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S U M M A R Y

B a se d  on r e c e n t  th e o re t ic a l  and p r a c t ic a l  e x p e r ie n c e s  In the f ie ld  of  
t o r r e n t s  c o n tro l  now a two -  fo ld  c la s s i f i c a t io n  of t o r r e n t s  Is p re s e n te d .  
T h e  b ip a r t i t io n  Is a r e s u l t  o f  the re q u i re m e n ts  on the one hand It g iv es  a 
to tal judgem ent about the b e h a v io u r  o f the t o r r e n t  in the a r e a  o f  the t o r 
r e n t  cone and on the o th e r  hand to e x p la in  the co n d it ion s  w hich  cause the 
deve lop m ent o f  th is t o r r e n t  in d i f f e r e n t  p a r t s  o f the b as in  and to d e te rm in e  
the k in d s  o f  co u n te r  m e a s u re s .  In the f i r s t  p a r t  of the total judgem ent of  
the b e h a v io u r  o f the t o r r e n t  a long the cone o r  lo w e r  c o u rs e  th e re  a r e  fo u r  
types of t o r r e n t s  d is t in g u is h e d  in v ie w  of  v a r i a b l e  d an g e r  to o b jec ts :  D e 
b r is  f lo w  to r r e n t s ,  d e b r is  f lood  t o r r e n t s ,  b ed load  t r a n s p o r t in g  t o r r e n t s ,  
f loo d  c r e e k s .  T h e  second p a r t  o f the c la s s i f ic a t io n  d is t in g u is h e s  the t o r 
r e n t s  on fo rm  o f  ac t io n  of s u r fa c e  d is c h a r g e  and d is c h a r g e  w ith  em bank
ment f a i l u r e s  In the d e b r is  s o u rc e s  and the s p e c ia l  and com posite  t o r r e n t s  
too. T h e  f u r t h e r  d i f f e r e n t ia t io n  is g iven  b e tw ee n  t o r r e n t s  w ith  depth e r o 
s io n  and t o r r e n t s  w ith  on ly  la te r a l  e r o s io n  and a ls o  b e tw een  n a tu ra l  and  
human in f lu e n c e s .  In the low est leve l of d i f f e r e n t ia t io n  the n a tu ra l  sc o u r  
t o r r e n t s  ( c o l lu v ia l  s c o u r  t o r r e n t s ,  v o lc a n ic  s c o u r  to r r e n t s ,  b e d ro c k  sc o u r  
t o r r e n t s ,  p a r t i a l  s c o u r  t o r r e n t s ,  t o r r e n t s  w ith  s t ro n g  In f i l t r a t io n ,  g u l
l ie s ,  d e b r is  a c cu m u la t in g  to r r e n t s )  and Induced sc o u r  t o r r e n t s  and f u r t h e r  
n a tu ra l  la t e r a l  e r o s io n  t o r r e n t s  ( t o r r e n t s  w ith  p re d e te rm in e d  channel  
bends, t o r r e n t s  w ith  f r e e  m e a n d e rs ,  g ra s s  -  s c a r  t o r r e n t s )  and Induced  
l a t e r a l  e r o s io n  t o r r e n t s  a r e  d is t in g u is h e d .  T h e  g roup of the sp e c ia l  t o r 
re n t s  is d iv id e d  Into ice -  d e b r is ,  snow -  d e b r is  a v a la n c h e s ,  K a r s t  -  
t o r r e n t s ,  g la c ia l  t o r r e n t s ,  e a r th q u a k e  t o r r e n t s .  T h e  type of the t o r r e n t  
In the low est leve l o f  d i f f e r e n t ia t io n  e x p r e s s e s  type and cause of the e r o 
s io n  deve lopm ent In d i f fe r e n t  t o r r e n t s  o r  p a r t s  of th ese .  T h is  type is  
l in k e d  w ith  an index o f p o s s ib le  maximum d eve lopm ent w hich  is d iv id e d  
Into f iv e  s te p s .  T h e  c la s s i f ic a t io n  p e rm its  c o r r e la t io n s  fo r  h a z a r d  -  z o 

243

©Bundesforschungszentrum für Wald, Wien, download unter www.zobodat.at



ning on the one hand (p a r t  1) and to c o u n te r  m e a s u re s  in d i f fe re n t  p a r ts  
of the t o r r e n t  on the o th e r  hand (p a r t  2 ) .  T h e  c la s s i f ic a t io n  is not l im ited  
by the a r e a  o f the A lp s  in its a p p l ic a t io n .

Z U S A M M E N F A S S U N G

A u f  G ru n d  d e r  neuen p r a k t is c h e n  und th e o re t is c h e n  E r f a h r u n g e n  und 
E r k e n n tn is s e  in d e r  W ild b a ch ku n d e  w i r d  e in e  v o r lä u f ig e ,  z w e ig e t e i l t e  
W ild b a c h k la s s i f ik a t io n  v o rg e le g t  und b e g rü n d e t .  D ie  Z w e i t e i lu n g  e rg a b  
s ic h  e i n e r s e i t s  aus dem p r a k t is c h e n  E r f o r d e r n i s ,  am S ch w em m kege l  b zw .  
am U n t e r la u f  das G e s a m tv e rh a l te n  des W ild b a c h e s  im H in b l ic k  au f d ie  A b 
g re n z u n g  von G e fa h re n z o n e n  b e u r t e i le n  zu müssen, a n d e rs e i ts  aus d e r  
T a ts a c h e ,  daß in n e rh a lb  des W ild b a c h e s  lokal v e rs c h ie d e n e  U r s a c h e n  fü r  
d ie  G e s c h ie b e b i ld u n g  vo rh an d en  se in  können und d em e n ts p rec h e n d  e ine  
g e s o n d e r te  B e u r te i lu n g  im H in b l ic k  au f d ie  zu t re f fe n d e n  V e rb a u u n g s m a ß 
nahmen v e r la n g e n .  Im Rahm en d e r  g a n z h e i t l ic h e n  B e u r te i lu n g  am 
S ch w em m ke g e l  w e rd e n  im H in b l ic k  au f u n g le ic h e  G e fä h rd u n g  von O b je k te n  
v i e r  W ild b a c h ty p e n  u n te rs c h ie d e n :  M u rs to ß fä h ig e  W ild b ä c h e ,  m u rfä h ig e  
W ild b ä c h e ,  g e s c h ie b e fü h re n d e  W ild b ä c h e  und le d ig l ic h  h o c h w a s s e r fü h r e n 
de W i ld b ä c h e .  D ie  im z w e i te n  T e i l  v o r g e s t e l l t e  W i ld b a c h b e u r te i lu n g  im 
E in z u g s g e b ie t  g l i e d e r t  die W ild b ä c h e  z u e r s t  nach W irk u n g e n  d e r  O b e r 
t a g -  und U n t e r t a g w ä s s e r  in den G e s c h ie b e h e rd e n ,  s o w ie  nach b e s o n d e re n  
und g em isch ten  W ild b ä c h e n .  D ie  w e i t e r e  U n t e r g l  ied eru n g  u n te rs c h e id e t  
W ild b ä c h e  bzw . W i ld b a c h a b s c h n it te ,  v e r u r s a c h t  d u rch  T ie f e n e r o s io n  und 
W ild b ä c h e  und d u rch  K o r r o s io n  e n ts ta n d en e ,  wobei je d es m a l n a tü r l ic h e  
o d e r  a n th ro p o g en e  U r s a c h e n  z u r  B i ld u n g  d e r  G e s c h ie b e h e rd e  fü h re n  
können  (k ü n s t l ic h e  und n a tü r l ic h e  T ie f e n e r o s io n s -  und K o r r o s io n s w i l d 
b ä c h e ) .  D ie s e n  E r o s io n s w i ld b ä c h e n ,  d ie  s e lb s t  ih r e  G e s c h ie b e h e rd e  d y 
n a m is ie re n ,  w e rd e n  d ie  H a n g a n b ru c h s b ä c h e  g e g e n ü b e rg e s te l l t ,  d ie  G e 
s c h ie b e  le d ig l ic h  aus H a n g a n b rü c h e n  em pfangen und w e i t e r t r a n s p o r t i e r e n .  
D i e  le tz te  U n te r g l  ied eru n g  d rü c k t  d i r e k t  A r t  und U r s a c h e  des E r o s i o n s 
v o rg a n g e s  im W ild b a c h  b zw . W ild b a c h a b s c h n it t  aus und e r g ib t  d ie  l e t z t -  
l ic h e  T y p e n b e z e ic h n u n g ,  d ie  mit e in em  Index d er  E n tw ic k lu n g s fä h ig k e i t  
ve rb u n d e n  w i r d  (S tu fe n  1 -  5 ) .  D em n ach  s in d  zu u n te rs c h e id e n :  L o c k e r 
g e s te in s fe i le n ,  F e s t g e s t e in s f e i le n ,  B ä c h e  mit n u r  ö r t l i c h e r  T i e f e n e r o 
s io n , W a s s e r v e r lu s t b ä c h e ,  G u l l ie s ,  S c h u t ts ta p e lb ä c h e ,  A s c h e n m u re n ,  
Z w a n g s k rü m m u n g s  -  W ild b ä c h e ,  f r e i e  M ä a n d e r  in U m la g e ru n g s s t re c k e n ,  
R a s e n s c h ä lb ä c h e ,  H a n g a n b ru c h s b ä c h e ,  (bed ing t d u rch  v e rs c h ie d e n e  U r 
s a ch en ) ,  E is m u r e n ,  S c h n e e  -  E r d la w in e n ,  K a rs tb ä c h e ,  G le ts c h e rb ä c h e  
und E r d b e b e n  -  W ild b ä c h e .  D ie  g e s c h i ld e r t e  T y p is ie r u n g  e r la u b t  ebenso  
B e z ü g e  z u r  Z o n e n a b g re n z u n g  ( T e i l  1) w ie  zu den zu t re f fe n d e n  \ / e r -  
bauungsm aßnahm en ( T e i l  2 ) .  Ih r e  A n w en du n g  is t  n icht au f das G e b ie t  d e r  
A lp e n  b e s c h rä n k t .
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INTRO DUCTIO N

