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Mercury in Fishes from 21 National Parks in the Western
United States—Inter- and Intra-Park Variation in
Concentrations and Ecological Risk

By Collin A. Eagles-Smith?, James J. Willacker?, Jr., and Colleen M. Flanagan Pritz2

Abstract

Mercury (Hg) is a global contaminant and human activities have increased atmospheric Hg
concentrations 3- to 5-fold during the past 150 years. This increased release into the atmosphere has
resulted in elevated loadings to aquatic habitats where biogeochemical processes promote the microbial
conversion of inorganic Hg to methylmercury, the bioavailable form of Hg. The physicochemical
properties of Hg and its complex environmental cycle have resulted in some of the most remote and
protected areas of the world becoming contaminated with Hg concentrations that threaten ecosystem
and human health. The national park network in the United States is comprised of some of the most
pristine and sensitive wilderness in North America. There is concern that via global distribution, Hg
contamination could threaten the ecological integrity of aquatic communities in the parks and the
wildlife that depends on them. In this study, we examined Hg concentrations in non-migratory
freshwater fish in 86 sites across 21 national parks in the Western United States. We report Hg
concentrations of more than 1,400 fish collected in waters extending over a 4,000 kilometer distance,
from Alaska to the arid Southwest. Across all parks, sites, and species, fish total Hg (THQ)
concentrations ranged from 9.9 to 1,109 nanograms per gram wet weight (ng/g ww) with a mean of 77.7
ng/g ww. We found substantial variation in fish THg concentrations among and within parks,
suggesting that patterns of Hg risk are driven by processes occurring at a combination of scales.
Additionally, variation (up to 20-fold) in site-specific fish THg concentrations within individual parks
suggests that more intensive sampling in some parks will be required to effectively characterize Hg
contamination in western national parks.

Across all fish sampled, only 5 percent had THg concentrations exceeding a benchmark (200
ng/g ww) associated with toxic responses within the fish themselves. However, Hg concentrations in 35
percent of fish sampled were above a benchmark for risk to highly sensitive avian consumers (90 ng/g
ww), and THg concentrations in 68 percent of fish sampled were above exposure levels recommended
by the Great Lakes Advisory Group (50 ng/g ww) for unlimited consumption by humans. Of the fish
assessed for risk to human consumers (that is, species that are large enough to be consumed by
recreational or subsistence anglers), only one individual fish from Yosemite National Park had a muscle
Hg concentration exceeding the benchmark (950 ng/g ww) at which no human consumption is advised.
Zion, Capital Reef, Wrangell-St. Elias, and Lake Clark National Parks all contained sites in which most
fish exceeded benchmarks for the protection of human and wildlife health. This finding is particularly

1 U.S. Geological Survey
2 U.S. National Park Service



concerning in Zion and Capitol Reef National Parks because the fish from these parks were speckled
dace, a small, invertebrate-feeding species, yet their Hg concentrations were as high or higher than those
in the largest, long-lived predatory species, such as lake trout. Future targeted research and monitoring
across park habitats would help identify patterns of Hg distribution across the landscape and facilitate
management decisions aimed at reducing the ecological risk posed by Hg contamination in sensitive
ecosystems protected by the National Park Service.

Introduction

Mercury (Hg) is among the most widespread environmental contaminants, distributed at a global
scale from natural sources, such as volcanic eruptions and from anthropogenic sources such as
emissions followed by atmospheric deposition (Driscoll and others, 2013) and at local or regional scales
from current and historic mining activities (Singer and others, 2013). When reactive forms of inorganic
Hg are deposited or transported to aquatic habitats, microbial processes can convert the inorganic Hg to
methylmercury (MeHg), an organic Hg form that efficiently biomagnifies through food webs (Lavoie
and others, 2013) and is a potent neurotoxin (Clarkson and Magos, 2006; Bennett and others, 2009;
Wiener and others, 2012). The prevalence and toxicity of Hg make it a serious threat to both wildlife
and humans. More than 16 million lake acres and 1 million river miles are under fish consumption
advisories due to Hg contamination in the United States, and 81 percent of all fish consumption
advisories were issued because of Hg contamination (U.S. Environmental Protection Agency, 2013).
Mercury affects numerous physiological processes in vertebrate wildlife and humans, particularly
neurological function, but it also can have a deleterious influence on cardiovascular, renal, and
endocrine systems. Although the toxicological responses are particularly damaging to developing
individuals, elevated Hg exposure also can have fitness consequences in adults through impairment of
reproduction (Clarkson and Magos, 2006). Symptoms can occur at exposure levels commonly observed
in the environment, and can result in reduced foraging efficiency, survival, or reproductive success
(Burgess and Meyer, 2008; Crump and Trudeau, 2009; Wiener and others, 2012).

The widespread transport of Hg through atmospheric and hydrologic pathways, coupled with its
potential for environmentally induced “activation” to a highly bioaccumulative and toxic species, is
important because it suggests that even remote and protected environments may be at risk to ecological
harm from Hg (Lamborg and others, 2002; Schuster and others, 2002). In fact, increasing evidence
indicates that Hg contamination of remote and protected environments is not uncommon. For example,
total Hg (THg) concentrations in arctic char (Salvelinus alpinus) and lake trout (S. namaycush) from
lakes in Nunavut Canada have up to 1,400 nanograms per gram wet weight (ng/g ww) (Swanson and
Kidd, 2010), and THg concentrations in mean northern pike (Esox lucius) from remote sites in Alaska
have been reported above 1,800 ng/g ww (Duffy and others, 1999). At some of these remote sites, THg
concentrations are routinely above the highest benchmarks for risk to human consumers (Jewett and
Duffy, 2007). Similarly, Hg concentrations in fish from several western national parks have previously
been reported to exceed human and wildlife health thresholds (Landers and others, 2008). Because
many remote and protected areas provide refuge from development and human disturbance, they often
support high densities of rare and sensitive wildlife species. As a result, the ecological consequences of
elevated Hg in these locations could be particularly harmful from a conservation perspective.



National Park Service (NPS) lands are among the most pristine natural areas in the United
States, protecting more than 84 million acres of diverse aquatic and terrestrial habitats. This is
particularly true for the Western United States and Alaska, which only contain about 32 percent of
national park units, yet account for approximately 89 percent of the total land area managed by the NPS.
Because such a large proportion of NPS land is in the West, ecological stressors that are pervasive
across the region could disproportionately affect NPS resources. Mercury contamination is among those
stressors, because many areas of the Western United States are subject to Hg contamination at levels of
concern for both human and ecosystem health (Peterson and others, 2007). Moreover, recent work has
shown that some remote, high-altitude water bodies in western national parks contain fish with Hg
concentrations that exceed toxicological thresholds for both humans and wildlife (Schwindt and others,
2008). However, the extent of contamination across western parks still lacks a systematic
characterization and assessment of risk. Furthermore, it remains unclear whether variation in Hg
concentrations in fish from remote national parks is more related to local, site- or park-specific
characteristics, or broader regional characteristics. Additionally, spatially expansive baseline
information is needed in order to evaluate the response of isolated environments to the Mercury
and Air Toxics Standards (MATS), implemented by the U.S. Environmental Protection Agency (EPA),
which aims to reduce Hg emissions from powerplants by 90 percent. Understanding how variation in
fish Hg concentrations is distributed across local and regional scales will facilitate a better
understanding of potential mitigation and management options.

As the first step toward better understanding the distribution of Hg across aquatic communities
in western national parks, we measured Hg concentrations in fish from 21 different national parks in the
Western United States and Alaska (fig. 1). We primarily targeted fish from remote, high altitude lake
habitats with limited hydrological connectivity to upstream watersheds in order to minimize watershed
scale processes that may potentially confound our assessment of local fish Hg exposure and the relative
influence of local versus regional and global processes. Our primary objectives were as follows:

e Objective 1: Compare fish Hg concentrations among western national parks, and among sites
within western national parks

e Objective 2: Determine whether variation in fish Hg concentrations in western national parks is
more evident at local site and park scales, compared to broader regional scales;

e Objective 3: Evaluate fish Hg concentrations in western national parks with respect to a range of
wildlife and human health exposure thresholds.

Because lakes with limited upstream connectivity were preferentially sampled, estimates of
variability among lakes may be reduced relative to a random sampling of water available bodies,
particularly at local and park scales. Furthermore, the hierarchical spatial design of the current study,
combined with the gradient in landscape types, altitudes, and fish species that occur over such an
extensive study area, preclude examination of the specific drivers of Hg variation at various scales, and
investigating these factors was beyond the scope of the current study.



Methods

Study Sites and Sample Collection

This study focused on remote, fish-bearing aquatic habitats in the Western United States. We
sampled 86 individual sites from 21 national parks in 10 Western States (fig. 1, table 1). Our primary
target habitats were remote, high-altitude lakes containing non-migratory fish populations in order to
reduce the likelihood that fish Hg concentrations are reflective of exposure that occurred elsewhere.
However, some parks, especially Great Basin National Park (NP) and those in the arid Southwest,
lacked similar aquatic habitats; therefore, we also sampled flowing rivers and streams in a few parks
where lake habitats were unable to be sampled.

Fish were collected in 2008, 2009, 2011, and 2012 by NPS personnel following standardized
protocols as described in this paragraph below. The intensive sampling at Mount Rainier in 2012 was
conducted by U.S. Geological Survey (USGS) staff as part of a focused study in that park, examining a
range of food web components. Whereas most of the sites were only sampled during 1 of the 4 years, 10
lakes within four parks (Lake Clark, Olympic, Rocky Mountain, Sequoia-Kings Canyon) were sampled
in 2 separate years in order to examine temporal variation within a subset of lakes (table 1). Depending
on the characteristics of a site, and its associated access logistics, fish were sampled using variable-mesh
or fixed-mesh gillnets, hook and line, or beach seines. Because of ecological limits to the distribution of
fish species across the entire western region of North America, identical species did not exist at all sites.
Instead, we focused on targeting four primary species (brook trout [S. fontinalis], cutthroat trout
[Oncorhynchus clarkii], rainbow trout [O. mykiss], and lake trout) that occurred across as many sites as
possible. In sites where those species did not occur, we sampled the most abundant resident species that
were found, trying where possible to match the ecological niche of at least one of our primary species.
Once fish were collected, they were immediately wrapped in chemically cleaned aluminum foil and
sealed in individually labeled polyethylene zip bags. Fish in the field were immediately placed on wet or
dry ice until transport to the laboratory, where they were stored at -20°C until processing and analysis.

Sample Processing and Mercury Determination

In the laboratory, we thawed each fish to room temperature, measured standard length (SL) to
the nearest millimeter, and mass to the nearest 0.1 g. From each fish with greater than 100 mm SL, we
dissected 5-10 g of skinless axial muscle using nitric acid and deionized-water-rinsed scalpels, scissors,
and forceps. We then rinsed each muscle sample in deionized water to remove any surface
contaminants, blotted them dry with clean, lint-free wipes, and weighed them on an analytical balance to
the nearest 0.0001 g. Fish with less than 100 mm SL were processed as whole-body samples. For these,
we removed stomach contents and thoroughly cleaned the surface of the fish with deionized water, then
blotted dry and weighed as described above for muscle tissue. We chose to process and analyze fish less
than 100 mm SL as whole fish because they often lacked adequate muscle tissue for analysis. Moreover,
robust conversion equations exist for translating between whole-body fish and muscle THg
concentrations (Peterson and others, 2005, 2007); thus, the whole-body samples were still comparable to
the muscle samples. Once muscle or whole-body samples were cleaned and weighed, we placed them in
a drying oven at 50 °C until a constant mass was achieved, typically 48 h. We subsequently removed the
sample from the drying oven and allowed them to cool to room temperature in a desiccator. Once cool,
we measured the dry mass of each sample to the nearest 0.0001 g, and homogenized each to a fine
powder with scissors and a ceramic mortar and pestle. The homogenized samples were stored in a
desiccator until chemical analysis.



We determined THg concentrations of each sample following EPA method 7473 (U.S.
Environmental Protection Agency, 2000) on a Milestone tri-cell DMA-80 Direct Mercury Analyzer
(Milestone, Inc., Monroe, Connecticut, U.S.A.). Briefly, we used an integrated sequence of drying (250
°C for 30 s), thermal decomposition (650 °C for 90s), catalytic conversion, and then amalgamation in a
gold trap, followed by cold vapor atomic absorption spectroscopy. Quality-assurance measures included
analysis of two certified reference materials (either dogfish muscle tissue [DORM-4; National Research
Council of Canada, Ottawa, Canada], or dogfish liver [DOLT-3; National Research Council of Canada,
Ottawa, Canada]), two system and method blanks, and two duplicates-per-batch of 30 samples.
Recoveries (+ standard error) averaged 102.8 + 0.6 percent (n = 88) and 97.83 + 1.06 percent (n = 128)
for certified reference materials and calibration checks, respectively. Absolute relative percent
difference for all duplicates averaged 3.31 + 0.40 percent.

Statistical Analyses

Unless otherwise noted, all statistical analyses were conducted on dry-weight THg
concentrations to minimize inconsistencies resulting from variable moisture contents of individual fish.
However, to facilitate comparisons with other work, we present wet weight THg concentrations in the
text and figures. Fish length is often positively correlated with Hg concentrations, which can confound
direct comparisons of fish Hg concentrations among locations with different sized fish. In order to make
spatial comparisons among and within parks, we first evaluated whether size adjusting THg
concentrations was necessary for each species of fish at each sampling site. To make this determination,
we developed decision rules based on a combination of the strength of regression coefficients (R?) and
the small sample-size corrected Akaike’s Information Criterion (AIC.) for length versus THg
concentration (dry weight, log;o-transformed) regression models from each species-site combination. No
size adjustment was made for models with R? less than 0.20. For regression models with R* greater than
0.20, we compared the regression model with a null model using AIC to assess whether including fish
length as a variable improved the likelihood of predicting fish THg concentrations. If the difference
between the regression and null AIC. values (AAIC.) was less than 2, we proceeded with size adjusting
individual THg concentrations using linear regression. We also used AIC-based model assessment to
determine whether sampling year (where available) influenced the relationship between size and Hg
concentrations by including a year-by-size interaction. The year-by-size interaction failed to improve
the plausibility of the size-Hg relationship in all cases; thus for size adjustment, we lumped all fish from
a population regardless of year sampled.

The variation in sizes and species of fish collected across sites complicated direct comparisons
of size-adjusted THg concentrations for all fish simultaneously. Therefore, using length-frequency
histograms, we classified fish species into three different size categories (50, 200, and 400 mm SL), thus
minimizing extrapolation of THg concentrations outside the range of sizes observed for each species.
Mercury concentrations in smallest size category of fishes (speckled dace [Rhinichthys osculus],
threespine stickleback [Gasteristeus aculeatus], and torrent sculpin [Cottus rhotheus]) were adjusted to
the concentration predicted at 50 mm SL for each individual. Mercury concentrations in the
intermediate size category of fishes (arctic grayling [Thymallus arcticus], brook trout, brown trout
[Salmo trutta], cutthroat trout, Dolly Varden [S. malma malma], golden trout [O. mykiss aquabonita],
kokanee [O. nerka], rainbow trout), were adjusted to the concentration predicted at 200 mm SL for each
individual. Mercury concentrations in the largest size category of fishes (bull trout [S. confluentus], lake
trout, lake whitefish [Coregonus clupeaformis], and northern pike) were adjusted to the concentration
predicted at 400 mm SL for each individual. To standardize THg concentrations to the appropriate sizes,
we used the linear regression equations for each site-species combination, then added the residuals from



each individual fish to its predicted concentration in order to incorporate the unexplained variation back
into the estimate. For those fish sampled from sites where there was no meaningful Hg-size relationship,
we used the un-adjusted Hg concentrations for each individual.

To compare Hg concentrations among parks and sites within parks, we constructed separate
mixed effects, nested general linear models for each of the three size classes (50, 200, and 400 mm SL)
with park and site (nested within park) included as fixed effects, and species included as a random effect
in each model to statistically account for variation due to different species being collected across sites.
In addition to comparing model-adjusted fish THg concentrations among parks and sites within parks,
we used the model-adjusted THg concentrations at sites and parks to examine how variation in THg
concentrations was partitioned across a gradient of spatial scales. To do this, we evaluated the
coefficient of variation (CV) for (1) all fish within a site using individual fish THg concentrations, (2)
all sites within a park using model-generated least-square mean (LSM) THg concentrations for each
site, and (3) all parks using model-generated LSM Hg concentrations for each park. By comparing the
CVs from each of these scales with t-tests (two-sample in comparison 1 and 2, one-sample in
comparison 3), we evaluated whether within-lake processes, within-catchment processes, or within-
region processes accounted for the most variation in THg concentrations.

In order to evaluate temporal variation in the subset of 10 sites that were sampled in more than 1
year, we used analysis of covariance (ANCOVA), which tested whether fish Hg concentrations were
different between years for each lake, while statistically controlling for fish length. Therefore, we
included standard length as a covariate in the models. The initial sampling event for each site varied
between 2008, 2009, and 2011 depending on the park. The final sampling for all sites was 2012.
Because of this, our goal was not to test whether there were consistent year effects, but simply to
evaluate how Hg concentrations within a site might differ between two distinct years regardless of
which years those were.

Risk Benchmark Values

In addition to examining spatial and temporal variation in fish THg concentrations across parks,
we also evaluated the threat Hg might pose at each site to the health of fish, piscivorous wildlife, and
humans by comparing measured and modeled THg concentrations to a range of established benchmarks
of toxicity to different taxonomic groups.

Fish

We compared whole-body Hg concentrations in fish to a no-observed-effects-residue (NOER) of
200 ng/g ww (Beckvar and others, 2005) and a lowest-observed-effects-residue (LOER) of 300 ng/g ww
(Sandheinrich and others, 2011) to assess potential risks of Hg exposure to fish themselves. The NOER
threshold identifies the Hg concentration in fish tissues below which fish should not experience
deleterious effects of Hg exposure on reproduction, growth, or survival. In contrast, the LOER threshold
indicates the concentration above which sublethal endpoints of Hg exposure, including alterations to
reproductive health, have been documented in laboratory and field studies of fish.

Birds

Birds are sensitive to the toxicological effects of MeHg exposure, and piscivorous birds are
among the taxa most commonly at risk because of their high trophic position. However, robust data on
the dietary Hg exposure thresholds that result in deleterious effects exist for very few bird species.
Moreover, there is considerable evidence of substantial variability in the sensitivity of different bird



species to Hg exposure (Heinz and others, 2009). Therefore, accurately extrapolating risk across a range
of unique species can be difficult and may result in low confidence estimates. This is particularly
problematic in studies such as this one, where no single piscivorous bird species with well-documented
toxicological responses to Hg exposure extends across such an expansive spatial extent, nor over such a
range of habitats. Therefore, our approach was to establish a baseline of risk in a well-studied avian
piscivore, then evaluate the likely range of risk for arbitrary taxa that are more and less sensitive to Hg
than the baseline species. Arguably the most robust information on avian piscivore toxicological
responses to Hg exposure across a range of scales of ecological organization exists for the common loon
(Gavia immer), which has been intensively studied in field and laboratory settings for several decades
(Kenow and others, 2008; Mitro and others, 2008; Scheuhammer and others, 2008; Kenow and others,
2011). This extensive research on the behavioral and reproductive impacts of Hg contamination has
resulted in the development of robust dietary benchmarks for identifying ecological risk of Hg to
common loons at a range of deleterious endpoints. These studies, coupled with other work on
interspecific sensitivity to Hg exposure (Heinz and others, 2009), suggest that loons are moderately
sensitive to Hg exposure in comparison to some other taxa. Therefore, we utilized the common loon
dietary screening benchmark of 180 ng Hg/g ww in whole-body prey-fish (Depew and others, 2012b) as
our baseline indicator of Hg risk to moderately sensitive avian consumers. Without solid quantitative
comparisons of relative sensitivity among species, we chose a conservative approach of scaling the loon
screening value down and up by 50 percent in order to estimate potential risk to bird species that are
more or less sensitive to Hg exposure than the common loon. Thus, we assessed risk to avian consumers
by comparing Hg concentrations in whole-body fish to 90 (high sensitivity), 180 (moderate sensitivity),
and 270 ng Hg/g ww (low sensitivity) benchmarks. We recognize that this scaling is somewhat arbitrary
in that it is not calibrated to specific avian species responses, but we chose this approach to better
encompass the range of potential risk depending on the species that might occur at any given area. Much
work is still needed to refine the scientific understanding of interspecies differences in sensitivity, but
we use Heinz and others (2009) as the baseline for identifying some taxonomic groups that may fall into
each classification. Based on that study of 27 bird species, piscivorous taxa that can be categorized as
high sensitivity and that are found in some of the parks studied include osprey (Pandion haliaetus),
white ibis (Eudocimus albus), and snowy egret (Egretta thula). Species that can be categorized as low
sensitivity include hooded merganser (Lophodytes cucullatus) and double-crested cormorant
(Phalacrocorax auritus). Besides common loon, other species with probable moderate sensitivity
include common tern (Sterna hirundo), royal tern (Sterna maxima), and great egret (Ardea alba).

Humans

We assessed risk of Hg exposure to human consumers of fish by comparing Hg concentrations
in fish muscle to the EPA’s tissue residue criterion for Hg (300 ng/g ww) and two benchmarks
recommended by the Great Lakes Advisory Group (GLAG) for limiting the risk of Hg exposure to
anglers (Great Lakes Advisory Group, 2007). The lower benchmark (50 ng/g ww) represents the
concentration of Hg in fish muscle below which unrestricted consumption of fish poses no risk to
consumers. The higher benchmark (950 ng/g ww) represents the concentration of Hg in fish muscle
above which GLAG recommends that no consumption occur.



Risk Estimation

We assessed risk to fish, avian consumers, and humans using two approaches. First, we
compared whole-body (fish and avian risk assessments) or muscle (human risk assessment) Hg
concentrations in fish to each of the reference values discussed above (two fish, three avian, and three
human benchmarks) and enumerated the proportion of individuals exceeding each benchmark at each
site, park, and across parks. This analysis provides an overview of Hg risk in all parks and sites
sampled, but does not account for other factors that influence Hg risk. In particular, because Hg
concentrations can be strongly influenced by fish size, it is important to understand how risk varies
across the size spectra of the fish communities. Therefore, in the populations (that is, species-site
combinations) where size was correlated with Hg concentrations, we used a second approach utilizing
the size-Hg relationships to model the Hg concentration of each fish sampled from a population at 1 mm
increments over the range of sizes observed in that population. We then compared these modeled fish
Hg concentrations to each of the eight benchmarks at 1 mm increments to determine the proportion of
individuals exceeding each benchmark at a given size. Uncertainty in these size-specific risk estimates
was preserved by comparing the bounds of a 95 percent prediction interval for each fitted value to the
benchmarks. The resulting size-specific risk profiles present changes in the risk of Hg across the size of
individuals sampled from a population and can be used to identify the size at which a given proportion
of individuals in a population likely exceed a specified threshold, or conversely, the proportion of
individuals in a population that exceed a threshold at a given size. Because Hg concentrations in fish,
and thus the risk of Hg to fish, wildlife, and humans, varies with fish size, these size-specific risk
profiles better approximate the range of risks present in a population and provide important insights into
how risks can be managed.

