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Presentation to UGMS - Topic: Developing a Method of Debris-Flow Hazard 
Zonation Along the Wasatch Front, Utah 

Outline 

I. Perception of debris-flow hazards in Utah prior to 1983 
A. History of "flash flood" events in Utah 1850-1938; Woolley (1946) 
B. U.S. Forest Service and Civilian Conservation Corps response (1930-

40) solves the problem (?); contour plowing and debris basins 
C. Davis County Experimental Watershed - research activities: 

snowmelt, precipitation, runoff monitoring within rehabilitated 
watersheds; U.S. Forest Service - Croft (1967, 1981) 

D. Conditions for cloudburst and snowmelt floods (Marsell, 1971); 1952 
spring floods along Wasatch Front 

E. Recognition of Debris-flow hazards-maintenance and modification of 
debris-flow basins in Davis Co. 

II. Climatic and debris-flow events during the spring of 1983 in Utah 
A. Similarity to climatic conditions for spring flooding identified by 

Marsell (1971) 
B. Debris flows during late May - early June, 1983 in Utah 

III. Method developed in 1983 for evaluating potential debris flow and debris 
flood along the Wasatch Front 

A. Assumptions made for developing method 
B. Questions remaining for a more accurate evaluation 
C. Implementation of recommendations for mitigative measures along the 

Wasatch Front 

IV. Subsequent debris-flow studies in Utah 
A. Detailed site studies of 1983 debris-flow runout along the Wasatch 

Front and in central Utah (Lips and Wieczorek, in review) 
B. Mapping of 1983 and 1984 landslides and debris flows near Mt. 

Pleasant in central Utah (Lips, 1985) 
C. Comprehensive mapping of 1983 debris flows in Utah (Brabb and 

others, in progress) 
D. Evaluation of method for identifying debris-flow potential 

developed in 1983 - climatic conditions as predictive time 
indicator; partly-detached landslides as highly susceptible; 
material contributions from channels (Wieczorek and others, in 
progress) 

E. Site studies of 1984 debris flows - East Layton (Olson, 1985); 
Rudd (Pierson, 1985) 

V. Refined technique to prepare a debris-flow hazard zonation map for the 
Wasatch Front (the following steps reflect an increasing level of detail 
and sophistication; depending on purpose, analysis can be terminated at 
different stages) 

A. Assemble historical information on flash floods, debris flows, 
etc. - Woolley (1946); Croft (1967) and information on surficial 
geologic mapping Miller (1980) 



B. Examine stratigraphic evidence at natural exposures in canyon 
mouths, incised channels and on alluvial fans noting areal 
distribution, character of materials, thickness of deposits - flood 
or debris-flow related 

C. Aerial photo and geomorphic study to identify previous debris-flow 
scars and source areas for future potential debris flows using as 
many different vintages of photography as available 

D. Preliminary assessment of debris flow potential within watershed 
based on historical and geomorphic evidence collected in (A), (B), 
(C)-above 

E. Determine previous debris-flow runout characteristics based upon: 
1. frequency and recurrence of paleo debris flows beyond canyon 

mouth 
2. extent and volume estimates of paleo debris-flow deposits 

beyond canyon mouth and volume of and distance to debris-flow 
scars in canyon 

F. Determine clay-size fraction and grain-size distribution of debris­
flow matrix within paleo debris flow deposits 

G. Estimate volume of potential debris-flow source areas and channel 
contributions under present watershed conditions 

H. Evaluate gradient, sinuosity and confinement of channel 
I. Based on watershed characteristics make preliminary estimate of 

debris-flow runout distance evaluated in (E), (F), (G) and (H) 
above 

J. Apply two-dimensional numerical modeling to simulate debris-flow 
routing, determine area to be affected, and velocity and thickness 
of flow; for example, Hamilton and others (1987) 



The following handouts are provided as notes to accompany this 
presentation. With the exception of information from Open-File Report 83-635, 
the majority of cited information is from reports that are in preparation, and 
as such, should not yet be cited or referenced. 
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DEBRIS FLOWS AND HYPERCONCENTRATED STREAMFLOWS 

By Gerald F. Wieczorek*, M. ASCE 

Examination of recent debris-flow and hyperconcentrated-
streamfl ow events in the western United States reveal s (1) the 
topographic, geologic, hydrologic, and vegetative conditions that 
affect initiation of debris flows and (2) the wide ranging climatic 
conditions that can trigger debris flows. Recognition of these 
physiographi~ and climatic conditions has aided development of 
preliminary methods for hazard evaluation. Recent developments in the 
application of electronic data gathering, transmitting, and processing 
systems shows potential for rea 1- time hazard warni ng. 

INTRODUCTION 

Duri ng the past decade, several regi ons of the western Uni ted 
States experienced episodes of debris avalanches, mudflows, and 
hyperconcentrated streamflows that resulted in loss of life and 
extensi ve property damage. These sediment-water fl ows are 
distinguished from normal streamflow according to the classification 
system (Fig. 1) from Pierson and Costa (1984). Subsequently in this 
paper the term debris flow vlill be used to collectively refer to 
mudflow, and debris avalanche. Because debris flows have been 
inadequately understood, hazard evaluation, land use regulation, and 
engineering design of storm runoff systems have not taken into account 
their nonstandard hydraulic aspects. Little was known about 
physiographic conditions that favor flows, as well as cl imatologic 
factors such as ra i nfall i r.tens i ty or the rate of snowmel t necessary 
for triggering flows. Recently developed methods of hazard 
recognition and evaluation based on available physiographic and 
climatic information are especially important in the establishment of 
real-time warning systems. 