T h e  last A u s t r ia n  c la s s i f ic a t io n  of t o r r e n t s  by S t in y  (1931 ) is now 50  
y e a r s  o ld .  It is based  on a g eo lo g ic a l  a p p ro a c h .  S in c e  that t ime new  p a r a 
m e te rs  fo r  the e v a lu a t io n  of t o r r e n t s  have become s ig n i f ic a n t  and thus  
have sh i f te d  the em phas is  a c c o rd in g  to the new  demands. T od ay  a c l a s s i 
f ic a t io n  o f t o r r e n t s  should  f u l l f i l l  th re e  p r in c ip a l  functions:

a) It  should  s e r v e  as a p r a c t ic a l  tool w ith in  the f r a m e w o r k  of the  
co m p lex  r e a l  w o r ld ;

b) It should  be a c c u ra te  as to the e f fe c ts  and h a z a r d s  to be expe c te d  
on the d e b r is  cones;

c) It should  e x p r e s s  the g en e t ic  r o le  of t o r r e n t s  in the dynam ic  e v o 
lut ion  o f val leys;

W e s t i l l  do not have the n e c e s s a r y  s c ie n t i f i c  b ack g ro u n d  in fo rm a t io n  
on mass f lo w s  and c a ta s t ro p h ic  ev en ts  to lay the g ro u n d w o rk  fo r  an e x ac t  
c la s s i f ic a t io n  a p p l ic a b le  in a l l  p r a c t ic a l  s i tu a t io n s  and fo r  a n u m e r ic a l  
a n a ly s is  of f u tu r e  t o r r e n t  a c t iv i t y .  T h is  is p a r t i c u l a r l y  t ru e  w ith  r e g a r d  
to a scheme in tended  fo r  w o r ld  -  w id e  u se .  T h is  p a p e r  p ro p o se s  t h e r e 
f o r e  a p r e l i m i n a r y  c la s s i f ic a t io n  w hich  c o n s id e rs  the p re s e n t  s ta te  of  
th e o r e t ic a l  kn o w le d g e  and takes  a step f o r w a r d  in p r a c t ic a l  a p p l ic a t io n .  
In s p ite  o f  most im p ortan t  g e o lo g ic a l  p a r a m e t e r s  as e m p h as ized  by S t in y  
(1 9 3 1 ) ,  the p re s e n t  ap p ro ac h  d e v ia te s  f ro m  th is  poin t of v ie w .  T h e  r e l a 
t ion sh ip  be tw een  a c e r t a in  type o f  t o r r e n t  and an a p p r o p r ia t e  c o n tro l  
system  w ith in  the ca tchm ent b as in  o r  the a p p l ic a t io n  o f a c t iv e  and p a s s iv e  
m e a s u re s  on the d e b r is  cone can only  be touched on a fundam ental  w ay .  
T h is  r e la t io n s h ip  is g re a t ly  in f lu en ced  by the v a r i e t y  o f  p o s s ib le  t o r r e n t -  
e c o lo g ic a l  p a r a m e t e r s  on the one hand and the v a r ie t y  of p r e v e n t iv e  
m e a s u re s  on the o th e r  hand.

T H E  N E W  P R E L I M I N A R Y  T W O  -  F O L D  C L A S S I F I C A T I O N  O F  T O R R E N T S

T h e  c la s s i f ic a t io n  c o n s id e rs
a) the type of the e x t re m e  c a ta s t r o p h ic  even ts  on the d e b r is  cone (o r  

lo w e r  t o r r e n t  c o u rs e )  su p p lem ented  w ith  a t o r r e n t  -  index (A u l i t z k y  1973),  
(se e  A p p e n d ix )  to use in t o r r e n t  h a z a r d  z o n in g  o f  n a tu ra l  d e b r is  cones and

b) the type and t re n d  of the e r o s io n a l  p ro c e s s e s  in the ca tchm ent b as in .  
By d e f in i t io n ,  t o r r e n t s  f lo w  f ro m  sm all  b as in s  (up to 100 km ); w i ld

r i v e r s  f ro m  la r g e r  b as in s .  Bo th  a r e  p e r e n n ia l  o r  in te rm i t te n t  w a t e r  
c o u rs e s  and by t h e i r  t r a n s p o r t  o f  s o l id  m a t e r ia ls  become the s o u rc e  of  
s ig n i f ic a n t  dam age. F o r  p r a c t ic a l  p u rp o s e s  it is t h e r e f o r e  recom m ended
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to s u b d iv id e  t o r r e n t s  as to th e i r  dam aging b e h a v io u r  a long the lo w er  
c o u rs e  and a c c o rd in g  to the causa l  p a r a m e t e r s  c o n t r ib u t in g  to th is  b e 
h a v io u r  in the d e b r is  s o u rc e  a r e a  of the ca tchm ent b as in .  A p p r o p r ia t e  
te m p o ra ry  and p erm a n e n t  m e a s u re s  can then be taken  if  c h a r a c t e r  and  
m agnitude of the p ro c e s s e s  a r e  u n d e rs to o d .  In a l l  cases  the e x t re m e  o r  
p o te n t ia l ly  e x t re m e  b e h a v io u r  a r e  the b a s is  fo r  the c h a r a c t e r i z a t io n  o f  
a t o r r e n t .  It is c l e a r l y  u n d e rs to o d  that any t o r r e n t  may, u n d er  f a v o u r 
a b le  c i rc u m s ta n c e s ,  re m a in  f a r  b e lo w  its c a ta s t ro p h ic  le v e l .

