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inundated during a glacial outburst flood in 1955. D (bottom right): Photo showing

some of the impacts of the 1955 outburst flood to the riverbadkpark road
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Abstract

Mount Rainier, Washington is theledt ofmultiple glacierclad volcanic peaks within the
Cascade Rangend it contains the most glacial icglaciers are the headwaters foimerous

rivers emanating from Mount Rainier, marfyhich flow into the Puget Sourapproximately

60 km (37 mi) away. Glaciers on Mount Rainier have unleashed damaging outburst floods
(jokulhlaups) in the past, often without warning. Previous observations indicate an empiric link
between changing glacial velocities and glacial outblostifhazards.

This study explores whether the surficial velocity field of the Nisqually glacier is changing and
whetherice velocityfluctuationsindicatea change imlacial outburst flood potentidNumerous

sites on the lower Nisqually glacieere suveyed weekly during lateummeréarlyfall of 2011

and 2012. The surficial velocity field of the lower 1%{0.4 m?) of the glacier was calculated

from repeated measurements. Between 2011 and 2012, observed velocities in the upper portions
of the studyareaincreasedvhile the lower portions of the glacier slowed or remained the same.
Shortly after the omglacier study concluded, a smglacialoutburst flood was teased from the

glacier during a minor rain event

Our work contributes to the understiamg of glacial outburst floods and provides evidence that
changing ice velocities precede outburst floods. Further study of glacial velocity fields could
provide a predictive methodology for glacial outburst floods in similar terrain. These results are
critical for employee, visitor, and infrastructure protection in dynamic environments such as that
at Mount Rainier.
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Introduction

Mount Rainier, an active volcano located within Mount Rainier National Park (MORA) in
Washington State, is the tallest of a number of gladat volcanic peaks within the Cascade

Range. Standing at 4,392 m (14,411 ft) and having 29 named glaciers (Beas@ni2017

contains approximately 4.4 il mP) of iceb more glacial ice than arother single peak in

the continental United States (Driedger and Kennard, 1986), and more than all the other Cascade
volcanos combined.

Glaciers are the headwaters for a number of rivers emanating from Mount Rainmmostfidw
into the Puget Sound agpximately 60 km (37 mi) away. Glaciers on Mount Rainier have
unleashed damaging outburst floods (jokulhlaups) in the past, often without wdiméng.
Nisqually Glacier is the largest sotfécing glacier on Mount Rainier and it is the source for the
Nisqually River, which parallels much of the main access road into the Park. Longmire, the
principal worker and visitor center within the paikalsoimmediatelyadjacent to the Nisqually
River. Parkmanagement is concerned with flooding risks|udingglader outburst floods to

both the road and to Longmire.

The Nisqually Glacier has one of the longest histories of scientific examination of any glacier in
the United StatefHeliker and othersl984),in part due to itproximity to park roadsnd trails

The F'recorded observation of the glacier terminus was in 1857, and since then numerous
research efforts have maintained the continuity offi@mm records. For example,

measurements of ierurface elevations started in 1931, and continue to thi§Stieyens and
others2016) The Nisqually glacier is of particular interest to the park due tofitgeimce on the
Nisqually River.

For hazard purposes, the park has sought to identify the watersheds susceptible to glacier
outburst flooding, and the physi@ndclimatic controls to jokulhlaup initiatianTo this end, the
park has done internal studies, collaborated with area universities (University of Washington,
Portland State University, and Oregon State University) on multiple projects, and tracked othe
independent university analysdhiese projects are listed in the Further Research section of this
report.

As part of the larger hazard project, thigjectprojectexamineglaciervelocity and outburst
flood hazardst the parkin it, we measured ¢hsurficial velocity of théower 1 knt (0.4 mf) of
theNisqually Glacier(Figure 1)during two summers (2011 and 2012) in an attempt to identify
whether the ice was changing in velocity and whether or not a potential, meafucibégion

in velocity ould be used as a predictor for glacial outburst flood hazard. Paul Kennard is the
principal investigator for this project, ahdura Walkup is project manager

At Mount Rainier, there is an empirical correlation between retreating glaciers and stagnant i
with glacier outburst floodsSpecifically, the lower portions of the glaciers were often stagnant
when outburst floods occurretihe connection between stagnant ice and jokulhlaups is seen
mostclearly with South Tahoma gieer and Tahoma Creek. Of tB2 debris flows and outburst
floods that have occurred there since 1967 (compiled in Beason, 2019), almost all originated as
glacier outburst floods/falder and Driedger 1995n fact, the initial massive 1967 jokulhlaup
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exited from glacier at about 7,0®@eet elevation, and physically severed the upper glacier from
the lower half, which thehecame stagnaniétional Park Service018. Additionally, a
significant mechanism facilitating the bulking up of jékulhlaups and transforming into debris
flows isentrainment of sediment as the flows incisebnant ice (Walder and Driedger 1994).

