determine if ec
sampling will be completed every year and if changes will be made in how many eggs will be collected and fron
many locations.

Variables/Characteristics to Be Measured

Total selenium, methyl mercury and total mercury concentrations in the following:
1 Water
1 Brine shrimp
1 Bird eggs

Other metals and metalloids (at a minimum total arsenic, total copper, cadmium, lead, and thallium; others includekdf p:
same analysis suite or determined to have higher priority) concestiratioa following:

1 Water
I Brine shrimp

Nutrients (total and dissolved nitrogen, total and dissolved phosphorus, and ammonia) and chlompyitrations in the
following:

 Water
Insitu field water measurements include:

1 Dissolved oxygen, pH, temperature, specific conducseitghi depth, total water depth, and the depth of deep brine
layer (if present)

Report dryweight concentrations and moisture percentage of biota samples.

Study Boundaries

Study Area
The study area for this project is showigure 2 This area inabesGilbert Bay (i.e., South Arm), Farmington Bay, Bear Rive
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Step

DQOs for Great SalLake Baseline Sampling Plan

Bay, and Gunnison Bay (j.the North Arm) when access becawa#able.

Temporal

f

Water and brine shrimp samples will be sampled twice perfyearce during the bird nesting season (Junepand
during the fall brine shrimp cyst harvest (October). An annual assessment will be used to determine if sampling
completed more frequently.

Bird eggs and dincated water, sediment and maicreertebrate samples will be collected during nestaason (April
through June) a minimum of once every 2 years. An annual assessment will be used to determine if sampling w
completed more frequently.

Practical Constraints on Data Collection

f
f
f

Availability of boats and other field equipment, as wallegquipment functionality, may limit some activities.
Staffing and funding availability will need to be confirmed.

Weather is a major constraint for all sampling and monitoring activities because storms can limit ability to safely
sampling and measement activities at the study area.

Great Salt Lake levels may be a constraint and affect sampling locations. Currently, there is no readily available
to Gunnison Bay. Gunnison Bay samples will be collected as opportunities arise but no mggingrigeation is
identified.

Successfully obtain collection permits from USFWS.
The presence of bird eggs for sample analysis may be a constraint.

Not all sampling and analytical methods are fully tested and confirmed.

Decision Rules

If information is dequate to accurately quantify the concentratiopatential pollutantsf concern for Great Salt Lake, UDWQ
will complete reporting as noted.

If information is not adequate to accurately quantify the concentratjpoterftial pollutantsf concern foGreat Salt Lake,
UDWQ will evaluate results, revise methods, develop appropriate sampling and analytical metodatf&alt Lake, revise
the baseline sampling program as needed, and complete reporting as noted.

Tolerable Limits on
Decision Rules

The reasurement quality objectives are specified using the performance criteria in terms of the precision, accuracy,
representativeness, completeness, and comparability of the data. These performance criteria provide a measure of how
established measment quality objectives were mét.general, the measurement qualityjectives fometals and metalloids
are about +20 percent, +24percentfor total mercuryand +35 percentfor methyl mercuryThe QAPP will specify all quality
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Step

DQOs for Great SalLake Baseline Sampling Plan

assurance/quality controbjectives for sample measurement based on each matrix and may be more restrictive or less re
than £20 percent.

Optimization of the
Sampling Design

The baseline sampling program includes the collection and analysis of water, brine shibimp egigdsamples to monitor the
water quality of Great Salt Lake and assess its comdi
for Great Salt Lake includes supplemental studies that are intended to improve implementétitmetation of results from

the baseline sampling program.
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Several studies and monitoring programs have idenpfiddtans that may adversely affetche
Lakeds e c ddsigngted usesisthe puble has become moveage of the importance of
thelLake, they too have begun to express concerns abold tkeavatsr quality. Table? provides a
summary of selected recent literature thegcribes research relevant to the investigation and
identification opollutans of @ncerrfor the Lake.

TABLE2 POLLUTANTS TO BE MONRED IN THE GREBALT LAKE BASELINGVEPLING PLAN

Pollutans Literature

Selenium Cavitt, 2006; Marden, 2007; Cavitt, 2008a; Cavitt 2008k:DWQ, 2008;
Conover et al., 2008a; Conevet al., 2008b; Conover 2008c; Marden, 2008;
Naftz et al, 2009b; Vest et al., 2009; Diaz et al., 2009a; Diaz et al., 2009b

Total and MethyMercury UDWQ 2008; Naftz et al., 2008; Naftz et al., 209a; Vest et al., 2009;
UDWQ,2011

Other Metals and Metbids | Johnson et al. 2008; Naftz et al., 296; USGS, 2004; Vest et al., 2009;
Beisneet al., 2009 ; Wurtsbaugh et al., 2014

Nutrientsand Cyanotoxins | Naftz et al., 2008; Wurtsbaugh et al., 2009

3.3.1 Selenium
A numeric water qualitstandardfor seleniumvas established fd&ilbert Bay ofthe Lake in

UACR317%2-14 in November 2008. This standard was developed through an extensive process led

by a Selenium Steering Committee composed of prominent stakeholders who were advised by a

scientific panel of selem expertslDWQ 2008). The selenium water quaktyandardof

12.5 milligrams per kilogram is a tissi@sed standardapplicable tothe complete egg/embryo of
aquaticdependent birds that use the waters of GilbertBay (Ba8s) . UDWQds obj ecti ve
continue to protedhe Lake for selenium by monitoring egg tissue from agdegiendent birdand

to evaluae selenium concentrations tivauld initiatevarious monitoring, assessment and

management actioniBheBSRwill result in dongterm databaseused to assess bird egg

concentrations and address tigectivesiescribed above

3.3.2 Mercury
Mercury, a global pollutant that ultimately makes its way into every aquatic ecosystem through the

hydrologic cycle, is alsomollutantof concern ithe Lake. Aftera 2003 USGSstudy found elevated
concentrations of total and methyércury in theeep brine layer of Gilbert Baynd evidence of its
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bioaccumulation somebiota of theLake (Naftz et al., 208; Naftz et al., 2009), UDWQ began an

endeavor to understaritie extent to which mercury poses a risk to thedLadpeatic birds and

organisms in their forage base (UDWQ, 2011). Several other studies as indicated ia axe
alsoconcluded that mercury is a signifiqawitutantof concern ithe Lake.While trese efforts have
greatly i mproved UDWQSJ sthe uakabignifisant guestionsicgrrestly mer cur
remain. For instance, selection of the most appropriate benchmarks to use for quantifying biological
responses to mercury has not been finaliredddition, the link between avian tissue concentrations

and exposure tohe Lakeas opposed to other waters visited by birds remains unknown. These data

gaps will be investigated and incorporated intoassessment framework and the development of

numeic criteria to help UDWQ determine if thea k desigeateduses are protected or not due to

mercury pollutio DWQ&6s objective is to continue sampling
methylmercury in the Lake ecosystem.

3.3.3 Other Metals and Metalloids
Thoughittle is known about the input and biogeochemical cyclingetafls and metalloida the lake,

concentrations of metals are much higher in recent lake sediments than durinothustpia period
(Wurtsbaugh et al. 2014)here are concerns about thegative effect of these constituentthie

Lake. A study by USGS and others completed from 1998 to 2001 evaluated water quality and
completed a biological assessment of the Lake basin (Waddell et al., 2004). This study concluded that
most streambed sedimts had concentrations of arsenic, cadmium, copper, lead, mercury, silver, and
zinc that exceeded aquatic life guidelines. Naftz e(2000) also found that deposition of sediment

in the Farmington Bay aréead elevated concentrations of cadmium, coplead, zinc, nitrogen,

organic carbon, and phosphorus. Deposition began to increase sometime in the ead@®9snid

and became progressively greater in recently deposited sediment, illustrating theaihmpeiztison

the lake with increasaddustrialdevelopment andrbanization. In addition, in a recent article, Vest

et al. (2009) found elevated arsenic levels in wintering waterfinatause thé. a k e . UDWQ®b s
objective is to prioritize the tracking of current and changing concentratioatatf andnetalloids

to proactively protect the lake from thgsellutans.

3.3.4 Nutrients
Similar to the metaknd metalloidglittle is known with regard to the variability, fate, and transport

of nutrients in the open waterstbé Lake. A few studies by Wurtsbaughal. (2006; 2009) have
assessed Farmington Bay and identified it to be hypereutrophialgathbloomsoccurring most
yearscontainingyanobacteriaincluding toxic taxagWurtsbaugh et al., 2006; Wurtsbaugh et al.,
2009). High nutrient concentratsoare partially responsible for these blooms, although, the blooms

24



FINAL Core Component 2: Strategic Monitoringc&aResearch Plan

are also exacerbated by predaceous bugs that consume grazers and leads to increases in algal
production (Wurtsbaugh, 2012)hese studies have atsed to estimatehe impact of excess

nurients in Farmington Bay on the Lake ecosystem via its connectivity with the otimeGbbgs.

Bay, brine shrimp are indiscriminate filter feeders that strongly control algal densities by grazing and
the productivity of brine shrimp populations igedelent on the amount of food/nutrients available.
Algal abundancen Gilbert Bay is reported agmited by dissolved organic nitrogen in the photic

zone (Belovsky, 201The UDWR continuesmonitonutrientconcentrations in Gilbert Bay to

evaluate thampact of nutrients dirine shrimgpopulationsTracking nutrient concentrations are thus
important to UDWQ to better understand nutrient cyciimgrbay transfeand effectson the

designated usetn Core Component 4 of this Strategy, UDWQ will deraflirelevant nutrient

information to design a plan that monitors and assesses nutrients for the protection of the designated
uses.

