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INTRODUCTION 

Landsl ides  and e a r t h s l i p s  a r e  a common occurnnce i n  S P i  Lankan Hsavy  r a i n s  

g e n e r a l l y  bring about  numerous l a n d s l i d e s  and e a r t h s l i p s ,  and occas iona l ly ,  

such a s  zhe l a n d s l i d e  t h a t  occured r ecen t ly  a t  Agalawatte, they cause 

cons iderabie  l o s s  i n  life and proper ty .  The Working  Committee decided t o  ho ld  

a pub l i c  seminar on the  s u b j e c t ,  Exper t s  on va r ious  a s p e c t s  of the subject 

were t o  3e i n v i t e d  t o  add res s  t he  seminar,  and members of t he  pub l i c  ?sere t o  

be i n v i t e d  a s  p a i t i c i p a n t s  i n  o r d e r  t o  b r i ~ g  about a b e t t ~ r  under-standj.ne; of  

t h e  i s s u e s  involved and t h e  precaut ionary  measures tha t  f i gh t  be taken. 

The semlnar  t l t l e d :  Landslides - causes  and p r e v e r t i o n ,  was he ld  I n  the 

IJAHESA audi tor ium on 12  J u l y  1986. Seve ra l  e x p e r t s  spoke on d i f f e r e ~ t  a spec t s  

of the s u b j e c t ,  The proceedings a r e  now belng publ ished I n  the hope t h s t  they 

would reach o f f i c i a l s  and o t h e r s  d l o  a r e  invloved and ~ n t e r e s + ; e d  I n  any 

a s p e c t s  of land use ,  t he  v a s t  ma jo r i t y  of whom could not  a t t e n d  the sehilnar. 



S m m Y  OF PROCEEDINGS 

The Seninas  w a s  inaugurated by M r .  L .C.A.  d e  S. Wijesinghe,  Addl. 

Birsctor-General  of Na tu ra l  Resources,  Energy and Science Author i ty  of S r l  

Lanka. I n  this i naugura l  address  he s t r e s s e d  the  importance of Seminars 

p e d a i n i n g  t o  l a n d s l i d e s  s p e c i a l l y  i n  t he  l i g h t  of r e c u r r e n t  occurrences of 

such n a t u r a l  d i s a s t e r s  o v e r  the  p a s t  few y e a r s .  He a l s o  s t a t e d  t h a t  the 

proceedings of t h i s  Seminar vcll be summarised i n  t h e  fornl of  a  r epo r t  and 

after suhisasion t o  t h e  General Council o f  NARESA the  1.ep0r.t could be 

presented  t o  t h e  government. 

The f i r s t  address was by Prof .  P.W. Vithanage, P r o f e s s o r  of Geology, 

h v e r s i t y  of Peradeniya ,  o n  "Geologica l  Aspects o f  Lands l ides  and Preventive 

Measures". The areas s t u d i e d  were n a i n l y  i n  t h e  H i l l  Country and the  

r e l a t i o n s h i p  of  l a n d s l i d e s  t o  r e g i o n a l  t e c t o n i c  f e a t u r e s  such a s  l ineaments 

were descr ibed .  The i l l u s t r a t i o n s  d isp layed  showed t h e  va r ious  geologica l  

s t r u c t u r e s  that could t r i gge r -o f f  l a n d s l i d e s  du r ing  p e r i o d s  of excessive 

p r e c i p i t a t i o n .  However, t h e  presence  of a c t i v e  l ineaments  i n  rocks of 

Precambrian age i s  s u b j e c t  t o  con t rove r sy  a s  such movements a r e  common only i n  

rocks o f  a much younger age ,  P ro f .  Vithanage a l s o  spoke of  a  long term 

r e s e a r c h  programme t o  s tudy  the  va r ious  causes  t h a t  lead  t o  l a n d s l i d e s  and, i n  

t h i s  conaec t ion ,  be  menAioned of a  p i l o t  s tudy t o  be launched i n  collaboration 

x i t h  the Na t iona l  Bui ld ing  Research Organiza t ion  (NBKO) . This  study w i l l  

i nc lude  the p r e p a r a t i o n  of hazard maps showing h igh  r i s k  a r e a s  and a l s o  

long-term moni tor ing  of' m~cro - se i smic  a c t i v i t y .  The a r e a  where t h i s  p i l o t  

study id t o  be undertaken i s  Uda-Pussallawa. 

The p r o b a b i l i t y  of  r e s e r v o i r  induced ear thquakes  and tremors were a l s o  

spo t l i gh ted  and such s t u d i e s  are of importance a s  t h e  impounding of l a r g e  

water  bodies  by c o n s t r u c t i o n  of l a r g e  s c a l e  dams has been undertaken f o r  the 

f i r s t  t i m e  in  SL-5 Lanka -midei.- t h e  Acce lera ted  P.Iahaweli Programme. There a r e  



no e a r l y  warn ings  p r i o r  t o  t h e  t i - igger ing of major  landslides. However, t h e  

behav iour  o f  animals p r i o l  i o  such movements and specially d u r l n g  p e r l o d s  of 
C 

excessive precipitation, cou ld  be important I n  evacuation of people  from 

danger  zanes.  
i 

Dr. A . R .  S.. K u l a s i n g h e  Chairman o f  t h e  C e n t r a l  E n g i n e e r i n g  Consul tancy Bureau,  

i n  h i s  a d d r e s s  e x p l a i n e d  i n  d e t a i l  t h e  problems of l a n d s l i d e s  i n  connec t ion  

w i t h  t h e  c o n s t r u c t i o n  o f  t h e  Kotmale d a m  a s  t h e  v a l l e y  where t h e  w a t e r  has 

been now impounded i s  a  l a n d s l i d e  prone a r e a .  Most of t h e  problems were due 

t o  s o i l  and r o c k  d e b r i s  f rom e a r l l e r  l a n d s l i d e s  l o c a t e d  e t  +he proposed dam 

s i t e  and t h e  r e s e r v o i r  p e r i p h e r y  ,. The d e t a i l e d  g e o t e c h n i c a l  s t u d i e s  conducted 

d u r i n g  t h e  f e a s i b i l i t y  s t a g e  of t h e  p r o j e c t  were he lp f 'u l  i n  s h i f t i n g  t h e  

damsl te  downstream from t h e  s i t e  s e l e c t e d  e a r l i e r .  It :,?as a l s o  s t a t e d  t h a t  

when t h e  d e c i s i o n  o f  c o n s t r u c t i n g  t h e  Kotmale dam and r e s e r v o i r  was t a k e n  t h e  

problem o f  l a n d s l i d e s  I n  t h e  area w a s  known t o  t h e  e n g i n e e r s  who were invo lved  

wi th  t h e  d s t a i l e d  d e s i g n  p l a n s .  F u r t h e r ,  a team of rrorld renowned 

geo techn ica ;  e n g i n e e m  s l s o  c a r r i e d  o u t  d e t a i l e d  f i e l d  s t u d i e s  and such 

s t u d i e s  'were h e l p f u l  i n  t h e  c o n s t r u c t i o n  of t h e  dam a t  i t s  p r e s e n t  l o c a t i o n .  

The dam h a s  been d e s i g n e d  t o  t a k e  a maximum wave o f  4 m e t e r s  o v e r  t h e  c r e s t  

and w i t h  t h e s e  p r e c a u t i o n s  no one shou ld  have f e a r s  abou t  t h e  s t a b i l i t y  o f  

t h i s  s t m c t u r e .  

D r .  Ashok Kumara, G e o l o g i s t ,  who p r e s e n t e d  t h i s  j o i n t  paper  w i t h  D r .  A . N . S .  m 

Kulas inghe  , e x p l a i n e d  t h e  d e t a i l e d  g e o l o g i c a l  mapping and g e o t e c h n i c a l  

s t u d i e s  c a r r i e d  o u t  a t  Kotmale. The outcome of such  s t u d i e s  w a s  the  Y 

p r e p a r a t i o n  o f  a l a n d s l i d e  hazard  map showing t h e  h i g h  r i s k  a r e a s  and a l s o  

areas where s o i l  c r e e p ,  rock  f a l l s  and slumping had t a k e n  p l a c e ,  T2iis map was 

o f  u tmost  impor tance  i n  l o c a t i n g  t h e  dam and a l s o  d e c i d i n g  on the f u l l - s u p p l y  

l e v e l  o f  t h e  r e s e r v o i r .  

I n  c o n c l u s i o n  D r .  A . 1 I . S  Kulas inghe  s t a t e d  t h a t  a  few L a n d s l i d e s  on t h e  

r e s e r v o i r  p e r i p h e r y  have g o t  a c t i v a t e d  s i n c e  impounding t h e  KO tmale  r e s e r v o z r  

but t h e s e  areas h a ~ r e  now s t a b i l i s e d .  Such movements were e x ~ ~ e c t e d  a t  t h e  

ini t ial  s t a g e s  when t h e  ~ e s e r v o i r  f i l l e d  up. 



i n  my address, h i g h l i g h t e d  t h e  i n c r e a s e d  i n c i d e n c e  o f  l a n d s l i d e s  s p e c i a l l y  

t h e  hi11 c o u n t z y  d u r i n g  t h e  las t  decade.  The main c a u s e s  o f  such 

l a n d s l i d e s  c o u l d  be a t t r i b u t e d  t o  bad l a n d  u s e  and n o t  t o  g e o l o g i c a l  r easons  

such  as rock  t y p e  and g e o l o g i c a l  s t r u c t u r e ,  The c u l t i v a t i o n  o f  s t e e p  h i l l  

s l o p e s  i n  - : i l lages leaC t o  s o i l  d e g r a d a t i o n  and d u r i n g  p e r i o d s  o f  e x c e s s i v e  

p r e c i p a t i o n  such conditions cou ld  t r i g g e r - o f f  l a n d s l i d e s .  I n  o r d e r  t o  avoid 

such c a t a s t r o y h e s  t h e  v i l l a g e r s  shou ld  be educa ted  i n  p r o p e r  l a n d  use 

p r a c t i c e s  and c u l t i v a t i o n  o f  s t e e p  h i l l  s l o p e s  shou ld  be avoided.  A map 

d i s p l a y e d  a t  t h e  s e m i n a r  c l e a r l y  showed t h a t  t h e  i n c i d e n c e  o f  l a n d s l i d e s  has  

i n c r e a s e d  d u r i n g  t h e  pasl; decade i n  t h e  Kandy, IJuwara-Eliya, Badul la  and 

Ratnapura  d i s t r i c t s .  The most s t r i k i n g  f e a t u r e  i s  t h e  occur rence  of 

l a n d s l i d e s  i n  t h e  K a l u t a r a  d i s t r i c t  d u r i n g  t h e  r e c e n t  p a s t .  I t  has  been 

observed.  t h a t  most o f  t h e  a r e a s  t h a t  a r e  s u b j e c t  t o  l a ~ i d s l i d e s  a r e  l o c a t e d  I n  

abandoned tea e s t a t e s ,  chena c u l t i v a t i o n s ,  a r e a s  where t i m b e r  h a s  been 

B x t r a c t e d ,  and areas s u b j e c t  t o  i l l i c i t  gem mining s p e c i a l l y  a l o n g  s t e e p  h l l l  

s l o p e s  

The las t  s p e a k e r  a t  t h i s  seminar  was P r o f e s s o r  !:ladurnma Bandara, Chairman of t h e  

P r e s i d e n t i a l  Lands Commission.. H i s  a d d r e s s  w a s  p r i m a r i l y  on l and  p o l i c y  

vis-a-vis l a n d  u s e  and l a n d s l i d e s .  Due t o  t h e  l a n d  p o l i c i e s  p e r i o d i c a l l y  

adopted by t h e  c : ? l o n i a l  ~ e g i m e  i n  t h e  h i l l  c o u n t r y ,  t h e  peop le  l i v i n g  i n  

purana v i l l a g e s  had d i f f i c u l t y  i n  o b t a i n i n g  a d e q u a t e  l and  f o r  a g r i c u l t u r e .  

The maln o b s + a c l e  was t h a t  most o f  t h e  l and  w a s  l e a s e d  o u t  o r  s o l d  by the  

c o l o n i a l  regime t o  the f o r e i g n  p l a n t i n g  community f o r  tea c u l t i v a t i o n .  The 

l and  p o l i c i e s  adop ted  by t h e  government s i n c e  independence t o o  have l e d  t o  

land d e g r a d a t i o n  as t h e  Kandyan v i l l a g e r s  were n o t  p rov ided  w i t h  adequa te  land 

f o r  v i l l a g e  exparlsio n. 

