
University of Southern Queensland 

Faculty of Engineering and Surveying   

 

 

Analysis of Catchment G in Oakey’s Sewer 
Network 

 
 
 
 
 

A dissertation submitted by 
 
 

James Andrew Hooper 
 
 
 

In fulfilment of the requirements of  
 
 

Courses ENG4111 and 4112 Research Project 
 
 

Towards the degree of  
 
 

Bachelor of Engineering (Civil) 
 
 

Submitted: November, 2006 
 

 



  
  

A b s t r a c t  

 

O a k e y  i s  a  s m a l l  t o w n  l o c a t e d  2 5 k m  w e s t  o f  T o o w o o m b a  

a n d  h a s  a  p o p u l a t i o n  o f  a p p r o x i m a t e l y  4 0 0 0  p e o p l e .  

C u r r e n t  a n d  f u t u r e  d e v e l o p m e n t  o f  u r b a n  a r e a s  i n  O a k e y  i s  

l e a d i n g  t o  a  g r e a t e r  s t r a i n  o n  t h e  c u r r e n t  s e w e r  n e t w o r k .  

A  l a r g e  a m o u n t  o f  t h e  n e t w o r k  w a s  i n s t a l l e d  i n  t h e  m i d  

s i x t i e s .  C o u n c i l  i s  l o o k i n g  a t  w a y s  o f  m a n a g i n g  t h e  

c u r r e n t  n e t w o r k  t o  s a t i s f y  f u t u r e  d e m a n d  r e q u i r e m e n t s .  

 

T h i s  t e x t  a i m s  t o  m o d e l  a  c a t c h m e n t  i n  t h e  t o w n ’ s  s e w e r  

n e t w o r k  a n d  p r o v i d e  r e c o m m e n d a t i o n s  o n  c u r r e n t  a n d  

f u t u r e  w o r k  r e q u i r e m e n t s .  

 

M o d e l l i n g  a n d  a n a l y s i n g  t h e  c h o s e n  c a t c h m e n t  h a s  s h o w n  

t h a t  e v e n  t h o u g h  o n  p a p e r  s e c t i o n s  o f  t h e  n e t w o r k  a r e  n o t  

i d e a l ,  t h e  c u r r e n t  f l o w s  i n  t h e  a r e a  a n a l y s e d ,  a r e  w e l l  

b e l o w  t h e  d e s i g n  c a p a c i t y ,  h e n c e  t h e  n e t w o r k  f u n c t i o n s  

w i t h  m i n i m a l  p r o b l e m s .  T h e  m a i n  a r e a  o f  i n t e r e s t  i n  t h i s  

c a t c h m e n t  w a s  t h e  l i m i t  s t o r a g e  c a p a c i t y  o f  t h e  p u m p  

s t a t i o n .  

 

F u t u r e  u p g r a d e s  t o  t h e  c h o s e n  c a t c h m e n t  w i l l  i n c l u d e  t h e  

p o s s i b l e  c o n s t r u c t i o n  o f  a  n e w  p u m p  s t a t i o n .  T h i s  

d o c u m e n t  g i v e s  r e c o m m e n d a t i o n s  o n  t h i s .  
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CHAPTER 1                                Introduction 
  
 

1 . 1 .  I n t r o d u c t i o n   

S e w e r  n e t w o r k s  a r e  a n  i n t e g r a l  p a r t  o f  t h e  C o u n c i l s  

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

e x i s t e n c e  a n d  l i k e  w a t e r  g r i d s  j u s t  e x p e c t  w a t e r  t o  f l o w  

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

1 . 2 .  P r o j e c t  A i m  

T h e  a i m  o f  t h i s  p r o j e c t  i s  t o  d e v e l o p  a  m o d e l  o f  a  

c a t c h m e n t  i n  O a k e y ’ s  s e w e r  n e t w o r k .  O n c e  t h e  m o d e l  h a s  

b e e n  d e v e l o p e d  a n  a n a l y s i s  w i l l  b e  u n d e r t a k e n  u n d e r  

c u r r e n t  a n d  f u t u r e  d e m a n d  s i t u a t i o n s .  F r o m  t h i s  a n a l y s i s  

r e c o m m e n d a t i o n s  w i l l  b e  m a d e  o n  a n y  u p g r a d e s  t h a t  

m a y b e  r e q u i r e d .  

 

1 . 3 .  P r o j e c t  O u t c o m e s  

 

O n c e  t h i s  s t u d y  h a s  b e e n  u n d e r t a k e n  t h e  c o l l e c t e d  

c a t c h m e n t  i n f o r m a t i o n  w i l l  p r o v i d e  m u c h  n e e d e d  d a t a  f o r  

r e c o m m e n d a t i o n s  o n  n e w  i n f r a s t r u c t u r e  r e q u i r e m e n t s  a s  

w e l l  a s  a s s i s t i n g  C o u n c i l ’ s  m a n a g e m e n t  o f  t h e  a r e a  i n  

r e s p e c t  t o  c u r r e n t  a n d  f u t u r e  d e v e l o p m e n t .   

 

T h i s  a n a l y s i s  i s  d i v i d e d  u p  i n t o  t w o  p a r t s .  T h e  f i r s t  p a r t  

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

s e c o n d  p a r t  i s  a n  a n a l y s i s  o f  a  p o s s i b l e  f u t u r e  s i t u a t i o n  o f  
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CHAPTER 1                                Introduction 
  
t h e  c a t c h m e n t .  M u c h  o f  v a c a n t  l a n d  t h a t  s u r r o u n d s  t h e  

c a t c h m e n t  h a s  g r e a t  d e v e l o p m e n t  p o t e n t i a l  a n d  i s  s l o w l y  

b e i n g  d e v e l o p e d  w i t h  m u c h  e m p h a s i s  b e i n g  p l a c e d  o n  

a c c e s s  t o  C o u n c i l  s e r v i c e s ,  i . e .  s e w e r  a n d  w a t e r .   

 

T h e  a n a l y s i s  o n c e  c o m p l e t e  w i l l  p r o v i d e  r e c o m m e n d a t i o n s  

f o r  t h e  d e s i g n  o f  a  n e w  p u m p  s t a t i o n .  T h e  n e w  p u m p  

s t a t i o n  w i l l  b e  r e q u i r e d  t o  p u m p  d i r e c t l y  t o  t h e  C o u n c i l ’ s  

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

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

i n t o  a  m u c h  l a r g e r  c a t c h m e n t  i n  t h e  t o w n  s e w e r  n e t w o r k .  

 

1 . 4 .  B a c k g r o u n d  

T h e  t o w n  o f  O a k e y  i s  l o c a t e d  a p p r o x i m a t e l y  3 0  m i n u t e s  

w e s t  o f  T o o w o o m b a  a n d  h a s  a  p e r m a n e n t  p o p u l a t i o n  o f  

a p p r o x i m a t e l y  4 0 0 0  p e o p l e .  T h e  t o w n  c o n t a i n s  o n e  o f  t h e  

t w o  s e w e r  a r e a s  i n  t h e  S h i r e  o f  J o n d a r y a n ,  w i t h  t h e  o t h e r  

a r e a  b e i n g  W e s t b r o o k .   

 

T h e  s e w e r  n e t w o r k  i n  O a k e y  b e g u n  c o n s t r u c t i o n  i n  t h e  

m i d  s i x t i e s ,  w i t h  t h e  m a j o r i t y  o f  t h e  t o w n ’ s  n e t w o r k  

c o n s t r u c t e d  a f t e r  t h e  h o u s e s  a n d  m u c h  o f  t h e  

i n f r a s t r u c t u r e  w a s  i n  p l a c e .  T h i s  p o s e s  m a n y  p r o b l e m s  

w i t h  t h e  n e t w o r k ,  a n d  a n y  a l t e r a t i o n s  o r  r e p a i r s  t h a t  a r e  

r e q u i r e d ,  h a v e  g r e a t  e f f e c t  o n  t h e  s u r r o u n d i n g  r e s i d e n t s .  

 3



CHAPTER 1                                Introduction 
  
 

O n e  o f  t h e  f i r s t  t a s k s  t h a t  n e e d e d  t o  b e  c o m p l e t e d  b e f o r e  

t h e  c o m m e n c e m e n t  o f  t h i s  s t u d y  w a s  t h e  g a t h e r i n g  o f  d a t a  

a b o u t  t h e  n e t w o r k  i n  g e n e r a l .  O v e r  s e m e s t e r  t h r e e  w i t h  

t h e  a s s i s t a n c e  o f  a  C o u n c i l  s u r v e y o r  m u c h  o f  t h e  n e t w o r k  

w a s  s u r v e y e d .  O u r  m a i n  i n t e r e s t s  w e r e  i n  t h e  e x a c t  

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

i n v e r t  l e v e l s  o f  t h e  s e w e r  m a n h o l e s  a n d  m a i n s ,  a n d  t o  

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

d a t a  t h a t  h a d  t o  b e  g a t h e r e d  w a s  e x a c t  p u m p  m o d e l s ,  

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

 

I n  t h e  2 0 0 4 / 2 0 0 5  f i n a n c i a l  y e a r  C o u n c i l  b e g a n  u p g r a d i n g  

t h e  e x i s t i n g  p u m p  s t a t i o n s .  U n t i l  t h i s  t h e  p u m p  s t a t i o n s  

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

i n  t h e  p u m p  w e l l s .  T h u s  t h e  o n l y  m e t h o d  o f  o b t a i n i n g  

f l o w s  w a s  f r o m  p u m p  h o u r  m e t e r s  r e a d  o n  a  d a i l y  b a s i s .  

T h i s  g a v e  C o u n c i l  l i m i t e d  f e e d b a c k  o n  t h e  p u m p  s t a t i o n s  

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

o f  p u m p  s t a r t s ,  o r  e v e n  f a u l t s  a n d  o v e r f l o w  e v e n t s  b e i n g  

a v a i l a b l e .  I n  t h e  e v e n t  t h a t  o n e  o f  t h e  p u m p  s t a t i o n s  

r e a c h e d  i t s  a l a r m  l e v e l  a  r e d  f l a s h i n g  l i g h t  w o u l d  b e  

t r i g g e r e d .  T h u s  t h e r e  w a s  a  r e q u i r e m e n t  f o r  t h i s  t o  b e  

r e p o r t e d  t o  a v o i d  a n  o v e r f l o w  e v e n t  o c c u r r i n g .  
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CHAPTER 1                                Introduction 
  
 

T h i s  m e t h o d  o f  m a n a g e m e n t  w a s  d e e m e d  n o t  a c c e p t a b l e  

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

s y s t e m s  w a s  u n d e r t a k e n .  T h e  c u r r e n t  s y s t e m  i n  p l a c e  i s  

C i t e c t  S C A D A - C .  C u r r e n t l y  a l l  o f  t h e  w a t e r  r e s e r v o i r s  a n d  

s e w e r a g e  p u m p  s t a t i o n  a p a r t  f r o m  p u m p  s t a t i o n  G  a r e  

c o n n e c t e d  t o  t h i s  s y s t e m .  T h e  m o s t  r e c e n t  p u m p  s t a t i o n  t o  

b e  c o n n e c t e d  t o  t h e  t e l e m e t r y  w a s  p u m p  s t a t i o n  J ,  t h i s  

p u m p  s t a t i o n  s e r v e s  a  s m a l l  i n d u s t r i a l  a r e a  w i t h  v e r y  

s m a l l  f l o w s .   

 

T h e  p u m p  s t a t i o n  a n d  c a t c h m e n t  a r e a  o f  t h i s  s t u d y  i s  t h e  

f i n a l  p u m p  s t a t i o n  r e q u i r i n g  u p g r a d i n g  t o  t h e  n e w  s y s t e m .  

T h e  u p g r a d e  o f  t h i s  p u m p  s t a t i o n  h a s  b e e n  d e l a y e d  t i l  a  

s t u d y  c o u l d  b e  u n d e r  t a k e n  i n t o  t h e  r e q u i r e m e n t s  o f  a n y  

n e w  i n f r a s t r u c t u r e .  

 

1 . 5 .  D i s s e r t a t i o n  O v e r v i e w  

 
C h a p t e r  2  c o v e r s  b a c k g r o u n d  i n f o r m a t i o n  a b o u t  t h e  s t u d y  

a r e a .   

 

C h a p t e r  3  c o n t a i n  t h e  m e t h o d o l o g y  f o r  t h e  p r o j e c t  a s  w e l l  

a s  c a l c u l a t i o n s  f o r  A D W F  a n d  P W W F .  
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CHAPTER 1                                Introduction 
  
C h a p t e r  4  c o v e r s  i n f o r m a t i o n  r e g a r d i n g  t h e  s o f t w a r e  a n d  

h o w  t h e  m o d e l  w a s  s e t u p  a n d  v e r i f i e d .  

 

C h a p t e r  5  c o n t a i n s  t h e  r e s u l t s  o b t a i n e d  f r o m  t h e  a n a l y s i s  

o f  t h e  c a t c h m e n t .  

 

C h a p t e r  6  c o v e r s  r e c o m m e n d a t i o n s  t h a t  h a v e  b e e n  m a d e  

f o r  a d d i t i o n a l  i n f r a s t r u c t u r e  t h a t  i s  r e q u i r e d .  

 

C h a p t e r  7  c o n t a i n s  c o n c l u s i o n  o n  w h a t  w a s  u n d e r t a k e n  

d u r i n g  t h e  p r o j e c t .  A l s o  c o v e r e d  i s  a n y  f u t u r e  w o r k  t h a t  

m a y  r e s u l t  f r o m  t h e  u n d e r t a k i n g  o f  t h i s  p r o j e c t .  
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CHAPTER 2              Description of Study Area 

2 . 1 .  I n t r o d u c t i o n  

T h e  m a j o r i t y  o f  t h e  s e w e r  n e t w o r k  i n  O a k e y  w a s  

c o n s t r u c t e d  i n  t h e  m i d  n i n e t e e n  s i x t i e s .  O v e r  t i m e  m a n y  

m o d i f i c a t i o n  h a v e  b e e n  m a d e  t o  n e t w o r k  t o  d e a l  w i t h  

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

w e r e  o n l y  u n d e r t a k e n  w h e n  t h e y  w e r e  d e e m e d  t o  b e  

n e c e s s a r y  a n d  n o t  a s  s u g g e s t e d  i n  p r e v i o u s  s t u d i e s  o f  t h e  

n e t w o r k .  T h i s  w a s  d o n e  i n  a n  a t t e m p t  t o  r e d u c e  c o s t s  b u t  

t o  s t i l l  m a i n t a i n  a  h i g h  l e v e l  o f  s e r v i c e .   

