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1. Introduction
At 0832 Pacific Daylight Time on May 18 1980, a magnitude-5 earthquake triggered a cataclysmic eruption of Mount St Helens, south-west Washington, USA.
Watersheds to the north of the volcano were devastated by a range of volcanic processes that severely altered ground-based attributes of the hydrologic system
including runoff characteristics and river channel morphology. The North Fork Toutle River experienced the most dramatic alterations following deposition of a
2.5km3 debris avalanche into the upper 27km of the valley. Subsequent erosion of the debris avalanche elevated sediment yields from the Toutle River system
causing aggradation downstream along the Lower Cowlitz and therefore heightening flood risks to the communities of Castle Rock, Kelso and Longview. Initial
engineering response included dredging of the Toutle and Cowlitz Rivers, raising flood defence levees along the Cowlitz and the construction of a sediment
retention structure (SRS) on the North Fork Toutle. By 1999 however, only 12% of the debris avalanche had been eroded and suspended sediment yields remained
up to 100 times greater than pre-eruption levels. Moreover, this high sediment yield is not expected to decline significantly. Concerns have therefore been raised
regarding the viability of existing management options and how best to protect significant communities along the Cowlitz River from future flooding hazards.

3. Project Aims and Objectives
The primary aim of the present research is to test the key assumption that
the sediment yield out of the debris avalanche is not decaying and will
remain significantly elevated into the future. In order to achieve this aim, a
landscape evolution model of the North Fork Toutle River upstream of the
SRS (an area of approximately 300km2) will be developed for the period 1980
to 2011 using CAESAR (Cellular Automaton Evolutionary Slope and River
Model), a coupled channel-hillslope evolution model. The output from the
model will be evaluated in the context of data collected since the eruption in
order to assess the ability of CAESAR to capture the landscape-scale
processes operating across the debris avalanche. Attempts will then be made
to quantify sediment yields over the next century (to approximately 2100)
under a range of possible climate and land use scenarios.

4. CAESAR and Proposed Modelling Approach
CAESAR is a reduced complexity model that represents landscape evolution
through interactions between cells based on relaxed versions of complex
flow and sediment transport equations. The simplicity of a reduced
complexity approach lends itself well to modelling at intermediate space and
time scales (100 - 102 km2 and 101 – 103 years) which characterise catchment
behaviour over relevant planning and management horizons. The
computational efficiency of models such as CAESAR facilitates scenario-based
modelling and ensemble predictions through enabling multiple simulations
to be conducted. Model results can then be used to delineate a range of
possible outcomes rather than a single solution. This probabilistic approach
will be utilised in the present study in order to model landscape response to
the 1980 eruption of Mount St Helens.

Castle Rock
Population 2,130

Kelso
Population 12,188

Longview
Population 36,562

An ensemble of volcanic processes
devastated the surrounding landscape:
‒ 2.5km3 debris avalanche in the Upper
North Fork Toutle River valley.
‒ Lateral directed blast, pyroclastic
flows and airfall tephra.
‒Lahars (mudflows).

‒ Debris avalanche buried 60km2 of NFTR valley to a mean depth of 45m.
‒ Through flowing drainage obliterated and contributing drainage area of
NFTR reduced from 282km2 to 80km2.

Capacity of Cowlitz
River reduced from
2152m3s-1 to 425m3s-1

following the eruption.
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‒ Subsequent channel development dominated by
widening was responsible for sediment yields 500 times
greater than typical background levels.

2. The 1980 Eruption of Mount St Helens and Associated Management Issues

Sediment Retention Structure (SRS)

The SRS was constructed in 1987 in order
to reduce sediment deposition
downstream in the Cowlitz River and
thus protect communities from elevated
flood risks.

Deposits reached the elevation of the
spillway crest in 1998 and retained
material is increasingly being remobilised
and transported downstream leading to
doubts over the future trap efficiency of
the structure.

5. Data Available for Modelling at Mount St Helens using CAESAR

Historic US Geological Survey 
cross-sections on Toutle River 
and tributaries (USGS, 1987).

Terrain data in the form of contour lines from 1952-2002 
and LiDAR data from 2003-2009 available from the US Army 

Corps of Engineers.

Daily precipitation data from 
three weather stations in the 
Toutle River drainage basin.

Particle size analyses of 
volcanic deposits 
(USACE, 1984).

Major (2004)
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Further data requirements  are: particle size distributions of hillslopes, finer resolution (hourly) rainfall records and additional terrain data for the 1980s.