1 C l a s s i f i c a t i o n  a s  t o  t h e  e x t r e m e  C a t a s t r o p h i c  B e 
h a v i o u r  o n  t h e  D e b r i s  C o n e  ( D e b r i s  F a n ,  L o w e r  
C o u r s e ,  R e d e p o s i  t i o n a  I R e a c h  o r  o n  a n  o t h e r  p o i n t

o f  t h e  B a s i n )

A s  long as the p a r a m e t e r s  a lo ng  a t o r r e n t  re m a in  the same as the e x 
t re m e  ev en t  on the d e b r is  cone, d e b r is  fan, lo w er  c o u rs e  and r e d e p o s i -  
t ion a l r e a c h ,  these  can be used fo r  a g e n e ra l  c h a r c t e r i z a t i o n  of a t o r r e n t .  
T h is  concept is a ls o  used in the new b ed load  th e o ry  o f  Ham pel (19 69 ,  1970,  
1980 ) .  In ca tchm ent b as in s ,  d i f f e r e n t  t o r r e n t  segm ents and d e b r is  s o u rc e s  
a long  the em bankment may become p ro m in e n t .  It is u s u a l ly  d i f f ic u l t  to c l a s 
s i fy  a l l  o f  them und er one " t o r r e n t  -  ty p e " .  In such  a case  the c h a r a c t e r i 
z a t io n  wi l l  have to be l im ite d  to homogeneous t o r r e n t  segm ents,  w hose  
q u a n t i ta t iv e  s ig n i f ic a n c e  wi l l  v a r y  as to w h e th e r  they in f lu en ce  a r e d e -  
p o s it io n a l  t o r r e n t  r e a c h  o r  the d e b r is  cone. T h u s  s e v e r a l  types o f  d e b r is  
s o u rc e s  c o n tr ib u te  to the d e p o s its  of the cone. T h e  c a ta s t ro p h ic  b e h a v io u r  
o f  the t o r r e n t  as in d ic a te d  by the d ep os its  o f  the cone is p a r t i c u l a r l y  s ig 
n i f ic a n t  in o v e r a l l  e v a lu a t io n  of the t o r r e n t  and in the h a z a r d  z o n in g .  A  
d is t in c t  b e h a v io u r  of t o r r e n t  on the d e b r is  cone c o r r e s p o n d s  to a d is t in c t  
se t o f  p r e v e n t iv e  m e a s u re s  o r  a f fo r e s ta t io n  tec h n iq u es .  F o u r  t o r r e n t  
typ es  ( T a b .  1) have  been d i f f e r e n t ia t e d ,  b ased  on the f o r m e r l y  th re e  types  
o f  A u l i t z k y  (1973 ):

l .  1 D e b r is  f lo w  t o r r e n t s  (M u rs to ß fä h ig e  W ild b ä c h e ) .
1 .2  D e b r is  f lood  t o r r e n t s  (M u r fä h ig e  W ild b ä c h e ) .
1 . 3  B e d lo ad  t o r r e n t s  (G e s c h ie b e fü h re n d e  W ild b ä c h e ) .
1 . 4  F lo o d  c r e e k s  (N u r  H o c h w a s s e r  fü h re n d e  W ild b ä c h e ,  G ie ß b ä c h e ) .
T h e  t o r r e n t  -  index (see A p p e n d ix )  has been d eve lop ed  fo r  t o r r e n t s  in

r e s id u a l  c o l lu v iu m  ("A l ts c h u t tb ä c h e "  by S t in y  (1 9 31 ) ,  but it can be m od i
f ie d  fo r  o th e r  types o f  d e b r is  s o u rc e s  and a s s u re s  a c e r t a in  leve l of 
a w a re n e s s  of " s i le n t  w i tn e s s e s "  (h a z a r d  in d ic a to rs )  le f t  beh ind  by la rg e  
f lo w s  in the p as t .
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T a b le  1. T y p e s  of t o r r e n t s  w ith  r e g a r d  to re s u l t in g  h a z a r d  a long  the cone,  
fan , lo w e r  c o u rs e ,  re d e p o s i t io n a l  r e a c h ,  bottom of the v a l le y  
o r  at any o th e r  poin t of the bas in  (co m p le ted  a f t e r  A u l i t z k y  1973)

I ,  1 N o n  -  N e w to n ia n  v is c o u s , g r a v i ta t io n a l
D e b r is  f lo w s  w ith  p u ls a t in g  an d  b lo c k in g  d e b r is  
f lo w  d is c h a r g e  r e a c h in g  v e lo c i t ie s  o f m o re  
to r r e n t  th a n  100 k m /h ;  c o n s id e ra b le  im p act

fo r c e s ;  "b o x  -  s h a p e d "  c ro s s  s e c tio n s  
o f  d e p o s its  by h ig h  -  v e lo c ity  flo w s  
w ith  a b ru p t  and  s te e p  m a rg in s ; t r a n s 
p o r t  o f la r g e  b lo c k s  a lo n g  r a d ia l  
r id g e s  to w a rd s  th e  lo w e r  p a r ts  o f 
th e  c o n e; com m on In  t o r r e n ts  f la n k e d  
by v o lu m in o u s  and  s l ig h t ly  in d u ra te d  
r e s id u a l  c o llu v iu m  (" A lts c h u t tb a c h e "  
o f  S t in y  1 9 31 ); fo rm a tio n  o f s te e p  
c o n e s  ( F ig .  1, 2 ) ,

1 .2  N e w to n ia n  v is c o u s  m ass  f lo w  w ith o u t
D e b r is  p u ls a t in g  and  b lo c k in g  d e b r is  w a v e s ;  
f lo o d  v e lo c i t ie s ,  im p act f o r c e s ,  a n d  t r a n s p o r -  
to r r e n t s  ta t io n  p o w e r  w ith  r e g a r d  to la r g e  b o u l

d e r s  s m a l le r  th an  In  d e b r is  f lo w s ;  d e b r is  
f lo o d s  s p re a d  as  f la t  b la n k e ts  o n  to r r e n t  
c o n e s  an d  fa n s ; they le s s  s te e p  o r ig in a te  
in  d e p o s its  o f  r e s id u a l  c o llu v iu m  and  
f r e s h  a l lu v ia l  d e p o s its  ( " A l t -  und J u n g -  
s c h u ttb & c h e "  o f  S t in y  19 3 1 ); w a te r  and  
d e b r is  lo ad  a r e  th o ro u g h ly  m ix e d  as  
d e s c r ib e d  by T h le r y  (1 6 9 1 ) .

V e r y  d a n g e ro u s  p a r t ic u la r ly  i f  a p o te n t  
d e b r is  s o u rc e  is  c lo s e  to th e  co n e , s e 
p a r a te d  fro m  it  o n ly  by a g o rg e ; d e b r is  
f lo w s  c a n  jum p the c h a n n e l an d  s p re a d  
o v e r  the  w h o le  fa n  w ith o u t w a rn in g  and  
w ith  d e s tr u c t iv e  im p a c t; s o lid ly  b u ilt  
h o u ses  m ay be d e m o lis h e d ; it  is  p o s s ib le  
th a t s ta c k e d  a r r a y s  o f  ch e c k  dam s a lo n g  
th e  t o r r e n t  c o u rs e  a r e  b y p a s s e d  and  
th a t t r a p e z o id  d is c h a rg e  s e c t io n s  a r e  
b re a c h e d ;  d is c h a rg e  s e c tio n s  s h o u ld  
p r e f e r a b le  im ita te  th e  f lo w  p r o f i le  o f  
d e b r is  f lo w s  ( i .  e . the g e n tly  c u rv e d  
d o w n w a rd  c o n v e x  " M u r p r o f i  I " ) ;  a 
s e r ie s  o f d e b r is  re te n t io n  b a s in s  c a n  
be p ro v id e d  on  th e  u p p e r  c o n e .

D a n g e ro u s  to r r e n t s  (e s p e c ia l ly  fo r  p o o r -  2 . 4  -  3 . 0  
ly c o n s tru c te d  h o u s e s ); d ep e n d in g  on the  
w a te r  c o n te n t an d  v e lo c ity  d e b r is  f lo o d s  
te n d  to s p re a d  o v e r  the w h o le  fa n  o r  
co n e  a r e a ;  In  v ie w  o f the s m a lle r  v e lo 
c i t ie s  a s  c o m p a re d  to d e b r is  flo w s  
c h e c k  dam s do not h a v e  to be p ro v id e d  
w ith  the d e b r is  f lo w  d is c h a rg e  s e c tio n  
( " M u r p r o f i I " ) ,  but w in g s  and  a b u tm e n ts  
o f dam s h a v e  to b e  o f  s u f f ic ie n t  h e ig h t.