P rof .  Maddma Bandara quoted from v a r i o u s  r e p o r t s  and s e s s i o n a l  papers  

p reben ted  t o  t h e  Government d u r i n g  t h e  p a s t  where a d e q u a t e  warnings  were g iven  

about  s o i l  e r o s l o n  t h a t  l e a d s  t o  l and  d e g r a d a t i o n  and l a n d s l i d e s .  The S o i l  

Conserva t ion  Act w a s  n o t  s t r i c t l y  e n f o r c e d  a l t h o u g h  i t  had been passed by t h e  

t h e n  L e g i - s l a t i v e  Counci l .  The m t u r a l  w a t e r  c o u r s e s  were n o t  p r o p e r l y  

maintail led and t h e  s.Lream r e s e r v a t i o n s  were c u l t i v a t e d  o r  used f o r  i l l i c i t  gem 



\ 
mining. E x t r a c t i o n  of  t imber  from f o r e s t  r e s e r v a t i o n s  s p e c i a l l y  along s teep  

s lopes  r e s u i t  i n  the triggering of l a n d s l i d e s  dur ing  p e r i o d s  of excessive 

p r e c i p i t a t i o n .  The main cause of l a n d s l i d e s  i s  bad land use which can be 

a t t r i b u t e d  t o  the  va r ious  land p o l i c i e s  adopted by the  governments p r i o r  t o  

and s i n c e  independence,  

Prof .  lvladduma Bandara a l s o  s t r e s s e d  t h e  need t o  e f f e c t i v e l y  maintaln 

i r r i g a t i o n  c h a ~ e l s  so  t h a t  seepage of water  a long  h i l l  s l opes  cou ld  be 

avoided. Skch maintenance work v a s  c a r r i e d  ou t  dur ing  t h e  p a s t  and 1s qu l t e  

ev iden t  by the  conpl?x network of a n c i e n t  i r r i g a t i o n  channels  specially I n  the 

Hewaheta a rea .  I n  conclus ion  Pzof. Madduma Bandara s t a t e d  t h a t  t he  t o t a l  land 

a r e a  nosr unde r  tea i s  e x c e s l i v e  aad h i s  con ten t ion  i s  t h a t  t h i s  a r ea  could be 

reduced t o  1/3 while  s t i l l  e a r r i n g  t h e  game revenue. I f  such a  land pol icy  1 s  

adopted t h e r e  w i l l  be enough land a v a i l a b l e  f o r  a l i e n a t i o n  t o  the people I n  

t h e  h i l l  ~ o u n t r y  and c u l t i v a t i o n  along s t e e p  s l o p e s  t h a t  r e s u l t  i n  l a n d s l l a e s  
e 
could be avoided. 



LAND POLICY AND WiDSLIBES IN THE HILL COUNTRY 

by 
C.M. Madduma Ecandara 
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The causes  of  r e c e n t  l a n d s l i d e s  i n  t h e  h i l l  country became a s u b j e c t  of l i v e i y  

d i s c u s s i o n  among the  n a t u r a l  s c i e n t i s t s  i n  S r i  Lanka dur ing  the l a s t  few 

months. The g e o l o g i s t s ,  c l i m a t o l o g i s t s ,  eng inee r s ,  f o r e s t e r s  and s o i l  

s c i e n t i s t s  among many o t h e r s  have made t h e i r  c o n t r i b u t i o n s  t o  t h i s  debate 

which brought t h e  s u b j e c t  t o  n a t i o n a l  s i g n i f i c a n c e  due t o  the devas t a t ing  

experiences o f  rural communities l i v i n g  i n  the  e a r t h s l i p  prone a r e a s .  The 

S o c i a l  S e r v i c e s  pe r sonne l ,  l o c a l  a d m i n i s t r a t o r s  and e s t a t e  managers were drawn 

i n  t o  look a f t e r  the  more p r a c t i c a l  and human a s p e c t s  of the l ands l ide  

problem, The t h e s i s  of my paper  today i s  t h a t  t h e  land p o l i c i e s  adopted by 

t h e  c o l o n i a l  government and l a t e r  by success ive  n a t i o n a l  governments s ince  

Independence had been pre-dominantly r e spons ib l e  f o r  t h e  p re sen t  probiems of 

l a n d s l i d e s  which form only one m a n i f e s t a t i o n  of t h e  g e n e r a l  phenomenon of land 

degradat ion.  I s h a l l  a rgue  t h a t  t h e r e  i s  a  need f o r  recons ider ing  t h e  present  

land po l i cy  and f o r  r a t i o n a l i s i n g  t h e  land use  p a t t e r n  based on the  concept of 

watershed management. I s h a l l  a l s o  argue t h a t  t h e r e  i s  a  need t o  develop a  

new p a t t e r n  o f  human s e t t l e m e n t s  f o r  which a beginning could be made through 

the r e l o c a t i o n  of t he  l a r g e  number of f a m i l i e s  rendered homeless by the  

l a n d s l i d e  s. 

Before the  advent  of p l a n t a t i o n  a g r i c u l t u r e ,  t he  h i l l  country remained f o r  t he  

most p a r t  under  a  canopy of t r o p i c a l  montane f o r e s t s .  Human h a b i t a t i o n  was 

l a r g e l y  confined t o  t h e  v a l l e y  bottoms where the  s t a p l e  food ,  r i c e  had been 

grown wi th  w a t e r  tapped from n a t u r a l  s t reams of t h e  f o r e s t - c l a d  



h i l l s .  Excep; f o r  occasional f o r a y s  i n t o  the  11111 s iopes  f o r  cnene 

cultivation almost a l l  a g r i c u l t u r a l  a c t l v l t i e s  were conflned $0 the va l l eys  

o r  den iyas  whlch su f f lxed  the  name of t h e  village l t s e i ~  as 111 t h e  case o f  

Curudeniya, Peraderuya,  Teldenlya,  e t c .  I t  1s p o s s ~ b l e  t h a t  l a n d s l l a e s  

t r l e g e r e d  o f f  by extreme r a l n f a l l  even t s  woula have taken  $Lace durlng 

p r e - c o l o n ~ a l  t imes ,  o f t e n  conf lned ,  however, t o  s t e e p  s l o p e s  devold of human 

hablta.tron. Therefore  t he  damage t o  l l f e  and p rope r ty  by such 1 ca t a s t rophe  

should have been r n l n i m a l  a t  t h a t  tune.  

:'he e c o l o g i c a l  s t a t u s  of t he  h i l l  country a t  t he  t i n e  whsa B r l t i s l l  p l a n t e r s  

e n t e r e d  these  v i  r g i r  t e r r a i n s  i s  v i v i d l y  descr ibed  by S i r  Emerssor, Tennent : 

"'i'l!e f i r s t  a r d e n t  adventur-ars  pioneered t h e i r  way through p a t h l e s s  woods, and 

l i v e d  f o r  months i n  l o g  h u t s ,  w h i l s t  f e l l i n g  the  f o r e s t  and making prel iminary 

n u r s e r i e s  p repa ra to ry  t o  p l a n t i n g ,  but w i t h i n  a  few y e a r s  t h e  t r a c k s  by w.hich 

they came were converted i n t o  highways and t h e i r  cab ins  replaced by bugalows, 

which though rough were p i c tu re sque .  Tlie new l i f e  i n  t h e  jungle was f u l l  of 

excitement and romance, the wild e l e p h a n t s  and the  leopards  r e t r e a t e d  before 

the  axe of t h e  f o r e s t e r ;  t h e  e l k  suppl ied  t h e i r  t a b l e  with venison,  t he  jungle 

f o w l  and game were w i t h i n  c a l l  and abundant".  I t  has been reported t h a t  some 

4,000 elephan-t;s were k i l l e d  i n  t h e  p roces s  of opening land f'or p l a n t a t i o n  

a g r i c u l t u r e .  Le Mers ieur ,  i n  h s  'Manual of t h e  Nilwara E l iya  I l i s t r i c t '  

compiled i n  1873 d e s c r i b e s  t h e  i n t r i c a t e  network of irrigation channels ,  

p a r t i c u l a r l y  i n  the  a r e a  around Halguranketa and Walapone, which d e p i c t s  the 

land use  p a t t e y n  p r e v a i l i n g  i n  t h e  v a l l e y  bottom lands.  Land use  i n  most 

p a r t s  of the  h i l l  count ry  was we l l  ad jus t ed  to  the t e r r a i n  and i t s  n a t u r a l  

resource  endoxments a s  exemplif ied Sy t h e  sequence of' u se s  down h i l l  s lopes  

a long  the  ca t ena .  The l o c a l  terminology used t o  d e s c r i b e  each segment of the 

s loqe  beglnnlng from t h e  n d g e t o p  down t o  the  banks or a n a t u r a l  stream a s  

ovl l ikande ,  o v l l l a ,  deniya and o v i t a  i n d i c a t e  t h i s  adjustment  c l e a r l ) .  The 

homestead gardens  loca t ed  above deniya took the  fornl of a  f o r e s t  of planted 

t r e e s  which some w r i t e r s  rlov d e s c r i b e  a s  'Kandyan f o r e s t  gardens  
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remained a  ' t e r r a - i n c o g n i t a  f o r  the  c o l o n i a l  r u l e r s ,  which provided havens 

f o r  r e b e l s  who r e s o r t e d  t o  g u e r r i l l a  warfare .  Therefore ,  t h e  c o l o n i a l  lana 

po l i cy  was geared t o  open up the  remote a r e a s  of the  h i l l  country by some 

means o r  ano the r .  Although t h e  a t t empt s  made i n  t h i s  d i r e c t i o n  could be 

t raced  s i n c e  1818, i t  was t h e  Crown Lands Ordinance of 1840 which paved the 

way f o r  t h e  denudat ion  of t h e  h i l l  count ry  on a  massive s c a l e .  This  Ordinance 

c rea ted  the  presumption t h a t  a l l  'was te ,  unoccupied o r  uncu l t i va t ed  land '  

beionged t o  t h e  Crown and, t h e r e f o r e ,  a t  i t s  d i sposa l .  l i e  Crown land thus  

dec lared  was s o l d  a t  f i v e  s h i l l i n g s  a n  a c r e  and any person  occupying such land 

was s u b j e c t  t o  summary eviction. '" Thus, from 1835 - 1838, the  average s a l e  of 

land was 6 ,  412 a c r e s .  I n  1841 the  s a l e s  reached the  h igh  f l gu re  of 76, b 8 5  

acres .  The Hon. Member f o r  Kelanlya i n  t h e  S t a t e  Council i n  1945 descr ibed 

the impact of  t h i s  land p o l i c y  i n  no u n c e r t a i n  terms:  "The Government of the 

day, armed w i t h  t h e  Land Ordinance of 1840, adopted t h e  r o l e  of the  highway 

robber  and took away, c h i e f l y  from t h e  Kandyan peasan t s ,  the  land they loved 

so much. The r e b e l l i o n s  of 1842 and 1848, spoke, only too e loquen t ly ,  of the  

s u f f e r i n g s  01' t h e  Kandyan peasan t .  Today, when we see  the  mountain ranges 

covered wi th  p l a n t a t i o n s ,  we f e e l  t h a t  they  s tand  as an immovable monument, 

not only t o  the  e n t e r p r i s e  of tlie B r i t i s h  p l a n t e r ,  but a l s o  t o  the dumb 

s u f f e r i n g s  of t h e  people whose homesteads they once were. I t h i r k  t h i s  House, 

and t h e  B o a d  of P l in i s t e r s ,  must some day take  every measure p o s s i b l e  t o  

r e s t o r e  t h e s e  l a n d s  t o  t h e  people.  We must not r e s t  t i l l  t h i s  purpose 1s 

achieved"*. He went on f u r t h e r  t o  s ay ,  t h a t  even i n  1943, '50 miles  away 

from vhere w e  s i t  a s  r e p r e s e n t a t i v e s  of t he  people,  i n  t h e  Rate Mahattayas 

d i v i s i o n  c~ f  t he  t h r e e  k o r a l e s  of t h e  Kegal le  D i s t r i c t ,  t he re  a r e  2,000 people 

who walk tile s t r e e t s  without  land" .  It i s  p e r t i n e n t  t o  nen t ion  t h a t ,  

acco ~31% t o  the r eco rds  maintained by tlie S o c i a l  Se rv i ces  Uepartment, the 

h ighes t  nx ibe r  of l a n d s l i d e s  of s e r i o u s  na tu re  a r e  repor ted  from the  Kegalle 

3 i s t r i c t  s i n c e  194'7. 

"-,. E.W. Pere ra ,  1927. 

** E x t r a c t s  from t h e  speech made on t h e  Appropr ia t ion  B i l l  of l o t k  August 1943 

by Hon. :.I<. Jay-.wardene, 



The d e v a s t a t i n g  impact  of c o l o n i a l  l a n d  p o l i c y  on t h e  s t a b i l i t y  of h i l l  s i o p e s  

as w e l l  as on t h e  g e n e r a l  e c o l o g i c a l  ba lance  of t h e  h i l l  c o u n t r y  began t o  

emerge w i t h i n  a  few decades .  Thus, S i r .  J . D .  Hooker i n  1673 and K.W. Trimen 

i n  t h e  1880s warned o f  t h e  p o s s i b l e  adverseconsequences  of' c l e a r i n g  f o r e s t s  i n  

t h e  h i l l  country . .  These warnings  l e d  t h e  C o l o n i a l  Government t o  e s t a b l i s h  a  

c o n v e n t i o n  t h a t  no c u l t i v a t i o n  shou ld  be p e r m i t t e d  o v e r  an  e l e v a t i o n  o f  5000 

f e e t .  T h i s  w a s  c o n s e q u e n t l y  i n c o r p o r a t e d  i n  t h e  S t a n d i n g  O r d e r s  t o  Surveyors  

and A d m i n i s t r a t o r s  and had been f a i r l y  g e n e r a l l y  observed up t o  t h e  end of the  

C o l o n i a l  E r a .  

