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Timber management a c t i v i t i e s  have c l e a r l y  a c c e l e r a t e d  
t h e  number and f requency of s o i l  mass movements on t h e  
Mapleton D i s t r i c t ,  Siuslaw Nat iona l  F o r e s t  a s  a  r e s u l t  
of t h e  November 29-December 1, 1975 s torm.  The s i l v i -  
c u l t u r a l  p r a c t i c e  of  c l e a r c u t t i n g ,  u n a s s o c i a t e d  w i t h  
r o a d s ,  i s  t h e  most damaging a c t i v i t y .  

S o i l  r e s o u r c e  inven to ry  l and  t y p e ,  s l o p e  g r a d i e n t ,  
and a s p e c t  e x e r t  a  s t r o n g  i n f l u e n c e  on s l o p e  f a i l u r e s .  
Grea te r  t h a n  95% of a l l  f a i l u r e s  i n v e n t o r i e d  occurred 
on s o i l  r e s o u r c e  i n v e n t o r y  u n i t s  47, 44 and 41 and on 
s l o p e s  g r e a t e r  than  70 p e r c e n t .  North f a c i n g  s l o p e s  
had t h e  l a r g e s t  number of f a i l u r e s  ( 6 4 % )  i n  " i n - u n i t "  
and "road r e l a t e d "  c l a s s e s .  Occurrence of f a i l u r e s  
w i t h i n  a  c u t t i n g  u n i t  was a l s o  s t r o n g l y  i n f l u e n c e d  by 
bo th  pos i t i -on  on t h e  s l o p e  and t ime s i n c e  c u t t i n g .  
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A s  no ted  by numerous a u t h o r s  (Swanston 1969 and 1976, 
Swanston and Dyrness 1973, OtLoughlin 1974, Megahan and Kidd 
1972, Rice e t  a l .  1972, Swanson and Dyrness 1975) ,  s o i l  mass 
movement i s  probably  t h e  dominant e r o s i o n  p r o c e s s  i n  t h e  
s t e e p ,  mountainous t e r r a i n  of t h e  P a c i f i c  Northwest .  The 
p r e s e n t  landforms of much of t h e  Coast Ranges of Oregon a r e  
being shaped by a c t i v e  mass movement e r o s i o n .  

Management-related mass movement e r o s i o n  has c o n s i s -  
t e n t l y  been i d e n t i f i e d  a s  one of t h e  major environmental  
impacts  a s s o c i a t e d  wi th  f o r e s t  o p e r a t i o n s  i n  t h i s  n a t u r a l l y  
u n s t a b l e  t e r r a i n  .' 

Following a  major s torm i n  November 1975, a  f i e l d  inven- 
t o r y  of mass movements, p r i m a r i l y  d e b r i s  avalanches and d e b r i s  
t o r r e n t s  was conducted on t h e  Mapleton Ranger D i s t r i c t  of  
t h e  Sius law Nat iona l    ore st 11 ( f i g .  1)  . The inven to ry  
r e v e a l e d  t h a t  more than  t h r e e - f o u r t h s  of t h e  245 f a i l u r e s  

- - 

1' The inventory was performed by Mapleton Ranger District personnel as 
an extension of a regular Flood Emergency Road Maintenance mobilization. 

SIUSLAW NATIONAL FOREST 

Figure 1.--Location 
map of the Siuslaw 
National Forest 
with an enlarge- 
ment showing the 
boundaries of the 
Mapleton Ranger 
District . 



i n v e n t o r i e d  occur red  w i t h i n  c l e a r c u t  u n i t s  w i t h  no apparen t  
a s s o c i a t i o n  t o  f o r e s t  road c o n s t r u c t i o n .  These accounted 
f o r  more t h a n  60 p e r c e n t  of t h e  t o t a l  e s t i m a t e d  s o i l  volume 
t r a n s p o r t e d  from s l o p e s  t o  s t ream channels  by mass movements 
i n  a r e a s  i n f l u e n c e d  by management a c t i v i t i e s .  

Although p a s t  r e s e a r c h  i n d i c a t e s  t h a t  roadbu i ld ing  i s  
t h e  dominant management a c t i v i t y  a c c e l e r a t i n g  t h i s  type  of  
e r o s i o n ,  r e s u l t s  of t h i s  inven to ry  sugges t  t h a t  t imber 
h a r v e s t i n g  and logging a c t i v i t i e s ,  e x c l u s i v e  of  r o a d s ,  
produce s i g n i f i c a n t  i n c r e a s e s  i n  s l i d e  f requency and volume 
of t r a n s p o r t e d  s o i l .  

HISTORICAL PERSPECTIVE 

P o t e n t i a l  s o i l  s t a b i l i t y  problems r e l a t e d  t o  management 
a c t i v i t i e s  on t h e  Sius law Nat iona l  F o r e s t  were f i r s t  i d e n t i -  
f i e d  i n  t h e  e a r l y  1950's. By 1957, when t h e  t imber h a r v e s t i n g  
volumes began t o  approach t h e  programed a l lowable  h a r v e s t  
l e v e l ,  m u l t i p l e  use  p l a n s  f o r  t h e  Smith River and Mapleton 
Ranger D i s t r i c t s  e x p l i c i t l y  addressed t h e  c r i t i c a l  n a t u r e  of 
t h e  s o i l  r e s o u r c e  and t h e  p o t e n t i a l  f o r  a c c e l e r a t e d  e r o s i o n  
by mass movement a c t i v i t y . & /  

A f t e r  t h e  two D i s t r i c t s  were combined a s  t h e  Mapleton 
D i s t r i c t  ( J u l y  1972) ,  s e v e r a l  major s torms h i t  t h e  a r e a  i n  
t h e  w i n t e r  of  1973-1974. Numerous s o i l  mass movements were 
t r i g g e r e d  dur ing  t h e s e  s torms.  A l a r g e  p o r t i o n  was r e l a t e d  
t o  l and  management a c t i v i t i e s .  A s p e c i f i c  road f a i l u r e  
which e n t e r e d  a  nearby anadromous f i s h e r i e s  s t ream focused 
t h e  concerns  of  t h e  S t a t e  f i s h e r i e s  agency on t h e  apparen t  
a c c e l e r a t i o n  of  s o i l  mass movement a c t i v i t y  and t h e  a s s o c i -  
a t e d  impacts  t o  watershed r e s o u r c e s . l /  Subsequent o n s i t e  
i n v e s t i g a t i o n  concluded t h a t  inadequate  road maintenance was 
t h e  most l i k e l y  c a u s a l  f a c t o r  f o r  t h i s  s p e c i f i c  e v e n t . /  

"A chronolog ica l  summary of even ts  and e f f o r t s  r e l a t e d  t o  mass s o i l  
movement problems i s  con ta ined  i n  a  j o i n t  r e p o r t ,  on ass S o i l  Movement 
and Stream Damage from Road Cons t ruc t ion  A c t i v i t i e s  on t h e  Siuslaw Nat iona l  
Fo re s t , "  by t h e  Oregon W i l d l i f e  Commission and Siuslaw Nat iona l  Fo re s t .  
On f i l e  a t  Fo re s t ry  Sciences Laboratory,  C o r v a l l i s .  

'loregon W i l d l i f e  Commission Report ,  Northwest Regional  Of f i c e ,  Salem, 
Oregon, 1974. 

"USDA Fo re s t  Se rv i ce  Storm Damage Report on Mapleton Ranger D i s t r i c t  f o r  
t h e  1973-1974 wa t e r  per iod .  On f i l e  a t  Mapleton Ranger D i s t r i c t  Of f i c e ,  
Siuslaw Nat iona l  F o r e s t ,  Mapleton, Oregon. 
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The con t inu ing  concerns over  f o r e s t - w i d e  s o i l  s t a b i l i t y  
problems and adequate  road maintenance r e s u l t e d  i n  development 
of a  number of  i n n o v a t i v e  management t o o l s .  Two major 
examples a r e  t h e  Region 6 USDA F o r e s t  S e r v i c e  F i s h  H a b i t a t  
Management P o l i c y  (FHMP) and t h e  Flood Emergency Road Mainte-  
nance P lan  (FERM). The F i s h  H a b i t a t  Management P o l i c y  
e s t a b l i s h e s  s p e c i f i c  g o a l s  f o r  managing f i s h  h a b i t a t .  One 
of t h e s e  i s  t o  p r o t e c t  t h e  e x i s t i n g  h a b i t a t  from d e g r a d a t i o n .  
An i n t e r i m  d i r e c t i v e y  provided f o r  t h e  i d e n t i f i c a t i o n  of 
h i g h  r i s k  mass s o i l  movement a r e a s  i n  terms of p o t e n t i a l  

' f i s h e r i e s  h a b i t a t  damage. The FERM p l a n  s t r e s s e s  v a r i o u s  
a l e r t  l e v e l s  dependent on r a i n f a l l  volume and i n t e n s i t y .  
This  p l a n  mobi l i zes  pe r sonne l  and heavy equipment i n  o r d e r  
t o  minimize,  c o n t r o l ,  c l e a n  up,  and document s torm damage 
a long D i s t r i c t  r o a d s .  