Episodes of debris flows and hyperconcentrated streamflows in 
California, Nevada, and Utah illustrate a wide variety of climatic 
tri ggeri ng events and di fferences in phys i ographi c condi ti ons where 
these occur. This paper presents information on these events and 
conditi ons and di scusses recent de vel o~ents in hazard recogniti on, 
evaluation, and warning. 

CASE HISTORIES 
Southern California.-In the Los Angeles area, the problem of debris­
flow occurrence in areas stripped by wildfires has been long 
recognized. Shortly after midnight on January 1,1934, an intense 
downpour after more than 12 hours of rainfall brought debris flows 
down several canyons into the La Canada Valley, causing significant 

*Civil Engineer, U.s. Geological Survey, 345 Middlefield Rd., MS 998, 
Menlo Park, CA, 94025 
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property damage and loss of 1 ife. As descri bed in Troxell and 
Peterson (1937, p. 82-83), "the water surface at the peak of the flood 

(W'lS] •••• greatl y ra i sed in the center of the cross section" and "a 
wall of water came down the stream channel •.• with boulders riding 
along the top of the wave ..• the mixture compared to concrete with 
boulders." The debris-producing drainages had been burned in November 
ot 1933, allowing sediment from erosion of small rivulets and gullies 
and from stream-channel deposits to be mobilized into debris flows by 
the intense runoff. 

Fast 
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Fi gure 1. 

Newtonian 
Fl ui d 
Threshol d 

I 
Streamflow 

Norma 1 I Hyper­
concentrated 

I 
I 

Slurry Flow 
Debris Flow 
Sol ifl ucti on 

L i que facti on 
Threshold 

Granular Flow 
Sturtzrom 
Debris Avalanche 
Grain Flow 
Earth Flow 
Mass Creep 

0% ..... 1------- Sediment Concentrati on ----------~·~100% 

Classification of Sediment-Water Flows (modified from 
Pierson and Costa, 1984). 

Southern Cal ifornia has experienced many episodes of brush fire 
followed by periods of high sediment production and debris flow. Dry 
ravel of soil and organics during and immediately after fire carries 
much loose debris into channels which can be easily mobilized in flows 
during high runoff. Rill formation and development of rill networks 
in addition to the formation of a layer of water-repellent soil, a few 
millimeters below the soil surface, formed during fire is another 
major process contri buti ng to the producti on of abundant debri s after 
a fire (Wells & Brown 1981). The abundant debris, both on slopes and 
in channels, and the rapid concentration of runoff from denuded 
watersheds with water-repell ent soil accentuates the debri s- fl ow 
probl em. 

Debris flows commonly occur also in nonburned areas; however, 
there they are initiated principally as shallow landslides on steep 
slopes of colluvial soil and ravine fill. Moreover, in nonburned 
areas, specific meteorologic conditions, primarily antecedent rainfall 
and peak storm intensity, are necessary for initiating debris flows; 
peak storm intensity is more strongly associated with debris-flow 
initiation than is actual storm size (Campbell 1975). Because 
rainfall in southern California is predominantly orographic, intense 
rainfall and subsequent debris-flow activity may be generally confined 
to certain areas. 

Northern California.-The January 3-5,1982, storm in the San Francisco 
Bay regi on dropped as much as hal f the mean annual preci pi tati on ina 
period of about 32 hours, causing widespread landsliding and 
flooding. Thousands of sl ides induced by the storm transformed into 
debris flows that swept down hill slopes or drainages, causing 
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significant property damage and loss of life (Brown et al. 1984). 
Before the storm, debri s fl ows had been recogni zed in the San 
Francisco region, but their potential had not been fully appreciated, 
in part because they had occurred only locally in the years since 
population had spread into susceptible steep terrain. 

Antecedent rainfall, as well as stonn intensity and duration, 
were significant factors in debris-flow distribution. Seasonal 
rainfall, as well as rainfall during the month preceding the storm, 
had been unusually heavy, leaving the hillside soils with high 
moisture content at the beginning of the storm. A threshold of stonn 
intensity and duration for abundant debris flows was determined based 
on a study of stonns in the region (Cannon & Ellen 1985). 

Debris flows in the January 1982 storm occurred predominantly in 
colluvial soils located in swales. These swales concentrated ground 
water in the soils over bedrock resulting in high pore-water pressures 
and initiation of debris flows (Reneau et al. 1984). To generate high 
pore-water pressures in these soil s, rainfall must be of moderate to 
high intensity and long duration. 

Human modification of hillslopes and channels was directly 
responsi bl e for some debri s f1 ows in the January 1982 storm. Cul verts 
whi ch generall y woul d ha ve been abl e to handl e the fl ow of cl ear water 
plugged with debris, particularly trees, brush, and boulders. These 
blockages typically collapsed as ponded water levels rose behind the 
road embankments, sending surges of water and debris down the channel 
as debris flows or hyperconcentrated streamflows. 

