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- CONVERSION TABLE

LFor the use of those readers who might prefer to use metric
rather than inch-pound units]

MULTIPLY BY
inch (in.) 25.4
Foot (ft) 0.3048
Mile (mi) 1.609
Square mile (mi?) 2.59
Cubic foot per second (ft3/s)  0.0283
Cubic yard (yd®) 0.7646

TO OBTAIN

Millimeter (mm)

Meter (m)

Kilometer (km)

Square kilometer (km?2)

Cubic meter per second (m3/s)
Cubic meter (m?)

Temperature in degrees Fahrenheit (°F) can be converted to degrees

Celsius (°C) as follows:

°F = 1.8 °C + 32

NOTE

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A

geodetic datum derived from a general adjustment of the first-order
level nets of both the United States and Canada, formerly called

mean sea level.



DEBRIS FLOW HAZARD ASSESSMENT FOR THE
" OREGON CAVES NATIONAL MONUMENT

By John Friday

ABSTRACT

Having experienced a devastating debris flow in the Oregon Caves
National Monument, the National Park Service needed an evaluation of the
potential hazard from additional flows. Soil properties at six randomly
chosen sites were compared with those at the source of the debris flow.
Although all sites had soils that could become unstable with sufficient
moisture, soils at one site had properties similar to those at the scar
and a potential hazard was identified.

The report suggests that winter weather conditions be closely
monitored and compared with the antecedent weather that caused the known
failure. When the threshold for additional mass wasting is believed
imminent, appropriate action could be taken to insure the safety of park
personnel and the public.

The peak streamflow that preceded the flow of 5,200 cubic yards of
debris is estimated to have a 0.5 percent chance of being equalled or
exceeded in any given year.

INTRODUCTION

Of the various hydrologic hazards in our environment, the mass
movement of earth material caused by excess moisture can be one of the
most destructive. These events often go unnoticed because they occur in
unpopulated mountainous terrain during winter seasons. This was not the
case in December 1964, when a major debris flow occurred in the Cave
Creek drainage of the Oregon Caves National Monument.

In March 1982, the National Park Service (NPS) requested a study be
made to appraise the possibility of a recurrence of the 1964 debris flow
in the interest of safegarding the public and employees of the National
Park Service. Public tours of the caves are conducted daily, and
tourists are housed in various facilities during the summer season. The
concession staff and park employees are year-around residents.

To appraise the hazard, soil properties at the source of the 1964
debris flow were compared with those from six other random locations
within the Cave Creek basin. The physical characteristics of the
overburden were determined from augered holes at each site. The size
distribution of material obtained at various depths was determined by
sieve analysis and the plasticity of each sample was determined by
Atterburg limits. A small-diameter polyvinyl chloride (PVC) casing was
inserted in some of the augered holes to accommodate a soil-moisture
sensing device if a remote sensing early-warning system is deemed
appropriate.



Included in this study is an estimate of the amount of debris
material that was deposited at the facilities in 1964. Also included is
an estimate of the stream's discharge just prior to the arrival of the
debris.

The author gratefully acknowledges the assistance given by Park
Service personnel and by the management team of +the Oregon Caves
Company . A special thanks is given to Harry Christensen for his
eye-witness account of the debris flow, and also to Tim Seemen, soil
scientist (Corps of Engineers), for his suggestions and guidance during
the interpretative phase of this study.

BASIN PROPERTIES

The Oregon Caves National Monument is in the Siskiyou Mountains in
southwestern Oregon, 6 miles north of California and 46 miles inland
from the Pacific Ocean (fig. 1). This pristine area is protected as a
Wildlife Refuge and as a National Monument. The Monument has a total
area of 0.70 mi2?; the Cave Creek drainage upstream from the tourist
facilities is 0.32 miZ.

Timber growth on the steep mountain slopes consists of virgin
stands of Douglas fir, cedar, Shasta red fir, and white fir. The
understory includes tan oak, canyon live oak, madrone, alder,
rhododendron, and small white fir. The ground cover consists of false
hellebore, bear grass, Oregon grape, and deerfoot vanilla leaf. The
soils that allow such lush growth are in the Jayar and Althouse series
and are a very gravelly silt and loam (U.S. Soil and Conservation
Service, 1982).