3.3.5 Summary
TheBSHocusisto monitor concentrationspaillutans of concerrnin the waters, brine shrimp, and

aquaticdeperdent bird eggs otheLake as described in Tale

TABLES POLLUTANTS TO BE MONRED IN WATER, BIEISHRIMP, AND BIRElSGS OF OPEN WATEBRS
THE LAKE

Matrix Analytes
Water Total selenium, total and methyércury, total arsenitqtal copper, cadmium, lead, thalliun
zinc total phosphorus, total nitrogen, ammonmitate-nitrite, orthophosphatend
chlorophyta

Brine Shrimp | Total selenium, total mercury, total arsenic, total cofgat cadmiumtotal lead, total
thalliumand total zinc

Bird Eggs Total selenium and total mercury

UDWQ intends that thBSFbe adapted to address a variety of factors:

Newly developed methods

Availability of new research

New questions and issues

New water qualitycriteria

New opportunities for collaboration in sample collection and analysis
Additional funding that may become available

=A =4 =4 -4 -4
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TheBSPapproach described in the following paragraplepresentsampling and monitoring
required to meet UDWQ O aions farmanagementofthje epentwatereef a n d
theLakewith available resourcegVhile the approach to sampling tre Lake may change, it is
anticipated that the baseline sampl4iemmg pr ogr am
monitoring program of wate of the state. Figui@ summarizes the work plan design for the sampling

plan.
Arsenic, cadmium,
copper, lead, seleniur
total mercury,
. methylmercury,
leYgé?{ Sg;m'iﬁz n thallium, zinc, total
e and dissolved
and Bear River Bay phosphorous and
| . nitrogen, nitratenitrite,
Sample twée a year ammonia, pH,
A June temperature, dissolve
A October oxvaen. specific
Arsenic, cadmium,
Brine shrimp in copper, lead, seleniur
: total mercury,
Gilbert Bay methylmercury,
thallium, zinc and
s | . Colocated bird
ample every two eggs, water,
years between Apri sedment and Total mercury and

. selenium
and June macroinvertebrate

at Bridger Bay or

FIGURB GREAT SALT LAKE BASYE SAMPLING WORKAN

3.4.1 Water and Brine Shrimp
Water and brine shrimp will be sampled and analyzed a minimum of p&rcgear using tandard

OperatingProcedurs andwithinthe Quality AssuranceogramBPan requirement@JDWQ, 2014).
Samples will be collected once during the bird nesting season (June) and once during the fall brine
shrimp cyst harve€d¢tobel. Samplesvill be collected at a minimum of 11 locatighfocations in

Gilbert Bay, 2 in Farmington Bay and 1 in Bear Riverd8aghown in Figuand Table4. These
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locations were selected to remain consistent with locations used in routine sample callection a
research since 1994, conducted by the Utah Division of Wildlife Resources/Great Salt Lake Ecosystem
Program and USGS, Utah Water Science Center (Naftz et al., 2008b). Additional locations, such as in
Gunnison Bay, may be added or samples collected fremaently as resources and access become
available.

At each location, water samples will be collected 0.5 meters (m) from the bottom of the water column
and 0.2 m from the surface. In situ fieklsuremeniscludingemperature, pHspecific

conductity, dissolved oxygen, secchi depth, total water depth, and depth to deep brine layer will be
madeusing a mulparameter probeat the location where water afa brine shrimp samples are
collected A composite sample of brine shrimp from three vehigzd$ will be collected at Sites 1

through 8 in Gilbert Bay when presen

TABLEt SAMPLE POINTS AND OGDINATES

Sample Points Target Bay Approximate Coordinates
1 Gilbert Bay Latitude 40°46'07", Longitude 112°19'38"
2 Gilbert Bay Latitude 40°53'56", Longitude 112°20'56"
3 Gilbert Bay Latitude 41°02'23", Longitude 112°30'19"
4 Gilbert Bay Latitude 41°04'22", Longitude 112°20'00"
5 Gilbert Bay Latitude 41°06'44", Longitude 112°38'26"
6 Gilbert Bay Latitude 41°06'37", Longitude 2227'04"

7 Gilbert Bay Latitude 41°11'16", Longitude 112°24'44"

8 Gilbert Bay/ Farmington Bay Latitude 41°@'52", Longitude 112°151"

9 Farmington Bay Latitude 41°02'24.36", Longitude 112°09'51.12"
10 Farmington Bay Latitude 41°01'53", Longitude 1128®3"

11 Bear River Bay Latitude 4117.34, Longitude 11222.006

12 Gunnison Bay To be determined

Water samples and brine shrimp will be analyzed for the minimum analytes shown 81 Table
Additional analyte may be includedspart of the same analytal suite, as resources are available
based on future assessment nemdser the objectives of independent research studies.

3.4.2 Bird Eggs
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The eggs of shorebirds wild.l b e warcugy nd selertiumm c har a
present in the opewaters oftheLake. Bird eggs will be sampled a minimum of once every 2 years

to allow UDWQ to assess compliance Wigi a k tssiiebased, numeric water quality standard for

selenium and document levels of exposure to mercury. Per the recommendatiodlsD WQd s Sel en
Science Panel, Americavocetsand BlackneckedStiltsforaging along the shoreline of Gilbert Bay

will be targeted initially CH2MHILL.2008). Bird eggs will be sampled and evaluated and tissues

analyzed using SOPs and the QAPP.

A sngle egg will be collected from a minimum of five avocet nests and five stilt nests (preferably
eightnests of each species) after the clutches are completed (total of 10 eggs). Each embryo will be
checked for stage of development. l-atage embryos wille examined for developmental
abnormalities, including a determination of the
analyzed for total selenium and total mercury and concentrations reported omeidit basis,

along with percent moiséuof each sample.

Areas considered fobird egg collection will b&ridger Bay on north side of Antelope Island

Saltair. Additional locations may be added or additional eggs collected as allowed by the egg
collection permit, as resources are availabitger the objectives of independent research studies
samples will be collected adjacent to or within the open watéhe bbketo ensure thasamples are
representative opollutantexposure from the open waterather than other habitats adjaaetothe
Lake.Implementation of the selenium standard will include egg collection until work is completed to
allow water and brine shrimp selenium concentrations to be used as surrogates for designated use
support.

The QAPpresents the quality assurance and quality corgmplirementto ensurghatthe
environmental data collectes part of the BSRill be of theappropriate qualityto comply with the
DQO& s | Fpadifit prolocols for sample handling atmtage,chain of custogyaboratory
analyses, data handling, and data evaluation dedined

TheQAPPincludes the following information

1 ProjectManagement includirgjudy site description, project organizaticatadjuality
objectves documentation and recs

1 Data Generation and Acquisition including samegsgn and mthods sample handling and
custody, analytical methods and reporting, quality control requirements, corrective action,
data managemenand data validation and usability
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1 Sandard OperatingProcedures (SOP&)r sampling and analyzing key water quality
parameters angbollutans

All sampling and analytical activitiesquired by the BSRill follow the requirements described in the
QAPP(UDWQ, 2014).

Sampling began in 2011 and will camie on an annual basis. Detailed field and laboratory data,

analysis, and summary of results will be presestedy other yeain the 305(b)Integrated Report

(UDWQ, 2014) 1tisUDWQ@ s pol i cy to retai n projeatfilgstnoding dat a 1 n
electronic copies of analytical data, field notes, data sheets and journals, photographs, analyses, and
reportswill be retainedfor a period of at leastl0 years after the year of data collection.

3. STUDIES TO IMPR@®ASELINE SAMPLINGNPEOR TH OPEN
WATERS OF GREAT SAKE

TheBSHoresented in Sectidhrepresents atarting point that will enable UDWQ to begin the
development of a longerm database describing thveater qualitycondition othe Lake. Th&SHs

intended to be adapted and rgsed as the knowledge and understandinthel_ake ecosystem

processes improves. This section provides a summary of studies UDWQ will complete to inform, build
upon, and advance thBSP

The unique and dynamic naturdtwLakeare well dacumented in the literature, especially as

related to the | akeds salinity and history of m
the railroad causeway across the central partthefLake in 1959, the salinity and chemistry of the

water is hought to have been wetiixed throughout the lake\{w.wildlife.utah.gov/gkl After the
causewayds completion, the main body of the | ak
arm. As a result of the predominance of freshwater inputs sotiie, the north arm of the lake

became much more saline and the south arm became density stratified, with a deep brine layer

variably underlying the mixed, lesaline surface water.

Salinity varies both spatially and temporally within the lake and ectdtl by lake levels, seasonal
fresh water inputs, and dikes and causeways that divide the lake. It rangdstty@hpercent in the
Bear River andrarmington Bagto 27 percentin Gunnison Bay (North Arm). The main body of the
lake, also known as the @&t Bay (South Arm) has salinity ranging ffam 15 percent (DWQ,
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2010). In addition, the lake water is alkaline with an average pH of 8.6, and is stratified in some
locations with a sharp chemocline occurring at approximatelyepitl. The water catuin at and
below this chemaocline (i.e., the deep brine layer) is anaerobic.

This varied water chemistry and complex matrix drives the fate and transpotiudéns in the lake

and has an effect on sampling and analytical procedures, possibly makidgrdtarethods

inappropriate. There is a need to understand these effects to make sampling and analysis of water
guality parameters and other variables more reliable. The following section identifies studies UDWQ
will complete with the objective of improvihg goals, objectives, and sampling and analytical
methodslescribed in the BSPigure4 illustrates how the studies will help inform andhade the

BSP Prioritization of these studies is detailed in Sebtion

Recommended Studi

Refined and accurate

Ll Ll e analytical techniques
techniques

Refined, standardized and
accurate sampling

techniques Baseline
Sampling

Found robin for water antissue
samping techniques

Plan

Enhanced monitoring
through refined sampling
location, frequery and
parameter

Synoptic Sampling

FIGURE RECONMENDED STUDIES TAPROVE UPON THE GRE2ALT LAKE BASELINEVEPLING PLAN

5.2 Laboratory Round Robin Study for Analytical Techniques

5.2.1 Problem Statement
Due to the complex geaahical properties of theake water, sample preservation, storage, and

preparation,as well as accurate analysis of target analyte®, challenging. Standard analytical

30



FINAL Core Component 2: Strategic Monitoringc&aResearch Plan

methods may fail to accurately measure certain analytes due to interferences from high concentrations
of total dissolved solids and other matrix effects. For examplayradrrobin study conducted by

UDWAQ for the assssment of selenium in tteke found selenium concentrations to vary widely

among different analytical techniques used (Moellmer et alg)28imilarly, USGR’as found that it

needed to alter its analyticahethods to accuratefyeasurenutrients ithe Lake (personal

communication, Harold Ardourel, National Water Quality Laboratory, USGS$huls prudent to

conduct ainterlaboratory comparisostherwise knowas alaboratory round robin study for key

target analytes irthe Lake water as part of implementing a leteym monitoring program. This will

help identify, develop, and validate reliable analytical methods for the lake.

