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Mr. Don Essig

Water Quality Standards Coordinator
Idaho Department of Environmental Quality
1410 N. Hilton

Boise, ID 83706

Dear Mr. Essig:

As you are aware, the J.R. Simplot Company (Simplot) began work in 2006 studying the
toxicity effects of selenium on the aquatic environment near the Smoky Canyon Mine.
Specifically, field and laboratory studies were done focused on determining the selenium
toxicity thresholds to brown (Salmo trutfa) and Yellowstone cutthroat (Oncorhynchus
clarki bouvieri) trout.

When Simplot initiated this work, the intent was to bring together a number of agencies
and interested stakeholders, such as the Environmental Protection Agency, the U.S.
Forest Service, the U.S. Fish and Wildlife Service, Idaho Fish and Game, the Wyoming
Department of Environmental Quality, a regional conservation group, and the Idaho
Department of Environmental Quality for the purpose of collaborating to determine the
effects and toxicity thresholds of selenium in the aquatic environment adjacent to the
Smoky Canyon Mine. Most of the aforementioned organizations (the U.S. Fish and
Wildlife Service and the regional conservation group did not participate) provided reviews
of study plans and detailed comments on the data obtained. The extensive participation
by these agencies was integral to the success of these studies.

The data and results from all these studies was submitted to EPA in 2014 as a part of
EPA’'s work towards developing a new national recommended fresh water quality
selenium criterion. In particular, the brown trout study, was carefully reviewed for
inclusion as a study to help calculate the new recommended criterion. In fact, the brown
trout study underwent a couple of peer reviewed processes and extensive discussion of
the study was included in EPA’s 2016 criterion document. EPA calculated an EC1o based
on survival (hatch to swim-up) of 21.0 mg Se/kg-egg dw that was used in calculating the
recommended national criterion.

Simplot, utilizing the extensive studies conducted since 2006 and EPA’s work in
developing a recommended national criterion, is now petitioning the Department for a
chronic site-specific water quality criterion for selenium in the waters adjacent to and near
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the Smoky Canyon Mine in southeastern Idaho. The water quality rules for the State of
Idaho provide for the establishment of site-specific water quality criteria. The
development of a proposal document and the proposed criteria itself has to meet the
requirements found in the Idaho Administrative Code, IDAPA 58.01.02.275. In addition
to the ldaho specific rules, guidelines within EPA’s 2016 National Criterion were also
considered in developing this site-specific criterion, such that it includes an egg/ovary
criterion, whole body criterion, and water column criterion.

The proposal (enclosed) is based on meeting the rules set forth in IDAPA 58.01.02.275
and the recommended guidelines recently established as part of the 2016 National
Criterion. The proposed criterion, 19.9 mg/kg egg dw, is based on the 5™ percentile of a
distribution of 14 species mean chronic toxicity values. The attached proposal provides
details on the derivation of this site-specific criterion and an implementation methodology
utilizing a tiered monitoring approach. The tiered monitoring approach is based on
relationships developed between selenium in the egg tissues, whole body tissues, and
the water column.

We look forward to working with the Department on this important proposal. Please
contact me at 208.780.7365 for any questions with this petition.

Sincerely,

(L Ph2
el “%vf

-

Alan L. Prouty
Vice President, Sustainability & Regulatory Affairs

Attachment (1)
C: w/attachment
Lisa Macchio, U.S. EPA

Dave Teuscher, IDFG
Sheri Stumbo, U.S. Forest Service
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EXECUTIVE SUMMARY

Simplot is proposing a site-specific selenium criterion (SSSC) comprised of four elements for
streams adjacent to its Smoky Canyon Mine in southeast Idaho. The chronic criterion is proposed

to be applicable to the following areas (herein called “the Site”):

e Hoopes Spring channel downstream of the spring complex.
e South Fork Sage Creek downstream of the spring complex.

e Sage Creek downstream of the confluence of Hoopes Spring with Sage Creek to its
confluence with Crow Creek.

e Crow Creek downstream of its confluence with Sage Creek to the Wyoming border.

North Fork Sage Creek and tributaries (including Pole Canyon Creek).

Simplot's proposed SSSC (Table ES-1) is comprised of the U.S. Environmental Protection
Agency (USEPA 2016a) four recommended criterion elements: an egg/ovary criterion, a whole-
body or muscle criterion, a monthly average exposure value for water, and an intermittent

exposure value for water.

Table ES-1. Summary of Proposed Site-Specific Selenium Criterion Elements

Media Type Fish Tissue’ Water Column?®
Criterion Fish Whole Monthly Average
Element Egg/Ovary? Body?® Exposure Intermittent Exposure’

19.9 (mg/kg dw) 13.63 (mg/kg 13.55 (ug/L) in lotic WQCint = WQC30day —
Magnitude egg dw) whole body | aquatic systems Chackground(1 =fint) /fint

Instantaneous Instantaneous Number of days/month with an
Duration measurement measurement 30 days® elevated concentration

Not more than

Not more than once in three Not more than once

once in three years on in three years on Not more than once in three
Frequency years on average | average average years on average

mg/kg dw = milligrams per kilogram dry weight

ug/L — micrograms per liter

Table Notes:

1. Fish tissue elements are expressed as an arithmetic average of tissue concentrations from at least five individuals
of the same species and similar size.
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2. Egglovary supersedes any whole body, muscle, or water column element when fish egg/ovary concentrations are
measured.

3. Fish whole body tissues supersede water column element when both fish tissue and water concentrations are
measured.

4. Water column values are based on total selenium concentrations and are derived from fish tissue values using the
empirical bioaccumulation factor (BAF) approach and a site-specific dissolved to total concentration translator (0.98).

5. The water column value is to be used when no fish tissue data are available, or in rare cases of fishless waters. The
egg threshold supersedes any whole body or water column elements when fish egg concentrations are measured.

6. The monthly average can be based on a single or multiple days of monitoring within a 30-day period. The geometric
mean is used as the average.

7. Where the water quality criterion 30-day (WQCs3o0.4ay is the water column monthly element for either lentic or lotic
waters; Cbackground iS the average background selenium concentration; and fint is the fraction of any 30-day period during
which elevated selenium concentrations occur, with fint assigned a value 20.033 (corresponding to 1 day).

The proposed egg criterion (19.9 mg/kg dw) is based on the 5" percentile of a distribution of 14
species mean chronic values (SMCVs)'. The most sensitive species in this distribution is brown
trout (i.e., EC1o 20.5 mg/kg dw egg selenium) derived from wild trout collected from within the
Study Area. From the egg criterion, a whole body tissue concentration equivalent was derived
based on a conversion factor (CF) of egg selenium to whole body selenium calculated at 1.46.
The resulting whole body tissue element (13.63 mg/kg dw)? can be used as a compliance

monitoring measure if egg tissue data are not available.

The water element is based on the empirical Bioaccumulation Factor (BAF) approach cited by
USEPA (2016a) as one of two acceptable approaches for deriving a water value from an egg
tissue criterion. A median BAF was derived from paired brown trout tissue data and dissolved
selenium concentrations measured at the time of fish tissue collection at several locations within
the Site from 2006 to 2011. Because the brown trout tissue data were for whole body, each value
was converted to an egg concentration using the above-mentioned CF. The median whole body
to egg converted BAF was derived (1.499) and divided into the egg criterion value (19.9 mg/kg
dw) yielding a dissolved water element value of 13.28 pg/L. Because the State of Idaho

expresses its standards on a total concentration basis, the value was converted to a total

1 This differs from the 2016 National Criterion which is based on N = 15 genus mean chronic values (GMCVs) resulting
in an egg criterion of 15.1 mg/kg dw selenium.

2 The USEPA (2016a) whole body value for brown trout (13.2 mg/kg dw), is slightly lower but the proposed site-specific
whole body value is based on a more robust data set that is specific to the Site.
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concentration using a site-specific dissolved to total metal translator ratio (0.98) which results in
a water criterion element of 13.55 ug/L. The water element, being derived from the egg criterion,
can be used for compliance monitoring, but if exceedances of the water element occur, then follow
up monitoring should include whole body tissue monitoring to assess if the whole body tissue

criterion is exceeded.

10
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1.0 INTRODUCTION

The J.R. Simplot Company (Simplot) is proposing a chronic site-specific selenium criterion
(SSSC) for several streams adjacent to its Smoky Canyon Mine that are influenced by discharges
of groundwater with elevated selenium concentrations (Figure 1). Simplot's Smoky Canyon Mine
is located in Caribou County, in the southeast corner of Idaho, approximately 10 miles west of
Afton, Wyoming and 23 miles east of Soda Springs, Idaho. The mine is situated on the eastern
edge of the Webster Range overlooking Sage Valley to the east. Site-affected groundwater
discharges at Hoopes Spring and South Fork Sage Creek Springs, which are located in the
foothills transitioning into Sage Valley east of the Smoky Canyon Mine. Water from both springs
flows into Sage Creek. Sage Creek flows into Crow Creek which flows north, northeast and
crosses the Idaho-Wyoming state line before discharging into the Salt River. These cold water
streams are east trending or north to northeast trending and range from moderately high to low

gradients.

Development of site-specific criteria is supported by guidelines and processes outlined in state
and federal regulations, which are described in more detail below. Currently, the State of Idaho’s
water quality standards include a chronic selenium criterion of 5 pug/L (based on USEPA 1987).
The criterion was based on bluegill sunfish in lentic habitats which are not found in southeast
Idaho. Literature reviewed early on in the process suggested that different species have different
sensitivities to selenium (Lemly 1997; Holm et al. 2005; Hardy 2005; Gillespie and Baumann
1986; Coyle et al. 1993; Kennedy 2000; USEPA 2004). Further, differences in lotic (i.e., flowing
waters) or lentic (i.e., standing waters) habitat conditions influences selenium speciation (e.g.,
selenate versus selenite). These observations reflect the geochemical behavior of selenium in
the environment. Selenite, a more bioavailable and toxic form, is dominant in lentic habitats,
whereas selenate, a less bioavailable and less toxic form of selenium, is dominant in lotic habitats.
Additional studies suggested that cold water species (i.e., trout) were less sensitive to selenium
than were warm water species (i.e., bluegills). Collectively, the geochemical behavior of selenium
in the aquatic environment and sensitivity of different species suggested that developing an SSSC

was appropriate for streams adjacent to the Smoky Canyon Mine.

11
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Simplot began a series of scientific studies into the effects of selenium on trout in local streams
in 2006. As part of the initial efforts to develop an SSSC, a Work Group® was convened comprised
of state and federal technical experts, regulatory personnel, and Simplot representatives. The
Idaho Department of Environmental Quality (IDEQ) led the SSSC Work Group, which provided
valuable input into planning and development of the field and laboratory studies, reviews of
documents, and on the direction of the SSSC development process. A combination of laboratory
and field studies were conducted from 2006 to 2008 to develop the data necessary for developing
an SSSC. In addition, continued literature reviews were conducted to compile up to date
information on selenium toxicity in fish and aquatic biota. Collectively, these studies have become

the basis for proposing an SSSC for the Site streams.

The criterion proposed herein is the culmination of many years of compiling and analyzing site-
specific and non-site-specific data by Simplot, USEPA, and others. Release of the Aquatic Life
Ambient Water Quality Criterion for Selenium — Freshwater-2016 (USEPA 2016a) (hereafter
referred to as the 2016 National Criterion) has further guided the SSSC development process by
providing a more complete understanding of how USEPA intended to implement the selenium
criterion as a tissue-based value, and how the effects data are integrated to collectively arrive at
a single criterion value. Using the approaches described in USEPA (2016a) and the site-specific

data, this proposal provides a criterion protective of aquatic species.

This SSSC proposal is organized into the following sections:

e Section 2 — Setting, Study Area, and Scope of Applicability

e Section 3 - Regulatory Requirements for Developing an SSSC

e Section 4 - Background and Chronology for the Current SSSC proposal
e Section 5 — Site-Specific Studies and Literature

e Section 6 — Development of a Site-Specific Criterion

e Section 7 —Proposed Criterion Implementation

e Section 8 - References

3 The SSSC Workgroup is comprised of representatives from Idaho Department of Environmental Quality (IDEQ), Idaho
Department of Fish and Game (IDFG), United State Environmental Protection Agency (USEPA), Unites States Forest
Service (USFS), Wyoming Department of Environmental Quality (WDEQ), and Simplot.

12
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2.0 SETTING, STUDY AREA, AND SCOPE OF APPLICABILITY

2.1 Setting

The Smoky Canyon Mine is located in Caribou County, Idaho, within the Southeastern Idaho
Phosphate Mining District. Phosphate ore is extracted from the Phosphoria Formation in a series
of open pits referred to as mine panels. Elevations at the mine range from 6,500 feet to 8,300
feet above mean sea level (AMSL). Slopes drain generally eastward, with streams flowing into
the Salt River which flows to the Snake River. The closest main population center to the mine is
the Star Valley community, which includes the town of Afton, Wyoming, approximately 10 miles
directly east of the mine. The town of Afton has a population of approximately 1,900 (U.S. Census
Bureau 2013). Caribou County has a cool and dry climate, with typical prevailing winds and
weather patterns moving from west to east. Annual precipitation is typically in the range of 20 to
35 inches per year. The most abundant precipitation occurs in the spring and early summer
months. In the winter months, snowfall averages 100 inches each year, and snow cover typically
remains on the ground from November to March or April. Summer temperatures in the region
normally range from 44 to 82 degrees Fahrenheit, while winter temperatures typically range from
4 to 28 degrees Fahrenheit (Mariah 1988). The Smoky Canyon Ecological Risk Assessment
provides a detailed description of the wildlife and plant species found in the area (Formation
2016).

2.2 Study Area

Investigations at the nearby Smoky Canyon Mine, have identified elevated concentrations of
selenium in groundwater discharging to surface water via Hoopes Spring and South Fork Sage
Creek Springs. The source of selenium to groundwater is overburden generated by historical
mining operations. Primary areas affected by elevated selenium concentrations where Hoopes
Spring and South Fork Sage Creek Springs discharge are: Hoopes Spring downstream of the
spring complex; Sage Creek from its confluence with the Hoopes Spring discharge channel to its
confluence with Crow Creek; South Fork Sage Creek below the spring complex; and Crow Creek
from its confluence with Sage Creek to the Idaho and Wyoming state line* (Figure 2).

4 More recent monitoring data have indicated that selenium concentrations in surface waters of Crow Creek in Wyoming
beyond the Idaho state line have exceeded the 5 ug/L standard.

13
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To characterize the streams influenced by the groundwater discharges, field monitoring was
conducted at a number of locations within the Study Area (Figure 3).

e Four background locations — three on Crow Creek and a single location on Deer Creek,
each upstream of Sage Creek; and

e Six locations from the Site —two on Hoopes Spring, two on Sage Creek, and two locations
on Crow Creek downstream of Sage Creek.

A single reference site outside of the Crow Creek drainage was also monitored at South Fork
Tincup Creek.

The Smoky Canyon Mine area and nearby Sage Valley to the east contain several perennial
streams and two large springs: Hoopes Spring and South Fork Sage Creek Springs. Average
daily high and low flows in the Hoopes Spring channel are 8.36 and 6.34 cubic feet per second
(cfs), respectively. The source of water is discharging regional groundwater and flows have been
observed to be nearly constant over years of monitoring. Downstream of the South Fork Sage
Creek Springs, average daily high and low flows are 10.7 and 8.47 cfs, respectively, which have
also been relatively constant. Unnamed springs with lower flows are found in other parts of the

Study Area (these do not have elevated concentrations of selenium).

In general, stream flows are low and the creeks do not transport large quantities of sediment
except during spring-runoff conditions when creeks may become more turbid. Sediment
conditions are generally characteristic of headwater creeks with benthic substrates ranging from
near bedrock to sand and cobbles covered by small boulders. Many creeks have notable amounts
of fine particles, which result in moderate to high embeddedness of cobbles and small boulders.
Fine sediment loads have historically been due to grazing activities in these watersheds where
livestock trample banks and denude riparian vegetation. Recent steps to mitigate these effects
have been undertaken by Simplot, USFS, and private landowners by fencing off stream areas
from livestock use, and resulting improvements in stream bank stability have been noted through
routine monitoring. Mining operations do not generally affect sediment conditions because storm

water catch basins are utilized to inhibit off-site migration of particles.

Based on the most current State of Idaho 303(d) list of impaired waters cited in the State
Integrated Report, North Fork Sage Creek, Pole Canyon Creek, South Fork Sage Creek, and
Sage Creek downstream of North Fork Sage Creek are listed as impaired due to selenium (IDEQ
2017). Crow Creek, Sage Creek, and South Fork Sage Creek are listed for non-contaminant

14
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impairments such as bacteria, sedimentation, and/or habitat issues. The creeks within the Sage
Creek basins are subject to IDEQ water quality standards for their designated uses. All surface
waters within the Study Area are designated for cold-water biota use. Water quality conditions in
these basins are generally characterized by moderate hardness, low concentrations of suspended

solids, and circumneutral pH conditions.

Perennial streams within the Study Area contain several species of fish and a wide variety of
aquatic macroinvertebrates. Overall, the fishery appears to be in fair to good condition at most
locations with adequate fish densities, good condition factors, few abnormalities, multiple life
stages, and expected species diversity (NewFields 2009). Fish species commonly encountered
include: brown trout (Salmo trutta), Yellowstone cutthroat trout (Oncorhynchus clarkii ssp.) (YCT),
longnose dace (Rhinichthys cataractae), redside shiner (Richardsonius balteatus), Utah sucker
(Catostomus ardens), Paiute sculpins (Cottus beldingi), mottled sculpin (Coftus bairdi), speckled

dace (Rhinoichthys osculus), and mountain whitefish (Prosopium williamsoni).

Less common species, that have been found include: brook trout (Salvelinus fontalis), rainbow
trout (Onchorhyncus mykiss), and leatherside chub (Gila copei). Amphibian and reptile species
known to occur in the Study Area include tiger salamander (Ambystoma tigrinum), boreal chorus
frog (Pseudacris maculata), rubber boa (Charina boftae), and western terrestrial garter snake

(Thamnophis elegans).

Hoopes Spring and Sage Creek near Hoopes Spring are trout and sculpin dominated systems.
Brown trout is the dominant trout species, but YCT are found throughout Hoopes Spring and Sage
Creek. Farther downstream in Sage Creek, near Crow Creek, mountain whitefish are
occasionally found. In Crow Creek downstream of Sage Creek, sculpins are found less
frequently, while longnose and speckled dace are commonly found together with redside shiner.

Utah suckers are also found in large deep pools.

Paiute sculpin has been almost exclusively found, with occasional mottled sculpins collected
intermittently. One leatherside chub was found in 2008 in an upper reach of Crow Creek. Dace
species are typically found in the lower elevation Crow Creek areas whereas sculpin are
predominant in the upper elevation reaches of Sage Creek and Crow Creek. Redside shiner and

Utah Sucker are also found in the lower elevation reaches.

15
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2.3 Scope of Applicability

A proposal for an SSSC must define the geographic scope or area to which the criterion would
apply. In the general context of site-specific criteria, a “site” may be a state, region, watershed,
water-body, or segment of a water body. The site-specific criterion is to be derived to provide
adequate protection for the entire site, however the site is defined (USEPA 1994). The geographic
scope of applicability for the proposed criterion is for Sage Creek and tributaries and Crow Creek

from Sage Creek to the Wyoming State line (the Site) (Figure 3).

The water bodies being investigated are found within the Salt Subbasin, HUC 17040105, of the
Upper Snake River Basin. Two subunits of the Salt subbasin are potentially affected, including
water body US-9 (Sage Creek — source to mouth) and water body US-8 (Crow Creek — source to
Idaho/MWyoming border) as defined by the Idaho Administrative Code’s Water Quality Standards
(IDAPA 58.01.02).

IDEQ’s 2014 Integrated Report (IDEQ 2017) identifies specific stream segments as being limited
by one or more parameters that affect use attainment. Within the Integrated Report, hydrologic
subunits are defined to identifying specific stream segments. These numeric stream segment
identifiers from the Integrated Report are shown below together with a narrative description of

where the SSSC would apply within each stream segment.

Sage Creek and its tributaries include the following stream segments (Figure 3):

e [ID17040105SK009_02e South Fork Sage Creek (7.93 miles) — applied to South
Fork Sage Creek below the spring complex.

e |D17040105SK009_03 Sage Creek — confluence with North Fork Sage Creek to
mouth (3.22 miles) — applied to this entire segment.

e 1D17040105SK008_04 Crow Creek — Deer Creek to border (10.42 miles) — applied
to Crow Creek downstream of Sage Creek confluence to the Wyoming border.

e Hoopes Springs — no specific segment is identified; it falls within the larger
segment identified above for Sage Creek.

e [ID17040105SK009_02 North Fork Sage Creek (12.41 miles); and

e [D17040105SK009_02d Pole Canyon Creek (3.6 miles)

16
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Monitoring locations characterized as part of these site-specific studies are representative of
streams in the area; therefore, while some specific streams were not characterized, the proposed
SSSC s likely applicable and appropriate given the common sources, water quality, and proximity
within the basin. For example, while the North Fork Sage Creek was never sampled as part of
the SSSC studies, it is a source to Sage Creek and includes common water quality and aquatic
species. The primary source of selenium to North Fork Sage Creek is Pole Canyon Creek, which
only reaches the North Fork Sage Creek occasionally during high flow spring runoff conditions.