Soils that form the overburden overlie metamorphosed volcanic and
interbedded sedimentary rocks, and granitic intrusive rocks (State of
Oregon, 1979). The Caves were formed by water dissolving the calcium
carbonate in a marble pod that is tfotally encompassed by metavolcanic
rock. An exposed bedrock interface in a cutbank area near the
maintenance yard is highly weathered |imestone. Limestone outcrops are
also evident along the southern boundary of the basin where elevations
exceed 5,200 feet. The elevation near the Cave entrance is 4,100 feet;
the basin slope ranges from 20° at the chalet to 45° at the talus slope
near the rimrock divide.

The Cave Creek basin faces west and has direct exposure to Pacific
storm fronts that usually have prevailing westerly winds. The average
annual temperature at the nearest weather station in Cave Junction, 13
miles west of the Caves, is 54°F. The mean annual precipitation at the
Caves is about 60 inches, much of which falls as snow from November to
March (U.S. Weather Bureau, 1964).
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The privately owned tourist facilities consist of a three-story
chalet, a six-story chateau, a men's dormitory, and seven hillside guest
cabins. A map of the tourist facilities is shown in figure 1. Built in
1923, the chalet occupies the entire width of the Cave Creek waterway.
The building contains a gift shop and is used as a women's dormitory
during the summer. A covered breezeway connects the gift shop to a
restroom and the tour ticket office. The chateau was built in 1934, 160
feet downstream from the chalet. This building also occupies the Cave
Creek channel and contains all of the features of a tourist hotel. An
18-inch diameter conduit fed by five catch basins allows low flows to
bypass the two structures. The men's dormitory, hillside cabins, and a
few National Park Service buildings are located well away from the Cave
Creek waterway. Flooding has never been observed within the cave.

DEBRIS FLOW HISTORY

Flooding has been troublesome in past years, but extensive damage
has been avoided by sandbagging the exterior doors of the buildings and
diverting water away from the structures. The debris flow on December
22, 1964 could not be diverted. The destructive power of such a flow
is also evident at No Name Creek, a small tributary entering Cave Creek
1,800 feet downstream from the chateau. Figure 2 shows the denuded
banks 18 years after the debris flow occurred. Trees, up to 40 inches
in diameter, once grew at the water's edge.

A series of extreme antecedent weather conditions led to the 1964
debris flows. During the period of December 14 to 17, western Oregon
experienced unusually cold weather with temperatures falling to 21°F at
Cave Junction. On December 18, a Pacific storm deposited near-record
accumulations of snow in the Cascade and Siskiyou mountain ranges. By
December 20, 40 inches of wet snow had accumulated at the Oregon Caves
resort. A warm front then moved inland bringing tforrential rains.
During the evening of December 21, the temperature was 60°F at the
chateau; 12 inches of rain fell at Cave Junction in a two-day period
ending December 22. On the evening of December 22, the snow at the
chateau had melted and water flowed through the breezeway at the chalet.

Harry Christensen, manager of the tourist facilities in 1964,
witnessed the debris flow that occurred at 9:00 pm on December 22. The
following is an excerpt from a taped interview regarding that event.

When asked where he was when it happened Harry said,
"Well you see where that sign says Gift Shop (pointing
uphill to the left edge of the breezeway)? You see
there's a stump there, use to be two stumps. * * * We
were standing there talking and you could hear this
noise just like a freight train was coming down the
canyon and | said, "My God, what's that?" All of a
sudden, Bob Hines (assistant manager) said, "Run", and
we ran. | took off down this ramp, out that way, that
log was right behind me."
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'Figure 8. — Estimated ﬂood-ffequency curve for Cave Creek at the chalet.

