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PREFACE

This i s  tk e  f o u r t h  of  a s e r i e s  of r e p o r t s  to  the E a te r  
Research Foundation o f  A u s t r a l i a  Limited on an in v e s t i g a t i o n  
in to  the  use  of p l a s t i c  f i lm s  f o r  seepage con tro l  in  farm dams 
and small r e se rv o i r s*

This r e sea rch  programme was commenced e a r ly  in  1957 and 
was s u b s t a n t i a l l y  completed in  1961. Some handling  t e s t s  and 
long term d u r a b i l i t y  t r i a l s  are  continuing*

The in v e s t i g a t i o n  was supported hy g ran ts  from the E ater  
Research Foundation of  A u s t r a l i a  Limited,  which were made poss ib le  
through the  generous i ty  o f  Imperia l  Chemical I n d u s t r i e s  o f  Aust
r a l i a  and Rev? Zealand Ltd* I t  was i n i t i a t e d  by P rofesso r  J*P. 
Baxter ,  Vice-Chancellor of  the  U n ive rs i ty  of  Hew South Rales#

This study of  wind damage was made poss ib le  through 
the  co-opera t ion  and keen i n t e r e s t  of  Mr* A,J* Eorrex o f  North 
Richmond, N,S*Ei Valuable a s s i s t a n c e  was a lso  provided by 
o f f i c e r s  o f  I ,C . I ,A ,N ,Z .  L td . ,  and P l a s t a lo n  Ltd*

Laboratory s tu d ie s  i n  connection with  the  p l a s t i c  
membrane r e sea rch  programme were made a t  the  Rater  Research 
Laboratory ,  Manly Vale, N. S.E, The programme i s  under the 
d i r e c t i o n  of  Mr* J .R ,B urton  o f  the  Labora tory Research s t a f f .

H,R* V a l len t ine ,
Assoc, P ro fessor  of  C iv i l  Engineering 
O ff ice r  i n  Charge of  the  E a te r  

Research Laboratory,

January 1962
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1 . INTRODUCTI  ON

Tho f i r s t  p o l y t h e n e  dam l i n e r  t o  bu used i n  A u s t r a l i a  
was i n s t a l l e d  i n  a r e s e r v o i r  a t  C h a r l t o n ,  V i c t o r i a ,  i n  1955*
T h is  membrane was b u r i e d  under  4-*6 i n c h e s  of  sandy  s o i l ,  a n d ,  
w h i l s t  t h e  p r o j e c t  was no t  s u c c e s s f u l  b e c a u se  of  an i n a d e q u a t e  
j o i n t i n g  t e c h n i q u e ,  t h e  p l a s t i c  m a t e r i a l  i t s e l f  a p p e a r s  to  
have s a t i s f a c t o r i l y  w i t h s t o o d  m e c h a n ic a l  damage f rom  wind ,  
t r a f f i c ,  wave a c t i o n  o r  s t r e s s  c o n c e n t r a t i o n *  F o l l o w i n g  the 
development  o f  s u c c e s s f u l  h e a t - s e a l i n g  methods by I#C *I» ,  
and P l a s t a l o n  L td # ,  s e v e r a l  dams were l i n e d  w i t h  p r e f a b r i c a t e d  
h e a t - s e a l e d  membranes d u r in g  l a t e  1957 and i n  1958, and i t  i s  
r e p o r t e d  t h a t  a t o t a l  o f  a b o u t  2 0  dams and t a n k s  have been  
t r e a t e d  i n  t h i s  way. So f a r  a s  i s  known none o f  t h e s e  l i n e r s  
h a s  b e e n  b u r i e d ,  and i t  has  g e n e r a l l y  been h e ld  t h a t  such 
p r o t e c t i o n  i s  not  e s s e n t i a l .

R e s e a r c h  i n t o  t h e  p o s s i b l e  l i f e - e x p e c t a n c y  of  p l a s t i c  
membranes h as  b e e n  c o n ce rn e d  p r i n c i p a l l y  w i t h  th e  e f f e c t s  o f  
u l t r a - v i o l e t  o x i d a t i o n  and w e a t h e r i n g  and w i t h  b i o l o g i c a l  damage 
c au se d  by p l a n t s ,  y a b b i e s  and b u r ro w in g  an im a ls*  The b e h a v i o u r  
o f  some of t h e s e  e x p o se d  l i n e r s ,  n o t a b l y  t h o s e  a t  Ouven i n  
V i c t o r i a  and  t h e  one  more r e c e n t l y  i n s t a l l e d  a t  N or th  Richmond 
i n  N*3 *W#, has  now s u g g e s t e d  t h a t  damage r e s u l t i n g  f rom wind 
a c t i o n  may r e s t r i c t  the l i f e  o f  a p o l y t h e n e  membrane more 
s e r i o u s l y  t h a n  a n y  o t h e r  f a c t o r  .T h i s  waspa r t i c u l a  r l y  a p p a r e n t  
a t  N o r th  Richmond, whoru t h e  membra ia dev e lo p ed  s i g n s  o f  wind 
damage w i t h i n  a few weoka o f  i t s  i n s t a l l a t i o n  and was f i n a l l y  
d e s t r o y e d  by s t r o n g  w in d s  a f t e r  a l i f e  o f  l e s s  t h a n  f o u r  
months* T h i s  p a p e r  seek s  to draw t h e  a t t e n t i o n  o f  t h o s e  
co n ce rn e d  w i t h  t h o  use  o f  p o l y th e n e  dam l i n e r s  t o  the im p o r ta n c e  
of wind damage and t o  s u g g e s t  ways i n  w hich  t h i s  form o f  
m ec h an ica l  a t t a c k  might  be count  o ra  c t ed*

2 .  HISTORY OF THE NORTH RICHMOND PROJECT.

2 • 1 I n s t a l l a t i o n  o f  tho  L i n e r *

3 a r l y  i n  June 1958 H r .  A.J#  H o r re x  o f  N or th  Richmond, 
N .S .W . , a p p ro a c h e d  I . C . I . A . N . Z .  and P l a s t a l o n  o f f i c e r s  i n  
Sydney w i t h  a p r o p o s a l  to  i n s t a l  a p o l y t h e n e  l i n e r  i n  a s m a l l  
dam on h i s  p r o p e r t y .  T h is  dam i s  c i r c u l a r  i n  shape and h a s  a 
c a p a c i t y  o f  2 0 0 ,0 0 0  g a l l o n s *  a c o n to u r  p l a n  and 3 t o r a g e -  
e l e v a t i o n  c u rv e  a r e  shown i n  F i g u r e s  1 and 2* The dam i s  
lo ca t" id  on  t h e  brow o f  a h i l l  commending s t e e p  s l o p e s  on which  
f l o w e r s  and v e g e t a b l e s  a r e  c u l t i v a t e d #  I t s  p u rp o se  i s  to  
a c t  a s  a s e r v i c e  r e s e r v o i r  f o r  i r r i g a t i o n  p u r p o s e s ,  b e in g  
f i l l e d  by pumping f rom  a l a r g e  g u l l y  dam a t  a lo w er  l e v e l  
and e m p t ied  t h r o u g h  a low p r e s s u r e  g r a v i t y  s p r i n k l e r  systom#
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The dam i s  cons t r u e  t a d  o f  a s h a l e - c l a y  m i x t u r e  w h i c h  
u n d e r  n o r m a l  c i r c u m s t a n c e s  o o u ld  bo a x p e c t o d  t o  bo 
r e a s o n a b l y  i m p e r v i o u s ,  b u t  l e a k a g e  o c c u r s  t h r o u g h  t h o  
f l o o r , ^ w h i c h  a p p e a r s  t o  i n t e r s e c t  f a u l t e d  s h a l e ,  and  t h r o u g h  
a s e c t i o n  o f  t h o  embankment w h i c h  had  b e e n  r e - c o m p a c t e d  
f o l l o w i n g  t h o  i n s t a l l a t i o n  o f  a n  o u t l e t  p i p e *  I t  was 
r e p o r t e d  by t h o  ownor t h a t  b e f o r e  l i n i n g  t h e  dam w ou ld  
e m p ty  o v e r  a p e r i o d  o f  a b o u t  t h r e e  weeks*  M e a s u r e m e n t s  
made a f t e r  t h e  f a i l u r e  o f  ohe l i n e r  h o w e v e r  showed a d r o p  
i n  w a t e r  l e v e l  o f  o n l y  s i x  i n c h e s  p e r  week f r o m  s e e p a g e  
(S e a  F i g u r e  7) i n d i c a t i n g  t h a t  t h e  dam would t a k e  n e a r l y  
s i x  m o n th s  t o  e m p ty  f r o m  t h e  f u l l  c o n d i t i o n .

F o l l o w i n g  n e g o t i a t i o n s  w i t h  P l a s t a l o n  L t d . ,  a n  0 .0 0 4  
i n c h  b l a c k  p o l y t h e n e  membrane was p r e f a b r i c a t e d ,  u s i n g  
t h e  f a c t o r y  h e a t - s e a l  p r o c e s s  d e v e l o p e d  oy t h a t  f i r m .
The l i n e r  was i n s t a l l e d  i n  t h e  dam o n  W ednesday  2 5 t h  J u n e ,  
1 9 5 8 ,  u n d e r  t h o  d i r e c t i o n  o f  o f f i c e r s  o f  P l a s t a l o n  L t d . ,  
d e t a i l s  of t h o  i n s t a l l a t i o n  b e i n g  c o m p l e t e d  n e x t  d a y  by  
t h e  o w n e r  h i m s e l f .

T h r e e  u n f o r e s e e n  d i f f i c u l t i e s  a r o s e  d u r i n g  t h e  l i n i n g  
o p e r a t i o n .  I n  i t s  o r i g i n a l  c o n d i t i o n  t h e  i n n e r  f a c e  o f  t h o  
dam was f r e e l y  c o v e r e d  w i t h  l o o s e  p a r t i c l e s  o f  s h a r p  s h a l e .
An a t t e m p t  was made t o  p l a c e  a  s a n d  c u s h i o n  o v e r  t h i s  
m a t e r i a l ,  b u t  b e c a u s e  o f  a h o l d - u p  i n  t h e  d e l i v e r y  o f  t h e  
s a n d  i t  was p o s s i b l e  o n l y  t o  c o v e r  t h e  f l o o r  o f  t h e  t a n k  
and t h e  w e s t e r n  a n d  n o r t h e r n  s e c t i o n s  b e f o r e  t h e  l i n e r  was 
p l a c e d  i n  p o s i t i o n .  T h i s  was r e m e d ie d  o n  t h  3 f o l l o w i n g  
d a y ,  w h e n  t h e  l i n e r  was f o l d e d  b a c k  a n a  3and s p r e a d  o v e r  t h e  
r e m a i n d e r  o f  t h e  i n n e r  f a c e .  Tho i n i t i a l  f i l l i n g  o f  th e  dam 
on  Ju n e  2 5 t h .  b r o u g h t  t h e  w a t e r  i e v j l  t o  a d e p t h  o f  3 f e e t  
o n l y ,  and  t h e  a r e a  of membrane u n d e r l a i n  by s t o n e y  m a t e r i a l  
was t h e r e f o r e  n o t  s u b j e c t e d  t o  h y d r o s t a t i c  p r e s s u r e .  The 
c o n d i t i o n  o f  t h e  i n n e r  f a c e  o f  t h e  dam a f t e r  t h e  d e s t r u c t i o n  
o f  t h o  l i n e r  o n  O c t o b e r  1 1 t h ,  i n d i c a t  sd t h a t  t h e  c u s h i o n i n g  
was i n  f a c t  c a r r i e d  o u t  I n  a s a t i s f a c t o r y  m a n n e r ,  and t h e r e  
was no n o t i o  3a b i o  e v i d e n c e  o f  p i e r c i n g  o f  t h e  membrane by 
u n d e r l y i n g  m a t e r i a l .

A s eco n d  d i f f i c u l t y  a r o s e  w:> t h  t h o  n e c e s s i t y  f o r  s e a l i n g  
t h e  l i n e r  a ro u n d  t h e  o u t l e t  p i p e ,  a 4 i n c h  d . a m e t e r  g a l v a n i s e d  
p i p e  w h i c h  p r o t r u d e s  i n t o  t h o  t a n k  j u s t  a b o v e  f l o o r  l e v  s i  
on  t h e  s o u t h e r n  s i d o .  T h i s  s e a l  was a c h i e v e d  s i m p l y  by 
c u t t i n g  a c i r c u l a r  h o l e  i n  t h e  membrane and s e c u r i n g  i t  
a r o u n d  t h o p i p e  w i t h  B o s t i c k  a d h e s i v e  and P o l y k i n  t a p e .  The 
s e a l  s u b s e q u e n t l y  gave  way and  was r e s p o n d  o le  f o r  s e e p a g e  
l o s s e s  f r o m  th e  t a n k .
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A t h i r d  d i f f i c u l t y  a r o s e  i n  t h e  h a n d l i n g  o f  t h e  
p r e f a b r i c a t e d  m em brane .  When t h e  p a c k a g e d  membrane was 
f i r s t ;  u n r o l l e d  on  t h e  s i t e  i t  was fo u n d  t o  oe i n c o r r e c t l y  
p o s i t i o n e d  i n  r e l a t i o n  t o  t h e  s h a p e  o f  t h e  t a n k ,  and  i t  was 
t h e r e f o r e  n e c e s s a r y  t o  r e - r o l l  and  r e v e r s e  t h e  l i n e r  a n d  
c a r r y  i t  t o  a n o t h e r  p a r t  o f  t h e  t a n k  b e f o r e  p u l l i n g  t h e  
m a t e r i a l  i n t o  i t s  f i n a l  p o s i t i o n .  T h i s  a d d i t i o n a l  h a n d l i n g  
r e s u l t e d  i n  some p u n c t u r i n g  o f  t h e  l i n e r ,  du e  t o  u n a v o i d a b l e  
t r a m p l i n g  by  members o f  t h e  h a n d l i n g  t e a m .  When t h e  
membrane was p u l l e d  i n t o  p l a c e  i t  was n o t e d  t h a t  a l e n g t h  
o f  w e l d e d  seam on  t h e  s o u t h - e a s t e r n  s i d e ,  n e a r  t h e  c r e s t  
o f  t h e  em b a n k m e n t ,  h a d  p u l l e d  a p a r t ,  and  a t e m p o r a r y  s e a l  
was  n o t  a s u c c e s s !  s e v e x ’a l  a t t e m p t s  t o  r e p a i r  t h e  damage 
w e re  made i n  t h e  w eeks  w h ic h  f o l l o w e d ,  d u r i n g  w h ic h  t i m e  
t h e  o p e n i n g  i n c r e a s e d  i n  3.ize u n t i l  i t  e x t e n d e d  a c r o s s  a 
l a r g e  p a r t  o f  t h e  e a s t e r n  s i d e  o f  t h e  m em brane .  The 
r e s u l t s  o f  t h i s  m is h a p  a r e  a l s o  d i s c u s s e d  i n  d e t a i l  i n  
a l a t e r  s e c t i o n .