Results

Over a 4 year time span (2008, 2009, 2011, and 2012), we sampled 1,486 fish representing 16
different species from 86 individual sites across 21 national parks (table 1). Throughout all parks and
species, fish muscle THg concentrations ranged over two orders of magnitude from 9.9 to 1,109 ng/g
ww. The overall geometric mean (95-percent confidence interval in parentheses) of all fish sampled was
77.7 (73.6-80.8) ng/g ww. However, fish THg concentrations varied substantially among individual
parks, with park-specific geometric mean values ranging from 32.6 (28.3-37.6) ng/g ww in Grand Teton
NP to 325.6 (281.4-376.9) ng/g ww in Capitol Reef NP (table 2; fig. 2). Furthermore, within parks there
was considerable variation in geometric mean fish THg concentrations among sites (table 3, figs. 2 and
3). The greatest range in site-specific geometric mean fish THg concentrations within parks occurred in
Mount Rainier and Rocky Mountain NPs, where we measured approximately 11- and 8-fold differences,
respectively, between the sites within each park with the lowest and highest THg concentrations (table
2, fig. 3). Importantly, the species and size distribution of fishes differed among parks and lakes,
confounding direct comparisons across locations because of the influence that these factors have on
THg concentrations (fig. 3). Therefore, we subsequently normalized the THg concentrations to account
for the effects of size and species on fish THg concentrations, thus allowing for more meaningful spatial
comparisons.



Model-Adjusted Mercury Concentrations

Inter-Park Comparisons

In order to control for the influence of size and species on fish Hg concentrations, we first
assessed the relationships between fish length and THg concentrations on a site and species-specific
basis as described in section, “Methods.” Size was correlated with THg concentrations in 61 of the 104
site-species combinations (table 1; Significant Size Regression). For those 61 combinations, we
normalized each individual THg concentration to a standardized length (50, 200, or 400 mm SL), which
was dependent on the taxonomic grouping to which it was assigned (see section, “Methods”). For the
site-species combinations where there were no relationships between length and Hg concentrations, we
used unadjusted Hg values for each fish as it was assigned to its respective size category (table 1).

After accounting for the effects of size and species, LSM THg concentrations of each fish size
class differed among parks (50 mm SL: F3 197 = 100.15, p < 0.001; 200 mm SL: Fi4567 = 79.60, p <
0.001; 400 mm SL: F4124 = 79.08, p < 0.001; fig. 4). Fish species assigned to the 400 mm SL size class
only occurred in 5 of the 21 parks, primarily the northernmost parks—Denali, Wrangell-St. Elias, Lake
Clark, Glacier, and Yellowstone NPs. Among those five parks, LSM THg concentrations in fish ranged
from 47.4 £ 1.6 to 278.9 + 7.4 ng/g ww. Fish THg concentrations were highest at Wrangell-St. Elias NP
followed by Glacier, Lake Clark, Yellowstone, and Denali NPs (table 2, figs. 4 and 5).

Fish assigned to the 200 mm SL size class were collected from the greatest number of parks, and
representatives of this size class are absent only from Denali, Lake Clark, Glacier, Capitol Reef, Zion,
and Mesa Verde NPs. Mercury concentrations in fish from the 200 mm SL size class had a much
narrower range of LSMs across parks than the 400 mm SL fish with concentrations ranging from 26.6 +
2.6 t0 119.9 £ 10.2 ng/g ww. Within this size class, Yellowstone NP had the highest fish THg
concentrations, followed by Olympic, Glacier Bay, Grand Canyon, Wrangell-St. Elias, North Cascades,
Yosemite, Sequoia-Kings Canyon, Lassen Volcanic, Great Sand Dunes, Mount Rainier, Rocky
Mountain, Great Basin, Grand Teton, and Crater Lake NPs (fig 4, table 2).

Similar to the largest size class of fishes, we only collected samples falling into our smallest size
class of fishes (50 mm SL) from a limited subset of four parks, mostly in the Southwestern region.
Least-square mean THg concentrations in this size class ranged from 74.9 £ 2.9 to 242.5 + 5.4 among
parks. Among the 50 mm SL size class, fish Hg concentrations were highest at Zion NP, followed by
Capitol Reef, Mount Rainier, and Mesa Verde NPs. The LSM values of 50 mm SL fish from Zion and
Capitol Reef NPs are comparable to those in parks with the highest 400 mm SL fish (figs. 4 and 5).

Intra-Park Comparisons

In addition to regional differences in THg concentrations across parks, we also found differences
in fish THg concentrations among sites nested within parks for each of the three size classes (50 mm
SL.: Fs, 107 = 12.22, p < 0.001; 200 mm SL.: Fs7.6790 = 41.72, p <0.001; 400 mm SL.: Fs3 124 = 31.56, p<
0.001; fig 6, table 3). The magnitude of site differences within a park varied among parks and size
classes. For the 400 mm SL size class, there were only two parks with multiple sites containing fish
assigned to this size class. The sites with the highest THg concentrations were 1.33- and 3.35-fold
higher than the sites with the lowest THg concentrations for Wrangell-St. Elias and Lake Clark NPs,
respectively. For the 200 mm SL size class, the highest site within a park averaged 4.4 times higher than
the lowest site within a park. The differences between the highest and lowest sites within parks ranged



from 1.27- to 22.61-fold in Great Basin and Mount Rainier NPs, respectively. For the 50 mm SL size
class, the highest site within a park was on average 1.7 times higher than the lowest site within a park,
and this difference between highest and lowest sites within a park ranged from 1.05- to 2.25-fold in
Zion and Mount Rainier NPs, respectively. The values above provide insight into the overall range in
concentrations within and among NPs, but do not adequately address the overall variance that was
measured at each scale.

Variation Across Spatial Scales

To evaluate whether variation in fish THg concentration was most prevalent at the site, park, or
regional level, we examined the CV at three scales: (1) CV among fish within individual sites, (2) CV
among lakes within individual parks, and (3) CV among parks across the .Western United States,
including Alaska. The CV among fish within individual sites ranged from 0.097 at Death Canyon Creek
in Grand Teton NP to 0.819 at The Loch in Rocky Mountain NP, and averaged 0.303 across all sites
(table 3). The CV among lakes within individual parks ranged from 0.121 in Great Basin NP to 0.865 on
Yosemite NP (table 3). The mean CV among sites within parks (0.493) was greater than the average CV
among fish within sites (t = 3.87, df = 18, p = 0.001). The CV among parks was 0.673 (table 3);
significantly higher than the mean CV among sites within parks (t = -3.798, df = 16, p = 0.002). These
data suggest that variation in THg concentrations increases at progressively larger landscape scales, with
the greatest variation resulting from regional factors, followed by local and within-lake biological
factors.

Inter-Annual Variation

There were no consistent patterns in inter-annual variability across the 10 sites sampled over
separate years. Significant differences in mean Hg concentrations were observed at 5 of 10 sites. Fish
THg concentrations increased from the first sampling year to the second at two sites: Sun Up Lake
(Olympic NP; F1 27 = 6.35, p =0.018; fig. 7) and Center Basin Lake (Sequoia-Kings Canyon NP; F1 4, =
22.87, p <0.0001; fig. 7). Conversely, fish THg concentrations decreased from the first sampling event
to the second in three sites—Upper Lena Lake (Olympic NP; F1 24 =7.12, p = 0.014, fig. 7), Poudre
Lake (Rocky Mountain NP; F1 27, =4.77, p = 0.038, fig. 7), and Ypsilon Lake (Rocky Mountain NP;
F107 =4.36, p = 0.046, fig. 7). Finally, we found no differences among years at the remaining five
sites—Gladys Lake (Olympic NP; Fy 26 = 1.13, p = 0.30), Lake Nanita (Rocky Mountain NP; Fy 5 =
0.004, p =0.89), Mirror Lake (Rocky Mountain NP; F1,7 = 0.21, p = 0.65), Kern Point (Sequoia-Kings
Canyon NP; F1 57 = 1.47, p = 0.23), and Lake Clark (Lake Clark NP; F; 24 = 0.037, p = 0.85). The
magnitude of differences between years was 19.6 percent in Sun Up Lake (Olympic NP), 24.4 percent
in Ypsilon Lake (Rocky Mountain NP), 24.8 percent in Upper Lena Lake (Olympic NP), 26.5 percent in
Poudre Lake (Rocky Mountain NP), and 43.6 percent in Center Basin Lake (Sequoia-Kings Canyon
NP).

Toxicological Risk

Estimating toxicological risk of Hg within ecosystems can be subjective and dependent on the
endpoints selected, the uncertainty surrounding individual- and species-specific sensitivity estimates,
and whether risk is based on dietary exposure or tissue-based Hg concentrations. Because of the
geographic scale of this study, the wide range of species sampled, and the somewhat limited sample
sizes within sites, we evaluated ecological and human health risk at a relatively coarse scale, by
comparing measured, unadjusted fish THg concentrations to a gradient of pre-established benchmarks
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individually for fish health, avian (piscivorous bird) health, and human health. However, in addition to
simply comparing the proportion of sampled fish to these thresholds, we modeled Hg risk to each group
across the range of fish sizes for each site in order to evaluate how risk to these groups varies with fish
size (fig. 8; see section, “Methods™).

Fish Risk

Across all parks, species, and sizes of fish, 5 percent of individuals had whole-body THg
concentrations above which Hg exposure may affect fish health (NOER; 200 ng/g ww; table 4). Fewer
than 2 percent of individuals had whole-body THg concentrations above which deleterious effects are
likely (LOER; 300 ng/g ww; table 4).

The distribution of risk was not evenly distributed across all parks. Thirteen of the 21 parks
sampled contained no fish exceeding the 200 ng/g NOER benchmark. In the eight parks (38 percent)
with fish exceeding 200 ng/g THg, the proportion of individual fish exceeding this benchmark was
highest in Capitol Reef NP, where 49 percent of fish sampled had concentrations above 200 ng/g ww,
followed by Lake Clark, Zion, Wrangell-St. Elias, Yosemite, Lassen Volcanic, Rocky Mountain, and
Mount Rainier NPs (table 4). Of the 21 parks sampled, only 6 (Capitol Reef, Lake Clark, Wrangell-St.
Elias, Zion, Yosemite, and Rocky Mountain NPs; 29 percent) contained fish with THg concentrations
exceeding the 300 ng/g ww LOER benchmark (table 4), the value above which deleterious effects to
fish are likely. Twenty-two percent of fish from Capitol Reef NP exceeded this concentration, whereas
Lake Clark, Wrangell-St. Elias, Zion, Yosemite, and Rocky Mountain NPs had progressively lower
proportions fish exceeding this benchmark (table 4).

When examined on a site-specific basis, fish THg concentrations exceeded 200 ng/g ww in 13
sites (15 percent) across the 8 parks containing fish with values above this benchmark. More than one-
half of the individual fish exceeded the NOER threshold at Tanada Lake (85 percent) in Wrangell-St.
Elias NP, Fremont River site 1 (67 percent) and site 7 (60 percent) in Capitol Reef NP, and Lake Clark
(54 percent) in Lake Clark NP (table 4). Other sites with fish exceeding the NOER benchmark include
East Fork Virgin River (Zion NP), MORA_1614 (Mount Rainier NP), Fremont River site 4 (Capitol
Reef NP), Lake Kontrashibuna (Lake Clark), Mildred Lake (Yosemite NP), Fall River (Rocky Mountain
NP), Mirror Lake (Rocky Mountain NP), North Fork Virgin River (Zion NP), Horseshoe Lake (Lassen
Volcanic NP). The 300 ng/g LOER was exceeded in only 8 individual sites (9 percent). Two sites in
Capitol Reef NP (Fremont River sites 1 and 7) had the highest proportions of individuals exceeding this
benchmark, 33 and 27 percent, respectively (table 4). Other sites with fish exceeding the LOER
benchmark include Tanada Lake (Wrangell-St. Elias NP), Lake Clark (Lake Clark NP), Fremont River
site 4 (Capitol Reef NP), Mildred Lake (Yosemite NP), North Fork Virgin River (Zion NP), and Fall
River (Rocky Mountain NP).

Size-Specific Risk

We modeled risk across the observed size range for all 61 populations with size-Hg
relationships. This approach was implemented so that instead of simply calculating the proportion of
fish exceeding benchmarks from the sampled size range (which is not necessarily representative of the
size distribution of fish within the lake), we could estimate specific lengths at which most fish exceed
each benchmark. Taking this approach, our models estimated that fish would exceed the 200 ng/g ww
NOER benchmark in 21 (34 percent) of the populations modeled (fig. 9). In eight of those populations,
at least one-half of all individuals are predicted to exceed the NOER at some length along their size
spectra (fig. 9). Four of these populations were speckled dace from three sites in Capitol Reef NP and
one site in Zion NP. In these four populations, the mean size at which 50 percent of the individuals were
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modeled to exceed the benchmark was 61 mm SL, ranging from 52 mm SL in Capitol Reef’s Fremont
River site 1, to 67 mm SL in Fremont River sites 4 and 7 (fig. 9). For the other four populations, our
models predict that 50 percent of the individuals will exceed the NOER at 264 and 302 mm in brook
trout from Mildred Lake in Yosemite NP and Horseshoe Lake in Lassen Volcanic NP, respectively, 323
mm SL in suckers from Fall River in Rocky Mountain NP, and 412 mm SL in lake trout from Tanada
Lake in Wrangell-St. Elias NP (fig. 9).

Model predictions estimate that fewer fish populations (12 of 61 populations modeled; 20
percent) are expected to contain individuals exceeding the 300 ng/g LOER over the range of fish sizes
sampled in each population than estimated for the NOER (fig. 9). At least 50 percent of the individuals
in five of the populations were predicted to exceed this benchmark at some point within their measured
size spectra. Four of those populations were specked dace from Capitol Reef and Zion NPs, where the
estimated size at which 50 percent exceeded the benchmark was 71 mm SL (fig. 9). Additionally, at
least one-half of the lake trout population greater than 526 mm SL from Tanada Lake in Wrangell-St.
Elias NP are projected to exceed the LOER (fig. 9).

Avian Risk

When examining the unadjusted whole-body THg concentrations, 35 percent of all fishes
sampled had THg concentrations above our benchmark for risk to birds with high sensitivity to Hg
exposure (90 ng/g ww; table 4). Tissue concentrations in 12 percent of individual fish exceeded the 180
ng/g ww benchmark for reproductive impairment in species with moderate sensitivity, and 5 percent of
individual fish exceeded 270 ng/g ww, our benchmark for risk to birds with low sensitivity to Hg
exposure (table 4).

Among the 21 parks, the potential risk to piscivorous birds varied substantially. In 7 parks (33
percent), none of the fish analyzed exceeded the 90 ng/g ww benchmark for highly sensitive bird
species. In the remaining 14 parks (67 percent), more than one-half of sampled fish were above this
concentration, and more than three-quarters of sampled fish exceeded this value in Lake Clark, Zion,
Capitol Reef, and Glacier NPs (76, 90, 98, and 100 percent, respectively). The benchmark for
reproductive impairment in moderately sensitive avian species was exceeded in nine (43 percent) parks.
The proportion of fish within these nine parks that exceeded this benchmark, ranged from 1 percent of
individual fish at Yellowstone NP to 56 percent of individual fish at Capitol Reef NP, which was the
only park from which more than one-half of the fish sampled exceeded the moderate sensitivity
benchmark (table 4). Fourteen of the 21 parks had no fish with THg concentrations above the
benchmark for birds with low Hg sensitivity (table 4), and the proportion of fish exceeding this
threshold was less than 10 percent in all remaining seven parks (33 percent) except Capitol Reef, where
33 percent of fish sampled exceeded the threshold (table 4).

On a site-specific level, 41 of the 86 sites sampled had no fish with THg concentrations above
the benchmark for the most sensitive avian species (table 4). However, at the remaining 45 sites (52
percent), 63 percent of fish exceeded this benchmark, and at 7 sites, 100 percent of fish sampled were
above the high sensitivity avian benchmark. At an additional seven sites, between 50 and 93 percent of
fish had THg concentrations greater than the high sensitivity avian threshold (table 4). The loon
reproductive impairment threshold was exceeded at 18 sites (21 percent), with more than one-half of the
fish surpassing this benchmark at four sites (table 4). Nine individual sites (representing seven parks)
contained fish with THg concentrations above the benchmark for birds with low sensitivity to Hg (table
4).
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Size-Specific Risk

Size-specific Hg risk to piscivorous birds was modeled for 61 populations. Of these, whole-body
Hg concentrations in fish from 14 populations (23 percent) did not exceed the 90 ng/g ww benchmark
for risk to the most sensitive avian species, while the remaining 47 populations (77 percent) were
modeled to exceed this threshold at some size (fig. 10). However, 100 percent of lake trout from Tanada
and Copper Lakes in Wrangell-St. Elias NP and lake whitefish from Lake McDonald in Glacier NP
were predicted to exceed this benchmark over the entire range of fish sizes (fig. 10). The size at which
50 percent of the fish in a population were predicted to exceed the benchmark for risk to highly sensitive
piscivorous birds ranged from less than 40 mm SL in speckled dace from Fremont River site 1 in
Capitol Reef NP to 414 mm SL in brown trout from the Colorado River in Rocky Mountain NP. Among
the smaller “forage fish” (that is, speckled dace, torrent sculpin, and threespine stickleback), the mean
size at which 50 percent of the individuals within a population exceeded the threshold was 59 mm SL (n
= 6 populations). For brook trout, cutthroat trout, and rainbow trout, the mean size at which 50 percent
of the individuals within a population exceeded the threshold was 223 mm SL (n = 15 populations).

The majority of individual populations modeled (36 of 61 populations, 59 percent) were
predicted to have no individual fish with THg concentrations exceeding the benchmark for reproductive
impairment in moderately sensitive avian consumers across the range of fish lengths, whereas in 25
parks (41 percent), some fish were modeled to exceed this benchmark (fig. 10). However, in 10
populations, more than one-half of the individual fish in each population were predicted to have THg
concentrations above the common loon reproductive impairment benchmark, and lake trout from
Tanada Lake in Wrangell-St. Elias NP were modeled to exceed this threshold over the entire range of
sizes sampled (fig. 10). Four of the 10 populations with greater than 50 percent of fish predicted to
exceed the loon risk concentration at some length within the population were speckled dace. The mean
size at which 50 percent of these speckled dace populations was predicted to exceed the loon risk
benchmark is 58 mm SL. The mean size at which 50 percent of the individuals in a population was
modeled to exceed the loon risk threshold was 261 mm SL for three brook trout populations (Horseshoe
Lake in Lassen Volcanic NP, Mirror Lake in Rocky Mountain NP, and Mildred Lake in Yosemite NP).

Our models predicted that fish from 12 populations sampled (20 percent) would exceed the 270
ng/g ww threshold for birds with the lowest Hg sensitivity at some point along their size spectrum (fig.
10). In six of the populations, 50 percent or more of the individuals were modeled to exceed this
threshold at some size. Four of these six populations were speckled dace from Capitol Reef and Zion
NPs, and the mean length at which 50 percent of the population was predicted to exceed the threshold
was 68 mm SL, only 10 mm greater than the same exceedance level for loon risk. The other two
populations were suckers from the Fall River in Rocky Mountain NP and lake trout from Tanada Lake
in Wrangell-St. Elias NP. In those populations, the model-predicted size at which 50 percent of the
population exceeded the threshold was 353 and 496 mm SL, respectively.

Human Consumption Risk

As mentioned in section, “Methods,” human health risk was assessed using fish muscle THg
concentrations, not whole-body concentrations as was done for wildlife risk. In the unadjusted data
across all parks, species and sizes of fish, 32 percent of fish sampled had THg concentrations in their
muscle below the 50 ng/g ww threshold established by the GLAG for unlimited consumption of fish,
indicating that some human consumption guidance would apply to 68 percent of the individuals
measured in this study (table 4). However, only 4 percent of fish had muscle THg concentrations
exceeding the EPA human health criterion of 300 ng/g ww, and less than 1 percent had concentrations
above the level at which GLAG recommends that no fish be consumed (950 ng/g ww).
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As with the other benchmarks, the proportion of fish exceeding human risk thresholds varied
greatly among parks. Grand Teton and Great Basin NPs had the lowest proportion of fish exceeding the
GLAG unlimited consumption threshold (18 percent), whereas 100 percent of fish analyzed from
Glacier NP exceeded this threshold (table 4). In 17 parks (81 percent), more than one-half of sampled
fish had concentrations above the GLAG threshold. In 11 (61 percent) of the 18 parks from which
species consumed by humans (that is, excluding speckled dace, threespine stickleback, and torrent
sculpin) were analyzed, no fish had muscle THg concentrations exceeding the EPA human health
criterion. In the remaining 7 of 18 parks (39 percent) with fish exceeding the EPA human health
criterion, the proportion of fish with concentrations above 300 ng/g ww was typically only 1-3 percent
of individuals, with the exception of Lake Clark, Wrangell-St. Elias, and Yosemite NPs, where 40.7,
18.3, and 6.7 percent of fish exceeded the guideline, respectively (table 4). Yosemite was the only park
in which any fish exceeded the GLAG no consumption guideline, with 3 percent of the analyzed fish
having muscle concentrations over the guideline (table 4).

When examined at the finer site scale, 6 (8 percent) of the 79 sites from which fish species
consumed by humans were sampled had no fish exceeding the GLAG unlimited consumption guideline,
whereas at 23 of these sites (30 percent) all fish analyzed exceeded this guideline. At 56 sites (71
percent) at least 50 percent of the fish analyzed exceeded the unlimited consumption guideline. Thirteen
sites (17 percent) had fish exceeding the EPA human health criterion, with more than 50 percent of
individual fish from Lake Clark (80 percent) in Lake Clark NP and Tanada Lake (85 percent) in
Wrangell-St. Elias NP exceeding the guideline. Mildred Lake in Yosemite NP was the only lake from
which fish (7 percent) exceeded the GLAG no consumption guideline.