DEBRIS FLOWS

The 1964 debris flow occurred when the overburden in a small area
of the Cave Creek basin reached its |liquid limit (liquifaction).
Liquifaction will occur when the infiltration rate of rainfall and
snowmelt exceed the rate of deep percolation below the soil mantle. For
this to happen, antecedent rainfall must be adequate to bring the soil
moisture up to field capacity (under gravity, water will flow out as
readily as it flows in), and rainfall intensities must continue to be
sufficient to maintain the imbalance between infiltration and
percolation.
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A quantitative assessment of the amount of moisture needed to
initiate a debris flow is difficult because failure depends on soil
properties, depth of overburden, slope, and, to some degree, root
penetration. However, Campbell (1975), in a comprehensive study of
debris flows in the Los Angeles area of southern California, provided
some insight into the motivating factors in that area. For example, it
generally required 10 inches of antecedent rainfall to bring the soil to
field capacity and an intensity of between 0.2 and 0.5 inches per hour
(during a 24-hour period) for soils to reach their liquid Iimit. At
Cave Junction, antecedent precipitation during a four-day period ending
December 22, 1964, totaled more than 15 inches. The average rainfall
intensity on the 22nd was about 0.34 inch per hour which resulted in an
accumulation of 8.12 inches. The 100-year/24-hour rainfall frequency in
this area is about 7.8 inches (U.S. National Oceanic and Atmospheric
Administration, 1973). Rainfall at the chalet was probably greater than
that recorded at the weather station because the chalet is 2,750 feet
higher in elevation. The total available moisture should also include
the 40 inches of snow that melted between the 20th and the 22nd of
December.

Campbel| also found that debris flows are most |ikely to occur in
areas having slopes ranging from 26° to 45°. The soil mantle on steeper
slopes generally becomes thinner, exposed bedrock increases, and the
occurrence of debris flows becomes unlikely. For the Molalla Creek
drainage in the northern Cascade Mountains, the range in slopes
susceptible to failure was estimated to be 11° to 33° (Brown and others,
1979). In West Virginia, Lessing and others (1976) found that most
failures occurred on slopes ranging from 8° to 19°. Slopes in the Cave
Creek drainage generally exceed the lower |imiting values of those
studies.

A debris flow occurs when earth material becomes fully saturated
with water and changes from a plastic to a liquid state. When this
happens, a mass movement of material occurs due to the force of gravity
and to the lessening of shear strength at the slip plane. No one has
reported seeing a debris flow at its inception; however, investigations
indicate that the initial movement of the saturated soils causes a
reconstitution of the material into a flowing, viscous, debris-laden
mass that can attain 'avalanche' velocities (Campbell, 1975). As the
debris flow moves downslope, the longitudinal profile displays a buildup
of large rock material at its snout. This is due to an upward movement
of the larger material caused by the collision of particles and to the
faster transportation of material in the upper layer of flow (Takahashi,
1980). The boulder debris is followed, in turn, by an unsorted mixture
of rock and gravel, then a slurry of silt-laden water. The finer
material sometimes overtakes and overrides the boulders thereby gaining
energy as it cascades down the face of the snout (Morton and Campbell,
1978).

"



In addition to the work by Campbell in southern California, other
debris-flow studies have been made in the Tenmile Range in central
Colorado (Costa and Jarrett, 1981), and currently, in the Pollalie Creek
drainage of Mount Hood in northwestern Oregon (G. L. Gallino, and T. G.
Pierson, U.S. Geological Survey, written commun., 1982). Destructive
debris flows have also occurred in Brazil (Vargus and Pichler, 1957),
Japan (Oka and Katsurajima, 1971), and coastal Alaska (Bishop and
Stevens, 1964; Swantson, 1969).

SOIF SAMPLING
Site Properties

To determine the potential hazard from additional debris flow at
the Oregon Caves, it was necessary to study the properties of the soil
at the source of the 1964 event and compare the material with soils from
other locations within the Cave Creek basin. The soils forming the
overburden are colluvial, having been derived by the weathering of the
parent material and transported by gravitational creep. Known depths
range from a few inches at the |imestone outcrop near the rim of the
basin to more than 132 inches near the chalet (the depth Iimit of the
sampl ing equipment).