Basin and Range.-The arid portions of the western United States are 
subject to "flash floods" that range from clear-water floods to debris 
flows. Although there have been few witnesses to these events in the 
sparsely populated areas, the abundance of alluviaT fans, consisting 
of debris-flow and stream gravel deposits in varying proportions 
(Blackwelder 1928), attest to a long and pervasive debris-flow 
history. 

On September 14, 1974, an intense thunderstorm passed over 
Eldorado Canyon near Lake Mojave, Nevada. The duration of rainfall 
was short, generally less than an hour, but intensities were very 
high--from 3 to 6 in/h (7.6-15.2 cm/h) for 30 minutes. The intense 
rain eroded shallow soils, leaving rills on some of the sparsely 
vegetated hillsides, and the high runoff scoured unconsolidated 
alluvium from the larger stream channels. The initial surge was 
described as heavily laden with sediment and having a consistency 
generally equivalent to freshly mixed concrete. Descriptions 
characterized the first surge as a debris flow with subsequent surges 
of hyperconcentrated streamflow (Glancy & Harmsen 1975). 

Wasatch Range.-In spring of 1983, rapid snowmelt in the Wasatch Range 
of northern Utah triggered numerous debris flows and hyperconcentrated 
streamfl ows that affected popul ated areas near the mouths of canyons 
north of Salt Lake City. Debris flows originated as landslides that 
incorporated 1 arge amounts of addi ti onal loose materi al from channel 
sides and bottoms as they surged down the canyons. Flooding was 
exacerbated by sediment deposi ted in the channel s by 1 andsl i des and 
debri s f1 ows. 

Several cl imatic conditions in the winter of 1982 and spring of 
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1983 were responsible for causing these events. These conditions 
i ncl uded (1) saturated soil mantl e at the start of wi nter resul ti ng 
from heavy, late autumn rains; (2) heavy winter snowpack; (3) low 
temperatures during late winter and early spring, permitting retention 
of the deep snow cover; and (4) sustained high temperatures once 
mel ting started. The cool weather in 1983 continued until about the 
middle of May when a sustained hot spell commenced, resulting in a 
very rapid melting of the above-normal snowpack. Subsequent high 
runoff resulted in flooding (Lindskov 1984) and rapid infiltration, 
causing temporary high ground-water levels. Such conditions triggered 
landslides, many of which were mobilized into debris flows. Of the 
many debris flows that occurred, only a few reached or extended beyond 
the mouths of canyons into developed areas (Wieczorek et al. 1983). 

DEBRIS-FLOW HAZARD EVALUATION 

The preceding examples illustrate some common physiographic 
settings and climatic triggering mechanisms for flows in mountainous 
regions of the western United States. The physiographic settings 
reflect the varying geologic, hydrologic, topographic, and vegetative 
conditions under which flows can be initiated. These examples also 
show. the common sources . of debris--landslides, rill erosion, dry 
ravel, channel bank collapse, and scour of stream channel deposits. 
Table 1 shows the general physiographic and climatic conditions for 
debris flows in the western United States. 

To identify areas subject to debri s flows and to pl an and desi gn 
for thei r occurrence it is necessary to (1) determi ne where they are 
likely to occur, (2) determine when they are likely to occur, and (3) 
determine where and how far they are 1 ikely to travel. Although the 
characteri s ti cs in Ta bl e 1 are descri pti ve of areas prone to debri s 
flows, they are not criteria for evaluating susceptibility or runout 
distance, factors that vary widely with specific site characteristics. 

Within the San Francisco Bay region a method for mapping debris­
flow susceptibility was developed and subsequently evaluated against 
distribution of flows in the January 1982 storm within a small sample 
area (Smith 1986). Almost all (98%) flows originated in areas 
previously designated as most susceptible to debris-flow initiation. 
In the WJsatch Range of Utah, Pack (1985) used an analysis of geology, 
vegetation, slope gradient, and slope shape to classify 88% of the 
1983 debris-flow sites as highly prone to failure. Whether these 
localty successful methods have widespread applicability is unknown. 

The problem of forecasting the path and runout of debris flows 
has been addressed using several approaches: (1) historic or 
prehistoric evidence of flows, (2) empirical methods, and (3) 
mathematical models. Based on historic and prehistoric debris-flow 
deposits, Glancy and Katzer (1977) mapped the debris flow hazard level 
for an area south of Reno, Nevada. Their evaluation predicted the 
general area inundated by a hyperconcentrated streamflow in May of 
1983, but failed to predict the exact boundary of the affected area 
because the peak flow rate of water and debris was much greater than 
anticipated (Glancy 1985). The difficulty of properly estimaUhg 
vol ume and flow rate of potenti al debri s fl ows or hyperconcentrated 
streamflows seriously affects the accuracy of evaluating routing or 
runout. Likewise runout and routing are affected by human 
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construction or channel alteration. 
Methods of estimating debris-flow runout have been based on 

empirical relationships between runout and other parameters, such as 
potential energy. For debris flows in Utah, Vandre (1985) proposed 
that runout on a 10% or flatter gradient was proportional to the 
elevation difference between debris-flow scarp and fan. Wieczorek and 
others (1983) eval uated the potenti al for debri s- fl ow runout beyond a 
canyon mouth by calculating the volume of a landslide that mobilized 
and fl owed to a canyon mouth and used that standard for compari son 
with semidetached landslides that had not yet mobilized. These 
various methods are site specific and cannot be extended to other 
regions without further analysis; therefore, their wider applicability 
is unclear. 