During t h e  same t ime p e r i o d  t h a t  t h e  FHMP and FERM p l a n  
were being developed,  t h e  Sius law Nat iona l  F o r e s t  i n i t i a t e d  
a  f o r e s t - w i d e  r e s o u r c e  inven to ry  p rocess  i n  p r e p a r a t i o n  f o r  
t imber  management and l and  use  p lann ing .  The S o i l  Resource 
Inven to ry  (SRI)G/, one of  t h e s e  p lann ing  l e v e l  inven to ry  
t o o l s ,  i d e n t i f i e d  and mapped major landform u n i t s  i n  t h e  
D i s t r i c t  and provided p r o f i l e  c h a r a c t e r i s t i c s  r e p r e s e n t i n g  
t h e  dominant s o i l  t h a t  would be found on t h a t  landform u n i t .  
A s p e c i a l  r e f inement  of t h e  SRI inc luded  a  l a n d s l i d e  inven to ry  
and t h e  development of r e l a t i v e  s t a b i l i t y  r a t i n g s  f o r  most 
of t h e  mapping u n i t s . z /  

During t h e  w i n t e r  of  1975-1976, ano ther  major storm h i t  
t h e  f o r e s t .  I t  s t a r t e d  on November 29 and ended on December 1. 
Approximately 7.75 inches  of p r e c i p i t a t i o n  were recorded a t  
t h e  o f f i c e  of t h e  Mapleton Ranger D i s t r i c t  a s  a  r e s u l t  of 
t h i s  s torm. The most i n t e n s e  r a i n f a l l  occurred on Sunday, 
November 30 .  During a  6-hour p e r i o d ,  3 . 0  inches  of r a i n f a l l  
were recorded .  

On Sunday evening,  t h e  D i s t r i c t  Ranger implemented t h e  
FERM p l a n  t o  mobi l i ze  pe r sonne l  and equipment a s  e a r l y  a s  
p o s s i b l e  t h e  n e x t  morning. Within 2 days ,  an a c c u r a t e  
overview of  t h e  l o c a t i o n  and r e l a t i v e  magnitude of t h e  
major road and i n - u n i t  s o i l  mass movements was ob ta ined .  
Recognizing t h e  o p p o r t u n i t y  t o  g a i n  v a l u a b l e  in fo rmat ion  

?'This FHMP i n t e r i m  d i r e c t i v e  i s  no longer  i n  e f f e c t .  

&'soil  Resource Inventory ,  S ius  law Nat iona l  Fores t  , USFS P a c i f i c  Northwest 
Region, 1974, o r i g i n a l l y  performed by Harold Legard, LeRoy Meyer and 
George Badura and r e f i n e d  by Donald Boyer. A copy i s  on f i l e  a t  t h e  
Siuslaw Nat iona l  Fo re s t  , C o r v a l l i s  , Oregon. 

 he SRI Landsl ide Inventory was performed by Laurence Rich and t h e  
l a n d s l i d e  r i s k  r a t i n g s  developed by Donald Boyer, Laurence Rich, and 
George Badura. Sius  law Nat iona l  Fores t  , C o r v a l l i s  , Oregon. 



r e l a t i n g  s o i l  mass movements t o  management a c t i v i t y ,  D i s t r i c t  
watershed management s p e c i a l i s t s  conducted a  comprehensive 
f i e l d  i n v e n t o r y  of  t h e  storm damage. The major o b j e c t i v e  
of t h e  i n v e n t o r y  was t o  d e f i n e  and q u a n t i f y  t h e  n a t u r e  and 
magnitude o f  mass movements r e s u l t i n g  from t h i s  s p e c i f i c  
s torm e v e n t .  

From t h i s  i n v e n t o r y  d a t a ,  comparisons were drawn between 
t h e  occurrence  and magnitude of  mass movements and e x i s t i n g  
SRI d e b r i s  avalanche r i s k  r a t i n g s ,  a s  w e l l  a s  o t h e r  env i ron-  
mental  pa ramete r s .  Such comparisons and t h e  q u a n t i t a t i v e  
in fo rmat ion  o b t a i n e d  dur ing  subsequent  f i e l d  and o f f i c e  
i n v e s t i g a t i o n s  a r e  t h e  b a s i s  of t h i s  s t u d y .  

METHODOLOGY 

The f i e l d  i n v e n t o r y  was performed by two D i s t r i c t  two- 
man teams. One team was r e s p o n s i b l e  f o r  checking t h e  n o r t h  
h a l f  of t h e  D i s t r i c t  and t h e  o t h e r  t h e  sou th  h a l f .  Each 
team c a r r i e d  a  D i s t r i c t  f i r e  map, which was used t o  i n d i c a t e  
completed survey a r e a s ,  and c o l o r  a e r i a l  photographs ( s c a l e  
1/15,850) on which t o  mark t h e  l o c a t i o n  of  i n d i v i d u a l  mass 
movements. Roads were i n v e n t o r i e d  by v e h i c l e ,  and most 
u n i t s  were p a r t i a l l y  walked s o  t h a t  a l l  d ra inages  and headwal ls  
were 0bserved.W Approximately 7 0  p e r c e n t  (144,200 a c r e s )  
of t h e  D i s t r i c t ' s  l and  a r e a  was i n v e n t o r i e d .  Only mass 
movements which e n t e r e d  a  drainageway and whose volume 
exceeded 1 0  c u b i c  ya rds  were counted.  Road backslope 
f a i l u r e s  were excluded u n l e s s  they  met t h e  requirements  
above. 

Informat ion on an even t  was recorded on a  s t a n d a r d  d a t a  
s h e e t  ( f i g .  2 ) .  S l i d e s  were f i r s t  p laced  i n  one of t h r e e  
major c a t e g o r i e s :  n a t u r a l ,  r o a d - r e l a t e d ,  o r  i n - u n i t .  
Na tu ra l  s l i d e s  were those  e v e n t s  which had no apparen t  
r e l a t i o n  t o  management a c t i v i t y  ( f i g .  3 ) .  Road- re la ted  
f a i l u r e s  were those  f a i l u r e s  which occurred w i t h i n  t h e  road 
prism o r  had an obvious connect ion t o  t h e  road ( f i g .  4 ) .  
T y p i c a l l y ,  those  were from a  c o n c e n t r a t i o n  of d ra inage  wa te r  
by d i t c h l i n e  and c u l v e r t  o u t f a l l s  o r  by d i t c h l i n e  o b s t r u c t i o n .  
S l i d e s  occur r ing  a t  t h e  edge of l and ings  were cons ide red  
road r e l a t e d .  Those which occur red  w i t h i n  t h e  boundar ies  of 
c l e a r c u t  u n i t s  and had no apparen t  r e l a t i o n  t o  roads  o r  
l and ings  were i n - u n i t  s l i d e s  ( f i g .  5 ) .  

Slope a n g l e  was measured a t  t h e  head of each s l i d e  
u s i n g  a  c l inomete r .  Aspect of the  s l o p e  a t  t h e  s i t e  was 
recorded ,  u s i n g  a  Silvacompass,  a s  one of e i g h t  c l a s s e s - -  
each c o n t a i n i n g  4 5 0  of azimuth ( see  f i g .  2 ) .  Other v a r i a b l e s  
inc luded  apparen t  p o i n t  of o r i g i n  on t h e  s l o p e ,  s l i d e  
dimensions,  and e s t i m a t e d  l e n g t h  of s t ream channel  scour .  
Stream scour  was determined through v i s u a l  e s t i m a t i o n  and 
measurement from a e r i a l  photographs .  

I ~ e a d w a l l  - t h e  s t eep ,  concave s lope  a t  t h e  upper end of a drainage 
formed pr imar i ly  by deb r i s  avalanche processes.  