5.2.2 Study Objectives
This study will focus on identifying, validating, and optigniaboratory analytical methods and will

provide answers to the following questions:

1 What analytical methods should be used for analysis opkéytans of concern ithe Lake?

1 Which laboratories are best suited for analyzing these samptesms oficcuracy,
precision, and cdt

1 What quality assurance procedures should be followed for accurate sample handling and
analysis?
Recommendations from this study will help standardize analytical methods among different agencies
monitoring and studying watquality and the ecosystem of the Lake.

5.2.3 Approach
This study will be conducted during the early phase @ &keimplementatiamd will focus on key

pollutans that are of high priority and pose the greatest risk tolthéc e 8 s e ThelLsaykset 6esm.
water dhiemistry varies widely; salinity ranges spatially fdota 20 percentin Gilbert, Farmington

and Bear River Bayand significant differences can be found between the upper and deep brine
layersin Gilbert Bay Theround robin will capture a range of cotidins to provide assurances that
the methods used for lotgrm monitoring apply at all conditiofigst water replicating a range of
salinites and composition of thake watemwill be shipped to an independent lab for replication and
spiking. The indepéent lab will replicate and/or spike each sample with known concentrations of
target analytes before shipping them to participating laboratories for the round robin study.

5.2.4 Variables to be Assessed
The laboratory round robin study will be conducted ferfellowing analytes in water samples:
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Total and methyinercury

Other metals and metallofiidotal selenium, total arsenic, total copper, total cadmium, total
lead, and totalzinc

Nutrientd total and dissolveahitrogen, total phosphorusthophosphate, tal Kjeldahl
nitrogenammoniaN, and nitrate+nitriteN

The round robin study will include the following analytical methods, though this may be adjusted

based on other valid findings of other reliable analytical methods:

T

5.2.5

Total mercuiiy EPA Method 1631, Reian E, using oxidation, purge and trap and cold
vapor atomic fluorescence spectrometry or equivalent

Methytmercurii EPA Method 1630 by distillation, aqueous ethylation, purge and trap and
cold vapor atomic fluorescence spectrometry and USGS methodsdoysqinase

ethylation, followed by gas chromatographic separation with cold vapor atomic fluorescence
detection

Total seleniuinHydride generatio® atomic absorption, hydride generatidmtomic
fluorescence spectrometer, dynamic reaction cell (DROyetdecupled plasmé mass
spectrometry (ICMS), and reductive precipitation with {18

Other metals and metalloidlEEPA Method 1640, DRC 8IS, collision cell IS, and
reductive precipitation with IQRS

Nutrientd Alkaline persulfate digestion metlsdfor simultaneous determination of dissolved
and total nitrogen and phosphorus, d@wel phosphorus determination by EPA persulfate
digestion (Method 365.1), or other US@Bommended methods

Participating Laboratories

Laboratories to be included irethound rdin study will be selected for their ability to comply with

the QARPrequirementand have National Environmental Laboratory Accreditation Certification with

the State of Utalor equivalent credentials

5.3.1

Problem Statement

Several local, state, and federal agencies are currently sampling walerliake for purposes of

monitoring trends in water quality and understanding impacts to the ecosystem and to the industries

that depend on resources frore tteake. Sampling has historically been done by different
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investigators with different study objectives. Further, the complex geocherthstbhaké water

may preclude the use of certain equipment and require unique calibration methods, preservation
metods, etc. These differences and issues may potentially bring the accuracy of water quality data
into question. Thus, it is important to standardize sampling techniques, sample preservation, and
instrument calibrations methods among all agencies. Iblgj¢letve of this study to facilitate a
discussion among current investigatotsother interested partiesxd complete a round robin study

of sampling methods as required to determine the best available method for use by agencies in
monitoring the wateguality ofthe Lake. This will facilitate more efficient data compatisdature

studies including lake assessments.

5.3.2 Study Objectives
This study will provide answers to the following questions:

1 What methods/equipment should be used to collect veatgtissuesamples fronthe Lake?

91 Do grab samples collected from a certain depth adequately represent lake water quality
versus composite samples collected across water depth?

1 At what deptis)should wateand tissusamples be collected froportions of Gillert Bay
that havea deep brine layer?

1 What method, vertical haul or horizontal tow provides the best representation of exposure of
brine shrimpa pollutants?

1 What field measurement equipment, calibration methods, and measuring procedures should
be followed for dissolved oxygen, salinity, pH, clarity, and temperature measurement in the
lake?

1 What quality assurance procedures should be followed for accurate sample collection,
preservation, storage, and handling?

5.3.3 Approach
UDWQ will facilitate a meeting afurrent Great Salt Lake investigatongerested agenciesnd

partiesto discuss current sampling practices. The discussion will focus on defining current methods and
equipment that are used, identifying when and where those methods and equigrasetar

includinghe benefits and risks of each, and achieving consensus on standardization of methods and
equipment to be used for sampling. The outcome of the meeting(s) will be SOPs for monitoring Lake
water quality that are accepted by participating agenciesr any method or equipment that merits
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further investigation and comparison, UDWQ will facilitate a round robin study, in partnership with
other agencies, to determine the preferred and recommended method for monitoringeake
quality.

Information gthered from this study will inform and improve upon existing water sampling SOPs and

standardize them for use among all agencies.

5.3.4 Variables to be Assessed
At a minimum, the following field water quality parameters and sampling methods will be addressed:

Dissolved oxygen measurement and instrument calibration
Specific conductivity

Density

pH measurement and instrument calibration

Temperature measurement and instrument calibration

Clarity measurement and instrument calibration

= =2 =4 =4 4 -4 =2

Sampling deptligrab sampleversus samples composited over depths and standardized
sampling depth for upper and deep brine layers)

1 Sampling equipment

5.3.5 Spatial Boundaries
In the case of a field round robin, water samples will be collected and field measurements conducted

at locationsepresenting typical salinity condisan Farmington, Bear River, Gunnison and Gilbert
Bays.

5.4.1 Problem Statement
The lake is both spatially and temporally dynamic in naliugeessential to characterize and

evaluae theL a kveafersquality for knowmpollutans of concern as well as emergpalutans as

listed by the EPA through an intensive 4bort synoptic sampling investigation. It is important to
verify assumptions regarding sampling locations and sedgbits theBSRwill monitor trends for
certainpollutans, this study will provideraferencefor other possiblg@ollutans and confirm

sampling locations/seasons. It will establish an impoefan¢nceof theL a k curdent water quality
condition, heln optimizing the lonermBSRand determine if and how water quality changes over

time.
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5.4.2 Study Objectives
This study will focus on developing recommendations to impr®&Hyeproviding answers to the

following questions:
1 What are the concentratns of potentigbollutans not included in tH&SP
1 Arepollutans of emerging concern presenthalLake?
1 How do concentrations pbllutans vary spatially and temporally?

1 What are the optiral sampling times (i.e., seasons) and locations to obtawda go
representation of the a kveafersquality condition?

1 How do the concentrations of some ejutans vary with lake flows, lake levels, and lake
chemistry (e.g., salinity, pH, temperature, dissolved oxygenHete. )fo concentrations of
this widelist of potentialpollutantschange over the loagerm?

5.4.3 Approach
This study will be cdacted over 1 year with monthdampling events to accommodate seasonal

effects and varying lake levels. Also, the study will be repeated every 5 years to capturgégboten
changesithel akeds water gquality andotheBSPCqlocateade or r ec
water and brine shrimp samples will be collected. All sampling and analysis will be completed per the
most current and accepted SOPs and QAPP (these doczumagriie updated per the recommended

round robin studies discussed previously). It should be noted that a round robin cannot be conducted

on all measured variables and characteristics. However, results obtained and lessons learned from
existing round robistudies will be referenced as needed.

5.4.4  Variables and Characteristics to be Measured
The following will be samplatkpendentbon available resources:

1 Physicochemical characteristics in Vaféow, depth, pH, temperature, specific conductance,
secchi diskeapth, turbidity, and total suspended solids

1 Chemical characteristics in watédissolved oxygen, salinity, total dissolved solids, biochemical
oxygen demand, and total organic carbon in water

9 Biological characteristics in wdidenterococcochlorophyll aphytoplankton identification and
enumeration, and zooplankton identification and enumeration (including brine shrimp)
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1 Major ions, metals and metalloidscollocated water, and brine shril@gluminum, antimony,
arsenicasbestos, berylliursadmium, calain, copper, chromium, hexavalent chromium, lead,
magnesium, manganese, total mercury, methyl mercury, nickel, potassium, selenium, silver,
sodium, thallium, and zinc

1 Nutrients in watér Ammonig\, total and dissolved phosphorogthophosphateptal and
dissolvedhitrogen, nitrate+nitritdN and total kjeldahl nitrogen

1 Future sampling will consider additional pollutants suehexgiagpollutans in water andbrine
shrimp Pharmaceutical and personal care products, endocrine disrupters, andrgersisinic

pollutants.

5.4.5 Spatial Boundaries
The study area will include the entire lake, including Gilbgrt@annison Bay, Farmington Bay

Bear River Baysample sitemay be adjusted based on accessibility, depth of water, weather
constraints, etédditional major riverine inflow sites will be considered dependent on available

resources.
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4. RESEARCH PLAN BBEATBALT LAKE

Great Salt Lakeds complex and uni quwregericharacter.
monitoring its water qualitgssessing itkesignateduse suppordnd implementing pollution control
programse xt r emel y chall enging. It is UDWQds objecti
methods for assessitige Lake. This section outlines a systematic and collaboratireaalp to

research that will enable UDWQ to

proactively fulfill its responsibilities under
The objectiwof these studieseto support: || ihe CWA.