The ~ e g i n n i n g  of a new e r a  i n  t h e  l and  p o l i c y  of t h e  c o u n t r y  was s e e n  i n  L927 

w i t h  t h e  appointment  o f  t h e  Land Commission o f  1927. The recommendations o f  

t h i s  Commission o f  1935 t rans formed  t h e  l a n d  s e t t l e m e n t  p r o c e s s  of t h e  c o u n t r y  

d u r i n g  t h e  las t  50 y e a r s .  It h a s  opened avenues  f o r  s m a l i  f a r m e r s  t o  o b t a i n  

S t a t e  l a n d  f o r  v i l l a g e  expans ion  and a g r i c u l t u r e .  The i d e o l o g y  behind t h i s  

l and  p o l i c y  a s  d e r i v e d  t o  some e x t e n t  trom t h e  t h i n k i n g  of S i r  Hugh C l i f f o r d *  

t h e  Governor o f  t h e  t ime .  It  was based on t h e  v i s i o n  of ' n i u l t i p l i c a t i o n  of 

small l ~ o l d i n g s  and t h e  b r i n g i n g  l n t o  e x i s t e n c e  of a  p rosperous ,  

s e l f  - s u p p o r t i n g  and s e l f - r e s p e c  t i ry :  m u l t i t u d e  of p e a s a n t  ~ r o p r i e t o r s  ' . The 

implementa t ion  of t h e  Land Development Ordinance e s t a b l i s h e d  a  p r o c e s s  of 

g i v i n g  back t h e  l a n d  a c q u i r e d  by t h e  C o l o n i a l  Government s i n c e  1840s t o  t h e  

small f a n n e r s  p a r t i c u l a r l y  f o r  v i l l a g e  expans ion  i n  t h e  h i l l  c o u n t r y .  Today, 

n e a r l y  one q u a r t e r  o f  t h e  peop le  i n  S r i  Lanka l i v e  on S t a t e  l a n d s  a l i e n a t e d  

u n d e r  t h e  L.D.O. The b e n e f i c i a l  impact  of t h i s  p o l i c y  on r e l i e v i n g  c o n g e s t i o n  

i n  t h e  v i l l a g e s  i s  w e l l  known and needs  h a r d l y  any r e i t e r a t i o n ,  A t  t h e  same 

t ime i t  shou ld  be mentioned t h a t  l a n d s  which were n o t  u t i l i s e d  f o r  p l a n t a t i o n  

agr - i cu l tu re  were o f  a  m a r g i n a l  t y p e  w i t h  s t e e p  s l o p e s  and i n f e r t i l e  s o i l s .  

The opening o f  liuman s e t t l e m e n t s  on such  l a n d s  did n o t  a lways prove 

s a t i s f a c t o r y .  Thus, a n  examina t ion  o f  t h e  l i s t  of s e r i o u s  e a r t h s l i p s  t h a t  

have t ake i l  p l a c e  i n  t h e  h i l l  count ,y  s i n c e  1 W 7 ,  i n d i c a t e  t h e i r  occur rence  

sontetimes i n  c o l o n i e s  ' . 

* S i r  Hugh C L l f f o r d  (1972)  Some H e f l e c t i o n  on t h e  Ceylon Land Q u e s t i o n .  

~ d d r e s s  t c  t h e  2nd Annual A g r i c u l t u r a l  Conference,  llarcil 11, 1927. 



The S o i l  Conservat ion Act of 1951 could be considered a s  an  important s t e p  

taken t o  m i t i g a t e  land degi.adation p a r t i c u l a r l y  i n  t h e  h i l l  country a reas .  

IJnder this Act t h e  P I i n i ~ t e r . . i n - ~ c h a r g e  of the  s u b j e c t  r.as vested with the 

powers t o  d e c l a r e  c e r t a i n  a r e a s  a s  ' e r o d i b l e  a r e a s '  w i t h i n  which lana 

degrada t ion  w a s  controi . led under r e g u l a t i o n s  made from time t o  time. The 

r e g u l a t i o n s  a u t h o r i s e d  t h e  S o i l  Conservat ion O f f i c e r ,  where he i s  s a t i s f i e d  

t h a t  'any land c u l t i v a t e d  i n  t e a  i s  l i k e l y  t o  s u f f e r  by s t ream bank e ros ion  o r  

by e a r t h s l i p  caused by s o i l  e r o s i o n ' ,  t o  d i r e c t  t h e  owners o r  t h e  occupiers  of 

such land t o  change t h e  land use o r  t o  a f f o r e s t  i t .  The S o i l  Conservation Act 

which was enforced e f f e c t i v e l y  dur ing  t h e  1950s was g r a d u a l l y  relaxed i n  

c e r t a i n  i n s t a n c e 8  p a r t i c u l a r l y  i n  the e a r l y  1960s t o  encourage tobacco 

c u l t i v a t i o n .  With t h e  n a t i o 2 a l i s a t i o n  of e s t a t e s ,  t he  s o i l  conservat ion 

measures t h a t  were taken  e a r l i e r  began t o  be re laxed .  The m.sintenance of 

stream r e s e r v a t i o n s  as s t i p u l a t e d  by t h e  Crown Lands Ordicance have a l s o  been 

neglec ted  by the  d i s t r i c t  l e v e l  implementing a u t h o r i t i e s .  i s ,  a  survey 

conducted by t h e  Water Resources Board i n  t h e  Kumbalawela Korale of Badulla 

D i s t r i c t ,  i n d i c a t e d  t h a t  l e s s  t han  1Tb of the  t o t a l  a r e a  t h a t  should have 

a c t u a l l y  been r e t a ined  a s  s t ream r e s e r v a t i o n s  i s  l e f t  a s  r e s e r v a t i o n s  i n  the 

a r e a  c o n c e ~ n e d  i n  1968. Xepeated communications from the  S o i l  Conservation 

O f f i c e r  t o  t he  a u t h o r i t i e s  received s c a n t  a t t e n t i o n  over  t h e  yea r s .  For 

example, t h e  S o i l  Conservat ion O f f i c e r  has  advised the  a u t h o r i t i e s  a s  f a r  back 

a s  1 9 w  t o  c l o s e  a p a r t  of Ketayapatana v i l l a g e  where one of t he  worse 

l a n d s l i d e  d i s a s t e r s  had t aken  p lace .  

While the  l e g i s l a t i v e  p r o v i s i o n s  a v a i l a b l e  f o r  c o n t r o l l i n g  s o i l  conserva t ion  

and e a r t h s l i p  damage remain neg lec t ed ,  the  popula t ion  i n  t h e  v i l l a g e s  have 

inc reased ,  and a n  a c u t e  land hunger became a  rampant phenomenon. The r u r a l  

people began t o  enchro<z.ch upon t h e  a v a i l a b l e  Crown l a n d s  and t o  use them f o r  

chena c u l t i v a t i o n ,  tobacco and f o r  vege tab les .  I t  should be mentioned t h a t  a  

cons ide rab le  p ropor t ion  of l e a f  tobacco rece ived  by l e a d i n g  Tobacco Companies 

o r i g i n a t e  from such lands.  The v i l l a g e  expans io~ l  p roces s  pushes the  v i l l a g e r s  

i n  need of land. t o  t he  vu lne rab le  f r o n t i e r  wi th  the  ad jo in ing  t e a  p l a n t a t i o n s  

leaving  t h e  v i l l a g e r s  almost marooned. 



', 
I n  t h e  l i g h t  of  t h e  above h i s t o r i c a l  background a  change i n  t h e  land pol lcy  

appears  t o  be a n  impera t ive  need i n  the formula t ion  of strategies aimed a t  

m i t i g a t l a g  ' he  l a n d s l i d e  hazard. Without a n  o v e r a l l  p o l ~ c y  change i t  could be 

argueu t h a t  only piecemeal solutions could be formulated.  A d e s i r a b l e  f u t u r e  

land p o l i c y  i n  t h e  hll cauntry may be ou t l i ned  a s  f o l  l o ~ r s :  An effective 

programme of mountain hazard mapping may tttke the  forln of a  mapping exe rc l se  

t h a t  has  been c a r r i e d  ou t  i n  Ilepal r e c e n t l y  This  should be followed by a 

land use  planning programme based on n a t u r a l  watersheds of the  - r ea s  concerned. 

' These two programnes would form t h e  b a s i s  of r e s t r u c t u r i n g  land use ana 

s e t  t lement  p lanning ,  f o r  tke f u t u r e .  

It has been e s t a b l i s h e d  t h a t  t h e  p re sen t  product ion  l e v e l  of t e a  could be 

maintained through t h e  a p p l i c a t i o n  of improved technologies  such a s  r ep l an t ing  

with c l o n a l  t e a ,  even if cons ide rab le  p ropor t ions  of marginal  and unproductive 

t e a  land could be taken ou t  of major  p l an ta t ions* .  I f  a land po l i cy  based on 

t h i s  t h ink ing  could be v igorous ly  pursued,  i t  would make a v a i l a b l e  a l a r g e  

e x t e n t  of land f o r  r e se t t l emen t  of people from congested v i l l a g e s  where acute  

land hunger e x i s t s .  While ag ree ing  t h a t  a v a i l a b l e  land i s  n e c e s s a r i l y  

l i m i t e d ,  1 would a rgue  t h a t  a  change of land p o l i c y  can  c r e a t e  enough land f o r  

the  people.  It has  been e s t i r a t e d  t h a t  only one-third of e x i s t i n g  t e a  land i s  

adequate  t o  ma in t a in  a  rezsonable  l e v e l  of product ion  while maintaining the 

competetiveposition of t h e  csu;ztry i n  t he  markets of t h e  world*'",. The S t a t e  

owner shp  o f  the  bulk  of p l a n t a t i o n  l ands  and the f l u c t u a t i n g  p r i c e  of t e a  may 

f a c i l i t a t e  t h i s  p r o c e s s  nowr more than  e v e r  before.  

In  the  Nuwara E1iy-i D i s t r i c t ,  i t  has been es t imated  t h a t  on ly  of 

land yemains 1 ~ ~ 1 d e r  a for- .s t  c o w r  a s  conpared wi th  2% f o r  t h e  e n t i r e  I s l and .  

Therefore ,  on the  F a s i s  of sound principles of watershed management, rratershed 

* Report o f  Tea C o ~ m i s s i o n ,  S e s s i o n a l  Paper Bo, X V I I I :  Colombo, 1968. 

* This could provide  an i n d i c a t i o n  of the  e x t e n t  of land t h a t  could be 

re leased  from p l a n t a t i o n s .  



f o r e s t s  w i l l  have t o  be e s t a b i i s h e d  on a planned b a s i s  while s t r i c t l y  zdhering 

t o  t he  ban on an;y f o r e s t  c l e a r i n g  above a n  e l e v a t i o n  o f  5000 f e e t .  The 

p re sen t  p o l i c y  of r e f o r e s t a t i o n  of a v a i l a b l e  S t a t e  land . , :~ithout re ference  t o  

their r e l a t i v e  l o c a t i o n  on watersheds may not  prove t o  be ob ta in ing  tlmber and 

f u e l  wood. It could be argued t h a t  t h e  f o r e s t  p o l i c y  should n e c e s s a r i l y  be 

based on the  watershed management ~ o l i c y .  

In  t h e  more u rgen t  need f o r  r e s e t t l e m e n t  of p re sen t  e a r t h s l i p  v i c t ims ,  many of  

whom were l angu i sh ing  i n  improvised acc~mmoda t io~ i  s i n c e  January', t he re  appears 

t o  be s e v e r a l  op t ions :  ( 5 . )  t o  r e s e t t l e  them i n  the  a r e a s  around t h e i r  v i l l a g e s  

where s u i t a b l e  land i s  a v a i l a b l e ;  ( i i )  t o  r e l o c a t e  them i n  downstream 

Mahaweli Development areas; ( i l i )  t o  absorb  them i n t o  pr-esent p l a n t a t i o n s  a s  

employees depending on t h e i r  voca t iona l  and educat ional .  backgrounds; ( i v )  io 

r e s e t t l e  them on uneconomical o r  margina l  land  r e l eased  f rom t h e  SLSPC and the 

JEDB f o r  a g r i c u l t u r a l  s e t t l e m e n t ;  o r  ( v )  t o  r e s e t t l e  them on acqui red  p.rivate 

lands  i n  t h e  neighbouring a reas .  Regarding t h e  f i r s t  op t ion  i t  may be noted 

t h a t  a v a i l a b i l i t y  of S t a t e  land i s  ext remely  l imi t ed  i n  the  neighbourhood o f  

a f f ec t ed  v i l l a g e s .  I n  view of t h e  l a r g e  number of f a m i l i e s  exceeding 10,000, 

who had t o  l eave  t h e  h i l l  count ry  a r e a s  i n  t he  r ecen t  p a s t ,  a f u r t h e r  exodus 

of people from t h e s e  a r e a s  who a r e  no t  e l i g i b l e  t o  become Mahaweli s e t t l e r s  on 

t h e i r  own m e r i t  may no t  prove t o  be d e s i r a b l e  opt ion .  However, i n  view of the 

cons iderable  number of  vacanc ie s  t h a t  nay have occurred i n  t h e  l a b o u ~  f o r c e  by 

t h e  r e p a t r i a t i o n  of e s t a t e  ?rorkers of  Indian  o d g i n  iii t h e  recent  p a s t ,  

abso rp t ion  i n t o  the p l a n t a t i o n  sec - t s r  would prove t o  be a v inb le  op t ion .  I n  

m y  view, s e t t l e m e n t  o f  e a r t h s l i p  v i c t i m s  on land acqui red  from uneconomical 

p l a n t a t i o n s  may be t h e  bes t  ou t  of a l l  a v a i l a b l e  opt ions .  In  t h i s  c o n t e c t ,  lt 

should be mentioned t h a t ,  a u n i t  a l i e n a t i o n  should be a n  economic on*, and the 

land a l i e n a t e d  under such a progyanme should be under s c i e n t i f i c  land use 

p r a c t i c e s .  The exper ience  o f  ~ A D S A  s h o ~ r s  t h a t  an  economical u n i t  should be a t  

least a half a l lec ta re  if i t  i s  loca t ed  eway from townships The l a s t  op t lon  

of a c q u i r i n g  p r i v a t e  l ands  should be confined t o  land t h a t  remains i n  a 

neglec ted  s t a t e .  Neglec t ion  of developable l and  p a r t i c u l a r l y  i n  t he  envlrgps 

o f  t he  congested Wet Zone and h i11  count ry  v i l l a g e s  i s  a luxury t h a t  the 

country cannot a f f o r d  any ll;,%er, 



Brunsden, D . ,  and Doornkamp, J.C,, 19W dotmale P r o j e c t  - Geomoqhological  - 
Survey - Volume 1 - Lands l ides ,  A r e p o r t  prepared f o r  the  Mahawell 

Author i ty  of S r i  Lanka. (Unpublished) ,  

Casinader ,  H., 1980 Sys temat ic  Weak seams i n  dam foundat ions.  Proc. Sympc on 

problems and p r a c t i c e  of  Dam Engineering,  Bangkok, 253- 254. 