The l i n i n g  o p e r a t i o n  commenced a b o u t  2 . 3 0  p .m .  on  
June  2 5 t h . ,  and o n c e  t h e  i n i t i a l  u p s e t  had  b e e n  o v e rco m e  
t h e  l i n e r  was p u l l e d  i n t o  p o s i t i o n  i n  a b o u t  t e n  m i n u t e s .  
A f t e r  i t  had  b e e n  t e m p o r a r i l y  a n c h o r e d  a r o u n d  t h e  p e r i m e t e r  
o f  t h e  t a n k  t h e  s e a l i n g  a r o u n d  t h e  o u t l e t  p i p e  was e f f e c t e d .  
At t h e  same t im e  a  B r i s t o l  w a t e r  l s v e l  r e c o r d e r  b u l b  and  
t u b e  w e re  i n s t a l l s d  i n  t h e  pond and a 6 f t  w id e  s t r i p  o f  
0 . 0 0 4  i n c h  b l a c k  p o l y t h e n e  was l a u d  f r o m  c r e s t  t o  f l o o r  on  
t h e  s o u t h e r n  s i d e  f o r  e x p e r i m e n t a l  p u r p o s e s #  P i l l i n g  o f  
t h e  pond  was t h e n  commenced,  t h e  pump b e i n g  s t a r t e d  a t  a b o u t  
3 . 3 0  p . m .  The v / a t e r  l e v e l  i n  t h e  t a n k  r o s e  t o  a b o u t  3 f e e t  
b y  4 p . m . ,  a t  w h i c h  t i m e  f i l l i n g  wa3 d i s c o n t i n u e d  a s  t h e  
r e s u l t  o f  a pump b r e a k d o w n .  D u r i n g  t h i s  i n i t i a l  f i l l i n g  t h e  
membrane was e a s e d  i n t o  p l a c e  a r o u n d  t h e  s i d e s  o f  t h e  t a n k  
an d  p r o v i s i o n a l l y  s e c u r e d  i n  th e  a n c h o r  t r e n c h .

On t h e  f o l l o w i n g  d a y ,  June  2 6 t h . , t h e  l i n e r  was p a r t l y  
f o l d e d  b a c k  and sand  s p r e a d  o v e r  t h o s e  p a r t s  o f  t h e  i n n e r  
f a c e  w h i c h  had  n o t  b e e n  c u s h i o n e d  o n  t h e  p r e v i o u s  m o r n i n g .  
The memorane was t h o n  p u l l e d  n e a t l y  i n t o  s h a p e  and  s e c u r e l y  
a n c h o r e d  i n  a t r e n c h  a r o u n d  t h e  i n n e r  p e r i m e t e r  o f  t h e  
embankment  c r e s t ,  w h ic h  was b a c k f i l l e d  a n d  c o m p a c te d  w i t h  
a t r a c t o r  t y r e .  At t h e  same t i m e  t h e  c o n s t r u c t i o n  o f  an 
o v e r f l o w  a p r o n  was commenced o n  t h e  n o r t h - w e s t e r n  s i d e  o f  
t h e  t a n k  t o  p r e v c x i t  o v e r f i l l i n g .  T h i s  a p r o n  ?/as n o t  
c o m p l e t e  b e f o r e  t h e  d e s t r u c t i o n  o f  t h e  l i n e r .
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2 . 2  S u b s e q u e n t  H i s t o r y  up t o  Time o f  F a i l u r e *

B e c a u s e  o f  a pump f a i l u r e  t h e  t a n k  was f i l l e d  
o n l y  t o  a d e p t h  o f  2  f e e t  o n  t h e  day  o f  i n s t a l l a t i o n .  
S u b s e q u e n t  t r o u b l e  w i t h  t h e  pump and  t h e  d i f f i c u l t i e s  
e x p e r i e n c e d  w i t h  t h e  f a u l t y  seam on  t h e  e a s t e r n  s i d e  
i n t e r f e r e d  w i t h  t h e  f i l l i n g  o p e r a t i o n ,  and t h e  w a t e r  l e v e l  
was s l o w l y  r a i s e d  b y  i n t e r m i t t e n t  pum ping  t o  a maximum 
d e p t h  o f  11 f o o t ,  w h i c h  was n o t  r e a c h e d  u n t i l  J u l y  3 1 s t .
No f u r t h e r  p u m p in g  was u n d e r t a k e n  d u r i n g  t h e  l i f e  o f  t h e  
l i n e r .  I t  m ig h t  be n o t e d  i n  p a s s i n g  t h a t  a n  a r t i c l e  
d e s c r i b i n g  t h i s  p r o j e c t  w h i c h  a p p e a r e d  i n  ’’P i x 51 m ag a z in e  
on  A u g u s t  1 6 t h . , s t a t e d  t h a t  t h e  dam had b oon  f i l l e d  t o  
a d e p t h  o f  '’more t h a n  40  f e e t ” w i t h i n  ”a few  h o u r s 11 o f  t h e  
p l a c i n g  o f  t h e  l i n e r i

F i g u r e  3 shows a r e c o r d  o f  w a t e r  l e v e l s  i n  t h e  dam up
t o  th . )  t im e  o f  f a i l u r e .  The w e e k l y  c h a r t s  f r o m  t h e  w a t e r
l e v e l  r e c o r d e r  began  t o  g i v e  e v i d e n c e  o f  s e e p a g e  l o s s  a ro u n d  
J u l y  2 1 s t . ,  a n d  v i s i o l o  s i g n s  o f  s e e p a g e  a r o u n d  t h e  o u t l e t  
p i p e  on  t h e  s o u t h e r n  t o o  o f  t h e  embankment w ere  e v i d e n t  
b y  J u l y  2 5 t h .  A f t e r  pum ping  was d i s c o n t i n u e d  o n  J u l y  3 1 s t . ,  
t h e  d r o p  I n  w a t e r  l e v e l  f r o m  s e e p a g e s  l o s s e s  became more 
a p p a r e n t ,  an d  s e e p a g e  f l o w  f r o m  t h e  t o o  o f  t h e  embankment 
became more o b v i o u s ,  p o r t i o n  o f  t h e  t o o  b e co m in g  s a t u r a t e d
and w a t e r  comm encing  t o  f l o w  s l o w l y  away f r o m  a c o l l e c t i n g
d r a i n  o n  t h e  d o w n h i l l  s i d e  o f  t h e  d a n • T h i s  f l o w  i n c r e a s e d  
i n  q u a n t i t y  u n t i l  e v e n t u a l l y  a c o n s i d e r a b l e  am ount  o f  
s e e p a g e  w a t e r  c o l l e c t e d  i n  t h e  t a b l e  d r a i n  a l o n g  t h e  a c c e s s  
r o a d  t o  t h e  t a n k .  A f t e r  A u g u s t  1 s t . ,  t h e  w a t e r  l e v e l  i n  
t h e  t a n k  f e l l  s t e a d i l y ,  b e c a u s e  o f  s e e p a g e  l o s s e s j  d u r i n g  
t h e  f o l l o w i n g  w e ek ,  A u g u s t  1 s t . ,  t o  A u g u s t  8 t h . ,  so o p a g o  
a c c o u n t e d  f o r  a d r o p  o f  a p p r o x i m a t e l y  9 I n c h e s ,  a f t a r  
a l l o w i n g  f o r  e v a p o r a t i o n  l o s s .  The r a t e  o f  s e e p a g e  l o s s  
d e c r e a s e d  p r o g r e s s i v e l y  a s  t h e  d e p t h  o f  w a t e r  i n  t h e  t a n k  
became s m a l l e r ,  b u t  s e e p a g e  l o s s e s  c o n t i n u e d  t o  be e v i d e n t  
up u n t i l  t h e  d e s t r u c t i o n  o f  the  l i n e r .

On A u g u s t  1 s t . ,  t h e  w r i t e r  a t t e m p t o d  u n s u c c e s s f u l y  t o  
l o c a t e  t h e  s o u r c e  o f  t h i s  s e e p a g e  l o s s  b y  u s i n g  t r a c e  d y e s .
On S e p t e m b e r  1 2 t h . ,  t h e  u n d e r w a t e r  s e c t i o n s  o f  t h e  membrane 
w ore  b r i e f l y  i n s p e c t e d ,  u s i n g  d i v i n g  e q u i p m e n t ,  a n d  i t  was 
d i s c o v e r e d  t h a t  t h e  membrane h a d  p u l l e d  away f r o m  t h e  o u t l e t  
p i p e ,  l e a v i n g  a l a r g o  o p e n i n g  t h r o u g h  w h ich  w a t e r  c o u l d  p a s s  
t o  t h e  u n d e r s i d e  o f  t h e  l i n e r .  I t  i s  c o n s i d e r e d  t h a t  L-ho m a j o r  
p a r t  o f  t h e  o b s e r v e d  l e a k a g e  f r o m  t h e  l i n e r  o c c u r r e d  t h r o u g h  
t h i s  o p e n i n g .
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A f t e r  s e e p a g e  l o s s e s  had become e v i d e n t  and  a t t e m p t s  
t o  l o c a t e  t h e i r  s o u r c e  had  p r o v e d  u n s u c c e s s f u l  t h e  ovm3 r  
was a d v i s e d  t o  e m p ty  t h e  t a n k  i n  o r d e r  t o  p e r m i t  a v i s u a l  
e x a m i n a t i o n  o f  t h e  w h o le  o f  t h e  membrane m a t e r i a l *  I t  was 
n o t  c o n v e n i e n t  f o r  h im  t o  do so  u n t i l  S e p t e m b e r  2 3 r d * ,  by 
w h i c h  t i m e  s e e p a g e  and e v a p o r a t i o n  l o s s e s  had r e d u c e d  t h e  
l e v e l  i n  t h e  t a n k  t o  7 f e e t *  B e tw ee n  S e p t e m b e r  2 3 rd *  and  
O c t o b e r  1 1 t h * ,  w a t e r  was u s e d  f o r  i r r i g a t i o n  a t  i n t e r m i t t e n t  
p e r i o d s ,  and  o n  t h e  m o r n i n g  o f  O c t o b e r  1 1 t h . ,  j u s t  b e f o r e  
t h e  r u p t u r i n g  o f  t h e  membrane t o o k  p l a c e ,  t h e  l e v e l  i n  t h e  
pond s t o o d  a t  3 f t *  9 in *

The membrane s u f f e r e d  c u m u l a t i v e  wind  damage t h r o u g h  
i t s  l i f e *  The seam  on  t h e  e a s t e r n  s i d e  w h i c h  had o p e n ed  
d u r i n g  t h e  i n s t a l l a t i o n  o f  t h e  l i n e r  was a p a r t i c u l a r  s o u r c e  
o f  t r o u b l e *  T h i s  o p e n i n g  was s e a l e d  u n s u c c e s s f u l l y  w i t h  
P o l y k i n  t a p e  o n  J u l y  2 5 t h * ,  and a num ber  o f  o t h e r  u n s u c c e s s f u l  
a t t e m p t s  t o  r e p a i r  t h e  damage w ere  made d u r i n g  t h e  weeks  w t u c h  
f o l l o w e d *  Wind a c t i o n  p r o g r e s s i v e l y  l e n g t h e n e d  t h e  o p e n i n g  
d u r i n g  t h i s  t im e  a n d  d u r i n g  t h e  weak p r e c e d i n g  J u l y  1 9 t h * ,  
i t  e x t e n d e d  t o  f o r m  a r i g h t - a n g l e d  t a a r  w h i c h  e x p o s e d  a 
l a r g e  a r e a  o f  t h e  embankment a r o u n d  t o p  w a t e r  l e v e l *  T h i s  
t e a r  was e v e n t u a l l y  s e a l e d  w i t h  p o l y t h e n e  f i l m  and  P o l y - G r i p  
a d h e s i v e  o n  J u l y  2 8 th *

The  dam i s  s i t e d  i n  a p a r t i c u l a r l y  e x p o s e d  l o c a t i o n  and 
s t r o n g ,  g u s t y  w i n d s  w e re  f r e q u e n t l y  e x p e r i e n c e d .  By e a r l y  
J u l y  w in d  damage was e v i d e n t  o v e r  t h e  e a s t e r n  p a r t  o f  t h e  l i n e r ,  
w h i c h  was e x p o s e d  d i r e c t l y  t o  t h e  p r e d o m i n a n t l y  w e s t e r l y  w in d s *  
T h i s  damage t o o k  t h e  f o r m  o f  s t r e s s  c r a c k i n g  a n a  f a t i g u e  h o l i n g ,  
and was p a r t i c u l a r l y  n o t i c e a o l e  a l o n g  t h e  o r i g i n a l  c e n t r e - f o l d s  
i n  t h e  p o l y t h e n e  s h e e t .  T h e r e  was no d i s t i n c t  e v i d e n c e  o f  
m e c h a n i c a l  d a m a g in g  f r o m  s t o n e s  o r  a n i m a l s ,  n o r  o f  o x i d a t i v e  
w e a t h e r i n g ,  d u r i n g  t h e  l i f e  o f  t h 3  l i n e r .

2 . 3  F a i l u r e  o f  t h e  M em brane*

On Monday O c t o b e r  1 3 t h ,  t h e  w r i t e r  r e c e i v e d  a 
t e l e g r a m  f r o m  i;he ow ner  r e p o r t i n g  t h a t  t h e  membrane had  b e e n  
s e v e r e l y  r u p t u r e d  i n  a w ind  s q u a l l  o n  t h e  p r e v i o u s  S a t u r d a y ,  
O c t o b e r  1 1 th *  The s i t e  was i n s p e c t e d  w i t h  H o r r e x  o n  O c t o b j r  
I 4 t h * , an d  t h e  e x t e n t  o f  t h e  damage a t  t h a t  d a t e  c a n  be  g a u g jd  
f r o m  t h e  p h o b o g r a p h s  w h i c h  a cc o m p a n y  t h i s  r e p o r t .  S t r o n g  
w in d s  e x p e r i e n c e d  s u b s e q u e n t  t o  O c t o b e r  1 4 t h . ,  c a u s e d  f u r t h e r  
d a m a g e ,  and  t h e  l i n e r  was l a t e r  rem oved  f r o m  t h e  t a n k ,  b e i n g  
be  3to no r e p  a i r  •
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F ro m  t h e  v i a t o r  l e v e l  r e c o r d e r  c h a r t  i t  h a 3 boon  
e s t a b l i s h e d  t n a t  t h o  r u p t u r e  t o o k  p l a c e  a b o u t  1 p .m .  on  
O c t o b e r  1 1 t h * ,  w h i c h  was a d a y  o f  s t o r m s  and  s u d d e n  s q u a l l s .
I t  w i l l  be s e e n  f r o m  F i g u r e s  4 and 5 t h a t  t h o  mombrano t o r e  
- f t to  t n r o o  p i e c e s *  The c o n t r e  p i e c e  r e m a in e d  i n  p o s i t i o n  
i n  che t a n k ,  w h o re  i t  had  b o o n  p r o t e c t e d  by  t h e  w a t e r  a r d  
by  a ^ n u m b e r  o f  su b m e rg e d  s a n d b a g s *  The e a s t e r n  and w e s t e r n  
p o r t i o n s  t o r e  a l o n g  w e l d e d  seams r u n n i n g  a p p r o x i m a t e l y  n o r t h  
and s o u t h  a n d  t o r e  o r  p u l l e d  o u t  o f  t h e  g r o u n d  a r o u n d  t h o  l i n o  
01 t h e  a n c h o r i n g  t r e n c h *  Some i d e a  o f  t h e  s t r e n g t h  o f  t h o  tsl nd 
may bo g a u g e d  f r o m  t h e  way i n  w h ic h  t h o  l i n e r  p u l l e d  c l e a n l y  
o u t  o f  t h o  t r e n c h  i n  a numb j r  o f  p l a c e s .