1 .3  D e b r is  t r a n s p o r t  in  a b e d lo a d  "b a n d "  o r
B e d lo a d  " c a r p e t " ,  w ith  o n ly  m o d e ra te  am ounts  
to r r e n t s  o f f in e  -  g ra in e d  p a r t ic le s ,  a c c o m p a n ie d  

by a u d ib le  n o is e ; a g g ra d a t io n  a lo n g  g e n 
t le  r e a c h e s  c r e a te s  lo ss  o f  g ra d ie n t  and  
c h a n n e l b ra id in g ;  d e b r is  s o u rc e s  o f s m a ll 
v o lu m e  o r  a t 'a  g r e a t  d is ta n c e  fro m  the  
g e n e r a l ly  f la t  d e b r is  fa n .

N o t  as  d a n g e ro u s  a s  d e b r is  f lo w s  and  
d e b r is  f lo o d s ; d am ag e due to  a g g r a 
d a tio n , b y p a s s in g  an d  e r o s io n  o f b r id g e  
p ie r s ;  b e d lo a d  d is c h a rg e  fo llo w s  e s ta b 
lis h e d  ro a d s  an d  c h a n n e ls  dow n the fa n  
(a s  in  1 .2 ) ;  a c a lc u la t io n  o f  e x p e c te d  
b e d lo a d  d e te rm in e s  c h a n n e l w o rk s  and  
s iz e  o f r e te n t io n  b a s in s  a lo n g  th e  t o r r e n t  
an d  its  ju n c t io n  w ith  the r e c e iv in g  r i v e r .

F lo o d s  c a r r y in g  f in e g r a in e d  s u lid s , w h ic h  
o v e r f lo w  and  c a u s e  d am ag e  by d e p o s it io n  
in  lo w  -  g ra d ie n t  r e d e p o s it io n a l re a c h e s ;  
no d e b r is  fan s  d e v e lo p .

M o d e ra te  dam ag e , due to s c o u r  a lo n g  o f  
w a lls  o f  b u ild in g s  an d  in  f in e g r a in e d  
c h a n n e l b ed s; la t e r a l  e r o s io n ;  c h a n n e l 
re v e tm e n ts  and th e  d e v e lo p m e n t o f  " i s 
la n d "  s ite s  as  c o u n te r  m e a s u re s .

F i g .  1. B o x  -  shaped c r o s s  -  s e c t io n  of d epos its  o f r a p id ly  m oving d e 
c e le r a t in g  d e b r is  f lo w  (A u l i t z k y  1970),  o b s e rv e d  in the E n t e r -  
bach /  T i r o l  /  A u s t r i a
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T h e  most im p ortan t  c o n s id e ra t io n  c o n c e rn in g  a d e b r is  cone is w h e th e r  
it  is a c t iv e  o r  f o s s i l .  W ith  the p r o g r e s s iv e  re m o v a l  of a d e b r is  s o u rc e  o r  
a re d u c t io n  o f d e b r is  p o te n t ia l  in the s o u rc e  a r e  the d e b r is  cone c r e a s e s  
to g ro w  and the t o r r e n t  beg ins to d is e c t  its own d ep os its  thus re d u c in g  
the g ra d ie n t  o f the ch an n e l .

T h e  co m p a r is o n  of the o ld  and the new t o r r e n t  g ra d ie n t  in co n ju n ct ion  
w ith  a tes t  on w h e th e r  a f lood  ev e n t  wi l l  a f fe c t  the s u r fa c e  of the cone by 
b re a k in g  out o f  its new in c is ed  channel is o f  c o n s id e ra b le  s ig n i f ic a n c e  in 
the t o r r e n t  e v a lu a t io n  of " s i le n t  w i tn e s s e s "  (h a z a r d  in d ic a to rs )  on the 
cone. It is on ly  s ig n i f ic a n t  w ith  re s p e c t  to " s i le n t  w itn e s s "  (h a z a r d  in d i
c a to r s )  to w hat ex ten t  an e x t re m e  f lo o d  ev en t  a f fe c ts  the new p r o f i l e .

A s  a r u l e  fo r  p r a c t ic a l  w o rk  a r e c u r r e n t  des ign  event o f  150 y e a r s  
is used in t o r r e n t  co n tro l  in A u s t r ia ;  u n fo r tu n a t ly  r e la t e d  f lood  c o n tro l  
w o rk  is c a r r i e d  out w ith  a d i f f e r e n t  r e c c u r r a n c e  in te rv a l  (B u n d e s m in is 
te r iu m  fü r  L a n d -  und F o r s t w i r t s c h a f t  1972 and R e p u b l ik  Ö s t e r r e ic h  1976).  
T h e  a u th o r  w ou ld  c o n s id e r  it p r e f e r a b l e  to uses the la rg e s t  p o s s ib le  and  
r e c o g n iz a b le  f lood  even t fo r  a r e a s  of p e rm a n e n t  s e t t le m e n ts .  Good d is 
c h a rg e  r e c o r d s  a r e  g e n e r a l ly  not a v a i la b le  fo r  t o r r e n t s ,  but p e rm an en t  
co m m un it ies  ought not to be d e s t ro y e d ,  today o r  to m o rro w .  T h is  a p p ro a c h  
ag a in  m akes use of the c r i t e r i a  l is te d  above, inc lu d in g  the th ic kn es s  of  
d e b r is  l a y e r s ,  f lood  le v e ls ,  and depth o f  e r o s io n a l  s c o u r .

2 .  G e n e t i c  C l a s s i f i c a t i o n  R e l a t e d  t o  t h e  T y p e  o f  
E r o s i o n a l  P r o c e s s e s  i n  t h e  C a t c h m e n t  B a s i n

T h e  b e h a v io u r  o f a t o r r e n t  on the d e b r is  cone is the in te g ra te d  r e s u l t  
o f  a v a r i e t y  o f  p ro c e s s e s  in the ca tchm ent b as in  inc lu d in g  its s iz e ,  the 
g e o lo g ic a l  su b s tra tu m ,  and the d is t r ib u t io n  o f  p r e c ip i t a t io n  w hich  may 
d i f f e r  f ro m  one segm ent to a n o th e r .  T h e  most im p o rtan t  p a r a m e te r  is the  
g e o lo g ic a l  su b s tra tu m  and its s p e c i f ic  r e a c t io n  to a v a r i e t y  o f p r e c i p i 
ta t io n  e v e n ts .  T h e  c h a r a c t e r  of a t o r r e n t  may bei u n i fo rm  w ith  r e g a r d  
to i ts  geo logy, h y d ro lo g y  and h yd ro g e o lo g y  -  but th is  need not be the  
c a s e .  T h e r e f o r e  the su b d iv is io n  o f  t o r r e n t s  as to the type and t re n d  of  
e r o s io n  in the s o u rc e  a r e a  may be r e le v a n t  on ly  fo r  c e r t a in  p a r ts  o f the 
ca tch m ent b a s in  (w a te r s h e d ) .  T h e  c la s s i f i c a t io n  p ro p o s e d  b e lo w  is based  
on the types o f e r o s io n  ( v e r t i c a l  and la t e r a l )  induced by s u r fa c e  ru n o f f  
and on the type f a i l u r e s  em bankm ent induced by s u b s u r fa c e  w a te r  p r e s 
s u re s  and g l id in g  la y e r s .  F u r t h e r  s u b d iv is io n  can be a c h ie v e d  as to n a 
tu ra l  and a r t i f i c i a l  r e le a s e  m ech an ism s . S t in y 's  (1931 )  concept to d e r iv e  
the m echan ism  of d e b r is  g e n e ra t io n  f ro m  fe a tu r e s  in the s o u rc e  a r e a  has  
been m a in ta in e d ,  a lthough  on ly  those m echan ism s have been c o n s id e re d  
that a r e  s ig n i f ic a n t  fo r  a l a r g e r  s e c t io n  o f the ca tchm ent b as in  o r  s o u rc e  
a r e a .