 

S i n c e  a  s t u d y  w a s  u n d e r t a k e n  i n  1 9 9 4  t h e  m a j o r i t y  o f  t h e  

S h i r e  o f  J o n d a r y a n  h a s  b e e n  e x p e r i e n c i n g  d r o u g h t  

c o n d i t i o n s .  A s  t h e  c u r r e n t  d a m  l e v e l s  d e c r e a s e ,  t h e r e  i s  a  

n e e d  t o  c o n s e r v e  w a t e r ,  c u r r e n t l y  O a k e y  i s  c o n n e c t e d  t o  

T o o w o o m b a ’ s  w a t e r  s u p p l y ,  a n d  t h e r e f o r e  a r e  r e q u i r e d  t o  

a d h e r e  t o  t h e  s a m e  l e v e l  o f  w a t e r  r e s t r i c t i o n .  I t  c a n  b e  

s e e n  t h a t  a s  t h e  l e v e l  o f  w a t e r  r e s t r i c t i o n s  r i s e  t h e  a m o u n t  

o f  w a t e r  c o n s u m e d  a l s o  d e c r e a s e s ,  w i t h  t h e  d e c r e a s e  i n  

w a t e r  c o n s u m p t i o n  a n d  i n c r e a s e  i n  g r e y  w a t e r  r e u s e  t h i s  

l e a d s  t o  a  r e d u c t i o n  i n  s e w a g e  f l o w s .  T h i s  r e d u c t i o n  i n  

s e w a g e  f l o w s  a l o u d  C o u n c i l  t o  p u t  b a c k  a n y  n o n - e s s e n t i a l  

m o d i f i c a t i o n s  t o  i n f r a s t r u c t u r e .  
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2 . 2 .  F o c u s  A r e a  

O a k e y  i s  l o c a t e d  2 5 k m  b y  r o a d  e a s t  o f  T o o w o o m b a  i n  

J o n d a r y a n  S h i r e .  O a k e y  i s  o n e  o f  m a n y  m a j o r  c o m m u n i t y  

c e n t r e s  l o c a t e d  w i t h  i n  t h e  S h i r e  a n d  i s  a l s o  t h e  l o c a t i o n  

o f  t h e  c u r r e n t  C o u n c i l  o f f i c e ’ s  a n d  d e p o t .  A s  a t  3 0  J u n e  

2 0 0 5  t h e  e s t i m a t e d  p o p u l a t i o n  o f  t h e  S h i r e  w a s  1 4 , 3 2 9  

p e r s o n s .  T h i s  e s t i m a t e  w a s  o b t a i n e d  f r o m  t h e  O f f i c e  o f  

E c o n o m i c  a n d  S t a t i s t i c a l  R e s e a r c h  a n d  i s  b a s e d  o n  c u r r e n t  

g r o w t h  t r e n d  a n d  A u s t r a l i a n  B u r e a u  o f  S t a t i s t i c s  D a t a .  A  

p l a n  o f  t h e  S h i r e  c a n  b e  s e e n  i n  F i g u r e  2 - 1 .   

 

 
F i g u r e  2 - 1  M a p  o f  J o n d a r y a n  S h i r e ,  O b t a i n e d  f r o m  C o u n c i l ’ s  

W e b s i t e .  

 

T h e  t o w n  o f  O a k e y  h a s  a n  e s t i m a t e d  p o p u l a t i o n  o f  4 0 0 0  

p e r s o n s .  O a k e y ’ s  s e w e r  n e t w o r k  c o n s i s t s  o f  s e v e n  p u m p  
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s t a t i o n s ,  f o u r  o f  t h e s e ,  p u m p  i n t o  o t h e r  s e c t i o n s  o f  t h e  

n e t w o r k ,  w i t h  t h e  t h r e e  l a r g e r  o f  t h e  p u m p  s t a t i o n s  

p u m p i n g  d i r e c t l y  t o  t h e  t r e a t m e n t  p l a n t .  A n  o v e r a l l  p l a n  

o f  O a k e y ’ s  S e w e r  N e t w o r k  c a n  b e  s e e n  i n  F i g u r e  2 - 2 .  

 
F i g u r e  2 - 2  O a k e y ’ s  c u r r e n t  s e w e r  n e t w o r k  
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2 . 3 .  F o c u s  A r e a  –  S e w e r  P u m p  S t a t i o n  G  

T h e  f o c u s  a r e a  f o r  t h i s  s t u d y  i s  t h e  c a t c h m e n t  d r a i n i n g  t o  

s e w e r a g e  p u m p  s t a t i o n  G .  T h e  o r i g i n a l  p u m p  s t a t i o n  w a s  

c o n s t r u c t e d  t o  s e r v e  o n l y  t h e  a r e a  s u r r o u n d i n g  C o o p e r  

A v e n u e ;  t h i s  i s  s h o w n  i n  F i g u r e  2 - 3 .  F r o m  r e c o r d s  i n  t h e  

m i d  s e v e n t i e s  t h i s  p u m p  s t a t i o n  w a s  f i l l e d  i n  a n d  t h e  

m a n h o l e  l o c a t e d  d i r e c t l y  w e s t  w a s  c o n v e r t e d  t o  t h e  

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

M i l l i g a n  S t r e e t s  a n d  t h e n  t h e  A r u m a  D r i v e  a r e a  t o  b e  

c o n n e c t e d  t o  s e w e r .  T h i s  c a n  b e  s e e n  i n  F i g u r e  2 - 4 .  I n  t h e  

0 6 / 0 7  a n d  0 7 / 0 8  C o u n c i l  i s  l o o k i n g  t o  u p g r a d e  t h e  c u r r e n t  

p u m p  s t a t i o n .  

 
F i g u r e  2 - 3  I n i t i a l  s e w e r  a r e a  
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F i g u r e  2 - 4  O v e r v i e w  o f  t h e  s t u d y  a r e a  

 

T h e  c u r r e n t  p u m p  s t a t i o n  a s  i n d i c a t e d  i n  F i g u r e  2 - 4 ,  i s  

o n l y  o f  a  t e m p o r a r y  n a t u r e .  C u r r e n t l y  n o  r e c o r d s  a r e  h e l d  

o f  t h e  e x a c t  d e t a i l s  o f  t h e  p u m p  s t a t i o n  b u t  f r o m  f i e l d  

s u r v e y  t h e  f o l l o w i n g  d e t a i l s  w e r e  o b t a i n e d .  T h e  p u m p  

s t a t i o n  h a s  a  d e p t h  o f  5 . 0 m ,  a  d i a m e t e r  o f  1 . 2 m  a n d  i s  

f i t t e d  w i t h  a  s i n g l e  F l y g t  C P 3 1 0 2 . 1 8 0  s u b m e r s i b l e  p u m p ,  

t h e  p e r f o r m a n c e  c u r v e  f o r  t h i s  p u m p  c a n  b e  f o u n d  i n  

A p p e n d i x  G .  T h e  p u m p  i s  c o n t r o l l e d  b y  a  s i m p l e  s y s t e m  o f  

f l o a t s .  O n c e  t h e  p u m p  w e l l  c o n t a i n s  a  s e t  a m o u n t  o f  l i q u i d  
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t h e  p u m p  s t a r t s  a n d  t h e n  s t o p s  o n c e  a n o t h e r  f l o a t  i s  

t r i g g e r e d .  C u r r e n t l y  t h i s  i s  t h e  l a s t  p u m p  s t a t i o n  i n  O a k e y  

n o t  c o n n e c t e d  t o  t h e  t e l e m e t r y  s y s t e m .  B e c a u s e  o f  t h i s  t h e  

f l o w s  o b t a i n e d  f o r  m o d e l l i n g  p u r p o s e s  w e r e  e s t i m a t e d  

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

r e a d  e a c h  d a y  b y  t h e  t r e a t m e n t  p l a n t  o p e r a t o r .   

 

W h e n  t h e  u p g r a d e  o f  t h e  p u m p  s t a t i o n  i s  u n d e r t a k e n  i t  

w i l l  e n a b l e  r e a l  t i m e  m o n i t o r i n g  o f  p u m p  w e l l  l e v e l s ,  

d a i l y  r u n t i m e ,  d a i l y  n u m b e r  o f  s t a r t s  a s  w e l l  a s  f a u l t s  a n d  

w a r n i n g s .  U n d e r  t h e  c u r r e n t  s y s t e m  t h e r e  a r e  n o  r e c o r d s  

o f  t h e  n u m b e r  o f  s t a r t s ,  o r  w a r n i n g s /  f a u l t s  u n l e s s  a  

v i s u a l  f a i l u r e  h a s  o c c u r r e d  a n d  r a w  s e w a g e  i n  s e e n  

f l o w i n g  f r o m  t h e  o v e r f l o w  s y s t e m  i n t o  t h e  l o c a l  c r e e k .   

 

A  b r i e f  a n a l y s i s  w a s  u n d e r t a k e n  o f  t h e  c u r r e n t  d a t a  o n  t h e  

n e t w o r k ,  p r i m a r i l y  m a n h o l e  l o c a t i o n s ,  p i p e  m a t e r i a l ,  p i p e  

d i a m e t e r ,  s u r f a c e  a n d  i n v e r t  l e v e l s .  I t  w a s  f o u n d  t h a t  o v e r  

t i m e  w i t h  t h e  u p d a t i n g  o f  t h e  C o u n c i l ’ s  G I S  t h a t  m a n y  o f  

t h e  m a n h o l e  l o c a t i o n s  w e r e  n o t  c o m p l e t e l y  c o r r e c t  a n d  t h e  

o n l y  l e v e l s  t h a t  w e r e  a v a i l a b l e  w e r e  f r o m  v e r y  o l d  a s -

c o n s t r u c t e d  p l a n s  t h a t  h a d  b e e n  c o n v e r t e d  f r o m  S t a t e  

D a t u m  t o  A H D .  T h e  d a t a  r e g a r d i n g  t h e  d i a m e t e r  a n d  p i p e  
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m a t e r i a l s  c o u l d  b e  u t i l i s e d  t h u s  r e d u c i n g  t h e  r e q u i r e d  

a m o u n t  o f  s u r v e y .   

 

T h e  m a i n  s u r v e y  w a s  u n d e r t a k e n  u s i n g  a  d u m p y  l e v e l  a n d  

s t a f f .  T h i s  w a s  u n d e r  t a k e n  b y  L e o n a r d  K n i g h t ,  C o u n c i l  

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

h i n d e r e d  m a i n l y  b y  t h e  f a c t  t h a t  m a n y  o f  t h e  m a n h o l e s  

w e r e  d i f f i c u l t  t o  l o c a t e .  S o m e  o f  t h e  p r o b l e m  e n c o u n t e r e d  

r e l a t e d  t o  l i m i t  a c c e s s ,  b u t  m a n y  o f  t h e  m a n h o l e s  n e e d e d  

t o  b e  b o u g h t  t o  t h e  s u r f a c e ,  a s  o v e r  t i m e  t h e y  h a v e  

b e c o m e  b u r i e d .  A  l a b e l l e d  m a p  o f  t h e  s t u d y  a r e a  c a n  b e  

f o u n d  i n  A p p e n d i x  B .   

 

2 . 4 .  C o n d i t i o n  A s s e s s m e n t  

A n  a s s e s s m e n t  o f  t h e  c o n d i t i o n  o f  t h e  s e w e r  m a i n s  i n  t h e  

c a t c h m e n t  w a s  u n d e r t a k e n .  F r o m  t h i s  i t  w a s  f o u n d  t h a t  t h e  

m a j o r i t y  o f  t h e  g r a v i t y  m a i n s  p r e s e n t  i n  t h e  c a t c h m e n t  

w e r e  i n  s e r v i c e a b l e  c o n d i t i o n .  O n e  a r e a  o f  s p e c i a l  i n t e r e s t  

i s  t h e  r o a d  c r o s s i n g  f r o m  t h e  A r u m a  D r i v e  s e c t i o n  t o  t h e  

M i l l i g a n ,  K i n g  S t r e e t s  a r e a .  T h i s  c a n  b e  s e e n  i n  F i g u r e  2 -

5 .  
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F i g u r e  2 - 5  G I S  m a p  s h o w i n g  a r e a  o f  i n t e r e s t  

 

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

h a d  b e e n  b r o k e n  o u t .  R e c o r d s  a t  C o u n c i l  s h o w  c u r r e n t  

s t o r m w a t e r  i n f r a s t r u c t u r e  c r o s s i n g  t h e  s e w e r  m a i n  a t  t h i s  

p o i n t .  A n  i m a g e  o f  t h i s  i s  s h o w n  i n  f i g u r e  2 - 6 .  T h i s  w a s  

o n e  o f  t h e  f e w  m a j o r  p r o b l e m s  f o u n d  f r o m  C C T V  s u r v e y  

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

t o  r o o t  m a s s e s  w i t h  t h e  l i n e s ,  t h e s e  r o o t s  w e r e  r e m o v e d  

d u r i n g  t h e  c l e a n i n g  r e q u i r e d  t o  c o m p l e t e  t h e  C C T V  

i n s p e c t i o n .   
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F i g u r e  2 - 6  I m a g e  f r o m  c a m e r a  w o r k  o f  t h e  b r o k e n  s e c t i o n  o f  m a i n  

 

T h e  m o s t  m a j o r  p r o b l e m  e n c o u n t e r e d  i n  t h e  i n s p e c t i o n  o f  

t h e  c a t c h m e n t  w a s  s i l t  a n d  d e b r i s  b u i l d  u p s  w i t h i n  t h e  

l i n e s .  O v e r  t i m e  t h e r e  h a v e  b e e n  v e r y  f e w  b r e a k s  a n d  

b l o c k a g e s  o f  t h i s  s e c t i o n  o f  n e t w o r k .  T h u s  i t  i s  a s s u m e d  

t h a t  t h e  s i l t  a n d  d e b r i s  h a d  o n l y  a  s m a l l  e f f e c t  o n  t h e  

s e r v i c e a b i l i t y  o f  t h e  n e t w o r k  a n d  o n l y  w a s  f o u n d  t o  b e  a  

p r o b l e m  w h e n  a n  a t t e m p t  t o  c o n d u c t  C C T V  i n s p e c t i o n  w a s  

u n d e r t a k e n .  I t  s h o u l d  b e  n o t e d  t h a t  o n  t h e  s e c o n d  a t t e m p t  

t o  i n s p e c t  t h e  n e t w o r k  v i a  C C T V  i n s p e c t i o n  i n  m i d  

O c t o b e r  2 0 0 6  t h e  r e m a i n i n g  s i l t  a n d  d e b r i s  w e r e  r e m o v e d .  
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2 . 5 .  S u m m a r y  

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

l e a d  t o  t h e  n e e d  f o r  t h i s  s e c t i o n  o f  t h e  n e t w o r k  t o  b e  

a n a l y s e d .  B e c a u s e  o f  t h e  n e e d  f o r  a c c u r a t e  l o c a t i o n s  a n d  

l e v e l s ,  t h i s  l e a d  t o  a  g o o d  o p p o r t u n i t y  f o r  u p d a t i n g  o f  t h e  

d e t a i l s  o f  t h e  e n t i r e  O a k e y  s e w e r  n e t w o r k .  