The e a s t e r n  p o r t i o n  o f  t h e  membrane was b lo w n  o u t  o f  t h e  
t a n k ,d a m  a g i n g  t h e  w a t e r  l e v e l  r e c o r d e r  and t h e  m e a s u r i n g  
g auge  o n  t h e  o v a p o r i m e t o r • T h i s  p o r t i o n  was i n s p e c t e d  on  
O c t o b e r  1 4 t h * ,  and i t  was c l e a r l y  e v i d e n t  t h a t  i t  had 
p a r t e d  f r o m  t h e  r e m a i n d e r  o f  t h e  membrane a l o n g  a l i n o  
i m m e d i a t e l y  a d j a c e n t  t o  a -welded seem* ( F i g . 5) The w e s t e r n  
s e c t i o n  o f  t h o  l i n e r  was i n  two p i e c e s ,  h a v i n g  r u p t u r e d  a l o n g  
two o r  m ore  p a r a l l e l  seams and  t o r n  a r o u n d  t h e  p e r i m e t e r *
Most o f  t h i s  m a t e r i a l  h a s  b e e n  b low n i n t o  t h e  b o t t o m  o f  t h e  
t a n k .  I t  i 3 a p p a r e n t  f r o m  t h e  p h o t o g r a p h s  t h a t  t h e  membrane 
was e n t i r e l y  beyond  r e p a i r *

I t  i s  n o t  d i f f i c u l t  t o  r e c o n s t r u c t  t h e  p r o c e s s  by  w h i c h  
the  a c t u a l  r u p t u r e  o f  t h e  membrane t o o k  p l a c e *  H o r r e x ,  who 
saw t h e  damage f r o m  some d i s t a n c e ,  s f c a t e d t h a t  t h e  t r o u b l e  
s t a r t e d  o n  t h e  e a s t e r n  s i d e ,  p r o b a b l y  a s  a r e s u l t  o f  b i l l o w i n g  
o f  t h o  m.j mb r  a no a c c o m p a n ie d  b y  p a r t i a l  o p e n in g  o f  t h e  l a r g e  
p a t c h  o n  t h i s  s i d e *  The f o r c e s  d e v e l o p e d  b y  th o  b i l l o w i n g  
a c t i o n  w o re  s u f f i c i e n t  t o  t e a r  away t h e  e a s t e r n  s e c t i o n  a l o n g  
t h e  w a t e r l i n e *  I t  was t h e n  p o s s i b l e  f o r  t h e  w in d  t o  l i f t  
t h e  r e m a i n d e r  o f  t h e  me mo r a  no and  t h e  damage t o  th e  w e s t e r n  
s e c t i o n  f o l l o w e d *

2*4 R e s e a r c h  a t  t h e  S i t e *

B e c a u s e  o f  t h e  c l o s e  p r o x i m i t y  o f  th o  s i t e  t o  
S y d n e y  and  t h e  c o - o p o r a t i o n  o f f e r e d  b y  t h o  ow n er ,  Mr* H o r r e x ,  
and t h o  m a n u f a c t u r e r s  and f a b r i c a t o r s  o f  t h e  p l a s t i c  f i l m  u s e d ,  
t h o  i n s t a l l a t i o n  a n d  b o h a v i o u r  o f  t h i s  membrane w ere  c l o s e l y  
s t u d i e d  b y  t h e  w r i t  i r ,  a s  p a r t  o f  a r e s e a r c h  i n v e s t i g a t i o n  
b e i n g  c o n d u c t e d  by  h im a t  t h e  u n i v e r s i t y  o f  New S o u t h  W ales*
A 3 r i s t o l  w a t e r  l e v e l  r e c o r d e r  was i n s t a l l e d  i n  t h e  t a n k  on  
J u n o  2 5 t h * ,  and a c o n t i n u o u s  r e c o r d  o f  w a t o r  I o v j I s f r o m  Ju n e  
2 5 t h .  t o  Q o t o b j r  l i t ’- -  fcaq h-.nn
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r e a d i n g s  f o r  t h o s e  I n s t r u m e n t s  a r e  a l s o  a v a i l a b l e  f o r  
t h e  satno p e r i o d *  The t a n k  was v i s i t e d  a t  w e a k l y  i n t e r v a l s  
and t h a  c o n d i t i o n  and b e h a v i o u r  o f  th e  mo nib r  a no w ere  boon  
c l o s e l y  o b s e r v e d .  B l a c k  and w h i t e  p h o t o g r a p h s  an d  Kodachrome 
t r a n s p a r e n c i e s  wei*e t made w h i c h  c o v e r  t h e  w h o le  h i s t o r y  
o f  t h e  l i n e r ,  and t h e s e  w ere  s u p p l e m e n t e d  by  16 mm. movie  
f i l m s  o f  t h e  i n s t a l l a t i o n  p r o c e d u r e  a n d  t h e  damage s u f f e r e d  
on  O c t o b e r  1 1 t h .

On J u n e  2 5 t h ,  a s t r i p  o f  0 * 0 0 4 ” b l a c k  p o l y t h e n e ,  6 f e e t  
i n  w i d t h ,  was p l a c e d  o n  t h o  s o u t h e r n  f a c e  o f  t h e  dam, o v e r l y i n g  
t h o  membrane i t s e l f  an d  e x t e n d i n g  f r o m  th o  c r e s t  o f  t h e  
embankment t o  t h e  f l o o r  o f  t h e  dam . I t  was o r i g i n a l l y  
i n t e n d e d  t h a t  t h i s  s t r i p  be u s e d  t o  i n v e s t i g a t e  w e a t h e r i n g  
u n d e r  f i e l d ,  c o n d i t i o n s ,  by  c u t t i n g  s a m p le s  f r o m  i t  a t  
r e g u l a r  i n t e r v a l s  and  c h e c k i n g  th em  f o r  d e g r a d a t i o n .  Owing 
t o  t h e  h i g h  w in d s  e x p e r i e n c e d  a t  t h o  s i t e  t h i s  s t r i p  was 
f r e q u e n t l y  b lo w n  o u t  o f  p o s i t i o n ,  and  I t  was o n l y  c o r r e c t l y  
o x p o s e d  f o r  a b o u t  h a l f  t h e  l i f e  o f  t h o  l i n e r .  The r e m a i n s  
o f  t h e  damaged l i n e r  i t s e l f  w o r e ,  h o w e v e r ,  made a v a i l s b l j  t o  
t h o  U n i v e r s i t y  and s a m p le s  w e re  s u b s e q u e n t l y  t e s t e d  f o r  
w e a t h e r i n g  s t r e n g t h  l o s s  a n d  w ind  d am ag e .  (See  s e c t i o n  3 . 3 )

3 • F3RFQRliAICCI5 0? TED LIFIR  AT N 3RTH RICHMOITD

3 . 1 S e e p a g e  L o s s e s ♦

A r e c o r d  o f  w a t e r  l e v e l s  i n  t h e  Richmond t a n k  f r o m  
t h e  d a y  o f  i n s t a l l a t i o n  t o  t h e  d a y  o f  f a i l u r e  i s  shown i n  
F i g u r e  3 .

As e x p l a i n e d  i n  t h e  f o r e g o i n g  s e c t i o n ,  t h e  pond was n o t  
f i l l e d  c o m p l e t e l y  u n t i l  J u l y  3 l s t i ,  b e c a u s e  o f  m e c h a n ic a l  
b r e a k d o w n s  w i t h  t h e  pum ping  s y s t e m  a n d  t h e  d i f f i c u l t i e s  o f  
s o a l i n g  t h e  l a r g o  t e a r  o n  t h o  e a s t e r n  s i d e  o f  t h e  m em brane .  
S v ic .on ce  o f  d e f i n i t e  s e e p a g e  l o s s  became a p p a r e n t  some d a y s  
b e f o r e  t h e  maximum w a t e r  l e v e l  was r e a c h e d ,  and  t h i s  s e e p a g e  
c o n t i n u e d  a t  a o o u t  t h e  same r a t e  u n t i l  t h e  l i n e r  was d e s t r o y e d .

D u r i n g  t  is f i l l i n g  p e r i o d  pum ping  was i n t e r m i t t e n t ,  and 
t h e  dam was h e l d  a t  w a t e r  d e p t h s  o f  5 f e e t ,  7 f e e t ,  an d  9 f o o t  
f o r  p e r i o d s  o f  a b o u t  a w i o k .  D u r i n g  t h e s e  p e r i o d s  no d e t e c t a b l e  
S3Qpago l o s s  was r e c o r d e d .
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The Maximum I s v o l  r e a c h e d  on  J u l y  3 1 s t  was 12 f e e t  
on t h e  B r i s t o l  g a u g e ,  c o r r e s p o n d i n g  t o  a w a t e r  d e p t h  o f  
11 f e e t  and  a w a t e r  volume o f  1 3 0 , OOC g a l l o n s *  D u r i n g  
t h e  6  w e e k s  b e t w e e n  J u l y  3 1 s t  an d  S e p t e m b e r  23 rd*  t h e  
w a t e r  l e v j l  f a l l  4 f e e t *  The n e t t  e v a p o r a t i o n  o v e r  t h i s  
p e r i o d  was 6  i n c h e s ,  an d  t h e  volume o f  w a t e r  l o s t  f ro m  
s e e p a g e  was 8 0 , 0 0 0  g a l l o n s ,  r e p r e s e n t i n g  1 0 , OOC g a l l o n s  
p e r  we 9k*

I n  J a n u a r y  1 9 5 9 ,  a f t e r  t h e  r e m o v a l  o f  t h e  l i n e r ,  
c h e c k  w a t e r  l e v e l  r e c o r d s  we *j t a k e n  t o  d e t e r m i n e  s e e p a g e  
i n  t h e  u n l i n e d  c o n d i t i o n *  C u rv e s  sh o w in g  s e e p a g e  r a t e s  
w i t h  an d  w i t h o u t  t h e  membrane a r e  shown i n  F i g u r e  7* I n  
t h e  8  w eek  p e r i o d  comm encing  o th *  F e b r u a r y  1959 t h e  volume 
o f  w a t e r  l o s t  f r o m  s j ep ag e  was a l m o s t  e x a c t l y  t h a  same a 3 
t h a t  r e c o r d e d  d u r i n g  a n  e q u i v a l e n t  p j r i o d  i n  A ug us t  and 
S e p t e m b e r  1958* The l i n e r  v;as t h e r e f o r e  c o m p l e t e l y  
i n e f f e c t i v e  o v e r  t h e  l a t t e r  h a l f  o f  i t s  l i f 3 * At t h i s  
r a t e  t h e  dam  m ig h t  h a v e  b e e n  e x p e c t e d  t o  empty  f r o m  t h e  
f u l l  s u p p l y  l e v e l  i n  a b o u t  4 t o  5 m o n t h s ,  s u g g e s t i n g  t h a t  
t h e  e x p e n s e  o f  a p o l y t h e n e  l i n e r  c o u l d  n o t  h ave  b e e n  
j u s t i f i e d ;  i t  m ig h t  h a v e  p r o f i t e d  E o r r o x  b e t t e r  t o  have  
s p e n t  t h e  money o n  r e p a i r s  t o  h i s  pump.

An i n v 3s t i g a t i o n  i n t o  t h e  r e a s o n s  f o r  t h e  f a i l u r e  o f  
t h a  m embrane  t o  c o n t r o l  s e e p a g e  was n o t  c o m p le t e d *  I t  I s  
r e a s o n a b l y  c e r t a i n ,  h o w e v e r ,  t h a t  t h e  m a j o r  p a r t ,  o f  I t  
o c c u r r e d  t h r o u g h  t h e  f a u l t y  s e a l  a r o u n d  t h e  o u t l e t  p i p e  i n  
t h e  f l o o r  o f  t h e  dan • The u n d e r w a t e r  e x a m i n a t i o n  c o n d u c t  ed 
by t h e  w r i t e r  on  S e p t e m b e r  1 2 t h * ,  was h am pered  by  c o l d  and  
p o o r  u n d e r w a t e r  v i s i b i l i t y ,  a n d  i t  i 3 p o r n a p s  p o s s i b l e  t h a t  
o t h e r  o p e n i n g s  i n  t h e  membrane wore  c o n t r i b u t i n g  t o  s e e p a g e  
l o s s .  Some s e e p a g e  may h ave  o c c u r r e d  t h r o u g h  t h e  pa tch  o v e r  
t h e  t e u r  on  t h e  e a s t e r n  s i d e  u n t i l  A u gu s t  I 5 t h . , ^ a f t c r  w h ic h  
d a t e  t h e  w a t  j r  l e v e l  i n  t h e  pond f e l l  be low  t h e  l e v 3 l  o f  
t h i s  p a t c h .