Few site-specific criteria have been developed in Idaho. In the Coeur d’Alene basin, site-specific
criteria were developed for cadmium, lead, and zinc in the upper South Fork, but there was a
need to apply the criteria to lower sections of the South Fork and the main stem. Authors of the
site-specific document argued that part of the rationale for expanding site-specific criteria to
downstream reaches of the South Fork was based on the application of site-specific chemical,
biological, and toxicological data to factors affecting metals toxicity in freshwater (Bergman and
Dorward-King 1997). The ecological principle of the stream continuum provides a context for
understanding watershed biogeochemistry and species distributions, that factors into the
evaluation (Vannote et al. 1980). The same arguments also hold true for Sage Creek and Crow
Creek. Data developed as part of these site-specific studies suggest that the SSSC is applicable
to locations both upstream and downstream of Hoopes Spring. Further, the SSSC proposed is
applicable to Crow Creek downstream of Sage Creek based on the application of site-specific

chemical, biological, and toxicological data to factors affecting selenium toxicity in this system.
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3.0 REGULATORY REQUIREMENTS FOR DEVELOPING AN SSSC

The Clean Water Act (CWA) found in the Code of Federal Regulations (CFR) includes a provision
(i.e., 40 CFR 131.11(b)) that allows for establishing site-specific water quality criteria. USEPA
has delegated enforcement of the CWA to the State of Idaho, including decision-making related

to the development of site-specific criteria.

The State of Idaho has specific requirements to be followed for developing a site-specific criterion
(Idaho Administrative Code, IDAPA 58.01.02.275). Two that particularly apply are:

1) (275.01.a.i) “Resident species of a water body are more or less sensitive than those
species used to develop a criterion,” and ‘

2) (275.01.a.ii) “Biological availability and/or toxicity of a pollutant may be altered due to
differences between the physicochemical characteristics of the water in a water body and
the laboratory water used in developing a water quality criterion (e.g., alkalinity, hardness,
pH, salinity, total organic carbon, suspended solids, turbidity, natural complexing, fate and
transport water, or temperature).”

Because the current State of Idaho standard is based on species not present in southeast Idaho,
and the Study Area characteristics are different than those conditions from which the standard
was derived, the conditions are appropriate for developing a site-specific criterion. Further, IDAPA
275.01.b specifies that:

“Any person may develop site-specific criteria in accordance with these rules. To ensure
that the approach to be used in developing site-specific criteria is scientifically valid, the
Department shall be involved early in the planning of any site-specific analyses so that an
agreement can be reached concerning the availability of existing data, additional data
needs, methods to be used in generating new data, testing procedures to be used,
schedules to be followed and quality control and assurance provisions to be used. (8-24-
94).”

To fulfill this requirement, the IDEQ facilitated a series of meetings in which various state and
federal environmental and resource agency scientists (i.e., SSSC Work Group) met and reviewed
study plans and study results compiled over a period of approximately three years. IDEQ and
associated agencies were engaged early and often in the process of compilation and analyses of

Site data to ensure the application of sound scientific principles.
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Acceptable procedures for developing a site-specific criteria are identified in IDAPA 275.01.h of

the rule:

i -“Site-specific analyses for the development of new water quality criteria shall be
conducted in a manner which is scientifically justifiable and consistent with the assumptions
and rationale in “Guidelines for Deriving Numerical National Water Quality Criteria for the
Protection of Aquatic Organisms and Their Uses, USEPA 1985” (herein after referred to as
Stephan et al 1985); and,

ii — “Site-specific analyses for the modification of existing water quality criteria shall be
conducted in accordance with one of the following procedures, as described in the Water
Quality Standards Handbook

USEPA'’s Draft Technical Support for Adopting and Implementing EPA’s 2016 Selenium Criterion
in Water Quality Standards (USEPA (2016b) indicates that the recalculation procedure should be
used for site-specific fish tissue criterion development. In addition, it also recommends that
USEPA’s (2013) revised deletion process be used in conjunction with the recalculation procedure.
The procedure allows for recalculating a criterion based on species known to be present or not
present at a site or for a region, or for use of surrogate species that result in differences in
sensitivity between site species and those used to derive the 2016 National Criterion. It is basically
a deletion process. USEPA (2013) describes a systematic manner where species are retained or
deleted based on taxonomic rank for the purposes of deriving a species sensitivity distribution
(SSD).

Once the species for criterion development are assembled, the chronic values are ranked and
the four lowest genus or species mean chronic values (SMCVs) are used to derive the criterion.
USEPA (2106a) indicates that the egg-ovary final chronic value (FCV) is calculated from
regression analysis of the four most sensitive genus mean chronic values (GMCVSs); in this case
extrapolating to the 5" percentile of the distribution represented by the tested genera. The FCV
directly serves as the fish tissue egg-ovary criterion concentration element without further
adjustment because the underlying EC1 values (effective concentration causing a 10 percent
effect on population) represent a low level of effect (per the EPA Ambient Water Quality Criteria
Guidelines). The methods for this derivation are described in Stephan et al. (1985).
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4.0 BACKGROUND AND CHRONOLOGY FOR THE CURRENT SSSC PROPOSAL

With over 10 years in the making, the chronology of events that have resulted in the present day

SSSC proposal become an important facet in understanding the development process.
» August 2006 to August 2008 — Field data collection and laboratory studies.

* August 2010 — A Draft Interpretive Findings for Field and Laboratory Studies and
Literature Review in Support of a Site-Specific Selenium Criterion (Interpretive Report)
(NewFields 2010) was submitted to the SSSC Work Group for review and solicitation

of comments.

e March 2011 — The SSSC Work Group was informed by USEPA Region 10 that the
United States Fish and Wildlife Service (USFWS) would provide comments on
Simplot’s Draft Interpretive Report (August 2010; NewFields 2010).°

e January 2012 — Simplot submitted its Proposed SSSC and a Technical Support
Document (TSD)® (Formation 2012) to the IDEQ and the SSSC Work Group. The EC1o
proposed for egg/ovary, based on survival for brown trout fry, was 20.8 milligrams per

kilogram (mg/kg) dry weight (dw).

e January 2012 — The USFWS submitted its technical review, authored by Dr. Joe
Skorupa, of the Draft Interpretive Report to the USEPA and published its review on
the USFWS website. The USFWS review primarily focused on the Brown Trout Adult

5 Involvement of the USFWS came at the direction of the United States Senate Committee on Environment and Public
Works chaired by Senator Barbara Boxer. In March 2011, Senator Boxer sent a letter to Mr. Rowan Gould, Acting
Director of USFWS, and to Ms. Lisa Jackson, Administrator of the USEPA. In the letter to Director Gould, Senator
Boxer requested that scientists in the USFWS review the described document and provide “technical assistance” to
the Committee on Environment and Public Works. In the letter to Administrator Jackson, Senator Boxer requests that
USEPA “consider, and where relevant, integrate federal assistance from federal scientists from outside of the agency.”
The letter then states that the Committee on the Environment and Public Works will forward this information to USEPA.
It should also be noted that when the SSSC Work Group was formed, USFWS was invited to join but did not do so.

8 The Technical Support Document (TSD) is the revised Draft Interpretive Findings for Field and Laboratory Studies
and Literature Review in Support of a Site-Specific Selenium Criterion (Interpretive Report). Revisions to the
Interpretive Report were made to incorporate comments provided by the SSSC Workgroup.
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Reproduction studies,” generating several questions about the study and the

endpoints derived.

» December 2012 — Due to questions raised in the USFWS review, USEPA contracted
the Eastern Research Group (ERG) to conduct a peer review of their analyses that
utilized the Brown Trout Study data in the context of questions raised by USFWS. The
result of this effort was the External Peer Review of the Interpretation of Results of a
Study on the Effect of Selenium on the Health of Brown Trout Offspring (ERG 2012).
In this document, six experts were charged with addressing five specific questions
raised by the USFWS review.

«  April 2013 — Simplot submitted responses to the USFWS comments to the SSSC Work
Group and USEPA. Included within the comment responses were two attachments:
(1) Data Quality Assurance Report: Reproductive Success Study with Brown Trout
(Salmo trutta) (AECOM 2012); and (2) Count of Normal Fish and Total Number of Fish
for Each Sample from the Deformity Assessment. These additional data were included
in the responses to comments to provide additional information to USEPA and other
reviewers who were using the brown trout study data to derive EC1o values from that

study for survival and deformities.

o June 2014 — USEPA altered some of its analyses to make use of the additional data
submitted. Again, USEPA contracted for a Peer Review of pertinent questions
regarding the revised analyses of the brown trout data. The result of that effort was
the document titled External Peer Reviewer Comments on Review of Draft USEPA
Report, Analysis of the Brown Trout Selenium Toxicity Study Presented by Formation
Environmental and Reviewed By U.S. Fish And Wildlife Service (June 2014) (GLEC
2014). Similar to the previous peer review, six experts were charged with addressing

five specific questions posed by USEPA about the analyses conducted.

« May 2014 — USEPA released its External Peer Review Draft Aquatic Life Ambient
Water Quality Criterion for Selenium — Freshwater 2014 (USEPA 2014). USEPA cited

7 The focus on the brown trout studies was the result of the initial analyses in the Interpretive Report that indicated
brown trout were more sensitive to selenium than Yellowstone cutthroat trout.
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a range of egg/ovary thresholds derived from the brown trout data that ranged from
156.91 to 21.16 mg/kg dw egg selenium. This range was based on three different
endpoints (survival, deformities, and a combined endpoint of survival and deformities).

USEPA used the most conservative EC10(15.91 mg/kg) as the brown trout value.

e July 2014 — Simplot, along with a number of other agencies, and other private firms
and individuals, provided comments on USEPA’s Draft Peer Review document. The
ERG was subsequently contracted to conduct a peer review of the 2014 Draft National
Criterion. Seven reviewers provided their expert opinions on questions posed by
USEPA and ERG regarding the 2014 Draft National Criterion, the results for which are
compiled in the External Peer Review of the Draft Aquatic Life Ambient Water Quality
Criterion for Selenium — Freshwater 2014 (ERG 2014).

+ July 2015 — USEPA released a Draft National Criterion for selenium and presented an
alternative threshold value for brown trout using only the survival endpoint which

resulted in a value of 18.09 mg/kg dw egg selenium.

* July 2016 — USEPA released Aquatic Life Ambient Water Quality Criterion of Selenium
— Freshwater-2016 (USEPA 2016a), herein referred to as the 2016 National Criterion.
Further reanalysis of the brown trout data resulted in an EC1o of 21 mg/kg dw egg
selenium.® The survival endpoint data utilized was based on the data from hatch to

swim up.

* September 2016 — USEPA released a series of draft implementation guidance (IG)
documents and frequently asked questions (FAQ) documents to compliment the 2016

National Criterion. These draft IG and FAQ documents include the following:

1. Draft Technical Support for Adopting and Implementing EPA’s 2016 Selenium
Criterion in Water Quality Standards (USEPA 2016b);

2. Technical Support for Fish Tissue Monitoring for Implementation of EPA’s 2016
Selenium Criterion — Draft (USEPA 2016c¢);

8 See Appendix C of the 2016 National Criterion of EPA’s analysis and rationale for the brown trout EC10 of 21 mg/kg
dw egg selenium.
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3. Frequently Asked Questions (FAQs): Implementing the 2016 Selenium
Criterion in Clean Water Act Sections 303(d) and 305(b) Assessment, Listing,
and Total Maximum Daily Load (TMDL) Programs - Draft (USEPA 2016d); and

4. Frequently Asked Questions (FAQs): Implementing Water Quality Standards
(WQS) that Include Elements Similar or Identical to EPA’s 2016 Selenium
Criterion in Clean Water Act Section 402 National Pollutant Discharge
Elimination System (NPDES) Programs — Draft (USEPA 2016e).

This chronology of events demonstrates (1) the level of scientific and regulatory examination by
USEPA, USFWS, and a number of external peer reviewers on the brown trout data and
interpretation, which were subsequently used in development of the 2016 National Criterion; and
(2) the process and timing for developing the 2016 National Criterion and subsequent
implementation guidance. The brown trout data provide an important threshold for the 2016
National Criterion, as they represent the third most sensitive species, preceded by white sturgeon
and bluegill sunfish; two species not found in the vicinity of the Study Area. For this SSSC, the
brown trout data provide an even more important threshold, as they represent information for the

most sensitive species.
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6.0 SITE-SPECIFIC STUDIES AND LITERATURE

To develop the science necessary for an SSSC, Simplot undertook a series of field studies that
characterized species, communities, and populations, ambient exposure levels in water,
sediment, dietary items, and physical and chemical characteristics of the Study Area streams.
Laboratory studies were conducted to assess responses of two primary management species to
selenium exposure and maternal transfer. An ongoing task has included review of available peer
reviewed and gray literature, which has been used to guide the design for and augment the

findings of the field and laboratory studies,

The laboratory studies using brown trout and YCT provided the response data necessary to derive
an SSSC. Field monitoring studies provided for characterization of the exposure environment,
the condition of the aquatic community, and the physical habitat. While the findings of the field
monitoring studies are not used directly in the derivation of an SSSC, they do provide additional
support for the criterion. The literature review provided response data for other species that may
be similar to species within the Study Area that were not tested as part of Simplot’s studies.

5.1 Laboratory Studies

Simplot conducted three laboratory studies to assess the effects of selenium in trout species
present in the Crow Creek watershed. Two reproduction studies evaluated maternal transfer of
selenium and its effects on developing young brown trout and YCT. A third study, early life stage
(ELS), evaluated the effects of selenium from aqueous and dietary exposure to developing young
YCT that had no maternal selenium transfer. A brief description of the brown trout and YCT
maternal transfer studies are provided below because of the importance of these studies in

developing an SSSC.

The maternal transfer studies evaluated adult reproduction of wild trout from the Study Area and
effects on developing young in a controlled laboratory setting. These studies were conducted
independently, with one study using brown trout and the second using YCT. Trout were collected
from different locations within the Study Area (Figure 3), covering a range of selenium exposure
conditions during respective species spawning times. Eggs from females were fertilized in the
field and transported to the laboratory for rearing. Method controls for the study were hatchery-
raised fish. The full methods and results of these investigations are reported in the TSD
(Formation 2012) and AECOM (2012):

24



Proposed Site-Specific Selenium Criterion Draft April 2017

e Appendix D - Final Brown Trout Laboratory Reproduction Studies Conducted in Support
of Development of a Site-Specific Selenium Criterion (Formation 2011)

e Appendix E — Yellowstone Cutthroat Trout Adult Laboratory Reproduction Studies
(Formation 2012)

e AECOM - Reproductive Success Study with Brown Trout (Salmo trutta). Data Quality
Assurance Report. Final. December 2012

For both species, the effects of maternal selenium transfer in wild trout were evaluated by
collecting eggs from females and milt from adult males from different locations representing a
range of selenium exposure. Eggs were fertilized in the field and sent to the laboratory for rearing.
Effects analyses evaluated egg selenium concentration versus survival, deformity, and growth
endpoints. Data from both of these studies were submitted to USEPA for use in their derivation
of the 2016 National Criterion.

As noted previously, Simplot's brown trout studies have been through numerous and rigorous
evaluations. Recent reanalysis of the brown trout data by Simplot and USEPA (2016a) yielded
EC1o values for survival of 20.5 and 21 mg/kg dw, respectively, using slightly different data sets.®
While an EC+o was developed for the deformity data, the uncertainty in the predicted EC10 was
high enough due to data variability that the survival endpoint was used as the primary effects

endpoint.

Of the relationships evaluated for YCT, percent survival (hatch to test end) provided the best
relationship to egg selenium concentrations. Relying solely on the model output, the EC+o value
was greater than 35 mg/kg dw egg selenium. Despite the use of multiple approaches and data
transformations, clear dose response models using these effects endpoints were few. YCT data
showed highly variable responses to egg selenium concentrations. Examination of the data
distribution, however, did suggest differences in responses between 22.3 and 27.9 mg/kg dw egg
selenium. A decreased response was noted at egg selenium concentrations greater than 27.9

mg/kg dw for both survival and growth. Averaging the observed no-effect and potential effect

9 USEPA (2016) used the brown trout survival hatch to swim up portion of the data set, while Simplot's reevaluation of
the data, using similar methods as USEPA but using the survival to test termination portion of the dataset resulted in a
slightly lower EC10. Both USEPA (2016) and Simplot's reanalysis of the brown trout data utilized USEPA’s Toxicity
Relationship Analysis Program (TRAP) (version 1.30a) (U.S. EPA 2013).
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concentrations resulted in a value of 25.1 mg/kg dw, which is expected to be lower than a derived
EC+. Effects for egg selenium exposure on survival and deformities for YCT are at some

concentration greater than 25 mg/kg dw in eggs.

The YCT data were reevaluated in 2014 and again in 2017 using a combined endpoint for
surviving fry with no deformities. This endpoint for the YCT studies was proposed to USEPA in
comments sent on the 2014 Draft Criterion, similar to their endpoint used for brown trout in the
2014 Draft Criterion. Reevaluation of these data in 2017 focused on the endpoint, surviving and
normal, but used only the swim up portion of the test (Appendix A). One data point had an egg
selenium concentration of 47.6 mg/kg dw and survival at >80 percent, which is not consistent with
all the remaining YCT, brown trout, or cutthroat trout data from other studies. This data point was
removed from the analysis and triangular distribution dose response model in TRAP was run
yielding an EC+o of 28.62 mg/kg dw (lower confidence limit [LCL] = 27.29, upper confidence limit
[UCL] =30.00). A second dose response curve and EC+o was derived based on further refinement
of the dataset'. The EC+o for YCT surviving and normal fry from hatch to swim up was 28.39
([LCL] = 27.07, [UCL] = 29.78) mg/kg dw egg selenium (Figure 4). There is clear variability in
both the low exposure “hatchery fish” and higher exposure Study Area fish, which is indicative of
the types of responses likely to occur from wild runs of fish. Censoring the additional two data
points provided for a better overall model fit, a slightly more conservative EC10, and eliminated
from the analysis “control” wild fish that had poor hatching success, possibly due to poor

fertilization. The resulting EC+ois consistent with the cutthroat trout data from the literature.

These analyses indicate that brown trout and YCT responses to selenium exposure are different.
Brown trout are more sensitive in their response to maternally-accumulated selenium and its
effects on developing young than are YCT. This finding is consistent with studies that have

utilized several different trout species indicating sensitivity differences among similar species

10 The second dose response curve for YCT combined endpoint presented herein included censoring (e.g., removal) 2
additional data points from the analysis. Closer examination of the data set showed that eggs from two hatchery trout
had a very low hatch (<11% out of 600 eggs). For the entire data set, 5 hatchery trout had eggs with zero % hatch and
1 had <1% hatch. These trout from Henry’s Lake are wild run fish and there are a number of other factors which may
have influenced poor hatch in these fish, including poor fertilization. Eight egg batches had 56% or better hatch. By
only examining normal and surviving fry from hatch to swim up, some data were by default removed from the analysis,
as no fry were assessed at the thinning stage for some samples, if they had too few fry and were needed for the post
swim up phase of the study. Censoring the additional two data points as done for the analysis ultimately used provided
for a better overall model fit, a slightly more conservative EC10, and eliminated from the analysis “control” wild fish that
had very poor hatching success, possibly due to poor fertilization.
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(e.g., Hardy 2005, Hardy et al. 2010, Rudolph et al. 2008, Nautilus Environmental 2011, Holm et
al. 2005).

For the purpose of this SSSC proposal, the survival EC+o for brown trout of 20.5 mg/kg dw egg
selenium will be used for deriving the egg criterion value. This EC1o will be combined in the
derivation process with other egg EC1odata from other species to derive an overall egg criterion.

The derivation process is discussed in more detail in subsequent sections.

5.2 Field Monitoring

5.2.1 2006 to 2008

Seasonal monitoring was conducted from 2006 to 2008 to characterize the selenium exposure
conditions and productivity (or health) of the aquatic community within the Study Area. During
each monitoring event, locations were sampled for a range of chemical, biological, and physical
characteristics. Activities conducted to document and evaluate existing conditions included
collection of water, sediment, periphyton, benthic invertebrates, and fish tissues for chemical
analyses of selenium concentrations. Benthic community, fish population and community, and
physical habitat quality assessments were conducted. Fish communities were sampled to
characterize their density and diversity. Physical habitat attributes were measured to document
the qualities of habitat conditions that exist at each location. A complete characterization and
analyses of these data is presented in the TSD (Formation 2012). A summary of the chemical
concentrations measured in the different media from 2006 to 2008 are presented in Table 1.

Selenium in surface waters undergoes a consistent annual trend. The loading from Hoopes
Spring does not show seasonal effects and is relatively constant in any given year. During high
spring runoff, selenium concentrations typically decline while during the summer/fall low flow
periods, selenium concentrations increase. This cycle repeats each year at each location.
Because of the influence of physical habitat quality and quantity on the aquatic community, trout
populations were evaluated relative to habitat characteristics. Sculpin population density and age
class structure suggests that there is no difference in sculpin populations between high and low
selenium concentration locations; rather, sculpin population density is more likely dictated by
habitat conditions. While some specific habitat features are limiting the full potential of the fishery,
the quality is not diminished substantially enough to negatively alter trout populations. Habitat
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quality data suggests overall, that good quality habitat is available, but external land uses exist

that may limit the full range of the fishery potential.

5.2.2 Ongoing Monitoring

As part of other regulatory and programmatic requirements, Simplot has routinely sampled and
compiled selenium concentration data in surface water for a number of locations. Concentrations
of selenium at several of these locations have increased since 2008 reflecting the influence of
groundwater discharged at Hoopes Spring on downstream surface waters. Temporal trends of
selenium in surface waters at key locations are shown in Figures 5 and 6. It is important to note
that while selenium concentrations in surface waters have increased since the time most of the

data for the SSSC studies were collected, the effects thresholds have not changed.

Since 2008, Simplot has continued fish population monitoring at a subset of locations.
Collectively, the fish population data set spans a period of 11 years; from 2006 to 2016. The fish
communities at the monitoring locations vary, and are influenced by a number of factors including
the quality and quantity of water, food, and habitat factors (such as stream gradients, channel
sizes, and stream temperatures, among others). Given the diversity of physical habitats,

variations in the fish community composition are to be expected.