Deere, U.U., 1973 The F o l i a t i o n  Shear  Zone - An adve r se  Engin-.ering geo log ica l  

g e s t u r e  of  metamorphic rocks. Jour .  Boston. Soc. C i v i l  Eng, 60(4), 

l.63.,.176. 

Gray, R.E. and Gardnerm, G . D . ,  1981 Processes  of c o l l u v i a l  s l o p e  development 

a t  m t  Mechen, West V i rg in i a ,  Bu l l .  I n t .  Ass. Eng. Geo. , l lb ,  29-32. 

James, P ,M. , 1982 kotmale Hydropower P r o j e c t  Geological  & GeotechrGcal Review, 

Report  Nos 3 & 4. (unpub l i shed ) ,  



ZAJIDSLIDES - GEOLOGICAL ASPECTS AILE 

PHXVEIJTIVE MEASURES 

(with s p e c i a l  r e f e r e n c e  t o  S r i  ~ a n k a )  

P .W . V i  tarlag e  

Department o" Geology, U n i v e r s i t y  of Peraden iya  

P e r a d e n i y a ,  S r i  Lanka 

S e n i o r  Fe l low IPS 

.The t e r n  " l a n d s l i d e "  r e f e r s  t o  a r a p i a  doa.mward o r  outwam movement of a rock 

nass, res idua l .  s o i l ,  c o l l u v i a l  and t a l u v l a i  materials o r  sed iments  a long  a  

s i o p e .  A slrriilar movement, but  a t  a  s l o w e r  i m p e r c e p t i b l e  r a t e  1s  caLled 

" c r e e p w <  I n  S r i  Lanka, e v i d e n c e  of c r e e p  c a n  be s e e n  on n o s t  s l o p e s  

L a n d s l i d e s  a r e  of d i v e r s e  t y p e s  and t h e y  have been c l a s s i f l e e  on d i f f e r e r L t  
. \ 

c r i t e r i a ,  f o r  e x m p l e  : (i) mass movements and s o i l  e r o s i o n ,  j ~ i )  

g e o t e c h n i c a l ,  (iii) morphometr ic ,  and ( l v )  g e n e r a l  s l i d e s .  

The o b ~ r i o u s  f a c t o r s  which c a u s e  t h e  t r i g g e r i n g  o f  l a n d s l i d e s  a r e  ti) excess ive  

i n t e n s i t y  of d a i l y  r a i n f a l l  ( f o r  example 1 0  i n c h e s / 2 5 0  mm i n  24 h o u r s  and a 

t o t a l  c u m u l a t i v e  p r e c i p i ~ a t i o n  of o v e r  500 mrn t o  1 0 0  tm, e , ,g , ,  i n  January ,  

19%, i n  t h e  c e n t r a l  h i g h l a n d s  of Sri Lanka) ; and ( i i )  t h e  d e g r e e  o f  t h e  s l o p e  

and i n t e n s i t y  o f  w e a t h e r i n g .  The o t h e r  c o n t r i b u t i n g  f a c t o r s ,  which a r e  mainly 

g e o l o g i c a l  and t e c t o n i c ,  a r e  ( a )  t h e  f r a c t u r e  d e n s i t y ;  ( b )  l i t h o l o g y  and 

degree  of w e a t h e r a b i l i t y ;  ( c )  l o c a l  and r e g i o n a l  l ineament  t e c t o n i c s ;  ( e )  

l o c a l  mic ro- t remors ;  ancl i f )  p o s s i b l e  g e o d e t i c  i n f l u e n c e  of impounding and 

drawdorm of t h e  newly c o n s t r u c t e d  r e s e r v o i r s  - Moussakal le ,  Kotmale: V i c t o r i a  

and Handen iga la ,  

With the  e x c e p t i o n  of man-made s l o p e  f a i l u r e s  i t  i s  d i f f i c u l t  t o  p reven t  

c o m p l e t e l y  t h e  occurence  o f  l a n d s l i d e s .  L a n d s l i d e s  a r e  one o f  t h e  



f a c t o r s  of l andform e v o l u t i o n .  Eiowever, i t  i s  p o s s i b l e  t o  t a k e  measures t o  

m i t i g a t e  t h e  v u l n e r a b i l i t y  o f  l i f e  and p r o p e r t y  t o  lar1dsli.de hazard  and r i s k s .  \~ 

I n t  roduc t i on - - 

D e f i n i t i o n  

The tern1 L a n d s l i d e s  r e f e r s  t o  a r a p i d  do~rnward o r  outward niovement of a rock 

mass, r e s i d u a l  s o i l ,  c o l l u v i a l  m a t e r i a l s  o r  sed iments  a d j o i n i n g  s s l o p e .  A s  

shown by T e r z a g h i  ( 1 9 5 0 ) ,  a s i m i l a r  movement; b u t  a t  a  s l o w e r  i m p e r c e p t i b l e  

r a t e  i s  c a l l e d  "c reep" .  S l i d e s  on t h e  s l o p e s  o f  man-made c u t s  a r e  r e f e r r e d  t o  

a s  s l o p e  f a i l u r e s .  

L a n d s l i d e s  and Creep -- 

The d i f f e r e n c e  between l a n d s l i d e s  and c o n t i n u o u s  c r e e p  i s  n o t  on ly  i n  t h e  

v e l o c i t y  of the ciovement but  a l s o  i n  t h e  p a t t e r n  o f  t h e  de format ions .  

According t o  T e r z a g h i  (1950)  " A s  l o n g  a s  t h e  s h e a r i n g  s t r e s s e s  i n  t h e  m a t e r i a l  

benea th  a s l o p e  are s m a l l e r  t h a n  t h e  ' f u n d a m e n t a l '  s h e a r i n g  r e s i s t a n c e  of the  

m a t e r i a l ,  t h e  s l o p e  i s  a t  r e s t .  I f  t h e y  exceed t h i s  v a l u e  t h e  s l o p e  c r e e p s ,  

and i f  they  become e q u a l  t o  t h e  stress r e q u i r e d  t o  produce a s h e a r  f a i l u r e ,  a  

l a n d s l i d e  o c c u r s v .  I n  S r i  Lanka, e v i d e n c e  of c r e e p  can  be s e e n  on most 

s l o p e s .  Although: i n  ternis o f  volume-dis tance o f  m a t e r i a l  removed, con t inuous  

c r e e p  i s  a  minor  s u r f a c e  p r o c e s s ,  i n  l a n d s l i d e  s t u d i e s  c r e e p  sliould be t aken  

i n t o  account  s i n c e  i t  i s  a  p r e c u r s o r  o f  r a p i d  mass-movement s (Young; 1972).  

L a n d s l i d e s  and P r o c e s s e s  

L a n d s l i d e s ,  trliich i n v o l v e  m a t e r i a l s  of d i v e r s e  k ind  r a n g i n g  f'rom hard rock  t o  

s o f t  c l a y  o r  any  combina t ion  of m a t e r i a l s  r e s u l t i n g  from a  wide v a r i e t y  o f  

g e o l o g i c a l ,  h y d r o l o g i c a l  and t e c t o n i c  p r o c e s s e s  a r e  o f  d i v e r s e  t y p e s  ( F i g . 2 )  

The s l o p e  movements have been c l a s s i f i e d  on  t h e  b a s i s  of d i f f e r e n t  c r i t e r i a , * -  

e.g j i )  Mass Piovements and S o i l  E r o s i o n  (Campbell ,  1 9 5 1 ) ;  (ii) G e o t e c h n i c a l  





Classis ' ica- t ion ( Hutchinson, 1978) ; (iii; Morphome t r i c  C l a s s i f i c a t i o n  ( c r o z i e r ,  

19733. A more g e n e r a l  c l a s s i f i c a t i o n  f o r  i n i t i a l  assessment i s  t h e  general 

c l a s s i f i c a t i o n  o f  Varnes (1978) (Table  I;  Table 2a & 2b), 

The main p r o c e s s e s  which may lead  t o  l a n d s l i d e s ,  c r eep  and s l o p e  f a i l u r e s  a r e  : 

1. r i v e r  e r o s i o n  

2. man-made e x c a v a t ~ o n  

chary12 i n  the  g r o ~ n d  water  regime 

4. p r c g r e s s l v e  s t r u c t u r a l  changes i n  the  m a t e r i a l  

a d j o i n i n g  s l o p e s  ( Terzaghi , 1950) 

Causes of l a n d s l i d e s  nay be ( a j  Ex te rna l  and ( b )  I n t e r n a l ,  Ex te rna l  causes 

i nc lude  a  s teepening  of t he  s lope  by e r o s i o n  o r  man-made excavat ion ,  

d e p o s i t i o n  of material along t h e  upper edge of s l o p e s  and ear thquake shocks. 

These e x t e r n a l  c a u s e s  produce a n  lnc r5ase  of shea r ing  s t r e s s e s  a t  una l te red  

shear ing  resistance of t h e  s l o p e  a a t e r i a l  

I n t e r n a l  causes  g i v e  r i s e  t o  a decrease  of sheamng  ~ e s l s t a n c e  of the s lope 

maternal  The n o s t  common causes  a r e  an  l n c r e a s e  of t h e  pore .water p re s su re ,  

and a  p logz?ss ive  dec rease  o f  coheslon of the rna te r la l  ad jo in ing  the s lope .  

Landslides a s  a  r e s u l t  of rap id  drawdown, subsur face  e r o s i o n  and spontaneous 

liquefaction a r e  due t o  causes  whlch a r e  i n t e rmed ia t e  be t r~een  e x t e r n a l  and 

i n t e r n a l  

Lands l ides  i n  1986 
-,,-. 

With excess ive  d a i l y  r a i n f a l l  ( o v e r  10  lnclles/255 nrn 1x1 24 hours  and 900-1000 

m I n  3 t o  4 days) f o l  s e v e r a l  succes s ive  days ,  a s e r i e s  of ~ a n d s l l d e s  

occurred i n  t h e  h ighlands  of S r i  Lanka i n  1986, F i e l d  s t u d l e s  of most of the 

major s l i d e s  have bzea c a r r i e d  o u t  r e c e n t l y  by the  a u t h o r  I n  the f o l l o m n g  

e s t a t e s  : Moray, Yorres,  l )a lhousie .  Luxapana, G l e n t i l t ,  Watawala, Gal boda, 

Watagoda, Mount Jean and Nidf o r d  l r l  t he  ha t ton  d l s  t r l c  t ;  K i r k l e e s ,  Gampaha, 

A lago l l a ,  Spring Val ley ,  Cullen,  Ledger-ratte and Keenakalie of t h e  





b d u l l a  d i s t r i c t ,  Gonapit iya,  Glendevon, Gordon, Amherst, Delmar, Blalrlomond, 
\ 

Gampaha* Rapphannock, Alnwick, I'jlulhalkolla, Tu l l e s ,  Waldemar and Rockland I n  

PJuwara E l l y a  D i s t r i c t  (P ig .  1 & Table 3 ) .  

Geological  Aspects  of Lands l ides  

Valuable i n fo rma t ion  has been obtained by t h e  s tudy  of t hese  s i t e s  and the  

bu i ld ings  damaged by l a n d s l i d e s .  The r e s u l t s  of the  pre l iminary  geo log ica l  

surveys  i n d i c a t e  t h a t  i n  a d d i t i o n  t o  t h e  obvious causes of t h e  s l i d e s :  ( i )  

excess ive  i n t e n s i t y  of the  d a i l y  r a i n f a l l  (ove r  10  inches/250 ram i n  24 hours) 

and t h e  high t o t a l  cumulat ive p r e c i p i t a t i o n  ( ranging  from 500 mm t o  1000 mm) 

w i t h n  4 t o  5 days  ( i i )  the degree of the  s l o p e ,  and ( i i i )  i n t e n s i t y  of 

weathering,  t h e r e  were o t h e r  c o n t r i b u t i n g  f a c t o r s ,  which a r e  mainly geo log ica l  

and t e c t o n i c ,  v i z .  ( a )  the  f r a c t u r e  d e n s i t y ,  ( b )  l i t h o l o g y  and degree of 

weather i rg ,  and ( c )  l o c a l  and r e g i o n a l  l ineament t e c t o n i c s  and l o c a l  

micro- tremors.  