1) Development afiumerievater quality
criteria specific to the Lake

2) Monitoring oftheLak® waterquality

3) Assessment tifeL a kdesigsatedises The research identified in this sedson

and :
’ : d d t udiat Uubw
4) Implementation of pdiln control estgne 0 aeduiatory s s C

programs responsibilities in collaboration with its
partners. These include supporting the

development ohumeriavater quality

criteria. monitoringand assessing desage use support and implementatiorpoflution control
programsThere are numerous questions that have been posed by researchers ovarsthas jleey

have sought to understand the geochemistry and ecology of the Lake. UDWQ has reviewed a wide
array of literature and attended numerous meetings facilitated by Lake researchers and stakeholders
to listen to and identify those issues that appedre of most importance to Lake water quality. A
detailed list of research questions, provided in Appendix A, was compiled by CH2M Hill. This list,
along with research questions defined as part of other Lake water quality efforts were consolidated
into asystematic research framework to leverage synergies between efforts and more efficiently
focus available resourceStudies were grouped into the following three research areas (with
corresponding section numbers in this document):

1 Common Need (Sectior2}
1 Open Water Research (Section 4.3)

1 Wetlands Research (Section 4.4)
While work is generally divided to address @en water and (2) wetland habitats, these habitats
overlap and provide opportunities for collaboration. The research outlined for thélsk wet | and s
ongoing and part of the State Wetland Program Plan
(http://www.deg.utah.gov/ProgramsServices/programs/water/wetlands/monitorind. hkhore
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details on the Wetland Program will be developed as part of Core Component 3 of the Great Salt
Lake Water Quality Strategy.

As discussed in previous secttbed ake provides innumerable opportunities for researchers to
investigate the unique and compleeiiactions and processes that regulate this dynamic resource. The
challenge is to review these opportunities and focus efforts and resources on areas most critical for
UDWAQ to fulfill its responsibilities. Further, there are many resoutitekake (e.g minerals, land,

wildlife, recreation, water resources, endangered species, water qualify,at@je inextricably

linked but are managed by different agencies. Thus, while this section focuses on the identification of
research t o dffortptppratettand DAV@h#H#leak eds water quality,
to note that many of these efforts overlap and help address other Lake resespasally where
designateduse support relates directly to biological resources and recreAtmilalorative

approach to planning, conducting, and reviewing these research needs is critical to efficiently and
effectively manag all of the resources dtiie Lake.

It i s UDWQ6s intent that the researchorasohudi es i
and coordination with the other state and federal agencies responsibleefora k e s r esour ces
UDWQ has already engaged with the Great Salt Lake Advisory Council andeotiitesto become

an active partner and participant in their planningl aesearch activities and they, in turn, in

UDWQds i nvesRHHSfiaGesadt nSal(e¢e. ¢gake Comprehensi ve Man
Technical Advisory Grougic). Ongoing coordination and support among agencies in this research is

critical for leveaging resources and focusing efforts to achieve management objectives.

One needcommon to all research neésishe formation and maintenance of a data repository for

use in UDWQds Great Salt Lake swilaffectbovtheylaev el op m
conducted, will influence how the results are implemented by UDWQ and its panthaffect the

availability of the data to the publi@dnother need common to all is a comprehensive model that

could be used to dynamically andiably predict the hydrologic input and response and the

hydrodynamics of the Lake. Such a model will improve the understanding of the lake dynamics, the
nature and causes of its fluctuations, and consequently assist in predicting lake fluctuatioas and wat
quality.

6.2.1 Data Repository
Problem StatementEffective assessments of water bodies and successful monitoring programs

require the integration of all available data from multiple sources. Local, state, federal, and other
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entities that are studyirthe Lake need to compile and manage data and analytical reports so that

the information gathered is understandable and available to decision makers, stakeholders, and

public audiences. This can be achieved by creating an online data repository, whakeddita

t hat meets UDWQ&s or the hosting agencyds dat a

Study ObjectiveThis project will focus on developing an approach for managing Lake data in a way
that enables UDWQ to work with data partners to sébfities, address major water quality issues,

and report status and trends more effectively. The database will allow streamlined data entry and
retrieval, meet datajuality, and provide effective agency and stakeholder use and public access to
the data.

Approach.UDWQuses database Ambient Water Quality Management SystgdVQMS)for

statewide water quality data that will eventually include data ftbelL a k e . UDWQd&s intent
develop independent but compatible databases for each of its special fedjieslevelopment of

the seleniumvater quality standardand assessmeswf mercuryand wetlands Upon completion of

these special studighese databases will be merged wARQWMS UDWQ will work with its

partners to identify a platform that allowlse public access toethakep r o j databs@ but also

databases maintained by others fine Lake data.

6.2.2 Great Salt Lake Hydrologic and Hydrodynamic Model
Problem Statementhe fluctuation of the Lake with climate and precipitation has an impact on it

water quality, biological communities, and on the industries that depend on its resources. Due to the
shallowness of the lake, small changes in lake levels result in large changes in surface area and create
a highly variable shoreline. Changes in wateamfity also have a measurable impact on lake

salinity.

Flow inputs to the Lake from tributaries and discharges have been monitored by USGS flow gauges
as part of other studies evaluating sources of selenium, mercury and nutrients (Naftz et al., 2009a;
Naftz et al., 2009b). Recentinternalsalt balance models were adapted to predict salinity changes

in Gilbert and Gunnison Bay as a result of an alteration (bridge opening) in the Union Pacific Railroad
Causeway (White et al. 2014; UPRR, 20I#)e USGS @urrently conducting studies to ustind

how inflows to theake mix with the open waters at the Gilbert BAGS, 2013

Though these studies have and will answer several questions on Lake hydrology and hydrodynamics,
to date, no comprehensive mosehvailable that could be used to reliably predict the hydrologic
input and response and the hydrodynamics of the loslahanges in the watershesluch a model
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will improve the understanding of the lake dynamics, the nature and causes of its flsicmation
consequently assist in predicting lake fluctuations and water quality.

This study will be conducted in collaboration pétiner agencies antesearch groups studying
watershedhydrology andlake hydrodynamics.

Study ObjectivesThe first objeate of this study is to develop an accurate hydrologic model for the
Lake that will be able to predict lake inflows, outputs (e.g., evaporation), and lake levels and will
serve as a useful tool in understanding changing lake salinities and pollutantsalieads. The
second objective of this study is to develop a hydrodynamic model of the Lake that will incorporate
the hydrologic inputs and outputs but also improve the understandinuttion and constituent
transfer between baywithin the Lake.ugh a model will be a critical first step in developing a
comprehensive fate, transport, and mixing model for nutrients and other pollutants.

Approach.To develop a hydrologic model, past information on flows to theihelkeing

groundwater inflowevapaation rates, and lake levels and mixing patterns will need to be compiled
and analyzed. The model will also incorporate the influence of water diversionsséaadd other
landscape characteristics on water and salt delivery to the Lake. This anfilpsisiseful to identify
data gaps and the need for further data collection. Existing and new information gathered will be
used to develop a robust hydrologic model for lialke.

The effects of surface heat flux and wind forcing on temporal and spatiations in flovand

mixing patterns within thake will need to be investigated numerically in a hydrodynamic model. The
effect of t he v ahasbeen ®cehtharkodeled fortha pugeswat gltering the
railroad causeway (White et al.024; UPRR, 2014As previously described, the USGS has already
begunwork to understanthixing patterngn the south end of Gilbert B&8¢SGS, 2013). A
comprehensive hydrodynamic model should incorporate the work préduettese models.Any

model wll require validation. This study will also validate the model by collecting more data and
comparing these with the predicted data by the developed model.

Three areas of research were identified to additbeneeds for the open watsof the Lake (the

open water includes allofthea k e 6s bays but does not include
focusareasare the waterthelower trophic level antheupper trophic levelsee Figur®) and are
described as follows:
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1. Water One of the highest priorities for establishing criteria and assessing if #re wat
quality is sufficient to support taquatic wildlife and recreationaesignated uses is the
identification of pollutants present in ttekeand the risk they may posAsmentioned in
earlier sections, some studies have already identified selenium, mercury, several other
metals/metalloids, and nutrients to be of potential concern, but many data gaps remain.
Information is needetd characterize the effects ofke hydrologyand chemistry on the
fate of these pollutants, to track past trends, to identify their sources, and to develop mass
balance models to aid in predicting future condit@rguantifying load reductions
Outcomes from t hese st wpmesehumearigriteriagndppor t UD
assessments by identifying\{djat pollutants are of concern, (2) how they are impacted by
the | akeds uni gqu ehow pollutam kadsnnghtroeé managgdandand ( 3)
regulated in the future to protect water qualiynditions in the Lake and provide
dischargers with more certainty in managing their effluent.

2. Lower Trophic LevelThe lower food chain components of the Lake are represented by
planktonic and benthic species, such as algae, bacedplanktorand
macroinvertebrates. Maintaining healthy populations of these species is essential for the
Lake ecosystem, as they form the critical aquatic food chain for the millions of migratory
birds that use the lake water during nesting and wintering. Nutrients angbollatants in
water may pose a risk either because they are toxic to lower organisms; passed up the food
chain to higher species such as birds, and humans; or because they negatively affect primary
and secondary production in water. Toxic pollutantsbhitaccumulate or nutrients can
cause eutrophication, resulting in adverse health and reproductive effects, or have negative
impacts directly on the ecosystem, such as eutrophication. Whatever the scenario,
understanding the fate and transport of thesdytahts from wateto the components in the
Lake food web is important for setting numeric criteria and assessing if pollutants are
adversely affecting the ecosystem.