Size-Specific Risk

We used the same approach presented for fish and birds to model risk to humans across the size
spectra of 54 populations with size-THg relationships. These models predicted that muscle THg
concentrations in fish from every population would exceed the GLAG unlimited consumption guideline
at some length over the observed range of sizes (fig. 11). The sole exception was cutthroat trout from
Death Canyon Creek in Grand Teton NP, where even the largest fish sampled (260 mm SL) were
predicted to have muscle concentrations below this level. In 40 of the 54 populations (74 percent)
modeled, the unlimited consumption threshold was predicted to be exceeded by some fish across the
entire range of observed sizes (fig. 11). In 8 populations (15 percent), all fish were expected to exceed
this threshold across the entire range of sizes sampled. In the remaining populations, the average size at
which 50 percent of the fish in a population were expected to exceed the threshold varied substantially,
ranging from 40 mm SL in brook trout from Golden Lake in Mount Rainier NP to nearly 400 mm SL in
northern pike from Lake Chilchukabena in Denali NP. When limited to brook, rainbow, and cutthroat
trout, which comprise nearly 65 percent of the fish analyzed, the average size at which 50 percent of the
fish in a population were modeled to exceed the unlimited consumption guideline was 179 mm SL (n =
36 populations).

Eighteen populations were modeled to exceed the EPA criterion for human consumption at some
point across the measured size spectra (fig. 11). In six of these populations, models estimated that 50
percent or more of the individual fish at a certain size threshold within a population were predicted to
exceed the EPA human health criterion, and all lake trout down to the smallest size (410 mm SL) from
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Tanada Lake in Wrangell-St. Elias NP were predicted to exceed the EPA human health criterion (fig.
11). For the three brook trout populations where at least one-half of the fish at a given size were
predicted to exceed the EPA criterion (Horseshoe Lake in Lassen Volcanic, Golden Lake in Mount
Rainier, and Mildred Lake in Yosemite), the average size at which 50 percent of the individuals
exceeded it was 258 mm SL.

After modeling risk across the entire sampled fish size range, nine populations (17 percent of all
populations) are predicted to include some fish that exceed the GLAG no consumption guideline (fig.
11). Of these nine populations, the models predicted that only two populations (suckers from the Fall
River in Rocky Mountain NP and brook trout from Mildred Lake in Yosemite NP) were expected to
have more than 50 percent of individuals in the population exceeding the threshold at some length along
the size spectra for each population. The sizes at which 50 percent of individuals exceeded this
threshold were 353 and 250 mm SL in suckers from the Fall River and Mildred Lake, respectively (fig.
11).

Discussion

Our results indicate that Hg bioaccumulation and risk to aquatic ecosystems of national parks in
the Western United States is widespread, yet highly variable. Total Hg concentrations in individual fish
ranged over two orders of magnitude across more than 1,400 individuals analyzed, with the lowest
concentrations near 10 ng/g ww and the highest concentrations exceeding 1,100 ng/g ww. Importantly,
this variation in Hg concentrations not only occurred across parks, but also among different sites within
parks, even in light of site selection criteria that included restricting sites to mostly oligotrophic,
headwater systems. These results highlight the significance of both local and regional-scale processes in
determining Hg risk. As a result of this variability, many of the parks contained fish that were all below
even the most conservative benchmarks of risk to fish (13 of 21 parks) and piscivorous birds (7 of 21
parks). Moreover, although all parks contained one or more fish that exceeded the GLAG unlimited
consumption benchmark, most parks (14 of 21) did not have any fish in exceedance of the 300 ng/g ww
EPA fish tissue criterion. Conversely, for those parks with fish that did exceed ecological and human
health benchmarks, a substantial proportion of the fish had concentrations that were above those
thresholds of concern. This was particularly true in the case of avian risk, where more than one-half of
the fish sampled in several locations exceeded thresholds for risk to reproductive impairment in highly
sensitive and moderately sensitive bird species. Although we did not directly assess risk to mammalian
wildlife, the benchmarks chosen for avian consumers correspond closely with the no-observed-affect-
level (NOAEL) benchmark for dietary Hg in mammalian wildlife (110 ng/g ww; Basu and Head 2010).
Thus, our data suggest that mammalian wildlife also are likely to be at risk across these parks. Finally,
although the geographic distributions in species occurrence impeded direct comparisons across all parks
simultaneously, our data identify two regions of particular concern—(1) some parks in Alaska, as well
as Glacier NP, had THg concentrations in large top predator fish species that approached or exceeded
human consumption guidelines, and (2) some of the smallest “forage fish” sampled in the arid
Southwest region had among the highest THg concentrations of the entire study, greatly exceeding
wildlife risk thresholds for reproductive impairment. Although many plausible explanations exist for
these patterns, investigating the potential mechanisms was beyond the scope of this study. Thus, more
work is needed to better understand the landscape drivers of THg concentrations in these fish, as well as
any deleterious effects these Hg concentrations might be having on resident biota in these parks.
Additionally, information regarding the species composition, size ranges, and consumption rates of fish
consumed by subsistence fishers in Alaskan parks is important for better characterizing human health
risk in those parks.
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THg concentrations in fish from this study generally are consistent with those of other studies in
freshwater habitats of protected lands in the Western United States. For example, the Western Airborne
Contaminants Assessment Project (WACAP) measured fish THg concentrations in 14 lakes from eight
western national parks, six of which also were included in this study (Landers and others, 2008). Mean
whole-body concentrations ranged from less than 40 ng/g ww in Glacier NP to slightly more than 200
ng/g ww in Noatak NP, Alaska (Landers and others, 2008). However, because the WACAP study was
designed specifically as a screening study, there was limited replication within parks for evaluating site-
specific variability in relation to regional variability. The need for such replication is indicated by a
comparison of Hg concentrations reported from Glacier NP by Landers and others (2008) and the
current study. Landers and others (2008) found Hg concentrations in cutthroat trout from two lakes in
Glacier NP to be among the lowest measured in their study, whereas in the current study, concentrations
from a third lake in Glacier were among the highest observed.

We specifically addressed this issue by sampling two parks (Mount Rainier and Rocky
Mountain) intensively, with 17 and 19 different sites in each park, respectively. This higher resolution
sampling revealed up to 20-fold variation in size-normalized fish THg concentrations among lakes
within an individual park. This level of variation within a park is important to demonstrate and
incorporate into park-level assessments, but is not unexpected given the well-established linkages
between site-level characteristics and both methylation and bioaccumulation processes (Hall and others,
2008; Mitchell and Gilmour, 2008; Gabriel and others, 2009; Rolfhus and others, 2011; Hsu-Kim and
others, 2013). Regardless, relatively little information exists about this variability in remote and high-
altitude habitats that were the focus of this study. Recent studies do suggest that Hg bioaccumulation in
osprey nesting in alpine habitats is regulated by a combination of local processes and atmospheric
deposition (Guigueno and others, 2012). Similarly, Hg loadings to western Canadian alpine lakes was
most strongly related to site-specific processes such as organic matter supply and catchment weathering
(Phillips and others, 2011). Moreover, a recent study of THg concentrations in fish from sub-alpine
lakes in the Wallowa-Whitman National Forest in northeastern Oregon and western Idaho focused on
among-lake variation in fish THg concentrations within a relatively localized (Eagles-Smith and others,
2013). Consistent with the current study, mean fish THg concentrations among lakes varied by more
than an order of magnitude (25-443 ng/g ww), even though all lakes were within 100 km of one
another. Conifer density (basal area) within the catchment of each lake was the strongest predictor of
fish THg concentrations among lakes (Eagles-Smith and others, 2013), highlighting the importance of
watershed characteristics on downstream Hg cycling processes. At an even broader scale, the percentage
of land covered by coniferous forests (coupled with wet Hg deposition) across six States in the south-
central U.S. was an important factor influencing fish THg concentrations (Drenner and others, 2013).
The hierarchical spatial design of the current study, combined with the gradient in landscape types,
altitudes, and fish species that occur over the approximately 4,000 km distance, complicate a similar
landscape scale analysis without even greater data density and replication among sites. However, our
results support the notion that Hg risk is driven by a dynamic balance of local, regional, and global
processes. What is unclear, is how the relative importance of these processes changes across locations,
which should be addressed in focused future research in order to facilitate more informed management
of Hg risk.

Although we do not formally address risk to the unique ecological communities across the parks
studied, the model-adjusted fish THg concentrations provide a valuable index of relative risk to fish,
wildlife, and human health. Our results suggest that although risk is low in many locations, there are
substantial concerns about the impact of Hg on ecological health in other locations. In particular, THg
concentrations in speckled dace, a small invertebrate-foraging minnow from Zion and Capitol Reef NPs,
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commonly exceeded some of the highest values in top predators, such as lake trout, from other parks.
Size-normalized (50 mm) mean THg concentrations in these fish exceeded 200 ng/g ww in both parks,
and mean concentrations in one site exceeded 300 ng/g ww. Moreover, across the range of fish sampled
in these parks (approximately 70-100 mm SL), most fish exceeded these values. Because speckled dace
occupy intermediate trophic positions, they serve as potential prey items for predatory fish and
piscivorous birds, and dietary Hg concentrations at these levels are associated with biochemical and
reproductive effects in fish (Depew and others, 2012a), as well as reproductive impairment in birds
(Depew and others, 2012b). Moreover, it suggests that other invertebrate-feeding organisms in the park
could be at risk. Amphibians and riparian- or aquatic invertebrate-feeding birds are two groups in
particular that are both sensitive to Hg, and likely to be exposed due to their foraging ecology (Bergeron
and others, 2011a, 2011b; Jackson and others, 2011; Metts and others, 2012; Willson and Hopkins,
2013).

THg concentrations in fish from Wrangell-St. Elias, Lake Clark, and Glacier NPs approached or
exceeded all three benchmarks associated with reproductive impairment in piscivorous birds (90, 180,
and 270 ng/g ww), and the EPA criterion for protection of human health. It is unclear whether these
elevated concentrations are the result of enhanced MeHg production in these systems, or simply the fact
that these were large fish (400-650 mm SL) that were likely many years old and had reached a growth
asymptote in systems with only moderate Hg availability. This information gap is an important
component to address with future work because it will help better gauge risk to park visitors and
wildlife. Both Wrangell-St. Elias and Lake Clark support subsistence hunting and fishing activities for
native and non-native rural Alaskans. If toxicological risk is mostly restricted to large, older fish, then
guidelines can be better established to inform subsistence users of how to minimize exposure risk.
Moreover, relatively few wildlife species are capable of consuming these large individuals, suggesting
fewer species would be at risk from fish consumption and the species that are would likely be more
easily monitored. Thus, understanding the relative risk posed across the size spectra of a population
provides important insights into how that risk can be monitored and managed. Conversely, if certain
habitats or locations within these parks are particularly sensitive to Hg methylation, the food web
contamination may be more widespread, potentially necessitating a broader communication and
monitoring strategy that might incorporate a more comprehensive array of subsistence foods and other
wildlife taxa. Progress is already being made to address this potential concern, and USGS and Wrangell-
St. Elias NP are currently completing a study to assess THg concentrations in several additional
locations and species, as well as to evaluate the age structure of the fish being sampled. Although
subsistence harvest is not a concern in Glacier NP, one of the species we measured, the bull trout, is
listed as federally threatened under the endangered species act. Hg concentrations that we measured in
bull trout from Lake McDonald in Glacier NP approached levels of concern for tissue-based fish
toxicity. Because we only sampled fish from a single lake in Glacier NP, it is unclear if this is a
widespread concern for toxicity to bull trout or their predators, but our data suggest that a follow-up
study is warranted.

The unprecedented spatial breadth of this study facilitates the most thorough understanding of
Hg bioaccumulation patterns in fish of western national parks to date. Our analysis and data compilation
provide novel insight into the broad-scale distribution of Hg in fish communities of remote, protected
habitats. Of note, many locations show limited Hg risk, and our data confirm that even with continued
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increases in global Hg releases (Sunderland and Selin, 2013), many protected NPS lands in the United
States still exhibit relatively low Hg risk. However, our results also raise new questions and can be used
to guide the development of future research to help manage the unexpected number of locations in this
study where Hg contamination could be an ongoing or emerging threat to ecosystem health. The high
degree of variation within parks and that the parks with the most intensive sampling had the greatest
range in THg concentrations. These findings strongly suggest that more intensive research and
monitoring efforts within parks will undoubtedly reveal both low and high risk environments. Thus,
monitoring programs should not focus on a small number of “indicator” sites and we recommend that
where feasible, newly established monitoring or investigation efforts focus on sampling at the largest
spatial scale possible within a park to better understand this variability.

Additionally, our focus on high-altitude habitats provided little insight regarding the magnitude
of risk in lower altitude lakes and wetlands. Recent work in Mount Rainier NP suggests that Hg
bioaccumulation in wetlands and lakes is substantially higher in the lowest-altitude habitats (C.A.
Eagles-Smith, U.S. Geological Survey, unpub. data, 2013). Additional monitoring in low-altitude
habitats that integrate a broader range of watershed processes is warranted.

Beyond monitoring, a more quantitative understanding of the biogeochemical and food web
factors that regulate within-park variability will facilitate greater certainty in predicting areas across
these parks with the greatest risk likelihood. Future interdisciplinary research across a range of
replicated aquatic habitat types that couples key biogeochemical process-level measurements with
detailed food web processes and quantification of bioaccumulation pathways would provide valuable
insight for developing these predictive models. A new collaborative, citizen-science effort between
USGS, NPS, and University of Maine will make initial progress in this area by evaluating Hg
bioaccumulation in biosentinel dragonfly larvae in relation to a range of biogeochemical and landscape
drivers. One benefit of this upcoming effort is that the use of dragonflies as biosentinels will inform the
parks about risk to aquatic habitats that are not fish-bearing. Another impending contribution in this
realm will be provided by an empirical model being developed by the USGS Mercury Research
Laboratory that will predict aqueous MeHg concentrations in surface water based on water chemistry
and watershed structure. Coupling this model with biological assessments may provide more predictive
power to assess ecological risk.

Although these suggestions will greatly increase the understanding of the drivers of Hg cycling
in national parks, estimates of risk will continue to be speculative and of limited confidence without
empirical research on toxicological responses in resident park biota. This lack of robust toxicological
benchmarks for many taxa was a particular concern in the current study because few taxa extended
across the large spatial extent and ecologically diverse habitats sampled. Although our choice of
toxicological benchmarks were appropriate given the constraints of the current study, generalized
benchmarks, such as our bird risk thresholds, do not provide definitive estimates of risk to specific park
resources. Specifically, the data presented here suggest that toxicological assessments of key ecological
endpoints in Capitol Reef, Zion, Lassen Volcanic, Yosemite, Wrangell-St. Elias, Lake Clark, and
Glacier NPs are warranted. Direct assessments of the physiological, behavioral, and reproductive
responses of wildlife and fish in these parks will be tremendously valuable for calibrating risk estimates
that have been derived on different taxa in unrelated habitats, and provide a baseline from which
meaningful benchmarks for evaluating the integrative risk of Hg toxicity to whole parks or ecosystems
could be developed.
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National Park Summaries

Capitol Reef National Park

All fish sampled from Capitol Reef NP were speckled dace, a small insectivorous “forage fish.”
Despite their intermediate position in the food web, these fish contained some of the highest Hg
concentrations measured in this study, exceeding those measured in many of the largest predatory fish.
As smaller fish, speckled dace serve as potential prey items for predatory fishes and piscivorous birds,
and dietary Hg concentrations at these levels are associated with biochemical and reproductive effects in
fish (Depew and others, 2012a), as well as reproductive impairment in birds (Depew and others, 2012Db).
Moreover, such high Hg concentrations suggest that other invertebrate-feeding organisms in the park
could be at risk. Amphibians and riparian- or aquatic invertebrate-feeding birds are two groups in
particular that are both sensitive to Hg, and likely to be exposed due to their foraging ecology (Bergeron
and others, 2011a, 2011b; Jackson and others, 2011; Metts and others, 2012; Willson and Hopkins,
2013). However, we only sampled a single species at three sites in Capitol Reef NP, all of which were
along the Freemont River. Therefore, we are unable to speculate whether the fish communities
throughout the park contain similarly high concentrations, or whether these values were the result of a
localized process. Future sampling of additional sites and species within the park is necessary to fill this
important knowledge gap.

Crater Lake National Park

Kokanee and rainbow trout were sampled from two sites in Crater Lake NP. The two species had
similar Hg concentrations and were among the lowest measured in this study, ranging from 16.8 to 76.0
ng/g ww. Overall our results indicate that Hg concentrations in fish from Crater Lake are unlikely to put
fish or avian consumers at risk.

Denali National Park

We sampled northern pike from a single lake in Denali NP. Despite their large size and position
as top predators, northern pike from Denali NP had the lowest size-normalized Hg concentrations in the
400 mm SL size class (47.4 ng/g ww at 400 mm SL) and some of the lowest observed in the entire
study. In fact, the THg concentrations in northern pike from Denali were similar or less than THg
concentrations in smaller fish species from the other parks in Alaska (Wrangell-St. Elias, Lake Clark,
Glacier Bay). Moreover, past work in Denali found similarly low THg concentrations in burbot (Lota
lota) and whitefish (Landers and others, 2008). Such low Hg concentrations may be the result of this
site’s isolated nature. However, at other similarly isolated sites in Alaska, northern pike have been found
to have consistently higher Hg concentrations (110-1,500 ng/g ww on average; Jewett and Duffy,
2007). Any additional sampling from Denali NP should aim to assess whether these data are
representative of other water bodies and species in the park.
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Glacier Bay National Park

We sampled Dolly Varden from two lakes and one stream in Glacier Bay NP. Mean THg
concentrations across these three sites (90.2 ng/g ww) were slightly above the global mean
concentration in fish across all sites and parks in this study (77.7 ng/g ww). When modeled at 200 mm,
the mean Hg concentration in fish from Glacier Bay NP (102.3 ng/g ww) was among the highest in the
size class. However, we also observed a 3-fold variation in the mean concentrations among the three
lakes indicating that local processes are likely important drivers of Hg bioaccumulation in fish within
this park. The THg concentrations measured in Dolly VVarden from Glacier Bay NP were similar to
concentrations (40-230 ng/g ww) found in Dolly Varden from other sites in Alaska (Jewett and Duffy,
2007).

Glacier National Park

Lake whitefish and bull trout were sampled from Lake McDonald in Glacier NP. Both species
had high Hg concentrations relative to the mean across all fish in the study, and after accounting for the
effects of size and species, fish from Glacier NP were some of the highest in the large (400 mm SL) size
class. Mercury concentrations in Glacier NP fish approached or exceeded the EPA criterion for
protection of human health and the level at which reproductive impairment to piscivorous birds could
occur. Additionally, Hg concentrations in many individuals exceeded the level at which tissue-based
toxicity to fish is a concern. This is particularly important considering bull trout is federally listed as
threatened under the endangered species act. Because we only sampled fish from a single lake, we
cannot assess whether these data are representative of other lakes in the park. However, Landers and
others (2008) found that fish from two other lakes within Glacier NP had the lowest Hg concentrations
among the 14 lakes measured across national parks in the West. These contrasting results suggest that
substantial variation in Hg concentrations exists among water bodies within Glacier NP and more
detailed analysis of local processes may be necessary to effectively manage risk.

Grand Canyon National Park

At the three sites we sampled in Grand Canyon NP, unadjusted mean THg concentrations (76
ng/g ww) were similar to the average across all fish in the study. However, size adjusted (200 mm SL)
THg concentrations were among the highest in the size class (101.2 ng/g ww) across all parks.
Moreover, size-adjusted THg concentrations in Shinumo Creek (178.8 ng/g ww) were more than 2-fold
higher than those in the other two sites (71.5 and 81.0 ng/g ww), suggesting that Hg exposure within the
park is variable.

Grand Teton National Park

Mercury concentrations in fish from the two lakes and one stream sampled in Grand Teton NP
were consistently among the lowest measured in this study. It is unclear whether these low
concentrations are the result of low local inputs of Hg, the Hg methylation potential of the water bodies
measured, or some biological characteristic of the fish.
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Great Basin National Park

We sampled brook trout from two creeks and a lake in Great Basin NP. Among these three sites
Hg concentrations were uniformly among the lowest measured in the current study suggesting that at the
time of sampling the ecological risk posed by Hg in these systems is likely low. Atmospheric dry
deposition in Great Basin NP was among the highest measured in six western national parks (Wright
and others, 2014).

Great Sand Dunes National Park

Mercury concentrations in fish from one of the two sites (Medano Lake; 70.1 ng/g ww) sampled
in Great Sand Dunes NP were similar to the average across parks, whereas fish from the second site
(Sand Creek; 52.7 ng/g ww) were considerably lower. Based on these data, the risk of Hg exposure to
wildlife is likely low at these sites; however, data from these two sites may not adequately characterize
risk at other locations within the park.

Lake Clark National Park

Lake trout from three lakes in Lake Clark NP were included in this study. Two of these sites
(Lake Clark and Lake Kontrashibuna) were sampled in both 2011 and 2012, although Hg concentrations
were not significantly different between the 2 years. Although THg concentrations across all sites within
the park were among the highest observed in the 400 mm SL size class, there was considerable variation
among lakes within the park. The mean THg concentration in Lake Clark (365.2 ng/g ww) was more
than 3-fold higher than that in Telaquana Lake (109.0 ng/g ww) and 1.8 than that in Lake Kontrashibuna
(204.0 ng/g ww). At the lower end of this range, THg concentrations pose limited risk to park wildlife
and human users. However, the concentrations observed in Lake Kontrashibuna exceeded the
benchmark for reproductive impairment to piscivorous birds, and the tissue-based criterion for fish
toxicity. Moreover, fish from Lake Clark exceeded these benchmarks and the EPA criterion for
protection of human health.

Lassen Volcanic National Park

There was greater than 4-fold variation in mean fish THg concentrations among the three lakes
that brook trout were sampled from in Lassen Volcanic NP. Mercury concentrations were lowest in
Summit Lake (43.7 ng/g ww), whereas Ridge Lake (111.3 ng/g w) and Horseshoe Lake (180.7 ng/g
ww) had concentrations above the mean concentration for all fish in this study. Some of this variation in
Hg concentrations among lakes in the park was due to the size of fish. After adjusting fish THg
concentrations to a 200 mm SL fish size, the variation among lakes was substantially reduced. Size-
based risk assessments were conducted for Horseshoe and Summit Lakes, and the resulting risk profiles
contrast sharply. Our modeled risk estimates suggest that there is limited toxicological risk to fish,
wildlife or humans across the fish size range in Summit Lake. Conversely, brook trout from Horseshoe
Lake were modeled to reach concentrations of concern for tissue-based fish toxicity and risk to even the
least sensitive species of avian consumers within the range of sizes sampled. Furthermore, a high
proportion of fish from Horseshoe Lake were modeled to exceed the EPA criterion for protection of
human health at sizes exceeding 280 mm SL.
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Mesa Verde National Park

Speckled dace were sampled from a single location, the Mancos River, in Mesa Verde NP.
Despite the small size of these fish (43—-69 mm SL), their THg mean concentration (74.9 ng/g ww) was
to the study-wide mean value. However, the THg concentrations from speckled dace from the lone site
in Mesa Verde NP were much lower than those measured in dace from nearby Capitol Reef and Zion
NPs. This difference suggests that the high concentrations observed in dace from these other parks is not
solely due to some aspect of this species biology, but may reflect environmental processes occurring at
the site or watershed scale.

