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DEFINITION OF TERMS

Debris flow according to Pierson (1982) is considered to be a dense, viscous
slurry of poorly sorted gravel, sand, mud, and water sometimes containing
organic material. The coarse fragments, suspended in a fluid matrix of
silt- and clay-sized particles plus water, are held in suspension by
various combinations of friction, buoyant, dispersive, and cohesive
forces.

Clearwater flow in this report is considered to have a sediment concentration
less than 40 percent by weight.

Hyperconcentration is arbitrarily defined as the sediment concentration
between 40 and 80 percent solids by weight (Beverage and Culbertson,
1964). Debris flows are normally from 80 to 90 percent solids by weight.

Lahars are debris flows of volcanic origin. They are heated, especially near
the source.

Mudflows are debris flows with larger quantities of silt and clay (less rubble
or larger clast material).

Thalweg is the line connecting the lowest or deepest points along a stream bed
or valley, whether under water or not.
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HYDROLOGIC HAZARDS ALONG SQUAW CREEK
FROM A HYPOTHETICAL FAILURE OF THE GLACIAL MORAINE
IMPOUNDING CARVER LAKE NEAR SISTERS, OREGON

By Antonius Laenen, K. M. Scott,
J. E. Costa, and L. L. Orzol

ABSTRACT

A hydrologic hazard exists that could create a large-magnitude, but
short-duration, flood in the Squaw Creek drainage and inundate areas in
and around the community of Sisters, Oregon. Carver Lake, located at
elevation 7,800 feet above sea level on the east slope of South Sister
mountain, Oregon, could catastrophically empty. The probability of this
lake-breakout flood is estimated to be approximately 1 to 5 percent for
any given year. At the U.S. Geological Survey gage (14075000) on Squaw
Creek between Carver Lake and Sisters, the magnitude of the breakout
flood would be 10 times that of a l-percent probability meteorological
flood. 1In Sisters, the magnitude of the breakout flood would be about
five times that of a l-percent probability meteorological flood.
Meteorological flood occurrences from precipitation and snowmelt are a
separate and distinct statistical population from lake-breakout flood
occurrences and are only used for comparison purposes.

Several conditions at Carver Lake indicate the potential hazard:

(1) The lake is very deep for its size. The lake contains 740
acre-feet of water and is more than 100 feet in depth.

(2) There is a probability that a large magnitude avalanche and
consequent overtopping of the lake could occur. There are
steep slopes of unstable volcanic rock and an extensively
cravassed glacier located above the lake.

(3) The moraine dam confining the lake is steep-faced, rendering
the dam unstable, and unvegetated making it highly erodible.

(4) Large amounts of readily-erodible material available for
transport would increase the magnitude of a large flood and
keep the flood from attenuating in the steep reaches of the
Squaw Creek channel.

(5) Geologically, there is a greater-than-normal possibility for
the area to become seismically active. Earthquakes could cause
rock and ice to fall into the lake.

A one-dimensional unsteady-state streamflow model was used to route
a hypothetical flood down the Squaw Creek drainage. The most extreme
scenario considers the lake to be drained almost instantaneously by the
displacement of lake water by a rock or ice avalanche. This scenario
creates a starting hydrograph with a peak of 180,000 ft3/s (cubic feet
per second). The ensuing hypothetical flood would incorporate readily
erodible debris and sediments in the steep canyons, that would increase
the total volume of the flood by a factor of two. As the peak emerges
from the steeper slopes into a more gently-sloping valley 8 miles from
the lake, the peak would attenuate to 47,000 ft3®/s. At the Geological
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Survey gage at river mile 26.6, 15.4 miles downstream from the lake (in
a valley just upstream of an alluvial fan area), the peak would
attenuate to 21,000 ft3/s. 1In Sisters on the alluvial fan, at about 20
miles downstream from the lake, the peak would continue to attenuate to
9,800 ft3/s. Two other scenarios of lesser magnitude were assessed to
define the lower range of the hazard.