Trout population standing crop (biomass in kilogram per hectare kg/Ha) data are illustrated in
Figure 7. The figures show brown trout and YCT standing crop for each year for: (1) Crow Creek
locations upstream of Sage Creek; (2) Hoopes Spring and Sage Creek; and (3) Crow Creek
downstream of Sage Creek. In Crow Creek upstream of Sage Creek, brown trout biomass has
fluctuated from as low as 9 and to as high as 100 kg/Ha over the 10-year period. This biomass
estimate represents naturally changing conditions across upstream background locations where
| selenium concentrations are not elevated. In Hoopes Spring and Sage Creek, where selenium
concentrations are elevated, brown trout biomass has ranged from just over 29 kg/Ha in 2015 to
over 100 kg/Ha in 2006. Declining biomass estimates as early as 2012 may be indicative of
potential selenium effects but it is unclear if other factors (described above) are not also
contributing to the observed decrease. In Crow Creek downstream of Sage Creek, brown trout
biomass has ranged from 43 kg/Ha in 2006 to 84 kg/Ha in 2012 and down to about 19 kg/Ha in
2016. In Crow Creek downstream of Sage Creek, selenium exposure is much lower than in Sage

Creek, but still higher than background.
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The Crow Creek locations upstream and downstream of Sage Creek show brown trout biomass
estimates that are more similar to one another, while the Hoopes Spring and Sage Creek
estimates are vary widely; showing a distinct decrease as of fall 2013. How much of this is related

to selenium concentrations versus other environmental factors is unclear.

For the YCT (Figure 7), biomass estimates across all three groups of locations are relatively
similar from 2006 to 2011. In 2012, the upstream Crow Creek YCT biomass declined, while the
Hoopes Spring and Sage Creek, and downstream Crow Creek biomass increased. From 2012 to
2016, YCT biomass remained lower in the upstream Crow Creek locations compared to previous
years. YCT biomass in 2012 was the highest observed over the monitoring period for Hoopes
Spring and Sage Creek, and Crow Creek downstream of Sage Creek locations. From 2013 to
2016, YCT biomass for Hoopes Spring and Sage Creek, and Crow Creek downstream of Sage
Creek locations appears to remain with the range of biomass estimates for those locations prior
to 2012. It is unclear what factors affected the apparent shift in 2012 given the decline in biomass

observed at background locations.

Because the standing crop estimates can be affected by the size and how many large fish are
captured, a relative density estimate was also examined, not only for brown trout and YCT, but
also for sculpin. Figures 8 and 9 show brown trout, YCT, and sculpin total density for each year
at individual locations together with annual mean surface water selenium concentrations.
Beginning upstream at Crow Creek sampling location CC-350, it is clear that the total selenium
concentration in surface water is relatively low (<1.2 pg/L), and density estimates for all three

species are relatively similar across years.

At the Hoopes Spring sampling location HS-3, while the record for each year is not complete, the
available data do provide an indication of trends. Sculpin and YCT density estimates are relatively
stable through time even though selenium increased to >80 pg/L in 2014 and later. Brown trout
density estimates declined after 2012 to levels lower than initial estimates in 2006.

At Sage Creek (LSV-2C), sculpin density declined from 2006 to 2008, but rebounded in 2009 and
increased steadily through 2013. Of the two trout species, brown trout are clearly dominant based
on density until 2013, when YCT become more dominant. From 2011 to 2012 the surface water
selenium concentration increased well above the annual averages from previous years and
remained elevated from 2012 through 2016. A decline in brown trout density was observed in

2012. YCT density remained stable and increased in 2016. There is a fundamental shift in trout
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species dominance based on density which corresponds to increased and sustained higher
concentrations of selenium in surface waters. It is important to note however, that these shifts
and changes were not observed until annual selenium in surface water exceeded about 40 ug/L
in Sage Creek. At Sage Creek (LSV-4) farther downstream, some of the fish population data are
missing from 2007 to 2009 due to access issues, but the record is complete from 2010 on. Sculpin
density appears consistent with Sage Creek upstream (LSV-2C), as do the brown trout and YCT

density estimates.

At Crow Creek downstream of Sage Creek (CC-1A) a similar decline in brown trout density was
observed after 2012; at about the same time annual average selenium concentrations in surface
water increased. YCT density remained relatively consistent year to year in Crow Creek
downstream of Sage Creek. Sculpin density showed an increasing trend over the 10-year period.

Similar to Sage Creek, surface water concentrations of selenium increased starting in 2012.

The observed trends in brown trout density appear to correspond to increased surface water
selenium concentrations. Overall, YCT and sculpin densities have remained relatively consistent
at the different locations despite the increase in selenium concentrations in water, suggesting
their relative insensitivity to selenium as compared to brown trout. This observation of field
population trends is consistent with studies concerning effect thresholds indicating cutthroat trout

and sculpins as being less sensitive than brown trout.

5.3 Literature

The literature has guided the development of the approach and design for this study. Initially, the
literature was reviewed to examine the various approaches that have been used to evaluate
selenium toxicity to aquatic life. Information from the literature has also been used to identify
sensitive species of aquatic life, sensitive life stages, the most relevant pathways for evaluating
potential effects, and effective measurement endpoints for evaluating toxicity. In the analysis
phase of the evaluation, the literature continues to be reviewed to assess how results from this
study compare to those of others. This step provides an important “reality” check in making

determinations about data applicability, accuracy, and representativeness for the Site.

30



Proposed Site-Specific Selenium Criterion Draft April 2017

5.3.1 Fish

The most comprehensive review of the literature is compiled in the 2016 National Criterion
(USEPA 2016a). It includes reviews and independent analyses of data from each study.
Reproduction and non-reproduction studies are reviewed for cold and warm water fish, and
information for non-fish aquatic species sensitivities are also described. Of the cold water studies,
those that would be the most important for developing an SSSC for streams within the Site, EC1o
values range from 21 (brown trout) to 56 (dolly varden char) mg/kg dw egg selenium (Table 2).

Brown Trout and YCT - Brown trout was the most sensitive salmonid tested. For the trout
species, there was a relatively narrow range of effects thresholds. Westslope cutthroat trout had
an SMCYV of 26.2"" mg/kg dw egg selenium, while rainbow trout were only slightly more sensitive
at 24.5 mg/kg dw egg selenium. Studies by Hardy et al. (2005, 2010) indicated that there was no
effect on survival or deformities for YCT at 16 mg/kg dw egg selenium, while the Formation (2012)
studies, using the same species, indicated that the EC+o for surviving normal fry was 26.99 mg/kg

dw egg selenium.

Other Trout Species - USEPA (2016a) evaluated the brook trout data from Holm et al. (2005)
and suggested that the effect threshold is greater than 48.7 mg/kg dw selenium due to the
absence of any consistent concentration-response relationship up to the maximum observed egg
concentration. Pilgrim (2009) examined rainbow, brook, and cutthroat trout for deformities and
survival from reproductive studies, but due to the relatively high variability of the concentration
responses for the replicate data using the deformity endpoint, none of these data were considered
in the criterion development. For the USEPA (2016a) analysis, the genus Salvelinus is
represented by the dolly varden data generated by the Golder (2009) study. Considering the
survival data from Holm et al. (2005) and Pilgrim (2009), an EC+o for brook trout survival of 32
mg/kg dw egg selenium can be derived. Thus the effects for brook trout may range from 32 to

48.7 mg/kg dw egg selenium.

Fathead Minnow - While USEPA (2016a) included the fathead minnow data from Schultz and
Hermanutz (1990) as part of their “N” value for achieving 15 species, they did not include it in the

" The geometric mean of the EC1o values for westslope cutthroat trout.
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reproduction studies distribution showing effects relative to egg selenium concentrations. Their
rationale was that the uncertainty in the study was sufficient to not include it and an EC+o could
not be determined from those data. USEPA (2016a) shows a lowest observed effects
concentration (LOEC) for the Schultz and Hermanutz (1990) study of <25.6 mg/kg dw egg
selenium meaning an EC+o would likely be lower than the LOEC value cited. This is inconsistent
with much of the fathead minnow and cyprinid data suggesting cyprinids as a group are not

particularly sensitive to selenium.

GEI (2008) data were also described but not utilized in the criterion derivation because USEPA
(2016a) indicated that the high variability and lack of response made it difficult to derive an ECo.
GEI (2014) pointed out some of USEPA’S inconsistencies in its use of some data sets versus
others in its comments on the USEPA 2014 Draft Criteria document. GEI (2014) notes that
USEPA used a generic egg to whole body conversion factor of 2 instead of the species specific
conversion factor of 1.4. They further noted that deformity rates in their study do increase with
increasing whole-body selenium exposure, consistent with other studies used by USEPA. GEI
(2014) recommended a chronic value of 42.067 mg/kg dw whole body which was the lowest
deformity response of the four evaluated. Converting to an egg concentration using a factor of
1.4 yields a chronic egg value of 58.89 mg/kg dw. USEPA (2016a) does cite the GEI (2008) data
as well as Young et al. (2010) observations'? to illustrate that fathead minnows are likely less
sensitive than the LOEC based on the Schultz and Hermanutz (1990) study. A SMCV can be
derived for fathead minnows by generating the geometric mean of the two EC4o values cited
above, which equals 38.73 mg/kg dw egg selenium.

Sculpin - One study that was not submitted to USEPA for consideration in developing the 2016
National Criterion was by Golder and Nautilus Environmental (Nautilus) that examined the effects
of dietary selenium on the reproductive capabilities of slimy sculpin (Coftus cognatus). These
data were presented at the 34th Annual SETAC meeting by Lo et al. (2014). Dietary selenium
effects in slimy sculpin were tested by Nautilus starting in 2011. Slimy sculpins were collected
from the field and fed a selenium dosed diet for 7 months prior to being brought into spawning
condition in the laboratory. They found that the no effect egg tissue concentration was 22.0 mg/kg

dw selenium in adult slimy sculpin and that the effect threshold was greater than 22 mg/kg dw.

12 Fathead minnows remained after selenium contamination eliminated most other fish species from Belews Lake,
including bluegill sunfish and largemouth bass.
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The highest whole body tissue measured in Lo et al. (2014) was 11 mg/kg dw. Thus the ECo is

at some concentrations greater than 22 mg/kg dw egg selenium.

White Sucker - White sucker sensitivity to selenium was examined by de Rosemond et al. (2005)
using field collected organisms from an area in northern Saskatchewan. While limited data were
available, USEPA’s (2016a) review suggested that embryo/larval effects are not observed at
concentrations in eggs reaching 40.3 mg/kg dw (geometric mean of the two high selenium
concentrations in eggs). This species was not included in the 2016 National Criterion
development because it was based on a small data set with no controls. Itis clear, however, that
a no effects level can be estimated sufficient for inclusion here as white suckers are found at the
Site.

For most studies reviewed, deformities and/or survival were the common endpoints. In almost all
of the studies reviewed, the dose response was steep, and the effects were best correlated to

egg selenium concentrations.

5.3.2 Invertebrates

Overall, the literature suggests that reproductive endpoints in fish tend to be a sensitive indicator
of excessive selenium and that invertebrates are less sensitive to selenium effects than fish.
Long-term studies of benthic macroinvertebrate response to selenium exposure are few. Swift
(2002) conducted long term (>1 year) experimental dosing studies on stream mesocosms and
found no significant effect on benthic community abundance, diversity, or richness in the high (30
pg/L nominal) and moderate (10 pg/L nominal) experimental units, but Tubifex and Isopod

numbers were reduced.

deBruyn and Chapman (2007) examined the literature to assess selenium sensitivity of
macroinvertebrates and found that some invertebrates may be sensitive at body burdens similar
to those protective of fish. USEPA (2016a) identified and reviewed three invertebrate studies that
included dietary exposure for invertebrate species from which EC1o values could be derived.
USEPA (2016a) derived an EC+o of 37.84 mg/kg dw for the rotifer, Brachionus, from the Dobbs et
al. (1996) study and an effect level >140 mg/kg dw for the oligochaete, Lumbriculous. USEPA
(2016a) also reviewed and presented findings of the Conley et al. (2009, 2011, and 2013) studies.
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Conley at al. (2009, 2011, and 2013) published a series of studies for the mayfly, Centroptilum.
Conley et al. (2009) conducted a dietary feeding study on uptake of selenium in mayflies.
Measureable effects on fecundity were found at dietary concentrations of selenium less than 11
mg/kg. The diet was comprised of algae which concentrate selenium at several times the abiotic
concentrations and also convert selenium into more bioavailable methylated forms. Conley et al.
(2009) demonstrated that, like fish, benthic invertebrate exposure to, and effects from, selenium
are based on the dietary intake. Using the BAF of 2.2 provided by Conley et al. (2009), the 11
mg/kg dietary value corresponds to an adult mayfly tissue selenium concentration equal to 24.2
microgram per gram (ug/g) dw. In subsequent work, Conley et al. (2011) found that
bioaccumulation and influence of selenium on mayfly performance may be tied to resource
availability and quantity. Conley et al. (2013) reported a bioaccumulation or trophic transfer factor
of 2.1 and defined secondary reproductive effects at a dietary concentration of 12.8 mg/kg dw,
thus supporting their earlier work that effects occur at dietary concentrations greater than 11
mg/kg dw. Again, using the BAF and applying that to the dietary concentration of 12.8 mg/kg dw,
a whole body tissue threshold of 26.9 mg/kg dw was derived. USEPA (2016a) translated the
Conley et al. EC1o of 24.2 to a median whole body concentration at trophic level 3 to 29.3 mg/kg

dw.

The prevailing scientific evidence supports the current thinking that effects to developing fish are
among the most sensitive aquatic biological indicators of excessive selenium exposure (USEPA
2004; Lemly 1996; Ogle and Knight 1996; Skorupa et al. 1996; Janz et al. 2010). This would
suggest that if the biological response of fish is considered a very sensitive indicator of effects,

fish species would be considered a sensitive aquatic receptor.

5.3.3 Amphibians

Recent reviews of scientific literature suggest that amphibians are less sensitive to the effects of
metals than are fish (Kerby et al. 2010, Weltje et al. 2012). Kerby et al. (2010) evaluated a large
number of exposure and toxicity tests including invertebrates, fish, and amphibians and found

that amphibians may be less sensitive than other aquatic biota.

Weltje et al. (2012) conducted a comparative analysis of acute and chronic sensitivity of fish and
amphibians for approximately 50 chemicals, including some metals, but mostly organic chemicals.

Of the chemicals evaluated, the only metals evaluated were cadmium, copper, and zinc. The
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study compared chronic no observed effects levels (NOELs) reported in the literature and/or
regulations of various agencies. They found that amphibian NOELs were generally higher than
sensitive fish species. The authors concluded that NOELs and water quality criteria generated
for fish species will be generally protective of amphibians. They also concluded that additional

amphibian testing may not be necessary for chemical risk assessment.

An overall conclusion from Kerby et al. (2009) and Weltje et al. (2012) is that amphibians are
generally less sensitive than fish or other aquatic organisms to a broad range of environmental
contaminants in water. However, neither of these reviews included dietary pathways that are
important for exposure of aquatic vertebrates to selenium. Hopkins et al. (2006) examined
developmental effects of selenium accumulation in maternal adults and transfer to developing
embryos in eastern narrow-mouthed toads (Gastrophryne carolinensis). Female adult toads
would have obtained most of the selenium body burden through dietary pathways. Similar to fish,
selenium accumulated by the maternal parent is transferred to eggs and can affect developing
young. The highest selenium accumulation in eggs (up to 80 to 100 mg/kg dw) was substantially
higher than for trout eggs. Egg viability was higher, and deformities were lower (96 hour) than for
reference eggs for all but one endpoint (craniofacial). These data suggest that G. carolinensis
embryo development is less sensitive than brown trout to selenium in eggs. However, small
samples sizes at the higher concentrations may have affected the ability to detect statistical
differences. Interpretation of the Hopkins et al. (2006) study reveals an estimated NOEL threshold

value of approximately 20 mg/kg dw'® can be derived.

Unrine et al. (2007) evaluated metal concentrations in mollusks, insect larvae, bullfrog tadpoles,
and fish collected from a coal-ash affected swamp area of the United States Department of Energy
Savannah River Site in South Carolina. Bullfrog tadpoles (Rana catesbeiana) accumulated
between 1 and 4 times higher concentrations of several metals than other invertebrates and fish.

For selenium, concentrations (whole body) in tadpoles were marginally higher (approximately 1.5

13 When all developmental criteria were considered collectively, offspring from the contaminated site experienced 19%
lower viability, although egg selenium concentration and egg viability were not statistically related (Hopkins et al. 2006).
While a true effects threshold related to amphibian body burdens was not derived in this study, there was a demarcation
of effects relative to controls at the contaminated sites. The mean value of 42.4 mg/kg dw in whole body tissues has a
large degree of uncertainty associated with it based on the standard error presented. The mean value (n=10) for the
contaminated sites was based on data spanning a wide range of body burdens and Hopkins et al. (2006) state that
their statistical power for detecting functional relationships between concentrations and effects was probably limited
within the range of concentrations where effects should be predominant (e.g., egg selenium concentrations > 20 mg/kg
dw).
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times) than concentrations in aquatic insect larvae (dragonfly genera Tramea and Erythemis),
smallmouth bass (Micropterus salmonoides) and spotted sunfish (Lepomis punctatus). The
swamp site from which these data were collected is a lentic system, and the pattern of relative
concentrations among these groups may not be comparable to the lotic systems at the Site.
However, the similar concentrations among the tadpoles and other aquatic biota suggest that
anuran amphibians will not bioaccumulate selenium at substantially higher levels than the brown
trout at the Site.

In a more recent study, Masse et al. (2015) derived an EC+, for the Xenopus laevis; a toad that is
a standard test species in the Frog Embryo Teratogenesis Assay Xenopus (FETAX) toxicity
assessment procedures. USEPA (2016a) reviewed this study and reports the authors EC1ovalues
for abnormal spinal curvature, abnormal craniofacial structure and abnormal lens structure were
57.3, 38.4, and 34.5 mg/kg Se egg dw, respectively. The study identified an EC1o value of 44.9
mg/kg dw in eggs for total deformities.

36



Proposed Site-Specific Selenium Criterion Draft April 2017

6.0 DEVELOPMENT OF A SITE-SPECIFIC SELENIUM CRITERION

The 2016 National Criterion is derived from a distribution of different selenium concentrations
(e.g., ECqo values) in egg/ovary tissues based on survival and/or deformities according to the
methods found in Stephan et al. (1985). There are minimum data requirements (MDRs) to be
met (N=8) in order to provide sufficient types of acceptable aquatic toxicity data for developing a
criterion outlined in Stephan et al. (1985) that are described in detail in the 2016 National Criterion.
The 2016 National Criterion exceeds the MDRs with an N = 15 and the brown trout data are the
3" most sensitive species/genera of the 15 cited GMCVs for reproductive effects (USEPA 2016a).
Table 3 shows all 15 genera used to derive the 2016 National Criterion. Eight fish egg/ovary
thresholds were utilized at the genus level (Figure 3.1 of the 2016 National Criterion). Both fathead
minnow data and Gambusia were included in the total N for a total of 10 GMCVs. Three
invertebrate thresholds were also included for a total of 13 GMCVs. Two of the fifteen were waived
as non-existing, non-essential values for invertebrates. Page 59 of the 2016 National Criterion

explains this waiver.'*

6.1 Egg Criterion

The key threshold for developing this SSSC is the brown trout EC1o. USEPA (2016a) utilized
Simplot's brown trout data and derived an EC+o of 21 mg/kg dw egg selenium based on survival
from hatch to swim up. Simplot derived their own EC1o from the brown trout survival data using
the full set of data (e.g., hatch to test termination), which was 20.5 mg/kg dw egg selenium. Two
slightly different compilations of the brown trout survival data yielded two EC+o values that are
remarkably similar and toxicologically not different. The approach and rationale for both the
USEPA and Simplot EC+o derivations are described at length in USEPA (2016a) Appendix C and
Simplot's Draft manuscript in preparation for publication, Effects of in situ selenium exposure and

maternal transfer on the survival of brown trout (Salmo trutta) fry."®, Simplot's EC1, for brown trout

14 Because the 5th percentile calculation methods for the FCV use actual numerical values for the GMCVs of the four
most sensitive (fish) genera in the selenium dataset, it is only necessary to know that the more tolerant genera have
GMCVs that are greater than those of the lowest four. A recommendation in the draft white paper on Aquatic Life
Criteria for Contaminants of Emerging Concern Part | (U.S. EPA 2008b), which was supported by the Science Advisory
Board, states “because only the four most sensitive genus mean chronic values (GMCVs) are used in the criterion
calculations, chronic testing requirements for a taxon needed to meet an MDR should be waived if there is sufficient
information to conclude that this taxon is more tolerant than the four most sensitive genera.”

15This draft manuscript can be provided upon request.
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was used for this SSSC proposal and it is the most sensitive value in the compilation of species
for the Site.

Table 3 shows the species and ranks of the data utilized to derive the 2016 National Criterion as
well as the criterion derivation process. Note that the GMCVs were used for some taxa. Table 4
shows the species and ranks used to derive the SSSC for the Site. For the SSSC, SMCVs were
used. This was done primarily because on a site basis, the number of taxa available for use as
resident and surrogate become much smaller than on a National scale. This is particularly true

for small mountain streams which typically do not have diverse fish species assemblages.

The taxa compiled provide a representative species distribution for the Site which includes trout
species, cottids, cyprinids, catostomids, an amphibian, and invertebrates. As with the 2016
National Criterion derivation, a SSSC relies on the four most sensitive species, in this case brown

trout, rainbow trout, westslope cutthroat trout,'® and YCT.