 

F r o m  t h e  c o n d i t i o n  a s s e s s m e n t  i t  c a n  b e  c o n c l u d e d  t h a t  

t h e r e  a r e  o n l y  a  f e w  p r o b l e m s  w i t h  t h e  s e w e r  m a i n s  i n  t h i s  

s e c t i o n  o f  t h e  n e t w o r k .  

 

 17



CHAPTER 3                                  Methodology 

 

 

 

 

 

 

 

 

 

 

C H A P T E R  3  – M E T H O D O L O G Y  
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3 . 1 .  I n t r o d u c t i o n  

T h e  p r o c e s s  o f  a n a l y s i n g  s e w e r  n e t w o r k s  i s  s e t  o u t  i n  

p u b l i c a t i o n s  s u c h  a s  D e p a r t m e n t  o f  N a t u r a l  R e s o u r c e s  &  

M i n e s ,  P l a n n i n g  G u i d e l i n e s  f o r  W a t e r  S u p p l y  a n d  

S e w e r a g e  2 0 0 5 .  T h i s  d o c u m e n t  g a v e  t h e  d i r e c t i o n  f o r  h o w  

t h e  n e t w o r k  w a s  t o  b e  a n a l y s e d .   

 

T h e  f i r s t  s e c t i o n s  o f  t h i s  c h a p t e r  c o v e r  a  b r i e f  b a c k g r o u n d  

o f  w h a t  w a s  u s e d  w i t h  r e m a i n d e r  c o v e r i n g  t h e  

m e t h o d o l o g y  o f  t h e  w o r k  u n d e r t a k e n .  

 

3 . 2 .  R e v i e w  o f  P r e v i o u s  S t u d y  

T h e  p r e v i o u s  s t u d y  w a s  u n d e r t a k e n  i n  1 9 9 4  b y  S i n c l a i r  

K n i g h t  M e r z .  T h i s  s t u d y  m a i n l y  c o n c e n t r a t e d  o n  t h e  

o v e r a l l  n e t w o r k  a n d  n o t  i n d i v i d u a l  c a t c h m e n t s .  B e c a u s e  o f  

t h i s  t h e r e  i s  v e r y  l i t t l e  i n f o r m a t i o n  g i v e n  o n  t h e  s e c t i o n  

o f  n e t w o r k  b e i n g  a n a l y s e d .  T h e  r e s u l t s  g i v e n  i n  t h i s  s t u d y  

g a v e  a n  A D W F  a t  t h e  p u m p  s t a t i o n  a n d  w i t h  t h e  u s e  o f  a  

p e a k i n g  f a c t o r  o f  5  t h e y  a l s o  g a v e  a n  a p p r o x i m a t e  P W W F  

a t  t h i s  p o i n t  i n  t h e  s y s t e m .  F r o m  t h i s  s t u d y  s i m i l a r  r e s u l t s  

w e r e  a l s o  f o u n d  f o r  t h e  v o l u m e  o f  s e w a g e  t h a t  t h e  p u m p  

s t a t i o n  c o u l d  s t o r e  b e f o r e  a n  o v e r f l o w  e v e n t  o c c u r r e d .   
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T h e  m a i n  d i f f e r e n c e  b e t w e e n  t h i s  s t u d y  a n d  t h e  p r e v i o u s  

s t u d y  i s  i n  t h e  a n a l y s i s  o f  e a c h  m a i n  i n  t h e  c a t c h m e n t  t o  

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

 

3 . 3 .  C u r r e n t  G u i d e l i n e s  

C u r r e n t  D e p a r t m e n t  o f  N a t u r a l  R e s o u r c e s  &  M i n e s  

P l a n n i n g  G u i d e l i n e s  f o r  W a t e r  S u p p l y  a n d  S e w e r a g e  s e t  

o u t  r e q u i r e m e n t s  f o r  n e t w o r k  m o d e l l i n g .  T h i s  f o r m e d  t h e  

b a s i s  f o r  t h e  m e t h o d  o f  m o d e l l i n g  t h a t  w a s  a d o p t e d .  T h e  

o n l y  d i f f e r e n c e  w a s  d u e  t o  t h e  l a c k  o f  d i u r n a l  p a t t e r n s  

a n d  a c c u r a t e  I / I  i n f o r m a t i o n  t h e  m o d e l  w a s  r u n  u n d e r  a  

c o n s t a n t  p e a k i n g  f a c t o r  f o r  e a c h  o f  t h e  P W W F  c a s e s   

 

3 . 4 .  D e t a i l s  o f  S o f t w a r e  U s e d  

T h e  s o f t w a r e  t h a t  w a s  u s e d  f o r  t h e  m o d e l l i n g  o f  t h i s  

s e c t i o n  o f  t h e  n e t w o r k  w a s  H a e s t a d  M e t h o d s  S e w e r C A D .  

T h e  p r o g r a m  c a n  b e  r u n  a s  a n  a d d - o n  t o  A u t o C A D  o r  a s  a  

s t a n d  a l o n e  s e w e r  m o d e l l i n g  p r o g r a m  a s  w a s  u s e d  i n  t h i s  

c a s e .  A p a r t  f r o m  j u s t  a n a l y s i n g  n e t w o r k  t h e  p a c k a g e  h a s  a  

b u i l t  i n  d e s i g n  t o o l ,  w i t h  t h i s  y o u  c a n  e n t e r  t h e  d e s i g n  

p a r a m e t e r s ,  s u r f a c e  l e v e l s  a n d  o u t l e t  l e v e l  a n d  u s e  a  

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

T h i s  s y s t e m  u s e s  a  l a r g e  d a t a b a s e  o f  p i p e s  a n d  m a t e r i a l s  
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t o  s e l e c t  f r o m ,  w i t h  i t  b e i n g  l e f t  t o  t h e  o p e r a t o r  t o  s e t  a  

l i m i t e d  s e l e c t i o n  t o  b e  u s e d  i n  d e s i g n .   

 

T h e  p r o g r a m  h a s  a  b u i l t  i n  n u m e r i c a l  m o d e l ,  w h i c h  u s e r s  

b o t h  d i r e c t  a n d  s t a n d a r d  s t e p  g r a d u a l l y  v a r i e d  f l o w  

m o d e l s  ( S e w e r C A D  v 5  U s e r s  G u i d e )  t o  a n a l y s e  t h e  g r a v i t y  

n e t w o r k .  F l o w s  c a l c u l a t e d  b y  t h e  m o d e l  c a n  b e  c l o s e l y  

a p p r o x i m a t e d  b y  u s e  o f  M a n n i n g ’ s  E q u a t i o n .  

 

 

2
1

3
21 SRA

n
Q ⋅⋅⋅=   M a n n i n g ’ s  E q u a t i o n  

W h e r e :  Q = D i s c h a r g e  ( m 3 / s )  

  n = M a n n i n g ’ s  r o u g h n e s s  

  A = F l o w  a r e a  ( m 2 )  

  R = H y d r a u l i c  R a d i u s  ( m )  

  S = F r i c t i o n  s l o p e  ( m / m )  

 

B e c a u s e  f l o w  i n  a  s e w e r  m a i n  i s  p a r t  f u l l  f l o w ,  

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

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

v a l u e s .   

 

F o r  t h e  p u r p o s e  o f  t h i s  m o d e l  t h e  d e s i g n  c a p a c i t y  w a s  a t  

7 5 %  f u l l  d e p t h  o f  f l o w .   
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3 . 5 .  P h y s i c a l  D a t a  C o l l e c t i o n  

T h e  c o l l e c t i o n  o f  a l l  t h e  p h y s i c a l  d a t a  f o r  t h e  n e t w o r k  

w a s  u n d e r t a k e n  w i t h  t h e  a s s i s t a n c e  o f  o n e  o f  C o u n c i l ’ s  

T e c h n i c a l  O f f i c e r ’ s  w h o  a s s i s t e d  i n  t h e  l e v e l l i n g ,  l o c a t i n g  

a n d  g a t h e r i n g  o f  d a t a  a b o u t  t h e  c a t c h m e n t .  

 

T h e  S h i r e ’ s  d e t a i l  p l a n s  a n d  G I S  s y s t e m  w h e r e  a n a l y s e d  t o  

g i v e  a p p r o x i m a t e  p o s i t i o n s  o f  a l l  s e w e r  m a i n s  t h a t  w e r e  

r e q u i r e d  f o r  a n a l y s i s ,  t h e  n e x t  s t e p  w a s  t o  l o c a t e  a n d  

l e v e l  m a n h o l e s  a n d  p i p e  i n v e r t s .   

 

T h e  l e v e l l i n g  w a s  u n d e r t a k e n  w i t h  a  d u m p y  l e v e l  a n d  

p e r m a n e n t  s u r v e y  m a r k s  l o c a t e d  a r o u n d  t h e  t o w n  t o  g a i n  

t h e  s u r f a c e  l e v e l s  o f  t h e  m a n h o l e s  i n  t h e  n e t w o r k .  W e  

t h e n  o p e n e d  e a c h  m a n h o l e  i n s p e c t e d  t h e  p i p e  

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

 

3 . 6 .  F l o w  D a t a  C o l l e c t i o n  

A n  a p p r o x i m a t i o n  o f  t h e  f l o w s  t h r o u g h  t h e  p u m p  s t a t i o n  

w a s  o b t a i n e d  f r o m  r u n t i m e s  o f  t h e  p u m p  i n  t h e  w e l l .  W i t h  

a  k n o w n  c a p a c i t y  o f  1 0 . 2 L / s  o b t a i n e d  f r o m  d r a w  d o w n  

t e s t s  u n d e r t a k e n  a n  a p p r o x i m a t e  v a l u e  c a n  b e  c a l c u l a t e d  

f o r  d a i l y  f l o w s .  T h i s  w a s  t h e n  a v e r a g e d  o u t  t o  g i v e  t h e  

A D W F .  T h e  A D W F  w a s  t h e n  d i v i d e d  u p  a m o n g s t  t h e  1 3 2  
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r e s i d e n t i a l  c o n n e c t i o n s  i n  t h e  c a t c h m e n t .  T h e  f l o w s  

c a l c u l a t e d  a r e  w e l l  b e l o w  t h o s e  r e c o m m e n d e d  f o r  s e w e r  

d e s i g n .  T h e  l o w  f l o w s  d i s c o v e r e d  c a n  b e  a t t r i b u t e d  t h e  

c u r r e n t  w a t e r  u s a g e  w h i c h  i s  f o u n d  t o  b e  m u c h  l o w e r  t h e n  

i n  p r e v i o u s  y e a r s  d u e  t o  a  h i g h e r  l e v e l  w a t e r  r e s t r i c t i o n s   

a n d  i n c r e a s e d  g r e y  w a t e r  r e u s e .  T h e  E P  f o r  e a c h  

c o n n e c t i o n  w a s  g i v e n  b y  C o u n c i l  a s  2 . 8  p e r s o n s  p e r  

h o u s e ;  t h i s  f i g u r e  w a s  t a k e n  f r o m  a d j u s t e d  C e n s u s  d a t a .  

T h e  A D W F  u s e d  i n  t h e  c u r r e n t  s i t u a t i o n  m o d e l  a r e  

d i s p l a y e d  i n  T a b l e  3 . 1  

 

E P  p e r  h o u s e  A D W F  ( L / c . d )  T o t a l  p e r  C o n n e c t i o n  

( L / d )  

2 . 8  1 4 6  4 0 8  
T a b l e  3 . 1  C u r r e n t  S i t u a t i o n  S e w e r  F l o w s  

 

N o  s i g n i f i c a n t  r a i n f a l l  e v e n t  h a s  o c c u r r e d  i n  t h e  g i v e n  

t i m e  s p a n ,  h e n c e  t h e  P W W F  w i l l  n e e d  t o  b e  a p p r o x i m a t e d  

u s i n g  m e t h o d s  o b t a i n e d  f r o m  s e c t i o n  5 . 2 . 2  o f  t h e  

D e p a r t m e n t  o f  N a t u r a l  R e s o u r c e s  a n d  M i n e s  p u b l i c a t i o n ,  

“ P l a n n i n g  G u i d e l i n e s  f o r  W a t e r  S u p p l y  a n d  S e w e r a g e ” .  

F o r  t h i s  t h e  h i s t o r i c a l  Q u e e n s l a n d  a p p r o a c h  w a s  u s e d .   

T h u s :  

 

P W W F  =  5  x  A D W F  o r  C 1  x  A D W F ,  w h i c h  e v e r  i s  l a r g e r .  