A d d i t i o n a l  s e e p a g e  may a l s o  h a v e  t a k e n  p l a c e  t h r o u g h  
s m a l l  p u n c t u r e s  and  w o rn  h o l e s  on t h e  u p p e r  p a r t  o f  t h e  
m em brane ,  p a r t i c u l a r l y  o n  t h n  e a s t e r n  s i d e  and I n  t h e  
v i c i n i t y  o f  t h e  B r i s t o l  r e c o r d e r  c a p i l l a r y  t u b 3 . B e c a u se  
o f  t h e  s m a l l  t o t a l  a oea o f  t h o s e  h o l e s  a n d  t h e  low h y d r o s t a t i c  
h e a d  a c t i n g  o n  th e m  t h e  l o s s  f r o m  t h i s  s o u r c e  i s  c o n s i d e r e d  
t o  h a v e  b e e n  s m a l l *

I t  s h o u l d  be  e m p h a s i s e d ,  h o w o v i r ,  t h a t  t h e  damage duo t o  
wind  a c t i o n  g rew  s t e a d i l y  wo r s e  t h r o u g h o u t  triD l i f e  o f  che 
l i n e r ,  and  i f  a l l o w e d  t o  go u n c h e c k e d  t h i s  w o u ld  a l m o s t
m r . t - . d - i  n l ^ r  h o v - ]  m n l t l f i f l l  II INI IIV lllllfll Vnliiihm1- °  Q
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d i s i n t e r g r a t i o n  o v e r  much o f  t h e  u p p e r  p a r t  o f  t h e  
l i n a r  o n  t h e  © a s t e r n  s i d e *  The same e f f e c t  was o b s e r v e d  
l a t a  i n  195 8  o n  t h e  l a r g o  t a n k  a t  Ouyan i n  V i c t o r i a ,  w h ic h  
had  b e e n  i n  s e r v i c e  f o r  one y e a r  and  was t h e n  e x t e n s i v e l y  
h o l e d  a b o v e  t h e  w a t e r  l i n e *  S a a p a g e  l o s s e s  t h r o u g h  a membrane 
damaged i n  t a i s  way m ig h t  bo c o n s i d e r a b l e  i n  t h e  f u l l - t a n k  
c o n d i t i o n ,  p a r t i c u l a r l y  i f  t h e  membrane i s  n o t  b u r i e d  and 
t h e  u n d e r s i d e  s p a c e  becom es  e n t i r e l y  f i l l e d  w i t h  w a t e r .

I t  i s  n o t  c e r t a i n  a t  w ha t  d a t e  t h e  s e a l  a ro u n d  t h e  
o u t l e t  p i p e  f i r s t  g a v e  way* I n  v iew  o f  t h e  r a t h e r  i n a d e q u a t e  
s e a l i n g  t e c h n i q u e  u s e d  t o  s e c u r e  t h e  membrane t o  t h e  p i p e  
o n  J u n e  2 5 t h * > and  t h e  i m m e d ia t e  f i l l i n g  o f  t h e  t a n k  
t o  a  d e p t h  o f  2 f e e t  b e f o r e  t h e  a d h e s i v e  u s e d  had had  t im e  t o  
h a r d e n  p r o p e r l y ,  i t  i s  p o s s i b l e  t h a t  t h e  s e a l  opened  t o  
some e x t e n t  o n  t h e  v e r y  f i r s t  day* I t  i s  a p p a r e n t  t h a t  t h e  
g r e a t l y  i n c r e a s e d  h y d r o s t a t i c  p r e s s u r e  p r o d u c e d  when t h e  
dam was e v e n t u a l l y  f i l l e d  r e s u l t e d  i n  some s h i f t i n g  and 
s t r e t c h i n g  o f  t h e  m jm b r a n e ,  c a u s i n g  i t  t o  p u l l  c o m p l e t e l y  
away f r o m  t h e  p i p 3 . T h i s  p r o b a b l y  o c c u r r e d  a b o u t  July" 2 l s t * >  
H o r r e x  r e p o r t e d  h a v i n g  s e e n  w a t e r  u n d e r  t h e  membrane w h i l s t  
p a t c h i n g  t h e  l a r g e  t e a r  d u r i n g  t h e  l a s t  week i n  J u l y .
The wo f o r  c a r e f u l  s e a l i n g  o f  a n y  o p e n i n g s  i n  t h e  membrane 
i s  o b v i o u s *

5*2 Wind damage

As e x p l a i n e d  a b o v e ,  t h e  s e e p a g e  l o s s e s  r e c o r d e d  a t  
N o r t h  Richm ond w o re  du e  p r i m a r i l y  t o  a f a u l t y  s e a l  a r o u n d  
t h e  o u t l e t  p i p e ,  and  t h e  s h o r t  l i f e  o f  t h e  l i n e r  d i d  n o t  
p e r m i t  a p r o p e r  e v a l u a t i o n  o f  t h e  l o n g - t e r m  s e e p a g e  c o n t r o l  
b e h a v i o u r  o f  t h e  membrane* The o u t s t a n d i n g  l s s o n  t o  be 
l e a r n t  f r o m  t h i 3 p r o j e c t  was t h e  t o t a l l y  u n e x p e c t e d  e f f e c t  
o f  p r o g r e s s i v e  w in d  damage t o  t h e  l i n e r ,  v /h ic h  c a u s e d  a r a p i d  
d e t e r i o r a t i o n  o f  t h e  p o l y t h e n e  and c o n t r i b u t e d  t o  t h e  u l t i m a t e  
d e s t r u c t i o n  o f  t h e  m em brane .

P o u r  d i s t i n c t  fo r m s  o f  w ind  damage w ere  o b s e r v e d ,  
a s  f o l l o w s : -

a* L i f t i n g  an d  s t r e t c h i n g  o f  uhe  m em brane ,  
b .  C r a c k i n g  an d  h o l i n g  f r o m  f a t i g u e  breakdown* 
c* H o l i n g  f r o m  w i n d - i n d u c e d  a b r a s i o n  
d* T e a r i n g ,  p a r t i c u l a r l y  a l o n g  t h e  w e ld e d  seams*

L i f t i n g  and  s t r e t c h i n g  i s  a p r i m a r y  f o rm  o f  damage 
w h i c h  d o e s  n o t ,  o f  i t s e l f ,  i m p a i r  t h e  w a t e r - h o l d i n g  p r o p e r t i e s  
o f  t h e  membrane* I t  i s ,  h o w e v e r ,  r e s p o n s i b l e  f o r  t h 3  
s e c o n d a r y  3 f f o c t s  o f  f a t i g u e  and a b r a s i o n  h o l i n g , o r ,  i f
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d a m a g e ,  t h e r e f o r e ,  i s  t o  r e d u c e  o r  e l i m i n a t e  l i f t i n g  
o r  s t r e t c h i n g  b y  a n c h o r i n g  t h e  membrane i n  some way#

When t h e  membrane a t  N o r t h  Richmond v/as i n s t a l l e d  o n  
J u n e  2 5 t h . ,  a  t e a r  a b o u t  5 f e e t  i n  l e n g t h  v/as d i s c o v e r e d  
a l o n g  a seam  n e a r  t h e  c r e s t  o f  t h e  darn o n  t h e  e a s t e r n  s i d e ,  
a n d  v/as p r e s u m a b l y  t h e  r e s u l t  o f  f a u l t y  w e l d in g #  When 
t h e  t e a r  was n o t i c e d  a n  a t t e m p t  was made t o  s e a l  i t  u s i n ;  
a s t r i p  o f  ,TP o l y k i n rt t a p e #  T h i s  was n o t  e f f e c t i v e ,  a n d  i 
n um b er  o f  o t h e r  u n s u c c e s s f u l  a t t e m p t s  t o  p a t c h  t h e  b r e a k  
w e r e  made d u r i n g  s u b s e q u e n t  weeks#  Wind a c t i o n  p a u s e d  t h e  
t e a r  t o  i n c r e a s e  i n  l e n g t h ,  and  d u r i n g  t h e  week  p r e c e d i n g  
J u l y  2 1 s t . , s t r o n g  w i n d s  e n l a r g e d  i t  t o  f o r m  a  l a r g e  
t r i a n g u l a r  o p e n i n g  a l o n g  a r d  a t  r i g h t  a n g l e s  t o  t h e  o r i g i n a l  
f a i l e d  seam# The b r e a k  v/as e v e n t u a l l y  p a t c h e d  on  J u l y  2 8 t h # ,  
u s i n g  l o n g  s t r i p s  o f  p o l y t h e n e  f i l m  s e a l e d  w i t h  tf P o l y  g r i p 51 
a d h e s i v e .  As a r e s u l t  o f  Jhe s t r e t c h i n g  and  c r i n k l i n g  
s u f f e r e d  b y  t h e  m a t e r i a l  a d j a c e n t  t o * t h e  t e a r  a n e a t  s e a l  
was n o t  o b t a i n e d ,  and  i t  seems l i k e l y  t h a t  a i r  and  w a t e r  
w e re  a b l e  t o  p a s s  t h r o u g h  t h e  p a t c h  t o  t h e  u n d e r s i d e  o f  t h e  
membrane#

S t r o n g  w i n d s  w j r e  f r e q u e n t l y  e x p e r i e n c e d  o v e r  t h e  p e r i o d  
d u r i n g  w h i c h  t h e  t e a r  was o p e n ,  p r o d u c i n g  l i f t i n g  and 
b i l l o w i n g  o n  t h e  e a s t e r n  s i d e  o f  ^he l i n e r .  The a e r o d y n a m i c s  
o f  t h e  s i t s  w e r e  s u c h  t h a t  a s t r o n g  w e s t e r l y  w in d  a p p e a r e d  
t o  c r e a t e  s u c t i o n  a l o n g  t h e  e a s t e r n  f a c e ,  t h u s  a c c e n t u a t i n g  
b i l l o w i n g  i n  t h i s  a r e a #  The e f f e c t ;  was c u m u l a t i v e ;  b i l l o w i n g  
c a u s e d  some s t r e t c h i n g ,  v /h ic h  t h e n  p e r m i t t e d  more b i l l o w i n g  
t h a n  b e f o r e  and  l e d  t o  g r e a t e r  s t r e t c h i n g #  T h u s ,  a f t e r  t h e  
t e a r  had  b e e n  c l o s e d ,  a e r o d y n a m i c  b i l l o w i n g  c o n t i n u e d  and 
g r a d u a l l y  became a c c e n t u a t e d ;  t h i s  seem s t o  h a v e  c o n t r i b u t e d  
more  t o  t h e  f i n a l  r u p t u r e  o f  t h e  membrane t h a n  t h e  e a r l y  
e f f e c t s  o f  t h e  t o r n  w eld#

I t  v/as o b s e r v e d  t h a t  d i r e c t  s u n s h i n e  o n  t h e  b l a c k  
p o l y t h e n e  f i l m  was h e a t i n g  t h e  m a t e r i a l  t o  a s t a g e  w h o re  
s o f t e n i n g  and s t r e t c h i n g  c o u l d  o c c u r #  I t  i s  p o s s i b l e  t h a t  
t h i s  h e a t i n g  p r o d u c e d  a s l i g h t  p r e s s u r e  d i f f i r o n t i a l  b e n e a t h  
t h e  m em brane ,  t h u s  f u r t h e r  a c c e n t u a t i n g  t h e  b i l l o w i n g  p ro b lem #

S u b s e q u e n t  t o  t h e  f a i l u r e  o f  t h e  dam t e m p e r a t u r e  
m e a s u r e m e n t s  u n d e r  e x p o s e d  b l a c k  p o l y t h e n e  f i l m .  S a m p les  
o f  v a r i o u s  t h i c k n e s s e s  wore  made i n  S y d n e y  t o  d e t e r m i n e  t h e  
p o s s i b l e  e f f e c t s  o f  h e a t  a b s o r p t i o n  f r o m  t h e  s u n .  I t  was 
f o u n d  t h a t  o n  h o t ,  c l e a r  d a y s ,  w i t h  a s h a d e  t e m p e r a t u r e  i n  
e x c e s s  o f  1 0 0  d e g r e e s ,  t h j  t e m p e r a t u r e  o f  t h e  p o l y t h e n e  f i l m  
becam e q* p r o x i m a t c l y  4 0  d e g r e e s  h i g h e r  t h a n  t h e  3h ade  
t e m p e r a t u r e ,  t h e  maximum f i l m  t e m p e r a t u r e  r e c o r d e d  b e i n g  
147 *d e g r e e s  w i t h  a  s h a d e  t e m p e r a t u r e  o f  105 d e g r e e s #  I n  
c o o l e r  w e a t h e r ,  w i t h  s h a d e  t e m p e r a t u r e s  o f  t h e  o r d e r  o f



- 1 1 -

80 d e g r e e s ,  f i l m  t e m p e r a t u r e s  a s  h i g h  a s  1 2 0  d e g r e e s  wore  
r e c o r d e d ,  so l o n g  a s  t h e  s k y  was c l e a r .  A i r  tempo r a t  u r o  
r e a d i n g s  o n  e i t h e r  s i d e  o f  t h e  f i l m ,  on  h o t  summer d a y s ,  
v a r i e d  b y  a b o u t  1 0  d e g r e s s ,  b e i n g  h o t t e r  u n d e r  t h e  f i l m #
I t  i s  t h e r e f o r e  r e a s o n a b l e  t o  e x p e c t  t h a t  i n  summer i n  
c o u n t r y  a r e a s  o f  N.3#W. a n  e x p o s e d  b l a c k  p o l y t h e n e  membrane 
may f r e q u e n t l y  r e a c h  a t e m p e r a t u r e  o f  150 d e g r e e s  and  t h a t  
a t e m p e r a t u r e  o f  d i f f e r e n t i a l  o f  a b o u t  1 0  d e g r e e s  may e x i s t  
a c r o s s  t h e  f i l m .

F i g u r e  8  shows t h e  e f f e c t  o f  t e m p e r a t u r e  on  t h e  
t o n s i l o  s t r e n g t h  o f  p o l y t h e n e .  I t  w i l l  be  n o t e d  t h a t  t e n s i l e  
s t r e n g t h  f a l l s  o f f  r a p i d l y  a s  t e m p e r a t u r e  i n c r e a s e s ,  end  
t h a t  a t  150 d e g r e e s  F a r o n h e i t  t h e  u l t i m a t e  t e n s i l e  s t r e n g t h  
i s  a p p r o x i m a t e l y  800 p . s . i . ,  o r  o n l y  a b o u t  40  p e r c e n t  o f  
t h e  s t r e n g t h  a t  75 d e g r e e s  p a r o n h s i t .