SLIDE 
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O r i g i n :  

U n i t  Name Road No. Natu ra l  
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Be1 ow Landing S o i l  Hazard Ra t i ng  
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Vegeta t i ve  Cover % Species 
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I 

Figure 2.--Landslide d a t a  shee t  used f o r  s l ope  f a i l u r e  inventory .  



F i g u r e  3 .--Debris 
ava lanche  on an 
u n d i s t u r b e d  
s l o p e .  

F i g u r e  4.--Debris 
ava lanche  
r e s u l t i n g  from 
a road  p r i s m  
f a i l u r e .  



Figure  5.--Debris avalanche developed i n  c l e a r c u t  u n i t s .  

Numbers of slope failures and estimated volumes released 
to the channel by land-use category are shown in figure 6. 

Dominant soil at the site where the slide had occurred 
was determined using Forest Soil Resource Inventory (SRI) 
descriptions and quadrangle maps. Since the SRI mapping 
units are not designed to be site-specific in terms of soil 
type, individual judgment was used to identify the actual 
soil type at the slide site by comparison with characteristic 
profiles of the dominant soil type for each mapping unit. 
These determinations were later field checked by the Siuslaw 
National Forest soil scientist. 

IN-UNIT 

TOTAL NUMBER 
50,000 

TOTAL VOLUME 

30,000 

20,000 

10,000 

ROADS NATURAL 
0 

Figure  6 .--Graph showing number 
of s l o p e  f a i l u r e s  and e s t i -  
mated volumes of deb r i s  
r e l e a s e d  by land-use category.  

CATEGORY OF FAILURE 



Data Analysis 

A t  completion of t h e  f i e l d  i n v e n t o r y ,  d a t a  s h e e t s  were 
s e p a r a t e d  i n t o  t h r e e  c a t e g o r i e s  ( n a t u r a l ,  r o a d - r e l a t e d ,  o r  
i n - u n i t  l a n d s l i d e s )  and in fo rmat ion  t r a n s f e r r e d  t o  d a t a  
summary s h e e t s  f o r  a n a l y s i s .  The summarized d a t a  a r e  r e p o r t e d  
i n  t a b l e s  1 through 4 .  Using t h e s e  d a t a ,  comparisons were 
made between number of l a n d s l i d e s ,  ca tegory  of  l a n d s l i d e ,  
and t h e  independent  v a r i a b l e s :  

1. SRI u n i t  
2 .  Slope s t e e p n e s s  
3. Aspect 
4 .  Slope p o s i t i o n  
5 .  Time (years  s i n c e  c u t t i n g )  

Table 1 --Characteristics of the 22 inventoried natural failures in 
terms of Soil Resource Inventory unit, slope and aspect 

1.  Natural slides as related to s i t e  specific SRI mapping units 

Unit no. Number Percentage 

47 6 27 

44 7 32 

4 1 9 4 1 

2. Natural slides as related to slope steepness class 

Steepness (%) Number Percentage 

0-59 1 4 

60-69 0 0 

70-79 4 18 

80-89 1 2  55 

90 + 5 23 

3. Natural slides as related to slope aspect class 

Aspect class Number Percentage 

N W  5 23 

NE 5 23 

SW 4 18 

SE 8 36 



Table 2--Characteristics of the 34 inventoried road-associated failures 
in terms of Soil Resource Inventory units, slope, aspect, and road drainage 

1. Road associated slides as related to SRI unit 

Unit no. Risk class* Number Percentage 

47 5 13 38 

44 4 8 24 

32 4 1 3 11 

42 2 1 3 

51 4 1 3 

*For debris avalanche from road right-of-way. 

2. Road associated slides as related to slope steepness 

Steepness (%) 

0-59 

Number Percentage 

1 3 

3. Road associated slides as related to slope aspect class 

Aspect class 

NW 

Number Percentage 

8 24 

4. Road associated slides as related to road drainage (ditchline or 
culvert outfall s )  

Total number of 
road fai 1 ures 

Drainage 
re1 ated Percentage 



Table 3--Characterist ics of  the  189 inventoried in-unit  f a i l u r e s  in  
terms of Soil Resource Inventory uni t s ,  s lope,  c lear -cu t  age, aspect  
and point  of  i n i t i a t i o n  

1. In-unit f a i l u r e s  as  re la ted  t o  SRI uni t  

Unit no. Risk class* Number Percentage 

47 5 83 44 

44 4 54 2 9 

4 1 4 4 5 24 

4 2 3 6 3 

4 3 3 1 1 

*Risk c lass  f o r  debris  avalanches from c learcut  harvesting 

2. In-unit  s l i de s  as  re la ted  t o  slope steepness c lass  

Steepness (%)  

0-59 

69-70 

Number 

3 

5 

Percentage 

3. In-unit  s l i de s  as re la ted  t o  time (years)  s ince timber f e l l i ng  

Time (Years) 

0-3 

Number* 

120 

Percentage 

63 

Age unknown 3 2 

*Unit ages f o r  three  f a i l u r e s  were not found, percentages were based on 
a t o t a l  of 189 s l i de s .  

4. In-unit f a i l u r e s  as  re la ted  t o  slope aspect  c lass  

Aspect c l a s s  

N W  

N E  

SW 

SE 

Number 

56 

6 5 

3 2 

36 

Percentage 

30 

34 

17 

19 

5. In-unit  s l i de s  as  re la ted  t o  the upper point  of headward s l i d e  
migrationl/ 

Upward point  c lass   umber 2' 

0 40 

Percentage 

21 

110 = ridgetop and 1.0 = bottom of slope 

/ ~ a t a  f o r  two s l i de s  were not obtained. 



Table 4--Lands1 ide related impactsll to District streams 

1. Stream miles impacted by a l l  categories of soil mass movement 

Stream Total Impacted Percentage of 
class mi 1 es mi 1 es total 

CLASS I 31 5 240 76 

CLASS I1 139 23 16 

CLASS I11 238 14 6 

2. Length of stream channel mechanically scoured as related to categories 
of mass movement 

Feet of 
Category channel scour Mi 1 es Percentage 

Natural 17,700 3.35 19 

In - unit 47,395 8.98 - 52 

Total 91,236 17.28 

1 / ~ h e  impacted segment of a stream i s  any part of the drainage system 
which i s  downstream from the point where material from a mass movement 
has entered the stream. This i s  based on the assumption that this 
material will be transported through the entire downstream drainage. 
No effort was made to differentiate the degrees of impact throughout 
individual drainage systems. 

This study was not a statistically designed experiment, 
but simply a case history of the impacts of management- 
related activites on soil mass movement generation during a 
single storm event. Within the limitations imposed by 
access and terrain, all failures occurring as a direct 
result of the November 29-December 1, 1975 storm were 
enumerated, thus, we have assumed that the entire population 
has been measured. The frequencies which are reported are 
population parameters and any differences which exist in 
frequencies by class are real differences. 

Of the 245 inventoried slope failures resulting from 
the November 29-December 1, 1975 storms, 22 or approximately 
9 percent were natural events with no apparent association 
with management activity (table 1). In terms of frequency, 
this is approximately one failure per 6,129 acres (1/6,129) of 
uncut timber. Thirty-four of the inventoried failures, or 
approximately 14 percent, were road-associated, occurring 
within the road prism or directly associated with road 



d r a i n a g e  ( t a b l e  2 ) .  Th i s  i s  about one f a i l u r e  p e r  8 5  a c r e s  
(1/85) of road r igh t -o f -way  o r  one f a i l u r e  p e r  1 4  m i l e s  of 
r o a d . /  The l a r g e s t  number, 189 f a i l u r e s  o r  approximate ly  
77 p e r c e n t ,  were i n - u n i t  f a i l u r e s  having no apparen t  a s s o c i a t i o n  
w i t h  roads  o r  l and ings  ( t a b l e  3 ) .  Most of t h e s e  occur red  
w i t h i n  headwall  a r e a s  o r  on t h e  mid-s lope ,  i n  o r  a d j a c e n t  t o  
c l a s s  I streams=! and i n c i p i e n t  d ra inages  loaded w i t h  
o r g a n i c  d e b r i s .  The c a l c u l a t e d  f requency of occurrence  
f o r  t h e s e  i n - u n i t  f a i l u r e s  i s  one s l i d e  p e r  261 a c r e s  (1/261).  
The d i f f e r e n c e s  i n  f requency between l and-use  c a t e g o r i e s  a r e  
l a r g e .  There a r e  more f a i l u r e s  p e r  g iven a r e a  a long road 
r igh t -o f -way  t h a n  w i t h i n  c l e a r c u t  u n i t s .  I f ,  however, t h e  
h i g h e r  f requency f o r  r o a d - r e l a t e d  f a i l u r e s  i s  weighted i n  
terms of t o t a l  a r e a  impacted by management (assuming 5  
p e r c e n t  of a r e a  i n f l u e n c e d  by road c o n s t r u c t i o n  and 95 
p e r c e n t  of a r e a  i n  c l e a r c u t  u n i t s ) ,  t h e  f requency r e s u l t i n g  
from road impact i s  reduced t o  one f a i l u r e  p e r  1,540 a c r e s  
(1/1540).  This  i s  more than  a  f i v e f o l d  i n c r e a s e  i n  f a i l u r e  
frequency (5.57) w i t h i n  c l e a r c u t  u n i t s  over  roads .  

