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The objective of this alternative is to evaluate the extent of landslide 

activity that occurred in 1983 on the Manti-LaSal National Forest and to use 

this data to predict landslide suscept1�ility. This analysis would be a 

continuation and updati�g of the information compiled on landslides by 

Allen Gallegos, Environmental Geologist, while serving on the "Flood and 

Landslide Damage Assessment Team" in 1983/" Cl>�' cl r!...J--- rc.) /';' . C )),,_.:.- I ,,� /� . �) I 'i 
C�ny);/Ed /;,/ !1�I/(eQ.H ��c-dr(�' 
Methods: 

The 1:40,000 scale black and white aerial photographs which were taken in 

September 1983 will be used as the basic reference for landslide occurrances. 

The photos will be analyzed and compared with earlier photography. All land

slides identified as �eing active in 1983 will be plotted on 7� minute USGS 

topographic maps. This process will verify the landslides already mapped 

during the landslide damage assessment and add those not previously mapped. 

Symbols will consist of arrows (�) for long, narrow slides and dashed lines 

with an arrow showing direc tion of movement for mass failure r +�: 

. ' 

After the landslides are plotted on the maps, isopleth maps will be developed. 

These maps will show lines/��eqUal landslide activity. "The isopleth map:oc<?n be used 

to quantify zones of landslide activity and also serve as a guide to landslide 

susceptibility. Two reports are attached which describe this process. 

The actual number of landslides and estimated acres disturbed will be t�llied 

by subwatershed. This information will then be summarized to give District, 

Division, and Forest totals. I 

I 



Final Produc t: 

1. Topographic maps with all landslides plotted that were active in 1983. 

2 

2. Isopleth maps showing landslide occurrance zones and landslide suscepti

bility. 

3. Total number of landslides and acres disturbed by landslides by subwatershed, 

District, Division, and Forest. 

4. Brief report of procedures and results. 



Action Plan for Landslide 
Analysis on the 

Manti-LaSal National Forest 

Alternative 3 

This alternative would be the same as alternative 2, but would consist of 

mapping all landslides noted on the 1983 1:40,000 aerial photographs \.,rith-

out determining which ones occurred in 1983 specifically. 

Alternative 4 

This alternative would be the same as alternative 2, but would not include 

th� .pr\=P?ra.tion.._of isopleth maps. 
--� -----... . -

Al ternative .\ 

Geologic Overview (�) level 

- update existing landslide inventory mapsino field work (2pp) 

Alternative B 

Geologic Reconnaissance (3) or Survey (2) level 

- update existing landslide inventory maps 

- field checks (appropriate %) (4pp) 

Alternative C 

Geologic Survey (2) level 

- update existing landslide inventory maps 
- field checks (appropriate %) 
- Isopleth method of determining landslide-susceptability zones 
- Analysis of landslide-susceptability zones (IOpp) 
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Preparation and Use of 

Isopleth Maps of Landslide Deposits 

ABSTRACT 
Isopleth maps deriveu from bndsliue 

inventory maps gena�lize �nu quantify 
the areal distribution of bnuslide deposits 
in contour form and may be uniquely 
useful for some types of regional pbnning. 
The isopleth form�t permits incorporation 
of landslide inform�tion with other 
qu�ntified map dat� in the prep�ration of 
slope stability m�ps. The isopleth map of 
landslide deposits in S�n �bteo County. 
California (scale I :300,000). serves �s �n 
example of this technique. 

INTRODUCTION 
Inventory maps of landslide deposits 

show where landsliding has occurred in 
the past and thus serve as ;) general guide 
to slope stability. However, qU:Jntitative 
comp;)risons of the relative proportions 
of landslide cover among different areas 
an: usually difficult. The inventory maps 
may also be diffi�ult to usc in combina
tion with other types of m�p d�t� for the 
derivation of slope stability m�lps because 
the information is not quantified. Inven
tory IIlaps of landsliLlc Jeposils C�1l be 
generalized ami qualltificCi by preparing 
:iilTsQ1llcl h lIIap which permit.s cOI1l\l<lri
son of different arcas on the basis of 
the proportions of those �reas that arc 
coven:u by I;)ndsliue deposits. 