3. Upper Trophic Levellhe upper food chain of the Lake is represented by several spécies o
birds that visit the lake every year for wintering and nesting. The Lake is extremely
important to migratory birds. One of the most important roles the Lake ecosystem has to
play is sustaining the migratory birds using the Pacific Figmeg portion ofthe Central
Flyway.It supports millions of shorebirds, as many as 1.7 million eared gaeles,
hundreds of thousands of waterfowl during spring and fall migration every year
(http://ut.water.usgs.ge/greatsaltlake/). For some species, the Lake ecosystem is important
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for breeding, for others the area is important during migration, and for still others the lake
provides important wintering habitat. Some species use the lake for more than onefaspect
their natural history. Thake and its marshes provide a resting and staging area for birds,
as well as an abundance of brine shrimp, bfiies, and other invertebrates that serve as
their food. Studies have been conducted to identify and enumeratiffierent avian

species in and around the Lake (Manning and Paul, 2003; Cavitt, 2006; Cavitt, 2008a;
Cauvitt, 2008b) and much work has been done to understand the effects of pollutants on
avian population (CH2MILL2008; Vest et al., 2009). The UDWR tiones to complete
research to understand the use of the Lake by birds and how to better manage this resource.
However, scientific uncertainty exists, and there is a need for further research to enable
UDWAQ to accurately assess the aquatic wildlife desgghase.
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Great Salt Lake Ecosgm Recommended Research

Upper Food Chain Model trophic transfer of upper
(Birds) food chain

Acute and chronic toxicological
testing

Assess the effects of salinity on t
planktonic and benthic communiti

Model trophic transfer of lower foo
chain

Lower Food Chain

(Periphyton, Phytoplankton, Zooplanktd
and Macroinvertebrates)

Compile pollutant benchmark
concentrations

Open Waters Assess pollutant sources and loac

Assess pollutant cycling between
water and sediment

FIGUREB RECOMMENDED RESEARCHSUPPORT THE DEVEMENT OF CRITERINB ASSESS THE
AQUATIC AND RECRE®NAL DESIGNATED USES

4.3.1 GreatSalt Lake Open Water Research

COMPILBVATER QUALITY BENGHRKS TAPRIORITIZEOLUTANTRAND DEVELOP
CRITERIA
Problem Statemen®ollutanispecific water quality benchmark concentrations can be used to define

threshold values against which measured concentrations can be cotogeelpdassess the potential
effects ofpollutans on waer quality. Benchmarks are pollutant concentrations that are likely to result
in adverse effects to aquatic and aquatiependent life. Both the USGS and EPA have benchmark
concentrations for sevegllutans in surface water; however, these are eifbefreshwater or

marine water bodies. Sintiee Lake is unique with varying levels of salinity, these benchmarks are not
applicable for all conditions. A review of the literature is required to identify potential water quality
benchmarks for the salingegnd speciesbserved in the lake and also to determine if these
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benchmark concentrations appear to be appropriate for thed.&@dweh More discussion of this
approach and the research necessary can be found in Comgoi¥nposed Approach for
Devebping Aquatic LifeNumeic Criteria for Priority Pollutants

Study ObjectivesThe objectives for this study are as follows:

1 Conduct a literate review to identify thé.ake organisms and potential water quality
benchmarks fguollutans that have been ghtified to pose risks to tlaguatic wildlife
designated usef theLake, for waters with various salinfiigsom fresh to hypersaline.

1 Validate the applicability of these benchmark concentrations by looking at how they were
derived. Were the benchmarkerived using elements of the food chain that are analogous
to the Lake (e.g., a marine benchmark developed to protect fismwigye applicable to the
Laked gpen waters)?

1 Compile benchmarks and supporting documentation in a repardfdte reviewed ad
endored by Lake research groups and stakeholders. The intent of the benchmarks is not to
serve as numeric water criteria but to provide a tool, similar to those used in risk assessments
that can be used to evaluatethea k e 6 s wat er qureadkcisibong. and gui de

Approach.A literature review will be conducted to define the organisms that live in and rely on the
waters ofthe Lake for sustenance. The literature review will also identify applicable water quality
criteriain use today, as well gmlluant concentrations identified by researchers as significant
thresholds or benchmarks for the survival of various elements in the food web. Efforts will be focused
first on thepollutans targetd by the BSRnd then be expanded to include other possjiattutans

as identified by the synoptic sampling effort or deemed necessary by UDWQ. Benchmarks will be
grouped by their salinitglass as defined in Componerti.2., freshwater, marine, and hypersaline
waters).

Historical and ongoing water quality anther ecological data, such as collocated concentration of
pollutans in waterand transfer through the food web, and any observed negative effects on avian
reproduction, may be used to determine the degree to which the preseaiki@ang in

concentratins above the benchmarks demonstrate toxicity. This effort will require collaboration with
other studies identified in this section.

All applicable literature will be compiled into a comprehensive review summary, including a list of
identified benchmarkoacentrations, name, location, and percent salinity of the water body and how
existing studies determined these benchmark concentrations. Available thresholds or benchmarks will
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be evaluated in terms of the similarity of methods, organisms, or toxidatbgieacteristics used to
derive them with parallel characteristicsteLake. Benchmarks that were developed using similar
elements of the food web will be of particular interest.

Work completed as part of this study will be conducted in coordinatiantv  UDWQ& s Wat er
Standards WorkgroupData collected as part of thBSHsection 2 of this component) and the
synoptic sampling study (section 3) will be used to compare to relevant water quality benchmarks

POLLUTANSOURCES AND LOADS
Understading the sources and loadspdllutans that are suspected to threaten or concluded to

impair thedesignated usesf the Lake is essentitd protecting the water quality. Recent studies to
develop water qualitycriteriaand assesthelL a k defigrated gesfor impacts from selenium,

mercury, and nutrients each resulted in an evaluation of sources and loadsdlthies® as part

of the study (Diaz et al., 2008; Naftz et al., 2008; Peterson and Gustin, 2008; Naftz et al., 2009;
UDWQ, 2011). Mass batece models have also been developed for selenium and mercury (Johnson
et al., 2006; Diaz et al., 2009; UDWQ 2011). However, these studies and meiieised to be

revisited to identify gaps and to refine the understanding of wherpdhegtans come from and what
happens to them within the lake.

Sources, Loads, Mass Balance, and Mixing of Nutrients in Great Salt Lake
Problem StatemenEarmington Bay in theake was found to be hypereutrophic by a study

conducted by Wurtsbaugh et al. (28)0 The bay reeives discharges from several wastewater
treatment plants, the Jordan River, and a sewage canal. It receives nutrients from both point and
nonpoint discharges. Also, water samples collected during the summer of 2006 from the bay indicated
the presence ofy@anobacteriunNodularia spumigen@aising concerns about the water quality of the
bay. In contrast, the algal population inlé&rt Bay which is supported by nutrients, is an important
diet for brine shrimp and brine flies. Some studies show that Ramf&y nutrient inputs are critical
influences on the lake, especially for Gilbert Bay (Belatsdy, 2011). In Component 4 of ther€at

Salt Lake Water Quality Strategy, UDWQuwill developa plan to understand and assesgient

dynamics ithe Laké Isays An improved understanding of sources, loads, and a mass balance of
nutrients within the lake will help in understanding its effects and in managing them. This study will
identify the sources of nutrients entetitej_ake, estimate total loads, adévelop a mass balance

and mixing model for nutrientstive Lake.

Study ObjectivesThis study will begin with identifying the sources and loads of nutrients from
tributaries and municipal and industrial discharges to the lake, as well as from flgk gadments,
if any, and in developing a mass balance of nutrients in the lake. A nutrient and biological mixing
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model will then be created for the lake of nutrient fate and transport. This information will then be
incorporated into Core Component 4 & Strategy that will develop a nutrient assessment plan. It
willalsobeused to inform the UDWROs brine shrimp pop:

Approach.Quantification and modeling of nutrients and water column biota response provides the
crucial biologicalptake and chemical recycling that is the underpinning for any subsequent
waterbornepollutantfate and transport modeling for the lake. The studies and modeling must begin
with the development of an accurate hydrodynamic model with added componentsibe dasiaity

and nutrient dynamics.

Hydrodynamic model components have been previously described; additional data to support a full
nutrientdynamicsnodel include the following:

Quantification of all influent loads of key nutrient species

Internal sedinm@ losses and fluxes to the water column

Atmospheriexchange

= =4 =4 =

Water column planktonic processing and transformation of nutrients; seasonal measurements of
algal biomass, chlorophyll, and nutrient content

9 Interbay transfer

Sources, Loads, Mass Balance, aMixing of Selenium in Great Salt Lake

Problem Statementlaftz et al. (2008b) conducted a study to identify the sources and loads of
selenium enterin@ilbert Bay Both continuous and rmontinuous stream gages were used to collect
flow data from inflowdo Gilbert Bayand the concentration of total selenium, as well as selenium
species, were measured to evaluate loads tddke. The study concluded that additional

unquantified sources may be contributing substantial masses of seleniurthiaakeThese

sources may include loads entering from unmeasured surface inflows, groundwater discharge, wind
blown dust that is deposited directly on the lake surface, wet and dry atmospheric deposition falling
directly on the lake surface, and lake sediment peager diffusion into the overlying water column
(internal loading). A separate mass balance was also developed for sele@iberhBay(Diaz et

al., 2009a); however, increases in total selenium concentration during the study also indicated the
possildity of unquantified sources entering the lake.

To understand the effects of seleniumeaétke ecosystem and be able to manage its loads in the
flows entering theake, it is essential to have a strong knowledge of sources of selenium and its mass
balance in theake. This will also include sources to Bear River Bay and Farmington Bay. An accurate
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guantification of internal loading and exchange between sediments, the deep brine layer, and the
surface layers will be critical to understanding the beha¥iselenium and other elements in the
Lake. Such an understanding will enable UDWQ to better link the effextoming loads of selenium
on its concentrationliake water.