A s i m i l a r  a n a l y s i s  by Swanson and Dyrness (1975),  based 
on a  25-year h i s t o r y  of  l a n d s l i d e  a c t i v i t y  on t h e  H .  J .  Andrews 
Experimental  F o r e s t  i n  t h e  wes te rn  Cascade Range, p o i n t s  ou t  
t h a t  w h i l e  roads  a c c e l e r a t e  d e b r i s  avalanche e r o s i o n  t o  a  
much g r e a t e r  e x t e n t  t h a n  c l e a r c u t t i n g  i n  terms of f requency ,  
r i g h t s - o f - w a y  cover much l e s s  a r e a  than  do c l e a r c u t  u n i t s .  
When road and c l e a r c u t t i n g  a r e  weighted by t h e  a r e a  i n f l u e n c e d  
by each a c t i v i t y ,  t h e  two types  of a c t i v i t y  c o n t r i b u t e  about 
e q u a l l y  t o  t h e  l e v e l  of a c c e l e r a t e d  e r o s i o n .  

Damage r e s u l t i n g  from t h e s e  mass movement p rocesses  was 
e x t e n s i v e  i n  terms of t o t a l  s t r eam m i l e s  a f f e c t e d ,  t h e  
amount of mechanical  scour ing  o c c u r r i n g  w i t h i n  t h e  s t r eam 
channe l ,  and t o t a l  volume of s o i l  and d e b r i s  in t roduced  i n t o  
t h e  s t ream ( t a b l e  4 ) .  Of a  t o t a l  of 315 m i l e s  of c l a s s  I 
s t r eam w i t h i n  t h e  D i s t r i c t ,  76 p e r c e n t  (240 m i l e s )  was 

91 - Road acreage  e s t ima t e s  a r e  based on a  50-foot right-of-way wid th  be ing  
approximately 6 a c r e s  pe r  mi le .  

 lass I - a pe r enn i a l  o r  i n t e r m i t t e n t  s t ream o r  s e c t i o n s  t he r eo f  having 
one o r  more of t h e  fo l lowing  c h a r a c t e r i s t i c s :  

(a )  D i r ec t  source  of wa t e r  f o r  domestic use ( c i t i e s ,  r e c r e a t i o n  s i t e s )  
(b)  Used by l a r g e  numbers of f i s h  f o r  spawning, r e a r i n g ,  o r  migra t ion  
( c )  Enough wate r  flow t o  have a  major i n f l uence  on wa t e r  q u a l i t y  of  a  

c l a s s  I1 st ream. 



i m p a c t e d a l  by a l l  c a t e g o r i e s  of s l ope  f a i l u r e .  From t h e  
t o t a l  of 139 mi les  of c l a s s  I 1  c h a n n e l , s /  16 pe r cen t  o r  23 
mi l e s  was impacted. Of a  t o t a l  of 238 mi l e s  of c l a s s  I11 
channel,=/ 6  pe r cen t  o r  14 mi les  was impacted. 

Mechanical scour ing  was t he  c l e a r e s t  impact t o  i d e n t i f y  
and de f i ne  dur ing  t h e  inven tory  ( f i g u r e  7 ) .  I t  was p o s s i b l e  
t o  c o r r e l a t e  scour  d i r e c t l y  w i th  f a i l u r e  ca tegory .  Thus, of 
t h e  t o t a l  l eng th  of channel  scour  observed (91,236 f e e t  o r  
17.28 m i l e s ) ,  52 pe r cen t  (47,395 f e e t  o r  8.98 mi les )  occurred 
a s  t he  r e s u l t  of i n - u n i t  f a i l u r e s .  Road r e l a t e d  f a i l u r e s  
accounted f o r  29 pe r cen t  of about 26,140 f e e t  (4.95 mi l e s )  
of scour .  Na tura l  f a i l u r e s  produced 19 pe r cen t  o r  17,700 f e e t  
(3.35 mi l e s )  of scour .  A l l  of t he se  channel  scour  e s t ima t e s  
a r e  conse rva t i ve .  

Di f fe rences  i n  volume of d e b r i s  added t o  t h e  channel ,  
ob ta ined  from e s t ima t e s  of f a i l u r e  dimensions dur ing t h e  
i nven to ry ,  were a l s o  l a r g e  ( f i g u r e  6), and sugges t  t h a t  i n -  
u n i t  l a n d s l i d e s  added more d e b r i s  volume t o  s t ream channels 
than  road and n a t u r a l  c a t e g o r i e s  combined. The t o t a l  e s t imated  
volume of a l l  c a t e g o r i e s  was 87,090 cub ic  ya rds .  Of t h i s  
t o t a l  volume, approximately 63.3 pe r cen t  o r  55,100 cub ic  
yards  r e s u l t e d  from i n - u n i t  f a i l u r e s  and 33.6 pe r cen t  o r  
29,240 cub ic  ya rds  from r o a d - r e l a t e d  f a i l u r e s .  Only a  smal l  
pe rcen tage  (3 .1  pe r cen t  o r  2,750 cub ic  ya rds )  was con t r i bu t ed  
by n a t u r a l  f a i l u r e s ,  based on a  l i m i t e d  sample s i z e .  

Of cons ide r ab l e  i n t e r e s t  i s  t he  average volume r e l e a s e d  
pe r  f a i l u r e  i n  each of t he  t h r e e  c a t e g o r i e s .  Na tura l  f a i l u r e s  
were q u i t e  sma l l ,  averaging only 125 cub ic  ya rds  pe r  f a i l u r e .  
I n - u n i t  f a i l u r e s  averaged 290 cub ic  ya rds  pe r  f a i l u r e  o r  
about twice  a s  l a r g e  a s  those  occur r ing  under n a t u r a l  cond i t i ons .  
Road-re la ted f a i l u r e s ,  whi le  fewer i n  number, were by f a r  
t h e  l a r g e s t ,  averaging 860 cub ic  ya rds  pe r  f a i l u r e  o r  about 
a  seven t imes i nc r ea se  i n  volume over n a t u r a l  f a i l u r e s .  

ll'~he impacted segment of a  s t r e am i s  any p a r t  of t h e  dra inage  system 
which i s  downstream from t h e  p o i n t  where m a t e r i a l  from a mass movement 
has  en t e r ed  t h e  s t ream. This  i s  based on t h e  assumption t h a t  t h i s  
m a t e r i a l  w i l l  be t r a n s p o r t e d  through t h e  e n t i r e  downstream dra inage .  
No effort was made to differentiate the degrees of impact throughout 
individua Z drainage systems. 

 lass 11 - a p e r e n n i a l  o r  i n t e r m i t t e n t  s t ream o r  s e c t i o n s  t h e r e f o r e  
having one o r  more of t h e  fo l lowing  c h a r a c t e r i s t i c s :  

(a )  Used by moderate though s i g n i f i c a n t  numbers of f i s h  f o r  
spawning, r e a r i n g  o r  migra t ion .  

(b) Enough wa t e r  flow and no t  c l e a r l y  i d e n t i f i a b l e  i n f l uence  on 
downstream q u a l i t y  of a  c l a s s  I s t ream,  o r  have a  major in-  
f l uence  on a  c l a s s  I1 s t ream.  

13'~lass III - A l l  o t h e r  pe r enn i a l  s t reams o r  segments thereof  not 
meeting h i g h e r  c l a s s  c r i t e r i a .  



Figure 7.--Channel scour in a class I stream result from a 
debris torrent. 



I t  should  be p o i n t e d  o u t  t h a t  t o t a l  s l i d e  volume (volume 
l e a v i n g  s l o p e  + volume e n t r a i n e d  i n  d e b r i s  t o r r e n t )  was n o t  
e s t i m a t e d .  There fo re ,  t h e s e  volumes a r e  ext remely  c o n s e r v a t i v e  
i n  d e s c r i b i n g  t h e  t o t a l  s l i d e  e r o s i o n  volume which occurred.  