Another f a c t o r  i s  t h e  p o s s i b l e  geode t i c  inf luence of t he  e f f e c t s  of 

W d r o l o g i c a l  changes (wa te r - t ab l e  and pore-pressure)  induced by the newly 

cons t ruc ted  r e s e r v o i r s  - t Ioussakal le ,  Kotmale, V i c t o r i a  and Handenigala. The 

slumping and c reep  o f  400 a c r e s  of t e a  i n  Moray and Yorres a long  the banks of 

t h e  Elousakalle r e s e r v o i r  i n  t he  Maskeliya a r e a  (P ig .  8) and t h e  slow creep  of 

the  7 v i l l a g e s  ( 5  square m i l e s )  - Iiiyangandora, Wataddara, Pusu lp i t i ya ,  

Tlawangama, K a l a p i t i y a ,  Gankeaela and Masvela towards the  r e s e r v o i r  (Vitanage 

1986) a r e  good evidence i n  suppor t  o f  neo tec ton ic  nlovernents a s  a  r e s u l t  of 

impounding and drawdown of  t hese  r e s e r v o i r s  (Pig.  7 ti 8), 

Li thology and D i f f e ~ e n t a l  Weathering 

I n  Sri Lanka, wi th  t h e  except ion  of q u a r t z i t e s  and marble ( c r y s t a l l i n e  

l i a e s t o n e ) ,  t h e  rock types  themselves have no d i r e c t  i n f l u e n c e  on s lope  

movements. Q u a r t z i t e s  wi th  numerous f r a c t u r e s  and t h e i r  p o t e n t i a l  tendency 

f o r  t he  occurence of  subsur face  s p r i n g s  nay t r i g g e r  mass-movement s. While the 

presence of s o l u t i o n  c a v i t i e s  (swallow h o l e s )  and subsur face  channels  lead  t o  

subsidence and creep  e.g. i n  f i e l d  No. b i n  Glen Devon e s t a t e  i n  Muwara El iya 

D i s t r i c t  (Pig. 4 ) .  
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However, i t  i s  t h e  degree of weathering ( p h y s i c a l ,  chemical and b i310g ica l ) ,  

e s p e c i a l l y  a long  the  d i s c o n t i n u i t i e s ,  t h a t  conver t  t h e  o r i g i n a l  rocks of very 

high s h e a r  s t r e n g t h  i n t o  s o i l  and overburden ( r e g o l i t h )  of r e l a t i a e l y  low 

s h e a r  s t r e n g t h .  I n  a d d i t i ~ n  t o  the  o r i g i n a l  mineralogy, t h e  na tu re  of the 

c l i m a t i c  and b i o l o g i c e l  environment i s  r e spons ib l e  f o r  t h e  degree  and the  r a t e  

of t h i s  change. These weathering changes g i v e  r i s e  .to a sys temat ic  decrease 

I n  t h e  c r i t i c a l  ang le  f o r  s lope  s t a b i l i t y  ( h r g i n  1917). A s  i z d i c a t e d  by 

Croz ie r  (1956),  the  form and type of l a n d s l i d e  produced r s f l e c t  the 

c h a r a c t e r i s t i c s  of  t h e  c o n s t i t u e n t  m a t e r i a l s  (Fig.  5 ) .  

Dens i ty  and O r i e n t a t i o n  of J o i n t s  and o t h e r  S t r u c t u r a l  D i s c o n t i n u i t i e s  

The d e s t a b l i s h i n g  mechanisms of s l o p e s  occur  c l o s e l y  a s s o c i a t e d  w i t h  t he  

d e n s i t y ,  i n c l i n a t i o n  and o r i e n t a t i o n  of s t r u c t u r a l  s u r f a c e s  much a s  j o i n t s ,  

f  r ac  t u r e a ,  bedding p l anes ,  f o l i a t i o n s  and f a u l t s .  Good examples could be seen 

i n  t h e  t e a  e s t a t e s  around Uddapussellawa ( F i g . I ) .  I n  Amherst e s t a t e ,  shallow 
0 i-ock and debz-5~ s l i d e s  wi th  average  s l o p e  angle  30 (eas twards)  occur  along 

?ocky s l o p e s  w i t h  outward d ipp ing  Z o l i a t i o n  and j o i n t  s u r f a c e s  a t  an average 
0 

ang le  of 26 E (F ig  6 A ) .  These s l o p e s  i n  Anherst wi th  outward d ipping  rock 

ou tc rops  are l e a s  s t a b l e  than  s i m i l a r  s l o p e s  on inward d ipping  s t r u c t u r e s  of 

t he  westwald f a c i n g  s c a r p  of Delmar e s t a t e  ( ~ i ~ .  6 ~ ) .  Terzaghi  (1962) has 

shown t h a t  " i n  s l o p e s  with outward d i p p i r g  s t r a t a ,  the l i m i t i n g  h i l l s l o p e  

angle  i s  equa l  t o  t h e  angle  of  d i p  i n  s i t u a t i o n s  where t h e  ang le  of d ip  i s  

g r e a t e r  than  the  a n g l e  of  f r i c t i o n  on the  s t u r c t u r a l  su r f ace" .  Whe~e j o i n t s  

and d i s c o n t i n u i t i e s  show no pronounced : , r i en t a t ion ,  t h e  l i t  h i l l s l o p e  

ang le  is  c o n t r o l l e d  by the t i g h t n e s s  and f r i c t i o n a l  p r o p e r t i e s  of the 

jo in t -b locks  and t h i s  ang le  i s  equal  t o  t h e  ang le  of i n t e r n a l  f r i c t i o n .  

Yectonic  U p l i f t  and Neotec tonics  

In  r e c e n t  y e a r s ,  i n  S r i  Lanka, conv inc i~ lg  evidence f o r  t h e  occurrence o' a t  

l e a s t  a few c u r r e n t l y  a c t i v e  l ineaments  (Vitanage 1972 and 1986a) ana f o r  

recent  movements as a  r e s u l t  o f  geode t i c  movements o r  p l a t e  tectonics IS 

gradua l ly  accumulat ing (Vitanage 1983).  There i s  a  good correlation of 



Table 2~ htorptlometrrc Indices (Crozier 1973) 
(see Figure ,? for measurements) 

Index Calcula t lon  

Depth !L s 100% 
L 

Di la t ion  

Tenuity 

Viscous F low 

Displacement 

F lu id i ty  ( w e t e r  conten t )  Ranked residuals f rnm regression of 
f lowage on slope 

7 ~ h l e  2 b Geotechnicnl  C lass i f i cn t ion  or 1,nndslidrs 
A l l c r  A W Skrmpton nnd J N I lu tc l~ inson 
( I lutchinson 1978) 

- - - - - - - - - .- 
Soil : n f ) r ~ c  c o n d ~ t i o ~ l s  ro~-i'iZ~ZGG<6Sii: 
( n f l r r t i l i c  co l~cs lon  ontl ions on slope surfsccz ( n f f c -  
in lernf i l  I r i c t i o t ~ )  .- cl ing-porewntcr pressurc) 

1.  F i rs t - t ime slides in p r e v -  A .  Shor t - te rm (nndrnined) - -- .- 
iously unshcorcd ground: no equolisntion or excess 
soi l  fabr ic tends l o  be porewnter p r e s r l r e  set by 
rnndom for  or ientcd us a chnnges in  to tn l  stress.  
rcsul t  o l  depositional 
h is to ry )  and shenr 0. l n tc rmcd in lc  - p o r t i n l  
strength pnrnmeters a re  cquolisotion of exccss 
e t  peok or b c t ~ ~ e c n  pc i k  porewetcr preczllres. 
end residunI vslues . 

C .  - Long-term - ( d r n i n r d )  - 
2. Slides on y e - e x i s t i n g  comple t r  eq~ ln l i sn t ion  o l  

s&nr? ussociqted w i th :  exccsss porcwo ler  
( n )  previous l ~ n d s l i d c s  p r c s ~ u r t s  l o  s lcndy 
( b )  colluviurn sccpnge vnlues. 
( C )  p c r i g l ~ c i a l  sol i f l r rct ion 
( d )  other f reeze-t l isw Note thnt combinntions of A ,  -- 

processes n nnd (3 cnn occur n t  d i l f ~ r e n t  
( e )  tectonics timcs in  Ihc  snmc Innffslidc: 
( I )  l a t e , - ~ I  expnnsion fo r  exomplc, a p n r l  i c ~ ~ l n r l y  

dnr~gcrous typc o l  l i d c  is 
I n  lhese cnscs thc sol1 thot  in which long- lcrrn.  
fshr ic s r~r fnce  is l i i c l ~ l y  steady srepngc rondi t ionq ( C )  
or iented in the slip d i rec-  exist up to f n i l t ~ r e  brlt d ~ i r i n g  
l ion  and shenr strength fn i l r t r r  . undrninrd conditions 
pnrnmcters nre 41 or ( A )  npply;  l h n l  ic ,  n 
nbout residtrol va l r~cs .  droir~ed/u~tclrnir icd fn i lu rc .  

---A- 

Figure .3 Terminology used in  the rnorphometric 
c l a s s i f i c a t ~ o n  ( C r o z ~ c r  1973) 



l a n d s l i d e  and c r e e p  occurrence with t h e  mega--lineaments, f o r  example, j i )  the  

slow creep  of houses and l a n d s l i d e s  i n  Niyangandora, above Kotmale r e s e r v o i r ,  

and ( i i )  t h e  e x t e n s i v e  l a n d s l i d e s  i n  Loolkkandura and Medakumbura a r e a s  along 

the  150  km long Rangala-Kotmale-Hatton l ineament .  j P ig .  7 ) .  

Se i  amici ty  and Mic r o t  remors 

Sri Lanka i s  cons idered  t o  be an a r e a  of low s e i s m i c i t y .  However, t h e r e  have 

been 55 smal l  ear thquakes  from 1823 t o  1979, which have been f e l t  i n  s eve ra l  

l o c a l i t i e s  both i n  t he  h ighlands  and lowlands (Fernando and Kuiasinghe, 

1983). The a u t h o r  was inforriled du r ing  the  inspec t ior l  01' t he  l a n d s l i d e  a r e a s  

i n  Sp r ing  Valley E s t a t e  t h a t  a l o c a l  f r a c t u r e  developed i n  f ' i e iu  number b 

a f t e r  a  micro-tremor. L a t e r ,  t he  f r a c t u r e  developed i n t o  a  g u l l y .  

Another example could be seen i n  t h e  K i r k l e s  E s t a t e ,  L dapussellawa ( 3lg. 

9 & 1 0 ~ ) .  The ex tens ive  l a n d s l i d e  damaged a r e a s  ( F i g .  10a)  show t h a t  most of 

the bu i ld ings  e s p e c i a l l y  t h e  chimneys, have been sub jec t ed  t o  a c e r t a i n  amount 

of  v i b r a t i o n  be fo re  they co l l apsed  and before t he  ex t ens ive  l o c a l  f r a c t u r i n g  

took p l ace .  Th i s  f i e l d  evidence i s  noteworthy and i t  p o i n t s  out the  

importance of t e c t o n i c s  and microse isn i ic i ty  i n  the  tr2ggering of s lope 

movements. Up t o  now, t h i s  a s p e c t  of neo tec ton ic s  and micro-tremors a s  one of 

the c o n t r i b u t i n g  f a c t o r s  has  been neglec ted  i n  the  s tudy  o f  l a n d s l i d e s  i n  S r i  

La nka . 
Prevent ive  PIeasures 

No l a n d s l i d e s  occu r  w i t l ~ o u t  a warning, w i th  the  except ion  of s l i d e s  t r i gge red  

by ear thquakes  o r  by spontaneous l i q u e f a c t i o n  (Terzaghi  1 ) .  Hence sho r t  

and long moni tor ing  of  s lope  movements i s  a  p r e - r e q u i s i t e  f o r  m i t i g a t i n g  the 

l a n d s l i d e  a c t i v i t y  and hazard.  Terzaghi  (1950) has shown t h a t  the  foremost 

requirement f o r  s l i d e  prevent ion  i s  the a v a i l a b i l i t y  of  r e l i a b l e  informat ion  

on the  geologic  s t r u c t u r e  obta ined  by jaj a d e t a i l e d  g e o l o g i c a l  survey of the  

a f f e c t e d  a r e a ,  ( b )  geophys ica l  i n v e s t i g a t i o n s ,  ( c )  d r i l l i n g ,  and ( d )  a c l e a r  

understanding of t h e  p roces ses  which r:iny l ead  t o  ano the r  s lope  f a i l u r e .  These 

d a t a  w i l l  he lp  t o  t ake  the  necessary  measures requi red  " t o  make the  





s l i d e - p r o d u c i n g  p r o c e s s e s  as i n e f f e c t i v e  a s  p o s s i b l e " .  I n  a d d i t i o n  t o  t h e s e  

d a t a ,  measurement o f  s l o p e  a n g l e s ,  mappirg of overburden ,  and assessment  of 

i t s  geo t e c h n i c a l  p r o p e r t i e s  a r e  a l s o  n e c e s s a r y .  

T e r z a g h i  (1950)  h a s  l i s t e d  some of t h e  p r e v e n t i v e  measures .  'The p r e v e n t i v e  

measures  f a l l  i n t o  two c a t e g o r i e s  ( i )  s h o r t  term and ( i i )  long  terni. Snort 

terrn measures  i n c l u d e  (1) t h e  r e d u c t i o n  o f  t h e  p i e z o m e t r i c  s u r f a c e  behind the  

s l o p e  d u r i n g  heavy r a i n  s t o r m s ;  a s s o c i a t e d  w i t h  a  d i sp lacement  of a i r  by 

c g v e r i n g  t h e  exposed a r e a  beyond t h e  c r e s t  of t h e  s l o p e  w i t h  a l a y e r  o r  

l i n i n g  hav ing  a low p e r m e a b i l i t y ,  (ii) a v o i d i n g  t h e  fo rn ia t ion  of deep 

a h r i n k a g e  c r a c k s ,  by c o v e r i n g  t h e  s l o p e  w i t h  s o d s  o r  a t h i c k  l a y e r  of sand,  

(iii) e l e m i n a t i n g  t h e  d a n g e r  of spon taneous  l i q u e f a c t i o n ,  by compaction.  