Mount Rainer National Park

Mount Rainer NP is one of two parks in which we sampled a large number of sites in order to
characterize intra-park variation. Although the average fish THg concentration across the 17 sites from
which fish were sampled (71.5 ng/g ww) was similar to the study-wide mean across all fish, we found a
12-fold range in mean concentrations among sites before accounting for the effects of size. Size-
normalized Hg concentrations in the 200 mm SL size class were even more variable among sites. The
highest mean concentration at a site (193.2 ng/g ww) was nearly 23-fold higher than the lowest site
mean concentration (8.5 ng/g ww). Such extreme variation among sites in Mount Rainer NP suggests
that local-scale factors play an important role in determining the ecological risk of Hg and emphasizes
the need to sample from multiple locations in order to accurately characterize Hg risk to park resources
as a whole.

North Cascades National Park

All three of the sites sampled in North Cascades NP had mean Hg concentrations below the
average of all fish sampled in this study. After standardizing the fish to 200 mm SL, the mean Hg
concentration in fish from North Cascades NP (73.3 ng/g ww) was similar to the mean of 200 mm fish
across all parks. These data suggest that the ecological risk of Hg at the three sites sampled in North
Cascades NP is low relative to many of the other parks. However, given the variation demonstrated
among sites in this study, the limited sampling it is difficult to generalize across other sites in the park
without more extensive sampling.

Olympic National Park

Mercury concentrations in fish across the five lakes sampled in Olympic NP (85.0 ng/g ww)
were slightly higher than the mean concentration across the entire study. However, we found substantial
variability in fish THg concentrations among lakes. In particular, size-adjusted THg concentrations in
fish from Hoh Lake (253.0 ng/g ww) were more than 3.5-fold higher than those in Gladys Lake (71.5
ng/g ww), which had the lowest site-specific THg concentrations in the park. Our models of Hg risk to
consumers reflects these higher concentrations and suggest that fish in Hoh Lake are likely to approach
or exceed the EPA criterion for protection of human health and the avian benchmark for reproductive
impairment above 180 mm. These results are similar to those reported by Landers and others (2008),
who found Hg concentrations in fish from Hoh Lake were among the highest measured during their
screening of national parks.
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Rocky Mountain National Park

We sampled 19 sites in Rocky Mountain NP, allowing us to more rigorously examine within
park variability in Hg concentrations among sites. Overall, the mean Hg concentration in fish from
Rocky Mountain NP ( ng/g ww) was slightly lower than the study-wide mean across all parks. Across
sites within Rocky Mountain NP, concentrations varied by more than 6.5-fold between the sites with the
lowest (Lake Haiyaha; 19.8 ng/g ww) and highest (Mirror Lake; 121.2 ng/g ww) concentrations. Our
models of Hg risk suggest that most of the sites we sampled from Rocky Mountain NP had fish THg
concentrations below the benchmarks of risk that we selected. However, brook trout from Mirror Lake
and suckers from the Colorado and Fall Rivers are likely to exceed both the EPA human health criterion
level and the avian reproductive impairment benchmark when the fish exceed 250 mm SL. In addition,
we examined inter-annual variation at four sites in Rocky Mountain NP. At two of these sites (Nanita
Lake and Mirror Lake), we found that there was no significant difference between the years sampled,
whereas fish THg concentrations at Poudre Lake and Ypsilon Lake were significantly lower in 2012
compared to 2009. Additionally, two of the lakes sampled in this study (Mills Lake and Lone Pine
Lake) also were sampled for another study in 2003 (Landers and others, 2008). Rainbow trout THg
concentrations in Mills Lake were higher (87.5 ng/g) than in 2003 (less than 60 ng/g ww). Whereas THg
concentrations in brook trout from Lone Pine Lake were lower (57.8 ng/g ww) than in 2003
(approximately 70 ng/g ww). Consistent with the results from Mount Rainer NP, our more intensive
sampling at Rocky Mountain NP indicates substantial variation among sites, highlighting the
importance of sampling multiple sites when characterizing the risk of Hg exposure within a national
park.

Sequoia—Kings Canyon National Park

Four high-altitude lakes were sampled from Sequoia—-Kings Canyon NPs. The mean fish THg
concentration across all these sites (43.8 ng/g ww) was below the study-wide average across all fish
analyzed in this study. Size-adjusted (200 mm SL) THg concentrations remained similarly low in all but
Center Basin Lake, where the mean THg concentrations in golden trout increased to 207.3 ng/g ww.
However, based on the size distribution of our sample of 30 individuals, 200 mm fish are likely rare in
this population. Furthermore, two of the lakes from Sequoia—Kings Canyon NPs were sampled in 2008
(Center Basin Lake) or 2009 (Kern Point Lake) and again in 2012. Comparisons between sampling
years indicate that Hg concentrations in fish from Kern Point Lake were remained similar between
years, whereas Hg concentrations in Center Basin Lake fish were higher in 2012 than in 2008. Landers
and others (2008) reported Hg concentrations higher than those observed in the current study from two
additional high-altitude lakes in Sequoia—Kings Canyon NPs (Pear and Emerald Lakes), demonstrating
that even among high-altitude lakes with potentially limited Hg inputs, fish THg concentrations can be
quite variable.

Wrangell-St. Elias National Park

Lake-specific mean fish THg concentrations from the three lakes sampled at Wrangell-St. Elias
NP spanned nearly 8-fold between rainbow trout from Summit Lake (53.3 ng/g ww) and Lake Trout
from Tanada Lake (416.6 ng/g ww), which had the highest mean Hg concentration of any site from all
of the parks examined in this study. After size-adjusting fish THg concentrations, we found that
concentrations in 200 mm SL fish from Copper Lake (147.4 ng/g ww) were substantially higher than
those from Summit Lake (65.4 ng/g ww). The mean size-adjusted THg concentration for 400 mm SL
fish from Copper Lake (242.0 ng/g ww) and Tanada Lake (321.2 ng/g ww) approached or exceeded the
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EPA fish tissue criterion, the avian reproductive impairment benchmark, and the tissue-based criterion
for fish toxicity. Tanada Lake was one of the few lakes in the present study in which a relatively high
proportion of fish were expected to exceed upper benchmarks for fish toxicity, reproductive impairment
in low sensitivity birds, and at the largest sizes sampled, the no-consumption guideline proposed by the
GLAG. The cause of such high concentrations in some fish from Wrangell-St. Elias NP is unclear and
may reflect some combination of local biogeochemical processes that stimulate methylmercury
production, the ecological structure of the lake’s food web, or physiological characteristics of the fish
themselves. For example, fish with high Hg concentrations may be exceptionally old and thus may have
accumulated large quantities of Hg over their extended lives. Alternatively, fish in such northern lakes
may grow slowly compared to fish in warmer, more productive systems resulting in little biodilution of
ingested Hg through somatic growth.

Yellowstone National Park

Across all lakes, mean fish THg concentrations in Yellowstone NP (101.2 ng/g ww) were above
the study-wide mean value from all parks. Size adjusted THg concentrations for 200 mm SL fish (119.8
ng/g ww) were among the highest measured in this study. Importantly, natural geothermal Hg sources
occur throughout Yellowstone, though it is unclear if those sources play a role in fish bioaccumulation.

Yosemite National Park

The two sites sampled at Yosemite NP display starkly contrasting patterns of Hg concentrations.
At one site, Spillway Lake, fish THg concentrations were uniformly low; the site mean (38.7 ng/g ww)
was one-half of the study-wide mean across all parks. In contrast, THg concentrations in fish from
Mildred Lake (174.4 ng/g ww) were more than twice the study-wide mean. Moreover, individual fish
concentrations had a 15-fold range within the lake. Importantly, the highest individual fish THg
concentration in the entire study (1,109 ng/g ww) was measured in a brook trout from Mildred Lake.
This was the only fish that exceeded the no-consumption guideline proposed by the GLAG, and was
1.6-times greater than the next highest concentration measured in this study. The source of such
variation within a lake is unclear, but future efforts should aim to identify the factors regulating
accumulation in individuals and determining whether this variability is representative of other lakes in
the park.

Zion National Park

As in Capitol Reef NP, all fish sampled from Zion NP were speckled dace and displayed high
Hg concentrations (241.5 ng/g ww) for a small, low trophic level fish. At both sites along the Virgin
River, mean Hg concentrations were more than 3-fold higher than the study-wide mean concentration.
Furthermore, variation within and between these isolated sites was very low. As in Capitol Reef, the
potential for dace to serve as prey for higher trophic position consumers, and indicators of Hg exposure
in other invertebrate-feeding taxa, suggest that more research should examine factors regulating Hg
accumulation in the lower trophic levels of these systems.
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Figure 1. Spatial distribution of the 21 national parks in the Western United States sampled in this study between
2008 and 2012. Shaded polygons on base map indicate park boundaries. Red circles within each inset park
boundary indicate specific sampling locations for each park.
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Figure 2. Total mercury (THg) concentrations (ng/g ww) in fish muscle from 21 national parks in the Western
United States. Bar height and bolded error bars represent the park-wide geometric mean THg concentration and
95-percent confidence interval, respectively. Colored circles and thin error bars represent site-specific geometric
mean THg concentration and 95-percent confidence interval, respectively. Parks are ordered by decreasing
latitude, and park abbreviations can be referenced to park names in table 1.
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Figure 3. Total mercury (THg) concentrations (ng/g ww) in fish muscle from individual sites within 21 national parks in the Western United States.
Bar height and bolded error bars represent site-specific geometric means and 95-percent confidence intervals. Circles represent species-specific
geometric means in 95-percent confidence intervals within each site. Parks are ordered by decreasing latitude, and park abbreviations and site
numbers can be referenced to park name in table 1.
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Figure 4. Size-normalized least-square (LS) total mercury (THg) concentrations in fish from 21 national parks in the Western United States. LS
mean concentrations control for the influence of fish species and site within each park. Blue bars are LS means for fish species normalized to 50 mm
size, green bars are LS means for fish species normalized to 200 mm size, orange bars are LS means for fish species normalized to 400 mm size.
Parks are ordered by decreasing latitude, and park abbreviations can be referenced to park name in table 1. Species comprising each size category
Is discussed in section, “Methods.”
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Figure 5. Least-square mean fish muscle total Hg concentrations (ng/g ww) in three size-normalized classes
(blue/left = 50 mm, green/middle = 200 mm, orange/right = 400 mm) from 21 national parks in the Western United
States.
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Figure 6. Least-square mean (whiskers = standard error) total mercury (THg) concentrations in fish muscle from individual sites in 21 national parks
in the Western United States. Concentrations are size normalized for (A) 400 mm SL, (B) 200 mm SL, (C) 50 mm SL fish. Park abbreviations and
site numbers can be referenced to park name in table 1.
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Figure 7. Inter-annual comparisons of fish total mercury concentrations (ng/g ww) in muscle tissue from 10 sites in

four national parks in the Western United States. Error bars represent standard error. Asterisks indicate significant

differences (p<0.05) between years within a site. OLYM, Olympic NP, ROMO, Rocky Mountain NP; SEKI, Sequoia-
Kings Canyon NP; and LACL, Lake ClarkNP.
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Figure 9. Modeled percentage of fish across the size range sampled in each population with whole-body total mercury concentrations that exceed
benchmarks at a given size for a generic no-observed-effects residue (green; 200 ng/g ww), and lowest-observed-effects-residue (red; 300 ww) for
fish health at 21 national parks in the Western United States. Parks are ordered by decreasing latitude. Figure continues on next page.
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Figure 9.—Continued. Modeled percentage of fish across the size range sampled in each population with whole-body total mercury concentrations
whole-body total mercury concentrations that exceed benchmarks for a generic no-observed-effects residue (green; 200 ng/g ww), and lowest-
observed-effects-residue (red; 300 ng/g ww) for fish health in 21 national parks in the Western United States. Parks are ordered by decreasing

latitude.
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Figure 10. Modeled percentage of fish across the size range sampled in each population with whole-body total mercury concentrations that exceed
dietary toxicity benchmarks for piscivorous birds that can be classified as high (green; 90 ng/g ww), medium (orange; 180 ng/g ww; common loon
reproductive impairment), or low (red; 270 ng/g ww) sensitivity in 21 national parks in the Western United States. Parks are ordered by decreasing

latitude. Figure continues on next page.
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Figure 10.—Continued. Modeled percentage of fish across the sampled size range in each population with whole-body total mercury concentrations
that exceed dietary toxicity benchmarks for piscivorous birds that can be classified as high (green; 90 ng/g ww), medium (orange; 180 ng/g ww;
common loon reproductive impairment), or low (red; 270 ng/g ww) sensitivity in 21 national parks in the Western United States. Parks are ordered by

decreasing latitude.
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Figure 11. Modeled percentages of fish across the sampled size range in each population with muscle total mercury concentrations exceeding the
Great Lakes Advisory Group’s (GLAG) unlimited consumption threshold (green; 50 ng/g ww), the Environmental Protection Agency’s fish
consumption criterion (orange; 300 ng/g ww), and the GLAG’s no-consumption threshold (red; 950 ng/g ww) in 21 national parks in the Western
United States. Parks are ordered by decreasing latitude.
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Figure 11.—Continued. Modeled percentages of fish across the sampled size range in each population with muscle total mercury concentrations

exceeding the Great Lakes Advisory Group’s (GLAG) unlimited consumption threshold (green; 50 ng/g ww), the Environmental Protection Agency's
fish consumption criterion (orange; 300 ng/g ww), and the GLAG'’s no consumption threshold (red; 950 ng/g ww) in 21 national parks in the Western
United States. Parks are ordered by decreasing latitude.
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Table 1. Site locations and sampling information for 21 national parks in the Western United States sampled

between 2008 and 2012.
Park Site ' . . . ' Vear Standard Length
_ D latitude  Longitude  Altitude  Habitat Species Sampled " (mm) SRa
Site (m) Mean Range
Capitol Reef
Fremont River #1 1 38.2827 -111.1157 1502 river speckled dace 2012 15 58 46-74 Y
Fremont River #4 2 38.2815 -111.1794 1577 river speckled dace 2012 15 61 55-71 Y
Fremont River #7 3 38.2856 -111.2416 1649 river speckled dace 2012 15 67 53-99 Y
Crater Lake
Crater Lake 1 42.9057 -122.1017 1884 lake kokanee 2011 15 207 172-265 Y
rainbow trout 2011 12 254 137-370 Y
Denali
Lake Chilchukabena 1 63.9153 -151.5083 191 lake northern pike 2012 17 407 232-546 Y
Glacier
Lake McDonald 1 48.5691 -113.9362 963 lake bull trout 2008 5 434 386-494 N
Glacier Bay
Falls Creek 1 58.4443 -135.5988 226 creek Dolly Varden 2012 15 96 73-127 N
North Skidmore Lake 2 58.8451 -136.6839 98 lake Dolly Varden 2012 15 161 128-203 N
Stonefly Lake 3 58.9674 -136.3379 38 lake Dolly Varden 2012 15 141 61-219 Y
lake whitefish 2008 10 396 371-431 Y
Grand Canyon
Bright Angel Creek 1 36.1228 -112.0800 887 lake brown trout 2012 2 139 104-174 N
rainbow trout 2012 10 131 96-263 N
Havasu Creek 2 36.2980 -112.7402 621 creek rainbow trout 2012 15 200 140-268 N
Shinumo Creek 3 36.2515  -112.33186 794 creek rainbow trout 2012 15 171 131-222 Y
Grand Teton
Death Canyon 1 43.6702  -110.87452 2564 creek cutthroat trout 2012 15 214 162-253 Y
Grizzly Bear Lake 2 43.8027 -110.8107 2814 lake cutthroat trout 2012 15 254 219-315
Lake Solitude 3 43.7926 -110.8448 2758 lake cutthroat trout 2012 15 227 137-278 Y
Great Basin
Baker Lake 1 38.9577 -114.3100 3243 lake brook trout 2011 9 230 200-252
Lehman Creek 2 38.9246 -114.2381 2404 creek brook trout 2011 15 150 127-167
Snake Creek 3 39.01468  -114.2428 2281 creek brook trout 2011 15 154 122-204
Great Sand Dunes
Medano Lake 1 37.8564 -105.4847 3513 lake cutthroat trout 2009 15 165 110-212
Sand Creek 2 37.9350 -105.5230 3365 creek rainbow trout 2009 14 190 153-258

43



Standard Length

Park . Slge Latitude  Longitude  Altitude  Habitat Species Sa?;f;{e g " (mm)
Site (m) Mean Range
Lake Clark
Lake Clark® 1 60.0187 -154.7574 77 lake lake trout 2011 16 476 364-648 N
lake trout 2012 12 478 428-580 N
Lake Kontrashibuna 2 60.1795 -154.2223 140 lake lake trout 2011 14 358 315-398 N
lake trout 2012 2 383 378-387 N
Telaquana Lake 3 60.9520 -153.7625 372 lake lake trout 2011 15 483 412-586 N
Lassen Volcanic
Horseshoe Lake 1 40.4724 -121.3358 1996 lake brook trout 2009 15 249 197-305
Ridge Lake 2 40.4138 -121.4630 1984 lake brook trout 2009 17 187 143-210
Summit Lake 3 40.4929 -121.4233 2038 lake brook trout 2009 15 221 165-346
Mesa Verde
Mancos River 1 37.2204 -108.3410 1886 river speckled dace 2012 10 56 43-69
Mount Rainier
Bench Lake (LZ27) 1 46.7622 -121.6986 1386 lake brook trout 2012 6 262 237-298 Y
Golden Lake (LM17) 2 46.8887 -121.9002 1372 lake brook trout 2012 16 73 36-229 Y
Green Lake (LC07) 3 46.9769 -121.8590 974 lake cutthroat trout 2012 6 257 214-285 N
Lake George (LN02) 4 46.7917 -121.9040 1308 lake torrent sculpin 2012 16 49 37-62 Y
Louise Lake (LZ21) 5 46.7704 -121.7157 1405 lake brook trout 2012 6 171 145-192 Y
'(‘If’v"\"/gg)DeadWOOd Lake 6 468871  -121.5227 1602 lake  rainbowtrout 2012 11 239 185353 Y
stickleback® 2012 6 42 34-59 Y
'(f}:"leg)Pa"sadeS Lake 7 469533  -121.5903 1682 lake brook trout 2012 19 277 180365 Y
Wetland 1244 8 46.7704 -121.7259 1487 lake brook trout 2012 7 158 122-179 Y
Wetland 1614 9 46.7401 -121.8836 669 lake cutthroat trout 2012 7 108 89-135 Y
Unnamed Lake (LWO05) 10 46.9561 -121.5719 1649 lake cutthroat trout 2012 11 238 195-278 Y
Unnamed Pond (LH11) 11 46.9554 -121.5932 1666 lake brook trout 2012 15 159 122-201 Y
Wetland 583 12 46.8918 -121.5948 1125 lake brook trout 2012 9 164 131-188 N
tmi‘g;ed wetland 13 469517  -121.6178 1679 lake  cutthroattrout ~ 2008 14 218  187-276 Y
Mowich Lake (LMO04) 14 46.9339 -121.864 1506 lake torrent sculpin 2008 7 99 92-105 Y
torrent sculpin 2012 2 56 53-59 Y
Reflection Lake (LN19) 15 46.7693 -121.7294 1483 lake brook trout 2012 21 175 114-227 Y
Snow Lake 16 46.7570 -121.6992 1432 lake brook trout 2012 13 210 179-239 N
cutthroat trout 2012 2 217 193-241 N
tJLﬂf,egrzg’eadWO"d Lake 17 468800 1215248 1509 lake  rainbowtrout 2008 7 261 203305 Y
North Cascades
George Lake 1 48.7061 -121.1722 268 lake rainbow trout 2011 10 189 171-226 N
Middle Blum Lake 2 48.7500 -121.4956 1529 lake brook trout 2008 15 142 91-220
Upper Wilcox Lake 3 48.6011 -121.1717 1569 lake cutthroat trout 2008 12 204 170-248
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Park Site Elevation Year SL (mm)z

Site D Latitude Longitude m) Habitat Species sampled n Mean Range
Olympic
Gladys Lake” 1 47.8767 -123.3578 1646 lake brook trout 2011 15 166 159-180 N
brook trout 2012 15 167 150-182 N
Hagen Lake 2 47.6192 -123.2680 1446 lake cutthroat trout 2012 15 212 175-238 N
Hoh Lake 3 47.8988 -123.7863 1387 lake brook trout 2012 15 165 142-185 Y
Sun Up Lake® 4 47.5314 -123.4862 1227 lake cutthroat trout 2011 15 242 232-257 N
cutthroat trout 2012 15 250 219-269 N
Upper Lena Lake® 5 47.6331 -123.2080 1389 lake rainbow trout 2011 15 171 149-187 N
Rocky Mountain
Black Lake 1 40.2653 -105.6410 3242 lake brook trout 2012 15 188 126-226 N
Colorado River 2 40.2773 -105.8504 2647 river brown trout 2012 20 272 152-413 Y
sucker spp 2012 20 193 145-292 Y
Fall River 3 40.4014 -105.6063 2590 river brown trout 2012 20 229 166-338 Y
sucker spp 2012 20 273 220-359 Y
Fern Lake 4 40.3368 -105.6763 2913 lake cutthroat trout 2012 15 209 126-270 Y
Fourth Lake 5 40.2217 -105.6861 3167 lake brook trout 2012 15 178 146-206 Y
Haynach Lake 6 40.3467 -105.7646 3378 lake cutthroat trout 2012 15 237 141-340 Y
Lake Haiyaha 7 40.3047 -105.6622 3120 lake cutthroat trout 2012 15 255 182-309 N
Lake Louise 8 40.5083 -105.6206 3369 lake cutthroat trout 2012 14 271 222-314 N
Lake Nanita® 9 40.2560 -105.7165 3291 lake cutthroat trout 2008 8 231 187-258 Y
cutthroat trout 2012 15 188 111-260 Y
Lone Pine Lake 10 40.2327 -105.7232 3134 lake brook trout 2012 14 141 91-178 N
Mills Lake 11 40.2895 -105.6417 3033 lake rainbow trout 2012 15 226 167-295 Y
Mirror Lake” 12 40.5380 -105.6984 3364 lake brook trout 2009 15 211 153-237 Y
brook trout 2012 15 190 115-238 Y
Poudre Lake® 13 40.4222 -105.8089 3282 lake brook trout 2009 15 202 129-242 N
brook trout 2012 15 203 108-264 N
Sky Pond 14 40.2782 -105.6688 3315 lake brook trout 2012 15 215 162-246 Y
Spruce Lake 15 40.3423 -105.6871 2950 lake cutthroat trout 2012 15 206 148-242 Y
Ten Lake Park 16 40.2104 -105.7194 3415 lake cutthroat trout 2012 14 239 206-288 Y
The Loch 17 40.2925 -105.6570 3109 lake cutthroat trout 2012 15 218 148-285 Y
Upper Hutcheson Lake 18 40.1736 -105.6470 3417 lake cutthroat trout 2012 15 208 183-250 N
Ypsilon Lake” 19 40.4436 -105.6633 3218 lake cutthroat trout 2009 15 215 156-275 Y
Sequoia-Kings Canyon
Bench Lake 1 36.9488 -118.4651 3224 lake brook trout 2009 15 131 92-165 Y
Center Basin Lake” 2 36.7305 -118.3960 3517 lake golden trout 2008 30 136 103-156 Y
golden trout 2012 15 138 100-157 Y
Kern Point Lake® 3 36.6013 -118.4319 3281 lake rainbow trout 2009 15 166 108-224 Y
Lake 10310 4 36.9591 -118.4354 3297 lake brook trout 2012 15 143 101-168 Y
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ParkSite Slge Latitude Longitude EIeE/ ;;ion Habitat Species S ;;fslr ed Mear?L (mgz\nge SRe
Wrangell-St. Elias
Copper Lake 1 62.4256 -143.5550 886 lake arctic grayling 2008 15 326 274-374 N
kokanee 2008 15 295 278-311 Y
lake trout 2008 13 417 365-470 Y
Summit Lake 2 61.3156 -144.1919 lake rainbow trout 2009 15 250 123-405 N
Tanada Lake 3 62.4258 -143.3717 880 lake lake trout 2009 13 466 418-542 Y
rainbow trout 2012 12 180 151-198 N
Yellowstone
Beula Lake 1 44.1598 -110.7670 2261 lake cutthroat trout 2012 15 239 204-300 Y
Grebe Lake 2 447516 -110.5578 2450 lake arctic grayling 2012 15 166 128-255 Y
rainbow trout 2012 15 234 152-273 Y
Lewis Lake 3 44.3068 -110.6305 2375 lake brown trout 2012 15 187 109-394 Y
Yellowstone Lake 4 44.4659 -110.3330 2361 lake cutthroat trout 2012 15 266 243-294 N
lake trout 2012 15 273 240-325 N
cutthroat trout 2012 15 221 115-262 Y
Yosemite
Mildred Lake 1 37.8202 -119.4407 2916 lake brook trout 2009 15 204 117-269 Y
Spillway Lake 2 37.8408 -119.2321 3189 lake brook trout 2009 15 192 124-263 Y
rainbow trout 2012 15 170 73-252 Y
Zion
E. Fork Virgin River 1 37.1594 -112.9686 1192 river speckled dace 2012 15 50 40-61 Y
N. Fork Virgin River 2 37.2413 -112.9588 1294 river speckled dace 2012 15 39 34-44 N

#Size regression used: Y-yes, N-no.