Using the derivation method of Stephan et al. (1985), which is consistent with USEPA (2016a)
derivation procedures, a species list of N=14 was compiled, and the four most sensitive taxa were
used to derive the criterion. Based on the calculation procedure shown in Table 4, the SSSC for
egg ovary is the 5" percentile estimate of the species distribution equal to 19.9 mg/kg dw egg
selenium. The egg selenium concentration of 19.9 mg/kg dw is proposed as the egg SSSC value
protective of the aquatic life present in Hoopes Spring, Sage Creek, South Fork Sage Creek, and

lower Crow Creek.

6.2 Whole Body

USEPA (2016a) went through a similar process for deriving their whole body tissue criterion as
they did for the egg/ovary derivation. However, that process addressed species on a National
scale, whereas this process addresses a site-specific scale where the most sensitive species is
resident (i.e., brown trout) and is the species that will be monitored for compliance. By using the

USEPA (2016a) approach for deriving the egg criterion, which included an assemblage of

16 Westslope cutthroat trout are not found at the Site; however, it is a salmonid which is primarily an insectivore. ltis
retained as a surrogate species for another salmonid insectivore species, mountain whitefish, for which no test data
are available. While mountain whitefish are not expected to be as sensitive to selenium as westslope cutthroat trout, it
is retained as a conservative measure in deriving the SSSC.
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species, the egg criterion derived is protective of Site species. Further, selenium accumulation in
the eggs of the exposed adult female prior to spawning has been shown to yield the most robust
relationship (statistically significant) with occurrence of deformities and reduced survival of the
offspring (USEPA 2016a). Site specificity and the best cause and effect relationship being for egg
tissue and deformities and/or reduced survival is powerful evidence that supports a direct

calculation of the whole body criterion element from the egg criterion element derived above.

Because the relationship for egg/ovary concentrations to whole body selenium concentrations
has been established for brown trout from this Site, it is the most relevant and direct approach for
deriving a whole body criterion for an SSSC. USEPA (2016a) derived a whole body tissue
concentration for brown trout of 13.2 mg/kg dw using Simplot's brown trout data. This value is
based on the no-effect concentration from the brown trout reproductive study where the
associated egg value was 20.5 mg/kg dw'”. Thus, the whole body tissue value of 13.2 mg/kg dw
is a no-effect threshold from USEPA (2016a).

Based on the site-specific data, and using the procedures outlined in USEPA (2016a), the brown
trout conversion factor (CF) for egg to whole body is 1.45.® Applying the CF to the egg EC1o
(20.5 mg/kg dw) yields a value of 14.14 mg/kg. Additional data are available for this Site collected
just prior to the field work done for the brown trout study (Table 5). Six additional egg and whole
body tissue pairs of data were collected in late October 2007 during the first attempt to collect ripe
females. The six females were believed to be ripe and were sacrificed to determine if eggs were
present. In each, eggs were present and excised. Separate egg and whole body tissues samples
were submitted for chemical analyses. The ratios from these six additional samples fall within the
range of egg to whole body ratios derived from the fish used in the reproduction study (Table 5).
Addition of the six pairs of data results in an N=40 for the derivation of CFs. The median value
for all of these Site data is 1.46 (0.67). In this case, the standard deviation for the CF using only
data developed for this study (including those collected as preliminary samples) is considerably
lower than the USEPA (2016a) standard deviation of 1.81 that included the Osmundson et al.

17 The value 20.5 mg/kg dw is the egg concentration cited as no effects with a corresponding maternal whole body
tissue concentration of 13.2 mg/kg dw. These are the measured values from the brown trout study.

18 The value 1.45 is derived as the median CF of all the paired brown trout whole body and egg tissue values from
Simplot’s brown trout studies and Osmundson et al. (2007). Inclusion of the Osmundson et al. (2007) data introduces
CF data from outside the Site, but more importantly, those data are for whole body and ovaries.
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(2007) data. Based on these data, the CF proposed for the SSSC is 1.46. Dividing the proposed
egg criterion (19.9 mg/kg dw) by the CF (1.46) yields a whole body criterion of 13.63 mg/kg dw
selenium. The proposed SSSC value for whole body tissues is 13.63 mg/kg dw.

6.3 Water

According to USEPA (2016a), a protective water concentration may be developed from the site-
specific egg/ovary, whole body, or muscle criterion elements and translation of the fish tissue
criterion to a protective water concentration can be performed in a manner that accounts for site-
specific conditions. There are some limitations, however, as only two approaches for developing
a protective water concentration from tissue thresholds are offered as valid approaches. These
are use of a mechanistic approach (Presser and Luoma 2010) to model selenium through the
food chain, or use of an empirical BAF approach. Appendix K of USEPA (2016a) outlines the two

approaches and discusses their advantages and disadvantages.

6.3.1 Mechanistic Trophic Model

The mechanistic model approach is considered to be more comprehensive, but due to its many
steps (i.e., trophic levels) it can be more uncertain. The primary uncertainty arises in the
enrichment factor (EF) portion of the model. EFs can vary widely, as it is a ratio of algae, detritus,
and sediment to water which can vary over time. Further, concentrations of sulfate have been
shown to affect selenium uptake and the resulting bioaccumulation in freshwater organisms,
including algae (Brix et al. 2005, Ogle and Knight 1996, Williams et al. 1994). For the purposes
of this SSSC, all inputs for the mechanistic model were derived from samples collected on Site;
thus the model is empirically based. The data, methods, assumptions, and calculations used to

derive a water element from the egg criterion are presented in Appendix B.

A protective water selenium concentration was derived using both methods because sufficient
data were available to evaluate the similarity or dissimilarity between them. Using the mechanistic
trophic model, protective water concentrations were derived using data compiled from 2006 to
2011 for two conditions: (1) Site streams — spring, summer/fall seasons, and (2) Site streams —
summer/fall seasons. For this dataset, the number of paired samples (water, sediment,

periphyton, benthic invertebrate, sculpin, and trout) results in an N=36. Where multiple fish tissue
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samples were collected for a location and time period, the arithmetic mean was used as the

representative concentration.

Using the egg ovary value of 19.9 mg/kg dw as the basis, the dissolved water concentrations
allowed such that the egg criterion is not exceeded are 12.99 ug/L (Site streams — all seasons)
and 13.20 pg/L (Site streams — summer/fall seasons). Application of a dissolved to total metal
translator (0.98) derived from paired total and dissolved selenium concentrations in surface
waters from all Site sampling locations yields total selenium concentrations of 13.26 and 13.47

ug/L for Site streams — all seasons, and Site streams — summer/fall seasons, respectively.

Figure 10 shows the relationship of predicted dissolved selenium from the mechanistic model
versus the actual measured dissolved selenium concentrations. Overall, the linear relationship
(R2 = 0.895) indicates strong predictive power of the model using the site-specific inputs. Despite
this relationship, it is clear that the variability increases in the relationship as selenium
concentrations increase. The model sometimes over or under predicts the actual dissolved
concentration, in some cases by a large margin (>10 pg/L) as selenium increases. The multiple
trophic steps in the mechanistic model allow for introduced variability at each step. As selenium
concentrations in the surface waters increase, the variability in each trophic accumulation step
may also increase. For this SSSC proposal, this became important because selenium
concentrations in surface water of the Site often exceed 10 pg/L, which may affect subsequent

selenium bioaccumulation and integration into higher levels of the food chain.

6.3.2 Empirical BAF Model

The empirical BAF approach relies on a site-specific, field measured BAF (i.e., selenium tissue
concentration divided by dissolved selenium concentration in surface water). It is a direct measure
of selenium bioaccumulation into fish, without the trophic steps and requires no assumption on
dietary intake. The BAF approach uses site-specific ratios developed that are not intended for

use in other watersheds.

The BAF approach relied solely on brown trout data collected from locations within the Site
(Hoopes Spring, Sage Creek, South Fork Sage Creek, and Lower Crow Creek). Individual BAFs
were derived for each trout tissue concentration and dissolved selenium concentration for a
location and time period, resulting in a dataset of N=294 samples. Recall that the BAF is simply

the tissue concentration divided by the dissolved water concentration. Multiple trout were
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captured for analysis at each location, while only a single water quality sample was collected, thus
a range of BAFs were derived for each location and time period. The dataset for the BAF
approach spanned the time period from 2006 to 2011'® (Appendix C). Figure 11 included two
figures, one illustrating the whole body selenium concentrations relative to the dissolved selenium
concentrations for the dataset and the second showing the derived BAFs versus dissolved
selenium concentrations in surface waters. The BAFs derived are based on whole body tissues,
whereas the criterion is based on egg tissues. Whole body tissue concentration BAFs were
converted to egg concentration BAFs to derive the allowable concentration that would not exceed

the 19.9 mg/kg dw egg selenium criterion and be comparable to mechanistic model output.
BAFegg = (Cissuews *CF)/Cw

Where: BAFegg = BAF equivalent for egg tissues
Cissuews = Tissue concentration of selenium whole body brown trout (mg/kg dw)
CF = Conversion Factor ratio for egg to whole body

Cw = Concentration of dissolved selenium in surface water (ug/L)

To derive the water concentration for each of the scenarios, a median BAF was derived, and the

egg concentration of 19.9 mg/kg dw egg selenium was divided by the median BAF.

For the Site streams - all seasons, the derived dissolved selenium concentration was 12.34 ug/L,
while for the Site streams - summer/fall seasons, the derived dissolved selenium concentration

was 13.28 pg/L. Translated to total selenium, the values are 12.59 and 13.55 ug/L, respectively.

6.3.3 Site-Specific Water Value

A logical expectation is that when using site-specific inputs for a mechanistic model approach and
site-specific BAFs, the model outputs (e.g., predicted surface water concentrations) should be
very similar. If the output from the two approaches is similar, then it suggests that the data

19 Data from 2013 were not included in the BAF calculations because the resulting BAFs at some locations were
substantially different than the range of BAFs derived during the 2006 to 2011 time frame. By limiting the BAFs to 2006
to 2011 time frame, the BAF dataset is more comparable to the mechanistic model data set spanning the same time
period.
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collected and model assumptions utilized likely provide a representative assessment, and that
either method could be used as one serves as a check for the other approach. If the outputs are
not similar, it suggests that the variability of the input data may result in uncertainties that should

be evaluated.

Total selenium concentrations of 13.26 and 13.47 ug/L were derived for the Site streams — all
seasons and Site streams — summer/fall seasons, respectively, using the mechanistic model.
Total selenium concentrations of 12.59 and 13.55 ug/L were derived for the Site streams — all
seasons and Site streams — summer/fall seasons, respectively, using the BAF approach. About
1 pg/L or less separates the predicted values output from the two different models. Therefore, it
is concluded that both approaches are equally effective in generating a protective selenium
concentration in water for this Site using the site-specific inputs and assumptions. Based solely
on the ease of data collection for future evaluations, this SSSC proposal recommends that the
water value be based on the BAF approach for the Site streams - summer/fall seasons. The
summer/fall seasons are when selenium concentrations in water are highest and bioaccumulation
is likely greatest. It is also the time period prior to brown trout spawning when egg formation and
selenium deposition occurs. Timing the water value to a sampling period and zone is expected
to provide a conservative estimate of fish tissue concentrations for compliance monitoring using

a sensitive species.

USEPA’s (2016a) water value is based on the 20" percentile of a range of either lotic or lentic
water concentrations from across the United States. For lotic waters, the 20" percentile value is
3.1 yg/L. This type of approach is needed because the 2016 National Criterion water
concentration is applied across a broad range of conditions, species, landscapes, and regions.
For this SSSC, there is no need to derive a 20" percentile, because the water value in this
proposal is derived from an egg criterion based on a representative species assemblage with the
most sensitive species data being generated from the site-specific threshold for brown trout which
were exposed to a very distinct range of selenium concentrations in water and prey items. These
data originate from the locations where the criterion will be applied and where future monitoring
for compliance will occur. The site-specific water value derived from the egg criterion is 13.55

ug/L total selenium?,

20 The summer/fall data best simulates the time period when maternal adult brown trout will be accumulating dietary
selenium just prior to any deposition to eggs if selenium is in excess.
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7.0 PROPOSED CRITERION IMPLEMENTATION

Elevated selenium concentrations at the Site are a result of releases due to historical mining
activities at the Smoky Canyon Mine. Overburden materials removed to access the phosphate
ore were placed in external overburden disposal areas (ODAs) or used to backfill mining pits.
Selenium released to these materials infiltrates into underlying Wells Formation groundwater and
transported with groundwater to spring discharges to surface water (i.e., Hoopes Spring and

South Fork Sage Creek Springs).

Under CERCLA, Simplot has implemented two early remedial actions at Pole Canyon, which have
significantly reduced releases of selenium to the surrounding environment. In addition, Simplot
is implementing a pilot study water treatment system at the springs that is predicted to reduce
selenium concentrations throughout the Site. Remedial actions at the mine will reduce selenium
concentrations in surface water over time to meet the selenium criterion (the expected timeframe
will be documented in the ROD).

USEPA'’s guidance documents (e.g., USEPA 2016b;_c;_d;_e) for implementing the 2016 National
Criterion are draft pending public review. Changes that may result from this review and the
potential effect on this implementation plan are unknown. The implementation plan proposed

herein is relatively consistent with current draft USEPA implementation plan documents.

Appendix D provides a detailed implementation plan for the Site which is summarized in this
Section and illustrated in Figure 12. While egg tissue has been demonstrated to be one of the
most important endpoints to measure the effects of chronic exposure to selenium, it is not the
most practical to monitor. A more practical and efficient monitoring approach, which effectively
utilizes the criterion elements, would begin with monitoring the water column element of the
criteria. Routine monitoring for surface water concentrations of selenium is already conducted as
part Smoky Canyon’s Comprehensive Environmental Monitoring Program. If the surface water
monitoring indicates an exceedance of the water criterion, then more comprehensive whole body
tissue monitoring would be completed or Simplot may pursue egg tissue monitoring. Compliance
with the egg tissue criterion is the ultimate compliance mechanism, but the whole body tissue
criterion may be used if it is not practical to obtain egg tissue data. In the event that no fish are
present at a location, the nearest downstream location where fish are present would be examined
to assess if the tissue data indicate an exceedance. In this proposed approach, the egg criterion

would still take precedence over whole body tissue or water elements of the criterion when egg
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tissue data are available. The whole body tissue data take precedence over the water element

of the criterion when whole body tissue data are available.
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Table 1

Summary of Water, Sediment, and Tissue Selenium Concentrations from the
Fall 20086, Spring 2007, Fall 2007, Spring 2008 and Fall 2008 Monitoring Events

Water Concentration Sediment | Periphyton | Benthos Sculpin Mean | Trout Mean
. Monitorin .
Stream Location Event g Total Dissolved | g 1o ium | Selenium | Selenium Selenium Selenium
Selenium | Selenium | 0wy | (mafkg dw) | (mgikg dw) | (mglkg dw) | (mglkg dw)
(mglL) (mglL)
rUpstream of Sage Creek ‘ ~ - .
Fall 2006 0.00053 0.00057 0.61 1.01 3.11J- 5.58 4.05
Spring 2007 0.00047J | 0.00046J 0.6J 0.68J * 5.03 5.35
CC-75 Fall 2007 0.00033J | 0.00033J- 0.34 114 ** 3.77 3.18
Spring 2008 0.0012 0.0012 0.54 2.7 445 7.19 10.32
Fall 2008 0.0015U 0.0008 0.48J+ 0.55 3.49 7.08 6.60
Fall 2006 0.00062 0.00067 0.88 1.2 4.94J- 6.01 5.83
Spring 2007 0.00083J | 0.00092J 0.43J 1.37J 4.46J 5.04 8.67
Crow Creek CC-150 Fall 2007 0.00059J | 0.00068J- 0.54 0.77J 1.90 5.14 5.20
Spring 2008 0.0018 0.0014 0.63 24 7.03 10.73 10.14
Fall 2008 0.0023 0.0016 0.81J+ 0.65 21.60 7.35 7.83
Fall 2006 0.00083 0.00082 1.30 1.5 2.11J- 6.47 6.28
Spring 2007 0.00084J 0.0011J 0.524 3.3J 4.2J 7.12 8.53
CC-350 Fall 2007 0.0002U 0.00026J- 0.55 0.77J ** 5.28 5.80
Spring 2008 0.001 0.00089 0.7 34 10.60 10.03 11.50
Falf 2008 0.0012U 0.0013 0.81 0.59 12.30 9.53 7.95
Hoopes Spring and Sage Creek . : : . L
Fall 2006 0.0174 0.0174 2.3 2.2 1.00J- 23.23 16.52
Spring 2007 0.0301J 0.0205J 5.9J 12J 15.7J 23.25 25.00
HS Fall 2007 0.0242 0.0214J- 1.1 3.9J ** 10.95 24,90
Spring 2008 0.0296 0.0273 1.8J- 15.0 21.7 35.93 32.63
Hoopes Spring Fall 2008 0.0502 0.0536 4.4 35.2 33.9 41.30 22.80
Fall 2006 0.0108 0.0092 7.0 6.5 12.47J- 21.85 20.60
Spring 2007 0.0198J 0.0184 6.2J 124 11.4J 18.57 18.83
HS-3 Fall 2007 0.0158 0.0161J- 7.5 6.2J 15.41 26.63 17.89
Spring 2008 0.0223 0.026 2.1J- 28.5 28.4 23.93 26.30
Fall 2008 0.0402 0.0375 8.1 24.2 24.7 23.68 28.97
Fall 2006 0.0095 0.0093 4.6 2.6 22.62J- 17.47 19.45
Spring 2007 0.0135J 0.0135J 4.5J 8.09J 8.26J 11.38 12.78
LSV-2C Fall 2007 0.0144 0.0143J- 54 18.5J 31.74 18.80 22.67
Sage Creek Spring 2008 0.0145 0.0141 1.1J- 11.6 30.00 25.95 20.25
Fall 2008 0.0242 0.0234 5.7 4.38 23.90 20.32 20.96
LSV-4 Fall 2006 0.007 0.0068 3.3 7.42 10J- 20.01 16.20
Spring 2007 0.0103J 0.0101J 3.9J 11.7J 9.084 18.28 15.80
Downstream of Sage Creek ‘ - :
Fall 2006 0.0029 0.0027 1.80 3.64 3.53J- 9.94 9.76
Spring 2007 0.00164 0.0012J 1.10J 3.39J 12.9J 8.34 9.05
CC-1A Fall 2007 0.0014J 0.0022J- 0.67 3.2 12.24 7.78 9.95
Spring 2008 0.0032 0.0029 1.2 7.10 15.50 17.47 17.54
Crow Creek Fall 2008 0.0065 0.0067 1.7 5.86 11.60 12.63 14.03
Fall 2006 0.003 0.0029 1.3 3.10 5.484- 14.45 11.15
Spring 2007 0.0013J 0.0014J 0.73J 1.89J 5.41J 11.65 9.20
CC-3A Fall 2007 0.0011J 0.00184- 0.93 3.8 el 11.47 11.25
Spring 2008 0.0036 0.0026 0.66J- 14.9 17.80 NM 15.38
Fall 2008 0.0058 0.0058 1.3 1.67 11.20 20.20 19.68

Bold values exceed the State of Idaho Water quality standard for total selenium (0.005 mg/L)

J - Estimated
J- = Estimated, low bias
NM = Not Measured

** = [nsufficient sample for reanalysis
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Table 3

Genus Mean Chronic Values for Species used in Deriving an EPA 5th Percentile Egg Selenium Criterion

Rank  Common name Genus GMCV
15 waived' -
14 waived' -
13 Oligochaete Lumbriculus variegatus 169.4
12 Dolly Varden Salvelinus malma 56.2
11 Rotifer Brachionus calyciflorus 45.8
10 Mosquitofish Gambusia® >13.38 WB
9 Fathead minnow Pimephales promela32 <25.6
8 Northern Pike Esox lucius 34
7 Mayfly Centroptilum triangulifer 293
6 Desert Pupfish Cyprinodon macularius 27
5 Largemouth bass  Micropterus salmoides 26.3
4 Cutthroat Trout Oncorhynchus 253
3 Brown Trout Salmo trutta 21
2 Bluegill sunfish Lepomis macrochirus 20.6
1 White sturgeon Acipenser transmontanus 15.6
Input
N GMCV Rank In(GMCV) In(GMCV)? P=R/(N+1) sqrt(P)
15 25.3 4 3.23 10.44 0.250 0.500
21 3 3.04 9.27 0.188 0.433
20.6 2 3.03 9.15 0.125 0.354
15.6 1 2.75 7.55 0.063 0.250
Sum: 12.05 36.41 0.63 1.54
§%= 3.43
S= 1.85
L= 2.30
A= 2.71
Chronic Criterion (mg/kg dw) 15.1

' Because the 5th percentile calculation methods for the FCV use actual numerical values for the GMCVs of the four most sensitive (fish) genera in the selenium dataset, it is only
necessary to know that the more tolerant genera have GMCVs that are greater than those of the lowest four. A recommendation in the draft white paper on Aquatic Life Criteria for
Contaminants of Emerging Concern Part | (U.S. EPA 2008b), which was supported by the Science Advisory Board, states “because only the four most sensitive genus mean chroni
values (GMCVs) are used in the criterion calculations, chronic testing requirements for a taxon needed to meet an MDR should be waived if there is sufficient information to concluc
that this taxon is more tolerant than the four most sensitive genera.”