In the a ttem p t to c h a r a c t e r i z e  the m echan ism  of c e r t a in  d e b r is  s o u rc e s  
new w o rd s  had to be in t ro d u c e d  w h ich  might, on the f i r s t  inspect ion ,  a p 
p e a r  u nu su a l .
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2 .  1 T o r r e n t s  w ith  E r o s io n  f ro m  S u r f a c e  R u n o ff

T h e s e  t o r r e n t s  can be s u b d iv id ed  into two g ro up s :  one g roup is ch a 
r a c t e r i z e d  by e r o s io n  of the w hole  d ic h a rg e  se c t io n  w ith  c o n s id e ra b le  
depth  s c o u r  (s c o u r  to r r e n t s ) ;  the o th e r  g roup  is dom inated  by local l a te r a l  
e r o s io n  due to c o n c e n tra t io n  of iso tachs  a long  the o u te r  channel bends  
( l a t e r a l  e r o s io n  t o r r e n t s ) .  B o th  types may be r e p r e s e n t e d  in com posite  
catchm ent b a s in s .  T h e  f i r s t  g roup  is m o re  d an g e ro u s  than the second one.  
A s  to dominant g r a in  s iz e  one could  d is t in g u is h  d e b r is  and mud t o r r e n t s .

2 . 1 . 1  S c o u r  T o r r e n t s  ( T o r r e n t s  w ith  D e pth  E r o s io n )

In these t o r r e n t s  the channel bed p o s es ses  in s u f f ic ie n t  s t re n g th  to r e 
s is t  e x c e p t io n a l  s t r e s s e s  (e. g. a long  re a c h e s  o f  high g ra d ie n t )  and thus  
cannot a s s u re  bed s t a b i l i t y .  T h e  t o r r e n t  s t r iv e s  to e s ta b l is h  a b a lan ce d  
p r o f i l e  b e tw een  the s ta b le  re a c h e s  a p p ro a c h in g  a h y p e rb o la .  T h e  sub
g ro u p in g s  d i f f e r  by the c h a r a c t e r  o f  the s u b s tra tu m .

2 . 1 . 1 . 1 N a tu r a l .  S c o u r  T o r r e n t s

2 . 1 . 1 . 1. 1 C o l lu v ia l  S c o u r  T o r r e n t s

C o l lu v ia l  s c o u r  t o r r e n t s  a r e  c h a r a c t e r  ¡zed by r a p id  and d an gero us  
g ro w th  o f  s c a r s  w ith  V  -  shaped c r o s s  s e c t io n s .  T h e  p ro c e s s  may a f fe c t  
long s t r e tc h e s  o f  the channel and ex ten d  o v e r  c o n s id e ra b le  time in t e r v a ls  
unt i l  g e n e ra l  d e g ra d a t io n  and b e d ro c k  s p u rs  combine to d eve lop  a b a lan ce d  
p r o f i l e .  T h e  t re n d  o f e r o s io n  is to w a rd s  a s teady  d is t r ib u t io n  of the e r o -  
s io n a l  p a r a m e t e r s  in the sense o f  S t e r n b e r g 's  L a w  (1875) and in the sense  
of an e q u a t io n  f o r  a lon g itud ina l p r o f i l e  put f o r w a r d  by Ham pel (196S,
1970 ) .  W ith  the g r e a t  o r  even  e x c e s s iv e  g ra d ie n t  of the bed as the p r i n 
c ip a l  g e n e t ic  f a c to r  the s c o u r in g  f o r c e s  o f  the t o r r e n t  e x ce ed  the s h e a r  
r e s is t a n c e  of the bed. D e b r is  g e n e ra t io n  by d o w n w a rd  e r o s io n  is the e s 
s e n t ia l  p ro c e s s  o f va l ley fo rm a t io n ,  r e q u i r i n g  as ty p ica l  co u n te r  m e a s u re s  
check dams in s ta c k e d  a r r a y s .

2 .  1. 1. 1 .2  V o lc a n ic  S c o u r  T o r r e n t s

V o lc a n ic  d e b r is  f lo w s  o r ig in a t e  a long  V  -  shaped sc o u r  r a v in e s  of  
v o lc a n o e s .  T h e  r a v in e s  may a ls o  guide in te rm i t te n t  lava fo rm s .  C om 
p le x i t ie s  a r i s e  due to the in t e r c a la t io n  of e r o s io n  -  r e s is t a n t  lav a  and  
e r o d ib le  ash  d ep o s its .  T h e  c o n tro l  o f such com posite  s c o u r  r a v in e s  by 
means of s ta c k e d  a r r a y s  o f check dams is d i f f ic u l t  b eca u se  the fo un da
t ion s  of t r a n s v e r s e  s t r u c t u r e s  tend to se t  o ff  continuous m in or mass m o ve
ments lead ing  to the even tua l  f a i l u r e  o f  e n t i r e  check dams a r r a y s .  D u r in g  
in te ns e  r a i n  s to rm s  m asses o f w a te r  may combine w ith  hot ash d ep os its  
to p ro d u c e  dense mud f lo w s  ( " L a h a r  mud f l o w s 11 in In d o n e s ia ) .  A  m o re  
sandy m a t r ix  c r e a t e s  a less dense d e b r is  f lo w  ( " B a u j i r "  in In d o n e s ia  o r  
" D o s h a r y n "  in Japan a c c o rd in g  to the Japan  In te rn a t io n a l  C o o p e ra t io n  
A g e n c y  1979).
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2 .  J. 1. 1 . 3  B e d ro c k  S c o u r  T o r r e n t s

B e d r o c k  s c o u r  t o r r e n t s  a r e  c h a r a c t e r i z e d  by a v e r y  s lo w  e v o lu t io n  
becau se  o f  the g re a t  r e s is t a n c e  o f  b e d ro c k  ch an n e ls  to e r o s io n ,  even  
a lo n g  s teep  r e a c h e s .  In g e n e ra l  it is not w o r th w h i le  to c o n tro l  such  t o r 
r e n t s  by e n g in e e r in g  w o r k s .

2 .  1. 1. 1 . 4  P a r t i a l  S c o u r  T o r r e n t s

T h e s e  a r e  t o r r e n t s  w hich  in g e n e ra l  do not show c h a r a c t e r i s t i c s  of 
t o r r e n t s ,  but p ossess  re a c h e s  w ith  su b s ta n t ia l  depth e r o s io n .  In A u s t r i a  
fo r  ins tan ce  the "D a n u b e  t o r r e n t s "  in N ib e lu n g en g a u  and W achau  w hich  
d ro p  s te e p ly  f ro m  the p la te a u s  o f M ü h lv ie r t e l  and W a ld v ie r t e l  d is t r i c t s  
to w a rd s  the D anu b e  and Kamp r i v e r s .  S c o u r  a lo ng  these s teep  re a c h e s  
is induced by the la rg e  d is c h a r g e  o f  w a te r  d e r iv e d  f ro m  e x te n s iv e  c a tc h 
ment b as in s  on dense g r a n i t ic  t e r r a i n .  A lo n g  t o r r e n t i a l  re a c h e s  e r o s io n  
is l im ite d  to w ege -  shaped s c o u r  d e p re s s io n s  b e low  w a t e r f a l l s  and r a 
v in e s .

T h e  g e n e ra t io n  of d e b r is  a lo ng  th ese t o r r e n t s  is l im ite d  and r a r e l y  
e x c e e d s  a m o d e ra te  vo lum e. M e a s u re s  a g a in s t  s c o u r  a r e  c o n f in ed  to 
m a s o n ry  re v e tm e n ts  r a t h e r  than s ta c k e d  a r r a y s  o f check dams.