Of g r e a t e r  s i g n i f i c a n c e  i n  dam l i n e r s  i s  t h e  e f f e c t  
o f  t e m p e r a t u r e  o n  t h o  y i e l d  p o i n t .  The u p p e r  c u r v e  i n  
F i g u - o  9  shows a s t r o s s - s t r a i n  c u r v e  f o r  p o l y t h e n e  a t  
70  d e g r e e s  F a r o n h e i t .  At n o r m a l  t e m p e r a t u r e s  p o l y t h e n e  
b e h a v e s  more o r  l e s s  e l a s t i c a l l y  u n d e r  s t r e s s  up t o  a 
w e l l - d e f i n e d  y o i l d  p o i n t ,  beyond  w h ic h  i t  d e fo r m s  p l a s t i c a l l y  
a t  c o n s t a n t  s t r e s s  t o  e l o n g a t i o n s  o f  t h e  o r d e r  o f  3 0 0 - 4 0 0  
p e r c e n t  b e f o r e  b r e a k i n g *  At h i g h e r  t e m p e r a t u r e s  t h e  y i e l d  
p o i n t  b e c o m e s  l e s s  w e l l  d e f i n e d ,  u n t i l  a t  a b o u t  175 d e g r e j s  
F a r o n h e i t  t h e  s o f t e n i n g  p o i n t  i s  r e a c h e d  and t h e  m a t e r i a l  
b ecom es  p l a s t i c  u n d e r  a l l  s t r e s s e s .  At 150 d o g r e e s  F a r o n h e i t ,  
a 3 show n i n  F i g u r e  S,  p l a s t i c  r e f o r m a t i o n  com m encjs  a t  v e r y  
low s t r e s s  v a l u e s ,  2 0  p e r c e n t  e l o n g a t i o n  o c c u r r i n g  a t  a 
s t r e s s  o f  a b o u t  4 0 0  p . s . i .  o r  a p p r o x i m a t e l y  h a l f  t h e  t e n s i l e  
s t r e n g t h  a t  t h i s  t e m p e r a t u r e .  T h i s  s t r e s s  r e p r e s e n t s  a 
l o a d i n g  o f  l e s s  t h a n  2 0  p o u n d s  p e r  l i n e a r  f o o t  o n  4 m i l  f i l m .  
I t  i s  o b v i o u s  t h a t  q u i t e  m o d e r a t e  wind f o r c e s  may d e v e l o p  
membrane s t r e s s e s  s u f f i c i e n t  t o  p r o d u c e  marked s t r e t c h i n g  
and s l a c k e n i n g  i n  a b l a c k  l i n e r  e x p o s e d  d i r e c t l y  t o  t h e  
r a y s  o f  t h e  s u n .

To su m m a r i s e  t h e  f o r 3g o i n g  d i s c u s s i o n  i t  s h o u l d  be  
r e p e a t e d  t h a t  w h e re  b l a c k  p o l y t h e n e  l i n e r s  a r e  u s e d  i n  
e x p o s e d > w i n d y  l o c a t i o n s ,  w in d s  b l o w i n g  a c r o s s  t h e  membrane 
s u r f a c e  c a n  b j e x p e c t e d  t o  p r o m o te  b i l l o w i n g .  I n  h o t  
s u n s h i n e  t h e  b i l l o w i n g  may be a c c e n t u a t e d  by i n c r e a s e d  a i r  
p r e s s u r e  b e n e a t h  t h e  m em brane ,  p a r t i c u l a r l y  i f  t h e  a e r o 
d y n a m ic s  o f  t h ; d a m s I t o  a r e  3 u c h  a s  t o  p r o d u c e  r e d u c e d  
p r e s s u r e s  o v j r  some p a r t  o f  t h e  l i n e r *  S t r e s s e s  i n d u c e d  
by  b i l l o w i n g  w i l l  c a u s e  p e r n i a n j n c  s t r e t c h i n g s  t n i s  w i l l  
r e s u l t  i n  more e x t e n s i v e  b i l l o w i n g  and  l e a d  t o  g r e a t e r  and  
g r e a t e r  s t r e t c h i n g .  Th j w h o le  e f f e c t  j £ _ q u _ - t a _ p ^



B i l l o w i n g  a n d  s t r e t c h i n g  may c a u s e  o r  be a s s o c i a t e d  
w i t h  r a p i d  f l a p p i n g  o f  t h e  f i lm ,  and  a r e  d i r e c t l y  r e s p o n s i b l e  
f o r  t h e  s e c o n d a r y  e f f e c t s  o f  f a t i g u e  and a b r a s i o n  h o l i n g  
o o s e r v e d  a t  N o r t h  R ich m o n d .  The c r a c k s  a n d  h o l e s  p r o d u c e d  
i n  t h i s  way a c t  a s  c o n v e n i e n t  s t a r t i n g  p o i n t s  f o r  t e a r i n g ,  
p a r t i c u l a r l y  a t  h i g h  f i l m  t e m p e r a t u r e s .  No d a t a  on  t h e  
e f f e c t s  o f  h i g h  t e m p e r a t u r e  c n  t e a r  s t r e n g t h  a r e  a v a i l a b l e j  
i t  m ig h t  s a f e l y  be a s s u m e d ,  h o w e v e r ,  t h a t  t e a r  s t r e n g t h  
r e d u c e s  i n  t h e  same d e g r e e  a s  y i e l d  p o i n t .  S t r o n g  g u s t y  
w i n d s  b l o w i n g  a c r o s s  a l i n e r  i n  t h i s  c o n d i t i o n  must  t h e n f o i ’e 
03  e x p e c t e d  t o  c a u s e  some t e a r i n g  and  r u p t u r i n g  o f  t h e  
m em b ran e •

The s e c o n d a r y  e f f e c t s  o f  f a t i g u e  and a b r a s i o n  h o l i n g  
became w e l l  e s t a b l i s h e d  a t  Richmond d u r i n g  t h e  f o u r  m onths  
t h e  l i n e r  was i n  u s e .  F a t i g u e  h o l i n g  a p p e a r e d  t o  be t h e  
r e s u l t  o f  t h e  b e a t i n g  o r  rta p i d  v i b r a t i o n  o f  t h e  f i l m  w h i c h  
a c c o m p a n ie d  b i l l o w i n g  i n  s t r o n g  w i n d s .  I t  was f i r s t  i n d i c a t e d  
by  a c r i s s - c r o s s  p a t t e r n  o f  f a t i g u e  c r a c k i n g ,  w h i c h  was 
f o l l o w e d  b y  s l i t t i n g  o r  h o l i n g  a l o n g  t h e  a x i s  o f  t h e  c r a c k  
p a t t e r n *  The p h en om en on  o c c u r r e d  p a r t i c u l a r l y  a l o n g  l i n o s  
o f  w e a k n e s s  o r  s t r e s s  cone  3 n t  r a t  i o n )  i t  was most  i n  a v i d e ,  non 
a l o n g  t h e  c e n t r e f o l d  o f  e a c h  s t r i p  o f  p o l y t h e n e  on t h e  
e a s t e r n  s i d e .  I t  m ig h t  be n o t e d  t h a t  L a u r i t z e n  and Haws 
o b s e r v e d  a s i m i l a r  ph enom enon  on  t h j i r  e a r l y  f i e l d  l i n e r s  
i n  U t a h .

I t  s h o u l d  be e m p h a s i s e d  t h a t  t h i s  f a t i g u e  h o l i n g  
d e v e l o p e d  v e r y  e a r l y  i n  t h e  l i f e  o f  t h e  l i n e r .  A n o t e  
i n  t h e  w r i t e r ’s d i a r y  d a t e d  J u l y  1 9 t h . ,  -  t h i s  - s , o n l y  
24  d a y s  a f t  e r  t h e  i n s t a l l a t i o n  o f  oho membrane -  r e f e r s  t o  
e x t e n s i v e  f a t i g u e  and a b r a s i o n  h o l i n g  a ro u n d  t h e  u p p e r  
n o r t h - e a s t e r n  p a r t  o f  t h e  l i n e r *

A b r a s i o n  h o l i n g  was a s s o c i a t e d  w i t h  f a t i g u e  h o l i n g j  
i t  was p r o d u c e d  by r u b b i n g  o r  f l a p p i n g  o f  t h e ' f i l m  a g a i n s t  
o b j e c t s  s u c h  a s  s a n d b a g s  o r ,  i n  some i n s t a n c e s  o o s e r v e d ,  
by  r u b b i n g  o f  a d j a c e n t  f o l d s  01" p o l y t h e n e ,  p a r t i c u l a r l y ^  
w horo  e x c o s s i v o  s t r e t c h i n g  had w r i n k l e d  t h e  m a t e r i a l .  Ig 
was m ost  n o t i c e a b l e  a l o n g  t h e  c a p i l l a r y  t u b o ^ o f  t h e  u r x s t o l  
r e c o r d e r ,  w h e re  e x t e n s i v e  w e a r  was o b s e r v e d  by  J u l y  1 9 t n .
T h i s  s e c t i o n  was s u b s e q u e n t l y  p r o t e c t e d  f r o m  f a r t h e r  damage 
b y  w r a p p i n g  t h e  t u b e  i n  h e s s i a n .

The f o u r t h  f o r m  o f  w ind  d a m a g e ,  t e a r i n g ,  was n o t^  
o b s  ;r v e d  a t  Richmond u n t i l  t h e  d a y  o f  f a i l u r e ,  an d  u u i s  
phe n o m e n o n  w i l l  bo d i s c u s s e d  i n  d e t a i l  i n  t h e  n e x t  s e c t i o n  
o f  t h i s  r e p o r t .  The c o n d i t i o n  o f  t h e  Ouyen l m j r  i n  
O c t o b e r  19RR . q u ^ . g t t h a t  who/i h ^ i x u n _  ^



i f  t h a  c o . r r a c t  c o n d i t i o n s  o f  h i g h  wind  a n d  h i g h  f i l m  
t e m p e r a t u r e  o c c u r .

I t  a p p e a r s  t h e n  t h a t  w in d  damage t a k e s  p l a c e  i n  
t h r e e  p h a s 3 s ;  f i r s t l y ,  b i l l o w i n g  and s t r e t c h i n g  o f  
t h e  f i l m ,  w h i c h  may be a c c e n t u a t e d  by a n y  m e c h a n i c a l  
damage w h i c h  h a s  o c c u r r e d ;  s e c o n d l y ,  and  a 3 a r e s u l t  
o f  t h i s  b i l l o w i n g ,  f a t i g u e  and a b r a s i o n  h o l i n g ;  and 
f i n a l l y ,  r u p t u r e  o f  t h e  membrane a s  a r e s u l t  o f  t e a r i n g ,  
o r i g i n a t i n g  f r o m  f a t i g u e  o r  a b r a s i o n  h o l e s  and  o t h e r  
w e a k e n e d  a r e a s  s u c h  a s  p u n c t u r e s  o r  w eakoned  seams#
A 3 t u d y  o f  t h e  b e h a v i o u r  o f  t h e  Richmond l i n e r  and t h e  
Red H i l l  a n d  Ouyen l i n e r s  i n  V i c t o r i a  s u g g e s t s  t h a t  
w h e re  e x p o s e d  m em branes  a r e  u s e d  i n  c o n d i t i o n s  o f  h i g h  
t e m p e r a t u r e  a n d  s t r o n g  w in d s  a s e v e r e l y  l i m i t e d  s e r v i c e  
l i f e  c a n  b3 e x p e c t e d ;  f o r  4 m i l  b l a c k  p o l y t h e n e  t h i s  may 
be l e s s  t h a n  12 m o n t h s .

The e f f e c t i v e n e s s  o f  t h e  w a t e r  i n  t h e  pond i n  
c o n t r o l l i n g  w ind  damage s h o u l d  be m e n t i o n e d  * At Ouven 
t h e  w a t e r  l e v e l  was m a i n t a i n e d  a p p r e c i a b l y  c o n s t a n t  
o v e r a  p e r i o d  o f  12 m o n th s ;  wind damage was c o n f i n e d  t o  
t h e  a r e a  a b o v e  t h e  w a t e r  l i n o ,  w h o r e ,  i t  s h o u l d  ba 
e m p h a s i s e d ,  i t  was p a r t i c u l a r l y  e x t e n s i v e .  At N o r t h  
R ichm ond most o f  t h e  w ind  damage o c c u r r e d  a bo v e  t h e  
10 f o o t  l e v e l ,  t h i s  p a r t  b e i n g  most  e x p o s e d  t o  wind a n d  
h a v i n g  b e e n  c o v e r e d  w i t h  w a t e r  f o r  t h e  s h o r t e s t  p e r i o d .
I t  i s  o b v i o u s  t h a t ,  i f  a t a n k  be k e p t  f u l l ,  wind damage 
w i l l  be  c o n f i n e d  t o  t h a  a r e a  a b o v e  t h e  waxier l i n o ,  w h e re  
i t  w i l l  oo o f  l i t t l e  c o n s e q u e n c e  so  f a r  a s  s e e p a g e  l o s s e s  
a r e  c o n c j r n e d .  T h i s  i s  n o t  f e a s i b l e ,  h o w e v e r ,  i n  a  n o r m a l  
f a r m  dam, w h i c h  m ust  f l u c t u a t e  i n  w a t e r  l e v e l  i f  i t  i s  
o p e r a t e d  e f f i c i e n t l y ,  and  w h i c h  must bo e x p e c t e d  t o  be  e m p ty ,  
o r  n e a r l y  s o ,  f o r  a t  l e a s t  p a r t  o f  e a c h  y e a r .  At R ichm ond ,  
f o r  e x a m p l e ,  t h e  c o n d i t i o n s  o f  o p e r a t i o n  a r e  s u c h  t h a t  i n  
t h e  s p r i n g  a n d  summer m onths  t h e  t a n k  i s  e m p t i e d  a t  a o o u t  
f o r t n i g h t l y  I n t e r v a l s .  I n  n o r m a l  c i r c u m s t a n c e s ,  t h e r e f o r e ,  
t h e  'w a t e r  i n  a dam c e n n o t  b3 r e l i e d  upo n  t o  g i v e  s i g n i f i c a n t  
p r o t e c t i o n  f r o m  w ind  dam age .

3 . 3  7/ea t  h a r i n g  and o t h e r  damage

S u b s e q u e n t  t o  t h e  d e s t r u c t i o n  o f  t h e  N o r t h  Richmond 
l i n e r  s a m p l e s  w e re  rem o v ed  f r o m  I t  and t e s t e d  I n  t h e  
l a b o r a t o r y  t o  d e t e r m i n e  t h a  e f f e c t s  o f  w e a t h e r i n g  a n d  
w ind  d a m a g e .