C 1 = 1 5  x  ( E P ) - 0 . 1 5 8 7  w i t h  C 1  b e i n g  g r e a t e r  t h e n  3 . 5  
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N o t e :  E P  i n  t h e  e q u a t i o n  b e i n g  t h e  t o t a l  e q u i v a l e n t  

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

 

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

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

c a l c u l a t e d  f r o m  t h e  n u m b e r  o f  s e w e r  c o n n e c t i o n s  ( 1 3 2 )  

a n d  t h e  a v e r a g e  2 . 8  p e r s o n s  p e r  h o u s e  g i v e n  b y  C o u n c i l .  

S h o w n  i n  t h e  T a b l e  3 . 2  i s  t h e  C 1  p e a k i n g  f a c t o r  a n d  t h e  

c a l c u l a t e d  P W W F  f o r  t h e  c u r r e n t  s i t u a t i o n .  

 

C 1  P e a k i n g  F a c t o r  C a l c u l a t e d  P W W F  ( L / c . d )  

5 . 9  8 6 1 . 4  
T a b l e  3 . 2  P e a k i n g  f a c t o r  a n d  P W W F  

   

I / I ,  I n f i l t r a t i o n  a n d  i n f l o w  h a v e  b e e n  a s s e s s e d  i n  t h e  p a s t  

w i t h  i t  b e i n g  f o u n d  t h a t  t h e  a m o u n t  o f  I / I  i s  m i n i m a l  f o r  

t h e  s m a l l e r  c a t c h m e n t s .  A  p a r t  o f  p a s t  a s s e s s m e n t  w a s  

s m o k e  t e s t i n g  o f  t h e  s o u t h e r n  s e c t i o n  o f  t h e  t o w n ’ s  s e w e r  

n e t w o r k  i n  2 0 0 4 .  F r o m  t h i s  t e s t i n g  i t  w a s  f o u n d  t h a t  o n l y  

o n e  p r o p e r t y  h a d  t h e  s t o r m w a t e r  f r o m  t h e  r o o f  c o n n e c t e d  

t o  t h e  s e w e r  l i n e s  v i a  a  m a n h o l e  l o c a t e d  o n  t h e  s i t e .  T h i s  

h a s  s i n c e  b e e n  r e c t i f i e d .  F i g u r e  3 - 1  b e l o w  s h o w s  t h e  

r u n t i m e s  o f  t h e  p u m p  s t a t i o n  l o c a t e d  i n  L o r r i m e r  S t r e e t  

O a k e y ,  a p p r o x i m a t e l y  3 0 m m  o f  r a i n f a l l  w a s  r e c e i v e d  i n  

e a r l y  D e c e m b e r  t h i s  c o r r e s p o n d s  w i t h  t h e  p e a k  r u n t i m e .  
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T h e  a v e r a g e  s h o w n  o n  t h e  c h a r t  e x c l u d e s  r u n t i m e  f r o m  

p e r i o d s  o f  r a i n  h e n c e  a l l o w i n g  t h e  A D W F  a s  p r e v i o u s l y  

e s t i m a t e d .  

Runtime vs Date

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

Saturday, 1
January 2005

Sunday, 20
February 2005

Monday, 11 April
2005

Tuesday, 31 May
2005

Wednesday, 20
July 2005

Thursday, 8
September 2005

Friday, 28
October 2005

Saturday, 17
December 2005

Date

R
un

tim
e 

H
ou

rs

Runtime Average

 
F i g u r e  3 - 1  R u n t i m e  V s  D a t e  f o r  2 0 0 5  

 

T h e  e x t r a  f l o w  o n  d a y s  o f  r a i n f a l l  i s  u s e d  t o  a p p r o x i m a t e  

I / I  f o r  t h i s  s e c t i o n  o f  t h e  n e t w o r k  w o r k .  T h i s  w a s  

c o m p l e t e d  b y  t a k i n g  t h e  t o t a l  f l o w  f o r  t h e  p e a k  e v e n t  a n d  

r e m o v i n g  t h e  A D W F  l e a v i n g  a n  a p p r o x i m a t e d  I / I .  T h e  I / I  

r a t e  o f  0 . 2 6 L / s . k m  o f  s e w e r  w a s  f o u n d .  A f t e r  f u r t h e r  

a n a l y s i s  t h e  c o n c l u s i o n  w a s  d r a w n  t h a t  t h i s  o n l y  

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

s i g n i f i c a n t  r a i n  e v e n t s  t o  i n c r e a s e  t h e  c u r r e n t  l o w  

m o i s t u r e  c o n t e n t  o f  s u r r o u n d i n g  s o i l  i t  w i l l  b e  v e r y  

d i f f i c u l t  t o  a p p r o x i m a t e  a n y  g r o u n d  w a t e r  i n f i l t r a t i o n .  
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T h i s  i s  t h e  m a i n  r e a s o n  t h a t  t h e  p e a k i n g  f a c t o r  m e t h o d  

w a s  u s e d  t o  d e t e r m i n e  t h e  P W W F .  

3 . 7 .  D e t e r m i n e  F u t u r e  D e m a n d  

T h e  l e v e l  o f  f u t u r e  d e m a n d  w a s  a s s e s s e d  i n  r e g a r d  t o  t h e  

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

o p e n  s p a c e  i s  z o n e d  r e s i d e n t i a l ,  a n  a p p r o x i m a t e  n u m b e r  o f  

f u t u r e  h o u s e  c o n n e c t i o n s  h a s  b e e n  d e t e r m i n e d  f o r  t h e s e  

a r e a s .  T h i s  g i v e s  t h e  m a x i m u m  n u m b e r  o f  f u t u r e  

r e s i d e n c e s  t h a t  c a n  b e  c o n n e c t e d  t o  t h e  c u r r e n t  c a t c h m e n t  

a r e a .  T h e  e x t r a  l o a d i n g  w a s  t h e n  a p p l i e d  t o  t h e  m o d e l  t o  

s e e  t h e  a f f e c t s  o n  c u r r e n t  i n f r a s t r u c t u r e .  T h e  f u t u r e  

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

m a j o r  i n f r a s t r u c t u r e  e l e m e n t s  i . e .  p u m p  s t a t i o n s ,  c a n  b e  

u p  t o  1 0 0  y e a r s .  T h i s  1 0 0 y e a r s  i s  b a s e d  o n  t h e  p u m p  w e l l ,  

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

c o n t r o l  s y s t e m s  a s  t h e y  w e a r  o u t  a n d  t e c h n o l o g y  l e v e l s  

i n c r e a s e .   

 

T h e  C o u n c i l ’ s  P l a n n i n g  S c h e m e  2 0 0 5  s h o w s  u n d e v e l o p e d  

a r e a s  c u r r e n t l y  z o n e d  a s  r e s i d e n t i a l ,  t h e s e  a r e  t h e  a r e a s  o f  

m a i n  i n t e r e s t .  O t h e r  a r e a s  t h a t  a r e  c u r r e n t l y  z o n e d  a s  

r u r a l  r e s i d e n t i a l  m a y  a l s o  p r o v i d e  s o m e  f u t u r e  s e w e r  

f l o w s .  A t  p r e s e n t  o n l y  t h e  t w o  r u r a l  r e s i d e n t i a l  l o t s  

b o r d e r i n g  t h e  c u r r e n t  s e w e r  a r e a  h a v e  b e e n  c o n n e c t  t o  
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s e w e r ,  t h u s  r e m o v i n g  t h e  r e q u i r e m e n t  f o r  o n s i t e  

t r e a t m e n t .  F i g u r e  3 - 2  b e l o w  s h o w s  t h e  z o n i n g  o f  t h e  a r e a s  

s u r r o u n d i n g  t h e  c u r r e n t  c a t c h m e n t .  

  

 

 
F i g u r e  3 - 2  C u r r e n t  z o n i n g ,  O b t a i n e d  f r o m  J o n d a r y a n  S h i r e  

C o u n c i l  P l a n n i n g  S c h e m e  2 0 0 4 .   

 

T h e  a p p r o x i m a t e  n u m b e r  o f  p o s s i b l e  n e w  a l l o t m e n t s  w a s  

c a l c u l a t e d  r o u g h l y  f r o m  t h e  a r e a  a v a i l a b l e .  I n  t h e  
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r e s i d e n t i a l  s e c t i o n  c o n t a i n i n g  C o o p e r  A v e n u e  a n d  

A n d e r s o n  D r i v e  i t  w a s  c a l c u l a t e d  t h a t  a n o t h e r  5 5  

a l l o t m e n t s  c o u l d  b e  p l a c e d  i n  t h e  a r e a s  w e s t  o f  C o o p e r  

A v e n u e  a n d  b o r d e r e d  o n  t h e  o t h e r  s i d e  b y  O a k e y  C r e e k .   

T h e  o t h e r  a r e a  o f  i n t e r e s t  f o r  f u t u r e  d e v e l o p m e n t  w a s  t h a t  

s o u t h  o f  A r u m a  D r i v e .  I n  t h i s  a r e a  i t  w a s  c a l c u l a t e d  t h a t  

a n o t h e r  4 0  a l l o t m e n t s  c o u l d  b e  a d d e d  i n  t h e  r e m a i n i n g  

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

w o u l d  b e  r e q u i r e d  t o  r e z o n e  t h e  r u r a l  r e s i d e n t i a l  s e c t i o n  

t h a t  b o r d e r s  t h e  h i g h w a y .   

 

T h e  e x t r a  c o n n e c t i o n s  t h a t  w o u l d  b e  g e n e r a t e d  b y  t h e s e  

d e v e l o p m e n t s  w e r e  t h e n  a d d e d  t o  t h e  m o d e l .  F o r  t h e  a r e a  

a  j o i n i n g  C o o p e r  A v e n u e  t h e y  w e r e  d i v i d e d  b e t w e e n  

m a n h o l e  G 5  a n d  G 1 1 ,  i n  t h e  A r u m a  D r i v e  s e c t i o n  t h e  

a d d i t i o n a l  c o n n e c t i o n s  w e r e  d i v i d e d  b e t w e e n  G 3 9 ,  G 4 2  

a n d  G 5 1 .  T h e  l o c a t i o n  o f  a n y  f u t u r e  n e t w o r k  c o n n e c t i o n s  

w i l l  b e  d e t e r m i n e d  o n c e  a n  a p p l i c a t i o n  i s  p r e s e n t e d  t o  

C o u n c i l .  T h e  c u r r e n t  l o c a t i o n s  a r e  u s e d  t o  s h o w  t h e  

e f f e c t s  o f  e x t r a  f l o w  t h r o u g h  t h e  c a t c h m e n t .   

 

A s  w e  a r e  u n s u r e  a s  t o  t h e  e x t e n t  o f  t h e  c u r r e n t  d r o u g h t  

c o n d i t i o n ,  t h e  f u t u r e  c a s e  w a s  a n a l y s i s  u n d e r  a n  E P  

l o a d i n g  o f  2 2 5 L / c . d  ( N o m i n a t e d  v a l u e  f o r  Q u e e n s l a n d  
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f r o m  t h e  r a n g e  1 5 0 - 2 7 5 L / c . d )  t h i s  v a l u e  i s  a l m o s t  t w i c e  

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

s c e n a r i o  i n  w h i c h  n o  w a t e r  r e s t r i c t i o n s  w e r e  i n  p l a c e .  D u e  

t o  a n  a d j u s t m e n t  i n  p o p u l a t i o n  t h e  C 1  p e a k i n g  f a c t o r  w a s  

r e c a l c u l a t e d ,  t h e  n e w  f a c t o r  f o r  t h e  f u t u r e  c a s e  i s  5 . 3 5 .  

T h e  m o d e l  w a s  t h e n  r u n  u n d e r  b o t h  t h e  f u t u r e  l o a d i n g  a n d  

t h e  c u r r e n t  l o a d i n g  r a t e s  w i t h  t h e  r e s u l t s  o f  t h i s  b e i n g  

d i s c u s s e d  i n  c h a p t e r  5 .  

 

3 . 8 .  A s s e s s m e n t  o f  t h e  C o n d i t i o n  o f  S e w e r  M a i n s  

T h e  a s s e s s m e n t  o f  t h e  s e w e r  m a i n s  w i l l  b e  u n d e r t a k e n  

f r o m  C C T V  w o r k  c o m p l e t e d  o n  t h e  s e c t i o n  o f  t h e  n e t w o r k .  

T h e  l i n e s  i n  q u e s t i o n  w i l l  t h e n  b e  a s s e s s e d  f o r  s t r u c t u r a l  

p r o b l e m s ,  c o n d i t i o n  o f  j o i n t s ,  r o o t s  a n d  c r a c k i n g .  O n c e  

t h e  p r o b l e m s  a r e  f o u n d ,  a n y  m a j o r  s e r v i c e a b i l i t y  a n d  

s t r u c t u r a l  p r o b l e m s  w i l l  b e  a t t e n d e d  t o  a n d  a  m a n a g e m e n t  

s t r a t e g y  w i l l  b e  d e t e r m i n e d  f o r  l i n e s  i n  t h e  a r e a  a s s e s s e d .  

A t  t h e  c o n c l u s i o n  o f  t h i s  s t u d y  o n l y  s e c t i o n s  o f  t h e  

n e t w o r k  h a d  b e e n  i n s p e c t e d  t h u s  o n l y  a  b r i e f  o v e r v i e w  o f  

w h a t  w a s  f o u n d  h a s  b e e n  g i v e n  i n  c h a p t e r  2 .  T h e  

r e m a i n d e r  o f  t h e  a s s e s s m e n t  w i l l  b e  u n d e r t a k e n  o n c e  t h e  

r e m a i n i n g  i n s p e c t i o n s  h a v e  b e e n  c o m p l e t e d .  T h i s  

i n f o r m a t i o n  w i l l  t h e n  b e  e n t e r e d  i n t o  C o u n c i l ’ s  G I S  

s y s t e m  a n d  a  n e e d s  a n a l y s i s  o f  t h e  e n t i r e  n e t w o r k  w i l l  
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t h e n  b e  u n d e r t a k e n  t o  d e t e r m i n e  a n y  r e p a i r s  t h a t  a r e  

r e q u i r e d .    