Study ObjectivesThe objectives of this study are as follow:

1 Identify the sonees and loads of selenium enter@itbert Bay, that were not addressed by
Naftz et al. (2008b)

1 Identify and quantify sources and loads of selenium in Bear River and Farmington Bay

1 Refine and validate the selenium mass balance model developed by Rla@2é&09a)

Approach.As previously mentioned, the USGS and research teams from the University of Utah have
recently completed studies on understanding sources anafeadsnium entering thake. The

USGS is currently looking at groundwater disaasga potential mechanism for additionalrses

of selenium to thieake(USGS, 2012)For this research work, it is important to collaborate with these
teams to build on existing data and fill in gaps in current understanding.

The components of a masdamce model for selenium will include all sources of external and internal
loading to the water column as well as a quantification of the loss terms of permanent burial and
volatilization. All of these factors need to be tied to a loading and mixing nitatehccommodates
influent loads and hydrodynamic mixing inlttdee. Such a model will be an effective tool to predict
lake-wide selenium concentrations that may occur in the future in response to changes in external
loading.

There is a lack in the colage understanding of volatilization of selenium from the lake. Thus,
improving this understanding through literature review and sample collection and analysis will be an
objective. Also, efforts will be made to address the uncertainties in measurevotattliaation.

Sources, Loads, Mass Balance and Mixing of Mercury in Great Salt Lake
Problem StatemenMethytmercury concentrations that have resulted in impairments in other waters

in the United States have been measurddehake.Three species @faterfowl are contaminated

with mercury making them unfit for human consumption. These findings prompted considerable
research to characterize mercury concentrations in various media, as well as efforts to identify sources
of mercury® theLake(UDWQ, 2011). Recently, UDWQ), in collaboration with the USGS, completed

a study that estimated loads of total mercury to the lake through its riverine inputs and as a result of
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atmospheric deposition (UDWQ, 2011; Naftz et al., 2009). The study concluded that times$t i
mercury present iBilbert Bayis likely contributed by atmospheric deposition of mercury. The load
from atmospheric deposition was found to be far more than what was being discharged by the
riverine inputs to Gilbert Balg.will be important ¢ better understand how mercury is being
methylated withithe Lake so that solutions to this problem may be evalu@tedlar to selenium, a
mass balance and mixing model of mercury also needs to be developed. Knowledge of these will
help understand angredict how the existing loads might affect the ecosystem fiattiie and thus
inform decisiemaking.

Study ObjectivesThe goal of this study is to identify the unquantified sources of mercury to Gilbert
Bay, to develop a mass balance and mixing moélehercury for the lake, and to better understand
the mechanisms that regulate the methylation of meradheLiake.

Approach.Many of the data needs for this study are the same as for selenium mass balance studies,
and efforts will be synchronized witte selenium study and the hydrodynamic model previously
presented. Additional work is needed to create the analogous quantification of mercury (and
methylmercury, as needed) in water, sediment, and biota, as was done for selenium. Ongoing
research intthe methylation of mercury will be supported, particularly to understand the role of
bacteria and the deep brine layer.

HYDROLOGY AND CHENMRXYAFFECTS TO TRELLUTANSTOF CONCERN
Problem Statement.ake levels and basic lake chemistry characteristicasgalinity, dissolved

oxygen, pH, temperature, density, and clarity play an important role in affecting the fate and
transport and in transforming thellutans that enter the lake. It is essential to understand what
happens to thesgollutans withirthe lake waters to gain knowledge on their fate, as well as in
regulating them. Such general knowledge is an important component of the loading, fate, transport,
and mixing models for various constituents used to develop water qutdiiy, assess wate

guality, and developing UDPES permit discharge limits.

Study ObjectiveExplore available data to determine relationships between prirpallytans and
lake water chemistry and hydrology as may affpotlutantfate and transport.

Approach.Thisstudy vll usedata gathered by the BSescribed in Sectighand the synoptic
sampling plan presented in Sect®biWhile the BS®ill monitor trends in the primagogllutans listed
previously, the synoptic sampling plan includes extensivialy samplingcross the lake including
thepollutans that have been identified to pose risk to designated usesf the Lake and other
water quality parameters that would represent the lake hydrology and chemistry. Further, the
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synoptic sampling event is to be complete a 5year basis. Analysis of these data could be used to
study how varying chemistry and hydrology (inows, lake level) affegiollutantchemistry.

POLLUTANTNTERAGNCTIONBETWEEN WATER AN BEENT
Problem StatemenManypollutans, such aselenium and mercury, areufa naturally within the

Lakeds watershed. However, it i spobutassbasmasdel y
likely increased since the watershed has developed and urbaiNaéid ét al., 2000. Thela k e 6 s
natural processes would likely cause many of theBetans to precipitate from the water column

and be deposited in lake sediments. Tlaks, sedimestprovide an invaluable record of how

conditions ithe Lake have changed with time.

This study seekshetter understand the sedimentation rates througheugke, longerm
precipitation rates of varioymllutans, and the permanent burial loss ratepalfutans. The use of
brine shrimp cysts found in the sediment column can be used as an additibeabf historic Lake
productivity.

Study ObjectiveThe objective of the proposed study is to provide answers to the following questions:

1 What are the historic sedimentation rates througheuitake (confirm and build on the work
completed by Johnseh al. [2008] for the UDWQ selenium study)?

1 What are the historical trends in concentratioqmbhfitans that have been identified to pose risk
to thedesignated usesf the lake?

1 What are their sedimentation/precipitation rates?

1 Dopollutans in sedinm@s release to the water column of the Lake as a result of lake chemistry
and natural sediment diagenesis and is such sediment flux affected by changing lake chemistry
(deep brine layer movements, seasonal anoxia, etc.)?

1 What is the permanent burial raté key pollutans?

Approach.To determine historical trends in concentratigmsllotans, sediment cores are a

commonly implemented method. This procedure determisdestprizal conditions and the impact of
human activity in a watershed. Some sedic@etstudies have alrdg been done for thé.ake,

focusing on reconstructimgtorical changes in thake and also on selenium and mercury (Naftz et

al., 2000; Naftz et al., 2008 Naftz et al., 20093 Naftz et al., 2009b;Oliver, 2008;

UDWQ,2011). Infemation from these studies will be used to design new data collection as needed.
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Sediment core samples were also collected and analyzed to determine sedimentation rates of
selenium by Oliver et al. (2009).

Several studies may be required to address thedives listed previously. While funds may become
available to address one objective (i.e., stpdjlutantlevels in sediment for opellutan}, such a

study should be coordinated with UDWQ to leverage this effort to also address as many other
objectives as possible. This may require-sbstring to obtain additional samples and/or complete
further analyses. Following are a list of suggested studies:

1 Review past work to establish sedimgatarates throughout theke. Complete additional
sediment corestudies as needed to refine the map developed by Oliver (2008). Existing and
new cores will be dated using le2d0 and cesium to understand sedimentation rates and
howpollutantlevels in sediment have changed with time. The objective is to bettetamuders
where efforts to understand histgrallutantdeposition will be targeted.

1 Sediment coresill be analyzed to address, at a minimum, the primary constituents of
selenium, mercury, nitrogen, and phosphorus. Combined with sedimentation rates, trends i
pollutantlevels will be identified both temporally and spatially across the lake. The
stratigraphy of intact cores and porewater can be used to estimate diffusive flux rates to and
from the overlying water.

91 Laboratory studies with intact cores to qfamollutantflux (e.g., Byron and Ohlendorf,
2007).

Release opollutans from sediment to water column can be inferred by collecting collocated water
column and sediment samples. All water quality parameters, such as pH, dissolved oxygen,
temperature, arity, and salinity, will be measured along with sample collection. Data from these
sampling efforts will be used in conjunction with core and flux studies to determine any flux of
pollutans into or out of the sediments.

6.3.1 Great Salt Lake Lower Food Chain
The following sections present studies that need to be addressed to improve the current understanding

of the Laké Iswer food chain (see Figurg. 5

EFFECTS OF SALINDWWPLANKTONIC AND BEHIC COMMUNITIES
Problem StatemeniThe salinity ofhe Lake is gatially and temporally diverse across the open

waters. It is saturated in the Gunnison Bay, varies between 6 to 15 percent across the Gilbert Bay,
remains low in the Farmington and the Bear Biags ands almost negligible in the wetlands
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depending orthe lake level and freshwater inflow to the wetlaritlalso varies with depth at certain
locations in Gilbert Bay where the deep brine layer is present. Such variations create environments for
different types of planktonic and benthic species to growsamdve. However, to maintain and

manage thd_akeecosystem and itkesignated use# is essential to protect those habitats that

provide food sources to brine shrimp, brine flies, and other macroinvertebrates. Thus, it is important to
gain an understating of how salinity might affect the growth and survival of these essential species.

Study ObjectivesThis study will focus on understanding the effects of salinity on planktonic and
benthic species the Lake and will provide answers to the followingstions:

1 What species are supported by the varying percent salinity in Gilbert Bay?

1 What species are supported in Farmington Bay, Bear River Bay, and their associated
wetlands and how are they different from those in Gilbert Bay? How does varying salinity
affect these species?

1 How are critical invertebrates affected by the saturated conditions of GuBagadn

Approach.The DWR has been enumerating and studying planktonic and benthic communities of
Gilbert Bayas part of the Great Salt Lake Ecosystem Runogresearch. The Great Salt Lake Institute
at Westminster College has also been completing groundbreaking workrotethacteria play in
theLake(Baxter et al., 2013 This study will be completed in collaboration with the UDWR and the
Great Salt Lakdnstitute.

Planktonic and benthic organisms will be sampled at two locations in Farmington Bay and Bear River
Bay, respectively; two locations in Gennison Bayand four locations iGilbert Bay, each

representing different percent salinity. During@ang, field measurements of water quality

parameters, especially salinity, will be documented. All samples will be identified and enumerated.
Appropriate statistical methods will be applied to evaluate correlations between variables.