2 Using the logic above, USEPA included two additional genera (Gambusia, which is a live bearer, and Pimephales) as part of the GMCV count to arrive at an N=15. Both were
included as taxa that were less sensitive than the four most sensitive species shown based on other maternal studies and field collected data.
GMCV = Genus mean chronic value
mg/kg dw = milligrams per kilogram dry weight
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Table 4

Species Mean Chronic Values for Species used in Deriving a Site-Specific 5th Percentile Egg Selenium Criterion

Rank Common name Species SMCV
14 waived' -
13 waived' .
12 Oligochaete Lumbriculus variegatus 169.4
11 Rotifer Brachionus calyciflorus 45.8
10 African clawed frog Xenopus laevis 44.9
9 White Sucker Catostomus commersonii 40.3
8 Fathead minnow Pimephales promelas3 38.73
7 Brook Trout Salvelinus malma 32
6 Mayfly Centroptilum triangulifer 29.3
5 Slimy Sculpin Cottus cognatus® >22
4 Yellowstone Cutthroat Trout  Oncorhynchus clarkii bouvieri 28.39
3 Westslope Cutthroat Trout Oncorhynchus clarkii 26.2
2 Rainbow Trout Oncorhynchus mykiss 245
1 Brown Trout Salmo trutta 20.5
Input
N SMCV Rank In(SMCV) In(SMCV)? P=R/(N+1) sqrt(P)
14 28.39 4 3.35 11.20 0.267 0.516
26.2 3 3.27 10.67 0.200 0.447
24.5 2 3.20 10.23 0.133 0.365
20.5 1 3.02 9.12 0.067 0.258
Sum: 12.83 41.22 0.67 1.59
§%= 1.56
S= 1.25
= 2.71
A= 2.99
Chronic Criterion (mg/kg dw) 19.9

" Because the 5th percentile calculation methods for the FCV use actual numerical values for the GMCVs of the four most sensitive (fish) genera in the selenium dataset, it
is only necessary to know that the more tolerant genera have GMCVs that are greater than those of the lowest four. A recommendation in the draft white paper on Aquatic
Life Criteria for Contaminants of Emerging Concern Part | (U.S. EPA 2008b), which was supported by the Science Advisory Board, states “because only the four most

sensitive genus mean chronic values (GMCVs) are used in the criterion calculations, chronic testing requirements for a taxon needed to meet an MDR should be waived if
there is sufficient information to conclude that this taxon is more tolerant than the four most sensitive genera.”

2 Using the logic above, and consistent with USEPA's approach, Cottids are included here as part of the SMCV count to arrive at an N=14. itis included as taxa that is less
sensitive than the four most sensitive species shown based on other the maternal study {NOEL >22 mg/kg dw eggs) and field collected data.
3 For this SSSC proposal, a fathead minnow EC10 was derived as the geometric mean of the GEI data (58.59 mg/kg Se egg) and Schultz and Hermanutz data (<25.6

mg/kg dw Se egg).

SMCV = Species mean chronic value
mg/kg dw = milligrams per kilogram dry weight
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Table 5
Brown Trout Paired Whole Body and Egg Tissue Selenium Concentrations

Location Sample Units Selenium Concentration WB/Egg Ratio
Whole Body Egg
Crow Creek CC150-FT009 mg/kg dw 8.4 12.8 1.52
Crow Creek CC150-FTO11 mg/kg dw 5.6 84 1.50
Crow Creek (CC150-FT012 mg/kg dw 6.7 85 1.27
Crow Creek CC150-FT013 mg/kg dw 5.9 8.4 1.42
Crow Creek CC150-FT0O15  mglkg dw 6 9.1 152
Crow Creek ' ~ |CC130-FTO16 mg/kg dw 7 75 1.07
Crow Creek ;;‘CC150-FT017 mg/kg dw 56 6.6 1.18
Crow Creek \CC150-FT018 mg/kg dw 47 6.9 1.47
Crow Creek jCC150—FT020 mQ/kg dw 7.2 6.2 0.86
Crow Creek 7 | CC350-FT006 mg/kg dw 92 14 - 152
Crow Creek ~ CC350-FTO07 7 rhg/kg dw 5.5 6.9 1.25
Crow Creek CC350-FT008 mg/kg dw 8.5 9.5 1.12
Sage Creek © LSV2¢-002 mg/kg dw 8.9 12.8 144
Sage Creek  LSV2c-003 mg/kg dw 138 40.3 2.92
Sage Creek LSV2¢-004 1mg/kg dw 17.9 36 2.01
Sage Creek LSV2¢-005 mg/kg dw 13.6 26.8 - 1.97]
Sage Creek LSV2¢-006 'mg/kg dw 1 72 26.9 1.56
Sage Creek LSV2¢-007 mglkg dw 6.7 18.6 278
Sage Creek LSV2¢-008 mg/kg dw 9.6/ 17.7 1.84
Sage Creek LSV2c-010 mg/kg dw 22.6| 38.8 1.72
Sage Creek LSV2¢-012 mg/kg dw 72 13.2. 1.83
Sage Creek LSV20jO16 mg/kg ng 9.2 13.4 146
Sage Creek LSV2¢-017 §mg{kg dw 13.2 205 1.55
Sage Creek 7 LSV2c—O19 mg/kg dw 86 12.5 1.45
Sage Creek LSV2¢-020 mg/kg dw 11.3 1.2, 0.99
Sage Creek ~ L8V2c¢-021 mglkgdw 20 28.1 141
Saratoga Hatchery SC-001 mg/kg dw 36 7 0.76 021
Saratoga Hatchery SC-002 , m,g/kgkcriwr 41 094 - 023
Saratoga Hatchery | SC-003 mg/kg dw 37 0.83 0.22
Saratoga Hartkchgryw ~ |SC-004 mg/kg aw 43 0.92 021
Saratoga Hatchery ~  SC-005 mglkg dw 3 1.20 0.40
Saratoga Hatchery %SC-OOG nﬁg/lgg dw 3.1 1.20 0.39
Saratoga Hatchery SC-008 mg/kg dw 27 1.00 0.37
Saratoga Hatchery SC-009 mg/kg dw 25 0.96 0.38
Crow Creek' CC150-FT0013  mglkg dw 5.4 108 2.00
CI’QW VCre'erk1 CC1A-FTOO1T mg/kg dw 6.4 11.5 1.80
Crow Creek' | CC1AFTO012 | mglkg dw 8.7 19 2.18
Crow Creek’ CC3A-FT101 ‘mg/kg dw 8 105 1.31
Sage C’I'GGK1 LSV2¢-FT0025 Emg/kg dw 23.8 44.7§ 71'.88
Sage Creek'’ LSV2c-FT0030  mglkg dw 17.3 412, 2.38

" Pre spawning samples collected in October 2007 to assess condition.

Pagelof1l




140 T 98ed

18} Jod sweubosoiw = J/6r

uBiom Aip weuboy Jod swelbijiw = mp BB

43 Juswipss pue 43 uojAyduad sy} Jo abelse SRaWILILE By} SI 43 BbelsAy
BlED |[Bj//oWWns — SUOSess |jed

ejep |jejsswwns pue Buuds - suosess |y

"(VE-00 pue v|-0D) abeg s/p 33310 MOID (-AST PUB DZ-AST) %9310 9BeS ‘(g-SH Pue SH) Buudg sadooH — swieals ajis
IS8JON

dvg 669 0} pepeauoo oliBUSS UOIEIO|/UOSESS J0) UBIPSW Jyg APOg Sjoym Y} = U= jyq

10}98} UOISIBAUCD = 47)

10)0B) JUSWILOLIUS = 45

Buidnoib ejep ay) 104 anjea UBIPSW B S1 BNjeA YOES 'S|9As| 21udod) (e Joj 10108y Jajsuel) oiydo) a)isodwion = dusedwod ) |
anjeA uouaiud BBa panueqg = uousiuy

Jslem Ul UOIRIIUDOUOD pajaIpald = %y talayp

sEpov g / Puoneiug = ¥4 :uopenb3 Jvg [eoudwg

40 X 43 x M) | /5%°uousiug = g 1uonenb [apojy aydo) JsIuEYOs

:uopenbg
66+ 1 1961 o'l 19°¢ [68°0 vl 00'¢ 120 IOSESS ||BjJawns Haa1) abeg 304 Yinog
flssy 129 9v'L 82°¢ 8L°L 4N 6¥'¢ 290 SUOSEaS |[B)/I8WWns Y31 MoID
lss oL 0Lce oL 09°L 160 180 86} 6€0 SUOSESS |[B} oINS o910 obeg
loo'6L 86°CL or'L |99z Lzl ') 0S'L 0v'0 suosess ||eydwwns ‘bunds sadooy

66’71 1961 9L 19°¢ 680 vl 00¢C L2°0 SUOSESS |[e Y931 sbeg 3404 Yinog
L0y 18y 9L AR oL’} 60'L 19°¢ L6°0 SUOSESS {|e Hjeai] MoJD
ce 9l 188l i 6S°L 160 98°0 16'L iy suosess e *§eal) ebeg
2191 4443 o¥'L SC'¢ [ T4)" GG'1L 0Z't £v'o suosess ||e ‘buudg sadooH
82°€lL ocel vl €v'e 80°L 60'} G0'¢C €v'0 Suosess ||y swWWns ‘'sweallg a)ig
vm.wrm.lm 66°Cl oL 0cc 80°L 80°'L 68'L 870 SUOSESS ||E ‘sweals S|g)
H”O_._v_w\u_.—_.ﬂvmmmw “S”O_m_.w_&\a_m_“mmmw 49 w:wanoon—.—.._. ~:o=n_._.._. En.:umn_.r._. wum._nwtg:_n_._.._. 43
(1/6r) 1o3em (/6rl) 1o32M
ut uojjenuasuo) | ul uoesuaduon m:_azc._mv ejeq
uwniuajag wniusjag sajgelen
pejoIpaid pajoIpald [9PO
4v4 [eouidwy ansiueysap

INdinQ [9pojy Jvg 2jqetedwo) pue [opoly d1ydou] disiueyda ay} Buisn an[eA JUSWI|T 1Y B JO UOHBALIR] 3Y) Ul pas() S3|qeLiep

99|qel







GOVERNMENT DAM B

CARIBOU COUNTY

Mound Valley
FRANKLIN COUNT

STATE HWY 34

S:\GIS\ARCPRJ2\010109\PLT\SSSCPAINTERP_REPT\FIG1-1-SCP-REGION.MXD
v == e

'Wayan (Unihcorp)

OUNTY

Bennington \

Giveout

aom

Thayne é ;

Bedford
[*)

=

——

WYOMING

o

STATE HWY 238

..
=

A

EH

|

L OLN ‘GéUNT} /

>moot

&) x\k(\ 3

Wzﬁitm

fo

¥

s

IDAHO

N
0 5 10
e " | V[

J.R. SIMPLOT COMPANY
SMOKY CANYON MINE

Smoky Canyon Mine

FIGURE 1

LOCATION OF THE
SMOKY CANYON MINE

PRJ: 009-004.70

DATE: JULY 1, 2010

REV: 0

BY: RCR | CHK: SMC

FTON |
ENVIRONMENTAL




S:\GIS\ARCPh._\010109\PLT\SSSCPAINTERP_REPT\FIG2-2 SSCSAMPLOCS.MXD 5
5 e T e, T 7 = 7 —
o - el LY : ! e ,/ I 1 m_ Z
3 e Tiny R $ =
o> o) &y
\ s ;2 g
\ s 9%
[l ,_ L B
=i / \/ I~ ;B W
i aann y { é 2z
; Q5
5 240 A i > - g Q0
S % | =13 S Ol z
R £ 7 3 ald
N b 9¢ B : ‘Z|0
., ! y o _— %o
\ / i Oy % ]
N ./ 7 y D1 /% 2 4 par}
) R o T 4 S -
\ ) e AN 3 8 R s
- et g Yy ¥ g A R g
E S 0y hﬁO ! N Y3
! N P b5 3 ll,\
o A(\ .\, ..f(/// ,,_ N -
s Sl p, 1 -
i 5 R \,. t W i 4 % \0@
; \ 2 _../A. iy .\ \\ ,u@ &
i i . x A ) T :
v ._ < L T L o ¢
I p V4 ; g 5 oeie o < Y / \ S
! { / q = ° 7 : .\. B ~
1 ¥ i X /] G 4 } - A
“ %5 [>) N i f X =
i T % \
3 i 4 g Hoopes :
8 N / /i =
520, /._ y / D Spring )
R ] ‘.‘ W/ e R B
N A (NP N = 4 4 6800
FEN 3 {gouth EQrbsPESy, - f :
L Se N g g
re== A 84 7 Foi
2 i i & |
;o : % A 4
i : .
! LSV-2C ~ N
/ ~
s 2 S S
= ) - “ 4.
... & : ._
y % i & s %
: AR P ~ -
- - 1 A/
s & \
8 .
ek A < %
=i Y
R e £ Lo
oy s /A i
3 # PRETS
8400 L e
;i -
& T & LSV-4 ] -~
4 s s '
. % Creel !
p oo > i reek \
M e _ :
e 5 2
/ B = !
7 A / &
vl i /
is & & S ! / g
] e i X TR RN E
= H i \.\.\ s =
— N 7= N i
..... i i N 3
; .\. /.\./,/./ o 2
i / s’
i v
i P Se T
1 ATy L .
€0 ! £ N
AN _ g N X
\.‘ i §,\ A -
/ 4 N
\
8 LJ /.
$ : U R
& - S
$ P \
v L%
7/ )
R g N
.z g Zreen
2 J i 0y /./
\,\ g N N
;
/s .
/ s Y o~ W \
.\. r 3 \.\
i % 4
\,,., g
] g Legend
s [ I .
i /A Monitoring Locations
P _ Mine Disturbance Areas
i L
/' & : i
7 { i 0 3,500 7,000
““ % Tl e
) |
) Feet
N s ] g Notes:
| .m 8000 Topographic surface reflects 2004 conditions in
o)) | mine disturbance areas.
SR 4 [ e .
s e E J.R. SIMPLOT COMPANY
P i % SMOKY CANYON MINE
iy - FIGURE 3
Lz N
STUDY AREA BOUNDARIES
= AND MONITORING LOCATIONS
i N PRJ: 009-004.70 [ DATE: JUN 30, 2010
- 2 REV: 0 [ BY: KSR__[CHK: SMC
> v’
=, & ! FFORMIATION |
g D I = 2




AGIS\ARCPR. 0101090\PLT'
e S ’ J % s T s 2
# = | / P R s
| %, i (e | oo
! % : (8] b3
h i \ §
/ ] i
TR s \.\ /f:\/.i o 4 A
. / g
% b Ww / .\.\ & O]
| " p I r | olZ
i % | £ Il=
! ) \O < =
[ al a _ 519
\ : Mw i g P = >
Py \ } - g N <
ay \ / g 3
A3 Cy Cr ! 9 L J s
nyon i \ izl
. -4 7 () U
7o 3 /,r i — % . iy (&4 o
ES i PRY TS TR, J; W e 5310
& 8200 ! hv ) il -y ! i =z
S i —_ W 1 /
° A 4] ) = B !
N V ~ Pk e (@]
X O - 2 7000 <| O
) O o g i 2 olz
2 v D¢ S T =1
¢ O N i
0 N e g &
g NS & Faes,
ke A 14 L it
- ) 5
i p
¥ F t
N \
5y \ |
A | ) \
o ¢ | z P
. N I 5 b
& B M ! £y = b
i e M g s (—4 i { b !
o ! & LY . 5 s
Aﬁmv R = N Y Y \
i Vi oy
@ 2 RN L = !
B / ~ * TTe—y /
A o) | N, L
»! ¢ A /.m 5 ,A.
7000 \
Hoopes N
Spring b
S > el g ® 65
1} 2 A = g B
PGS 4 ork -y 5
20N iSouth Fork S5, . !
Se g 5
: C F &
: &
05, : _.\./ ] N
i % = o A
2 R 8 & S .
W et P R 7
..... == N e = ././ \
7% 1 \
/ \
i | R s AL < \ 4
- o .t \ %
B i \
P 7200
s s el b
N £ Qg i ,\.\, o .\.\«80
it ot
<. % |
Lo ¢ %
e N ¢ vl
\ianing Creek
L e ;
\.\ A\.
- /
&
2 ) 7 Uy &
2 | 7 % o
1200 [ ! =l ! 2
i : ) =Ty TR -
e /./ ......... = \.I.// 7 o /.I/
= g A i I Nols
- == ( & i 4 . Ty
, i i / Sy
t I
_ i /
! .
| s
: / i Legend
I T ! 2] viine isturbance Areas
p ! g
] g
{ ¢ W Notes: Mine disturbance area boundary includes
7 ; i ‘._ a 50-foot buffer.
/ /
5 { \ Topographic surface reflects 2004 conditions in
5 7 7, mine disturbance areas.
§ 2 !
S £ I
o e i J.R. SIMPLOT COMPANY
\wma. i SMOKY CANYON MINE
PR {
’ AP i FIGURE 2
7/
\.\ SAGE CREEK AND
P CROW CREEK
4 S b DRAINAGES
1 £ S
“ Py PRJ: 009-004.70 [ DATE: JULY 1, 2010
3 £ @ REV: 0 | BY: RCR_JCHK: SMC
22 % ==
S 3 . MATION
. : [ EvvironvenTaL |




TN BT B N (dn wims o3 yojey) A14 BulAIAING

£10¢ wdv :31va 0/700°600 :f¥d pue [euliON jJo JaquinpN 3y} snsidA winjud|as B3 10} aAIn) asuodsay asoq 1DJA
Ul uoAue) MAowsg
Auedwo? jojdwig "y y @24nbi4
(mp 83/38w) as 333 0T 801
16T LT 18T 16T ITT 160 120 150 1€0 IT0 600"
v T . , — . o 000
]
]
]
! kS
]
- -
- o - oT°0 z
0123 ! 3
: ¢ 2
' - S
0123 10N %56 === - : =
b 0zo g
LIPS A
] <
0T23 101 %S6 = = = = ' I nuuaw
IN
| 7f . @ E3
aul| y1paud ¥ " - * — T 0€0 W
" -
1 o
1 ERPS g * g
ejed |endy & " : - 3
1| =
“““ HH- * oro T
1
N
1
1| *
1
i
11 .
T 0s0
11
1
¥ Mmp 3%/8w 6£°8Z = 0TD3
1
1]
= - 09°0

(dn wims 031 yoiey) Ai4 SUINIAING pUB [BWION JO Jaquinp *SA @S 883 JDA




DO

WS HHO |

dr ‘Ad

0 ‘A3

210z I1dy :31va

0,'1700-600 :rdd

aul\ uoAued Aows

yoa1) abeg

Jaddn pue sbunidg :sia)ep| 90BLNS Ul SUOHIBIIUSIUOY WNIUS[SS Wd] -BuoT

Auedwo? jojdwis Y G ainbBi4
S 8 8 8 8 8 8 8 8 8 8 B8 B BB B S 8 8 8 8 8 8 8 8 8 8 8 8 B B
- - g g - —_ —_ —_ g o o o o o o - - - - - - - - - o o (=] o (=] o
foe) ~ [e)} [} D wW N N o © © ~ o)) 1331 N [e.] ~ (o] (&)] BN w N - o © (o] ~ [} (8] S
M f , Fa 000 Illul-dlll\jl-\\ﬂ.! 000
—
| /w\.t_ - 2
ﬁ Y A T\ 2003 g 2
, > > > /& i \ o
m ) 03
| A [/ | y008 \ 200 2
| / u c y, \w}
[\ | e €003
Ay - z £
, NS C ¥0°0
i . — 800
| | _ NS il S0°0
_ , | oL0 mopu| Bundg sadooH jo weansdn pue
mo|yu| Buridg sadooH jo weasysumo( Y231 abeg -- Z-AST %9319 abeg 3104 YLON jo weansumo(q Ya319 abeg -- |-AST
EEEEEEEEBRBREERNDBNRBNNMNDR N DN DN DD N N DN N DN DN DN DN DN DN DN DD N DN DN
R 2228222832288 888888¢8 8 88 2222222228888 8s88¢88¢8-=s
o
&
) v )
= =4
N 2 1 v0'0 =
s . »
y00 @ \h\ { 4
s / 900 2
o
,‘ -M W\i‘ 80 ORW
B 7 >
W - 800~ \M\A\) I o
AV M N
i i EN-dS-SST—e— ‘ ?\ €-SH—e—
N-d$-s§1—e— | 0L0 s < = - -t z1o
SS1—— W,
Lo oy L L] 142"
[4%0) .
SS1‘EN- ‘NdS-SS1 €SH 'SH




ONS ‘MHO | dr ‘A9 0 ‘A3

£10Z Mdy :31vd 0/100-600 :rdd

aul\ uoAue) Hows

)93l MOID pue }sai9
abeg 1aMmo :S19)e\\ 92BHNG Ul SUOIJRIIUSOUOD WNIUB|OS W3] -BuoT

Auedwo? jojduwig Yy r 9 ainbi4
N N N N [ N N N N ] N N [ N N
[« o o o o o =) o o o o o o o o
—_ —_ —_ —_ - = —_ —_ - o o o o o o
[ee] ~ (o] ()] £ w N - o © 2] ~ [o)] (S} e
, i p— 0000
7 %# =
= 5000 g
N 2
> d o
o
' g »ANE v 0100 S
=
3
A\ = — 00 I
«Q
E
el V1I-00/1-00== __| 200
7 L0"AM-OD ===
: : , §20°0
auiT a)els ay) je pue yaai) abeg jo
weansumo( ¥9919 Mo - L0-AM-09 ‘V1-00/ 1-0D
N N N N N N N N N N [ N N N N
5888282 RBE R85 55 288 8838 3853885885888
L < B T . T ~ ® N o o » W N -~ o © & N & & k&
m | 99 00°0
|
A Aud
‘ 100 p = \ 100
| ’ 7 7_\
o —
A o
200 E 200 &
| | () Pty
| - €00 3 )
& g \ €00 2
| \w, N { £
- $0°0 =
@ < ¥0'0 @
_ - c
- 600
_ 500
- 900
900

381D MOID Ylim 3duUanjjuo jo weansdn yaa1) abeg -- p-AST

y}9819 abeg 104 Yynog jo weasysumoq Xdal) abeg -- ¢-AST




300.0

250.0

200.0

150.0

100.