Isopleth maps (see S�hmid ;)nd 
MacCannt:!, 1955, p. 220) show the 
distribution of landslide deposits by 
contours (isopkths) drawn through 
points representing equal percentages 
of cover by landslide deposits within a 
unit area. Isopleth lIIaps clf I:.!ndslide 
deposits h;)ve been pn:pared for the 
Point Dume qu;)dr;)ngle, California 
(Campbell, 1973), and the southern San 
Fr�ncisco Bay region l Wright �nd Nilsen, 
1974). These maps were prepared from 

inventory maps of I�ndslide deposits, 
using techniques simibr to those de
scribed by Schmid and MacC'annel (1955, 
p. 234-239). The San �Litco County p�rl 

Robert H. Wright, Russell H. Campbell, Tor H. Nilsen 
U.S. Geological Survey. Menlo Park, California 94025 

of the southern S�n Francisco Bay region 
map illustrates the methods used to 
prep�re isopleth maps. Because of dif
ferent map scales (I :24,000 versus 
I : 125,000) � nd I� ndsl ide densities 

between the Point Dume and San Fran
cisco Bay region maps, slightly different 
procedures were used in their construc
tion. The procedures arc interchangeable, 
however, �nd reproducibility is obtained 
using either. 

MAP PREPARATION 
The inventory map of landslide 

ueposits for S�n Mateo County, including 
those originally mapped as questionable 
or possiblt:, is shown in Figure I reduced 
to I :300,000 scale, and a part of this 
m�p is shown in Figure 2A at a scale of 
I : I 25,000. L� ndslide deposits enclosed 

by contacts �re larger th�n 500 ft in 

longest uimension; solid dots represent 
deposits between 200 and 500 ft in 
longest dimension. Deposits smaller than 
�bout 200 ft in longes t dimension gen
er�lIy were omitted. 

The density of lanuslide cover was· 
determined at I: 125,000 scale from the 
inventory nwp by comparing different 
areas of constant size. A I-in.-diameter 
pl�sti� counting circle enclosing an in
scribed 20 X 20 per inch grid (Fig. 2B) 
w�s systelll�tically positioned with its 
center on the interse�tions of a grid over
bin on the inventory Illap (Fig. 2C; grid 
omitteu). The l1I�ximum spacing between 
center positions w�s 0.5 in., and <It e<lch 
position the number of grid squ<lres 
within the circle covered by Ilwpped 
deposits was counted and recorded 
(Fig. 20). The spacing between center 
positions was reuuced to 0.25 in. in areas 
tr�nsitional from foothill terrain to val
It:ys (used to determine contours in 
Fig. 2E but omitted in Fig. 2C, OJ to 
delerlllint: isopleth positions Illore pre
cisely. Whl're landslide data horcil:ring 
tht: 11I�IP were i n adeq uatt: ()r unavaibble. 

;) symmetric�1 Jistribution was assumed. 
Contour lines (isopkths) were then 

drawn through numba, l'quivalt:nl to I, 
10,20,30,40,50, ('0,70, HO, af,,1 ')0 

percent of are;! covered by lantlslide 
deposits (Fig. 2E; offshore isopJeths 
shown for illustration). The isopleth 
map thus shows the percentage of the 
area covered by landslide deposits within 
a I-in.-diameter circle centered at any 
point on the map. Maximum and mini
mum determined v�lues were labeled 
within closed contours; they are not 
centroid values (Schmid and MacCannel, 
1955, p. 23H). Figure 3 shows the iso
pleth map of landslide deposits for San 
�bteo County at 1:300,000 sc;)le. 

MAP USES 
The isopleth map generalizes the 

distribution of landslide deposits and 
permits qu�ntitative comparisons among 
different p�rts of a map �rea. The con
tour form;)t is e�sy to combine with 
other qu�ntified map data for the 
preparation of higher order deriv;)tive 
maps �nd may be more suitable for some 
regional planning purposes than the 
inventory maps. Areas with many s!Ilall 
landslides c�n be CO[J1�a red �uantilativel)L 
With areas containing kwl'[ bill I�rl!-er 

j;W'!ISTiJes. Trends and geogr�phic orit:nta-
l ion�S!� !Oh"t:5:illI;lil4slJde (Jeposlts qn �QgnT7.Cd ..:�sily Where diff..:rent 
types of landslide deposits have het:11 
mapped, sep�rate isopleth m�ps for e�ch 
type lTlay illustrate signific:Jnt diffcrenct:s 
in the topogr�phic, geologic, anu c 1illl:Jt ic 
factors th;!t contribute to landsliJing:..JJu!
Sill (hin' of he I�ndsliclc d� la b lhe 
isoplcfhs diminishes t Ie illl orlance of 
errors Q r nonreco nitiOI1 and misl enlifi-
7:�� olJpcciric landsli cs In t Ie lIWell
iO�i)aps"Wr1e'n other data ;Ire ilv,rilalJll!, 
the isopleth Illap can easily be correla'ted 
with maps showing the distribution of 
soils, bedrock lithology :Jnd structure. 
slupe. rainfa ll , vc�ctati(ln. seismic zones, 