Results will be compeal withpreviougesearch completed by the UDWR and Great Salt Lake

Institute and evaluated in terms of the salt balance model developed by the USGS and Utah Division

of Water Resources. The end product will be a report summarizing the ranges obbeianitgd

and what drives ¢ hangebays A discussaoh wilhbe providdd nkithee ac h o f
Lake organisms to these salinities and how they respond to changes.
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DEVELOP TROPHIC TEBARR MODEL FOR LOWHEROD CHAIN
Problem StatementJncerstanding trophic relationships for bioaccumulatilatans, such as

selenium, mercury, and arsenic, is an important part of advancing our knowledge on the dynamics of

thesepollutans inthe Lake, as well is in management and decision making to tpiteg@cjuatic

wildlife designated use | n
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Thus, there is a need to improve the existing trophic transfer and bioaccumulative models and expand

them for use across #tle bays of the LakeThis studwill focus efforts to establish a robust trophic

transfer relationship e Lake onlyfor thosepollutans that have been identified to pose a

bioaccumulative risk. Though presented as a single study here, this project may be divided into

several subcagories, each handling a singlellutant
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Study ObjectivesThe objective of this study is to establish trophic transfer relationships of
bioaccumulativpollutans inthe Lake between water, benthic and planktonic species, and different
life stages of bine shrimp and brine flies in a way that will be robust and could be used in
developing water qualitgriteria determining UPDES permit limits, anelsasyy the support of the

L a k amudasc wildlifedesignated use

Approach.Collocated samples of watebrine shrimp and their cysts, and brine fly larvae and pupae
will be collected from the lake. Datiaom the BSBnd synoptic sampling studies could be used but
may need to be augmented

Statistical relationships, useful for improving existing biodymamadiels and establishing new models,
will be developed based on the analysis of seasonal and synoptic data. Theitldte developed

into trophic dynamic relationships (ratios) describing trophic transfer coefficients between water and
invertebrates (owater, seston, and invertebrates). Alternatively, regression relatiomghesused

to infer causal relationships between wadierne and tissue concentrations for vanmlisitans. The
relationships and resulting modeik be used in support @n ecological risk assessment, the
development o€riteriafor the lake.

ACUTE AND CHRONTOXICITY TESIG
Problem StatementComponent 1 includes tbempletion ohcute and chroniaboratory toxicity

tessas part of the process for the development atev quality criteriafor the Lake.As part of this
processUDWQ will complete a review of the literature to identify available toxicity data that are
pertinent to the organisms and salinities observie: icakeecosystemf data gaps exist, then
UDWQwill complete laboratory toxicity tests to determine the toxicity of vapollistans to

organisms that existihe Lake and in the salinities they experience. This information is critical for the
development of numeric criteria that are protectivenese organisms and thgquatic wildlife

designated uséhey represent.

UDWAQ is evaluating which organisms, salinitiespalhdans are relevant to the development of
water qualitycriteriafor the Lake and will be completing a literature review to defappropriate
toxicity data and benchmarks for usdtieLake. As such, the actual number and targets for the
toxicity testss ongoing and dependent on available resources

Study ObjectiveThe objective of these studies is to determine the toxigpeoifigpollutans to the
organisms that exist in the various salinitiéisedfake.

Approach.Per the literature review previously discussed, UDWQ will identify data gaps in available
toxicity data for the organisms and salinities observéldeihake.Critical toxicity endpoints will be
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identified and prioritized and then laboratory toxicity tests will be designed and implemented. The
approach and level of effort for completing a laboratory toxicity test depends opdiietantand

toxicity endpoint bimg evaluated (e.g., acute systemic, dietary, or reproductive). Care must be given
to ensure the studies address the proper pathway of administration, measure of toxicity, time and
number of exposures, form of thellutantused, and the appropriate endpti

6.3.2 Great Salt Lake Upper Food Chain
Studies have been conducted to identify and enumerate the different avian species in antharound

Lake (Manning and Paul, 2003; Cavitt, 2006; Cavitt, 2008a; Cavitt, 2008b) and much work has been
done to understand theffects of
pollutans on avian population
(CH2MHILL2008; Vest et al., 2009).
The UDWR continues to complete

WATERFOWL AT FARMINGN BAY

research to understand the usehef
Lake by birds and how to better
manage this resource. However,
scientific uncertainty exists, and therek ._ “ L
isa need for further research to
enable UDWQ to accurately assess

the aquatic wildlifedesignateduse.
The following sections present these \‘ ;
research needs.

AVIAN POPULATION USE GREAT SALT LAKE
Problem StatemenThe UDWR conducted ayBar study conabling in 2001 to identify the species

of waterbirds and enumerate them through a bird surRayl(and Manning, 20Q2Manning and

Paul, 2003). These comprehensive surveys were conducted from 1997 to 2001 and focused on areas
where birds were most abundantluding th@pen watersshoreline, and associated wetlands,

including the three major delta regions and nearby wetland complexes that drdireioade. This

study identified 55vater bird species that use the lake and highlighted the effect of lekaton

on bird use and numbers. The UDWR continues to condustksgbird surveys, and the USFWS is
currently monitoring nesting birds in Bear River Migratory Bird Refuge.

There have been some focused efforts to survey Great Salt Lake birds p0aeitiCavitt, 2008a;
Cavitt,2008b). These studies were designed to provide specific information relating to diet and
pollutantexposure. Although reproductive success is the most critical endpointgoH unest
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effects, a secondary critical endpdamtdequate body condition, which is required by birds using the
Laketo successfully survive the winter and migrate. Migratorpesiimg species, such as eared

grebes, phalaropes, and ovarintering ducks, depend on tteke and may be affected by food
bornepollutans during their time athe Lake or as they continue their migration. These migratory non
nesting species will be monitored if there is reason to beliesed on literaturghey are more

sensitive tpollutans than nesting species. Irddidn, little is known about tipellutantlevels that

these birds are carrying when they arrive at take and whethetake pollutans affect their survival

after they leave thdake. Periodic surveys are required to track changes in the number aies spec

of birds using theake Tracking avian populations also serves as an important indicator of the
environmental conditionstbé Lake and other water systems they might use along their migratory
paths. Thus, studies will be completed to survey aearesphat usthe Lake for foraging,
wintering, and nesting. As the UDWR is already
to encourage, coordinate, and collaborate to address specific issues that pertain to the assessment of
L a k aguiasc widlife designated use

Study ObjectivesThe objectives of these studies will be to conduct bird surveys to identify avian
species that ugbe Lake for foraging, wintering, and nesting; identify the areas they use for these
purposes; and evaluate hohese populations change in terms of location, foraging, and nesting.

Approach.Comprehensive surveys by agencies such as the UDWR and USFWS that track population
use and trends by species will be encouraged and supported and these data, along witlstather h
survey data, and will be used as an indicatot.akewide bird use as related to environmental
conditions. Avian surveys conducted by the UDWR (2001; Manning and Paul, 2003) will be used as
the baseline for a longerm avian monitoring program.€Ble surveys will be conducted periodically

using the same methods as UDWRestud

Surveys will be targeted to complete the following:

1 Surveys will be conducted of migratory species breeditigedtake. Species, their numbers,
and the locations they ufs foraging and nesting will be tracked to identify population
trends. Foraging patterns and diet items will be determined for each species so as to
determine if and howollutans may put these birds at risk. In addition, studies will be
designed that llimonitompollutantlevels in the eggs of birds that ube Lake waters as a
food source and breed along its shores (note that selenium and mercury in bateeggs
monitored as pd of the BSR
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1 Surveys will be conducted of migratory nonbreeding spesiag methods similar to the
surveys being conducted for nesting birds at the lake. Species, their numbers, and the locations
they use for foraging will be tracked to identify population trends. Foraging patterns and diet
items will be determined for elaspecies so as to determine if and lpmlutans may put
these birds at risk. In addition, studies will be designed that will muoiltdantlevels in
birds arriving athe Lake and their accumulation during their stay. Birds will be tracked to
determne survival after they leaviie Lake to move on to their breeding grounds.

DEVELOP TROPHIC TRABRR MODEL FOR UPPERD CHAIN
Problem StatementJnderstanding trophic relationships for bioaccumulatigtans, such as

selenium, mercury, and arsersi@n important part of advancing our knowledge on the dynamics of
thesepollutans inthe Lake, as well
as in assessing taguatic wildlife
designated useAs a part of
UDWQds extensi ve
the effects of selenium in thake
ecosystem, @it (2008b) and
Conover et al. (2008a) conducted
studies to determine trophic
relationships of selenium in water,
sediments, macroinvertebrates,
adult birds, and bird eggs for
shorebirds and California Gulls. A
conceptual model was developed
by CH2MHILLdescribing the
bioaccumulation of selenium from
water to brine shrimp (adult and
cyst) and diet to bird egg.

However, improvements were

HEN TO LINK DIET ®FOTHER HEN TO EGGS

suggested in these relationships,

including improving confidence in

relating water concentrations to bird egg conditimother study by UDWQ in collaboration with the
Utah DNR, USGS, USFWS, and EPA on ecologesdrassit of mercury on theke also underlined

the need for more information on correlatiopolffutans in avian species and their diets. Current EPA
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guidane for implementing tissue based water qualiiyeriafor methylmercury recommend the
development of these relationships to support permitting.

SAMPLING SHOREBIRIISLINK DIET TO BIRGGS
This study will establish a robust trophic transfer relapdoestaveen avian species, their eggs, and

their diets inthe Lakefor thosepollutans that have been identified to pose a risk to dlg@atic
wildlife designated useThough presented as a single study here, this project may be divided into
several subcatries, each handling a singlellutant

Study ObjectivesThe objective of this study is to establish trophic transfer relationships of
bioaccumulativpollutans inthe Lake between avian diet, adult avian species, and their eggs in a
way that will berobust and can be used in management decisions.