Na tu ra l  f a i l u r e s  a s  a  r e s u l t  of t h i s  s torm appear t o  be 
of minor importance i n  terms of numbers of occur rence ,  
f requency,  and amount of channel  damage. T o t a l  numbers, 
s i z e ,  and f requency of occurrence  were a l l  low compared t o  
management-related e v e n t s .  Caution must be taken i n  i n t e r -  
p r e t i n g  t h e s e  d a t a ,  however, s i n c e  emphasis was p laced  on 
management-related occur rences ,  a l l  of which can be e a s i l y  
i d e n t i f i e d  and d e s c r i b e d .  A l l  obse rvab le  n a t u r a l  even t s  
were recorded ;  b u t  an unknown number, occur r ing  a t  i n a c c e s s i b l e  
s i t e s  o r  too  smal l  t o  s e e  under heavy f o r e s t  cover ,  were 
missed.  

The number of r o a d - a s s o c i a t e d  f a i l u r e s  i s  low compared 
t o  d a t a  r e p o r t e d  e lsewhere  i n  t h e  P a c i f i c  Northwest.  Dyrness 
(1967),  i n v e s t i g a t i n g  a c c e l e r a t e d  s o i l  mass movements on t h e  
west  f l a n k  of  t h e  Cascade Ranges fo l lowing  heavy r a i n s  i n  
t h e  w i n t e r  of 1964-1965, found 65 p e r c e n t  d i r e c t l y  a s s o c i a t e d  
w i t h  roadbu i ld ing .  I n  Idaho,  Megahan and Kidd (1972) r e p o r t e d  
90 p e r c e n t  of t h e  s o i l  mass movements which occurred a long 
t h e  s o u t h  f o r k  of t h e  Salmon River dur ing  a  storm i n  A p r i l  
1965, r e s u l t e d  from f a i l u r e s  along t h e  logging road r i g h t -  
of-way. Recent s t u d i e s  of accumulated l a n d s l i d e  a c t i v i t y  
r e l a t e d  t o  t imber  h a r v e s t i n g  i n  t h e  P a c i f i c  Northwest over 
extended p e r i o d s  of time (F iksda l  1974, Morrison 1975, 
Swanson and Dyrness 1975) r e p o r t e d  70 p e r c e n t  of a l l  l a n d s l i d e s  
genera ted  were r e l a t e d  t o  road r igh t s -o f -way .  I n  a l l  c a s e s ,  
t h e  g r e a t e s t  number of t h e s e  r e s u l t e d  from r o a d - f i l l  f a i l u r e s .  
The low frequency of road r e l a t e d  even t s  on t h e  Mapleton 
D i s t r i c t  may be d i r e c t l y  r e l a t e d  t o  t h e  implementat ion of 
t h e  D i s t r i c t  FERM p l a n  and improved road des ign  and c o n s t r u c t i o n  
t echn iques .  The p r i n c i p a l  i n t e n t  of t h e  p l a n  was t o  reduce 
road f a i l u r e s  by having pe rsonne l  p a t r o l  roads  and c l e a n  
c u l v e r t s  t o  p reven t  ponding and damming of water  dur ing  
s to rms .  

The g r e a t e s t  amount of l a n d s l i d e  a c t i v i t y  and r e s u l t a n t  
watershed damage was produced from f a i l u r e s  occur r ing  w i t h i n  
c l e a r c u t  u n i t s  u n a s s o c i a t e d  w i t h  roads .  Th i s  s t r o n g l y  
emphasizes t h e  importance of logging o p e r a t i o n s ,  e x c l u s i v e  
of a s s o c i a t e d  a c t i v i t i e s ,  a s  a  g e n e r a t o r  of a c c e l e r a t e d  s o i l  
mass movements on s t e e p ,  f o r e s t e d  s l o p e s .  Bishop and 
Stevens  (1964) working i n  s o u t h e a s t  Alaska demonstrated a  
d i r e c t  c o r r e l a t i o n  between t imber  h a r v e s t i n g  and a c c e l e r a t e d  
s o i l  mass movements fo l lowing  heavy r a i n s  i n  t h e  f a l l  of 
1961. They r e p o r t  an i n c r e a s e  i n  l a n d s l i d e  f requency of 
4-1/2 t imes  fo l lowing  c l e a r c u t  logging e x c l u s i v e  of roads .  
C r o f t  and Adams (1950),  r e p o r t i n g  on l a n d s l i d e  i n c r e a s e s  
fo l lowing t imber  h a r v e s t i n g  i n  t h e  Wasatch Mountains of 
Utah, a t t r i b u t e  a c c e l e r a t e d  l a n d s l i d e  a c t i v i t y  c h i e f l y  t o  
t imber  c u t t i n g  and burning.  

Dominant s o i l  c h a r a c t e r i s t i c s ,  s l o p e  d i s s e c t i o n ,  s l o p e  
s t e e p n e s s ,  and a s p e c t  e x e r t e d  s i g n i f i c a n t  c o n t r o l  on d e b r i s  



avalanche occur rence  dur ing  t h e  storm. There i s  a  s t r o n g  
r e l a t i o n s h i p  between l a n d s l i d e  f requency and SRI u n i t s  w i t h  
more than  96 p e r c e n t  of i n v e n t o r i e d  f a i l u r e s  occur r ing  
w i t h i n  t h e  group of "high r i s k "  u n i t s  ( u n i t s  41, 44, and 
4 7 ) .  A l l  t h r e e  types  have dominant s o i l s  de r ived  from 
residuum and colluvium over micaceous s a n d s t 0 n e . W  

The dominant s o i l s  i n  each ca tegory  possess  s u r f a c e  
s o i l s  which a r e  c h a r a c t e r i s t i c a l l y  t h i n ,  g r a v e l l y ,  sandy 
loams t o  loams. S u b s o i l s  a r e  t h i n  loams and g r a v e l l y  loams 
w i t h  a  dep th  t o  bedrock of l e s s  than  3 f e e t .  A l l  occur on 
s l o p e s  between 50 t o  90 p e r c e n t .  Uni t  4 1  s o i l s  t y p i c a l l y  
c o n t a i n  more c l a y .  Uni t  47 s o i l s  t y p i c a l l y  c o n t a i n  more 
c o b b l e s .  A l l  t h r e e  types  a r e  s i m i l a r  i n  eng ineer ing  p r o p e r t i e s ,  
be ing e s s e n t i a l l y  n o n p l a s t i c ,  i n o r g a n i c  s i l t s  w i t h  some sand 
and g r a v e l .  Maximum bu lk  d e n s i t i e s  a r e  low. Such s o i l s  
possess  l i t t l e  cohes ion when s a t u r a t e d  and a  low enough 
p e r m e a b i l i t y  s o  t h a t  they  may be s u s c e p t i b l e  t o  r a p i d  i n c r e a s e s  
i n  pore -wate r  p r e s s u r e  dur ing  major s torms due t o  t h e  
p resence  of excess  wa te r .  Under t h e s e  c o n d i t i o n s ,  t h e  
c o e f f i c i e n t  of f r i c t i o n  may be reduced from a  range of 
27-30" t o  a  range of 20-220,  g r e a t l y  reducing r e s i s t a n c e  t o  
s h e a r  of t h e  s o i l  (Terzaghi  and Peck, p .  86, 1960).  

Desp i t e  t h e  s i m i l a r i t y  i n  p h y s i c a l  p r o p e r t i e s  and s l o p e  
occurrence  of dominant s o i l s  i n  t h e  "high r i s k "  c a t e g o r y ,  a 
l a r g e  d i f f e r e n c e  i s  a l s o  i n d i c a t e d  f o r  t h e  f requency of 
occurrence  of  i n - u n i t  f a i l u r e s  on each of t h e s e  u n i t s  ( f i g .  8 ) .  
These d i f f e r e n c e s  a r e  probably  due t o  degree  of d i s s e c t i o n  
of t h e  s l o p e .  

Based on SRI u n i t  c h a r a c t e r i s t i c s ,  u n i t  41 s l o p e s  a r e  
smooth t o  moderate ly  d i s s e c t e d .  Uni t  44 s l o p e s  a r e  moderately 
t o  h i g h l y  d i s s e c t e d ,  and u n i t  47 s l o p e s  a r e  h i g h l y  t o  ext remely  
d i s s e c t e d .  For purposes of t h i s  a n a l y s i s ,  degree  of d i s s e c t i o n  
i s  d e f i n e d  i n  t a b l e  5 .  