Mean Standing Crop (kg/Ha)
(@]

50.

o

0.0

100.0

20.0

80.0

70.0

60.0

50.0

Mean Standing Crop (kg/Ha)

40.0

30.0

20.0

10.0

0.0

<

|.|||”l“1||.

<

N

Brown Trout Standing Crop

® Upstream BT
w Hoopes and Sage BT

' Downstream BT

N> ™
\\’L \\10 \\’LQ 'L° W \10\ i
? < & @ < <

YCT Standing Crop

®m Upstream YCT

m Hoopes and Sage YCT

= Downstream YCT

&

Figure 7

Annual Mean Brown Trout and YCT Standing Crop

J.R. Simplot Company
Smoky Canyon

Mine ENVIRONMENTAL

BY: JPL |cm<: smc | DATE: April 2017




Crow Creek CC-350
1000 | o y 0.02
| S A . oy
A - [ ——— - — /,,—-C‘ =
| B g L0 ~ y— 0015 @
e 0 " " 2 T — " " " " | =
g o E
£ 10 001 E
iy 3 2
G | U
g | =
a 1 “ 0.005 g
w [
0.1 e ; : , = , : : , -0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
—+— Sculpin Brown Trout Cutthroat Trout Total Se —##— Proposed Water Value
Hoopes Spring HS-3
0.12
1000 \/ =
3 1 g
§ 100 i 0.08 E
= =]
x 0.06 ‘g
g 9
2 49 0.04 &
a g
0.02 °
i i i i £ 3 £ i i3 £ ]
1 ; - L0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
—— Sculpin Brown Trout Cutthroat Trout Total Se —#— Proposed Water Value
Sage Creek LSV-2C
1000 007
*
\// \//\ e
- <
£ 0.05 ‘E"’
[=3
S 100 - T
= & 0.04 E
i c
Y]
£ | 0.03 2
S 10 2
a 1 0.02 3
i £ £3 £3 i3 £3 £ £3 £h £ i 0.01 =
14 . i . , , ‘ ‘ » ; 0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

—— Sculpin Brown trout Cutthroat Trout

Total Se —— Proposed Water Value

Figure 8

Longer Term Density of Brown Trout, YCT, and Sculpin
compared to Fall Selenium Concentrations in Surface
Waters: CC-350, HS-3, and LSV-2C

J.R. Simplot Company
Smoky Canyon
Mine

BY: JPL ICHK: sMc I DATE: April 2017




Sage Creek LSV-4
0.06
1000 it
'
W P u 005
I~
£ \/ S
S 100 004 £
g .
Z 0.03 g
[
g 10 - s - 002 <
°
[ 13 {3 £ 13 {—i} £ {3 i ] =
- 0.01
1 ‘ ‘ ‘ ‘ ‘ 0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
—— Sculpin Brown Trout Cutthroat Trout Total Se —f— Proposed Water value
Crow Creek CC-1A
- 0.025
1000 |
|
F 002
1]
§ 10 \ v E
S o > s 0.015 ¢
= i £ £ » —p g £ o 03 @ 2
— L
£ . 001 @
g ke =
a 10 = =~ : | g
| 5
 0.005
| 1 - : ‘ : . : ‘ 0
| 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
: —+— Sculpin Brown Trout Cutthroat Trout Total Se. —##— Proposed Water Value
Figure 9 J.R. Simplot Company

Longer Term Density of Brown Trout, YCT, and Sculpin
compared to Fall Selenium Concentrations in Surface

Waters: LSV-4 and CC-1A

Smoky Canyon
Mine

Ei
El

_ENVIRONMENTAL

BY: JPL ICHK: sMc I DATE: April 2017




OWSMHO |  1dr:Ad 0 A3

210z 1udy :31vd 0.700-600 :ryd

aullN uoAue) Howsg
Auedwo? jojdwis "y

yoeouddy [apo|\ o1ydol] onsiueyodd|) woly paALaqg
SUOI}eIJUSDUOY) WINJUS|SS PAA|OSSI( |BNIOY SA pajdipald jo diysuone|ay

0} @inbi4

(3S panjossip |enyoe sA paydipald) Jesur——

09

3S PaAJOSSIP |BNn)e SA paldipald

(1/8n) @s panjossiq |en3dy

G8G/LT-X887ST=A

o~ IS680=4

(1/3n) as panjossig paidipaid

08

— 06

00T




Brown Trout WB Se vs Surface Water Se

Concentrations
45
40
35 +— - —- —
= 30
-
£
a0
£ 25
E P + Crow Creek
S C k
:;' 50 i age Cree
) Hoopes
2 | <> SF Sage
= 15 ‘
10 i‘
5
) ; ' — . :
(o] 10 20 30 40 50 60 70 80 90
SW Se Diss ug/L
Whole Body BAFs vs Surface Water Se
Concentrations
10
2 18
P
ik
7
*
B
w & # Crow Creek
< 5 &
m * Sage Creek
4 - ’ PR - B . . - Hoopes |
; * SF Sage
3 1@ e T
2 g ‘
1 <
o . ‘ ‘ . :
(0] 10 20 30 40 50 60 70 80 90
SW Se Diss ug/L
Figure 11 J.R. Simplot Company

Brown Trout Whole Body Selenium Relationship to
Selenium Concentrations in Surface Water and Distribution
of BAFs

Smoky Canyon
Mine

_ ENVIRONMENTAL |

BY: JPL ICHK: SMC I DATE: April 2017




ONS MHO || OWS:Ag | L AJY
£10Z IWdv :31va | 0/°006-¥00-C¥¥0 ‘rdd

Auedwod jojdwig “y'r

UOBIID WNIUSIS oyoads-oNg 3JIS 3y} 10} UOMIRYD WNIUBIAS dl1dadg-a)s ay) Bunuawajdwy Joy weibeiq moj4

2l aInbiy4

O
_enssi) 663 >

Uousiy
e L e e

Jjusuwis|g —
__UOLSWO DM >

—""__UOHSWI]) -

m:_._oa_:os_ o:mm__ ._.mmm
— oS
S 2L e
Buiojiuoly anssi) Apog JjouM

e UOUSIUD DM <~

B (VE=TVVET 1= Iy

9A1}931109D
juswajduw|
aouejdwon
__ =UON -




APPENDIX A

Yellowstone Cutthroat Trout Data Surviving and Normal Data —
Hatch to Swim up
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Appendix B
Site-Specific Derivation of Water Selenium Concentrations

Using the Mechanistic Trophic Model
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1.0 INTRODUCTION

USEPA'’s National Criterion (2016) utilizes the Presser and Luoma (2010) model as its basis for
the mechanistic trophic model approach. It is similar to a wildlife dietary uptake model, in that it
allows for selenium to be modeled up from a water concentration to higher trophic levels with
some basic information on selenium concentrations in ambient surface waters, sediments, and
algae. It can also be used to back calculate a water concentration from the same types of
information. Both USEPA (2016) and Presser and Luoma (2010) provide approaches to derive
the basic enrichment factors (EFs) and trophic transfer factors (TTFs) if site data are limited.
This study, however, has generated data for nearly every level of the food chain as well as
concentrations in abiotic media. As such, the data for this Site are abundant and only the
modeling processes (as opposed to more generic data) used in the Presser and Luoma (2010)

modeling approach are needed to derive EF and TTF model inputs.

Monitoring was conducted from 2006 to 2008 across two spring seasons and three fall seasons,
providing a range of selenium concentration data in abiotic and biotic media, and covering an
array of potential exposure conditions. Additional data were also collected at select locations in
2009, 2010, and/or 2011 for other monitoring program requirements. When all the necessary
input data were available for a location and time period, then the suite of data (e.g., surface
water, sediment, and biotic data) were included for use in the model. This modeling approach
included those data collected within the Study Area only (i.e., South Fork Tincup Creek (SFTC-

1) was not included).

Effective use of the available site-specific information requires integration of the data into
representative model inputs (EFs and TTFs). Data for two types of seasonal conditions were
integrated across each year/location combination using the median value. The seasonal
conditions were all seasons (spring, summer, and fall) and summer/fall. The summer/fall
seasonal condition was considered separately from the all season condition because the
endpoint being evaluated (e.g., brown trout survival—the most sensitive endpoint developed)
prompted consideration of potential seasonal differences, as well as differences between
background and areas downstream of the source (i.e., the Site). The following subsections

describe how the data were integrated to derive representative EFs and TTFs.
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1.1 Derivation of EFs

Presser and Luoma (2010) define EF as a partition descriptor for selenium from the water to
particulate fractions (e.g., algae, detritus, and sediments). Phase transformation reactions from
dissolved to particulate selenium are of toxicological significance because particulate selenium
is the primary form by which selenium enters food webs (Cutter and Bruland 1984; Oremland et
al. 1989; Luoma et al. 1992). The different biogeochemical transformation reactions also result
in different forms of selenium in particulate material—organo-selenium, elemental selenium, or
adsorbed selenium—uwhich in turn affects the bioavailability of selenium to invertebrates
depending on how an invertebrate processes the complex water, sediment, and particulate

milieu that composes its environment (Presser and Luoma 2010).

Field observations and empirical data were used to quantify this relationship, which is

expressed as:
EF = Cparticulate/cwater
Where
Crarticulate = S€lenium concentration in algae (periphyton), detritus, and/or sediments
Cuwater = Selenium concentration in surface water (dissolved concentration)

Field data collected included selenium concentrations in both sediments and periphyton;
therefore, EFs can be derived for sediment and periphyton. Presser and Luoma (2010) suggest
that if the data are available, averaging concentrations of selenium in sediment, detritus, biofilm,
and algae may help to define EF and take into account partitioning in different media and best
represent the dynamic conditions present in an aquatic system. Bed sediments are the least
desirable choice for calculating EFs, especially if the sediments vary from sands to fine-grained
materials, due to possible dilution of selenium concentrations from the high mass of inorganic
materials (resulting in artificially low EFs). For this site-specific assessment, however, selenium
concentrations in sediments and surface waters from the same locale were strongly related,
suggesting that there is some degree of partitioning of selenium to sediments from surface
water that warrants its inclusion in deriving the EF. Further, the EFs derived using sediments
for this site-specific assessment are not always lower than the EFs derived for periphyton.
Because periphyton is the primary selenium accumulator at the base of the food chain and
some partitioning of selenium from the aqueous phase to sediments occurs, EFs for both

periphyton and sediment were developed.



Integrating EFs

USEPA (2016) recommends that where there are multiple EFs for a location (e.g., sediment,
algae, and/or detritus) that the geometric mean be derived to yield a single EF. For this effort,
two different EFs were derived for each location and time period, a periphyton EF and a
sediment EF. Location and time-specific EFs were then averaged using a geometric mean and
an arithmetic mean to derive EFs. Due to the effect EFs have on the final predicted water value,
two regressions were run to assess the relationship between the predicted dissolved water
selenium concentration versus the measured water selenium concentration using a final EF
based on a geometric mean and one based on an arithmetic mean. The linear regression
showing the best relationship (i.e., higher R2) was for the regression using the arithmetic mean

derived EFs, thus these values were used in all subsequent calculations.

1.2 Derivation of Trophic Transfer Factors (TTFs)

A key aspect of selenium risk is bioaccumulation (i.e., internal exposure) in prey and predators
(Luoma and Rainbow 2005). Just as the EFs were used to describe partitioning of selenium at
the base layers of the food chain, TTFs are derived to describe the accumulation of selenium
from lower trophic levels to upper trophic levels. They link particulate, invertebrate, and
predator selenium concentrations. TTFs differ from traditional BAFs in that BAFs are almost
always implemented as the selenium concentration in an animal relative to selenium in water,
whereas the TTF is the selenium concentration in the animal relative to the selenium

concentration in its prey.

Due to the large amount of data collected for this project, measured concentrations of selenium
in organisms from different trophic levels provide the most direct data available for selenium

bioaccumulation. Benthic macroinvertebrates, sculpin, and trout were collected within 24 hours
of one another at each location during each of the seasonal monitoring events. These data are

also paired with the site-specific surface water, sediment, and periphyton data.
Invertebrates

For benthic invertebrates, composite community samples were collected, representing a cross-
section of the resident benthic invertebrate community. Of the possible 42 time and location
data points (i.e., benthic community selenium tissue samples), five were missing selenium
concentrations due to insufficient sample volume. Data for these five points were predicted

using a linear regression of the selenium concentrations in periphyton versus the selenium
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concentrations in benthic tissues. The regression relationship y = 0.8274x+6.8244 (R? = 0.55)

was used to predict missing benthic tissue concentrations.

Selenium concentrations in benthic tissues were measured from a multi-species sample. From

these field collected data, a site-specific TTFertenrates Was derived as follows:

TTF, invertebrate = invertebrate/ Cparticulate
Where

Cinvertebrate = S€lenium concentration (milligrams per kilogram dry weight [mg/kg

dw]) in benthic macroinvertebrates
Coparticulate = S€lenium concentration (mg/kg dw) in particulate materials

The Cparicuiate term is the sum of 10 percent sediment selenium and 90 percent periphyton
selenium concentrations. As noted previously, the average of sediment and periphyton
concentrations were used in the derivations of EF. For benthic invertebrates, an assumption
was made that the bulk of their selenium intake was through ingestion of selenium-containing
periphyton. Using this approach, a range of Cpanicuiate fOr invertebrates was derived for each
location and seasonal sample. Benthic invertebrate tissue selenium concentrations (i.e.,
Cinvertebrate) Were divided by the particulate fractions of selenium in periphyton and sediment as

indicated above.
Sculpin

Sculpin are ubiquitous throughout the monitoring locations, but are more abundant at some
locations than others. Sculpin are important components of fish assemblages in the Western
United States (Quist et al. 2004), are native species, and often numerically dominant fish
assemblages of streams of the interior Rocky Mountain region (Baily 1952; Jones 1972 [cited
from Quist et al 2004]). They represent a secondary consumer in the food chain and are
primarily benthic invertivores, although they have been documented to be cannibalistic
(Johnson 1985).



For this assessment, the TTF.pin Was derived using benthic invertebrates as the primary food

source. The TTFgupn Was derived as follows:

TTF, sculpin = sculpin/ Cinvertebrate

Where:

Cscuipin = Mmean selenium concentration in sculpin from a location and time period (mg/kg
dw)

Cinvertebrate = S€lenium concentration in benthic invertebrates (mg/kg dw) from the same

location and time period

The TTFscupin Was derived by dividing the measured selenium concentration in sculpin tissues
(arithmetic average for a location) by the selenium concentrations in benthic invertebrates from

the same location for each seasonal sample.
Trout

Trout are the apex aquatic species in the site-specific trophic bioaccumulation food web.
TTF o Was derived to describe the transfer of selenium via the dietary pathway to a top-ievel
predator, in this case brown trout. Adult brown trout are opportunistic feeders. The diets of
brown trout have been described as “diversified,” and their food habits range broadly with
variation in size and age, spatial and temporal variability in food availability, behavior, and
habitat characteristics (Simpson and Wallace 1982, Bachman 1991, Baxter and Stone 1995,
Bridcut and Giller 1995).

Adult brown trout are considered to be primarily piscivores as adults, and while they continue to
consume macroinvertebrates, size selection of the prey items increases as the fish matures.
With the exception of extremely productive systems that produce dense populations of aquatic
invertebrates, most larger brown trout (> 310 mm [12.2 inches]) inhabiting large streams, rivers,
and lakes are thought to transition from a diet composed predominately of invertebrates to one
comprised mainly of fish and crayfish (Bachman 1991). Certainly, the ratio of forage fish to
invertebrates in the brown trout diet will vary with fish size, brown trout gape size, and prey type

and availability, among other factors.

As trout size increases, the proportion of fish in the diet would logically be expected to increase.
By the time adults reach a size of about 16 to 18 inches or larger, one would expect that the

proportion of fish in their diet to exceed 50 percent, especially if fish as prey are readily
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available. The brown trout habitat suitability index (HSI) (Raleigh et al. 1986) states that at 25
cm (~8 inches), fish as prey items will begin to enter the adult brown trout diet. Other
considerations for the trout diet include the proportion of the invertebrates in the diet that are

terrestrial, crustaceans such as crayfish, and/or freshwater shrimp.

The literature base describing brown trout diets is as varied as the different diets reported. To
account for this, TTF .y included a mixed diet proportion of sculpin (i.e., forage fish) and

invertebrates for adult brown trout.

The equation to derive TTFyqy is described below:

TTFtrout = Ctrout/(O-S X Csculpin) + (0'5 X Cinvertebrate)
Where:
Crout = mean selenium concentration in brown trout from a location and time period

Cscuipin = mean selenium concentration in sculpin (mg/kg dw) from the same location and

time period

Cinvertebrate = selenium concentration in benthic invertebrates (mg/kg dw) from the same

location and time period

To derive TTFyou, Cyrout Was divided by the sum of the assumed dietary intake, 50% sculpin and

50% invertebrates.

Composite

The variable TTFomposite Prings all of the dietary intake variables into a single variable for use in
the final equation. USEPA (2016) indicates that the parameter TTF composite quantitatively
represents all dietary pathways of selenium exposure for a particular fish species within an
aquatic system. It is derived from the individual TTFs for each trophic level modeled and

represents the food web characteristics of the aquatic system.
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For this Site-Specific Selenium Criterion (SSSC), TTFcomposite represents a fourth level food web

as follows:

TTF composite = TTF trout X TTF sculpin X TTF, invertebrate

Where:
TTFyou = trophic transfer factor for brown trout from a location and time period
TTFscupin = trophic transfer factor for sculpin from the same location and time period

TTFivertebrate = trophic transfer factor for benthic invertebrates from the same location and

time period

1.3 Derivation of Conversion Factors

Because the primary selenium criterion element is expressed as a concentration in the eggs
and/or ovaries, a conversion factor (CF) quantifies the relationship between the concentration of
selenium in the eggs and/or ovaries and the average concentration of selenium in the whole
body or muscle tissues (USEPA 2016). From the brown trout maternal study, 34 pairs of egg
and whole body data were available. Of these, 26 pairs were from wild collected fish and 8
pairs were from hatchery fish. Additional data were available for this Site collected just prior to
the field work done for the brown trout study (Table 5 in main document). Six additional egg
and whole body tissue pairs of data were collected in late October 2007 during the first attempt
to collect ripe females. The six females were believed to be ripe and were sacrificed to
determine if eggs were present. In each, eggs were present and excised. Separate egg and
whole body tissues samples were submitted for chemical analyses. The ratios from these six
additional samples fall within the range of egg to whole body ratios derived from the fish used in
the reproduction study (Table 5). Addition of the six pairs of data results in an N=40 for the
derivation of CFs. The median value for Site data is 1.46 (+0.67). In this case, the standard
deviation for the CF using only data developed for this study (including those collected as
preliminary samples) is considerably lower than the USEPA (2016) standard deviation of 1.81
that included data from another study (e.g., Osmundson et al. (2007)).
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Based on these site-specific data, the CF proposed for the SSSC is 1.46 and is derived as

follows:

CF = Cegg/thole body

Where:
CF = Whole body to egg conversion factor
Ceggn = selenium concentration in egg tissues from maternal parent (mg/kg dw)

Cuhole body = S€lenium concentration in whole body tissues of the maternal parent (mg/kg)
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2.0 DERIVATION OF THE AQUEOUS SELENIUM CONCENTRATION FROM TISSUE
CONCENTRATIONS

The previous sections identified model input variables, described how each variable was
derived, and used site-specific data to derive each model component. Below, the equation for

derivation of an aqueous value based on effects in eggs is presented.

