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Introduction

A debris flow is a mixture of gramular solids, water, and
air that flows over low to moderate slopes (Jowmson, 1970). The
flow is typically 70 to 80 percvent solids by weight and carries
large amounts of gravel, cobbles, and boulders with only minor
amounts of clay and other cchesive materials. Debris flows occur
on small watersheds. The potential for debris flow can be
assessed by considering hydrometerorological, topographic, soil,
and burn potential factors. In addition to the duration and
intensity of a storm that ultimately produces debris flow,
antecedent rainfall is an important meterorological characteristic
(Keefer et al., 1988). The antecedent storm saturates the soil
amd reduces the frictional resistance at the failure plane, with
the debris-generating rainfall serving as the trigger to failure.

another factor that is an important determinant of debris
moverent is the land cover of the watershed, with special concern
shown when fire destroys the vegetative cover. Erosion is
greatly accelerated during the season following a fire (Wells,
1987). Postfire debris flows can occur during relatively small
storms and require less antecedent rainfall. Helvey (1980) found
that sediment production was increased more than eigbt times
following fires in North Central Washington. Sidle et al. (1985)
reports a three—fold increase in ervsion rates for the southern
California area.

Debris flows often require structural measures for control,
with the debris basin being the most widely used structural
measure for watershed level protection. The design of existing
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basins has often been based on the volume of a previous debris
flow rather than on the basis of the potential magnitude of a
future event. The maintenance of debris basins is extremely
important since the risk of failure increases when debris is
allowed to accumulate in the basin. A basin cannot function as
designed if it is not properly maintained, i.e., it is allowed to
i1l with sediment and debris.

Magnitude and Freguency

The procedure that is widely used for the analysis of water—
flood data was used to analyze the debris data from watersheds in
the los Angeles, California, area. (Johnson et al., 1988a).
Specifically, the data at each site were analyzed usirng a
frequency analysis with a log Pearson type IIT distribution.
Since the skew was near zero, a log-normal population was assumed
to underlie the physical processes. The means and standard
deviations were used as parameters of the log-normal distribution
to conpute the debris flow volumes in cubic yards per square mile
per year for exceedence frequencies of 2, 5, 10, 25, 50, and 100
years. For each exceedence frequency, the derived debris flows
were regressed on watershed characteristics using the power model
form. Values for the regression coefficients were cbtained using
a procedure based on both ordinary least squares with a
logarithmic transformation and mnumerical optimization. The
regression of debris yield on these variables indicated that the
relief ratio and hypsometric index were the watershed
characteristics necessary to predict the debris yield.

In order to determine the effect of burn, the debris yield
was related to both the watershed characteristics and the
interval since the most recent burn. A coefficient describing
the relative effects of the years since the watershed burned was
then incorporated into the six debris yield equations in order to
account for the effect of burn. The prediction eguations
including the effect of burn are:

v, = 4g55™0-24 RO.75y0.11 (1a)

Yo = 675570-24 R0.930.19 (1b)
Yy = 795B70-24 R1.030.26 (1c)
Vs = 940B70-24 R1-1340.35 (1d)
Yeq = 108050-24 g1.2040.42 (1e)
Yypp = 1225870-24 gl.260.48 (if)

whereBisthenmberofyearssimﬁethemstreoentbumm
which at least 40 percent of the vegetated area of the watershed
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burned, R is the relief ratic (ft/mile), H is the value of the
hypscmetric index, and Y; is the magnitude of the debris flow for
a retanrn pericd of i vears (cubic yards/square mile/year). To
apply Egs.l, a debris policy should specify the burn interval to
beusedarx:lthe risk (i.e., return pericd). :

Debris Basin Design and Maintenance

A debris basin design procedure shauld be based on expected
volumes of debris for a given seasonal event and hazard level. A
systematic monitoring procedure to assess the need for
maintenance of the basins should also be part of every policy.

Seasonal Debris Volumes

The volume of debris flow for an entire season may be
estimated with Egs. 1 for return periods of 2 to 100 years
(Johnson et al., 1988b). Equations 1 provide seasonal volumes
rather than volumes for a single event. To obtain the design
volume of storage of a debris basin for a particular watershed,
the yield from Egs. 1 is multiplied by the watershed area and by
the period, in years, over which debris flows typically occur,
which is approximately the length of the rainy seascn, possibly
0.3 to 0.5 years.

Maintenance

In order to minimize the risk of failure of a debris basin,
the debris basin must be maintained. A basin that is not
maintained will not function as intended by the designer. The
removal of accumilated debris and sediment is the primary
maintenance requirement. Therefore, the accumulated material
within the basin must be monitored and periodically dredged. A
model to estimate the debris yield that can be expected to enter a
basin during a single event, As, was developed by regressing the
debris yield in cubic yards per square mile on the 24-hour
raninfall depth (in):

Ag = 6600 pl-158 (2)

Folicy Recommendations

In order to ensure the safety of the community downstream
from a debris basin, design standards and maintenance policies
mist be established by local jurisdictions. The selection of the
debris flow return period and the design burn interval should be a
function of the potential hazard. The risk of failure is greatest
for a basin that is designed to control debris flows having a
short exceedence freguency such as two years and an infrequent
burn interval, greater than 10 years, since this design would
specify a small volume of storage. . The risk of failure will
decrease if bum intervals less than 10 years are used and if the
debris flow return period is increased.
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Policies should also define the levels at which the basin
should be dredged. The basin should be inspected following each
rainy season (yearly) to determine whether or not the basin
should be dredged. A systematic failure to maintain a basin
essentially increases the risk of failure.

Conclusions

Rather than basing a debris basin design on the volume of a
previous debris flow, a policy for debris flow return and burn
interval could be established and the appropriate prediction
ecpiation used to conmpute the expected volume of storage necessary.
The prediction equations may aid in the design and location of
flood channels, culverts, roads, and other engineering structures.
Iocal governments may also wish to use the predicted debris flow
volume as a guide in land use planning and in determining areas
that are inappropriate for land development. The predictlon
equations may be used to establish rates of 11ab111ty insurance
for the jurisdiction, as well as for homeowner's insurance.

References

Helvey, J.D. (1980). "Effects of a North Central Washington
wWildfire on runoff and sediment production.™ Water Resources
Bulletin, 16(4), 627-634.

Johnson, A.M. (1970). '"rhe ability of debris, heavily frieghted
with coarse clastic materials, to flow on gentle slopes."
Sedimentoloqy, 23, 213-234.

Johnson, P.A., MCCuen, R.H., and Hromadka, T.V. (1988a).
"Magnitude and frequency of debris flows." Under review, J.
of Hydraulic Enqgineering, ASCE.

Johnson, P.A., M®Quen, R.H., and Hromadka, T.V., (1988b).

"Debris Basin Policy and Design." Under review, J. Water
Rescurces and Planning Management, ASCE.

Keefer, D.A. et al. (1987). "Real-time landslide warning during
heavy rainfall." Science, 238, 921-925.

sidle, R.C., Pearce, A.J., ard O'ILoughlin, C.L. (1985}.

Hillslope Stability and ILand Use. Water Resources Monograph
Series No.l1l, American Geophysical Union, Washington, D.C.,
140 pp.
Wells II, W.G. (1987) "The effects of fire on the generatlon of
. debrls flows in southern California." in Debris
Tewmlows /Avalanches: Process, Recognition, and Mitigation, J.E.
Costa and G.F. Wieczorek (Fds.), Geological Society of
trnerica Reviews in Engineering Geology, VII, 105-114.

4 Johnson