> |akes used in inter-annual comparison. Lake Kontrashibuna was excluded from intra-annual comparisons because only two

fish were collected in 2012.
¢ Threespine stickleback.
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Table 2. Total mercury concentrations (THg; ng/g ww) in muscle of fish from 21 national parks in the Western United States.

[Values are reported as geometric means, 95percent confidence intervals (Cl), and range, and least-square mean (LSM) concentrations controlling for the effects
of size, species, and site at 50, 200, and 400 mm standardized lengths]

Park Park Total  Geometric  95percent Range 50 mm 200 mm 400 mm

Abbreviation n Mean Cl n LSM SE n LSM SE n LSM SE

Capitol Reef CARE 45 325.6 281.4 - 376.9 136.7-8054 45 2079 3.7 - -

Crater Lake CRLA 27 38.0 32-44.3 16.8 -76.0 - 27 26.6 2.6 -

Denali DENA 17 49.3 37.9-64.1 23.7-88.8 - - 17 474 16

Glacier GLAC 15 232.4 211.6 - 255.3 167.3-297.9 - - 15 2341 9.1

Glacier Bay GLBA 45 90.2 79.1-102.9 41.0-203.1 - 45 1023 196 -

Grand Canyon GRCA 42 76.0 66.1 - 87.5 31.8-241.2 - 42 1012 96 -

Grand Teton GRTE 45 32.6 28.3-37.6 16.2-99.0 - 45 31.3 4.5 -

Great Basin GRBA 39 40.0 36.3-44.2 19.0-85.5 - 39 34.5 5.0 -

Great Sand Dunes GRSA 29 52.7 45.8 - 60.6 29.1-136.6 - 29 62.4 5.6 -

Lake Clark LACL 59 229.3 192.8-272.8 35.8-691.0 - - 59 201.0 29

Lassen Volcanic LAVO 47 96.4 78.1-119 28.6-493.4 - 47 653 95 -

Mesa Verde MEVE 10 74.9 59.9-93.7 45.7-1154 10 749 2.9 - -

Mount Rainier MORA 207 71.5 65.8 - 78.5 12.5-384.5 35 804 19 172 61.0 7.3 -

North Cascades NOCA 37 54.9 46.7 - 64.4 22.4-209.3 - 37 733 7.2 -

Olympic OLYM 117 85.0 80-90.3 34.9-208.8 - 337 109.7 121 -

Rocky Mountain ROMO 385 66.1 61.4-71.1 9.9-528.3 - 385 548 6.3 -

Sequoia - Kings Canyon SEKI 105 43.8 39.1-49 13.3-1245 - 105 695 6.3 -

Wrangell-St. Elias WRST 71 107.9 87.4-133.1 27.8-632.3 - 45 9815 941 26 2788 7.4

Yellowstone YELL 90 101.2 92.7-110.5 446 - 312.2 - 75 119.8 10.2 15 1160 4.3

Yosemite YOSE 30 82.1 57.5-117.2 24.9-1108.6 - 30 70.0 10.2 -

Zion ZION 30 241.5 209.7 - 278.2 95.9-532.6 30 2425 54 - -
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Table 3. Total mercury concentrations (THg; ng/g ww) and coefficients of variation (CV) in fish muscle from 86 sites
in 21 national parks in the Western United States.

[\Values are reported as geometric means and 95 percent confidence intervals (95% CI), and least-square mean (LSM)
concentrations controlling for the effects of size, species, and site at 50 mm, 200 mm, and 400 mm standardized lengths]

Park Geometric 95% 50 mmb 200 mmb 400 mmb cv
Site Mean Cl LSM  SE LSM  SE LSM  SE
All Parks 7.7 73.6-80.8 0.67
Capitol Reef 325.6 281.4-376.9 207.9 3.7 0.88
Fremont River #1 407.3 318.3-521.1 301.0 9.4 0.31
Fremont River #4 2447 199.8 - 299.7 157.8 4.9 0.31
Fremont River #7 346.5 260.4 - 461.1 189.4 5.9 0.30
Crater Lake 38.0 32-443 26.6 2.6 NA
Crater Lake 38.0 32.7-443 26.6 2.6 0.28
Denali 49.3 379-64.1 474 1.6 NA
Lake Chilchukabena 49.3 37.9-64.1 474 1.6 0.23
Glacier 2324 211.6 - 255.3 234.1 9.1 NA
Lake McDonald 2324 211.6 - 255.3 234.1 9.1 0.15
Glacier Bay 90.2 79.1-102.9 102.3 19.6 0.49
Falls Creek 56.4 50 - 63.6 56.4 10.9 0.22
North Skidmore Lake 113.7 102.3-126.4 113.7 22.1 0.18
Stonefly Lake 114.7 91.9-143.1 167.0 324 0.27
Grand Canyon 76.0 66.1 - 87.5 101.2 9.6 0.54
Bright Angel Creek 57.8 46.7 - 71.7 715 7.0 0.35
Havasu Creek 66.0 53.3-81.8 81.0 8.2 0.50
Shinumo Creek 108.9 89.1-133.2 178.8 18.0 0.28
Grand Teton 32.6 28.3-37.6 31.3 45 0.28
Death Canyon 229 21-25 25.1 3.7 0.10
Grizzly Bear Lake 52.1 40.9-66.4 424 6.3 0.40
Lake Solitude 29.0 24.1-34.9 28.8 4.3 0.29
Great Basin 40.0 36.3-44.2 345 5.0 0.12
Baker Lake 41.6 29.2-59.3 35.6 5.4 0.52
Lehman Creek 35.1 30.5-40.3 30.0 4.4 0.24
Snake Creek 44.7 40.4-494 383 5.6 0.16
Great Sand Dunes 52.7 45.8 - 60.6 62.4 5.6 0.37
Medano Lake 70.1 61.6 - 79.7 81.8 12.1 0.28
Sand Creek 38.8 34.6-435 47.6 4.8 0.21
Lake Clark 229.3 192.8 - 272.8 201.0 29 0.57
Lake Clark 365.2 327.4-407.4 365.2 9.2 0.31
Lake Kontrashibuna 204.0 1479-281.4 204.0 7.3 0.41
Telaquana Lake 109.0 82.5-144 109.0 4.1 0.56
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Park Geometric 95% 50 mme 200 mm® 400 mmp oV
Site Mean Cla LSM SE LSM SE LSM SE
Lassen Volcanic 96.4 78.1-119 65.3 9.5 0.45
Horseshoe Lake 180.7 132.3-246.9 84.8 125 0.29
Ridge Lake 111.3 89.9 - 137.9 95.4 14.0 0.39
Summit Lake 43.7 38.1-50.1 345 5.1 0.12
Mesa Verde 74.9 59.9-93.7 74.9 29 NA
Mancos River 74.9 59.9-93.7 74.9 2.9 0.30
Mount Rainier 715 65.8 - 78.5 80.4 1.9 61.0 7.3 0.55
Bench Lake 34.0 20.4-56.7 8.5 13 0.29
Golden Lake 66.6 47.7 - 93 193.2 285 0.14
Green Lake 66.2 58.3-75.2 77.3 11.9 0.12
Lake George 87.5 73.2-104.5 89.8 2.7 0.27
Louise Lake 86.1 63.2-117.3 105.9 16.2 0.19
Lower Deadwood Lake 82.9 65.5 - 104.8 50.6 2.0 77.9 8.0
Lower Palisades Lake 116.3 103-131.4 92.9 13.6 0.21
MORA_1244 58.4 44 -774 60.6 9.2 0.34
MORA_1614 2274 157.5-328.2 97.8 14.9 0.30
MORA_230 121.2 86.7 - 169.4 80.7 12.0 0.32
MORA _234 66.2 53.1-82.5 87.4 12.9 0.29
MORA_583 19.2 14.4-255 16.4 25 0.46
MORA_LH15 66.4 51.1-86.2 62.5 9.2 0.36
Mowich Lake 97.2 72.9-129.6 114.1 5.6 0.17
Reflection Lake 80.8 62.3-104.9 101.0 14.8 0.44
Snow Lake 37.3 30.4-45.9 333 4.8 0.37
Upper Deadwood Lake 47.0 33.5-66.1 42.9 4.6 0.36
North Cascades 54.9 46.7 - 64.4 73.3 7.2 0.45
George Lake 44.1 33.5-58 54.1 5.6 0.34
Middle Blum Lake 62.2 46.3-83.5 118.5 175 0.36
Upper Wilcox Lake 56.2 41.8-755 61.5 9.1 0.18
Olympic 85.0 80-90.3 109.7 12.1 0.60
Gladys Lake 83.5 755-92.4 715 10.4 0.28
Hagen Lake 93.5 78.1-111.9 109.1 16.1 0.30
Hoh Lake 125.7 104.7 - 150.9 253.0 37.3 0.26
Sun Up Lake 85.2 79.1-91.7 99.4 145 0.19
Upper Lena Lake 66.1 58.9-74.1 81.1 8.0 0.27
Rocky Mountain 66.1 61.4-71.1 54.8 6.3 0.43
Black Lake 54.4 45.7-64.8 46.6 6.9 0.31
Colorado River 118.0 104.3 - 133.6 100.4 10.6 0.40
Fall River 106.2 83.3-1355 59.3 6.3 0.43
Fern Lake 59.1 46.4-75.3 65.3 9.6 0.35
Fourth Lake. 70.4 58.8 - 84.3 71.6 10.6 0.27
Haynach Lake 19.8 15.9-245 19.4 2.9 0.26
Lake Haiyaha 18.5 159-215 21.6 3.2 0.26
Lake Louise 56.5 48.7 - 65.5 65.9 9.7 0.25
Lake Nanita 70.5 55-90.4 80.0 117 0.34
Lone Pine Lake 57.8 50.2 - 66.5 49.5 7.3 0.26
Mills Lake 87.5 68.5-111.9 94.0 9.5 0.37
Mirror Lake 121.2 86.2 - 170.5 102.4 14.9 0.36
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Park Geometric 95% 50 mme 200 mme 400 mmp cv
Site Mean Cl LSM SE LSM SE LSM SE
Rocky Mountain cont.
Poudre Lake 82.6 70.9 - 96.2 70.8 10.3 0.50
Sky Pond 30.7 23.2-40.6 21.4 3.2 0.30
Spruce Lake 89.3 69.7-114.4 97.5 14.4 0.30
Ten Lake Park 68.3 57.5-81 63.2 9.4 0.28
The Loch 38.9 27.1-56 38.6 5.7 0.82
Upper Hutcheson Lake 30.8 28-3338 35.9 53 0.16
Ypsilon Lake 62.3 51.6-75.3 61.7 9.0 0.45
Sequoia - Kings Canyon 43.8 39.1-49 69.5 6.3 0.38
Bench Lake. 21.7 18.1-26.1 30.3 45 0.32
Center Basin Lake 67.0 60 - 74.9 207.3 39.8 0.28
Kern Point Lake 43.5 37.2-50.9 71.4 7.0 0.24
Lake 10310 24.9 20.1-30.9 52.1 7.7 0.41
Wrangell-St. Elias 107.9 87.4-133.1 98.2 9.4 278.8 7.4 0.57
Copper Lake 91.7 73.4-1145 1474 145 242.0 9.8 0.24
Summit Lake 53.3 48.5-58.5 65.4 6.6 0.18
Tanada Lake 416.6 358.4 - 484.2 321.2 13.0 0.19
Yellowstone 101.2 92.7-110.5 119.8 10.2 116.0 43 0.23
Beula Lake 107.1 95.5-120.1 1111 16.4 0.18
Grebe Lake 110.5 94.2 - 129.7 168.8 16.4 0.19
Lewis Lake 69.2 56.5-84.9 92.3 10.1 0.25
Yellowstone Lake 108.9 92.8-127.7 119.3 176 116.0 43
Yosemite 82.1 57.5-117.2 70.0 10.2 0.86
Mildred Lake 1744 115.1-264.1 1424 21.0 0.58
Spillway Lake 38.7 32.3-46.2 34.4 5.1 0.31
Zion 2415 209.7 - 278.2 2425 5.4 0.57
E. Fork Virgin River 234.9 180 - 306.5 236.8 7.4 0.29
N. Fork Virgin River 248.3 215.8 - 285.7 248.3 7.7 0.32
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Table 4. Proportion of fish with wet weight mercury concentrations exceeding toxicity benchmarks from 86 sites in
21 western national parks in the Western United States.

[Comparisons to fish (no observed effects residue [NOER] = 200 ng/g, lowest observed effects residue [LOER] = 300 ng/g)
and bird (high sensitivity = 90 ng/g, moderate sensitivity = 180 ng/g, low sensitivity = 270 ng/g) benchmarks were made
using whole-body concentrations whereas comparisons to human consumption (unlimited consumption = 50 ng/g, EPA
criterion = 300 ng/g, no consumption = 950 ng/g) benchmarks used concentrations in axial muscle tissue]

Park Fish Toxicity Bird Toxicity Human Consumption
Site NOER LOER High Moderate Low Unllmlteg EPA No .
Sens. Sens. Sens. Consumption Criterion Consumption
Among all parks 5 2 35 12 5 68 4 1
Capitol Reef 49 22 98 56 33 NA NA NA
Fremont River #1 67 33 100 80 60 NA NA NA
Fremont River #4 20 7 93 27 7 NA NA NA
Fremont River #7 60 27 100 60 33 NA NA NA
Crater Lake -- -- -- -- -- 19 -- --
Crater Lake -- -- - -- - 19 - --
Denali -- -- - -- - 59 - --
Lake Chilchukabena -- -- - -- - 59 - --
Glacier -- -- 100 -- - 100 - --
Lake McDonald -- -- 100 -- - 100 - --
Glacier Bay -- -- 18 -- - 87 - --
Falls Creek -- -- - -- - 60 - --
North Skidmore _ _ 20 _ _ 100 _ _
Lake
Stonefly Lake -- -- 33 -- - 100 - --
Grand Canyon -- -- 10 -- - 79 - --
Bright Angel Creek -- -- - -- - 58 - --
Havasu Creek -- -- 7 -- - 73 - --
Shinumo Creek -- -- 20 -- - 100 - --
Grand Teton -- -- -- -- 18 -- --
Death Canyon -- -- -- -- -- -- -- --
Grizzly Bear Lake -- -- - -- - 47 - --
Lake Solitude -- -- - -- - 7 - --
Great Basin -- -- -- -- -- 18 -- --
Baker Lake -- -- - -- - 33 - --
Lehman Creek -- -- - -- - 7 - --
Snake Creek -- -- - -- - 20 - --
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Park Fish Toxicity Bird Toxicity Human Consumption
Site NOER LOER High Moderate Low Unlimiteg EPA No .
Sens. Sens. Sens. Consumption Criterion Consumption
Great Sand Dunes -- -- - -- - 59 - --
Medano Lake -- -- - -- - 100 - --
Sand Creek - - -- - -- 14 -- -
Lake Clark 31 7 76 42 10 98 41 --
Lake Clark 54 14 100 79 21 100 75 --
Lake Kontrashibuna 19 -- 81 19 - 94 19 --
Telaquana Lake -- -- 27 -- - 100 - --
Lassen Volcanic -- 40 72 --
Horseshoe Lake -- 87 93 --
Ridge Lake -- -- 35 -- - 100 - --
Summit Lake -- -- - -- - 20 - --
Mesa Verde -- -- - -- - NA NA NA
Mancos River -- -- - -- - NA NA NA
Mount Rainier 1 -- 15 2 - 72 2 --
Bench Lake - - -- - -- 17 -- -
Golden Lake - - 19 - -- 56 6 -
Green Lake - - -- - -- 100 -- -
Lake George - - 6 - -- NA NA NA
Louise Lake -- -- - -- - 100 - --
tgr;er Deadwood _ _ 18 _ _ 94 _ --
Il:gréer Palisades _ _ 21 _ _ 100 _ --
MORA_1244 -- -- - -- - 57 - --
MORA_1614 29 -- 100 29 - 100 29 --
MORA_230 -- -- 55 -- - 100 - --
MORA_234 -- -- 7 -- - 73 - --
MORA 583 -- -- - -- - -- - --
MORA_LH15 -- -- 7 -- - 64 - --
Mowich Lake -- -- 11 -- - NA NA NA
Reflection Lake - - 19 5 -- 71 5 -
Snow Lake - - -- - -- 27 -- -
Upper Deadwood
Lake - - - - - 29 - -
North Cascades -- -- 5 51 - --
George Lake - - -- - -- 40 -- -
Middle Blum Lake - - 7 - -- 53 -- -
Upper Wilcox Lake - - 8 - -- 58 -- -

52



Park Fish Toxicity Bird Toxicity Human Consumption

Site NOER LOER High Moderate Low Unlimiteg EPA No .
Sens. Sens. Sens. Consumption Criterion Consumption
Olympic -- -- 6 94 - -
Gladys Lake -- -- 3 -- - 100 - -
Hagen Lake -- -- 7 -- - 100 - -
Hoh Lake -- -- 33 -- - 100 - --
Sun Up Lake -- -- - -- - 100 - -
Upper Lena Lake -- - - - - 74 - -
Rocky Mountain 2 -- 15 3 1 66 3 --
Black Lake -- -- -- -- - 60 - -
Colorado River -- -- 28 3 - 100 3 --
Fall River 10 3 33 10 5 80 10 --
Fern Lake -- -- -- -- - 80 - -
Fourth Lake - -- - - - 87 - -
Haynach Lake -- -- - - - - - -
Lake Haiyaha -- -- - - - - - -
Lake Louise - -- - - - 57 - -
Lake Nanita -- -- 17 -- -- 70 - -
Lone Pine Lake -- -- -- -- - 71 - -
Mills Lake -- -- 13 -- -- 80 - --
Mirror Lake 10 -- 57 17 - 77 17 --
Poudre Lake -- -- 17 -- - 100 - -
Sky Pond -- -- - - - 13 - -
Spruce Lake -- -- 20 -- - 87 - -
Ten Lake Park -- - - - - 93 - -
The Loch -- -- -- -- - 27 - -
Upper Hutcheson . » N . - - - -
Lake
Ypsilon Lake -- -- 10 -- - 60 - --
Sequoia - Kings Canyon -- -- - -- - 46 - -
Bench Lake -- -- - - - - - -
Center Basin Lake -- - - - - 73 - -
Kern Point Lake -- - - - - 43 - -
Lake 10310 - -- - - - 13 - -
Wrangell-St. Elias 16 4 39 18 7 76 18 --
Copper Lake -- -- 35 5 - 74 5 -
Summit Lake -- -- -- -- - 60 - -
Tanada Lake 85 23 100 85 38 100 85 --
Yellowstone -- -- 20 1 - 94 1 --
Beula Lake -- -- 7 -- - 100 - -
Grebe Lake -- -- 30 -- -- 97 - -
Lewis Lake -- -- 7 -- -- 80 - -
Yellowstone Lake -- -- 23 3 -- 97 3 --
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Park Fish Toxicity Bird Toxicity Human Consumption
Site NOER LOER High Moderate Low Unllmlteg EPA No .
Sens. Sens. Consumption Criterion Consumption

Yosemite 7 27 7 60 7 3

Mildred Lake 13 53 13 7 100 13 7

Spillway Lake -- - - - 20 - -

Zion 20 90 27 3 NA NA NA

E. Fork Virgin River 30 80 40 - NA NA NA

N. Fork Virgin 7 100 13 7 NA NA NA
River
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Glacier-fed Hoh Lake

High levels of mercury found in fish
at Olympic National Park’s Hoh
Lake

Peninsula Daily News and news services
Tuesday, May 27, 2014 7:11pm

Peninsula Daily News and news services

PORT ANGELES — High levels of mercury have been found in fish from
alake in Olympic National Park and in remote areas of other Western
national parks, proving that even the most isolated lakes and streams in
the U.S. aren’t immune to mercury pollution.