INTRODUCTION

Background

The Three Sisters area in central Oregon (fig. 1 and 2) has one of
the largest concentrations of neoglacial moraine-dammed lakes in the
conterminous United States. Floods that resulted from at least three
moraine-dam failures in the last 50 years have traveled down the
drainages of Soda Creek, Squaw Creek, and White Branch (fig. 3). Recent
field work by the U.S. Geological Survey in 1985-86 defined peak flows
that reached magnitudes of at least 13,000 ft2/s and traveled as debris
flows as far as 10 miles downstream from the source.

Field work during the past 4 years has been conducted in the Three
Sisters area as part of a larger study assessing hydrologic hazards
caused by volcanic activity. This work is part of the Geological Survey
program known as "Volcanic Hazards Program." Original hydrologic
surveys in the Three Sisters Wilderness Area were intended to document
channel cross sections for planned computer-simulated modeling of
catastrophic volcanic lahars. 1In assessing the area, it became evident
that many flows (debris and hyperconcentrated flows) had resulted from
past moraine-lake breakouts, glacial outbursts, and avalanches. Later
surveys (fig. 3) documented the flows of glacial origin. Some of the
hydraulic information obtained in these later surveys is shown in table
1.

Part of the recent field work in the area documented a flow
originating from a moraine-lake breakout that occurred on September 7,
1970 in the upper North Fork Squaw Creek drainage (fig. 4). A volume of
approximately 200 acre-ft of water was released from this moraine lake,
which drained entirely. This flow reached a magnitude in excess of
10,000 ft3/s several times during descent from the 7,500-foot elevation.
The peak attenuated to 8,000 ft3/s as it exited from steeply sloping
canyons at about elevation 4,400 feet, 7 miles from the source. As the
peak flow passed the Geological Survey gage (14075000) approximately 15
miles downstream from the source, it had been drastically reduced to
1,200 ft3/s (2.5 feet of stage increase at the gage). (For comparison
purposes, the highest peak of record since 1909 at the Geological Survey
gage was 2,000 ft3/s, which occurred on December 25, 1980.) At Sisters
the peak flow had attenuated even more drastically and passed through as
a small muddy-water surge of about 1 foot in height.

Another well documented moraine-lake breakout in the area occurred
in the Soda Creek drainage (Nolf, 1966). About 150 acre-ft of water was
released, only partially draining Moraine Lake on Broken Top Mountain at
elevation 8,000 feet (fig. 5). This moraine-dam failure created a
maximum flood peak of about 7,000 ft3/s at higher elevations and a flood
peak of about 2,000 ft3/s as it inundated the Sparks Lake area, 6 miles
downstream. Moraine Lake could breach again in the near future, causing
a flood event of similar magnitude. About another 150 acre-ft of water
remain in this lake.
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To more accurately determine the probable magnitude of the Carver
Lake breakout, both avalanche potential and moraine stability need to be
investigated. Geotechnical surveys of the volcanic rock, glacier, and
moraine need to be made. A survey of the moraine material alone may
indicate the depth to subsequent breaching.

Regardless of future investigative studies, some early warning,
zoning, and planning studies are needed to prevent loss of life and
property damage in areas downstream of the lake. In the town of Sisters,
the potential breakout of Carver Lake represents several times the
magnitude flood that county and city governments presently plan for. The
flood would occur with little or no warning and could occur when
climatological conditions may be fair.
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APPENDIX I: CHANNEL LOCATION AND CROSS-SECTIONAL PROFILES FOR
SELECTED SITES IN THE STUDY AREA
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ELEVATION, IN FEET ABOVE SEA LEVEL

ELEVATION, IN FEET ABOVE SEA LEVEL
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------- Carver Lake breakout peak flood elevation
for the most extreme scenario.
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for the most extreme scenario.
3120
0 500 1000 1500 2000 2500 3000
STATION DISTANCE, IN FEET
3220
SQ 21.30 —— at 21.30 miles downstream
from Carver Lake.
3200
3180

3140
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--------- Carver Lake breakout peak flood elevation
for the most extreme scenario.
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Carver Lake breakout peak flood elevation

i

for the most extreme scenario.
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--------- Carver Lake breakout peak flood elevation
' for the most extreme scenario.
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