Figure 8. --Number of in -un i t  
s l i d e s  versus  S R I  mapping 
u n i t .  Risk c l a s s  4 a t  24 
percen t  i s  considered a  3 
on a  forest-wide b a s i s ,  
however, Mapleton Ranger 
D i s t r i c t  cons ide r s  i t  
r i s k  c l a s s  4 .  

'""I 4446 

SRI Designation at foilire site 4 7  4 4  41 4 2  4 3  
RISK CLASS - 5 4 4 3 3 

s o i l  Resource Inventory ,  Siuslaw Nat iona l  F o r e s t  , b a s i c  s o i l  i n f  or-  
mat ion and i n t e r p r e t i v e  t a b l e s .  USDA F o r e s t  Se rv i ce  P a c i f i c  Northwest 
Region, 1974, copy on f i l e  a t  t h e  Siuslaw Nat iona l  Fo re s t  o f f i c e ,  
C o r v a l l i s ,  Oregon. 



Table 5--Table of dissection cr i ter ia  used by f ield personnel of the Siuslaw 
National Forest 

Dissection Center1 i ne spaci ng between drainages 
(feet)  

Extreme 

High 

Moderate 

The l a r g e s t  number of f a i l u r e s  i n  c l e a r c u t  u n i t s  occurred 
w i t h i n  SRI u n i t  47 (83 o u t  of  189 o r  44 p e r c e n t ) .  This  i s  
probably  because of t h e  l a r g e r  number of p o t e n t i a l  f a i l u r e  
s i t e s  a long e x i s t i n g  d ra inages  and i n c i p i e n t  channels  on 
t h e s e  h i g h l y  t o  ext remely  d i s s e c t e d  s l o p e s .  SRI u n i t  44 
accounted f o r  54 i n - u n i t  f a i l u r e s  o r  about 28 p e r c e n t ,  and 
SRI u n i t  4 1  produced 46 o r  about 2 4  p e r c e n t .  SRI u n i t s  4 1  
and 4 4  e x h i b i t  s i m i l a r  degrees  of r e l a t i v e  l a n d s l i d e  a c t i -  
v i t y ,  probably  due t o  t h e  dominance of moderate d i s s e c t i o n  
f o r  bo th  t h e s e  u n i t s .  This  s u g g e s t s  t h a t  d i s s e c t i o n  e x e r t s  
a  s t r o n g  degree  of c o n t r o l  on l a n d s l i d e  occurrence  f o r  
c l e a r c u t  s l o p e s .  

Slope s t e e p n e s s  i s  a l s o  an impor tant  f a c t o r  i n  l a n d s l i d e  
g e n e r a t i o n  w i t h  9 5 , p e r c e n t  of a l l  i n v e n t o r i e d  f a i l u r e s  
occur r ing  on s l o p e s  g r e a t e r  than  70 p e r c e n t  (31.5 d e g r e e s ) .  
For n a t u r a l  and r o a d - r e l a t e d  f a i l u r e s ,  t h e  g r e a t e s t  number 
occurred on g r e a t e r  than  80-percent  (36 degrees)  s l o p e s  (77 
p e r c e n t  of  n a t u r a l  f a i l u r e s  and 81 p e r c e n t  of r o a d - r e l a t e d  
f a i l u r e s ) .  The g r e a t e s t  number of i n - u n i t  f a i l u r e s  occur red  
on s l o p e s  above 90 p e r c e n t  (40.5 d e g r e e s ,  approximate ly  53 
p e r c e n t  of  a l l  f a i l u r e s ) .  This  corresponds  t o  about t h e  
upper l i m i t  of t h e  ang le  of i n t e r n a l  f r i c t i o n  f o r  i n o r g a n i c  
s i l t s  i n  t h e  absence of wa te r .  I n  t h e  presence  of s a t u r a t e d  
c o n d i t i o n s ,  s l o p e s  above t h i s  70-percent  g r a d i e n t  can be 
expected t o  be i n  a  h i g h l y  u n s t a b l e  s t a t e .  

S i m i l a r  d i s t r i b u t i o n s  of s l o p e  f a i l u r e  g r a d i e n t  have 
been r e p o r t e d  f o r  o t h e r  a r e a s .  Dyrness (1967) r e p o r t s  t h e  
g r e a t e s t  number of d e b r i s  avalanches  occur r ing  on s l o p e s  
above 22.50 (50 p e r c e n t )  fo l lowing  logging and burning on 
t h e  H .  J .  Andrews Experimental  F o r e s t ,  wes te rn  Cascade Range 
of Oregon. Bishop and Stevens (1964),  a f t e r  measuring and 
p r o f i l i n g  15 d e b r i s  avalanches  i n  c l e a r c u t  u n i t s  fo l lowing  a  
major storm i n  s o u t h e a s t  Alaska ,  r e p o r t  a  minimum ang le  of 
r e l e a s e  of 31° (70 p e r c e n t )  w i t h  a  mean of a l l  s l i d e s  of 39" 
(87 p e r c e n t ) .  OTLoughlin a f t e r  a  s t u d y  of 7 7  d e b r i s  avalanches 
i n  t h e  Coas ta l  Mountains of  B r i t i s h  Columbia r e p o r t e d  a  



minimum ang le  of r e l e a s e  of 300 (67 p e r c e n t )  w i t h  a  mean of 
360 ( 8 0  p e r c e n t )  .g/ 

Aspect o r  exposure was t h e  l e a s t  impor tan t  common 
f a c t o r  i n  l a n d s l i d e  g e n e r a t i o n  dur ing  t h e  November 3 0  s torm.  
Na tura l  l a n d s l i d e s  were n e a r l y  e q u a l l y  d i s t r i b u t e d  on n o r t h e r l y  
and s o u t h e r l y  s l o p e s ,  a l though  t h e  s m a l l  sample s i z e  l i m i t s  
t h e  r e l i a b i l i t y  of t h i s  o b s e r v a t i o n .  For the  occurrence  of 
management-generated f a i l u r e s ,  however, t h e r e  i s  a s t r o n g  
r e l a t i o n s h i p  t o  a s p e c t  c l a s s .  Approximately 64 p e r c e n t  of 
r o a d - r e l a t e d  and i n - u n i t  f a i l u r e  occurred on n o r t h e r l y  
a s p e c t s .  The h i g h e r  f requency of l a n d s l i d e s  on n o r t h  s l o p e s  
i s  probably  d i r e c t l y  c o r r e l a t e d  w i t h  l o c a l  s t r u c t u r e .  
P a r e n t  m a t e r i a l  and s t r u c t u r e  have been i d e n t i f i e d  r e p e a t e d l y  
i n  t h e  l i t e r a t u r e  a s  e x e r t i n g  a  c o n t r o l l i n g  i n f l u e n c e  on t h e  
type  and f requency of s o i l  mass movements on s t e e p ,  f o r e s t e d  
s l o p e s  (Swanston 1967 and1971, Dyrness 1967, Megahan 1975, 
F redr iksen  and Ross 1975, Swanston and Swanson 1976).  Under 
a  g iven s e t  of c l i m a t i c  c o n d i t i o n s ,  p a r e n t  m a t e r i a l  c o n t r o l s  
d e p t h ,  degree  of wea ther ing ,  and weather ing p r o d u c t s .  
S t r u c t u r e  (bedding,  f a u l t i n g ,  f r a c t u r i n g ,  j o i n t i n g )  determines  
l o c a t i o n  and d i s t r i b u t i o n  of p o t e n t i a l  f a i l u r e  s u r f a c e s ,  
and d i c t a t e s  movement and d i s t r i b u t i o n  of subsur face  w a t e r .  
The topography of t h e  blapleton D i s t r i c t  i s  c h a r a c t e r i z e d  
by e a s t - w e s t  t r e n d i n g ,  narrow r i d g e s  s e p a r a t e d  by deeply  
i n c i s e d  d r a i n a g e s .  These r i d g e s  a r e  developed i n  massive t o  
t h i n l y  bedded sandstones  and s i l t s t o n e s  s t r i k i n g  nor thwest  
and d ipp ing  g e n t l y  t o  t h e  southwest .  