2 .  1. 1. 1 . 5  T o r r e n t s  w ith  S t r o n g  Inf i I t r a t  ion

T o r r e n t s  w ith  s t ro n g  i n f i l t r a t io n  a r e  l im ite d  to p e rm e a b le  t e r r a i n  and /  
o r  high ca tchm ent bas ins  n o r m a l ly .  In the case  o f  c a ta s tro p h e s  the d is 
c h a r g e  and e r o s io n  d e c r e a s e  in a d o w n s tre a m  d i r e c t io n ,  c h an n e ls  becom e  
n a r r o w e r  and o c c a s io n a l ly  d is a p p e a r  a l to g e th e r .  T h e  g e o lo g ic a l  s u b s t r a 
tum is p re d o m in a n t ly  f r a c t u r e d  and s t r a t i f i e d  c a rb o n a te  ro c k ,  ta lu s ,  o r  
p e rm e a b le  sands (e .  g. " W a d is " ) .

In the a r e a  o f  e r o s io n  s ta c k e d  a r r a y s  o f  check dams would  on ly  help  
in e x c e p t io n a l  c a s e s .  In the d e p o s it io n a l  dom ain  d iv e r s io n  s t r u c t u r e s  
(dams and gab ions) might a id  the i n f i l t r a t io n .  A p p l ic a t io n  o f  f loo d  fo rm u 
las a b u lu te ly  have to be av o id e d  in th is  type o f t o r r e n t s .

W ith  in c re a s in g  s iz e  o f  the ca tchm ent b as in  the amount o f H Q  may de
c r e a s e  (o r  s tay  c o n s tan t) .  In a d d it io n  d is c h a r g e  se c t io n s ,  f loo d  le v e ls ,  
and c u m u la t iv e  d e b r is  load d im in ish  and can best be e v a lu a te d  in the f ie ld .

2 .  1. 1. 1 . 6  G u l l ie s

G u l l ie s  p ro d u c e  mud f lo w s  a long  s teep  -  w a l le d  c h an n e ls  in a g en e 
r a l l y  g e n t le  t e r r a i n .  A t  the head  o f  the g u l ly  m a te r ia l  is d e r iv e d  f ro m  
d eep ly  in c is e d  w a l ls  f ro m  w h e r e  it is c a r r i e d  to the mouth. G u l l ie s  a r e  
the r e s u l t  o f  e x t re m e  f loo d  d is c h a r g e  and t r a c t io n  fo r c e s  on p o o r ly  con
s o l id a te d ,  f in e  -  g ra in e d  (o f ten  a e o l ia n )  channel bed m a t e r ia ls .  T h e  ab 
ru p t  in c is io n  at the head  o f  the g u l ly  ow es  its o r ig in  to s c o u r in g  o f  w a t e r  
in to  homogeneous p ack ed  f in e  sed im en t;  s tepp ed  p r o f i l e s  d eve lop  in s t r a 
t i f ie d  d e p o s its .  G u l ly  fo rm a t io n  is p a r t i c u l a r l y  common in a r i d  and s e m i -  
a r i d  zo ne s  (H e ed e  1980 ).  E r o s i o n  is r e t r o g r e s s i v e  and p ro c e e d s  r a p i d 
ly at the head o f  gu l ly  in t im es of e x t re m e  r a in f a l l s  (d is co n t in u o u s  g u l ly ) .
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In the u pp erm o st  p a r t s  of the gu lly  system  m o re  g en t le  g ra d ie n ts  a r e  a lso  
found (co ntinuous g u l ly  a c c o rd in g  H e e d e  1980 ).  T h e  e v o lu t io n  o f g u l l ie s  
e v e n tu a l ly  tends to w a rd s  e x t re m e ly  low g ra d ie n ts .  It is t h e r e f o r e  im p o r
tant to c o n tro l  the head  of a gu l ly  and its  b ra n c h in g  n e tw o rk  of t r ib u t a r y  
ru n n e ls .  In the lo w e r  sec t io n s  o f a gu l ly  and on g en t le  fans  damage  
a r is e s  m a in ly  f ro m  mud ac c u m u la t io n .  Due to the sm all  g ra in  s iz e  o f the 
s u b s tra tu m  b u i ld in g s  and c o n tro l  w o rk s  a r e  e a s i ly  u n d e rc u t  o r  byp assed  
and have to be p ro te c te d  a c c o rd in g ly .

G u l l ie s  a r e  a lso  common w h e re  ru n o f f  f ro m  ro a d s  a t ta c k s  loose s id e  
o r  w h e re  a g r i c u l t u r a l  a c t iv i ty  (c o rn ,  hops, v in e s  e t c . )  uses too steep  
s lo p e s  w ith  f in e  g r a n u la r  s o i ls .

2 .  1. 1. 1 . 7  D e b r is  -  A c c u m u la t in g  T o r r e n t s  (S t in y  1931)

In th ese t o r r e n t  d e b r is  is accu m u la ted  "on c a l l "  a long  w id e r  and  
low -  g ra d ie n t  r e a c h e s  -  and can be r e m o b i l iz e d  d u r in g  e x t re m e  e v e n ts .  
A m on g  d e b r is  -  accu m u la t ing  t o r r e n t s  in m ounta inous t e r r a i n  th e re  a r e  
t r a n s i t io n a l  types to w a rd s  f r e e  m e a n d e rs  and thus em bankment e r o s io n  
may supply  p a r t  o f the d e b r is .  S t in y  (19 31 )  p o in ted  out that t o r r e n t s  
c h a r a c t e r i z e d  by such in te rv e n in g  d e p o s it io n a l  re a c h e s  tend to " c le a n "  
th e m s e lv e s  in in t e r v a ls  o f  35  y e a r s .  C o u n te r  m e a s u re s  inc lude p ro v is io n  
o f  s u f f ic ie n t ly  vo lum inous d e b r is  r e te n t io n  b as in s .

2 .  1. 1 .2  Induced S c o u r  T o r r e n t s

S u c h  t o r r e n t s  d eve lop  due to a r t i f i c a l  con finem ent o f channel to the 
e x te n t  that  i ts  d is c h a r g e  se c t io n  is u na b le  to handle  f loo d  d is c h a r g e .  C o n 
f in e m en t  o f  ch an n e ls  may deve lop  a long  f o r e s t  -  ro a d s ,  hau lage  a lo ng  to
p o g ra p h ic  d e p re s s io n s ,  a r t i f i c i a l  in c r e a s e  o f d is c h a r g e  o r  new  w a te r  
c h an n e ls  in e r o d ib le  m a t e r ia ls  and e x te n s iv e  c u l t iv a t io n  on f o r m e r l y  n a 
t u r a l  t e r r a i n .  A c c o r d in g  to the g e o lo g ic a l  s u b s tra tu m  the re s u l t in g  e r o -  
s io n a l  fo rm s  v a r y  (e .  g. g u l l ie s  in f in e g r a in e d  m a t e r ia ls ) ;  t r a n s i t io n a l  
fo rm s  to t o r r e n t s  w ith  l a te r a l  e r o s io n  e x is t .  C o u n te r  m e a s u re s  inc lude  
the e s ta b l is h m e n t  o f a new e r o s io n a l  b a la n c e  a long  the channel o r  a con
t r o l  o f  the d is tu rb a n c e .

2 .  1 .2  L a t e r a l  E r o s io n  T o r r e n t s

U n d e r  th is  h ead ing  fa l l  t o r r e n t s  w hose t r a c t io n  is in s u f f ic ie n t  to cause  
m a jo r  depth  e r o s io n  (s c o u r )  and w hose a c t iv i t y  is l im ite d  to la te r a l  e r o 
s io n  due to a c o n c e n tra t io n  o f  iso ta c h s  a lo n g  the o u ts id e  channel bends  
r e s u l t in g  in em bankm ent e r o s io n .

L a t e r a l  e r o s io n  may be the r e s u l t  o f  a f o r c e d  d i r e c t io n a l  change or  
th a t  of f r e e  m e a n d e rs  a long  the v a l le y  f l o o r .

2 .  1 . 2 .  1 N a t u r a l  L a t e r a l  -  E r o s io n  T o r r e n t s

T h e s e  t o r r e n t s  and t h e i r  d i r e c t io n a l  changes a r e  d e te rm in e d  by the 
l i th o lo g y  and s t r u c t u r a l  geo logy o f  the u n d e r ly in g  t e r r a i n .