Soil samples were taken at seven sites; one was at the scar of the
1964 debris flow. The other six sites were selected where ground slopes
equal led or exceeded the slope at the scar. The location of the sites
is shown in figure 7. Some locations are estimated because of
orientation problems in the heavily forested areas. The samples were
obtained by augering down into the overburden until a firm resistance
was met at about the same depth in two or more holes (presumably at the
bedrock interface). Samples were taken at various depths wherever there
appeared to be a change in color or texture. A description of each site
is as follows;

Site AJ

Site A-1 is located on the west-facing slope of the basin at the
lower of two slippage scars on Lake Mountain Trail, and on a azimuth of
290° to the day-use parking area. An aluminum identification tag
stamped "A-1" is attached to a 24-inch diameter fir tree at +the
downslope edge of the +trail. The small clearing is surrounded by
scattered conifer growth; there is no understory, and ground cover
consists of broad-leaf plants and grass. The ground slope is 30°; the
slope at the face of the scar is 70°.

Three samples were extracted from the exposed minor scarp and are
believed to represent material transported from the upper scar to a
depth of 92 inches. The curved trunk of a nearby free may be an
indication of soil creep during a long period of time. There is no
channel downslope from the scar. A PVC pipe casing was not installed at
this site.

12



Site B-1

Site B-1 is located on the north-facing slope of the basin near the
crown of the scar from the 1964 debris flow. Three samples were
obtained from a 52-inch-deep hole at a large clearing, 120 feet
downslope from the Lake Mountain Trail. An aluminum tag identifying the
site is attached to a 24-inch-diameter tree at the +trail directly
upslope from the site. A one-inch-diameter PVC pipe casing was
installed in the augered hole. The ground cover in the open area
consists of broad-leaf plants and grasses with very little brush. The
soil samples were very moist suggesting spring seepage. The ground
siope is 30°.

Site B-2

Site B-2 is located at the base of the main scarp of the debris
scar, 10 feet downslope from Site B-1. The slope of the channel is
about 30°; the remaining sidehill bench where most of the failure
occurred has a slope of 40°, the face of the scarp, 70°. Dense,
shoulder-high ferns prohibited accurate measurements of slope angles.
The slip plane was not at the bedrock interface; thus, some material is
still available for mass wasting. One sample collected at a depth of 12
inches is believed representative of the soil material exposed after
failure occurred. A PVC casing was not installed at this site.

Site C-1

Site C-1 is also located on the north-facing slope of the basin,
760 feet upslope from t+he Lake Mountain Trail. Two samples were
obtained from a 26-inch-deep hole (with PVC casing) located 180 feet
downslope from a boundary-marker free. The tree is a 100-ft high dead
Douglas fir with an attached U.S.D.!. boundary sign. An aluminum tag
stamped "C-1" is attached to the sign. The ground slope in this open
area is 30° and the ground cover is a dense growth of broad-ieaf plants
and grass.

Site D-1

Site D-1 Is about 480 feet west of Site C-1 and 100 feet east of
the No Name Creek basin divide. The 1964 debris flow in No Name Creek
originated from an area about 200 feet west of the divide at about the
same elevation. Two samples were obtained from a 29-inch deep hole
(with PVC casing) located in a clear area, 45 feet east of three cedar
trees growing near the center of the clearing. An aluminum tag stamped
"D-1" is attached to the most westerly tree. The ground cover is the
same as that at Site C-1 and the ground slope is also about 30°.

13



Site E-1

Site E-1 is located on the south-facing slope of the basin, about
150 feet northwest of a white outcropping of broken granite and
| imestone. Dense timber prohibited an exact orientation at this site.
One sample was obtained at a 17-inch-deep hole (with PVC casing)
surrounded by large Douglas firs, rhododendron bushes, and scattered
seedling trees. Very little ground cover grows at this site and the
ground slope is 35°.

Site F-1

Site F-1 is also located on the south-facing slope on a azimuth of
210° to the most easterly cabin in the chalet area. Ten samples were
obtained from a 132-inch deep hole, now fitted with a PVC casing,
located about 600 feet northeast of the chalet. The site is surrounded
by tall cedar and fir tfrees; there is |ittle brush or ground cover
growing in the area. A curvature at the base of nearby frees may be an
indication of past soil creep. The ground slope is 32°.