Mathematical models for determining debris-flow paths require 
difficult-to-obtain, field-measured values. Wigmosta (1983) used 
fluid mechanics theory to calculate velocity, discharge of peak flow, 
and other flow parameters at locations along the channels of several 
large debris flows from the May 1980 eruption of Mount St. Helens, 
Washington. Jeppson (1985) used computer models to simulate debris 
flows from a canyon that experi enced a debri s f1 ow in Utah duri ng 
1983. Chen (1985) developed one-dimensional equations for debris 

TABLE 1. - Conditions for Debris Flows in Western United States 

Physiographic Setting 

Los 
Loose thi n soil s over bedrock 
on sparsel y vegetated steep 
hillsides. Following a 
wildfire, a very shallow 
water-repellent soil layer 
is created. Wil dfi re removes 
vegetati on, reduci ng soil 
restraining effect of roots. 

Characteristics of Climatic­
Tri ggeri ng Event(s) 

Principal Source(s) 
of Debris 

Angel es Ranges of Pacifi c Border Provi nce * 
Antecedent rainfall is important Shallow translational 
except in burned areas. landslid~s; following 
Although storms may last a wildfire, dry ravel, 
several days, short-term peak rill erosion, and gully 
intensity is most important. erosion. 
Following a wildfire, the first 
several storms are the most 
important. Orographi c rai nfall 
can be significant. 

Cal ifornia Coast Ranges of Pacific Border Province 
Moderate to thick colluvial Antecedent rainfall is Rotational and trans-
soils in swales on steep important. Both storm intensity lational landslides. 
slopes. Slopes may be thinly and duration are important. Organic debris can 
or thickly vegetated. Continuous moderate to high constitute a major 
Locations of ground-water intensity lasting many hours is component of flows and 
concentration are important. an important factor. cause blockages of 

cul verts and bri dges. 

Loose thin soil on steep 
hillslopes. With sparce 
vegetation, runoff during 
storms is quickly concen­
trated. 

Moderate to thi ck coll uvi al 
soils in locations of 
groundwater concent rat i on on 
steep hillsides. 

Basin and Range Province 
High-lntenSlty, short duration 
rainfall during convective 
storms on naturally barren 
hillslopes or where vegetation 
has been removed. 

Middle Rocky Mountain Province 
Rapid meltlng of heavy snowpack 
from sudden warm spell. 

* Physical divisions of the United States from Fenneman (1946). 

Rill erosion on hill­
sides; stream bank 
collapse and scour of 
stream channel deposi ts. 

Rotational and transl a­
tional landslides with 
significant contribution 
from scour of channel 
banks and deposits. 
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flows down a narrow valley, but points out that these equations do not 
apply on an alluvial fan, where debris flows can expand laterally, and 
for which a two-dimensional model is needed. Measurements of the 
rheologic properties of debris flows are relatively few, so at least 
for now the results from such models are largely theoretical. 

HAZARD WARNING 

Recognition of debris-flow triggering events and analyses to 
identify thresholds critical for the triggering of debris flows 
provide the possibility of issuing hazard warnings. The National 
Weather Service and the U.S. Geological Survey jointly issued a 
debris-flow advisory in the San Francisco Bay region in radio 
bulletins during the stonn of January 26,1983, based on rainfall 
comparisons to the January 1982 storm. Although scattered debris 
flows were observed following this warning, they were not so abundant 
as in January of 1982 because rainfall totals in the 1983 storm fell 
far short of forecasts and amounts in the 1982 storm. 

Since 1983, an Automated Local Evaluation in Real Time (ALERT) 
system (Clark et al. 1983) of telemetry rain gauges has been installed 
in the San Francisco Bay region under coordination of the National 
Weather Service. This system is similar to one previously established 
in Ventura County, California, which provided data for flood peak 
analyses and allowed preventative measures to avoid a flood disaster 
in February of 1980 (Bartfeld & Taylor 1982). One of the ALERT 
stations in the San Francisco Bay region is outfitted by the U.S. 
Geol ogi cal Survey wi th devi ces to moni tor ground-water 1 evel 
fluctuation in shallow soils on steep slopes where debris flOWS are 
likely to be initiated (Alger, Mark & Wieczorek 1985). These data, 
along with rainfall measurements, are intended to provide real-time 
monitori ng of hill si de processes duri ng storms. I n the San Franci sco 
Bay region, with the ALERT network, those responsible for the public 
welfare are in a much better position than ever before to issue flood 
and debri s- fl ow warni ngs. 

In Utah and other western states telemetered data on snowpack 
water equivalent, total precipitation, and air temperature are 
collected under the SNOTEL acquisition system (Crook 1983) to monitor 
the accumulation of the snowpack as well as the onset of rapid 
melting. This provides an indicator of regional hillside conditions, 
which is useful for hazard evaluation and warning. Following the 
events of 1983 along the Wasatch Front of Utah, several landslide 
sites were instrumented to measure temperature, precipitation, and 
hillside movement. In the spring of 1984 alarms triggered by 
landslide movement gave advance warning of debris flows (McCarter & 
Ka 1 i s e r 1985). 