Lolzg t e rm measures  i n c l u d e :  ( i )  a v o i d i n g  t h e  risk; o f  s l o p e  f a i l u r e  and flow 

i i n e s  . ~ t  t h e  f o o t  of t h e  s l o p e  a f t e r  r ~ p i d  drawdown, and c o v e r i n g  t h e  s l o p e  

w i t h  a n  i n v e r t e d  f i l t e r  of weight  s u f f i c i e n t  t o  c o u n t e r a c t  t h e  seepage 

p r e s s u r e  e x e r t e d  by t h e  p e r c o l a t i n g  w a t e r ;  ( ii) gauging t h e  pore-water 

p r e s s u r e ;  ( ii i) having  s t a n d a r d  o b s e r v a t i o n  w e l l s ;  ( i v )  l o c a t i n g  perched 

w a t e r - t a b l e s  ( v )  p e r i o d i c  g e o d e t i c  s u r v e y i n g  of r e f e r e n c e  p o i n t s  - bench 

marks;  and ( v i )  i n  a r e a s  prone t o  be f r e q u e n t  l a n d s l i d e s ,  i n s t a l l a t i o n  o f  

warning s i g n a l s .  

Occurrence of l a n d s l i d e s  i s  p a r t  of tlie n a t u r a l  morpl-lological e v o l u t i o n  of 

l ~ n d f o m s .  N e a r l y  b O  p e r  c e n t  o f  t h e  l andforms  i n  t h e  c e n t r a l  h i g h l a n d s  and 

up lands  of S r i  Lanka i s  t h e  r e s u l t  of s h a l l o w  and deep s l o p e  movements - 
l a n d s l i d e s ,  c r e e p  o r  slump ( V i t a n a g e ,  1970) .  T h e r e f o r e ,  i t  i s  no t  p o s s i b l e  t o  

p r e v e n t  c o m p l e t e l y  t h e  i n c i d e n c e  of every  t y p e  of' l a n d s l i d e .  A s  a p t l y  

commented by C r o z i e r  ( 1 9 8 6 ) ,  we have t o  l i v e  w i t h  l a n d s l i d e s .  liowever, i t  Is  

p o s s i b l e  t o  c o n t r o l  and m i t i g a t e  t h e  l a n d s l i d e  r e b a t e d  damage arid h a z a r d s .  

According t o  C r o z i e r  (1986), t h e  d i r e c t  o p t i o n s  of m i t i g a t i n g  t h e  l a n d s l i d e  

hazard i n c l u d e  ( i )  pernlanent avo idance  of u n s t a b l e  a r e a s  - u s u a l l y  a r c h i e v e c  
.. , . , by government l a n d  a c q u i s i t i o n ,  (2) t enporaqy  avo idance  of u n s t a b l e  a r e a s ,  ,,, 

r e s t r i c t e d  l and-use  a c t i v i t i e s ,  ( 4 )  I r , ~ p o s i t i o n  of b u i l d i r e  a e s i g n  





s t a n d a d s  e . g  v i b r a t i o ~ l  t o i e r a n c e ,  ( 5) p r e v e n t i o n  of p o t e n t i a l  Landslides by 

e n g i n e e r i n g  works o r  o t h e r  t r e a t m e n t ,  j 6 )  c o n t r o l  of l a n d s l i d e  a c t i v , t y ,  e .g .  

i n s t a l l a t i o n  o f  r o c k - f a l ~  c h u t e s ,  d e b r i s  run-out a r e a s ,  o r  t r e e  p l a n t i n g  t o  

reduce movement r a t e s ;  and (7'1 r e l i e f ,  compensat ion,  r e p a i r  and replacement  - 
by i n s u r a n c e  o r  government g r a n t s .  

Case H i s t o r i e s  of Soae l a n d s l i d e s  

A s  s t a t e u  e a r l i e r ,  i n  e a r l y  198b,  t h e  a u t h o r  i n s p e c t e d  s e v e r a l  l a n a s l l d e  

s f x e c t e d  a r e a s  i n  t h e  h i g h l a n d s  o f  S r i  Lanka ( F i g .  I )  The p r o b a b l e  c a u s e s  of 

t h e s e  s l o p e  f a i l u r e s  and t h e  p r e v e n t ~ v e  measures  recom~ended  a r e  g i v e n  In 

Table  3. 

deed f o r  Moni to r ing  o f  S l o p e  FIovements and L a n d s l i d e  Hazard Flapping .- 

,IF shown ;n t h e  p r e v i o u s  s e c t i o n  ( F i g .  8, 9810) ; ( T a b l e  3) on c a s e  h l s t o r z e s ,  

t h e  c a u s a l  f a c t o r s  i n f l u e n c e  l a n d s l i d e  a c t i v i t y  i n  a  more o r  l e s s  pred1ctab;e 

manner Foln t h i s  r e a s o n ,  i t  i s  p o s s i b l e  t o  i d e n t i f y  zones and c o n s t r u c t  maps 

showing d i f f e r e n t  p o t e n t l a 1  a r e a s  o f  landslide hazard and r i s k .  

According t o  C r o z i e r ,  t h e  p rocedure  o f  p r e p a r i n g  a  hazard  map i n v o l v e s  5 t a s k s  

1. I d e n t i f i c a t i o n  o f  i n t e r n a l  and e x t e r n a l  

d e s t a b i l i s i n g  f a c t o r s ;  

2. De t2mi : i a t ion  of t e r r a i n  s e n s i t i v i ~ y ;  

3. I n t e g r a t i o n  of 1 and 2 t o  produce a  measure of t h e  

p r o b a b i l i t y  o f  l a n d s l i d e  o c c u r r e n c e  ; 

4. An a s s e s s m e n t  o f  p o t e n t i a l  l a n d s l i d e  hazard  

5. S t a t e m e n t  on l a n d s l i d e  hazard r i s k  

L a n d s l i u ?  hazard  mapping 1s a  c o s t l y  and l o n g - t e r n  u n d e r t a k i n g .  But a  hazard 

nap w i l l  p r 2 v i d e  a  r e g i o n a l  a ssessment  o f  l a n d s l i d e  hazard  and r i s k  s u i t a b l e  

f o r  n a t i o n a l  p l a n n e r s ,  d e c i s i o n  makers i n  t h e  government,  
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There i s  a proposa l  by t h e  Nat iona l  B u i l d i n g  Hesearch Organizat ion t o  

undertake a  p i l o t  p r o j e c t  o f  hazard mapping of t h e  Obada Oya basin i n  the 

Udapussellawa a r e a  and l a t e r  t o  extend t h e  mapping on a d i s t r i c t  b a s i s  t o  

Badulla and Nuwara E l i y a  d i s t r i c t s .  This  mapping programme ~ i l i  be the f i r s t  

s c i e n t i f i c  approach t o  t he  r e c u r r e n t  problem of l a n d s l i d e s  i n  S r i  Lanka- Up 

t o  noi,?, t he  l e n d s l i d e  problem has  been g iven  ad-hoc t rea tment .  Mi t iga t ing  

measures are  o f t e n  implemented a f t e r  t h e  event .  Another important  proposal  i s  

t h e  P r e s i d e n t i a l  Land Commission recommends t i o n  o f  water managerne~t i n  the 

catchment a r e a s  of  t h e  r i v e r s  i n  S r i  Lanka. 
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STUDIES OF THE SLOPE SZ'ABILI'I'Y PROBLENS 11.I THE KOTMALE 
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A&? TKA CT 

The Kotmale v a l l e y  of S r i  Lanka, t h e  l o c a t i o n  of a  r e c e n t l y  completed major 

hydropower p r o j e c t ,  h a s  s e r i o u s  s t a b i l i t y  problems a r i s i n g  from widespread 

sheared  discontinuities and weak seams p a r a l l e l  t o  f o l i a t i o n ,  s t e e p  

topography,  v a l l e y  s l o p e s  c o n s i s t i n g  o f  t h i c k  d e p o s i t s  of co l luv ium and the  

k a r s t i c  p r o c e s s e s  i n  a  t h i c k  marble  bed. A number of major  lineaments 

( f a u l t s )  and a s s o c i a t e d  j o i n t  s y s t e m s  a l s o  i n f l u e n c e  s l o p e  f o n n ,  s t a b l ; l t ? ~  ana 

e r o s i o n a l  a c t i v i t y  t h r o u g h o u t  t h e  a r e a .  A s  t h e  r e s e r v o i r  f i l l e d ,  r e a c t l ~ a t l o r ~  

of o l d  l a n d s l i d e s  o f  t h e  c o l l u v i a l  masses  w a s  observed and r o c k  f a l l s  a l o r y  

t h e  h i g h  c l i f f s  are a n t i c i p a t e d .  F u r t h e r  k a r s t i c  a c t i o n  i n  t h e  marble  couir: 

have a d v e r s e  e f f e c t s  on t h e  s t a b i l i t y  of t h e  r e s e r v o i r  f l a n k s  but 1s 

-ons idered  a  remote  p o s s i b i l i t y .  

lMTRODUCT I O N  

The c o n s t r u c t i o n  of a  90 n hlgh c o n c r e t e  f a c e d  r o c k f i l l  dam on t h e  Kotmale 

r i v e r  i n  c e n t r a l  S r i  L a n k  h a s  been completed r e c e n t l y  as p a r t  of t h e  

"FIahaweli I r r i g a t i o n  and Hydropower Sclieme" . The K o t n a l e  a r e a  i s  infamous f o r  

l a n d s l i d e s ,  b o t h  a n c i e n t  and r e c e n t ,  as w a s  r ecognised  a t  t h e  o u t s e t  of t h e  

p r o j e c t  . 



4s c a n s t r u c t l o n  began, 9 g e o n o r p h o l o g l c a ~  survey  was carri2ci  od-ic, t o  d s s e s s  t h e  

v o t e n t ~ a i  h a z a r d s  01 1ancisl:ill:q ;ri t h e  p r o j e c t  arc.3, A 1 1  p o t e n t l a l  

I a n d s l l d e s  were l d e n t i f  l e a ,  including one on t h e  ,eft abutment w2licl1 

necessitated a change of the  site t c  a l o c a t l o n  approx imate ly  rOG m 

rlownstrean. 

Subsequent investigations d u r l n g  t h e  c o n s t r u c t i o n  perloci r e v e a l e d  s p e c l f l c  

c l - l a r a c t e r a s t l c s  of t h e  s t a b i l i t y  problems prede te rmined  by t h e  g e o l o g i c a l  an@ 

tec ton ic :  f e a t u r e s  of t h e  a r e a ;  f o r e n o s t  o f  t h e s e  being t h e  p resence  a: 

f o l i a t i o n  s h e a r s  allti k a r s t l c  p r o c e s s e s  i n  a marble  bed. 

GEOLOGY 

The p r o j e c t  a r e a  i s  underlain by Precambrian netamorpli ic r o c ~ s  of t h e  Highland 

Series of S r l  Lanka, wkucli have undergone s e v e r a l  e p i s o d e s  of metamorphism and 

deformat ion .  

?lediuc: g r a i n e d  i n t e r m e d i a t e  c h a r r l o c k i t i c  g n e i s s  w i t h  occas io r la l  a c i d i c  o r  

b a s i c  bands i s  t h e  predominant, rock  i n  t h e  a r e a .  Other- major  rock types  

p r e s e n t  a r e  q u a r t z i t e  and marble .  C a l c i c  p e g m a t i t e  o c c u r s  a s  a minor t y p e ,  

con ta ined  i n  t h e  c h a r n o c k i t i e s ,  b u t  some bands a r e  found t o  be c o n t i n u o u s  f o r  

c o n s i d e r a b l e  l e n g t h s .  Among t h e  rock  g r o u p s ,  t h e  p resence  o f  c a r b o n a t e  rock 

(marb le )  , -which i s  o v e r l a i n  by c h a r r l o c k i t e s  and q u a r t z i t e ,  w a s  c o n s i d e r e d  very 

s i g n i f i c a n t  a s  i t  h a s  a ?ronounceti e f f e c t  011 t h e  morphology of t h e  a r e a .  

?!he Kotmule r i v e r  m l l e y ,  narrow anti V-shaped , broadens  i n t o  an  a lmost  

c i r c u l a r  a n p h i t h e a t r e - l i k e  form,  surrourlded by nearby v e r t i c a l  c l i f f s .  Th i s  

i s  b e l i e v e d  t o  be t h e  r e s u l t  of a c c e i e r a t e d  e r o s i o n  o f  t h e  i:iarble bed w h c h  is 

t y p i c a l  of t h a t  u n d e r l a i n  by marble  17 o t h e r  hlgli iand tirsas of S r i  Lanka- 



'.?he a r e ?  had been sub jec tec '  t o  f a l r l y  open f o l d l n g ,  l n t o  a n t i f o r m s  and 

synforms s t r i k i n g  n o r t h w e s t .  The r e s e r v o i r  v a l l e y  was eroded on a  nor th-west  

p lung ing  a n t i c l i n o r i u r n ,  where t h e  f o l i a t i o n  h a s  a g e n t l e  d i p  ( a b o u t  1 5  

d e g r e e s )  a p p r o x i m a t e l y  downstream i n  t h e  dam a r e a .  