CEQQ

C, L=
water TTFcomposite xEF x CF

Where
Cuwater = predicted dissolved water concentration of selenium (micrograms per liter [ug/L])
Cegg = target egg selenium criterion (19.9 mg/kg dw)

EF = selenium concentration (mg/kg dw) in particulate materials / dissolved selenium
concentration in water [Cpariculate (PeTiphyton, detritus, sediments) / Cyater] (liters per

kilogram dry weight [L/kg dw])
CF = Whole body to egg conversion factor

To derive the water selenium concentration using the above equation, the input variables were
derived as described in the previous section for each location and time period. Data for two
types of seasonal conditions were integrated across each year/location combination using the
median value. The seasonal conditions were all seasons (spring, summer, and fall) and
summer/fall seasons. Input variable data are shown in Table A-1 of this Appendix along with
the individual modeled derived variables and model output. Table 6 in the text shows the
median input variables and output from the model in terms of predicted water concentrations at
an egg selenium concentration of 19.9 mg/kg dw for the different season and location

groupings.
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APPENDIX C

Data Inputs and Derivation Methods Used in the Empirical BAF
Approach



Table C-1

Site-Specific Brown Trout Whole Body Tissue and Surface Water Selenium Concentrations for Deriving
Whole Body and Egg BAFs

Whole Whole Body Dissolved Se

Body Se BAF FT EGG BAF | (ug/L) at 19.9

mg/kg SW Se Diss | (mg/kg)/ [(WBtoEgg mg/kg
Station Date Year dw Species ug/L SW (ug/L)) | CF = 1.46) criterion
CC-1A September 1, 2006{2006 11.86|Brown Trout 2.7 4.39] 6.412 3.10
CC-1A September 1, 2006/2006 8.15|Brown Trout 2.7 3.02] 4.405 4,52
CC-1A September 1, 2006/2006 9.28{Brown Trout 2.7 3.44| 5.017 3.97
CC-1A May 10, 2007]2007 7.40{Brown Trout 1.2 6.17| 9.003 2.21
CC-1A May 10, 2007}2007 10.70{Brown Trout 1.2 8.92| 13.018 1.53
CC-1A August 25, 2007|2007 14.80|Brown Trout 2.2 6.73| 9.822 2.03
CC-1A August 25, 200712007 7.10|Brown Trout 2.2 3.23] 4.712 422
CC-1A August 25, 2007|2007 11.60|Brown Trout 2.2 527 7.698 2.59
CC-1A August 25, 2007{2007 12.50|Brown Trout 2.2 5.68] 8.295 2.40
CC-1A August 25, 2007{2007 9.10{Brown Trout 2.2 4.14] 6.039 3.30
CC-1A August 25, 2007{2007 10.40{Brown Trout 2.2 4,73 6.902 2.88
CC-1A August 25, 2007|2007 7.80[Brown Trout 2.2 3.565] 5.176 3.84
CC-1A August 25, 2007|2007 11.90{Brown Trout 2.2 541 7.897 2.52
CC-1A August 25, 2007}2007 8.40|Brown Trout 2.2 3.82| 5.575 3.57
CC-1A August 25, 2007|2007 9.50|Brown Trout 2.2 4.32] 6.305 3.16
CC-1A August 25, 2007|2007 6.30|Brown Trout 2.2 2.86] 4.181 4.76
CC-1A May 14, 2008|2008 17.60|Brown Trout 2.9 6.07] 8.861 2.25
CC-1A May 14, 2008|2008 18.20|Brown Trout 2.9 6.28] 9.163 217
CC-1A May 14, 2008{2008 18.30{Brown Trout 2.9 6.31] 9.213 2.16
CC-1A May 14, 2008|2008 17.20|Brown Trout 2.9 5.93] 8.659 2.30
CC-1A May 14, 2008|2008 16.40|Brown Trout 2.9 5.66] 8.257 2.41
CC-1A September 6, 2008|2008 14.40|Brown Trout 6.7 2151 3.138 6.34
CC-1A September 6, 2008|2008 15.40{Brown Trout 6.7 2.30] 3.356 5.93
CC-1A September 6, 2008|2008 11.80|Brown Trout 6.7 1.76] 2.571 7.74
CC-1A September 6, 2008|2008 15.90|Brown Trout 6.7 2.37] 3.465 5.74
CC-1A September 6, 20082008 8.04|Brown Trout 6.7 1.20f 1.752 11.36
CC-1A September 6, 2008|2008 13.20|Brown Trout 6.7 1.97| 2.876 6.92
CC-1A September 6, 2008|2008 11.30|Brown Trout 6.7 1.69] 2.462 8.08
CC-1A September 6, 2008|2008 13.50|Brown Trout 6.7 2.01] 2942 6.76
CC-1A September 6, 2008{2008 13.80|Brown Trout 6.7 2,06 3.007 6.62
CC-1A September 6, 2008|2008 23.00{Brown Trout 6.7 3.43] 5.012 3.97
CC-1A September 10, 2009{2009 7.43{Brown Trout 6.7 1.11] 1.619 12.29
CC-1A September 10, 2009|2009 8.73|Brown Trout 6.7 1.30f 1.902 10.46
CC-1A September 10, 2009|2009 13.70|Brown Trout 6.7 2.04f 2.985 6.67
CC-1A September 10, 2009(2009 12.90|Brown Trout 6.7 1.93] 2.811 7.08
CC-1A September 10, 2009}2009 13.00{Brown Trout 6.7 1.94] 2.833 7.02
CC-1A September 10, 2009{2009 7.48{Brown Trout 6.7 1121 1.630 12.21
CC-1A September 10, 2009|2009 9.99|Brown Trout 6.7 1.49] 2177 9.14
CC-1A September 10, 2009{2009 11.90|Brown Trout 6.7 1.78] 2.593 7.67
CC-1A September 10, 2009{2009 12.20|Brown Trout 6.7 1.82] 2.659 7.49
CC-1A August 30, 20102010 11.60|Brown Trout 8.4 1.38] 2.016 9.87
CC-1A August 30, 2010/2010 16.10|Brown Trout 8.4 1.92f 2.798 7.11
CC-1A August 30, 2010{2010 14.20|Brown Trout 8.4 1.69] 2.468 8.06
CC-1A August 30, 2010|2010 12.60|Brown Trout 8.4 1.50] 2.190 9.09
CC-1A August 30, 2010|2010 13.80|Brown Trout 8.4 1.64] 2.399 8.30
CC-1A August 30, 2010|2010 15.30{Brown Trout 8.4 1.82] 2.659 7.48
CC-1A August 30, 2010}2010 15.80|Brown Trout 8.4 1.88] 2.746 7.25
CC-1A August 30, 2010{2010 16.80|Brown Trout 8.4 2.00] 2.920 6.82




Table C-1

Site-Specific Brown Trout Whole Body Tissue and Surface Water Selenium Concentrations for Deriving
Whole Body and Egg BAFs

Whole Whole Body Dissolved Se
Body Se BAF FT EGG BAF | (ug/L) at 19.9
mg/kg SW Se Diss | (mg/kg)/ |(WB to Egg mg/kg
Station Date Year dw Species ug/L SW {ug/L)) | CF=1.46) criterion
CC-1A August 30, 2010{2010 14.90|Brown Trout 8.4 1.77] 2.590 7.68
CC-1A August 30, 2010{2010 11.90{Brown Trout 84 1.42| 2.068 9.62
CC-1A August 27, 20112011 10.50|Brown Trout 8.4 1.25] 1.825 10.90
CC-1A August 27, 2011{2011 12.10|Brown Trout 8.4 1.44] 2.103 9.46
CC-1A August 27, 2011{2011 11.90{Brown Trout 8.4 1.42] 2.068 9.62
CC-1A August 27, 2011[2011 15.50{Brown Trout 8.4 1.85| 2.694 7.39
CC-1A August 27, 2011|2011 12.80{Brown Trout 8.4 1.52| 2225 8.94
CC-1A August 27, 2011{2011 11.00{Brown Trout 8.4 1.31] 1.912 10.41
CC-1A August 27, 2011|2011 14.70{Brown Trout 8.4 1.75] 2.555 7.79
CC-1A August 27, 2011(2011 7.52|Brown Trout 8.4 0.90] 1.307 15.23
CC-1A August 27, 2011{2011 12.80|Brown Trout 8.4 1.52] 2225 8.94
CC-1A August 27, 2011[2011 13.60{Brown Trout 8.4 1.62] 2.364 8.42
CC-3A September 4, 20062006 9.96|Brown Trout 2.7 3.69] 5.386 3.69
CC-3A September 4, 20062006 9.14{Brown Trout 2.7 3.38] 4.941 4.03
CC-3A September 4, 2006{2006 14.34|Brown Trout 2.7 5.31| 7.757 2.57
CC-3A May 11, 2007{2007 12.70|Brown Trout 1.4 9.07} 13.244 1.50
CC-3A May 11, 2007{2007 8.60|Brown Trout 1.4 6.14] 8.969 2,22
CC-3A May 11, 2007|2007 7.50|Brown Trout 1.4 5.36| 7.821 2.54
CC-3A May 11, 2007|2007 8.00|Brown Trout 1.4 5.71] 8.343 2.39
CC-3A August 26, 2007|2007 13.40|Brown Trout 1.8 7.44] 10.869 1.83
CC-3A August 26, 2007|2007 15.60|Brown Trout 1.8 8.67| 12.653 1.57
CC-3A August 26, 2007|2007 8.90|Brown Trout 1.8 4.94] 7.219 2,76
CC-3A August 26, 2007[{2007 9.10|Brown Trout 1.8 5.06] 7.381 2.70
CC-3A August 26, 2007{2007 14.00|Brown Trout 1.8 7.78] 11.356 1.75
CC-3A August 26, 2007{2007 13.80|Brown Trout 1.8 7.67) 11.193 1.78
CC-3A August 26, 2007|2007 9.10|Brown Trout 1.8 5.06] 7.381 2.70
CC-3A August 26, 2007|2007 10.60}Brown Trout 1.8 5.89] 8.598 2.31
CC-3A August 26, 2007|2007 7.80|Brown Trout 1.8 4.33] 6.327 3.15
CC-3A August 26, 20072007 10.30|Brown Trout 1.8 5.72] 8.354 2.38
CC-3A August 26, 2007{2007 11.00|Brown Trout 1.8 6.11] 8.922 2.23
CC-3A August 26, 2007{2007 8.90|Brown Trout 1.8 4.94) 7.219 2.76
CC-3A August 26, 2007{2007 13.70{Brown Trout 1.8 7.61 11.112 1.79
CC-3A May 15, 2008|2008 15.10|Brown Trout 2.6 5.81 8.479 2.35
CC-3A May 15, 20082008 15.80|Brown Trout 2.6 6.08| 8.872 2.24
CC-3A May 15, 20082008 15.00{Brown Trout 2.6 5.77| 8.423 2.36
CC-3A May 15, 2008}2008 15.60{Brown Trout 2.6 6.00;f 8.760 2.27
CC-3A September 7, 2008{2008 16.30|Brown Trout 5.8 2.81] 4.103 4.85
CC-3A September 7, 2008|2008 21.30|Brown Trout 5.8 3.67] 5.362 3.71
CC-3A September 7, 20082008 19.80{Brown Trout 5.8 3.41] 4.984 3.99
CC-3A September 7, 2008|2008 23.20|Brown Trout 5.8 4.00] 5.840 3.41
CC-3A September 7, 2008]2008 20.20{Brown Trout 5.8 3.48| 5.085 3.91
CC-3A September 7, 20082008 18.30|Brown Trout 5.8 3.16| 4.607 4.32
CC-3A September 7, 20082008 19.20{Brown Trout 5.8 3.31] 4.833 4.12
CC-3A September 7, 20082008 19.10|Brown Trout 5.8 3.29] 4.808 4.14
LSV-4 September 5, 2006|2006 15.49|Brown Trout 6.8 2.28) 3.326 5.98
LSV-4 September 5, 2006|2006 18.91|Brown Trout 6.8 2.78{ 4.060 4.90
LSV-4 September 5, 2006|2006 15.07|Brown Trout 6.8 222 3.237 6.15
LSV-4 September 5, 200612006 15.34|Brown Trout 6.8 2.26| 3.293 6.04




Table C-1

Site-Specific Brown Trout Whole Body Tissue and Surface Water Selenium Concentrations for Deriving
Whole Body and Egg BAFs

Whole Whole Body Dissolved Se
Body Se BAF FT EGG BAF | {ug/L) at 19.9
mg/kg SW Se Diss | (mg/kg)/ [{(WBto Egg mg/kg
Station Date Year dw Species ug/L SW (ug/L)) | CF=1.46) criterion
LSV-4 May 9, 2007{2007 15.80|Brown Trout 10.1 1.56] 2.284 8.71
LSv-4 August 25, 2010|2010 23.10|Brown Trout 25.2 0.92 1.338 14.87
LSV-4 August 25, 20102010 17.70|Brown Trout 25.2 0.70| 1.025 19.41
LSv-4 August 25, 2010{2010 16.20|Brown Trout 25.2 0.64] 0.939 21.20
LSV-4 August 25, 2010|2010 12.80{Brown Trout 25.2 0.51] 0.742 26.83
LSv-4 August 25, 2010{2010 16.30|Brown Trout 25.2 0.65] 0.944 21.07
LSv-4 August 25, 2010j2010 23.80|Brown Trout 25.2 0.94] 1.379 14.43
LSv-4 August 25, 2010j2010 17.80|Brown Trout 25.2 0.71 1.031 19.30
LSV-4 August 25, 201012010 23.10{Brown Trout 25.2 0.921 1.338 14.87
LSV-4 August 25, 2010{2010 18.90{Brown Trout 25.2 0.75] 1.095 18.17
LSV-4 August 25, 2010{2010 20.30{Brown Trout 25.2 0.81] 1.176 16.92
LSV-4 August 25, 2010{2010 21.70{Brown Trout 25.2 0.86] 1.257 15.83
LSV-4 August 25, 201012010 18.90|Brown Trout 25.2 0.75; 1.095 18.17
LSv-4 August 25, 2010|2010 19.20|Brown Trout 25.2 0.76] 1.112 17.89
LSv-4 August 25, 2010|2010 20.40]|Brown Trout 25.2 0.81 1.182 16.84
LSV-4 August 25, 2010|2010 18.10]|Brown Trout 25.2 0.72] 1.049 18.98
LSV-4 August 25, 201012010 21.70]Brown Trout 25.2 0.86] 1.257 15.83
LSV-4 August 25, 201012010 22.20]|Brown Trout 25.2 0.88] 1.286 15.47
LSv-4 August 25, 2010/2010 21.20{Brown Trout 25.2 0.84| 1.228 16.20
LSV-4 August 25, 20102010 19.40|Brown Trout 25.2 0.77] 1.124 17.71
LSV-4 August 25, 2010|2010 28.30|Brown Trout 25.2 1.12] 1.640 12.14
LSV-4 August 24, 2011|2011 19.80]|Brown Trout 19.7 1.01| 1.467 13.56
LSvV-4 August 24, 2011|2011 28.00|Brown Trout 19.7 142 2.075 9.59
LSV-4 August 24, 2011|2011 16.90|Brown Trout 19.7 0.86] 1.252 15.89
LSV-4 August 24, 2011|2011 30.90|Brown Trout 19.7 1.57] 2.290 8.69
LSV-2C September 6, 2006|2006 20.84|Brown Trout 9.3 2.24) 3.271 6.08
LSV-2C September 6, 2006|2006 22.82|Brown Trout 9.3 2.45] 3.582 5.55
LSV-2C September 6, 2006[2006 16.00|Brown Trout 9.3 1721 2512 7.92
LSv-2C September 6, 2006|2006 19.39|Brown Trout 9.3 2.09] 3.045 6.54
LSV-2C September 6, 2006[2006 19.50|Brown Trout 9.3 2.10] 3.062 6.50
LSV-2C September 6, 2006|2006 18.13|Brown Trout 9.3 1.95| 2.846 6.99
LSV-2C May 12, 2007|2007 9.00|Brown Trout 13.5 0.67| 0.973 20.45
LSV-2C May 12, 20072007 11.40|Brown Trout 13.5 0.84| 1.233 16.14
LSV-2C May 12, 20072007 22.20|Brown Trout 13.5 1.64| 2.401 8.29
LSV-2C May 12, 2007|2007 8.50|Brown Trout 13.5 0.63] 0.919 21.65
LSV-2C August 28, 2007{2007 10.80|Brown Trout 14.3 0.76] 1.103 18.05
LSv-2C August 28, 2007|2007 27.50|Brown Trout 143 1.92 2.808 7.09
LSV-2C August 28, 2007|2007 19.60{Brown Trout 14.3 1.37 2.001 9.94
LSv-2C August 28, 2007|2007 26.40|Brown Trout 14.3 1.85] 2.695 7.38
LSV-2C August 28, 2007{2007 21.20{Brown Trout 14.3 148| 2.164 9.19
LSv-2C August 28, 20072007 20.70|Brown Trout 14.3 145 2.113 9.42
LSv-2C August 28, 2007{2007 33.30|Brown Trout 14.3 2.33] 3.400 5.85
LSv-2C August 28, 2007|2007 23.80|Brown Trout 14.3 1.66] 2.430 8.19
LSv-2C August 28, 2007|2007 20.70{Brown Trout 14.3 145 2113 9.42
LSV-2C May 16, 2008|2008 18.50{Brown Trout 14.1 1.31] 1916 10.39
LSv-2C May 16, 2008|2008 19.10|Brown Trout 14.1 1.35] 1.978 10.06
LSV-2C May 16, 2008]2008 11.40|Brown Trout 14.1 0.81] 1.180 16.86
LSV-2C May 16, 2008|2008 20.50|Brown Trout 14.1 1.45] 2123 9.37




Table C-1

Site-Specific Brown Trout Whole Body Tissue and Surface Water Selenium Concentrations for Deriving
Whole Body and Egg BAFs

Whole Whole Body Dissolved Se

Body Se BAFFT | EGG BAF | (ug/L) at 19.9

mg/kg SWSeDiss | (mg/kg)/ |(WB toEgg mg/kg
Station Date Year dw Species ug/L SW (ug/L}) | CF = 1.46) criterion
LSv-2C May 16, 2008{2008 22.40|Brown Trout 14.1 1.59| 2.319 8.58
LSv-2C May 16, 2008|2008 29.60|Brown Trout 14.1 2.10] 3.065 6.49
LSV-2C September 5, 2008|2008 21.80|Brown Trout 23.4 0.93] 1.360 14.63
LSV-2C September 5, 2008|2008 25.00|Brown Trout 23.4 1.07] 1.560 12.76
LSV-2C September 5, 2008|2008 24.10|Brown Trout 23.4 1.03] 1.504 13.23
LSV-2C September 5, 2008{2008 20.80|Brown Trout 23.4 0.89] 1.298 15.33
LSV-2C September 5, 20082008 20.40|Brown Trout 23.4 0.87] 1.273 15.63
LSV-2C September 5, 20082008 18.00{Brown Trout 23.4 0.77] 1.123 17.72
LSV-2C September 5, 20082008 20.50|Brown Trout 23.4 0.88] 1.279 15.56
LSV-2C September 5, 2008{2008 24.30|Brown Trout 23.4 1.04] 1.516 13.13
LSV-2C September 5, 2008{2008 18.90|Brown Trout 23.4 0.81] 1.179 16.88
LSv-2C September 5, 2008{2008 19.40|Brown Trout 23.4 0.83] 1.210 16.44
LSV-2C September 5, 2008|2008 17.40|Brown Trout 23.4 0.74] 1.086 18.33
LSV-2C September 12, 2009|2009 17.30{Brown Trout 19.8 0.87| 1.276 15.60
LSV-2C September 12, 20092009 21.80{Brown Trout 19.8 1.10] 1.607 12.38
LSV-2C September 12, 2009|2009 28.10|Brown Trout 19.8 1.42] 2.072 9.60
LSV-2C September 12, 2009{2009 20.30|Brown Trout 19.8 1.03] 1.497 13.29
LSV-2C September 12, 2009{2009 27.00]|Brown Trout 19.8 1.36] 1.991 10.00
LSV-2C September 12, 2009|2009 19.80|Brown Trout 19.8 1.00] 1.460 13.63
LSV-2C September 12, 2009{2009 18.50|Brown Trout 19.8 0.93] 1.364 14.59
LSV-2C September 12, 2009{2009 17.00|Brown Trout 19.8 0.86] 1.254 15.88
LSV-2C September 12, 2009(2009 21.50|Brown Trout 19.8 1.09] 1.585 12.55
LSV-2C September 12, 2009|2009 11.90|Brown Trout 19.8 0.60[ 0.877 22.68
LSV-2C August 28, 2010{2010 16.30|Brown Trout 32.8 0.50| 0.726 27.43
LSV-2C August 28, 2010{2010 21.00|Brown Trout 32.8 0.64f 0.935 21.29
LSV-2C August 28, 20102010 17.20|Brown Trout 32.8 0.52| 0.766 25.99
LSV-2C August 28, 2010/2010 21.20]Brown Trout 32.8 0.65; 0.944 21.09
LSV-2C August 28, 2010/2010 18.00]|Brown Trout 32.8 0.55} 0.801 24.84
LSV-2C August 28, 2010{2010 16.70|Brown Trout 32.8 0.51] 0.743 26.77
LSV-2C August 28, 2010/2010 17.40|Brown Trout 32.8 0.53] 0.775 25.69
LSV-2C August 28, 2010/2010 16.30{Brown Trout 32.8 0.50[ 0.726 27.43
LSv-2C August 28, 2010/2010 17.00{Brown Trout 32.8 0.52 0.757 26.30
LSV-2C August 28, 2010/2010 18.00{Brown Trout 32.8 0.55/ 0.801 24.84
LSv-2C August 28, 2010{2010 16.20{Brown Trout 32.8 0.49] 0.721 27.60
LSV-2C August 28, 20102010 13.60{Brown Trout 32.8 0.41} 0.605 32.87
LSV-2C August 28, 2010/2010 13.70{Brown Trout 32.8 0.42] 0.610 32.63
LSv-2C August 28, 2010{2010 13.60{Brown Trout 32.8 0.41] 0.605 32.87
LSV-2C August 28, 2010{2010 16.70|Brown Trout 32.8 0.51 0.743 26.77
LSV-2C August 28, 2010{2010 16.30|Brown Trout 32,8 0.50| 0.726 27.43
LSv-2C August 28, 2010]2010 17.10|Brown Trout 32.8 0.52| 0.761 26.14
LSV-2C August 26, 2011]2011 15.20{Brown Trout 25.8 0.59] 0.860 23.14
LSV-2C August 26, 2011]2011 14.20|Brown Trout 25.8 0.55| 0.804 24,76
LSV-2C August 26, 20112011 17.30{Brown Trout 25.8 0.67] 0.979 20.33
LSV-2C August 26, 2011|2011 15.50{Brown Trout 25.8 0.60} 0.877 22.69
LSV-2C August 26, 2011|2011 23.60{Brown Trout 25.8 0.911 1.336 14.90




Table C-1

Site-Specific Brown Trout Whole Body Tissue and Surface Water Selenium Concentrations for Deriving
Whole Body and Egg BAFs