The finding was included in a recently published study by the U.S.
Geological Survey and National Park Service.

But overall, the report had fairly good news for sport anglers.

Researchers said that most fish they caught had “acceptable” mercury
concentrations below the U.S. Environmental Protection Agency’s fish
criterion for safe human consumption.

ADVERTISEMENT



But 4 percent exceeded healthy levels — including those from one of
five lakes sampled in Olympic where mercury, a cumulative neurotoxin
that can cause brain damage, approached levels unsafe for humans and
fish-eating birds.

Hoh Lake was the only spot sampled in Washington’s three national
parks — Olympic, Mount Rainier and North Cascades — where the study
found fish “are likely to approach or exceed the Environmental
Protection Agency criterion for protection of human health” and for
“reproductive impairment” of fish-eating birds.

The Geological Survey and National Park Service don’t regulate health
guidelines, but they are working with officials in Washington and the
nine other states studied on possible fish consumption advisories.

Western parks were selected because of the significant role atmospheric
mercury plays in remote places, and the lack of broad-scale assessments
on mercury in fish in remote areas of the West, said Colleen Flanagan I I e alth care
Pritz, a Park Service ecologist in Denver and coauthor of the study.

More room for the care you trust
New specialty services 1o meet
your needs.

While previous studies documented mercury at the Olympic and Mount
Rainier parks and other places in the West, this latest study “is a wake-
up call,” Flanagan Pritz said.

Learn More

“We need to see fewer contaminants in park ecosystems, especially
contaminants like mercury where concentrations in fish challenge the very
mission of the national parks to leave wild life unimpaired for future
generations.”

Olympic National Park fish were sampled from five lakes — Gladys, Hagen,
Hoh, Sun Up and Upper Lena lakes.

Researchers took samples from rainbow, cutthroat and brook trout.

Samples from the five lakes showed mercury concentrations averaging 85
nanograms per gram wet weight, slightly higher than the mean for the study.

Size-adjusted concentrations at Hoh Lake were 253 ng/g ww. The EPA’s human
risk threshold is 300 ng/g ww.

At the low end of the spectrum was Gladys Lake, with a concentration of 71.5
ng/g ww.

Hagen was 109.1 ng/g ww; Sun Up, 99.4 ng/g ww; Upper Lena, 81.1 ng/g ww.

The National Park Service has blamed the Centralia Big Hanaford power plant
in Lewis County, 55 miles from the southern borders of Olympic National Park,
for mercury emissions as well as causing serious haze in the park.

@ major coal-fired power plant supplemented with newer natural-gas-
Ired units.




Concerned about emissions of nitrogen oxide, particulate matter, mercury and
sulfur dioxide, state and federal regulators in early 2011 struck a deal with the
plant’s owners that will result in both coal boilers being shut down by 2025.

Mercury is also believed to arrive in Washington state from pollution blown
across the Pacific Ocean from coal-fired industries in China.

In two Alaskan parks, the average level of mercury in fish found bypassed the
federal standard for human consumption.

In addition to Hoh Lake, the amounts of mercury also exceeded healthy levels
at parks in California, Colorado and Wyoming, the study found.

Generally, the older and larger the fish, the more mercury they contain.

The fish study was the first of its kind to incorporate information from remote
places at 21 national parks in 10 western states.

From 2008-2012, researchers sampled 1,486 fish from 16 species from 86
individual sites in the parks.

High mercury concentrations in birds, mammals and fish can result in
reduced foraging efficiency, survival, and reproductive success.

Mercury concentrations in fish exceeded the most conservative fish toxicity
benchmark at 15 percent of all sites, and levels exceeded the most sensitive
health benchmark for fish-eating birds at 52 percent of all sites.

There were three sites in sampled in North Cascades National Park.

Results showed the mean mercury concentration below the average of all fish
sampled in the study.

After standardizing the fish to 200 mm in length, the mean mercury
concentration was 73.3 nanograms per gram wet weight.

At Mount Rainier, fish were sampled at 17 sites.

The average mercury concentration was 71.5 ng/g ww, similar to the
studywide mean for all the fish in the study.

When adjusted to the 200 mm standardized size, concentrations ranged from
85-193.2 ng/g ww.

That large variation “emphasizes the need to sample from multiple locations
in order to accurately characterize mercury risk to park resources as a whole,”
the report said.

Among the most widespread contaminants in the world, mercury is
distributed globally from natural sources such as volcanic eruptions and from

n sources such as burning fossil fuels in power plants.



Mercury is distributed at local or regional scales as a result of current and
historic mining activities, the report said. These human activities have
increased levels of atmospheric mercury at least threefold during the past 150
years, the researchers wrote.

Mercury, whether naturally occurring or in pollution, easily enters the food
chain.

According to the Centers for Disease Control and Prevention, exposure to high
levels of mercury in humans can damage the brain, kidneys and a developing
fetus. Pregnant women and young children are particularly sensitive to
mercury.

In birds that eat fish, the effects of mercury can range from reduced nest
success rates — a bird might not return to a nest to incubate its eggs — and
reduced ability to forage.

In fish, there are levels where changes in behavior are noticed, while higher
levels could be lethal.

The full US. Geological Survey and National Park Service report is available at
http: //tinyurl.com/natparkfish.
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EXHIBIT 11-14



/\/ SWCA/A  NOTICE OF VIOLATION

- \ Southwest Clean Air Agency No. 10642
5101 NE 82™ Avenue. Suite 102, Vancouver WA 98662 | 360-574-3058 / 800-633-0709 | www.swcleanair.gov

DATE OF VIOLATION: TIME OF VIOLATION: (if applicable)
October 23, 2025 09:25
LOCATION OF VIOLATION-

Flyash Unloading Baghouse - 913 Big Hanaford Road, Centralia, WA 98531

RESPONSIBLE PARTY / PROPERTY OWNER / FACILITY NAME:
TransAlta Centralia Generation, LLc

MAILING ADDRESS:

913 Big Hanaford Road, Centralia, WA 98531

PHONE NUMBER- EMAIL ADDRESS: SWCAA ID:
360-330-2306 Sam Bocook(@transalta.com 754

Description of Violation(s)

TN VIOLATION OF (REGULA TION/PERMIT/ORDER): DID CAUSE OR ALLOW-

Condition 2 of ADP 12-3016, Req.-79 of |Failure to maintain the Fly Ash Weigh Bin Baghouse properly,

AOP SW98-8-R5-A resulting in excess visible emissions.

SWCAA 400-040(1), Req.-1 of AOP
SW98-8-R5-A
SWCAA 400-116(2)

DETAILS / EVIDENCE:

On October 23, 2025 Abraham Apfel and I visited TransAlta Centralia Generation for an unannounced
mspection. Before entering the plant we drove past on Big Hanaford Road and observed a dense plume of ash
from the Fly Ash Weigh Bin Baghouse and took a photograph and video. No trucks were being loading at the
time. When I returned for a follow-up visit on November 4, 2025 the issue had been resolved and I spoke to
maintenance personell who indicated the filters had been "plugged". This does not explain the excess
emissions, but no further explanation was available. During an inspection on September 28, 2024 visible
emissions could be seen from the fly ash weigh bin baghouse when viewed from the elevator to the west, but
not from a legal Method 9 observation point. Fly ash loading was not occurring at the time. TransAlta
reportedly replaced the filter cartridges in the unit later the same day to correct the problem.

T ————
Notice of Violation issued by

SWCAA REPRESENTATIVE: DATE ISSUED:
Clint Lamoreaux December 2, 2025
PHONE NUMBER- EMAIL ADDRESS:
360-574-3058 ext. 131 clint@swcleanair.gov
Delivery Method

IF DELIVERED IN PERSON
NAME / TITLE OF RECIPIENT:

[J IN PERSON
(x] USPS CERTIFIED MAIL
] ELECTRONIC MAIL

iSIGNING NOTICE DOES NOT CONSTITUTE AN ADMISSION OF GU]LI i

SWCAA NOTICE OF VIOLATION v20251002




Important Information — Please Read

You may provide additional information for the Southwest Clean Air Agency (SWCAA) to consider when addressing

the above referenced alleged violation(s). You are also welcome to provide evidence of any corrective actions you have

taken, or will take, as evidence of prompt and effective corrective actions may reduce your penalty if a penalty is assessed.

If you wish to provide additional information. or schedule a meeting with the Agency, please do so within thirty (30)

days of receiving this notice. Depending on the circumstances, you typically will receive one of the following: (1)
Notice of Corrective Order (NCO), a (2) Notice of Civil Penalty (NCP) or (3) a Notice of Civil Penalty and Corrective
Order (NCPCO), unless the information you submit to SWCAA indicates that a violation did not occur. An NCO
orders prescribed corrective actions but assesses no civil penalty. An NCP assesses a penalty not to exceed $17,000
for each day of non-compliance. An NCPCO orders both corrective actions and a civil penalty. A civil penalty may
be issued no sooner than thirty (30) days after your receipt of this Notice of Violation. For any of these actions
you will receive further notification from the Southwest Clean Air Agency. Civil penalties and corrective orders
may be appealed to the Pollution Control Hearings Board (PCHB) within thirty (30) days of the date of receipt of an
NCO, NCP or NCPCO issued by SWCAA. For more information about appeals see RCW 43.21B, RCW
70A.15, and WAC 371-08 or visit https://eluho.wa.gov/boards/pollution- control-hearings-board.

|
SWCAA NOTICE OF VIOLATION ENFORCEMENT PROCESS

Step 1 Step 2 Step 3 Step 4 Step 5
Notice of Violation Within thirty (30) days Unless you have shown Within thirty (30) days ~ Unless you have been
(NOV) issued by of receipt of the NOV, that a violation did not  of receipt of an NCO, provided with relief by
SWCAA for permit provide SWCAA with occur, or that you were NCP or NCPCO issued PCHB, remit any
and/or regulation-based information to show not responsible for the to you by SWCAA, penalties to SWCAA

violations recorded by
the Agency.

that the violation did
not occur, or that you
were not responsible for
the violation recorded
by the Agency.

violation, and after at
least thirty (30) days
have passed from the
date the NOV was
received, SWCAA will
typically issue a Notice
of Corrective Order
(NCO)!, a Notice of
Civil Penalty (NCP)?
or a Notice of Civil
Penalty and Corrective
Order (NCPCO)®.

you may request
remission or

mitigation, or appeal
the civil penalties and/
or corrective orders to
the Pollution Control

Hearings Board

(PCHB).

! Notice of Corrective Order (NCO) - order prescribes corrective actions but no civil penalty.

and/or complete the
prescribed corrective
actions within the
timelines provided in
the NCO, NCP or
NCPCO letter.

2 Notice of Civil Penalty (NCP) - assesses a penalty not to exceed $17,000 for each day of non-compliance.

3 Notice of Civil Penalty and Corrective Order (NCPCQO) - assesses both a penalty, not to exceed 317,000 for each day of non-
compliance, as well as an order prescribing corrective actions.
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EXHIBIT 11-15



/\/ SWCA/A  NOTICE OF VIOLATION

- \ Southwest Clean Air Agency No. 10643
5101 NE 82™ Avenue. Suite 102, Vancouver WA 98662 | 360-574-3058 / 800-633-0709 | www.swcleanair.gov

DATE OF VIOLATION: TIME OF VIOLATION: (if applicable)
1/11/25, 3/4/25, 6/6/25, 6/11/25, 8/26/2025 Various
LOCATION OF VIOLATION:

Unit #2 - 913 Big Hanaford Road, Centralia, WA 98531

RESPONSIBLE PARTY / PROPERTY OWNER / FACILITY NAME:
TransAlta Centralia Generation, LLC

MAILING ADDRESS-

913 Big Hanaford Road, Centralia, WA 98531

PHONE NUMBER- EMAIL ADDRESS: SWCAA ID:

360-330-2306 Sam Bocook(@transalta.com 754

Description of Violation(s)

TN VIOLATION OF (REGULATION/PERMIT/ORDER): DID CAUSE OR ALLOW:

40 CFR 63.10042 definition of "Startup” |Firing of coal during startup before fully engaging the wet
and scrubber.

Table 3, Section 3 of 40 CFR 63 Subpart
Uuuuu

SWCAA 400-075

DETAILS / EVIDENCE:

Individual startup reports and quarterly reports submitted in accordance with 40 CFR 63 Subpart UUUUU
detail when the flue gas desulfurization (FGD) system (scrubber) was online and when coal firing began.

Effective July 8, 2024 EPA set a deadline (January 2, 2025) by which facilities could no longer use the second
definition of "startup" in 40 CFR 63.10042. The effect of this change was that the scrubber must be online
before coal is fired during startup.

Notice of Violation issued by

SWCAA REPRESENTATIVE: DATE ISSUED:
Clint Lamoreaux December 16, 2025
PHONE NUMBER- EMAIL ADDRESS:
360-574-3058 ext. 131 clint@swcleanair.gov
Delivery Method
IF DELIVERED IN PERSON

NAME / TITLE OF RECIPIENT:
[J IN PERSON

(x] USPS CERTIFIED MAIL
] ELECTRONIC MAIL

iSIGNING NOTICE DOES NOT CONSTITUTE AN ADMISSION OF GU]L{ i
SWCAA NOTICE OF VIOLATION v20251002



Important Information — Please Read

You may provide additional information for the Southwest Clean Air Agency (SWCAA) to consider when addressing

the above referenced alleged violation(s). You are also welcome to provide evidence of any corrective actions you have

taken, or will take, as evidence of prompt and effective corrective actions may reduce your penalty if a penalty is assessed.

If you wish to provide additional information. or schedule a meeting with the Agency, please do so within thirty (30)

days of receiving this notice. Depending on the circumstances, you typically will receive one of the following: (1)
Notice of Corrective Order (NCO), a (2) Notice of Civil Penalty (NCP) or (3) a Notice of Civil Penalty and Corrective
Order (NCPCO), unless the information you submit to SWCAA indicates that a violation did not occur. An NCO
orders prescribed corrective actions but assesses no civil penalty. An NCP assesses a penalty not to exceed $17,000
for each day of non-compliance. An NCPCO orders both corrective actions and a civil penalty. A civil penalty may
be issued no sooner than thirty (30) days after your receipt of this Notice of Violation. For any of these actions
you will receive further notification from the Southwest Clean Air Agency. Civil penalties and corrective orders
may be appealed to the Pollution Control Hearings Board (PCHB) within thirty (30) days of the date of receipt of an
NCO, NCP or NCPCO issued by SWCAA. For more information about appeals see RCW 43.21B, RCW
70A.15, and WAC 371-08 or visit https://eluho.wa.gov/boards/pollution- control-hearings-board.

|
SWCAA NOTICE OF VIOLATION ENFORCEMENT PROCESS

Step 1 Step 2 Step 3 Step 4 Step 5
Notice of Violation Within thirty (30) days Unless you have shown Within thirty (30) days ~ Unless you have been
(NOV) issued by of receipt of the NOV, that a violation did not  of receipt of an NCO, provided with relief by
SWCAA for permit provide SWCAA with occur, or that you were NCP or NCPCO issued PCHB, remit any
and/or regulation-based information to show not responsible for the to you by SWCAA, penalties to SWCAA

violations recorded by
the Agency.

that the violation did
not occur, or that you
were not responsible for
the violation recorded
by the Agency.

violation, and after at
least thirty (30) days
have passed from the
date the NOV was
received, SWCAA will
typically issue a Notice
of Corrective Order
(NCO)!, a Notice of
Civil Penalty (NCP)?
or a Notice of Civil
Penalty and Corrective
Order (NCPCO)®.

you may request
remission or

mitigation, or appeal
the civil penalties and/
or corrective orders to
the Pollution Control

Hearings Board

(PCHB).

! Notice of Corrective Order (NCO) - order prescribes corrective actions but no civil penalty.

and/or complete the
prescribed corrective
actions within the
timelines provided in
the NCO, NCP or
NCPCO letter.

2 Notice of Civil Penalty (NCP) - assesses a penalty not to exceed $17,000 for each day of non-compliance.

3 Notice of Civil Penalty and Corrective Order (NCPCQO) - assesses both a penalty, not to exceed 317,000 for each day of non-
compliance, as well as an order prescribing corrective actions.



BEFORE THE UNITED STATES DEPARTMENT OF ENERGY

Federal Power Act Section 202(c)
Emergency Order: Transalta

Centralia Generation LLC Order No. 202-25-11

N’ N N N N

Motion to Intervene, Motion for Clarification, and Requests for Rehearing and Stay
of Sierra Club, NW Energy Coalition, Washington Conservation Action, Climate
Solutions, Public Citizen, and Environmental Defense Fund
(collectively, “Public Interest Organizations” or “PI0Os”)

Exhibit 1-136:
Consent Decree
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THE HONORABLE JOHN C. COUGHENOUR

UNITED STATES DISTRICT COURT
WESTERN DISTRICT OF WASHINGTON

AT SEATTLE
SIERRA CLUB, et al., CASE NO. C13-0967-JCC
Plaintiffs, CONSENT DECREE

V.
BNSF RAILWAY COMPANY,

Defendant.

This matter comes before the Court on the parties’ motion to enter their proposed consent
decree (Dkt. No. 374). The United States has no objection to entry of the proposed consent
decree. (Dkt. No. 383.) Having thoroughly considered the motion and the relevant record, the
Court hereby GRANTS the motion and ENTERS the following consent decree:

WHEREAS, Plaintiffs Sierra Club, Puget Soundkeeper Alliance, RE Sources for
Sustainable Communities, Columbia Riverkeeper, Friends of the Columbia Gorge, Spokane
Riverkeeper, and Natural Resources Defense Council (collectively, Plaintiffs) filed a complaint
in this Court seeking civil penalties, as well as declaratory and injunctive relief, against
Defendant BNSF Railway Company (BNSF and collectively with Plaintiffs, the Parties) and
others on June 4, 2013, alleging violations of the Clean Water Act, 33 U.S.C. 8 1251, et seq.,
(the CWA or the Act);

CONSENT DECREE
PAGE -1
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WHEREAS, Plaintiffs filed a separate complaint in the United States District Court for
the Eastern District of Washington similarly alleging that BNSF and others had violated the
CWA (assigned Civil No. 2:13-cv-00272 (E.D. Wash.) and hereafter referred to as the Eastern
District Action);

WHEREAS, the Eastern District Action was transferred to this Court and assigned Civil
No. 2:14-cv-00660, after which it was consolidated with the above-captioned civil action (Dkt.
No. 84) (the Litigation);

WHEREAS, subsequent to consolidation, on May 6, 2015, Plaintiffs filed their third
amended complaint (Dkt. No. 113) naming only BNSF as a Defendant;

WHEREAS, prior to filing their initial complaint, Plaintiffs sent to BNSF and others
Notices of Intent to Sue dated April 2, 2013, and May 9, 2013, in which they stated their intent to
assert claims for alleged violations of CWA sections 301 and 404, 33 U.S.C. 8§ 1311, 1344, and
the Rivers and Harbors Act of 1899, 33 U.S.C. § 403, et seq., and further asserted that “[t]he
pollutants that the Dischargers have discharged, are discharging, and will continue to discharge
include, but are not limited to, coal, coal chunks, coal dust, metabolites or related byproducts of
coal, surfactants applied to the coal, coal chunks and coal dust, petcoke, petcoke chunks, petcoke
dust, and suppressants”;

WHEREAS, CWA Section 301(a), 33 U.S.C. § 1311(a), prohibits the unpermitted
discharge of any pollutant to waters of the United States;

WHEREAS, Plaintiffs brought their action against BNSF for alleged CWA violations
pursuant to Section 505 of the Act, 33 U.S.C. § 1365;

WHEREAS, BNSF is a Class | railroad operating in 28 states. BNSF transports freight,
including a number of commodities, for a wide range of customers. As a Class | railroad, BNSF
operates as a common carrier subject to the jurisdiction of the Surface Transportation Board
(STB). BNSF’s status as a common carrier requires the railroad to provide transportation of

goods on reasonable request;

CONSENT DECREE
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WHEREAS, coal and petroleum coke (petcoke) are among the commaodities that BNSF
transports for its customers. BNSF transports coal, petcoke, and other commaodities in open-top
railcars in the State of Washington and several other states;

WHEREAS, Paragraph 48 of Plaintiffs’ third amended complaint alleges that “[e]ach
and every coal train and each and every rail car carrying coal discharges coal pollutants to waters
of the United States when traveling adjacent to, over, and in proximity to waters of the United
States.” Paragraph 3 of the third amended complaint defines *“coal pollutants” to include “coal,
coal chunks, coal dust, metabolites or related byproducts of coal, and other substances or
materials added to the coal including, but not limited to, surfactants and suppressants, and
petroleum coke.” The third amended complaint further alleges that BNSF did not obtain any
permit to discharge any pollutants from its railcars;

WHEREAS, BNSF asserted defenses to the allegations contained in the third amended
complaint, expressly denies Plaintiffs” allegations in their entirety, and admits no liability by
entering this Consent Decree;

WHEREAS, the Parties recognize that this Consent Decree is a settlement of a contested
matter;

WHEREAS, the objective of the Parties in entering this Consent Decree is to resolve the
Litigation; and

WHEREAS, the Parties acknowledge that this Consent Decree has been negotiated by
the Parties in good faith and will avoid further litigation, and the Court, in entering this Consent
Decree, finds that this Decree is fair, reasonable, and in the public interest.

NOW, THEREFORE, without the admission of any issue of fact or law except as
provided in Section I, and with the consent of the Parties,

IT ISHEREBY ADJUDGED, ORDERED, AND DECREED as follows:
l. GENERAL PROVISIONS

1. Jurisdiction and Venue. This Court has jurisdiction over the subject matter of this action

CONSENT DECREE
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and the Parties pursuant to 28 U.S.C. § 1331 and 33 U.S.C. § 1365(a). Venue is proper in this
judicial district pursuant to section 505(c) of the Act, 33 U.S.C. 8 1365(c), because the complaint
alleges that discharges in violation of the Act occurred in this judicial district. BNSF does not
challenge the terms of this Consent Decree or this Court’s jurisdiction to enter and enforce this
Consent Decree.

2. Retention of Jurisdiction. This Court shall retain jurisdiction for the purposes of issuing

such further orders and directions as may be necessary and appropriate for the implementation or
modification of this Consent Decree, enforcing compliance with, or resolving disputes regarding
the provisions of this Consent Decree.