GEOLOGY 
y, L. / � / LJ'13 - 1{;f5 483 
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Figure I. Inventory map of landslide deposils ill San Matco County, California (afler Ilral>b and 
Pampcyan, 1972). 
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Figure 2. Steps in prcpara tion of isopleth 
map. See text for discussion. Location of area 
u5ed in this example is shown in Figure I. 
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figure), Isopleth map of landslide deposits, San Mateo County, California (after Wright and 
Nilsen. 1974). 
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urbanization, and othn radors that affl!d 
landsliding. When other data relating to 
slope stability are lIlIavail;lhil:, the isopil: t h  
1ll'lIl �10111! Illi -ht �.·rvo: as:l '.. . aLi1J!Jl 

Ult c dslilh: SUS�cplihi!jIY Thc 
construction of isoplct h maps is mcchani
cal, relatively rapiLl, and alnenahk to 

computer procl!ssing and contouring 

techniqucs. Isopll!th Illaps can he cun
struclcd ror many kinds of data and may 

be usdul in a variety of geologic and 

environmental stuLlies . 
. Users of isopio:th maps of landslide 

deposits lIlust recognize certain limitatiol.ls 
�nd qualifications. The maps quantllv0 
t�rr311l solely on the hasis of }fOX imit 
torecogllI7.C :lIld sllspected bndslide 
:Uep.p�Wi-The effects of i nd iviu u:.11 factors 
ill;lt dctcrlllmc�OP(:=;>J:ThdIlY 5111·h ·IS �bcdrock and �oil tvpe !!col{)�iJ..:... 

,structu rel clim,l(e, and CHflh shaking,� 
vJiyWith time and frOIll pbce 10 pbcc 
;nJ arc nOL considered IntlepCQ� 
Tile isopleth mups arc cOllslru·clcJ from 

inventory maps thaI usually re present 
compilations from source maps of dif
fering reliability, accuracy, and scah:; a 
close review of source lIlaps and da ta 
should therefore be part of any evaluation 
of planneLi or proposcd land Llses. 
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"�� United States t�.ll) De�artment of 
• �;:;" Agriculture 

Forest 
Service Price RD 

Reply 10: 2880 Geologic Services Dale: February 10, 1984 

Sub;ecl: Geologic Overview of the Slope Stability Conditions in the 
South Fork Thistle Creek Area 

To: Sanpete And Price District Rangers 

ABSTRACT 

A slope stability condition analysis was conducted at a geologic overview 
level using an isopleth method to determine landslide-susceptibility zones. 
Slope stability conditions were determined to assess the feasibility of 
a proposed gas pipeline realignment route and any other possible routes. 

Analysis of available data concludes that the proposed route is the most 
suitable location from the slope stability aspect. The proposed route 
was determined to be the most suitable because the route traverses over 
less known landslide-susceptibility zones' and minimal landslide problems 
are anticipated. 

Avoiding known moderate landslide-susceptibility zones, minimizing cuts 
and drainage control should effectively mitigate accelerated erosion. 
In addition, a geologic survey level study should be conducted to determine 
detailed site specific mitigation measures. 

��:Ef�� 
Geologist 
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INTRODUCTION 

Mountain Fuel Company operates a gasline under a special use permit. The 
current location of the gasline is severly threatened by landslides in the 
South Fork Thistle Creek Area. The Company has proposed realignment routes 
that were designed to circumvent unstable slopes and minimize shearing 
forces on the pipeline. The project area shall be referred to as the South 
Fork Thistle Cre ek area (see Fig 1). 

On November 8, 1983 a field review of the proposal was conducted with 
members of the ID Team and Mountain Fuel Company personnel. Field conditions 
were such that snow cover prevented on the ground review of the whole 
proposal. The field review consisted of driving along Skyline Drive to 
review that portion of the project. 