S e v e r a l  i m p o r t a n t  s t r o n g  l i n e a m e n t s  s t r i h n g  approx imate ly  NMi-SSW and Nh-SL 

c o n t r o l   he a l i g n u e n t s  o f  t h e  Kotmale r i v e r  and i t s  t r i b u t a r i e s  as r e f l e c t e d  

by t h e i r  s t r a i g h t  c o u r s e s  and a n g u l a r  bends. Underground e x c a v a t i o n s  r e v e a l e d  

t h a t  t h e s e  were e i t h e r  s u b v e r t i c a l  f a u l t s  o r  s h e a r  zones  (na r row and a l t e r e d  

a lmost  t o  c l a y ,  even  a t  g r e a t  d e p t h s ) ,  

The most i m p o r t a n t  f e a t u r e  f o r  t h e  e v a l u a t i o n  of t h e  e n g i n e e r i n g  and 

r7eo log lca l  c o r l d i t i o n s  o f  t h e  a r e a ,  a p a r t  from t h e  p r e s e n c e  o f  a  t h i c k  m a r t l e  

bed, was t h e  o c c u r r e n c e  of s h e a r e d  and s l i c k e n s i d e d  d i s c o n t i n u i t i e s  p a r a ~ i e -  

t o  E o l l a t l o n .  They were c o n s i d e r e d  t o  be t h e  o r i g i n  o f  most o f  the  s l l d e s  OE 

t h e  a r e a  and posed many problems i n  t h e  d e s i g n  of t h e  dam and o t h e r  s u r f a c s  

and underground e x c a v a t i o n s  l n v o l v e d  i n  t h e  p r o j e c t .  

POLIATION SHEARS 

Shear  zones  p a r a l l e l  t o  f o l i a t i o n  a r e  p a r t i c u l a r y  p r e v a l e n t  i n  metamorphic 

rocks  ( ~ e e r e  1973) R e l a t i v e l y  weak, t h i n  micaceous and f e l d s p a t h i c  bands,  

formed by metamorphic d i f f e r e n t i a t i o n  were found. i n  t h e  c4 ia rnock i t i c  g n e i s s e s  

of t h e  Kotmale a r e a .  Y o l i a t i o n  s h e a r s  were t h e  r e s u l t  of d i f f e r e n t i a l  

movement a l o n g  t h e s e  weak l a y e r s  o r  o t h e r  i n h e r e r l t  weaknesses o f  t h e  rock  mass 

d u r i n g  f 'oldi.ng ( C a s i n a d e r  1%0!. A s  t h e  r o c k s  i n  t h e  p r o j e c t  a r e a  were f o l d e d  

i n t o  a b road ,  open anticline i t  was i n f e r r e d  t h a t  t h e s e  s h e a r s  would be 

c o n t i n u o u s  o v e r  c o n s i d e r a b l e  d i s t a n c e s ,  which w a s  l a t e r  conf  i m e d  i n  t h e  

s u r f a c e  and underground e x c a v a t i o n s .  The n i c a c e o u s  o r  f e l d s p a t h i c  hands ,  



along w h c h  shearing had occurred ,  had undergone vary ing  degrees o f  
weathering; some o f t e n  a l t e r e d  .to c layey  seams, 

F ig .  1 l i a jo r  g e o l o g i c a l  and s t rue  t u r a l  f e a t u r e s  of t h e  Kotmale Reservoi r  a r e a  

SHEAR STREW TI1 

A number of l abo ra to ry  and lrl-site -1 rec t  shea r  bes t s  conducted on t he  

f o l i a t i o n  s h e a r s  of  the dam foundat lor  and parameters  obtained by bEck 

a n a l y s i s  of c e r t a i n  s l i d e s  on some of ,hese zones l n d l c a t e   hat most f o l l a t l o n  

sheafs are a t  t h e i r  r e s i d u a l  shea r  s t r e v ,  Lh lo r responding  t o  such low values 

as cI-0 and 6 = 4r = 12'-15'. The dam des lgne  and s lope  s t a b l i s a t l o n  works 

were b a s e d o n  these pa r tme te r s .  This  1s l ~ e l l  x l lus -" ra ted  by the common 

occurrence of  s l i d e s  down d ip - -o l7e r - fo l l a t l on  shea r s  ln t h e  h l l l  s lopes  of 

Rotmale area. Daylighting f o l l a t l o n  s h e a r s  ~ f t e n  caused stability problems In 

t he  numerous excavat ions  of the  p-o j e c  t . 



STABILITY PktOBLENS 

I n  a broad s c a l e ,  the s t a b i l i t y  problems of t h e  Kotmale P r o j e c t  a r e a  -<ere  

a t t r i b u t e d  t o  t h e  d i f f e r e n t i a l  weathering and s o l u t i o n  e f f e c t s  o" tile 

c a r b o n a t e  r o c k s  ( m a r b l e  and c a l c i c  p e g m a t i t e )  and t h e  wlde s p r e a c  J c c u r r e n c e  

o f  f o l i a t i o n  s h e a r s .  

M a r s t i c  proczsses i n  PIarble 

The marble  bed r u n n i n g  below t h e  dam and around t h e  reservoir a r e a  has a p l n c t  

and s w e l l  n a t u r e .  Even w i t h i n  t h e  dan  a r e a  i t s  t h i c k n e s s  v a r i e s  from b C  t o  

130 m ,  d e c r e a s i n g  t o  20 m f o u r  k i l o m e t r e s  ups t ream on t h e  r i g h t  bank. 

J r i l l i n g  d a t a  r e v e a l e d  t h a t  marble  c o n t a c t s  were g e n e r a l l y  h i g h l y  weathered o r  

s o l u t i o n - p i t t e d .  Ground w a t e r  movement was o f t e n  s e e n  a t  t h e  upper h o r l z o n  

(CCTV inspection) and k a r s t  development i s  advanced.  

Slunp b l o c k s  and s e t t l e d  r o c k  u n i t s  a t  2 Am and 4 .5  Am on t h e  l e f t  bank c l i f f s  

i n d i c a t e  ongoing s o l u t i o n  of marb le .  One such m a j o r  p o t e n t i a l  s i i d e  was 

i d e n t i f i e d  i n  t h e  i n i t i a l  g e o n o r p h o l o g i c a l  s u r v e y ,  abou t  4 .5  km upstream o : ~  

t h e  l e f t  bank. Here g r a b e n  l i k e  deep open c r a c k s  had formed i n  t h e  r e a r  p a r t  

o f  a p r o t r u d i n g  b l u f f  e s c a r p  ( P i g .  2 ) .  E i t h e r  s i d e  of t h e  b l u f f  was markea 

b y  p r e v i o u s  l a n d s l i a e  a c t i v i t y .  

These f r a c t u r e s  were s v b p a r a l l e l  t o  a major  lineament of  t h e  a r e a  The nearby 

h o r i z o n t a l  f o l i a t i o n  i n d i c a t e s  t h a t  s o l u t ~ o n  of t h e  u n d e r l y i n g  marble i s  one 

p o s s i b l e  way i n  which t h e  deep open f l s s u r e s  form. This f i s s u r e  i s  l i k e l y  t c  

f a i l  with t h e  s l i g h t e s t  d i s t u r b a n c e  but i s  t o o  f a r  from t h e  r e s e r v o i r  edge t o  

cause  a d e s t r u c t i v e  wave, and i s  being moni tored p e r i o d i c a l l y  by g e o d e t l c  

surveying. 



--- -- _ S lope S t a S i l ,  t;~ 'in t he '  Kotmzle Area 

F i g  2. P o t e n t i a l  s l i d e  formed by marble s o l u t i o n  

Although t h e r e  1s very ~ l t t l e  evldence f o r  on-golng canbemng of the r e s e r v o l r  

c l i f f s ,  ron t inued  s o l u t i o n  of t h e  marble would have an adverse e f f e c t  on the 

stability of the  v a l l e y  f l a n k s .  Changes I n  s o l u t i o n  uctlv1t.r a f t e r  lmpound~ng 

of t h e  r e s e r v o l r  could  be impor tan t .  S o l u t l o n  a c t i v l t y  cabld extend f u r t h e r  

i n t o  the v a l l e y  f l a n k s  n t h  the  r a l s e d  water  t a b l e ,  as the  marble bed ,s 

e leva ted  upstream. 

Another p o s s i b i l i t y  i s  s o l u t l o n  by t r a n s b a s l n  leakage.  Contlnul ty of the 

marble b e d  on the  r i g h t  b a ~ k  i s  established t o  an  adjoining v a l l e y  about 7 km 

away, towards north.  There e x l s t s  a hydrau l i c  g r a d l e n t  about 1:100-150 

betweer the two v a l l e y s .  I n  the i n t e r b a s l n  a r e a  the marble bed lies beneath a 

s u b s t a n t i a l  cover  of rock ,  and the  degree of s o l u t i o n  t h e r e  could be 

considered minimal o r  non-exls t e n t .  Theref o re  t r a n s b a s i n  leakage 1s 

consider3d a remote p a s s l b i l l t y  and f u r t h e r  s o l u t i o n  of marble i n  t h l s  was 

not a n t i z i p a t e d .  



COLLUVTKL SLOPE DEVEL OPMWJT 

Worphology of t h e  Kotmale V a l l e y  w a s  marked by t h e  s t e e p  c l i f f s  bounding t he  

r e s e r v o i r  a r e a .  The c l i f f s  have g e n t l e  f o o t  s l o p e s  f o r n e a  by col luvium and 

d e b r i s  d e r i v e d  from t h e  high c l i f f s  and ups lope  s o u r c e s  by v a r i o u s  mass 

was t ing  p r o c e s s e s  i n  which rnarble s o l u t i o n  p l a y s  a key ro;e. iiere c o i l u v i a i  

s l o p e  development had advanced t o  such  a n  e x t e n t  t h a t  t h e  whole r e s e r v o i r  bed 

i s  a complex mass o f  c o l l u v i u m ,  shown by d r i l l i n g  t o  be up t o  100 n t h i c k  i t 1  

p l a c e % ,  

LANDSLIDEL I N  COLLUVIUM 

S low d o w n h i l l  c r e e p  of t h e  e n t i r e  s l o p e  s e c t i o n  has  c r e a t e d  'hummocky' 

ground. As most o f  t h e s e  s c r e e  s l o p e s  have been used f o r  paddy cultivation 

(which r e q u i r e s  ponding o f  w a t e r )  a  h i g h  s t a t e  of s a t u r a t i o n  of t h e  m a t e r i a i  

e x i s t s  niost o f  t h e  t i m e ,  i n c r e a s i n g  t h e  p o t e n t i a l  f o r  s l i d i n g .  

I n  t h e  development of c o l l u v i a i  s l o p e ,  e q u i l i b r i u t l  of  accumula t ing  masses 

could  be a f f e c t e d  by i n t e r n a l  f a c t o r s  such  a s  i n c r e a s e d  pore  p r e s s u r e s  o r  by 

e x t e r n a l  f a c t o r s  such  a s  o v e r l o a d i n g  by a d d i t i o n a l  accun lu la t ion  o f  col luvium 

moving downslope o r  removal of tow s u p p o r t  by e r o s i o n  (Gray B Gardner i 9 7 7 ) .  

These r e a s o n s  were t r u e  f o r  Kotmale c o l l u v i a l  s l o p e s  where l a n d s l i d i n g  had 

been observed  d u r i n g  and a f t e r  p e r i o d s  o f  high p r e c i p i t a t i o n ,  

Some s l i p s  on t h e s e  s l o p e s  had developed a t  t h e  w a t e r ' s  edge ,  being p a r t l y  

sukznerged a f t e r  impounding of t h e  r e s e r v o i r .  The r e d u c t i o n  o f  s h e a r  s t r e n g t h  



of t h e  submerged m a t e r i a l  and t h e  e f f e c t s  of t h e  r i s i n g  water t a b l e  p o s s i b l y  

caused this. More s l i d e s  o f  t h i s  n a t u r e  cou ld  be expec ted  on t h e  r e s e r v o i r  

banks, e s p e c i a l l y  a t  a draw-down. However, t h e s e  a r e  n o t  corlsidered l.iazardous 

t o  t h e  r e s e r v o i r .  

CLIFF STABILITY 

Ikst of t h e  p o t e n t i a l  major  l a n d s l i d e s  were conf ined  t o  t h e  s t e e p  

escarpments .  A c c e l e r a t e d  w e a t h e r i n g  and e r o s i o n  a l o n g  t h e  major  l ineaments  

and f r a c t u r e  zones  p a r a l l e l  t o  them had imposed a breached appearence  on t h e  

c l i f f s ,  forming a s e r i e s  o f  p r o t r u d i n g  s e c t i o n s  marked by deep g u l l y  

i n d e n t a t i o n s  as shown i n  Fig. 3. 

Fig. 3 A v iew of' t h e  l e f t  bank c l i f f  

The l e f t  bank c l i f f s  were a c c e n t u a t e d  by t h e  p a r t i a l  d r o n i n g  of a  s e c t i o n  

(approx imate ly  t h e  f i r s t  km from t h e  d m ) ,  i n  view of  p o t e n t i a l  s l i d e s  which 

could  gexierate a s i g n i f i c a n t  wave. There seems t o  be no d a n g e r  on t h e  r i g h t  

bank as t h e  m a j o r i t y  of t h e  c l i f f s  were a s a f e r  d i s t a n c e  away from t h e  r e s e r v o i r  



edge.  P o t e n t i a l  i n s t a b i l i t i e s  on t h e  upper  p a r t s  o f  t h e  c l i f f s  i n c l u d i n g  

t o p p l e s ,  rock  f a l l s ,  r o c k  s l i d e s  and a s s o c i a t e d  o v e r  burden f a i l u r e s  could  be 

a t t r i b u t e d  m a l n l y  t o  unfavourab ly  o r i e n t e d  j o i n t  s e t s .  