3. Reservation of Rights. The Parties reserve the right to enforce the terms of this Consent

Decree and take any action authorized by federal or state law not inconsistent with this Consent
Decree.

4, Parties Bound. This Consent Decree shall be binding upon Plaintiffs, BNSF, and their
respective officers, agents, servants, employees, successors, and assigns.

5. Counterparts. This Consent Decree may be signed in counterparts, and such counterpart
signature pages shall be given full force and effect.

6. DOJ and EPA Review. The Parties recognize that, under 33. U.S.C. § 1365(c)(3), this

Consent Decree can be entered only forty-five (45) days after the Attorney General of the United
States and the Administrator of the Environmental Protection Agency receive a copy of this
proposed Consent Decree. Plaintiffs shall serve copies of the executed Consent Decree upon the
Administrator of the United States Environmental Protection Agency, the Attorney General, and
the Regional Administrator for EPA Region 10, and Plaintiffs shall provide notice to the Court of
the foregoing requirements, as required pursuant to 40 C.F.R. § 135.5.

7. Final Judgment. Upon approval and entry of this Consent Decree by the Court, this

Consent Decree shall constitute a final, non-appealable judgment of the Court under Rules 54

CONSENT DECREE
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and 58 of the Federal Rules of Civil Procedure.

1. CAR COVER STUDY
8. BNSF shall conduct a study to assess the commercial and operational feasibility of car
covers for use on open-top coal and petcoke railcars (the Car Cover Study). In its sole
discretion, BNSF may conduct this study in cooperation with various interested stakeholders,
including without limitation, the Association of American Railroads, its customers, mine
operators located in the Powder River Basin, or others invited by BNSF, to the extent they may
agree to participate. It is anticipated that the Car Cover Study will occur over a period of
approximately two years following entry of this Consent Decree.
0. BNSF’s obligation to conduct the Car Cover Study under Paragraph 8 shall require BNSF
to assess only car cover designs for which a functioning prototype is reasonably available to
BNSF within six months of the date of entry of this Consent Decree. As part of the first phase of
the Car Cover Study, BNSF shall conduct outreach and solicit participation from car cover
manufacturers.
10. This Consent Decree shall not be construed to require BNSF to assess any conceptual car
cover design or develop any car cover design. As between the Parties, BNSF is exclusively
responsible for conducting and overseeing the Car Cover Study, as well as arranging for
equipment and personnel.
11. Once during each six-month period (January—June and July—December of each year) until
the conclusion of the Car Cover Study, BNSF shall provide to Plaintiffs electronic copies of final
versions of all reports, technical specifications of car cover designs, testing results, testing
procedures, and testing data created for the Car Cover Study. Prior to receiving any such
information pursuant to this Paragraph, each Plaintiff organization shall execute a confidentiality
agreement acceptable to all study participants, including without limitation any companies whose
covers will be assessed. Plaintiffs acknowledge that BNSF reserves the right to redact cover

manufacturer-, customer-, mine- and utility-specific information in any document provided

CONSENT DECREE
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pursuant to this Paragraph, and Plaintiffs agree that the redaction of such information shall not be
a basis for challenging the adequacy of BNSF’s compliance with this Paragraph. In the event
that Plaintiffs contend that any information redacted by BNSF prevents Plaintiffs from assessing
compliance with this Consent Decree, Plaintiffs may invoke the Dispute Resolution provisions in
Section VIII to contest the necessity for such redactions.

12, If, in its sole discretion, BNSF determines that any car cover design assessed under
Paragraph 8 is commercially and operationally feasible, then BNSF shall undertake good faith
efforts to amend the safe harbor provision of BNSF Price List 6041-B (the Coal Loading Rule) to
add such car cover design(s) within 90 days of the conclusion of the car cover study. A decision
by the STB concluding that any amendment to the Coal Loading Rule proposed pursuant to this
Paragraph is unreasonable or otherwise invalid shall not constitute the basis for any allegation
that BNSF has not complied with its obligations under this Consent Decree.

13. For the purpose of Section Il, commercial and operational feasibility of a car cover
design shall mean that a particular car cover (a) when used during loading and unloading
operations, and in transit, poses no unreasonable risk of property damage or of bodily harm to
BNSF employees, employees of any shipper for which BNSF transports coal and/or petcoke,
employees of any mine, or to the general public; (b) can be physically attached to existing open-
top railcars transported by BNSF without unreasonable modification to such railcars, (c) will
function properly and as intended throughout all operational conditions encountered by BNSF
trains while in-transit, (d) complies with all applicable regulatory requirements and industry
equipment and interchange rules, (e) conforms to all applicable BNSF clearance and operational
requirements, (f) requires no unreasonable modifications to equipment or processes used in
loading or unloading coal and petcoke into or out of railcars, (g) would not be unreasonably
expensive to procure, install, operate, replace, repair, or maintain; and (h) otherwise meets the
requirements of the Coal Loading Rule. Notwithstanding any such determination of commercial

and operational feasibility by BNSF, mines, shippers, or any other entity providing rail cars

CONSENT DECREE
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cannot be required by BNSF to adopt or accept any specific railcar covers or associated
modifications to equipment or loading or unloading processes.
14, In the event that BNSF determines in its sole discretion that there exists one or more car
cover design that is commercially and operationally feasible under Section I, BNSF shall
present the results of the Car Cover Study at the following rail transportation and coal industry
meetings or conferences during the two-year period following the conclusion of the Car Cover
Study: American Railway Engineering and Maintenance of Way Association meetings, the
National Coal Transportation Association meetings, and the Railroad Environmental Conference.
BNSF shall provide Plaintiffs with copies of any materials that BNSF uses to present the results
of the Car Cover Study at those events.

1. REMOVAL
15. BNSF shall remove significant accumulations of coal and/or petcoke materials in areas
on or adjacent to BNSF’s right-of-way at each of the locations identified in Appendix A to this
Consent Decree, as identified at trial and in designated deposition testimony. BNSF shall
complete this initial removal of accumulations of coal and/or petcoke materials from each of
these locations no later than one (1) year from entry of this Consent Decree.
16.  Within thirty (30) business days of completion of the removal of coal and/or petcoke
material at each site required by Paragraph 15, BNSF shall notify Plaintiffs that the removal is
complete. The notification shall include before and after photographs and other documentation
reasonably necessary to demonstrate that BNSF has removed materials consistent with Paragraph
15.
17. BNSF shall conduct follow-up inspections of each area identified in Appendix A two
times during the period of this Consent Decree. BNSF will use good faith efforts to conduct the
first inspection between 9-12 months after service of the notification required by Paragraph 16,
and the second 9-12 months after the preceding inspection, subject to the availability of

sufficient track windows, and taking into consideration weather, safety, and other factors that
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could restrict the time available to conduct an inspection. Within thirty (30) days of each
inspection, BNSF shall provide Plaintiffs with a statement as to whether any significant
accumulations of coal and/or petcoke materials require removal consistent with Paragraph 16.
18. In the event that BNSF identifies significant accumulations of coal and/or petcoke
materials in areas on or adjacent to BNSF’s property during either of the two subsequent
inspections required by Paragraph 17, BNSF shall remove such materials in the same manner as
in Paragraph 15. Within thirty (30) days of completion of any additional removal required by
this Paragraph, BNSF shall notify Plaintiffs in writing that this additional removal is complete.
The notification shall include photographs or other documentation reasonably necessary to
demonstrate that BNSF has complied with its obligations under this Paragraph.

19. BNSF’s obligation to remove significant accumulations of coal and/or petcoke material
under Paragraphs 15 and 18 shall be limited to material on land. BNSF is only required to use
non-invasive methods or techniques (e.g., vacuuming) to conduct the removal, and the means
and methods to conduct the removal required under Section Il are within BNSF’s sole
discretion. In no event shall BNSF be required under this Consent Decree to conduct any
removal activities in any waterway, including any water of the United States, or conduct any
ballast or track maintenance activities to remove materials from BNSF track, nor shall BNSF be
obligated to remove non-significant accumulations or scattered, individual pieces or fragments of
coal and/or petcoke material. BNSF shall not be required through this Consent Decree to remove
coal and/or petcoke materials under Paragraphs 15 or 18 from any property in the event that any
property owner declines to allow BNSF or its contractors access to their property under
reasonable conditions.

20. In the event that Plaintiffs disagree with any determination that (a) BNSF has completed
removal of significant accumulations of coal and/or petcoke material at any location under
Paragraphs 15 and 18, (b) any subsequent inspection pursuant to Paragraph 17 identified no new

and significant accumulations of coal and/or petcoke material that require removal, or (c) BNSF
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has completed any subsequent removal of significant accumulations of coal and/or petcoke
material required under Paragraph 18, Plaintiffs may invoke the Dispute Resolution procedures
in Section VIII.

V. SUPPLEMENTAL ENVIRONMENTAL PROJECTS
21.  Within 30 days of the date this Consent Decree is approved by the Court, BNSF shall pay
$1,000,000 to The Rose Foundation for Communities and the Environment for projects to
improve water quality or habitat in the State of Washington (and, to the extent they may improve
habitat or water quality of the Columbia River, in the State of Oregon). (See Dkt. No. 374-1.)
Such payment shall be made by check payable and mailed to The Rose Foundation for
Communities and the Environment, Attention: Tim Little, 1970 Broadway, Suite 600, Oakland,
California 94612, and shall bear the notation “Sierra Club, et al. v. BNSF Railway Co., Clean
Water Act Settlement,” with a copy provided to Plaintiffs at the time payment is made.

V. RELEASE AND COVENANT NOT TO SUE

22. Plaintiffs release BNSF for all claims that were or could have been brought in this
litigation.
23. Plaintiffs covenant not to sue BNSF system-wide under the Clean Water Act or
analogous state law or any common law theory on the theory of material leaving open-top rail
cars and entering waters of the United States or waters of any state for any events or occurrences
arising over the next five (5) years.
24.  Any information provided by BNSF to Plaintiffs pursuant to this Consent Decree shall
not be admissible in any proceeding against BNSF or any entity that meaningfully participates in
the Car Cover Study (as that term is defined in Section Il). Notwithstanding the previous
sentence, information provided by BNSF to Plaintiffs pursuant to this Consent Decree may be
used in proceedings to enforce the terms of this Consent Decree.
25. If the Consent Decree is terminated prior to five (5) years from the date of entry of the

Consent Decree, the provisions of Paragraphs 23 and 24 shall survive for the remainder of the
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five (5) year term of the covenant not to sue.
26. The Parties agree that, as of the date of the entry of this Consent Decree, litigation is not
“reasonably foreseeable” concerning the matters described in the third amended complaint. To
the extent that any Party previously implemented a litigation hold to preserve documents or
electronically stored information related to the Litigation, the Party is no longer required to
maintain such litigation hold. Nothing in this paragraph relieves any Party of any other
obligations imposed by this Consent Decree or of the obligation to implement a litigation hold
concerning the rights, obligations, and duties set forth in this Consent Decree.
VI. ATTORNEY FEES AND COSTS

217, By entering into this Consent Decree, BNSF in no way acknowledges or concedes that
Plaintiffs are entitled to recover any costs of litigation (including attorney fees or expert witness
fees).
28. Notwithstanding Local Civil Rule 54, within sixty (60) days of entry of this Consent
Decree, Plaintiffs may file with the Court a petition under 33 U.S.C. § 1365(d) seeking an award
of attorney fees and litigation costs (including but not limited to expert witnesses’ fees and
costs). BNSF reserves the right to contest such a petition.

VIl. FORCE MAJEURE AND EXCUSABLE DELAYS
29. BNSF shall perform all requirements under this Consent Decree in the manner and within
the time limits established herein, unless performance is delayed or prevented by Force Majeure
or Excusable Delay, which are defined for purposes of this Consent Decree as events or
circumstances arising from causes not reasonably foreseeable and beyond the control of BNSF,
or any entity controlled by BNSF or BNSF’s contractors, which delay or prevent performance of
any obligation under this Consent Decree despite due diligence and best efforts to fulfill the
obligation. Events and circumstances beyond the control of BNSF may include, without
limitation, earthquake, flood, hurricane, severe weather or other acts of God, war, riot, fire,

injunction, labor stoppage, freight embargo, material shortages, and compliance with any law,
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rule, or decree of any governmental body, either now existing or hereafter created, that conflicts
with the requirements or obligations of this Consent Decree. Such events and circumstances do
not include normal inclement weather, financial inability to complete the work, increased cost of
performance, changes in BNSF’s business or economic circumstances, or the failure to obtain
federal, state, or local permits, authorizations and approvals, unless BNSF has made timely and
complete application for such permits, authorizations, and approvals.
30. BNSF shall notify the Plaintiffs in writing within ten (10) business days after becoming
aware of an event or circumstance that BNSF believes constitutes Force Majeure or Excusable
Delay that may prevent or delay performance of an obligation under this Consent Decree.
BNSF’s notification shall describe in detail the anticipated length of the delay, the precise cause
or causes of the delay, the measures taken and to be taken by BNSF to prevent or minimize the
delay, and a timetable by which those measures will be implemented. BNSF shall adopt all
reasonable measures to avoid or minimize any such delay. BNSF shall include in the notification
a proposed extension of the deadline associated with any obligation under this Consent Decree
whose performance may be prevented or delayed by unforeseeable events or circumstances
beyond BNSF’s reasonable control.
31. Unless BNSF’s notice contains no reasonable basis to conclude that the circumstance,
event, or anticipated event identified in the notice has caused or will cause a delay that
constitutes a Force Majeure or Excusable Delay, the time for performance shall be extended by
an appropriate period substantially equal to the necessary delay.

VIIl. DISPUTE RESOLUTION
32. The Dispute Resolution procedures of this Section shall be the exclusive mechanism for
the parties to raise and resolve disputes arising under or with respect to this Consent Decree
(Covered Dispute).
33. A Covered Dispute shall be considered to have arisen when one Party sends the other

Part(ies) a written Notice of Dispute.
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34.  Any Covered Dispute shall, in the first instance, be the subject of informal negotiations
between the Parties in an attempt to resolve the dispute in good faith and in an expeditious
manner. The Parties shall have thirty (30) days following receipt of a Notice of Dispute to reach
agreement.
35. If the Parties cannot reach agreement on the dispute during the 30-day period provided
under Paragraph 33, Plaintiffs and BNSF shall jointly file a motion with the Court requesting
resolution of the Covered Dispute. Plaintiffs and BNSF shall append to that motion written
statements not to exceed five (5) single-spaced pages (excluding attachments or exhibits) setting
forth their respective proposed resolutions of the dispute.
36. The Parties shall comply with any written agreement reached as a result of informal
negotiations conducted during the 30-day period provided for by Paragraph 33, including any
extension of time to comply with a schedule or deadline required by this Consent Decree, so long
as the agreement does not constitute a material change to any terms of this Consent Decree.
Section X of this Consent Decree shall govern the process for any proposed material changes to
the terms of this Consent Decree.

IX. NOTICES
37. Unless otherwise specified herein, any notification, submission, statement of position, or
communication required by this Consent Decree shall be made electronically, unless otherwise

requested, and addressed as follows:

As to Plaintiffs: Charles M. Tebbutt, charlie@tebbuttlaw.com
Daniel C. Snyder, dan@tebbuttlaw,com
David Pettit, dpettit@nrdc.org
Jessica Yarnall Loarie,
jessica.yarnall@sierraclub.org

As to BNSF: Timothy M. Sullivan, tsullivan@bdlaw.com
Dava Kaitala, Dava.Kaitala@BNSF.com
Brooke Gaede, Brooke.Gaede@BNSF.com
/!
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38.  Any Party may, by written notice to all other Parties, change its designated notice
recipient or notice address provided above.
39. Notices submitted pursuant to this Section shall be deemed submitted upon electronic
transmission, unless otherwise provided in this Consent Decree or by mutual agreement of the
Parties in writing.

X. MODIFICATION
40. This Consent Decree contains the entire agreement of the Parties and shall not be
modified by any prior oral or written agreement, representation, or understanding. Any non-
material modification of this Consent Decree after entry may be made without approval of the
Court but must be in writing and approved by the Parties.
41.  Any material modification to any term of this Consent Decree shall be effective only
upon approval by the Court.
42. A Party shall not petition the Court for modification without having first made a good
faith effort to reach agreement with the other Part(ies) on such modification. Notwithstanding
the above, any Party may, after having made such effort, petition the Court for a modification of
this Consent Decree and the Court shall rule on any such petition pursuant to law in effect at
such time. Any ruling by the Court on a petition for modification may be appealed by a Party in

accordance with law.

XI. TERMINATION
43. Upon completion of all of the work required by this Consent Decree, BNSF shall notify
Plaintiffs in writing that it has fully satisfied all Consent Decree requirements. This notification
shall indicate the case name and civil action number.
44, Should Plaintiffs disagree with BNSF’s notification under Paragraph 43, Plaintiffs may

invoke Dispute Resolution pursuant to Section VIII within ten (10) days of receipt of the

CONSENT DECREE
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certification.
45, Following the notification that BNSF has completed all work required under the Consent
Decree, either Party, or the Parties jointly, may move this Court to terminate this Consent
Decree.

IT IS SO ORDERED.

DATED this 2nd day of May 2017.

\v4

\LC@ s

John C. Coughenour
UNITED STATES DISTRICT JUDGE
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APPENDIX A
Removal Sites

Filed 05/02/17

Segment of BNSF Right Of Way

Description Start End
Rail Bridge at Drano Lake and Drano 45.710015 N, 45°42'41.21"N
Lake Parking Area 121.639022 W | 121°38'58.01"W

Confluence of White Salmon and
Columbia Rivers

45°43'42.30"N
121°31'15.54"W

45.729216 N
121.524720 W

Confluence of Rock Creek and
Columbia River

45°41'23.24"N
121°53'15.21"W

45°41'20.77"N
121°53'19.90"W

Horsethief Lake Site — Area in 45.646089 N 45.639152 N
vicinity of public access to boat ramp | 121.096466 W | 121.104766 W
and along the top of the causeway

Causeway near Murdock 45.658225 N 45.658771 N

121.198597 W

121.198875 W

CONSENT DECREE
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WESTERN ASSESSMENT
OF RESOUR%Q)EQUACY

2024
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The pace of change is increasing the risks to
reliability across North America. The supply of
electricity is not growing fast enough to keep up with
demand growth. What was once a simple problem of
supply and demand has become complicated by rapid

change and increasing variability. Unless we

prioritize reliability as the resource mix evolves and

becomes more variable, we are at risk for serious and
more frequent disruptions. The West must move
quickly and more decisively to ensure resource

adequacy over the next decade.




WECC's annual Western Assessment of Resource
Adequacy (Western Assessment) examines
resource-adequacy-related risks concerning the
reliability of the Western Interconnection over the
next 10 years. Through an energy-based
probabilistic approach, WECC looks at the risks
throughout the interconnection and five subregions.
This work is meant to help stakeholders target
specific areas and topics for deeper evaluation and

mitigation.



The forecast rate of demand growth over the next decade is
double what was forecast just two years ago.

Curren resource plans orecas s aggeringdemand grow hover henex decade.For he Wes ern

n erconnec ion, annual demand is orecas o grow 20.4%, rom 942 TWhin 2025, o 1,134 TWhin 2034.
Tha grow hra eismore handouble he 9.6% grow h orecas inresource plans filed in 2022, and over our
imes he his orical grow hra eo 4.5% be ween 2013 and 2022.

New large loads create reliability challenges that must be
addressed immediately.

Amajordriver or heincrease indemandover henex 10yearsis heexpansiono large loads like da a

cen ers,manu ac uring acili ies, and cryp ocurrency mining opera ions. These loads consume immense
amoun so energy, can be cons ruc ed quickly, havedi eren consump ionpa erns,and require changes or
addi ions oin ras ruc ure. nsome cases, large loads require as eady supply o powera all imes, while in
o her cases, heir demand can fluc ua e, crea inganeed or large ramping capabili y. There can be challenges
wi h he way large loads behave during grid dis urbances, including heir ride- hrough capabili y. According
ocurren plans, hee ec so large-load grow haregrea es in henex hree o five years; however, more
large loads will likely be added o u ure orecas s.

To meet growing demand, entities plan to build
unprecedented amounts of new resources over the next
decade. Never has generation been built in the West at the
rate called for in current resource plans. These plans could be
unattainable given past struggles to build planned resources
ontime.

Curren resource plans include 172 GW o new genera ion resources o be buil in he nex decade. Thisis
more handouble he genera ion capaci y added in helas 10 years and will require an excep ionale or o
carry ou . Be ween 2014 and 2023, en i ies added 74 GW o new genera ion. Demand grow h and resource
re iremen saredrivingup he number o new resources neededin he nex 10years.

If demand grows as expected and industry experiences delays
and cancellations in building new resources over the next
decade, the West will face potentially severe resource
adequacy challenges.

Over helas sixyears,only 76% o planned resource addi ions came online in he year scheduled, and in
2023, ha number was 53%. Resource margins are shrinking, leaving less bu er or cancelled and delayed
projec s.  heresource build-ou over henex 10years mimics helas five years, by 2034, he Wes will
have hundreds o hours each year when demandisa risk.

Variability will continue to increase, exacerbating the risk of
having inadequate dispatchable energy.

Over85%0 he 172 GW o planned resource addi ionsin he nex decade are variable resources (wind and
solar),ba erys orage,or ahybrid. The addi ion o so many energy-limi ed resources, along wi h decreases in
baseload resources and changes in load pa erns, is crea ing more variabili y in he sys em. This increases
uncer ain y as owhen and how much energy is needed and available. As uncer ain y increases, risk
increases.



Is the current resource planning structure adequate?

En i yresource plans seem overly op imis ic. While planning en i ies provide specificin orma ion abou he
resources heyplan oaddin henex one ofiveyears,in many cases, hey provide generic, non-specific
"placeholder” resources in long- erm planning five o enyearsou . Tradi ional resource planning and review
prac icesdo no have amechanism oensure ha resources will ac ually be buil .



Load Growth

Over at least the last decade, the Western Interconnection
has experienced fairly steady and predictable load growth.
This has changed. Large loads like data centers,
manufacturing facilities, and cryptocurrency mining
operations, as well as large-scale electrification, add

substantial demand to the system in a very short time.




Load Changes

Annual Demand

Demand or elec rici yacross he Wes ern n erconnec ionisexpec ed o
grow 20.4% over henex 10years. Tha ismore handouble he 9.6%
grow hprojec ed in resource plans filed in 2022. Mucho hisincrease is
a ribu ed oplans orlargeload acili ies across many areasin he Wes .
0Thegrea es areao loadgrow his he Deser Sou hwes (DSW),

whichis orecas ingalmos 35% load grow hover henex decade.

