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Abstract

Mount Rai ni er(MORA}waterrswpply pnaarilyjkdépends on streams and lakes fed by
snowmelt and perennial snowfields.€Tloss of perennial snowfields during the past thirty years,
combined with the potential for lower annual snowpack and increased air temperatures, could have
profound implications foParkwater supplies. Warming temperatures correspond with shifts from
sdid to liquid precipitation resulting in earlier snowmelt. In response to incre®sirigisitation,

multiple stressors on sensitive aquatic organisms, and projected climate changes, MORA is taking
steps to develop a range of water supply options andpaniagement strategies to adapt to climate
change.

As a case study, warm winter temperatures during water year 2015 had a profound effect on
snowpack in MORA. During the months when most snow is deposited in our mountains (December
to March), temperaturdgpically averaged more than 3° C above normal. Although precipitation was
near normal, warmer temperatures caused much of this precipitation to fall as rain, resulting in an
unusually low snowpack. These conditions stressed water supplies that aabtoftarkoperations,

and likely stressed sensitive aquatic species (e.g-veater fishes and insects) downstream of water
supply intakes as a consequence of elevated stream temperatures and low stream flow. Conditions
resembling historical droughtsidluding the recent 2015 event, are projected to be more likely

within this century as the climate warms across the region. These changes are likely to coincide with
increasedParkvisitation and greater stresses on sensitive aquatic ecosystems.

Inordero provide sufficient context for our analysi
supply demands, history of development, issues, changes over time, and potential impacts to aquatic
organisms. Focusing on key water supply systems withiRdhnle we estimated the potential

maximum use and storage capacity of existing water. We then scaledwedgstreamflow

projections under multiple emission scenarios to water supply intake drainage basins to evaluate

future water supply scenarios within tRark Our findings suggest the most viable immediate

options for securing water supplies letggm include increasing system storage capacity and adding
groundwater sources. These results can be used to directly inform &arkplanning efforts and

potentid management actions to adapt to changing visitation demands, infrastructure needs, and

climate change.
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Background

Mount Rai ni e rmodtdroughsensitive watar supplyssystems rely entirely on intakes
located above permanent or temporary barriers on snoviesgerennialktreams. Systems located

in the drier east side of thRark are particularly susceptible to drought. Throughouttheific

Northwest, climate change is expectedhtrease yearound temperatures awduse declines in
snowpackdue toshifts from solid to liquid precipitatiom winter, resuling in earliersnowmelt and

peak runoff which may limit water availabilitp late summer and early auturfiiote et al. 2013
Musselman et al. 2021Park managers saw a preview of what future conditions may look like
during water year 2015. Following a historically low snowpack and warm temperatures, by August
stream flow had ce&d into some intake reservoirs. These observations, coupled with projected
continued increases in park visitation (Fisichelli et al. 2015, Bergstrom et al. 2020), have prompted
an assessment of tRa r Kufuse water supplies with a focus on the four treasceptible systems

in the eastern half of tiéarki Stevens Canyon Entrance, Ohanapecosh, Stan#&Vhite River
Entrance (Figure 1). Each of these systems is supported bystram pipe intake and storage tank,
except for Sunrise which sourceswtater from a reservoir. For streded systems, we calculated

their respective drainage basin areas in acres (Table 1).
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Figure 1. Map of MORA water supply intake locations. The four east-side water intakes considered most
vulnerable to climate change and the focus of this study are labeled in green.

Table 1. Surface drainage area (acres) and water tank storage capacity (ft®) of drought-sensitive MORA
surface water intakes.

System Water Source Drainage area (acres) Storage capacity (ft%)
Stevens Canyon Entrance Falls Creek 570 1,070
Ohanapecosh No-Name Creek 325 13,360
Abandoned Ohanapecosh Laughingwater Creek 2,644* N/A
White River Entrance Klickitat Creek 2,150 2,670
Sunrise Frozen Lake 22 2,767,575

*Laughingwater Creek drainage area is based on former abandoned intake location.
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Stevens Canyon Entrance

The Stevens Canyon Entrance water intake on Falls Creek serves bathroom facilities at the Grove of
the Patriarchs trailhead and the Stevens Canyomag@rstation (Figre 2). This system has the

smallest storage tank of all the priority systems assessed (Table 1), and the tank is also designated as
a historic structure. The Grove of the Patriarchs is a particularly popular day use trail system in the
Park that has seen increasing visitation in recent years. Furthermore, the bathroom facilities are the
only ones in théark without lowflow toilets. Theinstallation oflow-flow toilets can reduce water

use by 20 to 6%, from up to six down to 1.28 galloper flush (EPA 2013). The sité the storage

tank and intake pipes notexcluded from wilderneg#\ppendix A) Coastal giant salamander
(Dicamptodon tenebrospand coastal tailed froghécaphustruei) have been documented in Falls

Creek (Samora etl. 2013a).

Figure 2. Photo of Stevens Canyon Entrance water intake on Falls Creek, May 2019.

Ohanapecosh

Supplied by a surface intake on{Noa me Cr eek, Ohanapecoshdés water
Ohanapecosh campground, a visitor center, and employee h@tgmgesl and 3). This system has

the largststorage capacity but is supplied by an intaikin the smallestrainagearea of the

systems assessed (Table 1). Previously, a second intake located on Laughingwater Creek, which has
a significantly larger dhinage area, also provided water for Ohanapecosh (Tableute&i and b

However, due to the dynamic nature of Laughingwater Cartienintake was abandoned during the
1980s after recurring washouts and the loss of access to the intake site Hoaleeglslides.

Cutthroat trout ©@ncorhynchus clarkipand four species of amphibians have been documented in
Laughingwater Creek includingprthwest salamandefAinbystoma gracilecoastal tailed frogA.
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