- 1 4 -

TABLE 1 -  CO!!PAicATIVS

PHYSICAL PROPERTIES OF NEW AND EXPOSED POLYTHENE

T e s t
New m a t e r i a l  

0 . 0 0 4  i n .
H o r r e x  
m a t e r i a l  

0 *0 0 4  i n

U l t i m a t e  t a n s i l e  
s t r e n g t h 1 8 5 0  p . s . i . 183 0 p . s . i *

P e r c e n t a g e  e l o n g a t i o n  
a t  f a i l u r e 2 2 0 $ 120$

B . 3 .  T e a r  S t r e n g t h 3 9 4 1 b / i n 4 3 4 l b / i n

E l m e n d o r f  t e a r  
r e s i s t a n c e 665 gms 3 1 0  gms*

B u r s t i n g  P r e s s u r e
2

1 . 1 3  k g / c m
2

0 *82  k g / c m

Tho s i g n i f i c a n t  c h a n g e s  a r e  t h e  r e d u c t i o n  i n  
e l o n g a t i o n  a r d  t h e  r e d u c e d  b u r s t i n g  s t r e n g t h  and^
E l m o n d o r f  t e a r  r e s i s t a n c e *  T h e s e  o f f s e t s  w e r e  t h e  
r o s u l t  o f  w i n d —i n d u e e d  w o r k i n g  o f  t h 3  f i l m .  Tho 
s t r e t c h i n g  t o  w h i c h  t h e  H o r r o x  f i l m  had  b e e n  s u b j e c t e d  
c a u s e d  p l a s t i c  d e f o r m a t i o n ,  a n d  so  r e d u c e d  t h o  l a b o r a t o r y  
e l o n g a t i o n  f i g u r e *  Tho w o akonod  b u r s t i n g  r e s i s t a n c e  i s  
duo  t o  f a t i g u o  c r a c k i n g ,  t h e  t e s t  s a m p l e s  a l l  f a i l i n g  
u p o n  t h e  o p e n i n g  o f  s m a l l  s t r e s s  c r a c k s  n o t  p r e s e n t  i n  t h e  
now m a t e r i a l *

T h o r e  w as  no  s i g n i f i c a n t  c h a n g e  i n  p h y s i c a l  p r o p e r t i e s  
w h i c h  c o u l d  be  a t t r i b u t e d  t o  u l t r a - v i o l e t  o x i d a t i o n ,  
n o r  w as  t h e r e  a n y  v i s u a l  o b s e r v a t i o n  o f  s u c h  c h a n g e  d u r i n g  
t h o  l i f e  o f  t h o  l i n o r *  T h e r e  i s  l i t t i e  d o u b t  c h a t  t n o  uso  
o f  b l a c k  p o l y t h e n e  h a d  e f f e c t i v e l y  c o n t r o l l e d  UV o x i d a t i o n ,  
a t  l e a s t  o v e r  t h e  s h o r t  p e r i o d  f o r  w h i c h  uho l i n e r  w as  
e x p o s e d  • At t h o  s a  in t i m e ,  b e c a u s e  o f  t h e  wa * i n  who-ch i t
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T h e r e  was no a p p r e c i a b l e  e v i d e n c e  o f  p i e r c i n g  o f  
t h e  membrane f r o m  u n d e r l y i n g  a t o n e s  o r  o f  damage  f r o m  
b i r d s  o r  a n i m a l s *  Ono o r  two  p u n c t u r e s  o n  t h e  n o r t h e r n  
s i d e  w e r e  a t t r i b u t e d  t o  t r a m p l i n g  b y  members  o f  t h e  
i n s t a l l a t i o n  t eam*,

One n o t i c e a b l e  f e a t u r o  was  t h e  p e e l i n g  o f  t h o  
o v e r l a p s  o n  t h e  membrane w e l d s *  A l o n g  a l m o s t  e v e r y  
e x p o s e d  aa am i n  t h e  membrane t h e  u p p e r  o v e r l a p  p e e l e d  
o f f  i n  a s t r i p  a b o u t  If-  i n c h e s  w i d e ,  p r e s u m a b l y  a s  a 
r e s u l t  o f  w i n d  f l a p p i n g *  The manne r  o f  t h i s  p e e l i n g  
s u g g e s t e d  t h a t  t h o  w e l d i n g  p r o c e s s  had  p r o d u c e d  a 
w e a k e n i n g  o f  t h e  membrane  m a t e r i a l  i m m e d i a t e l y  a d j a c e n t  
t o  t  he  f u s e d  s e c t i o n *  As d i s c u s s e d  b e l o w ,  s u b s e q u e n t  
t e s t i n g  o f  wo l d  s a m p l e s  c o n f i r m e d  t h i s  s u p p o s i t i o n *

3*4  The Do s t r u c t  i o n  o f  t h e  L i n e r

Tho Richmond l i n e r  was d e s t r o y e d  a t  a b o u t  1 p . m .  
o n  1 1 t h  O c t o b e r ,  1 9 5 3 .  O c t o b e r  1 1 t h ,  was  a d a y  o f  
s t o r m s  a nd  s t r o n g  s q u a l l s  i n  t h o  Richmond a r e a ,  and  
Hor r e . x  r e p o r t e d  t h a t  v e r y  s t r o n g  w e s t e r l y  g u s t s  o c c u r r e d  
d u r i n g  t h e  l a t e  m o r n i n g  and  e a r l y  a f t e r n o o n .  Ho wind 
v e l o c i t y  m e a s u r e m e n t s  a r e  a v a i l a b l e ;  t h e  M e t e o r o l o g i c a l  
O f f i c e r  a t  R i chmond  A e r o d r o m e ,  4 m i l e s  s o u t h - e a s t  o f  
t h e  d a m s i t o ,  was  o f f  d u t y  on  t h i s  d a y  an d  no wind  
o b s e r v a t i o n s  w or e  made* I n  Sy dn e y  t h e  W e a t h e r  B u r e a u  
ro x e o r t e d  o n l y  l i g h t  t o  m o d e r a t e  n o r t h  w e s t  w i n d s ,  w i t h  
o c c a s i o n a l  g u s t s  t o  37 k n o t s .  On t h e  f o l l o w i n g  S a t u r d a y ,  
h o w e v e r ,  a  v e r y  s t r o n g  s q u a l l  w i t h  g u s t s  up t o  65 k n o t s  
s t r u c k  S y d n e y  H a r b o u r  and" c a u s e d  c o n s i d e r a b l e  damage t o  
s m a l l  c r a f t .  I t  scorns l i k e l y  t h a t  t h e  w i n d s  i n  Richmond 
o n  O c t o b e r  1 1 t h .  w e r e  s i m i l a r  t o  t h o s e  w h i c h  o c c u r r e d  i n  
S y d n o y  a we ek  l a t e r ,  and t h e  v e l o c i t y  o f  t h o  g u s t s  w h i c h  
t o r e  t h e  l i n e r  a l m o s t  c e r t a i n l y  e x c e e d e d  50 m . p . h *

A g e n e r a l  view’ o f  t h e  damaged  membrane i s  shown i n  
F i g u r e  5 .  A s k e t c h  p l a n  i s  shown i n  F i g u r e  1 0 .  F i g u r e s  
6 an d  11 show c l o s e - u p s  o f  damaged  s e c t i o n s  o f  t h e  l i n e r .  
The  f o l l o w i n g  p o i n t s  s h o u l d  be  n o t e d  f r o m  t h e  F i g u r e s  -

1* The membrane  f a i l e d  by  t e a r i n g  a l o n g  w e l d e d  
s e am s  w h i c h  w e r e  o r i e n t e d  a p p r o x i m a t e l y  a t  r i g h t  a n g l e s  
t o  t h e  d i r e c t i o n  of.  t h e  d e s t r u c t i v e  w i n d .

2* The  t o r n  s e ams  p a s s  a t  t h e i r  l o w e s t  p o i n t s  a l o n g  
t h o  w a t e r  l e v e l  p r e v a i l i n g  a t  t h e  t i m e  o f  t h e  f a i l u r e .
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Fipom t h o  s i t e  i n s p e c t i o n  raado o n  O c t o b e r  1 4 t h  and 
f rom,  d i s c u s s i o n s  w i t h  H o r r e x  t h e  mode o f  f a i l u r e  seems 
c l e a r *  F i g u r e  12 shows  t h e  p r o b a b l e  f a i l u r e  p r o c e s s  m  
d i a g r a m m a t i c  f o rm* I t  i s  c o n s i d e r e d  t h a t  i t  t o o k  p l a c e  
a s  f o l l o w s : -

S t r o n g  g u s t y  w i n d s  b l o w i n g  f r o m  w e s t  t o  o a s t  a c r o s s  
t h e  t a n k  c a u s 3 d  t h e  w h o l e  o f  t h e  e a s t e r n  p o r t i o n  t o  b i l l o w *  
The s t r e t c h i n g  w h i c h  had  t a k e n  p l a c e  i n  t h e  p r e v i o u s  f o u r  
m o n th s  p e r m i t t e d  t h e  l i n e r  o n  t h i 3 s i d e  t o  f o r m  a l a r g e  
b i l l o w  o r  “ b l i s t e r * ’ . The a e r o d y n a m i c s  o f  t h e  s i t e  a r e  s u c h  
t h a t  a  ” b l i s t e r 51 o f  t h i s  tyj.>o was  s e l f - s u p p o r t i n g ,  i t s  
c u r v e d  u p p e r  s u r f a c e  p r o d u c i n g  l i f t  a n d  s o  t e n d i n g  t o  
c a u s e  f u r t h e r  b i l l o w i n g .  The e f f e c t  o f  t h i s  a e r o d y n a m i c  
l i f t  w&3 t o  s e t  up  c o n s i d o r a o l e  t e n s i l e  s t r e s s e s  i n  t h e  
memorane  i t s e l f .  B e c a u s e  o f  t h e  a n c h o r i n g  e f f e c t  o f  t h j  
w a t e r  i n  t  ho l o w e r  p a r t  o f  t h e  dam,  a nd  t h e  s a n d b a g s  
s u b m e r g e d  h i r e ,  t h o  t e n s i o n  s t r e s s  was p r e s u m a b l y  a  maximum 
a l o n g  t h e  a p p r o x i m a t e  l i n o  o f  t h o  l o w e s t  e x p o s e d  s eam.  
S u b s e q u e n t  l a b o r a t o r y  t e s t s  h a v e  shown  t h a t  t h e  w e l d i n g  p r o c o  
p r o d u c e s  a  l i n e  o f  w e a k n e s s  i m m e d i a t e l y  a d j a c e n t  t o  t h e  
s e am ,  a n d  t h e  membrane  t h e r e f o r e  s p l i t  a l o n g  t h e  s eam 
s u b j e c t e d  t o  oho maximum t e n s i o n  s t r e s s .  Onoo p a r t  o f  
t h i s  s e a m  h a d  f a i l e d ,  t e a r i n g  alo:.^g i t s  f u l l  l e n g t h  
f o l l o w e d ,  a nd  t h i s  p e r m i t t i n g  t h e  f u l l  f o r c e  o f  t h e  w e s t e r l y  
wind  t o  l i f t  t h e  membrane f r o m  t h e  u n d e r s i d e ,  b a l l o o n e d  t h e  
w h o l e  e a s t e r n  s e c t i o n  o f  t h e  l i n e r  and  t o r e  i t  away  a r o u n d  
t h e  l i n o  o f  t h e  a n c h o r  t r e n c h *

Tho w e s t  ;>rn p a r t  o f  t h e  l i n e r  h a d  n o t  b e e n  s u b j e c t e d  
t o  t h e  same amount  o f  w i n d  a t t a c k  a s  t h e  a a a t e r n  p o r t i o n ,  
and e x t e n s i v e  s t r e t c h i n g  had n o t  b e e n  o b s e r v e d  I n  t h e  m on th s  
p r i o r  t o  O c t o b e r  1 1 t h .  The  r em o v a l  o f  t h e  e a s t e r n  s e c t i o n ,  
h o w o v - r ,  p r o d u c e d  a  g e n e r a l  s l a c k n e s s  i n  r e m a i n d e r  o f  t h o  
membra no and  a l l o w e d ^  f r e e  p a s s a g e  o f  a i r  u n d e r  t h e  w e s t e r n  
s i d e *  T h i s ,  c o u p l e d  w i t h  p r e s s u r e  f l u c t u a t i o n s  a s  t h e  wind  
s t r e a m e d  o v e r  t h e  w e s t e r n  s i d e  o f  t h e  dam,  a g a i n  c a u s e d  
l i f t i n g  and  b i l l o w i n g *  Onco a g a i n  t h o  t e n s i o n  f o r c e s  s o t  
up by  t h e  b i l l o w i n g  a c t i o n  c a u s e d  t e a r i n g  a l o n g  a w e l d e d  
s t r i p ,  and  a g a i n  i t  was t h e  s t r i p  h a v i n g  l e a s t  f r e e d o m  o f  
m ov e m e n t ,  i . e . ,  t h e  o n e  c l o s e s t  t o  t h e  w a t e r  w h i c h  g a v e  way* 
I n  t h i s  c a s e ,  how o v e r , t h e  w in d  was n o t  b l o w i n g  i n  a d i r o c t i o  
. such a s  t o  c a u s e  l i f t i n g  a n d  t e a r i n g  o u t  o f  t h e  w h o l e  damaged  
s e c t i o n ;  I n s t e a d ,  t h e  e a s t e r n  p a r t  o f  t h i s  s econ d  damaged  
a r e a  was b l o w n  I n t o  t h e  w a t e r  i n  t h e  t a n k  a n d  t h e  r e s t  
r e m a i n e d  a t t a c h e d  t o  t h o  a n c h o r  t r e n c h .  The f l a p p i n g  w n i c h  
u n d o u b t e d l y  f o l l o w e d  c a u s e d  s e c o n d a r y  t e a r i n g  a l o n g  o t h e r  
3 oams a n d  p a r t s  o f  t h e  a n c h o r  t r e n c h ,  a s  i s  a v i d  n e e d  b y
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I t  m i g h t  b j  a r g u e d  t h a t  t h e  c i r c u m s t a n c e s  w h i c h  
b r o u g h t  t h i s  f a i l u r e *  a b o u t  w o re  axe  a p t  I o n a  1 ,  and  t h a t  a 
n e w l y  i n s t a l l e d  l i n o r  w o u l d  h a v o  b oo n  damaged i n  much ..ho 
same way u n d e r  t r s  s e c o n d i t i o n s .  I f  t h a  f o r e g o i n g  
e x p l a n a t i o n  i s  a c c e p t e d  t h i s  v i e w  i s ,  o f  c o u r s e ,  n o t  
t e n a b l e .  The  f a i l u r e  was  due  t o  two c o n t r i b u t i n g  f a c t o r s .  
F i r s t l y ,  t h e  s t r e t c h i n g  and  h o l i n g  s u f f e r e d  o n  t h e  e a s t j r n  
s i d e  h a d  b r o u g h t  t h e  l i n e r  t o  a c o n d i t i o n  w h o r e  t h e  j f f o c t s  
o f  a  p a r t i c u l a r l y  s t r o n g  s q u a l l  wo u l d  be  s u c h  a s  t o  p r o d u c e  
d a n g e r o u s  b i l l o w i n g *  F a i l u . r o  t o  p r o t e c t  t h o  . h n o r  f r o m  
t h i s  s t r e t c h i n g  unci h o l i n g  i n  t h o  f i r s t  i n s t a n c e  m i g h t  bo 
c l a s s e d  a s  f a u l t y  - . i n s t a l l a t i o n  t e c h n i q u e ; i t  s h o u l d ,  h o w e v e r ,  
bo e m p h a s i s e d  t h a t  a t  t h e  t i m e  o f  i t s  I n s t a l l a t i o n  c o m p l e t e  
c o v e r i n g  o f  t h o  membrane  was n o t  c o n s i d e r e d  n e c e s s a r y ,  and 
i t  was  n o t  known o r  e n v i s a g e d  t h a t  t h o  e f f e c t s  o f  w ind  damage  
w o u l d  b e c o m e  a p p a r e n t  i n  30  s h o r t  a p e r i o d  o f  t i m e .  S e c o n d l y ,  
t h e  u l t i m a t e  r u p t u r e  o f  t h e  dam t o o k  - l a c a  a t  a p p a r e n t  p o i n t s  
o f  w e a k n e s s ; ;  i . e .  a l o n g  t h o  s i d e s  o f  w e l d e d  s e a m s .  S u b s e q u e n t  
t e s t i n g  o f  w e l d e d  s e a m s  ( s e e  ‘‘S e e p a g e  C o n t r o l  w i t h  P l a s t i c  
M e m b r an e s , *1 P a r t  5)  showed t h a t  t h o  ""Fla s t  a I o n  h e a t  wo ld  
o n  new 0 . 0 0 4  i n c h  m a t e r i a l  had  t h e  same t e n s i l e  s t r e n g t h  a s  
u n w e l d e d  now m a t e r i a l *  I t  d i d  h o w e v e r  hav e  p e r c e n t a g e  
e l o n g a t i o n  r e d u c e d  by  5 p e r c e n t  a n d  B . S .  T e a r  S t r e n g t h  
r e d u c e d  b y  4 p e r c e n t  a s  c o m p a r e d  w i t h  u n w e l d e d  m a t e r i a l .
On t h e  o t h ) r  h a n d ,  t h e  w e l d  s a m p l e s  t a k e n  f r o m  t h e  Richmond 
t a n k  showed  a 4% r e d u c t i o n  i n  t e n s i l e  s t r e n g t h  a 19 p e r c e n t  
r e d u c t i o n  i n  e l o n g a t i o n  and  a 27 p e r c e n t  r e d u c t i o n  i n  t e a r  
s t r e n g t h  a s  c o m p a r e d  w i t h  new,  u n w e l d e d  m a t e r i a l .  T e s t  
f i g u r e s  f o r  c h a n g e  i n  e l o n g a t i o n  and t e a r  s t r e n g t h  o f  
u n w e l d e d  s a m p l e s  f r o m  t h e  H o r r e x  t a n k  showed a much g r e a t o r  
e l o n g a t i o n  l o s s  t h a n  t h e  w e l d e d  s a m p l e s  b u t  a  much s m a l l e r  
r e d u c t i o n  i n  t e a r  s t r e n g t h .  I t  c a n  t h e r e f o r e  be a s s u m e d ,  
o n  t h e  b a s i s  o f  t h e  f i g u r e s  a v a i l a b l e  i n  t h e  R e p o r t  No* 5 
r e f e r r e d  t o ,  t h a t  t h e  t e a r  s t r e n g t h  o f  z he w e l d o d  seams  i n  
t h e  R ichmond t a n k  b e c a m e  a p p r e c i a b l y  l e s s  t h a n  the  t e a r  
s t r e n g t h  o f  t h e  m a i n  b o d y  o f  t h e  l i n e r ,  and  was a p p r o x i m a t e l y  
75  p e r c e n t  o f  t h o  t e a r  s t r e n g t h  o f  u n w e l d e d  now m a t e r i a l *
Th e  r e a s o n  f o r  t h e  t e a r i n g  o f  t h e  l i n e r  a l o n g  s u c h  s eams  
i s  t h e n  o b v i o u s ,  and  i t  i s  c l o e r  t h a t  t h i s  t e a r i n g  must  
be  expo c t e d  t o  t a k e  p l a c e  a l o n g  t h o  mos t  r i g i d  so am, i . e . ,  
t h e  ono o n  t h  • w a t e r l i n e  w h e r e  p l a s c i c  d e f o r m a t i o n  a n d  
c r e e p  o f  t h e  m a t e r i a l  i s  r e s t r i c t e d .