Soil Analysis

Laboratory analyses of the samples were made to determine the
liquid limit, the plasticity index, and the size distribution of the
material. The liquid limit and plasticity index indicate the effect of
water on the strength and consistency of the soil material. As rainfall
infiltrates the overburden, the water content increases and the soil
changes from a semisolid to a plastic state (the soil becomes pliable).
I f the water content continues to increase, the soil will change from a
plastic to a semifluid state (attaining the consistency of softened
butter). The moisture content at the time of these changes is called
the plastic and liquid limits of the soil (Atterburg limits). The
numerical difference between the plastic and liquid limits is a
plasticity index which indicates the range in water content in which the
soils are considered plastic.

The results of the Atterburg limits tests are shown in table 1.
The tests were made by the Corps of Engineers, North Pacific Division
Materials Laboratory, at Troutdale, Oregon. The Atterburg limits tests
were made on that part of the material passing the No. 40 sieve (0.017
in.), and the soils were classified using the American Society for
Testing Materials (ASTM) unified soil classifications (American Society
for Testing and Materials, 1966). The Atterburg |imits tests cannot be
considered definitive because of the organic material in the soils and
because the plasticity index values for landsl|ide material are generally
higher than those for undisturbed samples (Pomeroy, 1982). However, the
tests do provide a good comparison of the plasticity of the soils at
each site.

14
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A composite sample of the material collected at each site was
analyzed to determine the particle-size distribution in the soils of the
overburden. The porosity of a soil determines its water-holding
capacities; permeability controls the rate of water infiltration.
Coarse, poorly graded material with low clay content generally has a
high infiltration rate. Such soils have a frictional resistance to
shear due to intergranular locking of the heavier particles. However,
the soils strength due to interlocking is quickly lost once the finer
material attains liquifaction. The resistance to downslope movement
then changes from sliding friction to viscous flow. Soils having a high
percentage of fine clay exhibit considerable cohesive resistance to
movement. When these soils become saturated, the molecular surface
bonding between particles is lessened because the interstitial water
weight increases the pore pressure near the slip plane. Soils
consisting of fine sand and silt have neither the frictional resistance
of gravel nor the cohesive resistance of clay. Such soils are highly
susceptible to failure and mass movement. The results of the size
analyses are shown in table 2.

| Table 2. — Summary of Particle-Size Analyses

[Analyses by the U.S. Army Corps of Engineers, North Pacific
Division Materials Laboratory, Troutdale, Oreg.]

Composition, in percent of

total weight of sample Unit dry weight 1/
Site Gravel Sand Silt and Clay pounds/cubic feet Classification—
A-1 25 44 31 99 Silty Gravelly Sand (SM)
B-1 13 51 36 -- Gravelly Silty Sand (SM)
B-2 75 24 1 - * Sandy Gravel (GW)
c-1 16 39 45 -- Gravelly Sandy Silt (ML)
D-1 14 33 53 - Gravel ly Sandy Silt (ML)
E-1 14 39 47 -- Gravelly Sandy Silt+ (ML)
F-1 83 6 11 88 Organic Silty Sandy

Gravel (GP-GM)

1/ American Society for Testing and Materials unified classification (American
Society for Testing and Materials, 1966).

FAILURE POTENTIAL

The failure potential at site A-1 arises from the low plasticity of
the fine materials rather than from the over-abundance of permeable
gravels. The soil is a well-graded silty, gravelly, sand (SM); the fine
fraction was 42 percent of the weight of the sample. Whereas the fine
material contributes strength to shear-resistance characteristics of the
overburden, the liquid limit is among the lowest of the soils tested.

The plasticity index shows that a very small increase in water content
will cause the soil fo reach its liquid limit once it has become
plastic.



The overburden at site B-1 contains very little gravel; the soil is
a well-graded gravelly, silty, sand (SM), and the fine fraction
accounted for 63 percent of the total weight. The high percentage of
silt and an upper mantle of clay indicates the soils at this site are
less permeable than at Site A-1. The properties of the fine material
are similar to those at A-1 except these soils will become plastic with
less moisture. The radical difference in gravel content between Sites
B-1 and B-2 may be due to vertical bedding, glaciation, or perhaps to an
abrupt change in the composition and weathering of the parent material.
Whatever the reason, the lack of gravel is probably why the soil at B-1
didn't fail in 1964.