SUMMARY AND CONCLUSIONS 
Both on a site-specific and regional scale, advances in 

electronic data monitoring and transmission have made debris-flow 
hazard warning feasible in real time. However, judicious warnings 
depend upon an understanding of the debris-flow-initiation process in 
a particular physiographic setting, and development of historic 
thresholds or models upon which warnings can be reliably based. 
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completely destroyed vegetation and produced the most dramatic landscape disturbance in catchment headwaters. Sustained rainfall during this activity led to extensive, shal­low slope failures and to extraordinary overland flow that developed an extensive rill network on the pumice-tephra mantle. Sediment mobilized from these rills and shallow landslides generated several pumice-rich lahars that are found interbedded with the pyroclastic vaIley fill and con­tributed to the postpumice-fall lahars on the O'Donnell River and to the pumice-bearing recessional-flow deposits observed in several channels. Truncation of rills by valley fill and the lack of an integrated drainage on that valley fill show that excessi ve overland flow had diminished before the caldera formed and pyroclastic flows ended. Ahhough the climactic eruptive activity produced the most dramatic and widespread landscape disturbance and severely dis­rupted watershed hydrology, stratigraphic constraints on the timing of peak discharge in several eastern watersheds illus­trate the delicate sensitivity of watershed hydrology to dis­turbance by even relatively thin, tine-grained volcanic deposits. 
The timing of peak discharge with respect to the onset of the climactic phase of activity on June 15 varied in a northerly direction across watersheds and downstream within watersheds. From the Porac River to the Sacobia River, peak discharge along the mountain front occurred before the plinian pumice fall; between the Sacobia River and O'Donnell River, peak discharge largely followed the pumice fall. On the alluvial plains, peak flows generally fol­lowed the pumice fall. The timing of these lahars probably retlects localization of variable-intensity', eruption-induced rainfall, northward movement of Typhoon Yunya, and per­haps variations in the degree of disturbance of catchment headwaters by preclimactic eruptive activity. Characteristic response times of watersheds do not appear to differ signifi­cantly, and their influence on the variation in lahar timing is probably more subtle than is the influence of variations in rainfall. The interplay of these various factors affects the amount of water that moves from hillslopes to channels to fanheads, how rapidly it moves, and its ability to entrain and transport sediment. 

Peak flows commonly attenuated, slowed, and diluted lS they moved across the alluvial fans and onto the alluvial Ilains. Along the mountain front, peak flows were as deep s 6 m or more and had instantaneous velocities of about 6 tis. In distal reaches, peak flows commonly were less than to 3 m deep, and mean peak-flow velocities were less than rrtls. The sedimentology of downstream deposits suggests It many lahars were rapidly transformed to hyperconcen­.ted and normal streamtlows beyond the mountain front; wever, some of the lahars remained as debris flows across alluvial fans. 
The mid-June lahars damaged inhabited areas on the sely populated alluvial fans of Tarlac and Pampanga vinces primarily by triggering lateral bank erosion that 

undermined buildings and by aggrading mainstem channels that led to backtlooding of tributary channels. Although some areas were directly buried by lahars, burial was gener­ally of secondary importance to damage triggered by bank . erosion and by induced backflooding, except along distal alluvial plains where primarily agricultural land was inun­dated. As devastating as these lahars were, they had far less social and economic impact than subsequent lahars trig- . gered by the seasonal monsoon rains. 
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Plate 1 -
Map Showing Relative Potential for Both Debris Flows and Debris Floods to Reach Canyon Mouths 

This map depicts the relative potential for debris-flow and debris-flood events to reach canyon 
mouths. Because the damage likely from these different processes may be different in type and areal 
extent, this map does not represent a risk evaluation. 

Relative 
Potential f~r 
Debris Flow 

Debris-flow 
Criteria 

Relative 
Potential 
for D~bris 
Flood 

Debris-flood 
Criteria 

Very high3 A, Canyons with existing partly­
detached landslide of volume 
sufficient for debris flow 

Very high a, Canyons with existing partly­
detached landslides that could 
become mobilized as debris flows 
and subsequently diluted into debri 
floods. This very high potential 
applies at least through the summer 
cloud-burst season and through the 
following winter and spring thaw. 

High 

Moderate 

Low 

to reach canyon mouth. This 
very high potential applies 
at least through the summer 
cloud-burst season and through 
the following winter and 
spring thaw. 

B, Evidence of more than one past High 
debris flow reaching canyon 
mouth, indicating a recurrent 
long-term potential for debris 
flow. 

C, Evidence of only one past debris Low 
flow reaching canyon mouth 

or 
Historic (including 1983) 
debris-flow scar or path 
suggesting volume sufficient for 
debris flow to reach canyon 
mouth. 

D, No evidence for past debris flows 
reaching canyon mouth. 

Symbols 

b, At least one historic (including 
1983) debris-flow or debris-flood 
scar or path regardless of volume 

or 
Evidence of past debris-flow or 
debris-flood at canyon mouth (fans 
mapped by Miller, 1980). This 
evidence suggests recurrent 10ng­
term potential for debris flood. 

c, No old debris-flow scars or evidenc 
of past debris floods. 