This report is a summary of slope stability conditions, landslide suscep
tibility and recommendations for the proposed pipeline realignment project. 

South Fork Thistle Creek Area 

PROJECT DESCRIPTION 

The proposed pipeline realignment route for the South Fork Thistle Creek 

area will follow Skyline Drive for approximately 1.5 miles and Haystack 
Ridge for approximately 2.3 miles (see Fig. 1). The pipeline will cross ' 
Skyline Drive four times to gain access to Haystack Ridge, to circumvent 
unstable s lopes to the south and to short cut a curve in the road. The 
section of pipeline along Skyline Drive will be constructed in the shoulder 
and road bed. The section of pipeline on Haystack Ridge will follow the 
crest of Haystack Ridge along an existing two track road. Project activities 
include construction of a temporary road on Haystack Ridge to accommodate 
the pipeline construction. Heavy equipment necessary for construction 
includes bulldozers, backhoes, cranes and several support vehicles. 

SLOPE STABILITY ANALYSIS 

Slope stability analysis for the South Fork Thistle Creek area was conducted 
at a geologic overview level. Aerial photographic data was used to construct 
an isopleth map. Isopleth .maps were constructed as a tool for analyzing 
slope stability conditions and determining landslide susceptibility zones. 
Isopleth maps are a statistical method of portraying the data in a form 
that smooths and generalizes the raw data. 

Isopleth maps of landslide disturbed terrain show the distribution of 
landslides by contours Usopleths) drawn through points representing equal 
percentages of cover by landslides within a unit area. The map was constructed 
by displaying landslides on 1:2400 0  scale topographic maps and using a 
method developed by the U. S. Geologic Survey. Landslide data sources were 
1976/ 1:15840 scale and 1983/1:40000 scale aerial photographs. Specific 
details of the method are described in Wright (1974, p. 483-485). 
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LANDSLIDE SUSCEPTIBILITY 

Landslide susceptibility isopleth maps identify potential problem areas 
during the initial environmental assessment phase. The method quantifies 
slope stability cconditions and identifies where site specific studies 
should be conducted for further evaluation. 

The final product of the isopleth map shows 
susceptibility. The three levels of landslide 
general management considerations are as follows: 

three levels of 
suscept ibil ity 

lands lide 
and their 

Low - Percent of landslide disturbed terrain ranges from 0 to 10%. Landslides 
are unlikely to pose a concern to proposed management. Localized problems 
readily handled in design may be present. 

Moderate - Percent of landslide-disturbed terrain ranges from 10 to 30%. 
Landslides may require limited modifica�ion to proposed management involving 
changes to slope shape or decreases in surface soil moisture. Geologic 
review needed to establish effective mitigation criteria. 

High - Percent of landslide-disturbed terrain ranges from 30 to 50%. Landslide 
may require moderate to extensive modification to proposed management 
involving changes to slope shape or decreases in surface soil moisture. 
Geologic study is necessary to establish degree of risk and effective 
mitigation criteria. 

Landslide-susceptibility isopleth maps have certain limitations. Those 
limitations include the factors used to determine landslide susceptibility 
and interpretation of the isopleth map. Using the isopleth method, quantifi
cation is based solely on the density of existing landslides within a 
unit area that are visible on an aerial photo. The effects of other factors 
are not considered independently but rather in combination where existing 
unstable slopes are the result of one or more factors. Interpretation 
of the isopleth map should include the physical characteristics of landslide
susceptibility zones. For example, zones of high landslide-susceptibility 
may be within a range of slope gradient/aspect o r  may be associated with 
faults or certain soil/bedrock types. These characteristics could then 
be used to prognosticate events outside the landslide-susceptibility zones. 

SLOPE STABILITY CONDITIONS 

Slope stability conditions have been evaluated by analyzing the isopleth map 
and comparing characteristics of known unstable Dreas to those of unknown 
unstable areas. The following is a summarization of characteristics in known 
landslide areas based on landslide-susceptibility zones. 
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High landslide-susceptibility zones in the study area are characterized 
as having multiple nested, small (1-5 acres), shallow, debris flows, that 
occur on northwest, southwest, and west facing slopes (see LS 1 and 2, Map 1). 
The flows are located on ridge slopes from ridge crest to channel bottoms 
and along a major fault zone. The landslide material contains clay rich 
soils derived from the west dipping North Horn Formation. The direct causes 
in mobilizing the landslides were saturated soil conditions below a sandstone/ 
shale contact and daylighting strata on western facing slopes (see Table 
1) . 