However, he stagant icei outburst flood relationship is not clear with the Nisqually glacier.

Skloverisi | | and Fountain (2015) f gnantide afidootbustb vi o u s
floods. Toinvestigatethis, they used ice elevation measurements (Heliker and others 1984) as a
surrogate for ice activity. They attributed the difficulty in making a definitive determination

either way on the relationship of stagh&e and outbutglooding on insufficient datdn

particular, they noted lack of information on the extent and duration of dead ice; and an

incomplete record of outburst floods on the Nisqually (Skid@@dhand Fountain 2015).

Sklovergsill and Foundin (2015) did note that the largest and mostrdetive outburst flood

(1955)0n the Nisquallydiscussed below, occurred during a period of danted stagnant ice

(USGS 1978).

Past research indicates that the lower Nisqually glacier has displsgregeaf seasonal

velocities throughout its measurement history (Tabl&éasonal velocity variations are most

likely attributed to alterations in glacier sliding, driven by englacial and subglacial hydrology
changes (Fountain and Walder 1998, Hodge 18@@& Allstadt and others 2015).

As discussed earlier, empiric evidence suggests that glacial outburst floods or jokulhlaups at
Mount Rainier tend to occur when large amounts of stagnant ice are present in thgdoiger
Additionally, Hodge (1974) founthat the summer ice velocity of the Nisqually glacier increased
measurably in the vicinity of the equilibrium liaditude (ELA), while slowing occurred toward

the terminus relative to the previous summer just prior to the 1970 glacier outburst flood. He
proposed that observed variations in ice velocity were correlated with the amount of liquid water
temporarily stored within the glacier. This suggests that the presence of englacial water leads to
faster ice velocities and a higher potential for outblositdfs, while the absence of large

guantities of englacial water is associated with slower glacial flow and fewer outburst floods.
Longterm annudy-repeatingglacial velocity measuremenof the lower glaciecould prove to

be a powerful tool in the prextion of potentially devastating glacial outburst floods.

Severamajor, damaging glacial outburst floods have been released from the Nisqually Glacier
since the 192006s, al ong (seqg.figlre 2mahe floods ofd926 er ou't
and 1934 damaged the bridge below the glacial terminus, and the floods in 1932 and 1955
destroyed it (Hodge, 1972). The largest recorded outburst flood on the Nisqually occurred in

1955. This was thiargestknown Nisqually glacier deharge (Nelson 1987and the only time

the historic work and visitor center at Longmire was inundated with flood wétgrss(2c). In

addition, much of the main accassd which is alsahep a r dnl§ weararoundroad,parallels

the Nisqually Riverputting park access and anyone on the road at risk in the event of a major

glacial outburst flood from the Nisqually Glacier.g. figure 2d)

Historic accounts of glacial outburst floods include observations that the outburst can occur
above the terminusf the glacier (Richardson, 196@igure 2a). This isconsistent wittan
origination pointatthe interface betwan active and stagnant ichis style of outburst flootlas
been known to sweep tiserfaceglacial ice clean of debris.
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Figure 1. Location map showing the study area extent. The Nisqually Glacier is the largest south-facing
glacier on Mount Rainier. The study area extends from just above the 2011-2012 terminus, approximately
1,580 m (5,180 ft), up to about 2,190 m (7,180 ft), well above the seasonal ELA. The area surveyed is
approximately 1.0 km2 (0.4 mi2).

Our work contributes to the understanding of glacial outburst floods and providddiaanal

line of evidence that changing ice velocitmscede outburst floods. Further studylafcial

velocity fields could provide a predictive methodology for glacial outburst floods in similar
terrain. These results are critical for employee, visitor, and infrastructure protection in dynamic
environmerg such as that at Mount Rainier.



Table 1. Historic velocity data for the Nisqually Glacier.

Survey Interval

Location on Glacier

Maximum Measured

Minimum Measured

Data Source

Velocity (mm/day)

Velocity (mm/day)

June 2012 1,900 m 500 b Allstadt and
Nov. 2012 1,900 m 260 b others, 2015
June 2012 Near Terminus 2 b Allstadt and
Nov. 2012 Near Terminus 1 b others, 2015
Near ELA 380 210 Hodge, 1974

June-Sept 1968
Near Terminus 146 88 Hodge, 1974
Near ELA 460 340 Hodge, 1974

May i Sept 1969
Near Terminus 130 68 Hodge, 1974
Near ELA 740 660 Hodge, 1974

May 1970
Near Terminus 77 68 Hodge, 1974
Figure2.Hi st ori ¢ Outburst Flood photos. A (top |l eft):

pouring over the face of the Nisqually Glacier. B (bottom left): Photo of a debris flow initiated by a glacial
outburst flood on Tahoma Creek, Mount Rainier National Park. C (top right): Photo of the Longmire
maintenance area inundated during a glacial outburst flood in 1955. D (bottom right): Photo showing
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