 

3 . 9 .  I n p u t  o f  D a t a  i n t o  a  S e w e r C A D  M o d e l   

T h i s  i s  a  s i m p l e  p r o c e s s ,  a n  A u t o C A D  b a c k g r o u n d  i s  

c r e a t e d  f r o m  t h e  G I S  d a t a b a s e ,  o n  t h i s  a l l  t h e  m a n h o l e s  

a r e  d r a w n  i n  t h e i r  c o r r e c t  l o c a t i o n s .  T h i s  A u t o C A D  f i l e  i s  

t h e n  i m p o r t e d  i n t o  S e w e r C A D  w h e r e  t h e  m a n h o l e s ,  l i n e s  

a n d  p u m p  s t a t i o n s  w h e r e  p u t  i n t o  p l a c e .  T h e  e x a c t  l e v e l s  

a n d  m a t e r i a l  d a t a  a r e  t h e n  k e y e d  i n  f o r  e a c h  e l e m e n t .  T h e  

l o a d  c o u n t  f o r  e a c h  m a n h o l e  i s  t h e n  e n t e r e d  a n d  o n c e  t h e  

a n a l y s i s  i s  r e a d y  t h e  p e a k i n g  f a c t o r  i s  i n p u t t e d  a n d  t h e  

m o d e l  a n a l y s e d .  

 

3 . 1 0 .  P e r f o r m  a  N e t w o r k  A n a l y s i s  f o r  C u r r e n t  a n d  

F u t u r e  D e m a n d  S i t u a t i o n   

W i t h  t h e  m o d e l  e n t e r e d  i n t o  t h e  c o m p u t e r ,  a n  a n a l y s i s  c a n  

b e  r u n  u n d e r  s t e a d y  s t a t e  a s  w e l l  a s  e x t e n d  p e r i o d  

s c e n a r i o s .  T o  u n d e r t a k e  t h e  a n a l y s i s  o f  t h e  n e t w o r k  t h e  

A D W F  w i l l  b e  a p p l i e d  a n d  t h e n  f a c t o r e d  t o  g i v e  t h e  

P W W F .  F r o m  t h e  a n a l y s i s  a n y  p r o b l e m s  w i t h  t h e  n e t w o r k  

w i l l  b e  d e t e r m i n e d .  A t  t h i s  s t e p  i t  w i l l  a l s o  g i v e  t h e  

u l t i m a t e  c a p a c i t y  o f  e a c h  o f  t h e  m a i n s  a n d  t h e  e x c e s s  

c a p a c i t y  a t  7 5 %  d e p t h  o f  f l o w .  
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3 . 1 1 .  R e c o m m e n d a t i o n s  o f  R e q u i r e d  W o r k s    

F r o m  t h e  a n a l y s i s  o f  t h e  c u r r e n t  s i t u a t i o n  a n d  f u t u r e  

s i t u a t i o n s ,  r e c o m m e n d a t i o n s  w i l l  b e  a b l e  t o  b e  m a d e  f o r  

a n y  a l t e r a t i o n s  n e e d e d  f o r  t h e  n e t w o r k  t o  p e r f o r m  t o  a n  

a c c e p t a b l e  l e v e l  i n  i t s  c u r r e n t  s t a t e .  A s  t h e  c u r r e n t  

g u i d e l i n e s  l e a v e  m u c h  o f  t h i s  t o  w h a t  C o u n c i l  r e q u i r e s ,  

t h e  m a i n  g o v e r n i n g  f a c t o r s  u s e d  f o r  t h e  r e c o m m e n d a t i o n s  

o f  f u t u r e  m o d i f i c a t i o n  a r e  t h e  r e q u i r e m e n t  b y  C o u n c i l  f o r  

4 - 6 h o u r s  o f  s t o r a g e  c a p a c i t y  o u t s i d e  o f  t h e  o p e r a t i n g  

l i m i t s  a n d  t h e  W S A A  S e w e r a g e  C o d e  r e q u i r e m e n t  f o r  

p u m p  s t a t i o n  s t a r t s  p e r  s e t  p e r i o d  o f  t i m e .  

 

3 . 1 2 .  S u m m a r y  

T h e  m e t h o d o l o g y  o f  t h i s  s t u d y  i s  s i m u l a r  b u t  s t i l l  v a r i e d  

f r o m  t h a t  g i v e n  i n  t h e  g u i d e l i n e s .  T h e  m a i n  r e a s o n  f o r  

t h i s  w a s  b e c a u s e  o f  t h e  t i m e  c o n s t r a i n t s  a s  w e l l  a s  

a v a i l a b i l i t y  o f  a c c u r a t e  d a t a  i n  r e g a r d  t o  f l o w s  a n d  

d i u r n a l  p a t t e r n s  o f  t h e  c a t c h m e n t .   
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C H A P T E R  4  –  F O R M U L A T I O N  O F  T H E  

S E W E R C A D  M O D E L  
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4 . 1 .  I n t r o d u c t i o n   

S e w e r C A D  o f f e r s  m a n y  d i f f e r e n t  m e t h o d s  o f  e n t e r i n g  d a t a  

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

d e t a i l e d  b e l o w .  O n c e  t h e  m o d e l  i s  d e v e l o p e d ,  v e r i f i c a t i o n  

o f  t h e  m o d e l  i s  r e q u i r e d  t o  e n s u r e  a c c u r a c y  o f  t h e  

o u t p u t s .   

4 . 2 .  V a r i a b l e s  U s e d  i n  t h e  F o r m u l a t i o n s  o f  t h e  M o d e l  

I n  t h e  d e v e l o p m e n t  o f  t h e  m o d e l  t h e  m a i n s  v a r i a b l e s  t h a t  

h a d  t o  b e  s e t  w e r e  t h o s e  o f  p i p e  r o u g h n e s s ,  a f t e r  s o m e  

a n a l y s i s  o f  t h e  v a l u e s  g i v e n  b y  t h e  S e w e r C A D  p a c k a g e  

a n d  a  c o m p a r i s o n  w i t h  t h o s e  v a l u e s  a v a i l a b l e  i n  o t h e r  t e x t  

b o o k s  s u c h  a s  W a s t e w a t e r  C o l l e c t i o n  S y s t e m  M o d e l l i n g  

a n d  D e s i g n  1 s t  E d i t i o n  t h e  a u t h o r  m a d e  t h e  d e c i s i o n  t o  

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

a l o n g  w i t h  o t h e r  m a n h o l e  a n d  p i p e  d a t a  c a n  b e  s e e n  i n  

A p p e n d i x  C .   

4 . 3 .  M e t h o d  o f  D a t a  I n p u t  

T h e  m a i n  m e t h o d  o f  d a t a  i n p u t  i n t o  t h e  S e w e r C A D  m o d e l  

w a s  v i a  a  g r a p h i c a l  u s e r  i n t e r f a c e .  F i g u r e  4 - 1  s h o w s  t h e  

c u r r e n t  v e r s i o n s  i n t e r f a c e .   
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F i g u r e  4 - 1 ,  S e w e r C A D  i n t e r f a c e  

4 . 3 . 1  P r o j e c t  S e t u p  

T h e  f i r s t  s e t u p  t o  i n p u t t i n g  t h e  d a t a  w a s  t o  s e t u p  t h e  

p r o j e c t  i n  t h i s  t h e  u s e r  i s  r e q u i r e d  t o  d e f i n e  g e n e r a l  

i n f o r m a t i o n  a b o u t  t h e  p r o j e c t  a n d  a  s a v e  d i r e c t o r y .  T h i s  

i n f o r m a t i o n  i s  t h e n  u s e d  l a t e r  i n  t h e  d o c u m e n t a t i o n  

p r o d u c e d  b y  t h e  p r o g r a m .  A s  w e l l  a s  g e n e r a l  i n f o r m a t i o n  

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

f o r  g r a v i t y  a n d  p r e s s u r e  p i p e  f l o w s .  F o r  t h i s  a n a l y s i s  

M a n n i n g ’ s  e q u a t i o n  w a s  u s e d  f o r  g r a v i t y  f l o w  a n d  H a z e n -

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

4 . 3 . 2  E l e m e n t  L o c a t i o n s  a n d  I n p u t  

O n c e  t h e  p r o j e c t  i s  s e t u p ,  t h e  u s e r  t h e n  h a s  t o  d e f i n e  e a c h  

e l e m e n t .  T h i s  i s  u s u a l l y  g e n e r a l  d a t a  s u c h  a s  p i p e  a n d  
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m a n h o l e  d i a m e t e r s .  B e c a u s e  t h e  m a j o r i t y  o f  t h e  n e t w o r k  i s  

1 5 0 m m  d i a m e t e r  a s b e s t o s  c e m e n t  m a i n s  a n d  a l l  m a n h o l e  

a r e  o f  t h e  s a m e  d i a m e t e r  t h e s e  v a l u e s  c a n  b e  s e t  a s  t h i s  

p o i n t  t o  a v o i d  t h e  e d i t i n g  t h e s e  v a l u e s  o f  e v e r y  e l e m e n t  

l a t e r .  

 

A f t e r  t h e  e l e m e n t  d a t a  h a s  b e e n  i n p u t t e d  t h e  u s e r  c a n  t h e n  

i m p o r t  a  b a c k g r o u n d  f i l e ,  i n  t h i s  c a s e  a n  A u t o C A D  

d r a w i n g  i n  D X F  f o r m a t .  W i t h  t h e  b a c k g r o u n d  i n  p l a c e  t h e  

u s e r  c a n  t h e n  b e g i n  t o  p l a c e  e l e m e n t s  a t  t h e  r e q u i r e d  

l o c a t i o n s .  

 

4 . 3 . 3  E l e m e n t  D a t a  

A f t e r  e a c h  e l e m e n t  h a s  b e e n  p l a c e d  i n  t h e  m o d e l ,  t h e  

i n d i v i d u a l  d a t a  c a n  b e  i n p u t t e d .  T h e r e  a r e  t w o  m e t h o d s  i n  

w h i c h  t h i s  d a t a  c a n  b e  e n t e r e d .  T h e  f i r s t  m e t h o d  i s  b y  

s e l e c t i n g  t h e  e l e m e n t ,  F i g u r e  4 - 2  s h o w s  a n  e x a m p l e  o f  t h e  

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

t h e  r e q u i r e d  i n f o r m a t i o n .   
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F i g u r e  4 - 2 ,  E x a m p l e  o f  m a n h o l e  d a t a  i n p u t  

 
T h e  o t h e r  m e t h o d  o f  d a t a  e n t r y  i s  u s i n g  t h e  t a b l e  m a n a g e r ,  

i f  t h e  d a t a  t h a t  r e q u i r e d  t o  b e  e n t e r e d  i s  i n  t h e  s a m e  o r d e r  

a s  t h e  t a b l e  t h a t  i s  d i s p l a y e d  i n  t h e  p r o g r a m  i t  i s  a  v e r y  

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

 

I n  m o s t  c a s e s  i t  w a s  f o u n d  t h a t  e a c h  e l e m e n t s  d a t a  n e e d e d  

t o  b e  e n t e r e d  b y  t h e  p r o p e r t i e s  d i s p l a y ,  t h i s  w a s  a  t i m e  

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

m o d i f i c a t i o n  w i l l  b e  n e e d e d  t o  b e  a d d e d ,  w i t h  n o  

r e q u i r e m e n t  t o  r e - e n t e r  c u r r e n t  i n f o r m a t i o n  f o r  e a c h  o f  

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

 

4 . 4 .  V e r i f i c a t i o n  o f  C u r r e n t  L o a d i n g  

T h i s  w a s  u n d e r t a k e n  b y  r u n n i n g  a n  e x t e n d e d  p e r i o d  

s i m u l a t i o n  o f  t h e  m o d e l .  T h e  m a i n  d i f f e r e n c e  b e t w e e n  t h i s  

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

l i m i t s .  B y  r u n n i n g  t h e  m o d e l  u n d e r  t h e  A D W F  f l o w  i t  w a s  

f o u n d  t h a t  t h e  n u m b e r  o f  p u m p  s t a r t s  w a s  v e r y  h i g h ,  b u t  

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

p u m p e d  w a s  c o m p a r e d  t o  2 0 0 5  d a t a  i t s  w a s  f o u n d  t h a t  t h e  

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

 

T h e  r e a s o n  f o r  t h e  h i g h  n u m b e r  o f  p u m p  s t a r t s  i s  d u e  t o  

t h e  l i m i t  r a n g e  t h a t  i t  o p e r a t e s  u n d e r .  C u r r e n t l y  t h e r e  i s  

o n l y  a p p r o x i m a t e l y  0 . 8 m  o f  s e w a g e  i n  t h e  w e l l  a t  t h e  t i m e  

t h e  p u m p  s t a r t s ,  t h i s  e q u a t e s  t o  0 . 9 m 3  o r  9 0 0 L .  A t  t h e  

m e a s u r e d  p u m p i n g  r a t e  o f  1 0 . 2 L / s  i t  w a s  f o u n d  t o  t a k e  

o n l y  o n e  a n d  a  h a l f  m i n u t e s  t o  e m p t y  t h e  w e l l .  T h e  

a v e r a g e  d a i l y  r u n t i m e  f o r  t h e  p u m p  s t a t i o n  i s  1 . 4 7 h o u r s  

f r o m  t h i s  i t  c a n  b e  s e e n  t h a t  t h e  p u m p  s t a r t s  a r o u n d  6 0  

t i m e s  e a c h  d a y .  T h u s  m a t c h i n g  t h e  h i g h  n u m b e r  o f  p u m p  

s t a r t s  f r o m  t h e  m o d e l .   