Small range-front canyon having rating of moderate 
or higher; rating shown by letter designation 

Approximate location of largest partly-detached 
landslide in each canyon. 
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From Open-File Report 83-635: Assumptions used in 1983 Evaluation of Debris ' 
Flow Potential 

I} partly-detached landslides are 'probably less stable now than before 
movement and are probably less stable than nearby unslid materials 

1 

2) increases in ground water levels accompanying a rainstorm or rapid snowmelt 
could be expected to induce movement of these partly-detached landslides · 

/',.~ ~ 3) the potential fora debris flow to reach the canyon mouth depends . on 1 ) the 
c,& \~-vOlume of the partly-detached landslide that mobilizes into a debris flow 
V>'~f!W4 and 2) thegradi ent of the channel . 

1. ~~ 4) the total debris flow volume will consist of contributions both from a 
landslide at the head of the debris-flow path and from materials, scoured 
from the channel . 
--for similar initial landsltdecontributions, the channel contribution 
. will be similar in canyons of similar s;-ze, shape, gradient, surficial 

deposits, and bedrock geology 
--most major canyons between Holbrook and Beus Canyons, are si~ilar in 

size, shape and gradient and are underlain by relatively uniform schists 
and gneisses of the Fannington Canyon complex (Davis, 1983)~ · a similar 
level of channel contribution from these canyons can be expected 

5) Simultaneous failure of non-adjacent landslides is unlikely, so the largest 
partly-detached landslide within each tanyon represents ~he greatest threat 

6) Debris flows from partly-de5ach:d la~dslides in major c~nyons of less than 
a standard vol ume (15,500 m ) .wlll d1e out before reach1 ng the canyon mouth 
b~t will contribute material as debris flood. A smaller standard (3,600 ' ,. 

m ) was. assumed fo.r ., smaller. can~yons. ,/ / . _/ ,./ r " ~ 
tf ~ " , d. /..YJ~-'( , . ~ IJ1 ~-.-j''''/.~ l'"~~~, 
~ : ~~~ 7~ , -~ 

k~ ~~rlb>~~~ 
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Table 1 - Evaluation of Potential for Debris Flow and Debris Flood From Canyons 

Historic & Prehistoric Volume (m3) of Largest Average Evaluation of 
Documentation of Largest Single Est imated Main- Potential 
Debris Flows and Debris Flow Volume (m3) of Channel 

Drainage (South to Debris floods reaching 1983 Single Partly- Gradient Debri s Debris 
North) canyon mouth Detached Flow Flood 

Landslide 

City Creek 1854~ 18645, 18745, Mi nimal B b 
1879 

Mill Creek alluvial fan l Mi nimal D b 

Kenney Creek historic, m~ltiple Minimal B b 
ere his tor i c 

Holbrook Canyon None 22,000+4,000 42,000+5,000 .120 A a 

J. Stone C reek/ 
9/~~ Ward Canyon 

erehistoric3, 19833 15,500+1,500 2,000+500 .126 B a 

Centerville Canyon alluvial fan 1 2,000+200 .140 D b 

Parrish Canyon 19305, 19305 1,000+200 50,000+10,000 .177 A a 

Barnard Canyon . 19305 6,400+1,000 10,OUO+2,OOO .195 C a 

Ricks Creek/ 553 1,040+200 4,000+500 .203 B 1901
5

, 1923
5

, 1929 , a 
Ford Canyon 1930 , 1934 

Davis Creek 1878~, 1901~, 1903~ Mi nimal .305 B b 
1923 , 1929 , 1930 

Steed Canyon ereh~storic~, 19015 10,000+2,000 25,000+5,000 .341 A a 
1923 , 1930 

Rudd Canyon erehistoric3, 19833,7 64,0007 70,000-100,000 .314 A a 



Farmington Canyon 

Shepard Creek 

Baer Creek 

Holmes Creek/ 
Webb Canyon 

S. Fork Kays Creek 

18785, ~5, 19265, 
1936, 1947 

alluvial fan 1 

preh1storiC~, 1912:, 
1923

4
, 1927 , 1945 , 

1947 

alluvial fan 1, 1917 5 

422 1912
4

,1923
2

, 1927
2

, 
1930 , 1945 , 1947 

M. Fork Kays Creek prehistoric1, 19472 

Waterfall Canyon 19234 

Ogden Canyon 18885, 19234 ,5, 19806 

Coldwater Canyon 

Willard Canyon 

Facer Canyon 

Threemile Creek/ 
Perry Canyon 

prehistoric1, 19833 ,8 

preh1storic~, 19125 , 
1923 , 1936 

multiple pre~istoric3, 
alluvial fan 

19234 ,5, alluvial fan 1 

Sources of information: 

17,000+3,000 

5 ,000~1 ,000 

2,400+400 

Minimal 

Minimal 

Mi nimal 

Minimal 

Minimal 

12,000+2,000 

8,000~ 1,000 

3,000+500 

Minimal 

IMiller (1980) 
~Winkelaar, U.S. Forest Service, (oral commun., 1983) 
4determined during this study 

40,000+5,000 

2,000+200 

20,000+5,000 

10,000+2,000 

30,000+5,000 

.127 

.175 

.166 

.209 

.203 

.205 

.195 

.307 

A a 

o a 

A a 

C b 

B b 

C b 

C b 

C c 

B b 

A a 

A a 

C b 

Croft (1981) 
5Woo' 1 ey (1946) 
6Thom Heller, U.S. Forest Service (oral commun., 1983) - both 1923 and 1980 events reported in tributaries to 
9gden Canyon 
8Kaliser, Utah Geologic and Mineral Survey (oral commun., 1983) 