Moderate landslide-susceptibility zones in the study area occur as buffer 
zones surrounding high lands lide-suscept ib il ity zones and as zones;adjacent 
to isolated landslides (see LS 3 and 4, Map 1). The landslide type that 
occurs in this zone is predominately small (5-10 acres), shallow, debris 
flows. The flows usually are located in small southwest and northeast 
facing draws. The landslide material consists of clay rich soils derived 
from the westerly dipping North Horn Formation. The immediate cause in 
mobilizing the landslides was saturated soil conditions in small draws 
(see Table 1). 

Low landslide susceptibility zones in the study area occur as buffer zones 
surrounding moderate landslide-susceptibility zones and as zones adjacent 
to the existing location of the pipeline (see LS 5, Map 1). The landslide 
type that occurs in this zone is predominately isolated, small (1-5 acres), 
shallow debris flows associated with the existing pipeline and stream 
channels. The landslide material consists of clay rich soils derived from 
the west dipping North Horn Formation. The immediate cause in mobilizing 
the landslides was slope configuration changes caused by channel erosion 
and the cut and fill construction along the existing pipeline. This activity 
results in reducing the slope support above the cut (see Table 1). 

AFFECTED ENVIRONMENT/EFFECTS OF IMPLEMENTATION 

Proposed Realignment Route 

The proposed pipeline route follows the ridge crest of Haystack Ridge 
for approximately 2.3 miles. The route cross es approximately 2400 feet 
of known low and moderate landslide-susceptibility zones (see Sec. 3,  
Map 1). Based o n  general management considerations landslides m<ly require 
limited modification involving changes to slope shape or decreases in 
surface soil moisture. Geologic review needed to establish effective miti
gation criteria. Anticipated problems include small, shallow, debris flows 
(1-2 acres) forming along the route where it crosses the moderate and 
low landslide-susceptibility zones. These slides could possible form in 
the spring or after the construction disturbance. The affects of a landslide, 
on a southwest facing slope, could become a minor problem to the proposed 
pipeline (see LS 6, Map 1) . The formation of the landslide has reduced 
the slope support above the landslide and will probably result in continued 
growth as headscarp ret!ogre�siorl de�elopes. 
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Other sections of the proposed realignment route are located in unknown 
lands lide-suscept ibi lity zones. The probabi li ty of lands lides forming 
in these areas is smaller than in areas of known landslide-susceptibility, 
but the possibility exists. Based on characteristics of known landslide
susceptibility, prognostication is possible in unknown areas. 

Section 2, Map 1, has similar characteristics to a high landslide-suscep
tibility zone. The area is on a western facing slope with a slope gradient 
of 5010' The slope is located along a major fault zone where the strata 
is dipping to the west and daylighting. The area is underlain by the North 
Horn Formation and probably has a sandstone/shale contact within the section. 
Geologic review is needed to determine effective mitigation criteria. 

All other sections are located on the ridge crest of Haystack Ridge. According 
to characteristics in known landslide-susceptibility zones, the ridge 
crest is a good location for the pipeline. Bedrock is closer to the surface, 
soils are shallower, groundwater recharge area is less and the emplacement 
of the pipeline will not require cutting across steep slopes. Landslide 
problems are not anticipated in these sections. 

Alternative Route 

The alternative route follows an unnamed ridge south of South Fork Thistle 
Creek. The route branches into two secondary routes. The western secondary 
route crosses approximately 6000 feet of known high, moderate, and low 
landslide-susceptibility zones (see Map 1). The eastern secondary route 
crosses approximately 4000 feet of known moderate and low landslide-suscep
tibility zones. Based on general management considerations emplacement 
of the pipeline in high and moderate landslide-susceptibility zones may 
require limited to extensive modification to the area involving changes 
to slope shape or decreases in surface soil moisture. Emplacement of the 
pipeline in the low zone poses a minor concern to management. Loca lized 
problems may be encountered and should be adequately handled in design 
when encountered. Geologic study is necessary to determine effective mitiga
tion criteria. Anticipated problems include initiation of new landslides 
and aggravation of existing landslides. 