Whole Whole Body Dissolved Se
Body Se BAF FT EGG BAF | (ug/L) at 19.9
mg/kg SW Se Diss | (mg/kg)/ |(WB to Egg mg/kg
Station Date Year dw Species ug/L SW (ug/L)} | CF=1.46) criterion
LSV-3 August 25, 2010|2010 14.30|Brown Trout 245 0.58] 0.852 23.35
LSV-3 August 25, 2010({2010 15.90|Brown Trout 245 0.65| 0.948 21.00
LSV-3 August 25, 20102010 14.10{Brown Trout 24.5 0.58] 0.840 23.68
LSV-3 August 25, 2010{2010 13.20|Brown Trout 245 0.54} 0.787 25.30
LSV-3 August 25, 2010{2010 14.30|Brown Trout 245 0.568] 0.852 23.35
LSV-3 August 25, 2010{2010 10.00|Brown Trout 24.5 0.41} 0.596 33.39
LSV-3 August 25, 2010]2010 14.20|Brown Trout 24.5 0.58] 0.846 23.52
LSV-3 August 25, 2010|2010 11.20|Brown Trout 245 0.46| 0.667 29.82
LSV-3 August 25, 201012010 10.80|Brown Trout 24,5 0.44f 0.644 30.92
LSV-3 August 25, 20102010 15.10|Brown Trout 24.5 0.62} 0.900 2212
LSV-3 August 25, 20102010 12.20|Brown Trout 245 0.50; 0.727 27.37
LSV-3 August 25, 2010{2010 16.00|Brown Trout 245 0.65] 0.953 20.87
LSV-3 August 25, 20102010 14.60iBrown Trout 24.5 0.60] 0.870 22.87
HS September 8, 2006(2006 14.07|Brown Trout 17.4 0.81 1.180 16.86
HS September 8, 2006{2006 20.00|Brown Trout 17.4 1.15] 1.678 11.86
HS September 8, 2006{2006 15.48|Brown Trout 17.4 0.88] 1.209 15.32
HS May 14, 2007|2007 25.00|Brown Trout 20.5 1.22f 1.780 11.18
HS August 24, 2007{2007 27.10)Brown Trout 21.4 1.27{ 1.849 10.76
HS August 24, 20072007 22.70]|Brown Trout 21.4 1.06{ 1.549 12.85
HS August 24, 2007|2007 21.00(Brown Trout 214 0.98 1.433 13.89
HS August 24, 200712007 28.80|Brown Trout 21.4 1.35] 1.965 10.13
HS May 17, 2008}2008 28.20|Brown Trout 27.3 1.03] 1.508 13.20
HS May 17, 2008(2008 38.90|Brown Trout 27.3 1.42] 2.080 9.57
HS May 17, 2008{2008 30.80|Brown Trout 27.3 1.13] 1.647 12.08
HS September 4, 2008|2008 22.80{Brown Trout 53.6 0.43] 0.621 32.04
HS-3 September 6, 2006(2006 17.52|Brown Trout 9.2 1.90] 2.780 7.16
HS-3 September 6, 2006(2006 20.43|Brown Trout 9.2 2,221 3.242 6.14
HS-3 September 6, 20062006 25.61|Brown Trout 9.2 2.78] 4.064 4.90
HS-3 September 6, 20062006 18.84{Brown Trout 9.2 2.05) 2.990 6.66
HS-3 May 12, 2007[2007 22.00|Brown Trout 18 1.22] 1.784 11.15
HS-3 May 12, 2007{2007 14.70{Brown Trout 18 0.82| 1.192 16.69
HS-3 May 12, 2007(2007 21.40|Brown Trout 18 1.19] 1.736 11.46
HS-3 May 12, 2007|2007 17.20|Brown Trout 18 0.96] 1.395 14.26
HS-3 August 28, 2007|2007 19.70{Brown Trout 16.1 1.22] 1.786 11.14
HS-3 August 28, 2007|2007 18.40|Brown Trout 16.1 1.14] 1.669 11.93
HS-3 August 28, 2007{2007 18.30|Brown Trout 16.1 1.14] 1.660 11.99
HS-3 August 28, 2007|2007 13.70{Brown Trout 16.1 0.85 1.242 16.02
HS-3 August 28, 20072007 24.10|Brown Trout 16.1 1.50] 2.185 9.11
HS-3 August 28, 2007|2007 16.20{Brown Trout 16.1 1.01] 1.469 13.55
HS-3 August 28, 2007|2007 12.20|Brown Trout 16.1 0.76{ 1.106 17.99
HS-3 August 28, 2007|2007 24.40|Brown Trout 16.1 1.52| 2.213 8.99
HS-3 August 28, 2007{2007 19.30|Brown Trout 16.1 1.20| 1.750 11.37
HS-3 August 28, 200712007 16.30{Brown Trout 16.1 1.01] 1478 13.46
HS-3 August 28, 2007|2007 14.20|Brown Trout 16.1 0.88] 1.288 15.45
HS-3 May 16, 2008(2008 26.30]|Brown Trout 26 1.01} 1477 13.47
HS-3 September 5, 2008{2008 24.30|Brown Trout 37.5 0.65] 0.946 21.03
HS-3 September 5, 20082008 28.10|Brown Trout 37.5 0.75| 1.094 18.19
HS-3 September 5, 20082008 32.20|Brown Trout 375 0.86] 1.254 15.87




Table C-1

Site-Specific Brown Trout Whole Body Tissue and Surface Water Selenium Concentrations for Deriving
Whole Body and Egg BAFs

Whole Whole Body Dissolved Se

Body Se BAF FT EGG BAF | (ug/L) at 19.9

mg/kg SW Se Diss | {mg/kg)/ |{WB toEgg mg/kg

Station Date Year dw Species ug/L SW (ug/L)) | CF = 1.46) criterion

HS-3 September 5, 2008/2008 25.30|Brown Trout 37.5 0.67] 0.985 20.20
HS-3 September 5, 2008/2008 24.90|Brown Trout 37.5 0.66] 0.969 20.53
HS-3 September 5, 2008/2008 35.20|Brown Trout 37.5 0.94] 1.370 14.52
HS-3 September 5, 2008{2008 26.90|Brown Trout 37.5 0.72| 1.047 19.00
HS-3 September 5, 2008|2008 28.00|Brown Trout 37.5 0.75] 1.090 18.25
HS-3 September 5, 2008/2008 38.50|Brown Trout 37.5 1.03] 1.499 13.28
HS-3 August 28, 2010{2010 22.30{Brown Trout 36.6 0.61} 0.890 22.37
HS-3 August 28, 2010(2010 25.10|Brown Trout 36.6 0.69] 1.001 19.88
HS-3 August 28, 2010[2010 20.40|Brown Trout 36.6 0.56] 0.814 24.45
HS-3 August 28, 2010/2010 15.00|Brown Trout 36.6 0.41] 0.598 33.26
HS-3 August 28, 2010|2010 18.80|Brown Trout 36.6 0.51} 0.750 26.54
HS-3 August 28, 20102010 13.80{Brown Trout 36.6 0.38/ 0.550 36.15
HS-3 August 28, 2010/2010 16.00|Brown Trout 36.6 0.44] 0.638 31.18
HS-3 August 28, 201012010 11.90{Brown Trout 36.6 0.33| 0.475 41.92
HS-3 August 28, 2010{2010 22.70|Brown Trout 36.6 0.62] 0.906 21.98
HS-3 August 28, 2010{2010 22.10]|Brown Trout 36.6 0.60] 0.882 22.57
HS-3 August 28, 2010{2010 17.60]|Brown Trout 36.6 0.48] 0.702 28.34
HS-3 August 28, 2010[2010 23.90|Brown Trout 36.6 0.65] 0.953 20.87
HS-3 August 28, 2010[2010 17.70|Brown Trout 36.6 0.48] 0.706 28.18
HS-3 August 28, 2010[2010 19.70|Brown Trout 36.6 0.54] 0.786 25.32
HS-3 August 28, 2010|2010 20.60|Brown Trout 36.6 0.56] 0.822 24,22
HS-3 August 28, 2010|2010 25.00{Brown Trout 36.6 0.68] 0.997 19.95
HS-3 August 28, 2010|2010 13.50|Brown Trout 36.6 0.37] 0.539 36.95
HS-3 August 28, 2010|2010 25.20|Brown Trout 36.6 0.69] 1.005 19.80
HS-3 August 28, 20102010 18.00|Brown Trout 36.6 0.49] 0.718 27.71
HS-3 August 26, 2011[2011 21.00|Brown Trout 77.4 0.27} 0.396 50.24
HS-3 August 26, 2011{2011 23.70|Brown Trout 77.4 0.31} 0.447 44,51
HS-3 August 26, 2011{2011 35.90|Brown Trout 77.4 0.46] 0.677 29.39
HS-3 August 26, 2011|2011 28.60|Brown Trout 77.4 0.37} 0.539 36.89
LSS September 13, 2009|2009 12.10|Brown Trout 9.4 1.29] 1.879 10.59
LSS September 13, 2009|2009 13.80|Brown Trout 9.4 147 2.143 9.28
LSS September 13, 2009|2009 10.00|Brown Trout 9.4 1.06] 1.553 12.81
LSS September 13, 2009|2009 15.40|Brown Trout 9.4 1.64] 2.392 8.32
LSS September 13, 2009|2009 16.40]Brown Trout 9.4 1.74] 2547 7.81
LSS September 13, 2009|2009 12.50|Brown Trout 9.4 1.33] 1.941 10.25
LSS September 13, 2009|2009 10.20]Brown Trout 9.4 1.09] 1.584 12.56
LSS August 26, 2010{2010 12.30|Brown Trout 13.8 0.89] 1.301 15.29
LSS August 26, 201012010 13.20|Brown Trout 13.8 0.96] 1.397 14.25
LSS August 26, 2010{2010 11.50|Brown Trout 13.8 0.83] 1.217 16.36
LSS August 26, 2010{2010 11.47|Brown Trout 13.8 0.83] 1.213 16.40
LSS August 26, 2010{2010 9.61|Brown Trout 13.8 0.70] 1.017 19.57
LSS August 26, 2010[2010 12.80|Brown Trout 13.8 0.93| 1.354 14.69
LSS August 26, 2010{2010 8.88|Brown Trout 13.8 0.64] 0.939 21.18




Table C-1

Site-Specific Brown Trout Whole Body Tissue and Surface Water Selenium Concentrations for Deriving
Whole Body and Egg BAFs

Whole Whole Body Dissolved Se
Body Se BAF FT EGG BAF | (ug/L)at 19.9
mg/kg SW Se Diss | (mg/kg)/ [{WB to Egg mg/kg
Station Date Year dw Species ug/L SW (ug/L}) | CF =1.46) criterion
LSS August 26, 20102010 7.17|Brown Trout 13.8 0.52] 0.759 26.23
LSS August 26, 2010j2010 10.10{Brown Trout 13.8 0.73] 1.069 18.62
LSS August 26, 2010{2010 11.30|Brown Trout 13.8 0.82] 1.196 16.65
LSS August 26, 2010{2010 10.80|Brown Trout 13.8 0.78] 1.143 17.42
LSS August 26, 2010{2010 8.53|Brown Trout 13.8 0.62] 0.902 22.05
LSS August 26, 2010{2010 10.30{Brown Trout 13.8 0.751 1.090 18.26
LSS August 26, 20102010 10.80|Brown Trout 13.8 0.78] 1.143 17.42
LSS August 26, 2010{2010 17.40|Brown Trout 13.8 1.26] 1.841 10.81
LSS August 26, 2010{2010 14.50|Brown Trout 13.8 1.05{ 1.534 12.97
LSS August 26, 2010{2010 17.50|Brown Trout 13.8 1.27] 1.851 10.75
LSS August 26, 2010{2010 16.00|Brown Trout 13.8 1.16f 1.693 11.76
LSS August 26, 2010{2010 12.80|Brown Trout 13.8 0.93{ 1.354 14.69
LSS August 28, 2011}2011 13.10|Brown Trout 14.9 0.88] 1.284 15.50
LSS August 28, 2011}2011 11.20|Brown Trout 14.9 0.75] 1.097 18.13
Grouping Season Median WB E Median Egc Diss Se (ug/L)
All Site All Seasons 1.105 1.613 12.34
All Site Summer/fall 1.027 1.499 13.28
Hoopes All Seasons 0.81 1.19 16.77
Sage All Seasons 0.84 1.22 16.32
Crow All Seasons 3.40 4.96 4.01
South Sage  All Seasons 0.91 1.33 14.99
Hoopes Summer/fall 0.72 1.05 19.00
Sage Summer/fall 0.81 1.18 16.88
Crow Summer/fall 2.81 4.10 4.85
South Sage  Summer/fall 0.91 1.33 14.99




APPENDIX D

Implementation Plan



1.0 IMPLEMENTATION CONSIDERATIONS

The national selenium criterion recommends that the egg criterion element take precedence over
whole-body tissue or water elements of the criterion. In the absence of egg-ovary data, the whole-
body tissue data take precedence over the water element of the criterion. In the absence of egg-
ovary or whole-body data (e.g., in fishless waters), the water element of the criterion can be used
for routine monitoring and compliance assessment. Figure D-1 provides a flow diagram of
monitoring actions relative to gaging compliance with the proposed SSSC.

While egg tissue has been demonstrated the most important endpoint to measure the effects of
chronic exposure to selenium, it is not the most practical to monitor. Collecting egg tissue requires
that fish be present for monitoring at a specific time of year (i.e., during or just prior to spawning),
and requires manually spawning eggs from maternal fish. In addition, while the general spawning
period may be known, capture of pre-spawn female fish requires a larger effort than simple
collection of fish for whole body tissue analysis. The data collected at the Site has generated a
well-supported egg criterion that has been translated to a water concentration criterion using
USEPA (2016) recommended approaches, yielding a water concentration criterion protective of
fish populations. In effect, if concentrations of selenium are less than 13.55 ug/L in surface
waters, then egg concentrations should be less than 19.9 mg/kg dw. Collection of water quality
samples is therefore the primary focus of the compliance monitoring effort.

1.1 Site-Specific Considerations

Elevated selenium concentrations at the Site are a result of releases due to historical mining
activities at the Smoky Canyon Mine. Overburden materials removed to access the phosphate
ore were placed in external overburden disposal areas (ODAs) or used to backfill mining pits.
Selenium has been released from these materials to underlying Wells Formation groundwater
and transported with groundwater to spring discharges to surface water (i.e., Hoopes Spring and
South Fork Sage Creek Springs).

Under CERCLA Simplot has implemented two early remedial actions at a key ODA (Pole Canyon
ODA), which have significantly reduced releases of selenium to the surrounding environment.
Because of the time that groundwater takes to travel from the ODA to the springs it will take
several years before reductions in selenium concentrations will be realized at the springs. In
addition, Simplot is implementing a pilot study water treatment system at the springs that will
reduce selenium concentrations. This will treat 2,000 gallons per minute of water from the springs
using a fluidized biological reactor technology. Site-wide remedial actions are also being
evaluated under the CERCLA program and a remedy will be selected by the regulatory agencies
and documented in a Record of Decision. The actions will then be implemented by Simplot. The
actions are expected to be a combination of source controls at the ODAs and water treatment.



The actions will reduce selenium concentrations in surface water over time to meet the selenium
criterion (the expected timeframe will be documented in the ROD).

As such selenium concentrations are currently above the criterion but will reduce over time. This
is an important consideration in the overall monitoring and interpretation. In the near future,
selenium concentrations will continue to be above the criterion, but as some point will come within
range of it. Fish tissue concentrations would still expected to be above the criterion for few years
until selenium concentrations decline in dietary food items.

These site-specific considerations are accounted for in the proposed implementation approach
set out below. In the period while concentrations are reducing to the range of the criterion due to
the effect of remedial actions, selenium concentration monitoring will be required in water only.
Once the concentrations have been close or below the water criterion for 2 years, the compliance
approach described below will take effect.

1.2 Proposed Implementation Approach

Using surface water selenium concentrations will allow for a less destructive form of evaluating
compliance with the SSSC (i.e., as compared to fish tissue sampling) and is the preferred method
of routine monitoring. During the course of monitoring surface water selenium concentrations, if
the water-criterion-element value is not exceeded, then it would be concluded that the egg-
criterion-element is not exceeded, and correspondingly that the selenium concentrations would
not have adverse effects on fish populations. In the event that an exceedance of the water
criterion occurs, tissue monitoring could occur as a follow up, if fish are present. In the event no
fish are present in a waterbody, the nearest downstream location where fish are present would
be examined to assess if the tissue data indicate an exceedance. Therefore, although surface
water selenium measurement will be an effective monitoring tool, the ultimate decision on
compliance would depend on the tissue data.

Monitoring to evaluate compliance would include selecting representative locations, the frequency
of sampling, and establishing how the data would be used to determine compliance. The
subsections that follow present key components of how to effectively implement the SSSC.

1.21 Monitoring Locations and Frequency

Water quality varies within each of the Site drainages. The purpose of the monitoring locations
described below is to provide representative selenium measurement data in surface water. Due
to the record of selenium measurement data in surface waters at several locations, the following
locations are proposed as routine monitoring locations for surface water to assess compliance
(Figure D-2):

e HS-3: Hoopes Spring channel near the confluence with Sage Creek.
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e LSS: Lower South Fork Sage Creek to monitor surface water downstream of the SFSCS
complex.

e LSV-2C: Sage Creek downstream of Hoopes Spring.

e LSV-4: Sage Creek near confluence of Sage Creek and Crow Creek to monitor area after
Sage Creek receives waters from both Hoopes Spring and SFSC.

e CC-350: Crow Creek upstream of Sage Creek and downstream of Deer Creek to monitor
potential influence of Panels F and G.

¢ CC-1A: Crow Creek downstream of Sage Creek

e Crow Creek at the State Line: Monitor a location to be determined immediately upstream
of the Idaho-Wyoming state line.

Semi-annual surface water monitoring is proposed to evaluate compliance with the SSSC: spring
(April or May) and fall (August or September). The data collected in the fall (low-flow conditions)
will be used to evaluate compliance. Data collected in the spring are used to provide additional
temporal data on how selenium levels may be changing. A grab sample will be collected at each
location for selenium analysis.

1.2.2 Aggregation of Data to Assess Compliance

If the selenium concentration in the grab sample collected each fall is below the criterion then
compliance would be demonstrated at that location. If the concentration is above the criterion at
that location, then the following process would be implemented (after the initial period of reducing
concentrations, as described above).

Water Element - For a bioaccumulative chemical such as selenium, a short-term exposure (e.g.,
days) at or above the water SSSC element is not likely to be of sufficient magnitude or duration
for adverse bioaccumulation. Thus, the time frame for gauging compliance needs to be
lengthened in order to produce meaningful results. If selenium concentrations exceed the water
SSSC element at a particular location, monitoring at each location where an exceedance occurs
would be immediately followed by four weeks of monitoring (once per week or more frequently).
During monitoring triggered by the initial exceedance, laboratory turnaround times would be seven
days or less.



If the average selenium concentration is above the criterion, then Simplot may elect to implement
a Corrective Action to reduce concentrations, or to collect whole body tissue data at the same
locations, as described below.

Whole-Body Tissue Element - Details for monitoring whole body fish tissue would be compiled
in a Work Plan prepared prior to field efforts. For whole body tissue analyses, the size of the fish
would be consistent with the Interagency Fish Tissue Protocol, which focuses on collection of
juveniles (< 100 mm and, if need be, up to 150 mm). No gender specificity would be required for
juvenile fish destined for whole body analysis. Juvenile fish could be sampled during any time
period, but due to selenium behavior at this Site, which increases as flow decrease, ideal
monitoring will occur in late summer or fall. From each location where the water-SSSC-element
value is exceeded, five to ten trout would be collected for selenium tissue analysis. All ten trout
would be the same species, preferably brown trout.

Whole-body tissue data would be aggregated as an arithmetic mean, but typical summary
statistics would be developed if sufficient numbers of samples are collected from a location (mean,
median, maximum, minimum, standard deviation, and upper and lower 95 percent confidence
intervals). If the arithmetic mean whole body selenium concentration is below the whole body
tissue criterion, then compliance is demonstrated and no additional monitoring or actions are
required. The monitoring program would return to routine water quality. If the average selenium
concentration is above the criterion, then Simplot may elect to implement a Corrective Action to
reduce concentrations, or to collect egg tissue data at the same locations, as described below.

Egg Tissue Element - Details for monitoring egg tissue will be compiled in a Work Plan prepared
prior to field efforts. If egg tissue monitoring is to be conducted, it would occur during the fall
spawning period. The location would be based on the surface water monitoring location, and
should focus on locations that include a mixture of habitats including favorable spawning gravels
with appropriate water velocity and nearby deep pools or cover. Fall quarterly egg-tissue
collection would be planned, timed to correspond to the presence of pre-spawn females.

If egg tissues are being collected, pre-spawn female brown trout is the target species. Fish size
should be greater than 300 mm or larger. Collection of egg tissue samples is highly destructive
sampling because it removes eggs from the next year’s age class. Therefore, if egg tissues are
to be collected, it is suggested that eggs from five or fewer adult females be collected for a
location. Five grams is expected to be adequate for selenium egg-tissue concentration analysis.
Of the egg-donor fish, three should be retained for whole body tissue analysis and complete egg
stripping. Eggs and whole body maternal fish would be sent to the laboratory as two separate
samples for analysis for each fish.

Analytical data for egg-tissue measurements would be aggregated using typical summary
statistics (mean, median, maximum, minimum, standard deviation, and upper and lower 95
percent confidence intervals). The compliance measure would be the arithmetic mean. If the
mean concentration is below the criterion then compliance is demonstrated and no additional
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monitoring or actions are required. The monitoring program would return to routine water quality.
If the average selenium concentration is above the criterion, then Simplot will assess the reasons
for the non-compliance and propose Corrective Actions to remedy them.

1.3 Reporting

Reporting surface water quality data, whole body tissue data, and or egg tissue data to IDEQ will
require that laboratory analytical results be obtained in a timely fashion. Typically, results can be
obtained within 2-3 weeks. Result of monitoring would be due to the Agencies within 45 days of
the initial monitoring. The reporting format will discussed with IDEQ.
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