Pierson, U.S. Geological Survey (oral commun., 1983) 
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Correlation of 1983 partly detached landslides with 1984 debris flows in 10 
Topographic Hollows along Wasatch Front between Salt Lake City and Willard 

part ly 
detached 
landslides 

+ 

+ 11 

13 

16 

491 

Within Major and Half Canyons: 
Topographic Hollows with 
1984 Debris Flows and No 
Partly-Detached Landslldes 

Topographic Hollows with 
1984 Debris Flows and 
Partly-Detached Landslides 

13 
Probabilities - 13 + 491 = 0.025 

13 
Odds 49T = 0.0265 

11 
Probabilities - 11 + 16 = 0.407 

11 
Odds 16 = 0.6975 

0.6875 
Odds ratio = 0.0265 = 25.97 

Null Hypothesis: Debris flows occurred in 1984 in the same proportion in 
topographic hollows with and without partly-detached landslides. 

X2 = [(observed-expected)2/expected] 
X2 = 86.5 

From X2 - Tables with P = 0.01 • X2 = 6.64. Our observed value is much larger 
than this, therefore we have strong evidence that the distribution of 1984 
debris flows in topographic hollows is different with and without partly­
detached landslides. 

Adding all minor canyons to this analysis: 

pa rt ly 
detached 
landslides 

+ 

+ 11 

22 

16 

567 

Topographic Hollows with 
1984 Debris Flows and No 
Partly-Detached Landslldes 

Topographic Hollows with 
1984 Debris Flows and 
Partly-Detached Landslides 

Odds 

22 
Probabilities - 22 + 567 = 0.037 

22 
Odds 557 = 0.0388 

11 
Probabilities - 11 + 16 = 0.407 

11 
Odds 16 = 0.6875 

0.687!:> 
Ratio = .0388 = 17.72 

X2 = 69.7 
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Table 3. Analysis of materials from the Birch Creek debris flow 

Distance from GRAVEL SAND SILT CLAY Trask 1/ Field 
Sample # beginning of () 2U~O) (200U362) (62-j) «4 ) 059 (°75/ 025) 2 Notes 

debris flow (m)l (xl0- mn) (xlU- mm~ ( xl 0 - nln) (xlO- 3rnm) (xl0- rTTTl) 

I3C-l 1 39 32 28 33 7.6 Bedrock at 
main scarp 

13C-13 1021 m 212 46 19 14 200 6.5 1983 debris-
flow deposit 

BC-18 1555 m 9 61 19 11 200 3.5 1983 debris-
flow deposit 

BC-16 1612 m 4 57 24 15 130 5.0 paleo debris 
flow 

HC-17 1612 m 13 49 26 12 140 5.9 paleo debris 
flow 

BC-21 1861 m 4 54 28 14 120 4.8 1983 debris-
flow deposit 

BC-2 2724 m 3 54 26 17 101 4.8 1983 debris-
flow deposit 

BC-3 3337 m 2 56 26 16 102 4.8 1983 debris-
flow deposit 

8C-4 2 3711 m 1 94 3 2 280 1.4 1983 hyper-
concentrated-
flood deposit 

I3C-5 2 3711 m 20 3 58 13 320 3.5 1983 debris-
flow deposit 

I3C-6 2 3711 m 79 7 6 270 1.8 1983 hyper-
concentrated-
flood deposit 



Table 4. Largest boulders found in the boulder front snouts at the Birch 
Creek debris flow. 

Boulder front 
snout number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Largest boulder 
d i am e t e r ( m ) 

2.0 

2.3 

3.0 

2.1 

2.0 

4.0 

1.0 

1.5 

1.7 

1.0 

3.8 

1.7 

1.0 

1.0 

Boulder front 
snout number 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Largest boulder 
diameter (m) 

1.2 

1.3 

0.6 

0.5 

0.8 

1.0 

0.5 

0.3 

0.3 

1.0 

0.7 

0.8 

0.9 

0.8 

13 
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Table 5. Identification of deposits at Birch Creek debris flow 
where flow crosses Utah State Highway 117, samples BC-4 through BC-12, Table 3 

Observable Features Debris Flow Hyperconcentrated Flood 

Bedding Massive Finely bedded 

Sorting Unsorted Well sorted 

Dominant particle size Clay-cobble Sand 

Color Gray Light brown to tan 

Organics Abundant Absent/Rare 

Grain Size Analysis Range Mean ± S.O Range Mean ± S.O 

Combined 
:t silt and clay 22-77 51 21 ~-30 14 8.6 

O!:>O (m) 39-320 137 III 105- 2tW 226 66 

Trask (0 75 /°25) 1.6-5.3 3.4 1.3 1.4-1.8 1.7 0.17 



arboraceous debrls. Inese aeposl'ts are Slmlldr' HI IIIUqJl1UIUYY loU 1~~~111o \J.jO.J} 

hyperconcentrated-flood deposits observed at this site, and therefore are 17 

identified as paleo hyperconcentrated-f1ood deposits. The third type of 

material was or9anic-rich peaty soils, very dark in color and with a 

. 

noticeable odor of rotting organic matter. These peaty soils probably 

resulted from a soil horizon rich in organic material that developed on the 

paleo debris-flow or hyperconcentrated flood deposits. 