Other sections of the alternate route are located in unknown landslide
susceptibility zones. The probability of landslides forming in these area 
is smaller than in areas of known landslide-susceptibility, but the possib
ility exists. Based on characteristics of known landslide-susceptibility, 
prognostication is possible in unknown areas. 

Sections 2a and 3a, Map 1 have similar characteristics to a low and moderate 
landslide-susceptibility zone (see LS6 and LS3, Map 1). These sections 
traverse a narrow ridge with a minor stream channel between them. The 
areas of concern are north and west facing slopes with slope gradients 
of 50%. The area is underlain by the westerly dipping North Horn Formation 
which daylights the west and north facing slopes. Geologic review is needed 
to determine effective mitigation criteria. 



Section la, Map I, is located on the ridge west of the unnamed 
According to characteristics in known landslide susceptibility 
the ridge crest is a good location for the pipeline. Bedrock is 
to the surface, soils are shallower, groundwater recharge area is 
and the emplacement of the pipeline will not require cutting across 
slopes. Landslide problems are not anticipated in this section. 

CONCLUSION 
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Comparison of the proposed and alternate pipline realignment routes concludes 
that the pro(lJsed route is the most suitable from the slope stability aspect. 
The alternate route traverses more unstable ground then the proposed route 
and does not avoid all unstable areas along the existing route (see LS7, 
Map 1). 

Comparison of the existing route and the proposed realignment route concludes 
that the proposed route would be the most suitable location for the pipeline. 
The existing location of the pipeline crosses steep slopes where existing 
slope stability conditions are hazardous to the pipeline. Known landslide 
susceptibility ratings range from moderate to low and increased landslide 
activity is expected. 

RECOMMENDATIONS 

The proposed realignment route is the most suitable location for the pipeline 
from the slope stability aspect. Some minor problems exist but they are 
considerably less than the problems of the exist ing line. Geologic review 
is necessary to determine specific mitigation criteria. Avoiding the area 
where the proposed line crosses through the landslide-susceptibility zones, 
minimizing cuts, 100/0 rehabilitation and drainage control should adequately 
mitigate concerns for increased slope stability associated with the proposed 
project. 

it,,,,-;;, .11--1/�-
ALAN J. �LEGOS � - -(J 
Geologist 

Reviewed by: 

EARL OLSEN 

Regional Environmental Geologist 



�ure 1. �ap of proposed Mountain �uel Pipe]ine 
11ignmenc on Sanpete District (B··1). Base msp is 
jianola, Utah 7.5 �inute Series (Topographic) and 
:anyon, Utah 7.5 P. i nu t e Series (Toooerohic). 



ANDSLIDE - SLOPE 
3CEPTIBILIT' GRADIENT ASPECT 

RATING 

1) NW; 
HIGH 50-60% 2) S; 

3) W 

1) SW 

MOD 30-6010 

1) sw 
2) W 

LOW 30-5010 

JABI E 1 
CHARACTERISTICS OF· LkNDSLIDE-SUSCEPTIBILITY ZONES 

. SOUTH FORK THISTLE CREEK AREA 

ASSOCIATED LANDFORM GEOLOGIC FACTORS 

1) Ridge sideslopes from 1) Westerly dipping 
ridgecrest to channel strata daylighting 
bottom; N and NW facing slope� 

2) Fault scarp slopes 2) North Horn Form. 
(clay soils) 

3) Sandstone/shale 
contact 

1) Small draws on NE 1) Westerly dipping 
and �W facing slopes strata 

2) North Horn Form. 

1) Stream channels 1) Westerly dipping 
2) Man-made cut and strata daylighting 

fill structure western facing slopes 
2) North Horn Form. 

(clay soils) 

: ..... 

LANDSLIDE TYPE DIRECT CAUSE 
of INSTABILIT' 

Multiple nested slide Saturated soi' 
large (50 a c), shallow below a sand-
0-10 ft), debris flows. stone/shale 

contact. 

Isolated, small (5-10 Saturated soL 
acres), shallow 0-15 in sma 1 1  draw! 
ft) " debris flows. 

Isolated, small 0-5 1) Undercutti 
acres), shallow 0-10 of slope by 
ft), debris flows. channel erosi 

2) Undercutti 
of slope by c 
and fi 1 1  cons 
ruction 