Having failed in 1964, the soils at site B-2 should be considered
potentially hazardous providing there is still enough undisturbed
material available for transport. Shoulder-high fern growth limited an
accurate appraisal of available material. The soil is a well-graded,
sandy gravel (GW); only three percent of the weight of the sample was
fine material although some leaching might have occurred shortly after
failure. The high plasticity of the fine fraction is probably due to
the clay content and to organic material. The depth of the overburden
was about 50 inches prior to failure; the slip plane was not at the
bedrock interface.

The soils forming the overburden at Sites C-1 and D-1 are a
well-graded gravelly, sandy, silt (ML) with a low gravel content. These
soils have a low resistance to shear and could become very unstable when
saturated. Their proximity to the failure scar on No Name Creek further
suggests instability. The sites are near the summit of the basin where
there is less material available for transport. Site C-1 has the
highest liquid and plasticity index of the soils tested, but this may be
due to the organic material in the sample.

Soils at Site E-1 are also a well-graded gravelly, sandy, silt (ML)
but they are less plastic because the material is inorganic silt and
clay. Site E-1 is considered susceptible to failure because inorganic
soils with low plasticity are highly influenced by gravitational forces
(Hough, 1957).

Site F-1 is believed to have the same failure potential as Site B-2
except the instability may be lessened somewhat by tree growth in the
surrounding area. The soil is a poorly graded organic, silty, sandy,
gravel (GP-GM); the fine fraction accounted for only 13 percent of the
total weight of the sample. The liquid limit and plasticity index for
the fine material is similar to that at Site B-2 at a depth of 77
inches. The fine material in the upper and lower horizons has a lower
plasticity index which probably indicates less clay and greater
permeability. The 132-inch depth of the overburden was the |imit of the
sampling equipment and not necessarily the bedrock interface.
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HAZARD ABATEMENT

Because of the energy generated in a debris flow, few protective
measures have been effective in arresting or deflecting the flowing
material. Reinforcing upslope walls of structures would do little to
alleviate the threat of lateral displacement from foundations. Because
relocation of the chalet and the chateau is not feasible, hazard
abatement must be necessarily limited to preventing injuries and loss of
life.

One approach would involve establishing a climatological weather
station on the premises from which hourly determinations of rainfall,
temperatures, and snow melt (water content) could be made when hazardous
conditions are believed imminent. The threshold for such conditions
could be estimated from the antecedent daily weather records collected
at Cave Junction prior to the 1964 event. When such conditions dictate,
vehicular and pedestrian traffic at the tourist facility could be
temporarily halted until the hazard alert is terminated.

Another approach would involve installing piezometers in the PVC
pipe casings. A piezometer is a pressure-measuring device often used to
measure water pressure (piezometric heads) in soils. The piezometer
probe should be positioned at the depth of an anticipated failure plane
as discussed by Freeze and Cherry (1979, p. 467-470), and by Campbell
(1975, p. 19-20). A remote-sensing feature at the installations might
also be a consideration. The close proximity of Site F-1 to the
facilities might provide a cost-effective power source for such
instrumentation. A piezometer installation is believed preferable to an
early warning system that is activated after failure occurs because it
would allow more time to respond.

A long-term remedy for lessening the potential hazard might be to
plant a deep-rooting ground cover in the unstable areas. |t is beyond
the scope of this report to suggest such types of vegetation.

|CONCLUSIONS

All soils tested in this study are considered to have a failure
potential, given the same antecedent weather conditions that occurred
pri?ror to the December 1964 event. Sites having high permeability will
probably fail first. Even though 24-hour rainfall intensities and the
peak surface-water runoff preceding the debris flow are estimated to
have recurrence intervals well in excess of 100 years, there is no
guarantee that equally severe weather could not occur next vyear.
Although this study has identified sites B-2 and F-1 as problem areas,
many more may exist. In view of past soil failures in and around the
study area, |Ilimiting access to the +tourist facilities may be an
important consideration when antecedent weather conditions approach
those levels of 1964.
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