 

T h e  f l o w s  t h r o u g h  t h e  p u m p  s t a t i o n  w e r e  e x p e c t e d  t o  

m a t c h  t h e  A D W F  f r o m  2 0 0 5  d a t a .  T h e  m a i n  r e a s o n  f o r  t h i s  

i s  t h a t  t h e  f l o w s  e n t e r e d  i n t o  t h e  m o d e l  w e r e  t a k e n  f r o m  

t h e  2 0 0 5  d a t a .  T h u s  t h e  c o n f i r m a t i o n  o f  t h i s  s h o w e d  t h a t  

t h e  l o a d i n g  h a d  b e e n  e n t e r e d  c o r r e c t l y  i n t o  t h e  m o d e l .    
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4 . 5 .  S e n s i t i v i t y  A n a l y s i s  

T h e  s e n s i t i v i t y  o f  t h e  n e t w o r k  t o  i n c r e a s e d  f l o w s  h a s  b e e n  

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

l o a d  t h a t  i s  u s e d  i s  a t  t h e  l o w e r  e n d  o f  t h e  r e c o m m e n d e d  

v a l u e s ,  t h e  r e a s o n  f o r  t h i s  i s  t h a t  w a t e r  c o n s u m p t i o n  i n  

t i m e s  o f  n o  w a t e r  r e s t r i c t i o n  w a s  e s t i m a t e d  a t  2 0 0 L / c . d  

w i t h  t h e  p r e s e n t  a v e r a g e  b e t w e e n  1 5 0 L / c . d  t o  1 6 0 L / c . d .  

 

F r o m  t h e  r e s u l t s  s h o w n  i n  A p p e n d i x  F  a l l  o f  t h e  m a i n s  h a d  

a t  l e a s t  5 L / s  e x c e s s  c a p a c i t y  a t  a  7 5 %  d e p t h  o f  f l o w .    

4 . 6 .  S u m m a r y  

O n c e  t h e  m o d e l  w a s  d e v e l o p e d  v e r i f i c a t i o n  o f  t h i s  m o d e l  

w a s  u n d e r t a k e n ,  i t  w a s  f o u n d  t h a t  u n d e r  t h e  A D W F  t h e  

m o d e l  a p p e a r e d  t o  d e p i c t  t h e  h a p p e n i n g s  i n  t h e  n e t w o r k .     
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C H A P T E R  5  –  C U R R E N T  A N D  F U T U R E  

S I T U A T I O N S  
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5 . 1 .  R e s u l t s  –  C u r r e n t  S i t u a t i o n  

F r o m  t h e  a n a l y s i s  u n d e r t a k e n  i t  w a s  f o u n d  t h a t  t h e  

n e t w o r k  h a s  s u f f i c i e n t  c a p a c i t y  f o r  c u r r e n t  P W W F .  T h e  

o n l y  w e a k  p o i n t  i n  t h e  n e t w o r k  i s  t h e  p u m p  s t a t i o n  

l o c a t e d  i n  L o r r i m e r  S t r e e t .  I n  t h e  e v e n t  t h a t  a  f a i l u r e  

o c c u r s  w i t h i n  t h e  p u m p  s t a t i o n  t h e  w e l l  w i l l  o n l y  b e  a b l e  

t o  h o l d  a p p r o x i m a t e l y  1 0  m i n u t e s  w o r t h  o f  P W W F  a n d  

u n d e r  t h e  A D W F  i t  w a s  f o u n d  t o  b e  a b l e  t o  c o n t a i n  

a p p r o x i m a t e l y  5 8  m i n u t e s  o f  f l o w .  T h i s  f a l l s  v e r y  s h o r t  o f  

C o u n c i l s  r e q u i r e m e n t  o f  4 - 6 h o u r s  A D W F  c a p a c i t y  f r o m  

t h e  u p p e r  o p e r a t i n g  l i m i t .  I n  t h i s  c a s e ,  s i n c e  t h e  p u m p  

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

e q u i p m e n t  r e q u i r e d  i n  d e a l i n g  w i t h  a  f a i l u r e ,  o n l y  4 h o u r s  

o f  c a p a c i t y  i s  r e q u i r e d .  T o  o b t a i n  t h e s e  t i m e  f i g u r e s  i t  

w a s  a s s u m e d  t h a t  t h e  p u m p  w i l l  f a i l  a t  t h e  s a m e  p o i n t  a s  

i t  i s  g o i n g  t o  s t a r t  h e n c e  g i v i n g  t h e  m a x i m u m  l e v e l  o f  

s e w a g e  i n  t h e  w e l l .  O n c e  t h e  p u m p  h a d  f a i l e d  i t  w a s  

a s s u m e d  t h a t  s e w a g e  c o n t i n u e d  t o  f i l l  t h e  w e l l  u n t i l  i t  

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

h a s  b e e n  s h o w n  a b o v e .  

 

T h e  r e a s o n  f o r  t h e  c u r r e n t  p r o b l e m  w i t h  s t o r a g e  c a p a c i t y  

i s  d u e  t o  t h e  n a t u r e  o f  t h e  s u r r o u n d i n g  t e r r a i n ,  t h e  s m a l l  

d i a m e t e r  o f  t h e  p u m p  w e l l  a n d  c u r r e n t  o v e r f l o w  s y s t e m .  
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T h e  o v e r f l o w  i s  c u r r e n t l y  l o c a t e d  a t  t h e  l o w e s t  m a n h o l e  i n  

t h e  n e t w o r k  m a n h o l e ,  G 5 ,  t h e  o v e r f l o w  s t r u c t u r e  a n d  l o n g  

s e c t i o n  s h o w i n g  f r o m  t h e  p u m p  s t a t i o n  t o  m a n h o l e  G 6  c a n  

b e  s e e n  i n  F i g u r e  5 - 1  a n d  5 - 2  r e s p e c t i v e l y .  D u e  t o  t h i s  

o n c e  t h e  l e v e l  i n  t h e  p u m p  w e l l  r e a c h e s  a  R L  o f  3 9 9 . 5 1 4 m  

s e w a g e  w i l l  b e g i n  t o  b a c k  u p  i n  t h i s  m a n h o l e  a n d  o n c e  t h e  

l e v e l  i n  t h e  p u m p  w e l l  e x c e e d s  a  R L  o f  3 9 9 . 5 4 3 m  i t  w i l l  

o v e r f l o w  t o  O a k e y  C r e e k .  B e c a u s e  o f  t h i s  i t  l e a v e s  t h e  

n e a r  5 m  d e e p  p u m p  w e l l  w i t h  a  u s a b l e  c a p a c i t y  o f  1 . 6 m ,  

a l l o w i n g  f o r  a  t o t a l  v o l u m e  o f  1 . 8 m 3  o f  s e w a g e  t o  b e  

s t o r e d  f o r  p u m p i n g .  A p p e n d i x  B  c o n t a i n s  a  l a b e l l e d  m a p  

o f  t h e  s t u d y  a r e a .  

 
F i g u r e  5 - 1  C u r r e n t  o v e r f l o w  s t r u c t u r e  a n d  o u t l e t   
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Elevation (m)

Station (m)

0+00 0+25 0+50 0+75 1+00 1+25 1+50 1+75 2+00
397.000

398.000

399.000

400.000

401.000

402.000

403.000
Sump: 399.763 m
Rim: 402.163 m
Label: MH-G6

Sump: 399.514 m
Rim: 400.394 m
Label: MH-G5

Sump: 399.193 m
Rim: 400.863 m
Label: MH-G4

Base Elev.: 397.919 m
Min. Elev.: 398.019 m
Max. Elev.: 402.419 m
Label: Pump Station G

Dn. Invert: 399.522 m
Up. Invert: 399.763 m

Dn. Invert: 399.211 m
Up. Invert: 399.514 m

Dn. Invert: 398.910 m
Up. Invert: 399.193 m

 
F i g u r e  5 - 2  L o n g  s e c t i o n  s h o w i n g  t h e  l i n e  f r o m  t h e  p u m p  s t a t i o n  t o  

m a n h o l e  G 6  

 

W i t h  a  c a p a c i t y  o f  1 0 . 2 L / s  t h e  c u r r e n t  p u m p  i s  e a s i l y  a b l e  

t o  c o p e  w i t h  t h e  c u r r e n t  P W W F .  T h e  m o d e l  s h o w s  t h a t  a  

p r o b l e m  w i l l  o n l y  o c c u r  i n  t h e  c a s e  t h a t  s o m e  p a r t  o f  t h e  

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

a c c o u n t  a n y  b l o c k a g e s  o r  f a i l u r e s  t h r o u g h  o u t  t h e  g r a v i t y  

n e t w o r k .  A p p e n d i x  D  s h o w s  t h e  o u t p u t s  f r o m  t h e  m o d e l  

u n d e r  t h e  c u r r e n t  P W W F  l o a d i n g  c a s e .  B y  e x a m i n i n g  t h e  

a v e r a g e  v e l o c i t y  f o r  e a c h  o f  t h e  l i n e s ,  i t  w a s  s e e n  t h a t  t h e  

m a j o r i t y  o f  t h e  s h o r t  l i n e s  f a i l e d  t o  m e e t  t h e  s e l f  

c l e a n s i n g  v e l o c i t y  o f  0 . 6 m / s  a s  g i v e n  i n  t h e  c u r r e n t  

g u i d e l i n e s .  T h e  l o n g e r  l i n e s  w e r e  a l s o  o n  t h e  l i m i t  o r  j u s t  

a b o v e  t h e  s e l f  c l e a n s i n g  v e l o c i t y ,  t h i s  a c c o u n t  f o r  t h e  

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

f l u s h i n g  i n  t h e  f u r t h e r  m a y b e  r e q u i r e d ,  b u t  a s  t h e s e  l i n e s  

h a v e  n e v e r  b e e n  c l e a n e d  i n  t h e  p a s t  t h e  e x t e n t  o f  p r o b l e m s  

c a u s e  b y  t h e  l o w  v e l o c i t i e s  i s  m i n i m a l .     
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5 . 2 .  R e s u l t s  –  F u t u r e  S i t u a t i o n   

T h e  f u t u r e  m o d e l  w a s  r u n  u n d e r  b o t h  c u r r e n t  a n d  a n  

a s s u m e d  f u t u r e  l o a d  o f  2 2 5 L / c . d  u s i n g  t h e  s a m e  p e a k i n g  

f a c t o r  o f  5 . 3 5  w h i c h  i s  a d j u s t e d  f o r  t h e  e x t r a  p o p u l a t i o n .  

 

5 . 2 . 1  F u t u r e  S i t u a t i o n s  –  C u r r e n t  L o a d  

T h e  c u r r e n t  l o a d i n g  w i t h  t h e  e x t r a  f u t u r e  c o n n e c t i o n  l e a d  

t o  v e r y  s i m i l a r  r e s u l t s  t o  t h e  c u r r e n t  s i t u a t i o n .  T h e  o n l y  

m a i n  d i f f e r e n c e  w a s  a  m a r g i n a l  i n c r e a s e  i n  v e l o c i t i e s  w i t h  

t h e  m a j o r i t y  o f  l i n e s  m e e t i n g  t h e  s e l f  c l e a n i n g  v e l o c i t y  

t h i s  c a n  b e  s e e n  i n  t h e  o u t p u t s  f o r  t h i s  s i t u a t i o n  i n  

A p p e n d i x  E .  

 

T h e  P W W F  a t  t h e  p u m p  s t a t i o n  w a s  f o u n d  t o  b e  5 . 8 3 L / s ,  

t h i s  i s  s t i l l  w e l l  b e l o w  t h e  p u m p s  c a p a c i t y  a n d  h e n c e  

u n l e s s  a  f a i l u r e  o c c u r s  i n  t h e  p u m p  s t a t i o n  t h e r e  i s  l i t t l e  

c h a n c e  o f  p r o b l e m s  w i t h  t h e  n e t w o r k .  T h i s  i s  a l s o  

c o n f i r m e d  b y  t h e  e x c e s s  d e s i g n  c a p a c i t y  i n  t h e  l i n e s  w i t h  

t h e  m i n i m u m  e x c e s s  c a p a c i t y  a t  6 . 3 3 L / s .  A  m i n o r  i n c r e a s e  

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

s m a l l  i n c r e a s e  i n  f l o w  a n d  h e n c e  a  c h a n c e  i n  v e l o c i t y .  

 

F o r  t h i s  c a s e  t h e  a m o u n t  o f  t i m e  b e t w e e n  a  p u m p  f a i l u r e  

a n d  a n  o v e r f l o w  e v e n t  i s  a l s o  d e c r e a s e d  s l i g h t l y ,  f o r  t h e  

P W W F  o n l y  6 . 5 m i n u t e s  o f  f l o w  c a n  b e  c o n t a i n e d  f r o m  t h e  

u p p e r  p u m p  o p e r a t i n g  l i m i t .  I n  t h e  c a s e  o f  t h e  A D W F  
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3 4 m i n u t e s  o f  f l o w  c a n  b e  c o n t a i n e d .  B o t h  t i m e s  a r e  w e l l  

s h o r t  o f  c u r r e n t  r e q u i r e m e n t s .  

 

5 . 2 . 2  F u t u r e  S i t u a t i o n s  –  A s s u m e d  F u t u r e  L o a d i n g  

T h e  a s s u m e d  f u t u r e  l o a d  w a s  a p p l i e d  t o  t h e  e v e r y  

c o n n e c t i o n  i n  t h e  n e t w o r k  t h i s  g a v e  a  t o t a l  P W W F  a t  t h e  

p u m p  s t a t i o n  o f  8 . 8 3 L / s  t h i s  i s  s t i l l  b e l o w  t h e  c u r r e n t  

p u m p s  c a p a c i t y .  F r o m  t h i s  i t  c a n  b e  s e e n  t h a t  o n l y  t h e  

h o l d i n g  c a p a c i t y  o f  t h e  p u m p  w e l l  i s  a  p r o b l e m .  A p p e n d i x  

F  c o n t a i n s  t h e  o u t p u t s  f o r  e a c h  p i p e  i n  t h e  n e t w o r k  u n d e r  

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

t o  t h a t  r e q u i r e d  f o r  t h e  n e t w o r k  t o  b e  s e l f  c l e a n s i n g .  A l s o  

t h e r e  i s  a  s m a l l  r e d u c t i o n  i n  t h e  m i n i m u m  e x c e s s  c a p a c i t y  

f r o m  t h e  p r e v i o u s  c a s e ,  f r o m  6 . 3 3 L / s  t o  5 . 5 L / s .   