T h e y  a r e  found in m ounta inous r e g io n s  w h e re  re p e a te d  changes in the
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d ir e c t io n  of the v a l le y  impose bends and a b ru p t  em bankm ent b r e a k s .  E v e n  
the t o r r e n t s  o f g en tle  t e r r a i n  ( S a l z e r  1806) w h ich  d eve lop  re d e p o s it io n a l  
re a c h e s  r a t h e r  than d e b r is  fans  can  p ro d u c e  em bankm ent s c a r s  a lo ng  
s h i f t in g  m e an de r  bends.

2 .  1 . 2 .  1. 1 T o r r e n t s  w ith  P r e d e t e r m in e d  Ch an n e l Bends

T h e s e  t o r r e n t s  d e r iv e  th e i r  d e b r is  f ro m  em bankm ents w hich  a r e  un
d e rc u t  d u r in g  e x c e s s iv e  d is c h a rg e ,  thus en d a n g e r in g  ro a d s ,  b u i ld in g s ,  
and o th e r  c u l t iv a te d  t e r r a i n .  S te e p  s lopes  may be c o n v e r te d  into m ena
c in g  s o u rc e s  o f  d e b r is .  T h e  e v a lu a t io n  of h a z a r d  and ev o lu t io n  of a d e b r is  
s o u rc e  has to s t a r t  at the p r in c ip a l  p o in ts  o f e ro s io n a l  a t ta ck  -  us ing  v e 
g e ta t io n  as a g u id e . T h e  deve lopm ent o f  d e b r is  cones o r ,  m ore  o ften ,  
d e b r is  fan s  depends on the q u a l i ty  o f e r o d ib le  d e b r is  a long  the t o r r e n t .  
T e c h n ic a l  co u n te r  m e a s u re s  inc lude b lock  -  th ro w  s p u rs ,  channel r e 
e n fo rc e m e n ts ,  and, less commonly s tone m aso nry  re v e tm e n ts ,  check  
dams, channel cu ts .  In co n ju n c t ion  w ith  em bankment c o n t ro ls  b io lo g ic a l  
im p ro ve m en ts  should  be c a r r i e d  out.

2. 1 . 2 .  1 . 2  T o r r e n t s  w ith  F r e e  M e a n d e rs

D u r in g  the deve lopm ent o f  m e a n d e rs  in low -  g ra d ie n t  v a l le y  r e a c h e s  
only  f in e r  g ra in e d  m a t e r ia ls  a r e  r e w o r k e d .  A c c o r d in g ly ,  only f in e  -  
g ra in e d  d e b r is  accu m u la te  a long  the bottom o f  the v a l le y  d u r in g  f lood  
e v e n ts .  T h e  m ain  p r e v e n t iv e  m e a s u re s  inc lu d e  the e x c lu s io n  o f  p e rm a 
nent s e t t le m e n ts ,  c a re fu l  in d u s t r ia l  s i te  p la n n in g  and d ik in g .  N e a r  e x i s 
t ing  s e t t le m e n ts  the d eve lopm ent o f s a fe  " is la n d s "  w ith  e r o s io n  -  r e s i s 
tant b lock  b u t t r e s s e s  p re v e n t  e x c e s s iv e  s c o u r .  L e v e l  and design  o f  b a s e 
m ents have to accom odate  a des ig n  f loo d . T e c h n ic a l  m e a s u re s  inc lude  
channel s t r a ig h te n in g  and f la t  s lo ped  em bankm ents ,  combined w ith  b io 
log ica l  tec h n iq u es .

2 .  1 . 2 .  1 . 3  G r a s s  -  S c a r  T o r r e n t s

T h is  type , p ro p o se d  and r e p o r t e d  by S t in y  (19 31 )  cannot be d is c u s s e d  
in d e ta i l  h e r e .  G ra s s  t o r r e n t s  e r o d e  only a tenuous g ra s s  -  so i l  c o v e r  
w hich  e s ta b l is h e s  i t s e l f  in b e tw een  f loo d  e v en ts  a long  the ch an n e l .  T h e  
damage ca used  by th is  type  is n o r m a l ly  h a rm le s s .

2 .  1 . 2 . 2  Induced L a t e r a l  -  E r o s i o n  T o r r e n t s

T h e s e  t o r r e n t s  o r ig n ia t e  by confinem ent o f  ch an n e ls  by ro a d s .  T h e y  
may even  e v o lv e  into s c o u r  t o r r e n t s .  S m ooth  em bankment c o n t ro ls  a long  
r o a d s  may s i m i l a r ly  in c re a s e  the d is c h a r g e  v e lo c i t ie s  and thus in c re a s e  
the p o te n t ia l  fo r  s c o u r  and la te r a l  e r o s io n .  B r id g e s  and c u lv e r t s  w ith  
n a r r o w  c r o s s  se c t io n s  tend to be b lo c k e d  by d r i f t  wood and thus fo r c e  
channel abandonm ent.

2 . 2  T o r r e n t  w ith  Em bankm ent F a i l u r e s

T h e s e  t o r r e n t s  do not c r e a t e  t h e i r  own d e b r is  but r e c e iv e  it f ro m
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lan d s lid es  (s lo pe  c r e e p ,  s lumps, conchoida l f a i lu r e s ,  e a r t h  f lo w s ,  d e b r is  
a v a la n c h e s ) .  B lo c k a g e  by s l id e  d e b r is  is the m ain  h a z a r d  a s s o c ia te d  w ith  
th ese  t o r r e n t  i f  d is c h a rg e  is in s u f f ic ie n t  to c a r r y  aw ay the ac cu m u la ted  
m a t e r ia l  h a r m le s s ly .  D e pend en t  on the type of d e b r is  supply  d i f fe r e n t  s e g 
ments o f the t o r r e n t  tend to pose d i f fe re n t  h a z a r d s  and g ro w th  p a t te r n s .  
S a g g in g  o r  c r e e p  of e n t i r e  m o u nta in s id es  tends to s h i f t  the t o r r e n t  ch an 
nel and thus set the s tage fo r  en orm ous d e b r is  f lo w  p o te n t ia l .  S i m i la r  
h a z a r d s  a r is e  f ro m  b u rs t in g  b lo ck ag es  o f  the channel caused  by s l id e  
m asses  o r  d e b r is  f lo w  f ro m  t r ib u t a r y  r a v in e s .  V o l im in o u s  d e b r is  slumps  
and conchoida l f a i l u r e s  (= " M u s c h e la n b ru c h 11 by S t in y  1931) tend to be 
m o re  d an g e ro u s  than s u r f i c ia l  p la n a r  d e b r is  s l id e s .  L a r g e  s c a le  t r a n s 
la t ion  s l id e s ,  h o w e v e r ,  such as those o f the J a s n i t z g r a b e n  / A l l e r h e i l i -  
gen /  M ü r z t a l  /  S t y r i a  /  A u s t r i a ,  a r e  e x c e e d in g ly  d an g e ro u s .  G e o m o r -  
p h o lo g ic a l  tes ts  (e .  g. M o s e r  1973) may g iv e  an in d ic a t io n  fo r  the f a i l u r e  
p o te n t ia l  of em bankm ents .  E m bankm ent f a i l u r e s  can a lso  be induced a r t i 
f i c i a l l y  by d e fe c t iv e  d ra in a g e  w o r k s ,  in s u f f ic ie n t  s to rm  d ra in s ,  ru n o f f  
f ro m  p a r k in g  lots , ski ru n s  e tc .  R e m e d ia l  m e a s u re s  a long  the mounta in  
s id e s  inc lu d e  d ra in a g e ,  r e f o r e s t a t io n ,  s ta b i l is a t io n  o f  s l id e  d e b r is ,  r e 
ta in in g  w a l ls ,  f l e x ib le  check dams (O fn e r  1977).  d e b r is  re te n t io n  bas ins  
and channel w o r k s .