Well developed n o r t h - t r e n d i n g  j o i n t i n g  i s  superimposed 
on t h i s  b a s i c  s t r u c t u r e .  The s l o p e s  a r e  s t e e p e r  on t h e  
n o r t h  a s p e c t  w i t h  t h e  g r a d i e n t  a p p a r e n t l y  c o n t r o l l e d  by t h i s  
j o i n t i n g .  

s l o p e  p o s i t i o n  f o r  i n - u n i t  f a i l u r e s  appears  t o  e x e r t  a  
c o n s i d e r a b l e  i n f l u e n c e  on l a n d s l i d e  occurrence  wi th  78 p e r c e n t  
of t h e  i n v e n t o r i e d  f a i l u r e s  l o c a t e d  on t h e  mid-s lope  o r  a t  
s t r eam-ad jacen t  s i t e s  ( f i g .  9) .El 

Of t h e  f a i l u r e s  i n v e n t o r i e d ,  92 o r  about 49 p e r c e n t  
occurred i n  t h e  mid-s lope  p o s i t i o n  w i t h i n  i n c i p i e n t  d ra inages  
where ground wate r  movement from the  upper s l o p e s  probably  
produced s a t u r a t e d  o r  nea r  s a t u r a t e d  c o n d i t i o n s  i n  t h e  s o i l  
mant le .  F i f t y - f i v e  o r  approximate ly  29 p e r c e n t  occurred a t  
t h e  bottom of t h e  s l o p e  a d j a c e n t  t o  s t ream channels  and were 

151Colin Lockhard OtLough~lin,  1972. An i n v e s t i g a t i o n  of t h e  s t a b i l i t y  of 
t he  s t e ep l and  f o r e s t  s o i l s  i n  t h e  Coast Mountains, Southwest B r i t i s h  Columbia, 
147 p . ,  Ph.D. t h e s i s  on f i l e ,  Facu l ty  of F o r e s t r y ,  t h e  Univers i ty  of B r i t i s h  
Columbia, Canada. 

* / ~ l o ~ e  p o s i t i o n  as  r epo r t ed  h e r e  r e f e r s  t o  t h e  p o s i t i o n  on t h e  s l ope  
between t h e  r i dge top  and t h e  f i r s t  i n t e r s e c t e d  dra inage .  This  may be  a  
c l a s s  I ,  c l a s s  11, o r  c l a s s  I11 dra inage  ( s ee  foo tno t e s  10 ,  12,  and 13 ) .  
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probably  i n i t i a t e d  by l a t e r a l  c u t t i n g  along channel  banks by 
storm f low.  The remaining 4 0 ,  o r  about 2 1  p e r c e n t ,  occurred 
n e a r  t h e  r i d g e t o p  i n  e x c e p t i o n a l l y  s t e e p  s l o p e  p o s i t i o n s .  

Time s i n c e  t imber  f e l l i n g  a l s o  e x e r t e d  a  s i g n i f i c a n t  
c o n t r o l  on number and f requency of i n - u n i t  s l o p e  f a i l u r e s  
( f i g .  1 0 ) .  Of t h e  189 i n v e n t o r i e d  f a i l u r e s  i n  t h i s  c a t e g o r y ,  
120,  o r  6 3  p e r c e n t ,  occurred on c l e a r c u t  u n i t s  ha rves ted  
w i t h i n  t h e  3 y e a r s  preceding t h e  storm. F i f t y - f o u r  f a i l u r e s ,  
o r  29  p e r c e n t ,  occurred i n  u n i t s  c u t  l e s s  than  10 y e a r s  
p r i o r  t o  t h e  storm. Only 1 2 ,  o r  about  1 p e r c e n t  of t h e  
t o t a l ,  occurred i n  c l e a r c u t  u n i t s  o l d e r  than 11 y e a r s ,  
s t r o n g l y  emphasizing t h e  importance of t imber  cover on t h e  
r e l a t i v e  s t a b i l i t y  of t h e s e  p o t e n t i a l l y  u n s t a b l e  s l o p e s .  

The p r i n c i p a l  impacts  of f o r e s t  removal by c l e a r c u t t i n g  
a r e  t o  reduce r o o t i n g  s t r e n g t h  and t o  a l t e r  t h e  h y d r a u l i c  
regime a t  t h e  s i t e .  Swanston (1974) d e s c r i b e s  t h e  mechanical 
suppor t  provided by v e g e t a t i o n  r o o t s  a s  a  dominant f a c t o r  i n  

F igure  10.--Incidence of in -un i t  
s l i d e s  a s  r e l a t e d  t o  t ime 
s i n c e  t imber  f e l l i n g .  Age 
was indeterminant  f o r  t h r e e  
c l e a r c u t  a r e a s  account ing f o r  
2 percen t  of t o t a l .  

0-3 4- 10 I I+ 
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maintaining the shear strength of many steep-slope forest 
soils in western North America. In Japan, Kitamura and 
Namba (1966 and 1968) describe a period of greatly reduced 
soil strength attributable to root decay beginning about 3 
years following cutting and attaining a minimum strength 15 
years after harvest. Bishop and Stevens (1964) reported a 
3- to 5-year lag between clearcutting and accelerated slope 
failure rates in southeast Alaska. From strength tests on 
roots taken from clearcut units of various ages in this 
region (Ziemer and Swanston 1977) a decrease of more 
than one-half in Sitka spruce and one-third in western 
hemlock root strength was demonstrated in the first 2 years 
after cutting. O'Loughlin, after approximately 200 tests of 
strength loss in roots from Southwest British Columbia, 
concluded that Douglas-fir roots lose more than half their 
strength in the first 3 years following clearcutting (see 
footnote 15). 

The hydrologic impacts of timber removal include modifi 
cation of annual soil-water status and changes in peaks of 
soil water held in detention storage during periods of storm 
runoff (Swanston and Swanson 1976). Increases in soil water 
during storms (due to timber removal) can generate active 
pore-water pressures, triggering shallow debris avalanches 
and debris torrents. Reduced evapotranspiration results in 
soil water status remaining at higher levels for longer 
periods of time resulting in more rapid saturation and 
active pore-water pressure development during storms. 
Timber removal may also increase peaks of soil water by 
accelerated snowmelt during warm-rain-on-snow conditions 
(Anderson 1969). 

Timber management activities have clearly accelerated 
the number and frequency of soil mass movements on the 
Mapleton District, Siuslaw National Forest, as the result of 
the November 29-December 1, 1975 storm. Clearcut harvesting, 
exclusive of roads, stands out as the most damaging activity 
with over three-fourths of the generated failures and about 
two-thirds of the released volume of debris occurring as a 
result of this activity. Less than one-fifth of the storm- 
generated failures occurred within the road rights-of-way 
and they produced only one-third of the total volume of 
debris. The impact of forest roads relative to clearcuts is 
considerably smaller than reported elsewhere, suggesting 
that the special efforts made by District personnel in 
overall improved road location, design, construction practices, 
and maintenance of drainages and culverts during the storm 
had a substantial effect on reducing road-generated failures. 
Although the number of failures and total volume of debris 
produced was significantly lower from road rights-of-way, 
the average volume per slide was approximately seven times 
that of natural failures and approximately two times that of 
in-unit failures. This strongly emphasizes the potential 



for maximum damage from road-related failures if adequate 
design and maintenance are not continued. 

Slope gradient, SRI units, and aspect exerted a strong 
influence on occurrence of the slope failures generated 
during the November 29-December 1 storm. Most of the failures 
occurred on high risk SRI units 41, 44, and 47. Major 
differences in failure were noted between units. Of these 
three, unit 47 accounted for more than one-half of all 
failures with the rest di~t~ibuted between units 41 and 44. 
SRI unit 47 has the highest degree of dissection and highest 
slide frequency, perhaps because degree of dissection deter- 
mines the number of locations at which failures can occur. 

Most of the failures inventoried occurred on slopes 
greater than 70 percent (31.5 degrees). Slopes of this 
gradient are near their maximum angle of natural stability 
,and are highly susceptible to any activities which may 
reduce their strength-stress ratios. 

North facing slopes had the largest number of failures, 
particularly for the in-unit category. Too few inventory 
samples of fiatural failures were obtained to develop this 
relationship. Roads tended to mask the aspect relationship 
because of the dominating influence of road drainage on 
slide generation. 

In-unit failures were strongly influenced by both 
position on the slope and time since cutting. Almost one- 
half of all the in-unit failures occurred at the midslope 
position, from one-third to two-thirds of the way between 
the ridgetop and the first intersected drainage. Such a 
position allowed for maximum development of saturated soil 
conditions due to upper slope drainage. Almost one-third of 
the in-unit failures occurred at sites adjacent to streams 
and were probably initiated by undercutting of slopes during 
stormflow or debris torrent activity. The remaining failures 
occurred near the ridgetop and may have developed on exception- 
ally steep faces, triggered by excess water from local 
spring flow. 