Approach.The results of previous studies on the feeding and nesting habits of birds and the results of
the bird egg monitoring study for selenium and mercury will support this study. It can be difficult to
establish a relationship between concentratiopslaftans in macroinvertebrates, adult birds, and

bird eggs because the proportion of dietary items can be vastly different among individuals. This
study will collect samples of macroinvertebrates tedtitds feeduponona weekly basis for about

5 weeks before the nesting season. This will provide a good picture of the varialpbtiutzns in

the diet that the birds are exposed to during the egg production period. The relation to adult birds

will be established by either trapping or drawing blood samples from nesting birds or harvest adult
birds and collecting blood and liver samples for the analypslaftans.

While establishing a work plan for this study, it will be essential to collabdthtagencies, such as
the USFWS, that are currently researching contamination in bird eggs and their risks to avian
reproduction.

THE EFFECT GELENIUM AND MERCWURYGREAT SALT LAKE AVRROPULATIONS
Selenium and mercury have been the focus of resgia2006. While much has been learned,

much remains to be understood to assess their imphaet aquatic wildlifedesignated usan

particular to tle avian population of theake. The following work addresses key issues that pertain to
UDWQ®&6 s ngoftheltaker evaluation of that data, and assessiggatic wildlifedesignated

use

Bird Egg Monitoring for Selenium and Mercury in Great Salt Lake
As pat of the BSHsee Sectio) and to support the assessmerthefaquatic wildlifedesignated

useand the selenium numeric water quality standdBMWQ monitors selenium and mercury
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concentrations in adult avocet and stilt eggs and their associated food web (i.e., water, sediments, and
macroinvertebrates).

Studies to Understand the Potential Interactibetween Selenium and Mercury and their
Effects on Aquatic Birds
Problem StatemeniThe ecological assessment studies conducted by UDWQ on selenium and mercury

intheLake (UDWQ, 2011CH2MHILL2008) identified the need to understand the interaction of
selenium and mercury and their effects on the avian species in the open watetsak€ During the
selenium assessment study, high selenium concentrations were found in the blood and liver of
shorebirds (American avocets and blaekked stilts) comped with those identified in invertebrate
food sourcesOne possible explanation posed for the high concentrations fotimelLztke was the
potential interaction with elevated mercury concentrations (Santolo and Ohlendorf, 2006). Both
mercury and seleniusgem to act antagonistically forming a stable complex. This complex may act to
increase both the retention and buildup of mercury and selenium inTissuateraction of these two
pollutans in eggs and the effects to embryos is very complex. Edgslestited selenium alone
seem to have lower hatchability than eggs with elevated selenium and mercury; however, the
deformity rate appears to be higher in the eggs with selenium and mercury.

This study will focus on addressing and understanding this issue

Study ObjectivesThe objective of this study is to understand the interaction of selenium and mercury
in avian species dhe Lake and to understand how this interaction might adversely affect them.

Approach.UDWQ will approach this issue in two plsadée first phase will build on the data

obtained from the selenium study completed by UDWQ in 2008 to confirm observations that were
made. This will require measuring mercury levels from the sample sites of the selenium study, as well
as analyzing conctmations of mercury in bird tissues. This will provide information and reasoning for
the highetthanexpected blood selenium concentrations that were fouhd selenium study
(CH2MHILL.2008). Concentrations of mercury in the kidneys of birds thatanehizved during the

study will be measured. Some studies on interactions of selenium and mercury in birds have looked at
kidneys as well as blood and liver. Analyzing kidneys for mercury will not only determine if there was
elevated concentration of mergat the sample locations but also may determine if the higher

selenium concentrations found in blood were due to higher mercury than the other sites.

The second phase of research will focus on laboratory toxicity tests to evaluate the observed
interactim and its effect on thaquatic wildlifedesignateduse. This phase of research will require
close coordination with the UDWR and the USFWS.
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Concerns about the potential impact nutreads may be having on

the Lakeéd wetlands have propted UDWQ and others to initiate two
wetlands researcéffortssince 2004.In 2004, a study was initiated to
characterize the ecosystem of Farmington Bay, with a goal of
understanding the physical, chemical, and ecological processae thi
criticaltohe i ntegrity of Far mingled:r: System.
to the development of a wetland assessment framework to evaluatt
relative condition of theake immpounded wetlands. In 2011, UDWQ
initiated the Willard Spur sampling and research prograith thie
objective of understanding how to better protectdbsignated usesf
Willard Spur waters. These two research programs are inmgrov
understanding of thieake wetlands; however, further study is required
to enable UDWQ to effectively protectehiesignated usesf these
wetlands. This section summarizes ongoing research but also iden
additional needsinCore Component 3 of ther€at Salt Lake Water
Quality Strategy,a planwill be developed tassess and manag
wetland water quality thatiraws on these existing studies.

6.4.1 Wetland Assessment Framework
Problem StatemenRe sear ch t o character.] alt Lak
wetlands has uncovered numerous new questions regarding how these

L . . FIGURE WETLAND
wetlands may be best protected. Complexities in the biological, STRATEGY FOR GREATL S
chemical, and ecological functiohthe wetlands make determination LAKE
of suitable numeric criteria for these wetlands difficult. Discussion of
using only narrative criteria to protect the wetlands meets with significant concern as narrative criteria
alonemay not be adequate to protect tltkesignated usefegardless of the water quality
standards that are implemented in the future, an assessment fr&f@awbe wetlands of theake is
vital to moving forward. This framework, and the science that defindsserve as the baseline for
documentingvhetherand how thadesignated usesf these wetlands are protected. This framework

will also serve as the foundation for a new, proposed approach to managihgalhee 6 s . wet | ands

Study ObjectiveThe objedte of this research is to develop an assessment framework that can be
used by UDWQ to assess ttatative condition of theakeé wetlands and identify areas that may
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not be supporting thettesignated use&JDWQ can thenonducfocused research on themeas
and determinewhether appropriate designated uses are being supported

Approach.UDWQ and others have invested significant resources to bettestamdethe dynamics

of the Lakéd wetlands Gray, 2005; Rushforth and Rushforth, 2006a, b, 8Jitler and Hoven, 2007;

Gray, 2009; Rushforth and Rushforth, 2007). A preliminary assessmemidrianvas proposed for

the Laké ismpounded wetlands in 2009 using data collected beginning in 200¥\Q, 2009).

UDWQ is currently working to validate the assessifnamework for impounded wetlands aond

develop a new preliminary assessment framework for fringe wetlands. The assessment framework for
impounded wetlandsfocused on developing metrics foreeassemblages: macroinvertebrates,
submerged aquatic getation,and surface mats. Ongoing work to validate this framework will
investigate the viability of other indicators such as bird use and important factors such as hydrology.
Work to develop a preliminary assessment framework for fringe wetlands witl beigg work
summarized in Miller and Hoven (2007).

6.4.2 Development of Water Quality Standards for Willard Spur
Problem StatementConstruction of the Perry/Willard Regional Wastewater Treatment Plant (Plant)

was completed in 2010. The UDWQ received numeausnents as part of the public notice process

for the Plantds UPDES discharge permit to Willa
over the potential impact the effluent could have on the water body and petitioned the UDWQ to

prohibit all wastwater discharges to
Willard Spur or to alternatively
reclassify Willard Spur to protect the
wetlands and current uses of the water.

Although the Utah Water Quality
Board denied the petition, the Water
Quiality Boarddirected UDWQ to
develop a study desigto establish
defensible protections (i.site-specific
numeric criteria, antidegradation
protection clausedesignateduse

changes, etc.) for the water body. The
Water Quality Board also directed A JANUARY MORNING AWILLARD SPUR
UDWQ to pay forphosphorus

reductions at the Plant whilee study is conducted. This path forward, developed in conjunction with
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stakeholders, allows the Plant to operate while the studies are underway, with reasonable assurances
that the effluent will not harm the ecosystem.

Study ObjectiveThe Willard SpuGcience Panel was charged with the responsibility to identify and
oversee the studies r eWhatiwater qualitywiteraarafullepsotectiteh e qu e
of designated usesf Willard Spur waters as they relate to the proposed publiclyeniwneatment
works(POTWX i s c¢ h &hrs gues?ian represents the overall program objective.

Two questions were identified that follow from the program objective (i.e., these questions must be
answered for th program objective to be achieved). The gioest are as follows:

1. What are the potential impacts of the Perry Willard Regional Wastewater Treatment Plant
on Willard Spur?

2. What changes to water quality standards will be required to provide-teng protection of
Willard Spur?

Approach.To provideanswers to these questions, the Willard Spur Science Panel identified the three
following key research areas:

1. Define and understand the food web of Willard Spur
2. Define the water and nutrient budget for Willard Spur
3. Define responses to eutrophicatiomwitVillard Spur

A Research PlagH2MHILL.2011) was developed to closely follow the conceptual models defined

in a memorandum dat eCo nAcuegputsuta |2 , Malld8aHtés moh\otHe rFai fgtu r e
various research studies fit into this steietsitvell as accomplish the overall program objective.

While this research is focused on Willard Spur, much of the understanding that is gained will apply
directly to other Great Saltdke wetlands. Research acrosslified wetlands will be closely

coordnated and integrated to leverage the knowledge gained and focus efforts on areas of less
understanding.
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FIGURB OVERALL STRUCTURERBROPOSED RESEARCHRK®@T WILLARD SPUR

6.4.3 Additional Wetland Research Needs

DEVELOP WETLAND R&ERCH FRAMEWORK

Problem StatementVhi | e UDWQG&6s current research progr ams
fundamatal understanding of tHeakeé wetlands and how to protect them, there are numerous

additional areas that requirurther work An important realizéon s that as more is learned about

the Lakeéd wetlands, the more researchers understewd much remains to be kno@are component

3 of the Great Salt Lake Water Quality Strategy will focus oa research frameworthatis based on

clear objectives ermised by Great Salt Lake wetlands stakehold@ms.new researchill be

focused and prioritized in such a way that it incorporates previous research, addresses specific gaps

in knowledge, and addresses management objectives.

Study ObjectiveTo develop aesearch frameworor Core Component 8DWQ and its partners
will identifyWQ programgoals,acknowledge previous research, identify and prioritize research to
address gaps in understanding, coordinate efforts, and document progress.
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