Theissueisno confined o he 10-year u ure. arge-loadgrow ha ecs
every year over he nex decade,wi hgrea ere ec in henex ewyears.
For example, in 2023, he load projec ions or he NW-Cen ral subregion
showed a change rom 128 TWhin 2025 o 139 TWhin 2034. This year's
projec ions show an alarming increase inbo h he near and long- erm:
rom 167 TWhin 2025 o0 190 TWhin 2034. Da acen ers, manu ac uring
acili ies,and oalesserex en elec rifica ion, aredriving his increase.

Peak Demand

Peak demand in he Wes ern n erconnec ionoccursin he summer.
Based on plans submi ed by he BAs, he expec ed peak demand or he
Wes ern n erconnec ionwill grow rom 164 GWin 2025 0193 GW in
2034, anincrease o 17.2%. Thisrepresen s asligh increase rom 2023
resource plans.
According o0 2024 resource plans, he projec ed peak o is sligh ly lower
or NW-Cen ral hani wasin 2023 plans,whilei issligh ly higher or he
DSW subregion. For he Cali ornia-Mexico (CAMX) subregion, he peak
reflec ed in 2024 plans is also sligh ly lower each year un il 2034, when
he projec ed peak demand is iden ical (66 GW) o he projec ions made
in 2023. The projec ions or NW-Nor heas haveno changed much
be ween 2023 and 2024 resource plans, while he 2024 projec ions are
sligh ly lower or he NW-Nor hwes subregion.

n addi ion, al hough he peak demandin he Wes ern n erconnec ion
overall occursin he summer,manyen i iessee heir peakdemandin he
win er.As heclima e changes, someo heseen i ies are becoming dual-
peaking. This in roduces challenges o resource planning oren i ies ha
have his orically seen one predominan peak.

See_he appendix or morein orma ionabou hedriverso load grow h.
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The planned addition of large-load centers, as
well as electrification, has caused the load-

forecast growth rate to more than double over
the next decade, changing the game for system
planning.

Impact of Large Loads

arge loads like da acen ers,manu ac uring acili ies, and cryp ocurrency
mining opera ions add a large amoun o concen ra edload o hesys em.
n some cases, new large loads inunda e a service area, overwhelming
exis ingin ras ruc ure. Some new large-load consump ionpa ernsare
di eren han radi ional load pa erns, requiring around- he-clock

energy. O hers have asignifican amoun o variabili y.

n egra ing large loads o en requires changes or addi ions o power

sys emin ras ruc ure. arge-load acili ies can bebuil rela ively quickly,
as as as 18 mon hs, while building new genera ion resources and
ransmission in ras ruc ure can ake years. naddi ion, he ques iono
cos alloca ion can complica e hecons ruc iono newin ras ruc ure.



Resource Changes

Resource plans for the next 10 years include large
numbers of new generation resource projects. Never has
generation been built in the West at the rate called for in
many current resource plans. Delays or cancellation of
these projects can put resource adequacy and reliability at

risk.



Planned Additions

Western Interconnection Planned Resource Additions

30
Planned Resource Additions » W I l
20
Over henex decade,en i iesin he Wes ern n erconnec ionplan oadd & ’ . .
more han 172 GW o new genera ion capaci y—almos 145 GW in c® . |1
ba erys orage, solar, and wind, according o resource plans filed in 2024. " - =
o Tha isup rom 121GW o resourcesin 2023 10-year plans ) andis » I I . i I = . B
more handouble hearrto!.m o gene'm ing ca]:.baci' yaddedin helas 10 2 P ; S Bme e B B 50 2:
® Hydro ® Natural Gas Nuclear u Other
& Petroleum & P'umped Storage w Solar - Wind

Comparison of Proposed and Constructed Capacity 2018-2023

25
22 - Historical Resource Additions
10 Be ween 2018 and 2023, approxima ely 76% o he proposed resource
5 n * addi ions came online in he year scheduled. n2023,0only 53% 0 he new
0 * * K2 - * genera ion resources @ scheduled o come online ha year ac ually
< & > o P o & 3 .
@ef & & \‘%‘ & 8 & &8 came online; heres were delayed or cancelled.
® &° & & \J
M R
<
mConstructed & Proposed
Projected Renewable Resource Capacity Growth
70
Solar 60
En i iesplan oaddnearly 68 GW o solarcapaci yover henex decade, %
more hanany o herresource. This will almos riple he amoun o solar - 40 -
capaci y ha wasinopera ionin 2023 (35 GW). G s
Wind 20
10 - v -
Wind capaci yis projec ed ogrow by nearly 40 GW rom now un il 2034. o= - -0
This increase willmore han double he 37 GW in opera ion in 2023. ” " .
2025 2026 2027 2028 2009 2030 2031 2032 2833 2034
«+ « 4+ Batiery/Hybrid Solar we eweWind e o Other
Battery Storage Capacity 2012-2034
@ Battery Storage

According 02024 resource plans,ba erys orage will grow by more han
37 GW by 2034. n 2022, resource plans projec eda o alo 23GWo
s orageby 2032,and ha was 14 imes more hanwha wasopera ional
in2021 (1.6 GW).Aso 2023, here was more han 10GW o energy
s orage(ba eryando her ormso s orage)ins alledin he Wes ern
n erconnec ion, primarily ba eries bu also pumped hydro. One major
drivero news orageis heex ensiono heinves men axcredi ( TC)
or s orage-solar projec s and crea iono a30% TC ors andalone

s orage.
W Actuzl % Planned
Retirements
Planned Retirements Western Interconnection Planned Retirements 2025-2034
2025 2026 2027 A28 2029 2030 2031 2032 2033 2034
Eniiesplan ore ire 25.85GW o genera ionover henex 10years. This 0 -
is down sligh ly rom resource plans filed in 2023, inwhichen i ies 1,000 I I
planned ore ire 27 GW over he nex decade, bu is up considerably over
helas 10years.Re iremen da esover he coming decade varied sligh ly Kiiad
compared o resource plans filed a year ago,bu did no vary as much Z 300 -
compared o here iremen delays we saw in 2023 resource plans. n =
2025, orexample, curren resource planscall or 5.1 GW ore ire,up B
rom 4.2 GW in 2023 resource plans (bu s ill down considerably rom -5,000
2022 plans, when 7.4 GW weresla ed orre iremen in 2025). Curren
plans also show a significan change in re iremen sin 2033. A year ago, el
WBomass @Coal WHydro ®Geothermal WNaturalGas ®Nuclear #Solar ®Wind

3.8GWwasse orre iremen in2033;in2024, ha dropped o 1.3GW.
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Changes in Planned Retirements

Mos o hese planned re iremen s(more han 24 GW) are baseload
genera ion, such as coal, na ural gas, and nuclear. n2025, more han4.4
GWo coalisse orre iremen ,and more han3.6 GW o gasissla ed or
re iremen in 2026.

n December 2023, Cali orniaregula orsvo ed o allow Diablo Canyon
nuclear plan o remain open an addi ional five years—un il 2030;i had
beense oclosein2025. Diablo Canyons wo reac ors have a combined
genera ing capaci yo more han2.2 GW and accoun ed or 7% o
Cali orniasin-s a eelec rici y genera ion in 2023.



Scenario Analysis

Challenges like supply chain issues, geopolitical
turbulence, a shortage of skilled workers, siting issues,
and the increasing interconnection queue can disrupt
planned resources, which puts the interconnection at risk

for resource shortfalls.



Scenario Analysis



His orically, he number o new resources ha were buil
according oplanand on ime has varied. n 2023, only 53%
o planned resources were success ully buil and brough
online as scheduled. no heryears hesuccessra ewas

be er.Be ween 2018 and 2023, only 76% o0 planned
resource addi ions came online as scheduled.

he pas isamodel or building planned resources over he
nex 10 years, resource adequacy will be a risk. To examine
his, WECC evalua ed our resource build-ou scenarios: 0

s All planned resources are buil on ime
. 95%0 planned resources are buil on ime
= 85%o0 planned resources are buil on ime

= 55%o0 planned resources are buil on ime

All Additions Scenario

all planned addi ions are comple ed and opera ional on
ime, here are 89 demand-a -risk hours 0 over henex

decade.

95% Scenario

n his scenario, hereisdemand a risk in every year excep
2024 and 2026. n 2025, hereare hree hourso demand a
risk,allin he NW-Nor hwes subregion. By 2034, ha
number increases o 91 demand-a -risk hours across he
NW-Nor hwes and NW-Nor heas subregions.

NW-Nor hwes :Mos o hedemanda riskisin his
subregion, including all hree hours in 2025 and 82 hours
in2034.

NW-Nor heas :A o alo 46 hourso demandisa risk

over henex 10 years.

85% Scenario

only 85% 0 resources are buil on ime,demand a risk
begins o increase significan ly in 2029, when 36 hours are a
risk. This increases nearly every year un il 2034, when 129
hourso demandisa risk. Thevas majori yo hedemanda
riskisin he NW-Nor hwes subregion.

NW-Nor hwes : There is minimal impac in he shor - erm
—a o alo 16 hourso demanda risk hrough 2028.Tha
increases nearly every year hrough heendo he 10-
year period, peakinga 87 demand-a -risk hours in 2034.

NW-Cen ral: Demand-a -risk hours appear in 2031, wi h

a o alo 16 hours,and increase o 41 hoursin 2034.

55% Scenario

n hisscenario, herearea o alo eigh demand-a -risk
hours in 2025 growing o 952 hours by 2034.

= CAMX: CAMX relies heavily onimpor s, resul inginno
demand-a -risk hoursin his scenario.

DSW:Demandisa risks ar ingin 2028 (one hour) and
increases o 69 hoursin2034.

NW-Nor hwes : Demandis a risk every year over he 10-
year period, s ar ingwi h 8 hours in 2025 and climbing o
787 hoursin 2034

NW-Nor heas : Demandisa risk everyyears ar ingin
2029 wi h wo hours and increasing o 31 hoursin 2034

NW-Cen ral:Demandisa riska er2031,wi ha

maximumo 65 hoursin2034
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orin orma iononhowdemanda risk was

calcula ed.
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If significant numbers of new resources are
delayed or cancelled, much of the Western
Interconnection may not be resource adequate

Supply Chain
Disruptions

Supply chainissues ha sur aced
during he pandemic in 2020
con inue oa ec heindus ry,

par icularly he cons ruc iono
new projec sand he

in erconnec iono new
genera ing resources. A recen
survey ound ha supplychain
issues remain a significan
problem in 2024.

over the next decade.

Interconnection Queue

The in erconnec ion queue

na ionwide grew more han 30%
in 2023 and has increased

eigh oldin helas decade.The
planned addi ions over he nex
10 years will exacerba e his

issue, al hough FERC Order 2023

calls orre orms oreduce he
backlog and address uncer ain y
in hein erconnec ion process.

ad

Siting Delays

There has been increasing
resis ance o building new energy
acili ies, par icularly wind, solar,
and ba ery projec s. These
projec s have encoun ered
opposi ionina leas 45s a es,
according oarecen repor_ ha
ound ha local opposi ion o
new energy acili iesis
widespread and growing.

Increased Costs

ncreased cos so ma erials or
new wind and solar cons ruc ion,
ransmission expansion, and
replacemen o plan equipmen
have caused projec delays and
main enance de errals. The rise in
in eres ra esinrecen years has
alsosubs an ially increased he
cos o capi al orallenergy
projec s.



Variability

The addition of 107 GW of variable resources and
retirement of 26 GW of generation, most of which is coal
and natural gas, will increase system variability in the
next 10 years. These changes increase risk and create

challenges in system planning and operation.



Replacing Generation Resources

Over henex decade, he addi iono 107 GW o wind,solar,andba ery
hybrid genera ion mus cover load increases and replace 26 GW o re ired
resources,o which almos 25 GW are coal, na ural gas, and nuclear
resources. The capaci y ac oro variable resources is lower han
baseload resources like coal, na ural gas, and nuclear. 0 Replacing he
25GW o re ired baseload resources will require much more ins alled
capaci yo wind, solar, and s orage resources.

Wind

Solar
Petroleum
Nuclear
Natural Gas
Hydro
Geothermal
Coal

Biomass

2023 Capacity Factors by Fuel Type (Source: EIA)

—_——————
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Increases in variable resources, decreases in
baseload resources, and changes in load

patterns are driving an increase in variability
across the system. Variability creates
uncertainty, and uncertainty creates risk.

Tradi ionally, resource planning has been based on capaci y
and ocused onensuring here is enough capaci y omee
peak demand. This has been based on he assump ion ha
resources are available as expec ed (accoun ing or orced
ou ages). However, wi h increasing variabili y, looking only a
resource capaci y is no longer enough. An examina iono
energy availabili yiscrucial oensuring he Wes has enough
energy omee demanda allhourso heyear.

WECC receives namepla e capaci y and his orical genera ion
in orma ion rom Balancing Au hori ies. From his, WECC
calcula es he expec ed energyou pu o each resource and
aggrega es ha number oge heexpec edenergy or he
en ire resource flee . The expec ed energy is lower han he
namepla e capaci y because resourcesdo no producea ull
capaci yall he ime. Anincrease in energy-limi ed resources
widens he gap.

As hevariabili yo he resource mix increases,sodoes he
rangeo possible genera ionou pu a anygiven ime.
Depending on sys em and resource flee condi ions, more or
less han he expec ed energy may be available. ns ances
when less energy is available can crea e risk, par icularly
when load is high. This can be he case during ex reme

wea hereven s ha cause simul aneous load increases and
reduc ions inwind and solar ou pu .

To address his, WECC calcula es he probabili y

dis ribu ions oreachresourcein heflee . These

dis ribu ionsshow he probabili y ha aresource will
genera ea levelso her han he expec ed level. The
probabili ies ormaband o variabili ywhere hemos likely
ou pu isin hemiddle and heleas likelyou pusarea he
edge. The wider he band, he higher he variabili yon he
sys emand he more possibili ies planners and opera ors
need oaccoun or.



Thesizeo he variabili y band increases over he nex
decade, indica ing ha while he Wes is building large
amoun so new resources, he overall variabili yo he
resource flee isincreasing.



Resource Planning

Existing resource planning practices allow a lack of

specificity about the resources entities need to meet
demand, particularly in the long term. The resulting
uncertainty about future resource additions puts the

resource adequacy of the interconnection at risk.



Planning Resource Additions

Planningen i ies provide WECC wi h in orma ion abou new resources
hey willneed o mee demandover henex 10years. n henear erm,
his in orma ion includes specific resource addi ions or henex one o

five years. Typically, en i ies have a higher level o cer ain yabou hese

resources because hey areinsomes a eo developmen . (Tier 1 or Tier

2 resources) © En i iesalsoinclude resources ha areno ye under

developmen (Tier 3 resources). When Tier 3 resources are included in

near- erm plans, heyo enreflec specificresources heen i ycanadd
rela ively quickly (Tier 3 Specified). When hey are included inla er years

o aresource plan, hey are usually generic placeholder resources (Tier 3

Generic). n hese cases, hereislesscer ain yabou whe her he

resource will be buil . These resourceso enlack uni charac eris ics and

may be grouped oge herins ead o lis ed as individual plan soruni s.

n he pas ,when herewass eady, predic able load grow hand a
genera ionsurplus, en i ies could grossly es ima e he resources needed 5
o10yearsin he u ureand hone hose plansla er. There was enough
surplus genera ionin hein erconnec ion ocoversi ua ions where new
resources were buil la e, cancelled, undersized, or when demand
increased unexpec edly. However, given he level o changein he Wes ,
he large amoun so new genera ion needed over he nex decade,and
obs acles obuildingi , delaying long- erm resource decisions may pu he
resource adequacyo hein erconnec iona risk. This leaves heindus ry
inadi ficul posi ion, becausei needs moreclari yabou he u ureina
world ha is becomingincreasingly hard o predic . Resource plans ha
include large amoun so Tier 3 resources likely overes ima e heabiliy o
build genera ion.

Recen ly, here havebeene or s oconduc longer- erm planningona
20-year horizon o mee needs iden ified by indus ry and he Federal
Energy Regula ory Commission (FERC). ni s Order 1920, FERC requires
20-year ransmission planning o ensure heindus ryis preparing or he
long- erm u ureo he elec ric grid. While planning ur her ou may allow

heindus ry osee po en ial risks sooner, ha work isonly asgood as he
in orma iononwhichi relies. Planningen i iess ruggle ospeci ynew
resources in heir 10-year resource plans; hypo hesizing a resource mix in

he 20-year u ure os udy ransmission may be incredibly challenging. To
be success ul, requiremen s or 20-year—and longer—planning horizons
will spur advances in long- erm resource planning.
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Resource Adequacy Programs

Resource adequacy programs can help manage resource adequacy by aking
advan age o opera ing e ficiencies and diversi y across heen i iesin heir

0o prin . The Cali ornia SO's reliabili y requiremen s program se s resource
adequacy requiremen s or load servingen i iesin he SO.The CA SO program
has unc ioned oryearsandisin egra edwi hi so her unc ions.

The Wes ern Resource Adequacy Program (WRAP) is a developing program
wi h hegoalo providing a region-wide, collabora ive approach o resource
adequacy. The WRAP is adminis ered hrough a FERC-approved ari ha
allows par icipan s o phasein o ull, binding par icipa ion, including being
subjec o non-compliance charges or ailing omee herequiremen so he
program.E or s olaunch he binding program have encoun ered several
obs acles. n April 2024, WRAP par icipan sindica ed hey lacked cri ical mass
obeable omove o he binding phase by Summer 2026. Par icipan sci ed
challenges ha include procuring su ficien firmcapaci y omee program
requiremen s and avoid charges. nane or omove oward a binding program
by Summer 2027, WRAP will file ari changeswi hFERC ha include a
emporary reduc ion o non-compliance charges so par icipan scan ully
par icipa ein he program and have access o WRAP capaci y reserveson he
wors o opera ingdays.

Tocommi o aresource adequacy program,en i ies mus knowwha resources
hey willhave oo er.Resource plans ha con ainlarge numberso Tier 2 and
Tier 3resources provide li le cer ain yabou u ure resource capaci y,
meaningen i iescanno be confiden inwha resources heywillhave oo er.
This may crea ere icence and, ul ima ely,delayson hepar o eniiesin
joining hese programs.



Additional Considerations

Resource adequacy is interwoven with other issues such
as transmission planning, policy making, and shifts
associated with a changing climate. Each introduces
significant risks to reliability.
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Transmission Considerations

The modeling ool WECC uses or he Wes ern Assessmen rans ers
elec rici ybe weenen i ieswhenone hasashor alland heo her has
su ficien available energy omee ha shor all.

The analysisin hisrepor di ers rom ha in he n erregional Trans er
Capabili y S udy ( TCS), anassessmen on which WECC collabora ed wi h
NERC and he o her Regional En i ies ogauge heabiliy o rans er
elec rici ybe weenregionsin he U.S.and Canada, and ode ermine
pruden addi ions o rans er capabili y osuppor reliabili y. Congress
manda ed he TCSin he Fiscal Responsibili y Ac o 2023.Theabiliy o
rans er power be ween regions could be akey o main aining reliabili y
amid he changing resource mix and as clima e change brings more

ex reme wea her.

Imports

WECC s analysis includes impor s,or heabili y oreniies o rans er
elec rici y be ween subregions. S udying he abili y oimpor elec rici yis
impor an because he Wes ern n erconnec ionwasdesigned o ake
advan ageo i s geographic and resource diversi y. mpor sarecri ical o
reliabili y, par icularly as he variabili yo he sys emincreases. However,
under some ex reme condi ions, ei her he resourcesor he ransmission
capaci y may be reduced or elimina ed al oge her. ookinga di eren
impor scenarios 0 helps WECCbe erunders and hein erplay

be ween resource adequacy and ransmission availabili y.

The analysis shows ha every subregion relies on he abili y oimpor or

rans er elec rici y,al hough heimpac is much less significan in he
DSW and CAMX subregions. The NW-Nor hwes and NW-Nor heas
subregionswere hemos a ec edin ermso demanda risk, wi h more

han 1,900 hourso demand a risk every year.

For more in orma ion abou how rans er capabili ywas handledin his
,see_he appendix.

Energy Policy

Federal and s a e policies are driving changes in he elec ric sys em.
Severals a esin he Wes have ambi ious clean energy goals, or example,
and ederal legisla ion has s eered unpreceden ed amoun so unding o
he energy sec or.

Toge herwi h heBipar isan n ras ruc ure aw(B ), he nfla ion
Reduc ion Ac ( RA) has accelera ed he rans orma iono heelec ric

grid by making unding ilabl o or hedevel and deploy

o clean energy manu ac uring acili ies and researchin he ormo ax
credi s, loans, inves men s,and o her programs.

Ba eries and elec ric vehicles have drawn he mos inves men —since he
RAs passage, $114 billion in new projec sin hose indus ries have been

announced, arecen_analysis indica es. Also, according o he Whi e

House, he U.S.was projec ed o build more new elec ric genera ion

capaci yin 2024 hanhasbeenbuil in helas wodecades, wi h96% 0
ha being renewable energy.

A hes aelevel, hing on's Clean Energy Trans orma ion Ac

requires u ili ies osupply hes a e'scus omerswi helecriciy ha is
100% renewable or ree o greenhouse gas emissions by 2045. Cali ornia
alsohas agoalo 100%o i selec rici y coming rom renewable energy
and zero-carbon resources by 2045. And Oregon's Clean Energy Targe s
bill requires hes a €'selec rici y providers o significan ly reduce he

greenhouse gas emissions levelso  he elec rici ysoldin hes a e:80%
below baseline emissions levels by 2030, 90% below baseline emissions
levels by 2035, and emissions- ree by 2040.

Weather

Ex reme wea her even s areincreasingin requency and in ensi y,in
some cases becoming more ex reme, unpredic able, widespread, and
longer-las ing. These even sa ec genera ion, par icularly as he
resource mixand he demand or elec rici y becomes more variable. As
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wea her becomes more ex reme, wha used o be considered ex reme is
becoming more normal. This is changing how we manage he sys em.
FERC has approved several new wea her-rela ed s andards © inrecen
years, o help close reliabili y gaps, and u ili ies and planningen i ies

con inue oadap heir projec ions oaccoun orclima echange.

Throughi s 10-year and 20-year s, WECC i he
impac o severe wea her on resource adequacy by assessing how he

subregions in he Wes ern n erconnec ion rely onimpor s oremain
resource adequa eduringeven s ha rigger high demand or elec rici y.
As heclima e changes and even s become more widespread, i is

impor an ounders and how ouse hediversi yo hein erconnec ion
and i s evolving resource mix o ensure resource adequacy.
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