Using Carbon-14 dating techniques on the organic layer immediately below 

the lowest identifiable debris-flow deposit (at pt. 12 on Plate 1), we 

established the maximum age for the lowest debris flow at 4,210 ± 60 years 

B.P. The organic layer immediately above the uppermost debris flow (exclu din 9 

1983) was dated as 2,100 ± 60 years B.P. which establishes the minimum age of 

the uDper flow. Exposed in this channel are at least 17 to 20 paleo debris 

flows. Using the maximum and minimum ages, the recurrence rate for 

prehistoric debris flows to reach this location is at least 100 to 120 years. 

Below the steep section (pt. 14, Plate 1) the channel incision continued 

onto the alluvial fan, exposing additional stratigraphy. Using a similar 

sampling technique for a point lower on the alluvial fan (pt. 15, Plate 1) the 

upper and lowermost debris-flow deposits were dated at 2110 ± 40 years B.P. 

and 4470 ± 70 years B.P., respectively. At this location there were only 8 to 

10 prehistoric debris flows identifed, and therefore the recurrence rate for 

prehistoric debris flows is at least 245 to 317 years. This longer recurrance 

rate at a point further removed from the canyon mouth ;s consistant with 

theory that the further a given point is beyond the channel mouth (and 

therefore from the source area), the less frequently debris flows will reach 

that point. 

CROOKED CREEK 

Setting 

The Crooked Creek debris flow is approximately 2 km southwest of the town 

_ _ _ 4-~ __ ~~ ('-""",,""'+0 \I~llo,' (fin ,)_ 
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Table 14. Data used for regression equations 

Site Distance Vol~me Coefficient of Percent Elevation 
(m) (m ) Confinement Clay Change (m) 

Birch Creek 56Hl 167,000 0.06 14 305 

Crooked Creek 2390 8,500 0.25 19 280 

Lower Gooseberry 1447 17,250 0.08 15 110 
Reservoir-I 

Lower Gooseberry 657 2,950 0.17 23 97 
Reservo; r- I I 

Little Clear Creek 946 1,800 0.17 10 134 

South Fork of 4760 45,000 0.24 31 268 
North Creek 

Santaquin 765 13,500 0.12 38 61 

Ward Canyon 5893 15,500 0.28 2 293 



Table l~. Debris-flow Runout Model uses and limitations 

Model is appropriate for the following 
uses: 

1. Evaluating runout distance of a 
debris flow resulting from a 
landslide 

2. Estimating areas that may be 
impacted by debris flows 

Model is inadequate and not 
recommended for the following uses: 

1. Evaluating debris flow runout 
distance from a drainage basin 
without specific landslides 
identified 

2. Evaluating debris flow runout 
distance from a flow initiating 
in a channel 

3. Specific site planning or zoniny 
to reduce risks 

20 



Scale of Debris Flows in Japan (caused disasters in 1972 1977) 

[
number in each column shows frequency J histogram shows percentage against total (total 551) 

2~ % per 1 line (column of total), 05 % per 1 line(individual column) 

14 15 

5 2 

1.78 

3.1 6 +---!.o*..:::t.....-I------+--+--lr---4.r-~~~-

1.78 

7 0 0 0 
14 

, 
15 l( 

tOG 
16 2 1.78 
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Marsell (1971) - Conditions contributing to flooding that contributed to 
spring snowmelt: 

(1) heavy winter snowpack 

6 

(2) saturated soil mantle at start of winter resulting from heavy, late-autumn 
rains 

(3) low temperatures during late winter and early spring; permitting 
retentaion of deep snow cover 

(4) sustained high temperatures once melting started 

(5) additionally ppt., esp. warm rain, which increased rate of melting 

(6) streams within a drainage basin reaching peak flow simultaneously 

From Open-File Report 83-635: Studies needed for careful evaluation of 
potential should address the following questions: 

1) Relations between rainfall (or snowmelt), ground-water levels, and 
landslide movement. Such relations would permit prediction of timing of 
debris flows. Real-time prediction and warnings could then be made based 
on telemetered rainfall, water-level, or ground-movement information. 

2) Stability of the partly-detached landslides. Are these masses in fact 
significantly less stable than nearby hillslopes, and how long will they 
remain so? These questions should be approached through detailed site­
specific studies including stability analyses of the landslides. 

3) The process of transformation from landslide to debris flow. Understanding 
developed through such study could help evaluate the potential for debris 
flow of the partly-detached landslides. 

4) Incorporation of channel materials by debris flow. Possible variations in 
materials available for incorporation is one of the major uncertainties of 
our analysis. 

5) The transition from debris flow to debris flood. Understanding of this 
transition would permit more accurate prediction of the nature of flow from 
canyon mouths. 

6) Factors that control debris-flow runout. Understanding of runout would 
help in prediction of areas likely to be affected beyond canyon mouths. 

7) Recurrence of debris floods and debris flows at canyon mouths. Systematic 
field investigation and dating of deposits would help define the expectable 
frequency of events from each canyon. 
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