2 . 3  S p e c ia l  T o r r e n t s

T h is  g roup en co m passes t o r r e n t s  w ith  a g re a t  v a r i e t y  o f  e ro s io n a l  
p r o c e s s e s .  T h e r e  a r e  co n nection s  w ith  o th e r  types , but it seems b e t te r  
to d iv id e  fo r  a b e t te r  u n d e rs ta n d in g .

2 . 3 .  1 Ice  -  D e b r is  F lo w s  and S n o w  -  D e b r is  A v a la n c h e s

M ix t u r e s  of ice  and d e b r is ,  and m ic tu re s  of snow and d e b r is  can a t ta in  
g r e a t  v e lo c i t ie s ,  as d em o n stra ted  by the ice  -  f a l l  -  d e b r is  -  f lo w  of  
H u a s c a r a n  on M ay 31 , 1970 (W e ls c h  /  K ie n z l  1970),  w h ich  descended  
w ith  an a v e r a g e  v e lo c i ty  o f  250  to 30 0  k m /h  acco m p an ied  by e x te n s iv e  
d eve lop m ent  of much dust and an a i r b l a s t .  S n o w  -  d e b r is  m ix tu re s ,  as  
they o c c u r  d u r in g  s p r in g t im e  r a in s to r m s  (as in A p r i l  1975 in Lun g au )  
a r e  a ls o  d an g e ro u s  b ecause the s a tu r a t io n  o f snow and so il  w ith  w a te r  
e n a b le s  the a v a la n c h e s  to r e a c h  g r e a t  v e lo c i ty ,  jump th e i r  n a tu ra l  r a v in e s ,  
and as cend  the o pp o s ite  v a l le y  w a l ls .  N o t  only  the f lo w in g  m a te r ia l  but the 
a i r b l a s t  has d e s t r u c t iv e  p o te n t ia l  and is not g o v e rn e d  the laws o f h y d ra u 
l ic s .  T h e  vo lum e of e r o s io n  o f th ese  p ro c e s s e s  may be sm all ;  n e v e r le s s  
they may c a r r y  la rg e  b lo cks  o f  b e d ro c k .

2 . 3 . 2  K a r s t  T o r r e n t s

K a r s t  t o r r e n t s  f lo w  p a r t l y  th ro ug h  c a ve  sy ste m s, and thus e x p e r ie n c e  
a re d u c t io n  of the f loo d  w av e .  A  d iv e r s io n  o f  K a r s t  t o r r e n t s  into cave  
sy s te m s  may re d u c e  t h e i r  dam aging  im pact,  as d em o n s tra te d  by the " K a -  
t a v o t r o n e 11 (u p w a rd  con vex  r a k e s )  o f  the k .  k .  Wi Idb ac hv erba uu n g  in the  
o ld  A u s t r i o  -  H u n g a r ia n  M o n a rc h y .
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2 . 3 . 3  G la c ia l  T o r r e n t s

G la c ia l  t o r r e n t s  a r e  dom inated  by the c o n c e n tra t io n  o f  d is c h a rg e  (and  
bed lo ad  t ra n s p o r t )  in the summ er months. D e b r is  that has been accum u
la ted  a lo ng  a channel d u r in g  the y e a r  is c a r r i e d  o f f  in th is  s h o r t  p e r io d  
of peak d is c h a r g e .  C o in c id e n c e  o f r a p id  snow  -  ice  m elt  and th u n d e r 
s to rm s  may se t  into motion dam aging m asses of d e b r is  f ro m  the f o r e f i e l d  
of the g la c i e r s .  S u ch  f lood  e v en ts  a r e  best c o u n te re d  by b lock th ro w  
d ik es  r e in f o r c e d  by in te rn a l  c a b le  system s to p ro te c t  o v e rs te e p e n e d  banks  
and m a in ta in  a s t r a ig h t  c o u rs e  o f the ch an n e l .

2 . 3 . 4  E a r th q u a k e  T o r r e n t s

R e p e a te d  e a r th q u a k e  a c t iv i ty  in a c e r t a in  re g io n  may add to the in s ta 
b i l i t y  o f  b ed ro c k  s lo p e s .  T e c h n ic a l  c o u n te r  m e a s u re s  along t o r r e n t s  have  
to c o n s id e r  th is  s p e c i f ic  p a r a m e t e r  (Q u e r in i  1980 ).  H i s t o r ic a l  s o u rc e s  
and d ocum enta t ion  of r e c e n t  ev en ts  a r e  s ig n i f ic a n t  as pects  o f  th is  a p p ro a c h .  
T h e  d i r e c t  e f fe c ts  of an e a r th q u a k e  ( i .  e .  ro c k  a v a la n c h e s ,  t o r r e n t  b lo c k 
ages , c o l lu v ia l  s l id e s ,  and c o l la p s e  o f  b u i ld in g s )  c o n t r ib u te  to the pheno
mena a long  the t o r r e n t  ch an n e ls  that a r e  c o v e re d  ad eq u a te ly  by the c la s 
s i f ic a t io n  p a r a m e t e r s  d is c u s s e d  above .

2 . 4  C o m p o s ite  T o r r e n t s

A s  p o in ted  out in the in t ro d u c t io n ,  it is not a lw a y s  p o s s ib le  to c h a r a c 
t e r i z e  an e n t i r e  ca tchm ent b a s in  w ith  one p a r a m e te r  o r  one type only  w i t h 
out c r e a t in g  a b ia s .  D is t in c t  segm ents of a t o r r e n t  can be c o n c is e ly  d e s 
c r ib e d  as to t h e i r  t o r r e n t  and s lo pe  d yn am ics  -  but the ca tchm ent bas in  
may be a com posite  o f d i f f e r e n t  types id e n t i f ie d  a long  in d iv id u a l  segm ents .

T h e r e f o r e  in c o n t ra s t  to the d e b r is  cone w h e re  p ro c e s s e s  a r e  in te 
g ra te d  into the image o f  an e x t re m e  ev en t ,  the s o u rc e  a r e a  is c h a r a c t e 
r i z e d  in the d e s c r ip t io n  of a co m p o site  t o r r e n t  w h ich  is c h a r a c t e r i z e d  
by its  in d iv id u a l  segm ents .

2 . 5  C o n c lu s io n s

T h e  s u m m a r iz in g  F i g .  2 g iv es  an o v e r v ie w  o f  the g en e t ic  c l a s s i f i 
c a t io n ,  b ased  on past e x p e r ie n c e  and is p ro b a b ly  su b je c t  to f u r t h e r  te s 
t ing  and c o r r e c t io n .  N e v e r t h e le s s  it seem s that w ith  a v ie w  to w a rd s  
f o r e s t  -  m anagement o f  ca tchm ent b as in s ,  and the a p p l ic a t io n  o f a c t iv e  
o r  p a s s iv e  m e a s u re s  on the cone, the f iv e  g e n e t ic  c a te g o r ie s  o f d e b r is  
m ovement a r e  an adeq u ate  b eg in n in g .

W ith  r e g a r d  to sheet e r o s io n ,  a phenomenon t r a n s i t io n a l  to r i l l  
e r o s io n ,  v ie w  p o in ts  and m anagem ent p r a c t ic e s  a r e  som ew hat d i f f e r e n t  
( w a te r s h e d  m anagem ent) .  In p r in c ip le ,  damage a r is e s  fro m  s u r f a c e  r u n 
o f f  w h ich  is c o n s id e re d  in F i g .  2 (b ro k e n  l in e s ) .
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F i g .  2. S c h e m e  of t o r r e n t  c la s s i f ic a t io n  in s id e  the ca tchm ent bas ins  and  
segm ents o f ca tchm ent b as in s .  L e g e n d  o f  the d e v e lo p in g  -  index: 5 = v e r y  
d ynam ic  d eve lo p in g  p o te n t ia l ,  4 = dynam ic  d eve lo p in g  p o te n t ia l ,  3 = mode
r a t e  d ynam ic  deve lopm ent,  2 = sm all d eve lopm ent,  1 = v i r t u a l l y  s ta b i le ,  
x = d i f fe r e n t  p o s s ib i l i t i e s
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