Tho r e a s o n s  f o r  t h i s  r a p i d  r e d u c t i o n  i n  t h o  t e a r  s t r e n g t h  
o f  t h o  w e l d s  o v e r  a p e r i o d  o f  4 m o n t h s  a r o  n o t  c l e a r ,  b u t  cho y  
c a n  p r o b a b l y  be a t t r i b u t e d  t o  f a t i g u e  a s  a r o s u 3 . t  o f  wind  
a c t i o n *  T h o r o  I s  o n  i m p l i c a t i o n  t h a t  t h o  s eems  m i g h t  h a v e  
b e c 0 mo v jr y  s 0 r i o u s l y  w e a k e n e d  i f  t ho _ _^ i g 3_o f_ b_h 3_ _ l jh i o r _ J i a^^ ^
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To sum u p ,  i t  i s  c o n s i d e r e d  t h a t  t h o  f a i l u r e  o f  
t h e  l i n e r  a t  n o r t h  Ri chmond  was duo p r i m a r i l y  t o  
p r o g r e s s i v a  w i n d  damago o v e r  i t s  b r i e f  l i f o ,  c u l m i n a t i n g  
i n  t o t a l  d e s t r u c t i o n  b y  h e a v y  w i n d s  whon t h o  dam was 
emp ty#  Wind damage  was a s s i s t e d  by  s o f t e n i n g ,  s t r e t c h i n g  
and  w e a k e n i n g  o f  r.ho membrane  mat 3 r i a l  r e s u l t i n g  f r o m  
a b s o r p t i o n  o f  s o l a r  h e a t  b y  t h e  b l a c k  p l a s t i c  m a t e r i a l .
I t  was  m a n i f e s t e d  a s  f a t i g u e  c r a c k i n g  a nd  h o l i n g  o f  t h o  
membrane  m a t e r i a l  and  a w e a k e n i n g  o f  t h e  w o l d o d  seams 
w h i c h  h a s  n o t  p r o p e r l y  b e e n  e x p l a i n e d .  W h i l s t  t h o  f i n a l  
d e s t r u c t i o n  o c c u r r e d  u n d e r  a n  a b n o r m a l  s e t  o f  c i r c u m s t a n c e s ,  
v i z #  a  c o m b i n a t i o n  o f  s t r o n g ,  g u s t y  w i n d s , s t r o n g  s u n s h i n e  
and  e m p t y  dam,  i t  i s  c o n s i d e r e d  t h a t  t h i s  s e t  o f  
c i r c u m s t a n c e s  o n l y  h a s t e n e d  t h o  d o t  r r i o r a t i o n  o f  t h e  
l i n o r  and t h a t  i t  w o u l d  o n l y  h a v e  bu-en a m a t t e r  o f  t i m e ,  
i n  more  n o r m a l  c i r c u m s t a n c e s > o o f o r e  t e a r i n g  o f  t h e  membrane  
t o o k  p l a c e .

M e a s u r e s  f o r  t h o  p r e v e n t i o n  o f  s u c h  damage must  
o b v i o u s l y  i n v o l v e  a n c h o r i n g  o f  t h e  membrane  a n d ,  i f  
p o s s i b l e ,  p r o t e c t i o n  f r o m  s u n l i g h t #  The  mos t  o b v i o u s  
s o l u t i o n  i s  t h e r e f o r e  t o  b u r y  i t #  Economic  o r  s t r u c t u r a l  
i . o #  s l o p e s  t o o  s t o o p  t o  s u p p o r t  c o v e r  c i r c u m s t a n c e s  m i g h t  
make t h i s  f o r m  o f  p r o t e c t i o n  i m p o s s i b l e .  Some m e t h o d s  o f  
p r o t e c t i o n  a r e  b r i e f l y  d i s c u s s e d  i n  t h e  r e m a i n d e r  o f  t h i s  
p a p e r #

4 # CONTROL OF WIffD DAMAGE OK EOLYTHEHE DAM LII ' oRS#

4 . 1  D e s i g n i n g  t a n k  a n d  l i n e r  a s  a u n i t #

F r o m  t h e  f o r e g o i n g  d i s c u s s i o n  i t  i s  e v i d e n t  t h a t  
t h e  o n l y  c e r t a i n  way t o  p r o t e c t  a p o l y t h e n e  l i n e r  f r o m  
w i n d  a c t i o n  i s  t o  c o v e r  i t  w i t h  a l a y e r  o f  s a n d  o r  o t h e r  
m a t e r i a l #  A l i n e r  c o v e r e d  i n  t h i s  way i s  c a l l e d  a b u r i e d  
l i n e r #  B u r i e d  l i n e r s  h a v e  some a d v a n t a g e s ,  a p a r t  f r o m  
t h e i r  r e s i s t a n c e  t o  wind  a c t i o n ;  t h e y  a r e  p r o t e c t e d  f r o m  
u l t r a - v i o l e t  o x i d a t i o n  a n d  s u n l i g h t  s o f t e n i n g ,  l i n e r  
movemen t  i s  r e s t r i c t e d ,  t h u s  p r e v e n t i n g  uhe d e v e l o p m e n t  o f  
l o c a l i s e d  a r e a s  o f  h i g h  s t r e s s ,  and p o s s i b l e  damage  f r o m  
b i r d s  o r  a n i m a l s  I s  m i n i m i s e d .  On t h e  o t h e r  hand  t h e y  h a v e
t h e  d i s a d v a n t a g e  o f  h i g h  c o s t ,  and  t l u  p l a c i n g  o f  t n o  cov  , r
m a t e r i a l  may c a u s e  da mag j t o  t h o  m em bra ne ,  p a r t i c u l a r l y  
i f  i t  i s  o f  p o l y t h e n e .  F u r t h e r m o r e  i f  p u n c t u r e s  o r  h o l e s  
d e v e l o p  i n  b u r i e d  l i n e r s  t h e y  may be e x t r e m e l y  d i f f i c u l t  t o  
l o c a t e  a n d  r e p a i r #  Tne  d e c i s i o n  a s  t o  w h e t h e r  a b u r i e d  
l i n e r  i s  f e a s i b l e  d e p e n d s  u p o n  t h e  e c o n o m i c s  o f  t h e  p a r t i c u l a r
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p o s s i o l o .  i t  w o u l d ,  a p p e a r ,  h o w e v e r ,  t h a t  l o n g  l i f e  f o r  
p o l y t h e n e  l i n e r s  c a n  be  e x p e c t e d  o n l y  wh e n  t h e  l i n e r  i s  
c o v e r e d #

I n  o r d e r  t o  m a i n t a i n  a s t a o l 9 c o v e r  on  a p o l y t h e n e  
l i n e r  t h e  s i d e  s l o p e s  o f  t h e  dam o r  t a n k  s h o u l d  be  
made f l a t t e r  t h a n  i s  n o r m a l l y  c o n s i d e r e d  n e c e s s a r y .  I t  
i s  d e s i r a o l e  t h a t  t h i s  p o i n t  be  c o n s i d e r e d  i n  d e s i g n i n g  
a  t a n k  f o r  w h i c h  a p o l y t h e n e  l i n e r  i s  p r o p o s e d .  Some 
commen t s  on  t h e  s t a b i l i t y  o f  c o v e r  m a t e r i a l s  a r e  g i v e n  
i n  t h e  n e x t  s e c t i o n *

As w e l l  a s  t h e  n e c e s s i t y  f o r  f l a t t e r  s l o p e s  t h a n  
u s u a l ,  t ^ n k s  l i n e d  w i t h  p l a s t i c  m e m b r a n e s ,  w h e t h e r  o u r i e d  
o r  e x p o s e d ,  s h o u l d  ha ve  s u c h  a s h a p e  a s  t o  r e d u c e  p o s s i b l e  
f o l d i n g  o r  w r i n k l i n g  t o  a minimum.  R e c t a n g u l a r  t a n k s  h a v e  
t h e  d i s a d v a n t a g e  t h a t  a  l a r g e  f o l d  o c c u r s  i n  e a c h  c o r n e r ,  
and  t h i s  may l e a d  t o  damag3 d u r i n g  t h e  c o v e r i n g  o p e r a t i o n  
i n  b u r i e d  l i n e r s ,  o r  t o  wind f l a p p i n g  and  f a t i g u e  i n  
e x p o s e d  l i n e r s .  T he  mos t  s u i t a b l e  s h a p e  o f  t a n k  f o r  a  
p o l y t h e n e  l i n e r  i s a  c i r c u l a r  t a n k ,  w h i c h  e n a b l e s  t h e  
membrane  t o  f i t  w i t h  a minimum o f  w r i n k l i n g .  The 
f a b r i c a t i o n  o f  a c i r c u l a r  l i n e r  p r e s e n t s  no d i f f i c u l t i e s ,  
and t h e  R ichm on d  l i n e r  was  i n  f a c t  made i n  t h i s  wa y .

I t  i s  t h e r e f o r e  e s s e n t i a l  t h a t  a  l i n e d  r e s e r v o i r  be  
d e s i g n e d  and  c o n s t r u c t e d  a s  a u n i t ,  r a t h e r  t h a n  a s  a 
c o n v a n t i o r & l  t a n k  w i t h  t h e  membrane  a d de d  a s  an  a f t e r t h o u g h t .  
T h i s  i n v o l v e s ,  i n  new t a n k s ,  t h e  u s e  o f  a c i r c u l a r  u l a n ,  
s i t e d  i f  p o s s i b l e  t o  r e d u c e  w ind  a c t i o n ,  and  t h e  u s e  o f  
b a t t e r s  f l a t  e n o u g h  t o  s u p p o r t  a s t a b l e  c o v j r  i f  che 
membrane  i s  t o  be  b u r i 3 d .  I n  t h e  l i n i n g  o f  e x i s t i n g  
t a n k s  i t  wo u l d  s e em  t o  bo d e s i r a o l e  t h a t ,  a c e r t a i n  amoun t  
o f  r e s h a p i n g  and s l o p e  f l a t t e n i n g  b e  c a r r i e d  o u t  i f  good 
l i n ^ r  p e r f o r m a n c e  i s  t o  be o x p o c t e d .