 

U n d e r  t h i s  c a s e  t h e  a m o u n t  o f  t i m e  b e f o r e  a n  o v e r f l o w  

e v e n t  i n  t h e  c a s e  o f  p u m p  f a i l u r e  w a s  a l s o  a s s e s s e d ,  t h e  

a m o u n t s  o f  t i m e  c a l c u l a t e d  a r e  a s  f o l l o w s ,  f o r  t h e  P W W F ,  

4 . 3 m i n u t e s  a n d  t h e  A D W F ,  2 3 m i n u t e s .    

 

5 . 3 .  S u m m a r y  

T h e  r e s u l t s  w e r e  a s  e x p e c t e d  f r o m  t h i s  s e c t i o n  o f  t h e  

n e t w o r k  w i t h  t h e  m a i n  p r o b l e m  b e i n g  t h e  l a c k  o f  c a p a c i t y  

i n  t h e  c u r r e n t  p u m p  w e l l .  V e l o c i t i e s  h a v e  a l s o  b e e n  f o u n d  
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a s  c l o s e  t o  i f  n o t  b e l o w  t h e  0 . 6 m / s  s e l f  c l e a n s i n g  v e l o c i t y  

l i m i t  t h i s  c a n  m a i n l y  b e  a t t r i b u t e d  t o  t h e  f l a t n e s s  o f  t h e  

s u r r o u n d i n g  t e r r a i n  w h i c h  l i m i t s  t h e  g r a d e s  o n  t h e  m a i n s .   
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C H A P T E R  6  –  R E C O M M E N D A T I O N S  
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6 . 1 .  I n t r o d u c t i o n  

T h e  r e c o m m e n d a t i o n s  m a d e  a r e  d i v i d e d  i n t o  t w o  s e c t i o n s ,  

t h e  f i r s t  s e c t i o n  b e i n g  s h o r t  t e r m .  T h i s  s e c t i o n  c o v e r s  a n y  

r e q u i r e m e n t  f o r  t h e  n e t w o r k  t o  f u n c t i o n  a d e q u a t e l y  t o  

c u r r e n t  C o u n c i l  r e q u i r e m e n t s .  T h e  s e c o n d  s e c t i o n  c o v e r s  

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

a d d i t i o n a l  i n f r a s t r u c t u r e  t o  d e a l  w i t h  b o t h  c u r r e n t  a n d  

f u t u r e  d e m a n d .  

6 . 2 .  S h o r t  T e r m  R e c o m m e n d a t i o n s  

F r o m  t h e  a n a l y s i s  o f  t h e  c u r r e n t  l o a d i n g  o n  t h e  n e t w o r k  i t  

w a s  f o u n d  t h a t  t h e  o n l y  w e a k  p o i n t  w a s  t h e  c a p a c i t y  o f  

t h e  p u m p  w e l l .   

 

O p t i o n  1  

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

o v e r f l o w  e v e n t  o c c u r r i n g  i s  t o  i n c r e a s e  t h e  p u m p  w e l l  

c a p a c i t y .  T h e  m a i n  p r o b l e m  w i t h  t h e  i n c r e a s i n g  o f  

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

o f  t h e  w e l l  a n d  t h e  l i m i t e d  r a n g e  b e f o r e  a n  o v e r f l o w  e v e n t  

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

c u r r e n t  l o a d i n g  a n d  t h e  C o u n c i l  r e q u i r e m e n t  o f  4 h o u r s  

s t o r a g e  c a p a c i t y  i s  8 . 5 m 3 .  S i n c e  t h e  w e l l  h a s  a n  o p e r a t i n g  

r a n g e  o f  o n l y  1 . 6 m ,  a  s e c o n d  w e l l  w o u l d  b e  r e q u i r e d  f o r  
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t h e  a d d i t i o n a l  c a p a c i t y .  T h e  s e c o n d  w e l l  w o u l d  n e e d  t o  

f a l l  w i t h i n  t h e  o p e r a t i n g  r a n g e  o f  t h e  c u r r e n t  p u m p  

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

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

a n  o v e r f l o w  e v e n t  w o u l d  o c c u r  b e f o r e  t h e  e x t r a  c a p a c i t y  

w a s  u t i l i s e d .  W i t h  t h e  c u r r e n t  o v e r f l o w  b e i n g  2 . 9 m  b e l o w  

g r o u n d  l e v e l  a t  t h e  p u m p  s t a t i o n ,  a n y  n e w  s t o r a g e  t a n k s  

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

t h i s  l e v e l  a n d  t h e  i n l e t  l e v e l  o f  t h e  p u m p .  T h e  m a i n  

r e a s o n  f o r  t h i s  w a s  t h a t  a  8 . 5 m 3  w e l l  i s  r e q u i r e d  w i t h i n  

t h i s  1 . 6 m  d e e p ,  b u t  f o r  t h i s  t o  o c c u r  a  w e l l  4 . 7 m  d e e p  

w i t h  a  s u r f a c e  a r e a  o f  2 . 8 m 2 . i s  r e q u i r e d ,  t h i s  w o u l d  b e  

e x p e n s i v e  t o  c o n s t r u c t  d u e  t o  i t  b e i n g  r e q u i r e d  t o  b e  

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

O p t i o n  2  

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

i n s t a l l  a  w e l l  a t  t h e  o v e r f l o w .  H e n c e  i n  t h e  e v e n t  t h a t  t h e  

p u m p  f a i l e d  a n d  t h e  m a i n  w e l l  o v e r f l o w e d  t h e  s e w a g e  

w o u l d  b e  c o l l e c t e d  i n  a  h o l d i n g  t a n k .  Y e t  a g a i n  p r o b l e m s  

w e r e  e n c o u n t e r e d  w i t h  t h i s  s o l u t i o n ,  a l t h o u g h  b e i n g  

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

s e w a g e  b a c k  i n t o  t h e  p u m p  s t a t i o n  o n c e  p r o b l e m s  h a v e  

b e e n  f i x e d .  B e c a u s e  o f  t h i s  t h e  l e v e l  i n  t h i s  w e l l  w o u l d  

r e q u i r e  m o n i t o r i n g  a n d  o n c e  a n  o v e r f l o w  e v e n t  h a s  
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o c c u r r e d  t h e  w e l l  w o u l d  n e e d  t o  b e  p u m p e d  o u t .  G e n e r a l l y  

t h i s  w o u l d  b e  b y  a  t r u c k  s i m i l a r  t o  w h a t  h a p p e n s  w i t h  

s e p t i c  t a n k s .    

 

O p t i o n  3  

T h e  f i n a l  a n d  m o s t  v i a b l e  o p t i o n  f o r  a  s o l u t i o n  w o u l d  b e  

t h e  c o n s t r u c t i o n  o f  a  c o m p l e t e l y  n e w  p u m p  s t a t i o n ,  t h i s  

p u m p  s t a t i o n  c o u l d  b e  l o c a t e d  i n  t h e  p a r k  o p p o s i t e  t h e  

s i t e .  F i g u r e  6 - 1  s h o w s  a  v i e w  o f  t h e  n e i g h b o u r i n g  p a r k ,  a  

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

 

F i g u r e  6 - 1 ,  N e i g h b o u r i n g  P a r k  
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T h e  m a i n  a s p e c t s  t h a t  w o u l d  r e q u i r e  f u r t h e r  a n a l y s i s  i n  

t h i s  s i t u a t i o n  w o u l d  b e  f l o o d  l e v e l s .  I n  t h e  b a c k g r o u n d  o f  

F i g u r e  6 - 1  y o u  c a n  s e e  O a k e y  C r e e k  a n d  w i t h  a  s i t e  v i s i t  

i t  w a s  c o n f i r m e d  t h a t  j u s t  o u t s i d e  t h e  r o a d  r e s e r v e  t h e r e  

w a s  a  l a r g e  d r o p  i n  g r o u n d  l e v e l .  T h i s  w o u l d  a i d  i n  t h e  

c o n s t r u c t i o n  o f  a  n e w  p u m p  s t a t i o n  b y  i n s u r i n g  t h e  i n l e t  

i s  a s  n e a r  t o  t h e  t o p  o f  t h e  w e l l  a s  p o s s i b l e .  T h i s  a l l o w s  

f o r  m o r e  u s a b l e  c a p a c i t y  i n  t h e  w e l l  b e f o r e  a n y  s e w a g e  

b e g i n s  t o  b a c k  u p  i n  t h e  l i n e s .  

 

T h e  b a s i c  r e q u i r e m e n t s  o f  t h i s  w e l l  a r e  a s  f o l l o w s :  

 

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

s i t u a t i o n  i s  a  m i n i m u m  1 2 . 5 m 3  t h i s  i n c l u d e s  a  p u m p  

o p e r a t i n g  r a n g e  o f  4 m 3  o r  1 . 5 h o u r s  o f  A D W F .  T h i s  

1 . 5 h o u r s  o f  s t o r a g e  i s  s h o r t e r  t h a n  t h e  m a x i m u m  3 h o u r s  

b e t w e e n  p u m p  s t a r t s  a s  s e t  f o r  o t h e r  p u m p s  s t a t i o n  t o  

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

e x p e c t e d  l o w e r  f l o w  d u r i n g  t h e  n i g h t  a n d  t h e  m i d d l e  o f  

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

 

A  d u a l  p u m p  s e t u p  s h o u l d  b e  i n s t a l l e d  i n  t h e  w e l l ;  t h i s  

w i l l  a l l o w  f o r  t h e  p u m p  s t a t i o n  t o  s t i l l  f u n c t i o n  i f  o n e  

p u m p  f a i l s  o r  i s  o n  m a i n t e n a n c e .  
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T h e  p u m p s  r e q u i r e d  h a v e  n o t  b e e n  s i z e d  d u e  t o  u n k n o w n  

p u m p  h e a d  r e q u i r e m e n t .  I t  i s  p r o p o s e d  t h a t  t h i s  p u m p  

s t a t i o n  p u m p  d i r e c t l y  t o  C o u n c i l ’ s  t r e a t m e n t  p l a n t  l o c a t e d  

o n  t h e  o t h e r  s i d e  o f  t h e  c r e e k  f u r t h e r  w e s t  o n  L o r r i m e r  S t .  

P e n d i n g  s u r v e y  o f  t h e  a r e a  f o r  t h e  n e w  p u m p  s t a t i o n  a n d  

o u t l e t  l e v e l  a t  t h e  t r e a t m e n t  p l a n t ,  p u m p s  c a n  b e  s i z e d  

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

w o u l d  b e  a t  l e a s t  3 . 8 L / s  a s  t h i s  i s  t h e  c u r r e n t  P W W F  a n d  

p u m p  m u s t  b e  a b l e  t o  c o p e  w i t h o u t  a n  o v e r f l o w  e v e n t  

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

a n d  C o u n c i l  r e q u i r e m e n t s .  

6 . 3 .  L o n g  T e r m  R e c o m m e n d a t i o n s  

I n  t h e  s h o r t  t e r m  r e c o m m e n d a t i o n  i t  w a s  s e e n  t h a t  t h e  b e s t  

m e t h o d  o f  d e a l i n g  w i t h  t h e  p r o b l e m  o f  l i m i t e d  c a p a c i t y  

w a s  t o  c o n s t r u c t  a  c o m p l e t e l y  n e w  p u m p  s t a t i o n .  A s  

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

s t a t i o n  w o u l d  a l s o  b e c o m e  a  p r o b l e m .  T h e r e f o r e  i n  t h e  

c a s e  t h a t  a n o t h e r  p u m p  s t a t i o n  i s  c o n s t r u c t e d  i t  i s  

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

c o n s t r u c t i o n  w o u l d  b e  t h e  r e p l a c e m e n t  o f  t h e  e x i s t i n g  

p u m p  s t a t i o n  w i t h  a  p r e f a b r i c a t e d  p u m p  s t a t i o n  f r o m  a  

m a n u f a c t u r e  s u c h  a s  F l y g t .  C o u n c i l  h a s  a l r e a d y  h a d  

e x p e r i e n c e  w i t h  t h i s  s t y l e  o f  p u m p  s t a t i o n s  i n  W e s t b r o o k .  
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T h e  s i z e  o f  t h i s  m a i n  w e l l  w o u l d  b e  r e q u i r e d  t o  h a n d l e  a n  

o p e r a t i n g  r a n g e  o f  9 m 3  t h i s  w a s  t a k e n  f r o m  1 . 5 h o u r s  o f  

A D W F  u n d e r  t h e  f u t u r e  l o a d i n g s  o f  2 2 5 L / c . d .  t h e  e x t r a  

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

T h e  m a i n  r e a s o n  f o r  t h i s  i s  t h a t  a  w e l l  c a n  b e  c o n s t r u c t e d  

t o  h a n d l e  c u r r e n t  f l o w s ,  b u t  i n  t h e  c a s e  o f  f u t u r e  

d e v e l o p m e n t  a d d i t i o n a l  s t o r a g e  w e l l s  c a n  b e  c o n s t r u c t e d  

t o  f e e d  b a c k  i n t o  t h e  m a i n  w e l l .  T h i s  m e t h o d  h a s  b e e n  

u t i l i s e d  a l s o  i n  W e s t b r o o k  a t  C o u n c i l ’ s  p u m p  s t a t i o n  N  

a n d  M .  T h i s  m e t h o d  a l l o w s  f o r  a  l o w e r  u p f r o n t  c o s t  w i t h  

t h e  a b i l i t y  f o r  e x p a n s i o n  i f  r e q u i r e d  i n  t h e  f u t u r e  a n d  i n  

t h e  e v e n t  t h a t  t h e  a r e a  d o e s  n o t  b e c o m e  f u l l y  d e v e l o p e d  

C o u n c i l  h a s  n o t  s p e n t  m o n e y  t h a t  c o u l d  b e  b e t t e r  u s e d  

e l s e w h e r e .  T h e  c o s t s  i n v o l v e d  w i t h  t h i s  a d d i t i o n  s t o r a g e  

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

d e v e l o p m e n t s  

6 . 4 .  S u m m a r y  

U n d e r  t h e  c u r r e n t  s i t u a t i o n  t h e  b e s t  o p t i o n  i s  t o  c o n s t r u c t  

a  n e w  p u m p  s t a t i o n  w i t h  a  m i n i m u m  c a p a c i t y  o f  1 2 . 5 m 3  i n  

t h e  p a r k  l a n d  o p p o s i t e  t h e  c u r r e n t  p u m p  s t a t i o n ,  w i t h  t h i s  

p u m p i n g  d i r e c t l y  t o  t h e  C o u n c i l  t r e a t m e n t  p l a n t .  