Apart  from t h e  f o l i a t i o n  j o i n t s ,  two o t h e r  major  s u b v e r t i c a l  j o i n t  sys tems ,  

approx imate ly  p e r p e n d i c u l a r  t o  each  o t h e r ,  u s u a l l y  o c c u r  as con juga te  p a i r s .  

One system was p a r a l l e l  t o  t h e  m a j o r  l ineament  d i r e c t i o n  w i t h  a s t r i k e  o f  lul - 
0 0 

1 0  and t h e  o t h e r  s u b - p a r a l l e l  t o  t h e  c l i f f  f a c e s ,  s t r i k e  80' - 110 . Some of 

t h e s e  and most o f  t h e  s t r e s s  r e l e a s e  j o i n t s  formed by t h e  e r o s i o n a l  un load ing  

had d i p s  towards  t h e  r i v e r  forniing p o t e n t i a l  f a i l u r e  pla l les  ( P i g .  4 ) .  Minor 

t o  moderate  r o c k  f a l l s  and s l i d e s  on t h e  u p p e r  p a r t s  of the  c l i f f s  were 

expec ted  t o  o c c u r  t h i s  way w i t h  h i g h  p r e c i p i t a t i o n .  

- 

F i g .  4 T y p i c a l  d iagram o f  hotmale  l e f t  barik c l i f f  

MAJOR SLIDES ON FOLIATION SHEARS 

The g e o l o g i c a l  c o n d i t i o n s  o f  t h e  r e s e r v o i r  c l i f f s  sugges ted  t h a t  t h e  most 

s i g n i f i c a n t  way a  major  i n s t a b i l i t y  could  o c c u r  i s  by a  l a r g e  m a s s  moving on a 



deep s e a t e d  f o l i a t i o n  s h e a r  o r  a  comple te ly  weathered band ( w i t h  t h e  p o s s i b l e  
\ 

e x c e p t i o n  o f  s o l u t i o n  e f f e c t s  of t h e  m a r b l e ) .  Th i s  i s  p o s s i b l e  i n  two ways, 

by f o l i a t i o n  s h e a r s  o r  c l i f f s ,  o r  on t h e  c l i f f  f a c e  ~ t s e l f ,  due t o  l o c a l  

f l e x u r i n g  ( l o c a l  f l e x u r e s  were commonly observed on t h e  darn f o u n d a t i o n ) .  

One good exaraple f o r  t h i s  k i n d  of s l i d i n g  i s  t h e  l e f t  abutment o f  t h e  o r i g i n a l  

dam s i t e .  It w a s  b e l i e v e d  t o  have moved o r  s e t t l e d  e n  masse on a deep sea ted  

comple te ly  wea thered  c a l c i c  p e g m a t i t i c  band, which had a n  unfavourab le  d i p  

component towards  t h e  r i v e r .  Even though t h e r e  w a s  l i t t l e  ev idence  f o r  open 

f i s s u r e s  a t  t h e  back of t h e  s l i d e ,  e x c e p t  a  sheared  s u b v e r t i c a l  j o i n t  (found 

i n  a n  e x p l o r a t o r y  a d i t ) ,  i n v e s t i g a t i o n  d r i l l i n g s  r e v e a l e d  a v e r y  h i g h  degree  

of f r a c t u r i n g  o f  t h e  rock  mass i n d i c a t i v e  of d i s t u r b a n c e .  E x t e n s i v e  anchor 

s u p p o r t  w a s  p rov ided  i n  t h e  p l i n t h  a r e a  a s  t h i s  weathered l a y e r  was found t o  

be c o n t i n u o u s  u n d e r  t h e  dam. 

Geolog ica l  s u r v e y s  of t h e  p r o t r u d i n g  c l i f f  s e c t i o n s  o f  t h e  l e f t  bank revea led  
0 

t h a t  t h e  f o l i a t i o n  d i p s  7 - 10' i n t o  t h e  h i l l s i d e ,  t h e  a p p a r e n t  d i p  towards 

t h e  deep f r a c t u r e s  be ing  a b o u t  5'. Even though h i g h  p o r e  p r e s s u r e s  could 

develop on t h e  p o t e n t i a l  f a i l u r e  s u r f a c e s  due t o  t h e  downing by t h e  r e s e r v o i r ,  

i t  i s  a n t i c i p a t e d  t h a t  f a i l u e  by t h i s  rilode would n o t  o c c u r  as t h e  d i p s  a r e  

low.. These s e c t i o n s  a r e  p e r i o d i c a l l y  moni tored by g e o d e t i c  su rvey ing  and 

t e r r e s t r i a l  photogrammetry.  

A c c e l e r a t e d  w e a t h e r i n g  and e r o s i o n  o f  t h e  f r a c t u r e  zones  w h c h  had r e s u l t e d  i n  

t h e  f o r m a t i o n  o f  deep g u l l i e s  on t h e  c l i f f  f a c e  had i n  t u r n  developed l a r g e  

outwash f a n s  a t  t h e  b a s e s  o f  t h e  g u l l i e s .  ~t w a s  observed t h a t  t h e s e  were 

s u b j e c t e d  t o  p e r i o d i c  s lumping,  however,  w i t h o u t  any d i s a s t r o u s  e f f e c t s .  



C O N C L U S I O N S  

1. F o l i a t i o n  s h e a r s  and marble  s o l u t i o n  were t h e  main c a u s e s  of l a n u s l i d e s  i n  

Kotmale a r e a .  

2. 'ri'urther k a r s t i c  s o l u t i o n  i n  t h e  marble bed would be a  major  hazard ,  b u t  i s  

. cons idered  a  remote p o s s i b i l i t y .  

3- R e v i v a l  o f  t h e  o l d  s l i d e s  and development of new s l i d e s  were observed on 

t h e  c o l l u v i a l  s l o p e s  a f t e r  impoundment. Th i s  i s  n o t  cons idered  a s  a 

s e r i o u s  problem. 

4. E 'u r the r  b e h a v i o u r  o f  t h e  more i m p r e s s i v e  c l i f f  s e c t i o r l s  i s  d i f f i c u l t  t o  

p r e d i c t .  C e r t a i n  a r e a s  o f  t h e  l e f t  bank c l i f f s  a r e  p o t e n t i a l l y  dangerous  

and could  c r e a t e  l a r g e  waves t h a t  cou ld  o v e r t o p  t h e  dam. This  f a c t  had 

been t a k e n  i n t o  a c c o u n t  i n  t h e  dam d e s i g n  and a  wave w a l l  and a  l a r g e  

c a p a c i t y  bot tom o u t l e t  had been c o n s t r u c t e d  e s p e c i a l l y  t o  c o n t r o l  t h e  

f i r s t  impounding. 

5. U n s t a b l e  s e c t i o n s  a r e  b e i n g  moni tored p e r i o d i c a l l y  by g e o d e t i c  s u r v e y i n g  

and t e r r e s t r i a l  photogrammetry. So f a r  t h e r e  had been no s i g n s  o f  

movement which i s  a very encourag ing  s i g n .  



THE' GEOLOGICAL ASPECII'S OF LAIIDSLIDES 

Geological  Survey Department, Colombo 

D.E. d e  S.  Jayawardena 

The term ' l a n d s l i d e s  has  been used f o r  movement of e a r t h  s t r a t a  and rocks due 

t o  s lope  f a i l u r e  dur ing  pe r iods  of excess ive  p r e c l p l t a t i o n .  It has been 

observed t h a t  t h e  znci&ence of l a n d s l i d e s  has  increased d u l l %  the  pas t  few 

yea r s  s p e c i a l l y  i n  the  h i l l  count ry  and t h e  Kalu tara  d i s t r i c t ,  Dun% 

January, 1986, a number of l a n d s l i d e s  occurred i n  t he  Nuwara E l l y a  and Badulla 

d i s t n c t s  w l t h  s e r i o u s  6 e s t r u c t i o n  t o  p rope r ty ,  and many human l l v e s  .;ere 

l o s t .  The c a t a s t i o p h e  a t t r a c t e d  t h e  attention of va r ious  government agencles  

and vo lun ta ry  o r g a n i z a t i o n s ,  and s t e p s  were taken t o  evacuate  people from 

danger a r e a s  and accommodate t hen  temporarily i n  school  bu l ld lngs  and 
abandoned t ed  f a c t o r l 3 s .  

The Geological  S u n e y  Department was c a l l e d  upon t o  undertake rapid 

r econna i s sa~ tce  surveys with the  main  o b j e c t i v e  of advising the var ious  

government agenc ie s  on evacuat ion  of people from danger zones Dunng the  

course of t hese  ~ n v e s t i g a t i o n s ,  t h e  g e o l o g i s t s  observed t h a t  nos t  of the 

l a n d s l i d e s  had o r i g i n a t e d  a t  h i g h e r  e l e v a t i o n  along s t e e p  h i l l  s l opes ,  
0 

s p e c i a l l y  s l o p e s  o v e r  40 i n  g r a d i e n t .  ?lost of t hese  a r e a s  were I n  c u l t i v a t e d  

land and the main c m p s  on such s t e e p  h l l l  s l opes  were vegetab les  and chena 

crops. I n  a  few i n s t a n c e s  t h e  l ands  had been c l ea red  f o r  tobacco c u l t i v a t i o n .  

The main cause of such s lope  f a i l u r e  t r i g g e r i n g  l a n d s l i d e s  i s  excess ive  

p r e c i p i t a t i o n .  The o t h e r  c o n t r i b u t o r y  f a c t o r s  a r e  t h e  geo log ica l  s t r u c t u r e ,  

rock types  and bad land use .  There a r e  no p r a c t i c a l  remedial measures t o  

s t a b i l i s e  s l o p e s  t h a t  a r e  s t r u c t u r a l l y  weak and such a c t i v i t y  involves  heavy 

expendi ture ,  During t h e  course  of i n v e s t i g a t i o n s ,  g e o l o g i s t s  have observed 

t h a t  s l o p e  f a i l u r e s  could be avoided i f  p roper  land use  p r a c t i c e s  were 

followed by l r i l l a g e r s ,  Most of the  r ecen t  l a n d s l i d e s  s p e c i a l l y  i n  the 

Maturata a r e a  have been caused by t h e  d i s tu rbance  o f  t h e  top  s o i l  a long s t eep  



s l o p e s .  Once t h e  v e g e t a t i v e  c o v e r  a l o n g  s t e e p  s l o p e s  i s  removed, r a in -wate r  

t e n d s  t o  p e r c o l a t e  th rough  t h e  s o f t  s o i l  t o  t h e  r o c k / s o i l  i n t e r f a c e  and,  due 

t o  t h e  l u b r i c a t i o n ,  g i v e s  r i s e  t o  s l o p e  f a i l u r e s .  The rock  b o u l d e r s  t h a t  r e s t  
\ 

on t h e  t o p  s o i l  a l o n g  s u c h s l o p e s  g e t  d i s l o d g e d  and move downslope d e v a s t a t i n g  

p r o p e r t y  a l o n g  i t s  p a t h .  S o i l  c r e e p  a l s o  c a u s e s  t h e  s low movement of d e b r l s  

a l o n g  s l o p e s .  Such a  movement w a s  s e e n  n e a r  t h e  Mulha lke l l e  government 

h o s p i ~ a l ,  ana t h e  d i s p e n s a r y  which w a s  on t h e  p a t h  o f  t i l l s  s o i l  c r e e p  was 

comple te iy  deu t royed  . 

The map d i s p l a y e d  c l e a r l y  i n d i c a t e  t h a t  t h e  i n c i d e n c e  o f  i a n d s l i d e s  has  

i n c r e a s e d  o v e r  t h e  p a s t  10 y e a r s  i n  t h e  Kandy, Nuwaru E l i y a ,  Badul la  and 

Xatnapura  d i s t r i c t s .  I t  w a s  a l s o  observed t h a t  s e r i o u s  l a n d s l i d e s  occur red  

f o r  t h e  f irst  t i m e  i n  t h e  K a l u t a r a  d i s t r i c t  i n  1984, ana t h e  cause o f  such 

movement w a s  due T O  t h e  u p r o o t i n g  o f  o l d  r u b b e r  t r e e s .  

There a r e  no d i r e c t  s c i e n t l f  i c  methods f o r  p r e d i c t i n g  l a n d s l i d e s .  However, 

t h e  p r e s e n c e  of s o l 1  ? r a c k s  a t  h i g h e r  e l e v a t i o n s ,  t h e  sudden appearance a t  t h e  

v a l l e y  bottoms of  t u r b i d i t y  of w e l l  w a t e r s  due t o  t h e  p e r c o l a t i o n  of 

sed iments ,  and t h e  u n u s u a l  behav iour  of a n i m a l s  cou ld  s i g n a l  t h e  t r i g g e r i n g  of 

maLor l a n d s l i d e s .  

I n  o r d e r  t o  minimise  t h e  d a n g e r s  caused by l a n d s l i d e s ,  v i l l a g e r s  have t o  be 

educated i n  land-use  p r a c t i c e s ,  and t h e  c u l t i v a i o n  of c r o p s  a t  h i g h e r  

e l e v a t i o n s  s h o u l d  be avo ided .  V i l l a g e r s  shouid  also be g i v e n  i n s t r u c t i o n s  t o  

e v a c u a t e  from d a l g e r  a r e a s  d u r i n g  p e r i o d s  of e x c e s s i v e  p r e c i p i t a t i o n  and 

s p e c i a l l y  when t h e  s i g n s  s t a t e d  above a r e  n o t i c e d .  
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