5 • 2  B u r i e d  L i n e r s

R e s e a r c h  t o  d e t e r m i n e  t h e  b e s t  cov is r  m a t e r i a l  f o r  
b u r i e d  l i n e r s  a n d  t h 3  s l o p e s  and  i n s t a l l a t i o n  t e c h n i q u e s  
t o  ba u s e d  h a s  b e e n  t h e  s u e j e c t  o f  r e s e a r c h  a t  t n e  
U n i v e r s i t y  o f  Now S o u t h  W a l e s .  The  r e s u l t s  o f  t h i s  r e s e a r c h  
a r e  r e p o r t e d  i n  s u b s e q u e n t  p a r t s  i n  t h i s  s n o s ,  a n d  
p a r t i c u l a r l y  i n  P a r t  6 ,  ■ 'FaDx 'nca t i on  and I n s t a l l a t i o n  o f  
P l a s t i c  Dam” L i n e r s ” . B r i e f  do c a l l s  o n l y  a r e  g i v e n  h e r e .
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L a u r i t z e n ,  i n  h i s  e a r l y  s t u d i o s  i n  U t a h ,  r e commenced  
t h a t  b u r i e d  l i n e r s  bo c o v e r o d  w i t h  s a n d  o r  s o i l  i n  a  
l a y e r  o f  t h r o e  t o  s i x  i n c h e s  i n  t h i c k n e s s .  I t  was  a l s o  
r e p o r t  ad t h a t  a b a t t e r  o f  2 . 7 5  t o  1 was f l a t  e n o u g h  t o  
e n s u r j  t h e  s t a b i l i t y  o f  a s a n d  l a y s r  on  P o l y t h e n e .

no s e a r c h  a t  t h s  U n i v e r s i t y  o f  New S o u t h  W a l e s  h a s  
shown t h a t  w h e r e  a n y  wave a c t i o n  i s  t o  be  e x p e c t e d  s a nd  
w i l l  n o t  r e m a i n  i n  p l a c e  on  a 3 t o  1 s l o p e .  Sand i s  n o t  
r e com men ded  f o r  c o v e r ;  t e s t s  w i t h  s o i l  h a v e  n o t  b e e n  
c a r r i e d  o u t ,  b u t  i t  i s  s u g g e s t e d  t h a t  s i m i l a r  comments  
w i l l  a p p l y *  F u r t h e r m o r e ,  t h e  u s e  o f  t o p s o i l  w o u l d  
n e c e s s i t a t e  v e r y  c a r e f u l  s o i l  s t a r i l i s a t i o n  t o  p r e v e n t  
p o s s i b l e  p e n e t r a t i o n  o f  t h e  membrane by  p l a n t  r o o t s .

I t  h a s  b e e n  shown a t  t h e  U n i v e r s i t y  o f  New S o u t h  
TJ7a l e s  t h a t  r o u n d  r i v e r  g r a v e l  w i l l  r e m a i n  s t a b l e  and 
r e s i s t  w i n d  a c t i o n  o n  s l o p e s  o f  1*5  t o  1 a nd  s t e e p e r *  
The  d e p t h  o f  wave  s c o u i ’i n g  d e p e n d s  up on  t h e  s t e e p n e s s  
o f  t h e  s l o p e ;  f o r  b a t t e r s  o f  2*5  t o  1 and  l e s s  a  t h r o e  
i n c h  c o v e r  l a y e r  i s  a m p l e ,  w h i l s t  a b a t t e r  o f  1*5 t o  1 
may r e q u i r e  a s i x  i n c h  l a y e r *

I t  i s  t h  i r e f o r a  r ecommended  t h a t ,  w h e n o v jV a v a i l a b l e ,  
r i v e r  g r a v o l  i s  t h o  b o s t  c o v e r  m a t e r i a l *  Tho s p r e a d i n g  o r  
p l a c i n g  t e c h n i q u o  b e s t  e m p l o y e d  w i l l  d e p e n d  u p on  t h e  s i z o  
o f  t h e  t a n k *  The i d e a l  p r o c e d u r e  i s  t o  p l a c e  t h  * g r a v e l  
f r o m  a movab l . j  c h u t e  i n  s u c h  a wa y  t h a s  t h e  f a l l  f r o m  t h e  
end  o f  t h }  c h u t e  t o  ghie membrane  mat j r i a l  do es  n o t  exc 33d 1 2  
i n c h e s *  I t  i s  p r o f  a r a b l e  t h a t  t h i s  be u o i u  w h i l s t  t h e  
t a n k  l s f i l l i n g ,  so  t h a t  oh - c u s h i o n i n g  e f f e c t  o f  t e e  w a t e r  
h o I p 3 t o  p r o v e n t  l i n e r  damage* Where  t h i s  i s ^ n o t  p o s s i b l e  
a v n r y  t h i n  l a y e r  o f  s a n d  m i g h t  be us  >d; t h e  ; ~ y o r  s h o u l d  
bo j u s t  t h i c k  e n o u g h  t o  p r e v e n t  darna. e bo t h e  f i l m  oub n o t  
so t h i c k  t h a t  i t  w i l l  p r o m o t e  i n s t a b i l i t y  o f  t h e  c o v e r i n g  
g r a v o l .  I t  c a n  bo e x p e c t e d  t o  w a s h  i n t o  t h e  f l o o r  o f  t h e  
t a n k  wh e n  w a v 3 a c t i o n  commences*

I n  s m a l l  t a n k s  p l a c i n g  by  h - n d  m ig h t  bo f s a s i o l s .  
Tho u s e  o f  c o n c r e t e  o u c k o t s  o f  d r a g l i n e s  may do p o s s i b l e  
i n  l a r s e  t a n k s  a n d  r e s e r v o i r s *  I n  a l l  c a s e s  t h s  c o v e r  
m a t e r i a l  s h o u l d  be  p l a c e d  f r o m  t h e  b o t t o m  up t o  p r o m o t e  
s t a b i l i t y  o f  t h e  g r a v o l  l a y e r *

4*3 e x p o s e d  L i n  e r s

"Sxposed l i n j r s  c a n n o t  be  o x p e o c o d  t o  g i v e  a l o n g  l i i o  
i n  w i n d y  l o c a t i o n s *  T h e r e  may be g 1 1 u a 1 1 o

a
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t h o  s u b j e c t  o f  r e s e a r c h  a t  t h e  U n i v e r s i t y  o f  now S o u t h  
W a l e s ,  some r e s u l t s  a r e  r e p o r t a d  i n  l a t e r  p a r t s  o f  t h i s  
s e r i e s »

One i m p o r t a n t  way i n  w h i c h  wind  damage c a n  bo 
r e d u c e d  i s  t o  p r o t e c t  t h e  da ms i t  a f r o m  wind  a c t i o n .
Skme p l a s t i c  l i n e r s  u s e d  i n  o r c h a r d s  w h e r e  s t r o n g  w i n d  
f o r c e s  c a n n o t  d e v e l o p  h a ve  b e e n  r e a s o n a b l y  f r e e  f r o m  wind  
d a m a g e .  The s i t i n g  o f  t h e  dam t o  t a k e  a d v a n t a g e  o f  
n a t u r a l  w i n d b r e a k s ,  o r  t h e  g r o w i n g  o f  t r e e s  f o r  t h i s  
p u r p o s e ,  c a n  be  e x p e c t e d  t o  r e d u c e  wind, damago t o  some 
e x t  *ont *

Tho u s e  o f  t h i c k e r  g a u g e s  o f  p o l y t h e n e  may r e d u c e  
w i n d  f a t i g u e .  I t  m i g h t ,  h o w e v e r ,  be more  e c o n o m i c a l  t o  
b u r y  t h e  membrane  t h a n  t o  u s q  a h e a v i e r  mat  3r i a l #  I n  
some s i t u a t i o n s  i t  m i g h t  be f e a s i b l e  t o  u s e  a h e a v y  
m a t e r i a l  a o o v o  t h e  n o r m a l  w a t e r l i n e ,  w h e r e  w i n d  damage  i s  
m o s t  s o v . i r e ,  an d  t o  t a k e  s t e p s  t o  e n s u r e  t h a t  t h e  dam becom es  
c o m p l e t e l y  e m p t y  a s  r a r e l y  a s  p o s s i b l e .

A n u m b er  o f  a n c h o r i n g  d e v i c e s  s u c h  a s  a n c h o r  s p i k e s ,  
s a n d b a g s ,  p o l y t h e n o  p i l l o w s  e t c .  h a v e  b o o n  s u g g e s t e d  f r o m  
t i m e  t o  t i m e .  The  s o f t e n i n g  a n d  s t r e t c h i n g  p r o d u c e d  by  
s u n l i g h t ,  h o w e v e r ,  may p e r m i t  e x t e n s i v e  l i n e r  movement  b e t w e e n  
s u c h  a n c h o r s  a n d  l e a d  t o  r a p i d  f a t i g u e  f a i l u r e  w h i c h  may 
i n  f a c t  bb  a g g r e g a v a t e d  by  t h e  a n c h o r i n g  d e v i c e s  t h o m s a l v e s *

The  o n l y  s a t i s f a c t o r y  d e v i c e  f o r  r e d u c i n g  wind  damage  
or* e x p o s e d  l i n e r s  w o u l d  a p p i a r  t o  bo a mash c o v e r i n g  s u c h  
a s  w i r e  n e t t i n g  o r  c a m o u f l a g e  n e t .  S u c h  c o v e r s  m i g h t ,  
h o w e v e r ,  c a u s e  s 3 r i o u s  a b r a s i o n  and  l e a d  t o  h o l i n g  o f  t h e  
p l a s t i c  m a t e r i a l .

A  d i f f e r e n t  a p p r o a c h ,  w h i c h  i s  s t i l l  u n d e r  i n v e s t i g a t i o n ,  
i s  t o  c o n s t r u c t  a wind*” ope r a t e d  e v a c u a t i o n  s y s t e m  w h i c h  
c r e a t e s  a s u c t i o n  u n d e r  t h 3  membrane  a n d  c a u s e s  i t  go 
h u g  t h e  y o und s u r f a c e .  Some s u c c e s s  h a s  oo e n  o b t a i n e d  
o v e r s e a s  w i t h  s u c h  a d e v i c e ,  and  t r i a l s  a r o  now b j i n g  
c o n d u c t e d  a t  t h e  U n i v e r s i t y  o f  New S o u t h  W i l e s .

A t  t he .  t i m e  o f  w r i t i n g ,  h o w e v e r ,  no r o a l l j r  s a t i s f a c t o r y  
way o f  c o n t r o l l i n g  w nd a c t i o n  on  e x p o s e d  l i i i i P s  h i s  b o o n  
f u l l y  t e s t e d ,  a n d  s u c h  l i n e r s  s h o u l d  t h e r e f o r e  b j u s e d  w i t n  
c a u t i o n  i n  w i n d y  a r e - s .  The  u s e  o f  w i n d  b r e a k s ,  c a i ’j i u l  
dam s i t i n g  a n d  c o n s t a n t  m a i n t e n a n c e  a r e  e s s e n t i a  a. g o  uhe 
s u c c e s s  o f  t h e  l i n e r  u n d e r  s u c h  com i t  i o n s .
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5* CONCLUSIONS

E x p e r i e n c e s  w i t h  a n  e x p o s e d  p o l y t h e n e  dam l i n e r  a t  
i \ ior th  K i c h m o n d ,  N*S*W*, h a ve  e m p h a s i s e d  t h a  p o 3 s i b l a  
d o s t r u c t i v o  a f r e e t s  o f  w i n d  a c t i o n  o n  t h i n  p o l y t h e n e  
memoranos.*

Wind a t t a c k  i s  a c u m u l a t i v e  p r o c e s s  w h i c h  may 
c u l m i n a t e  i n  e x t e n s i v e  h o l i n g  o r  c o m p l e t e  r u p t u r e  o f  a 
t h i n  p l a s t i c  membrane*.  The  i n i t i a l  e f f e c t s  o f  'wind a r c  
s t r e t c h i n g  b i l l o w i n g  o f  t h e  p l a s t i c  f i l m ,  w h i c h  may bo 
a g g r a v a t e d  by  t h e  h i g h - t o r a p e r a t u r o  s o f t e n i n g  w h i c h  r e s u l t s  
f r o m  e x p o s u r e  o f  b l a c k  p o l y t h e n e  f i l m  t o  h o t  s u n l i g h t *  Tho 
s e c o n d a r y  e f f e c t s  o f  f a t i g u e  and  a b r a s i o n  h o l i n g  d e v e l o p  
t h r o u g h  t h e  f l a p p i n g  a n d  rap i d  v i b r a t i o n  i n d u c e d  b y  e x c e s s i v e  
s t r e t c h i n g  and b i l l o w i n g *  I f  a l l o w e d  t o  c o n t i n u e ,  t h e s e  
s o c o n d a r j 7- e f f e c t s  may so  w e a k e n  a l i n e r  t h a t  e x t e n s i v e  h o l i n g  
and t e a r i n g  mus t  f o l l o w #

U n d e r  s t r o n g  w i n d  c o n d i t i o n s ,  e x c e s s i v e  b i l l o w i n g  may 
i n d u c e  t e n s i o n  s t r e s s e s  i n  a mombran i  w h i c h  a r e  s u f f i c i e n t  
t o  c a u s e  t e a r i n g  and r u p t u r e ,  p a r t i c u l a r l y  i f  t h e  m a t e r i a l  
h a s  b e e n  w e a k e d  b y  f a t i g u e  and  a b r a s i o n *

The b a s t  me th od  o f  p r e v e n t i n g  w i n d  damage i s  t o  
b u r y  t h e  membrane  u n d e r  a c o v e r  o f  r o u n d  g r a v e l *  P o s s i b l e  
t e c h n i q u e s  f o r  r e d u c i n g  w i n d  damage on  e xp osed  l i n e r s  h a ve  
b e e n  s u g g e s t e d ,  b u t  i t  i s  c o n s i d e r e d  t h a t  u n t i l  t h o s e  m e t h o d s  
h a v e  o-oon p r o v e n  i n  t h e  f i e l d  some a l t e r n a t i v e  m e t ho d  o f  
s e e p a g e  c o n t r o l  t o  t h o  u s e  o f  a n  e x p o se d  p o l y t h e n e  l i n e r  i s  
t o  be p r e f e r r e d  i n  h o t  w i n d y  l o c a t i o n s *  F u r t h e r  r e s e a r c h  
i n t o  m e t h o d s  f o r  c o v e r i n g  p l a s t i c  membranes  a n d  f o r  
c o n t r o l l i n g  w i n d  a c t i o n  o n  e x p o s e d  l i n e r s  i s  i n  p r o g r e s s  a t  
t h e  U n i v ^ s i t y  o f  Now S o u t h  W a l e s *
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ORIGINAL TEAR.

CENTRE SECTIONS 
REMAINED IN PLACE'

EASTERN SECTION; 
BLOWN A \W r FIRST

WESTERN SECTION,

(SEE PHOTOGRAPH, 
FIGURE 5 .)N9

LINES OF FAILURE SHOWN THUSs-

FIGs 10 NORTH RICHMOND LINER — LOCATION SKETCH OF 

RUPTURED -jINER.
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3o Second r ta g e  o f  f a i l u r e  -  e a e te m  p a r t  o f  membrane 
b lo in  away? w estern  par's loosened*

fiox* fo rc e  bore

U p lif t  here

4o Tbî . 1 Bt-age of f a i l u r e  « western p a r t  of 
membrane rupturedo

FIGURE 12; IBS BORSS RICHMCfeJ) LIKSR -  HODS OF FAILURE.