Almost two-thirds of all in-unit failures occurred in 
clearcuts harvested less than 4 years before the storm. 
Most of the remaining failures occurred in units cut less 
than 11 years before the storm. The dominance of failures 
in the 0- to 3-year bracket suggests that removal of timber 
canopy and deterioration of root systems may exert a substan- 
tial effect on landslide generation on this potentially 
unstable ground. 

Benefits to Ongoing Management Programs 
Information from this inventory provided input to both 

short- and long-range management decisionmaking. Perhaps 
most importantly, it provided the District Ranger and his 
staff with a quantitative overview of mass movement activity 
on the District. The inventory related soil mass movements 



to: location (both geographically and topographically), 
general management categories (roads or clearcuts), impacts 
to resources (frequency and volumes as related to soils and 
stream systems), and to winter storms with a return frequency 
of about 1 in 10 years. By defining landsliding on a District- 
wide basis, efforts have been more effectively focused 
toward short- and long-range problem solving. Immediate 
changes in timber sale planning efforts are a short term 
response. More time and effort during sale planning has 
been focused upon location of potential "high riskt' landslide 
areas. On a regular basis, protective or mitigative management 
prescriptions are now routinely applied. This most commonly 
involves vegetative leave areas on high risk headwalls and 
slopes adjacent to streams. 

The inventory provided significant immediate benefits 
by locating where landsliding had occurred. Using mapping 
done during the inventory, the District was able to quickly 
formulate a very comprehensive request for road repair ERFO 
(Emergency Repair Federal Other) and Emergency Flood Rehabili- 
tation, Section 216 funds. This mapping located potential 
sites for future flood damage and made project reconnaissance 
much more efficient. Ultimately, more than $260,000 was 
received for rehabilitation work. Without such an inventory, . 
this comprehensive work would not have been possible in the 
time allotted. 

The information derived gave very positive, quantitative 
indications about the efficiency of various road location, 
design, and construction techniques presently being employed 
on the District. It also pointed to the importance of road 
maintenance, particularly road drainage, in controlling 
road-related slope failures. 

The inventory also served to substantiate and further 
define the risk ratings given to various mapping units under 
the FSRI. Such information made the relative risk ratings 
much more of a quantitative and understandable measure for 
District personnel. 

Longer term benefits, resulting from the inventory, 
included quantitative inputs into ongoing timber management 
and land use planning and identification and prioritizing of 
research needs regarding landsliding and soil stability and 
impacts to other resources, particularly water and fisheries. 

Economic Analysis and Future Application 
This field inventory approach presents land managers 

with a reliable tool for gathering quantitative data on mass 
movements. The total cost of the inventory was about $5,300. 
Table 6 shows the breakdown of these costs. 

Personnel costs accounted for 77 percent of the total 
cost. These costs were held down by using Comprehensive 
Employment and Training Act employees as assistants. Vehicle 
and photographic costs accounted for the remaining 23 percent 



Table 6--Component breakdown of inventory costs 
i 

Man days Cost % of total 

1. Personnel costs ( total  ) 110 $4 ,I  00 77 

a .  Field inventory 
Two (2-man) teams 11 

b. Data analysis and 
compilation 

2. Transportation I 

(Two 112-ton pickups) 

3. Photography 250 5  

~ o t a l  cost $5,300 100 

l'~eams composed of (GS-9) Forester, ((35-7) Fishery Biologist, two Comprehensive 
Training Act employees. 

of t h e  t o t a l .  About 7 0  p e r c e n t  of t h e  a r e a  of t h e  Mapleton 
Ranger D i s t r i c t ,  o r  140,000 a c r e s ,  was i n v e n t o r i e d .  The 
informat ion g a t h e r i n g  c o s t s  averaged about 4  c e n t s  p e r  a c r e  
f o r  t h e  t o t a l  inven to ry  a r e a .  Much more complete reconna i s -  
sance ,  however, occur red  a long roads  and i n  c l e a r c u t  u n i t s .  
These a r e a s  t o t a l e d  about 33,500 a c r e s .  The c o s t ,  c o n s i d e r i n g  
on ly  t h e s e  a r e a s ,  was 16 c e n t s  p e r  a c r e .  These c o s t s  l i k e l y  
compare v e r y  f a v o r a b l y  w i t h  o t h e r  f i e l d  inven to ry  p rocedures .  
Stand examinations p r e s e n t l y  c o s t  an average of $3.00-$6.00 
p e r  a c r e  on t h e  D i s t r i c t .  Limited s t ream survey work p r e s e n t l y  
averages  $35-45 p e r  a c r e .  

With i n c r e a s e d  emphasis on p r o j e c t  and program e v a l u a t i o n  
i n  t h e  F o r e s t  S e r v i c e ,  t h i s  type  of inven to ry  p rocess  t o  
e v a l u a t e  s o i l  s t a b i l i t y  c o n d i t i o n s  appears  r e a d i l y  adap tab le  
t o  ongoing l and  management programs. The a p p l i c a t i o n  i s  
f l e x i b l e  t o  bo th  manpower and funding l i m i t a t i o n s .  

Given b a s i c  t r a i n i n g  i n  l a n d s l i d e  i d e n t i f i c a t i o n  and i n  
in fo rmat ion  g a t h e r i n g  r e q u i r e d  by t h e  inven to ry  form ( s e e  
f i g .  2 ) ,  a  wide v a r i e t y  of pe r sonne l  could  be used t o  perform 
such an inven to ry .  They need n o t  be s o i l  s c i e n t i s t s .  They 
need on ly  be a b l e  t o  recognize  a  l a n d s l i d e ,  t o  perform some 
b a s i c  measurements and o b s e r v a t i o n s ,  and t o  r e c o r d  in fo rmat ion  
on a  d a t a  form. The i n v e n t o r y ,  a s  r e p o r t e d  i n  t h i s  paper ,  
i f  performed by two GS-5 F o r e s t e r s ,  two Comprehensive Employment 
and T r a i n i n g  Act (CETA) employees, and a  GS-9 S o i l  S c i e n t i s t  
o r  Geo log i s t  f o r  t r a i n i n g  and d a t a  a n a l y s i s  could  have been 
performed f o r  a  c o s t  of about  $4,000.  



Another means of adapting this inventory process to 
funding and manpower limitations is to accomplish it yearly 
but on a reduced scale. For example, the Mapleton Ranger 
District could be divided into three inventory areas. Each 
year, one of the areas would be inventoried so that every 3 
years a District inventory is completed. Although such a 
method would not be sensitive to individual storm events, it 
would provide continuous information feedback to the land 
manager regarding landsliding. Such information should 
indicate changes in total numbers, frequency, locations, 
etc., of landslides as improved management techniques (road 
location and construction, timber sale layout and harvesting) 
are implemented. Over time, such an ongoing inventory 
program should even allow for objective comparison of various 
management prescriptions and the ultimate selection of the 
most efficient prescription in terms of limiting the occurrence 
and magnitude of landsliding. 
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The mission of the PAC1 FIC NORTHWEST FOREST AND 
RANGE EXPERIMENT STATION is to provide the knowl- 
edge, technology, and alternatives for present and future 
protection, management, and use of forest, range, and related 
environments. 

Within this overall mission, the Station conducts and 
stimulates research to  facilitate and to accelerate progress 
toward the following goals: 

1. Providing safe and efficient technology for inventory, 
protection, and use of resources. 

2. Developing and evaluating alternative methods and levels 
of resource management. 

3. Achieving optimum sustained resource productivity 
consistent with maintaining a high quality forest 
environment. 

The area of research encompasses Oregon, Washington, 
Alaska, and, in some cases, California, Hawaii, the Western 
States, and the Nation. Results of the research are made 
available promptly. Project headquarters are at: 

Anchorage, Alaska 
Fairbanks, Alaska 
Juneau, Alaska 
Bend, Oregon 
Corvallis, Oregon 

La Grande, Oregon 
Portland, Oregon 
Olympia, Washington 
Seattle, Washington 
Wenatchee, Washington 

Mailing address: Pacific Northwest Forest and Range 
Experiment Sta t ~ o n  

909 N.E. 6th Ave. 
Portland, Oregon 97232 
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strives - as direct ly greater service to 
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