 

A s  t h e  f l o w s  i n  t h e  n e t w o r k  i n c r e a s e  t h e  r e c o m m e n d a t i o n s  

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

o c c u r r e d ,  w i t h  a d d i t i o n a l  s t o r a g e  b e i n g  a d d e d  a s  r e q u i r e d .  
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7 . 1 .  C o n c l u s i o n s  

T h i s  p r o j e c t  g i v e s  a  g o o d  i n s i g h t  i n t o  w h a t  i s  c u r r e n t l y  

o c c u r r i n g  i n  t h e  c a t c h m e n t  o f  t h e  s e w e r  n e t w o r k  t h a t  w a s  

a n a l y s e d .  A l t h o u g h  s o m e  s e c t i o n  a r e  n o t  i d e a l  o n  p a p e r ,  

o n c e  m o d e l l e d  i t  w a s  f o u n d  t h a t  t h e  c a p a c i t i e s  o f  t h e s e  

l i n e s  a r e  w e l l  w i t h  i n  t h e  r e q u i r e m e n t s  w i t h  t h e  m a i n  

p r o b l e m  e x i s t i n g  a t  t h e  c u r r e n t  p u m p  s t a t i o n .  T h i s  s t u d y  

a l s o  c o n f i r m s  i n i t i a l  t h o u g h t s  a b o u t  t h e  n e t w o r k s  c a p a c i t y  

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

i n f r a s t r u c t u r e .  

 

A l t h o u g h  s e c t i o n s  o f  t h i s  s t u d y  w i l l  n e e d  t o  b e  t a k e n  

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

a s s i s t  i n  g i v i n g  d i r e c t i o n  f o r  t h e  f u t u r e  m a n a g e m e n t  o f  

t h e  c a t c h m e n t .   

 

T h e  r e m a i n d e r  o f  t h e  c o n d i t i o n  a s s e s s m e n t  w a s  n o t  

u n d e r t a k e n  d u e  t o  a  s e c o n d  a t t e m p t e d  a t  t h e  C C T V  

i n s p e c t i o n  b e i n g  r e q u i r e d .  T h i s  i s  e x p e c t e d  t o  b e  

c o m p l e t e d  b y  m i d  N o v e m b e r .  W i t h  t h e  a n a l y s i s  o f  

i n f o r m a t i o n  o b t a i n e d  u n d e r t a k e n  s h o r t l y  a f t e r .  

7 . 2 .  F u t u r e  W o r k  

T h e r e  a r e  m a n y  m o r e  a s p e c t  i n  r e g a r d  t o  t h e  a n a l y s i s  

u n d e r t a k e n  h e r e  t h a t  w i l l  f o r m  f u r t h e r  w o r k .  T h e  m a i n  

 55



CHAPTER 7                                     Conclusions 

a r e a s  o f  i n t e r e s t  a r e  i n  t h e  d e v e l o p m e n t  o f  d i u r n a l  

p a t t e r n s  a s  w e l l  a s  a  f u l l  a s s e s s m e n t  o f  t h e  i n f i l t r a t i o n  

a n d  i n f l o w  i n  t h e  n e t w o r k ,  t h i s  a s s e s s m e n t  w i l l  r e q u i r e  

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

a n a l y s i s .   

 

T h e  n e x t  s t e p  a f t e r  t h i s  p r o j e c t  i s  t o  u n d e r t a k e  a n  a n a l y s i s  

o f  t h e  r e m a i n d e r  o f  t h e  s e w e r  n e t w o r k .  T h i s  w i l l  h e l p  t o  

d e t e r m i n e  a n y  c u r r e n t  o r  p o s s i b l e  f u t u r e  p r o b l e m s .  
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University of Southern Queensland 

 
FACULTY OF ENGINEERING AND SURVEYING 

 
ENG4111/4112 Research Project 

PROJECT SPECIFICATION 
 
 
FOR:   James Andrew Hooper 
 
TOPIC:  Analysis of a catchment in Oakey’s sewer network 
 
SUPERVISORS: Dr Ernest Yoong (Semester 1)  
   Dr Vasantha Aravinthan (Semester 2) 

Philip Boshoff, Manager Water and Sewerage, Jondaryan 
Shire Council. 

 
ENROLEMENT: ENG 4111 – S1, D, 2006; 
   ENG 4112 – S2, D, 2006 
 

PROJECT AIM: Develop a model of one of Oakey’s sewer catchments; 
assess the physical condition of the current system from 
camera footage, verify the model against the actual flows 
within the catchment. Assess the I/I and PWWF. Analyse 
the capacity of the selected catchments’ sewer system for 
current and future situations. Determine weaknesses in the 
system, by conducting a needs analysis and a sensitivity 
analysis and developing suggestions for a management 
strategy and make recommendations of any modifications 
that maybe required to meet current and future demand 
levels. 

 Catchment size: 132 house connections covering 
approximately 35 hectares. 

   

SPONSORSHIP: Jondaryan Shire Council 
 
PROGRAMME: Issue A, 16th March 2006 
 

1. Flow data collection – physical and flow from records, develop peak flow 
from analysis of flow data for all of Oakey’s sewerage pump stations. 
Determine future demand by assessing future development with regards to 
current Council planning scheme.  
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2. Conduct spot check to confirm data records  
3. Assess the condition of the sewer mains 
4. Input data into a SewerCAD model  
5. Perform a network analysis for current situation and future demand 

situation  
6. Perform a sensitivity analysis on the model  
7. Verification of model  
8. System capacity integrity  
9. Needs analysis/ strategy  asset management 
10. Make recommendations for any modifications to existing infrastructure to 

meet current and future demand  

 
Agreed:  
 ____________ (Student) ____________, ____________ (Supervisors) 
 
 ___/ ___/ ___       ___/ ___/ ___    ___/ ___/ ___  
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US Manhole DS Manhole US SL (m) US IL (m) DS SL (m) DS IL (m) Slope % Length (m) Material Mannings n Section Size 
MH-G8 MH-G7 402.447 399.847 402.630 399.740 0.143 75 Asbestos Cement 0.011 150 mm 
MH-G4 Pump Station G 400.863 399.193 402.419 398.910 0.357 79 Asbestos Cement 0.011 150 mm 
MH-G6 MH-G5 402.163 399.763 400.394 399.522 0.395 61 Asbestos Cement 0.011 150 mm 
MH-G12 MH-G13 402.378 400.558 402.229 400.200 0.424 85 Asbestos Cement 0.011 150 mm 
MH-G17 MH-G16 403.329 400.639 403.231 400.221 0.436 96 Asbestos Cement 0.011 150 mm 
MH-G20 MH-G19 403.738 401.948 403.816 401.576 0.463 80 Asbestos Cement 0.011 150 mm 
MH-G10 MH-G9 402.703 400.633 402.765 400.265 0.473 78 Asbestos Cement 0.011 150 mm 
MH-G13 MH-G6 402.229 400.183 402.163 399.763 0.491 86 Asbestos Cement 0.011 150 mm 
MH-G19 MH-G18 403.816 401.566 403.352 401.111 0.499 91 Asbestos Cement 0.011 150 mm 
MH-G28 MH-G27 404.955 403.417 405.048 403.142 0.505 55 Asbestos Cement 0.011 150 mm 
MH-G2 Pump Station G 402.753 401.589 402.419 401.129 0.501 92 Asbestos Cement 0.011 150 mm 
MH-G16 MH-G15 403.231 400.203 402.797 399.727 0.503 95 Asbestos Cement 0.011 150 mm 
MH-G21 MH-G20 403.511 402.451 403.738 401.958 0.505 98 Asbestos Cement 0.011 150 mm 
MH-G18 MH-G17 403.352 401.086 403.329 400.648 0.500 88 Asbestos Cement 0.011 150 mm 
MH-G9 MH-G8 402.765 400.265 402.447 399.867 0.513 78 Asbestos Cement 0.011 150 mm 
MH-G26 MH-G25 406.784 405.532 406.741 405.193 0.527 64 Asbestos Cement 0.011 150 mm 
MH-G25 MH-G24 406.741 405.159 407.058 404.717 0.543 81 Asbestos Cement 0.011 150 mm 
MH-G5 MH-G4 400.394 399.514 400.863 399.211 0.548 55 Asbestos Cement 0.011 150 mm 
MH-G15 MH-G14 402.797 399.717 402.675 399.215 0.560 90 Asbestos Cement 0.011 150 mm 
MH-G24 MH-G23b 407.058 404.698 406.071 404.279 0.589 71 Asbestos Cement 0.011 150 mm 
MH-G7 MH-G4 402.630 399.730 400.863 399.200 0.625 85 Asbestos Cement 0.011 150 mm 
MH-G42 MH-G35 409.002 407.202 409.096 406.626 0.644 89 Asbestos Cement 0.011 150 mm 
MH-G27 MH-G20 405.048 403.118 403.738 402.543 0.695 83 Asbestos Cement 0.011 150 mm 
MH-G14 Pump Station G 402.675 399.195 402.419 398.750 0.754 59 Asbestos Cement 0.011 150 mm 
MH-G32 MH-G31 405.874 404.404 405.048 403.618 0.912 86 Asbestos Cement 0.011 150 mm 
MH-G33 MH-G32 406.633 405.143 405.874 404.404 0.907 81 Asbestos Cement 0.011 150 mm 
MH-G50 MH-G38 416.589 414.180 414.638 413.468 0.920 77 Asbestos Cement 0.011 150 mm 
MH-G48 MH-G47 416.955 415.605 416.455 415.505 0.758 13 PVC 0.010 150 mm 
MH-G23b MH-G23 406.071 404.251 406.001 404.176 0.937 8 Asbestos Cement 0.011 150 mm 
MH-G23 MH-G22 406.001 404.171 404.857 403.337 0.955 87 Asbestos Cement 0.011 150 mm 
MH-G22 MH-G21 404.857 403.337 403.511 402.471 1.091 79 Asbestos Cement 0.011 150 mm 
MH-G45 MH-G44 412.894 410.719 412.824 410.374 1.097 31 Asbestos Cement 0.011 150 mm 
MH-G11 MH-G12 402.234 401.094 402.378 400.558 1.099 49 Asbestos Cement 0.011 150 mm 
MH-G29 MH-G28 406.061 404.531 404.955 403.435 1.175 93 Asbestos Cement 0.011 150 mm 
MH-G31 MH-G19 405.048 403.588 403.816 402.291 1.422 91 Asbestos Cement 0.011 150 mm 
MH-G30 MH-G27 405.956 404.456 405.048 403.120 1.474 91 Asbestos Cement 0.011 150 mm 
MH-G35 MH-G34 409.096 406.616 406.477 405.277 1.495 90 Asbestos Cement 0.011 150 mm 
MH-G34 MH-G24 406.477 405.277 407.058 404.717 1.736 32 Asbestos Cement 0.011 150 mm 
MH-G46 MH-G44 414.398 413.248 412.824 411.924 1.787 74 Asbestos Cement 0.011 150 mm 
MH-G52 MH-G41 419.981 418.538 419.120 417.688 1.614 53 PVC 0.010 150 mm 
MH-G44 MH-G43 412.824 410.374 410.840 409.280 2.114 52 Asbestos Cement 0.011 150 mm 
MH-G37 MH-G36 412.209 411.009 410.630 409.430 2.494 63 Asbestos Cement 0.011 150 mm 
MH-G36 MH-G35 410.630 409.430 409.096 407.236 3.322 66 Asbestos Cement 0.011 150 mm 
MH-G38 MH-G37 414.638 413.450 412.209 411.009 3.619 67 Asbestos Cement 0.011 150 mm 
MH-G43 MH-G42 410.840 409.240 409.002 407.202 3.601 57 Asbestos Cement 0.011 150 mm 
MH-G49 MH-G48 418.315 416.555 416.955 415.705 3.407 25 PVC 0.010 150 mm 
MH-G39 MH-G38 417.975 416.614 414.638 413.468 3.990 79 PVC 0.010 150 mm 
MH-G40 MH-G50 416.640 414.300 416.589 414.180 4.706 3 PVC 0.010 150 mm 
MH-G47 MH-G46 416.455 415.405 414.398 413.298 4.740 44 PVC 0.010 150 mm 
MH-G41 MH-G40 419.120 416.817 416.640 414.350 4.900 50 PVC 0.010 150 mm 
MH-G51 MH-G49 420.585 419.005 418.315 416.655 6.537 36 PVC 0.010 150 mm 
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Upstream Node Downstream Node Total Flow (l/s) Design Capacity (l/s) Excess Full Capacity (l/s) Excess Design Capacity (l/s) Average Velocity (m/s) Full Capacity (l/s) 
MH-G8 MH-G7 0.17 6.48 6.94 6.31 0.16 7.10 
MH-G17 MH-G16 2.99 11.31 9.40 8.31 0.56 12.40 
MH-G16 MH-G15 3.05 12.14 10.26 9.09 0.59 13.31 
MH-G19 MH-G18 2.99 12.10 10.27 9.11 0.59 13.27 
MH-G18 MH-G17 2.99 12.10 10.28 9.11 0.59 13.27 
MH-G20 MH-G19 2.50 11.65 10.28 9.15 0.54 12.78 
MH-G4 Pump Station G 0.69 10.23 10.53 9.54 0.34 11.22 
MH-G15 MH-G14 3.05 12.81 11.00 9.76 0.62 14.05 
MH-G21 MH-G20 1.80 12.17 11.54 10.37 0.51 13.34 
MH-G6 MH-G5 0.28 10.76 11.52 10.48 0.27 11.80 
MH-G12 MH-G13 0.08 11.14 12.14 11.06 0.19 12.22 
MH-G24 MH-G23b 1.44 13.14 12.97 11.70 0.51 14.41 
MH-G10 MH-G9 0.03 11.78 12.89 11.75 0.14 12.91 
MH-G13 MH-G6 0.19 12.00 12.97 11.81 0.26 13.16 
MH-G14 Pump Station G 3.05 14.87 13.26 11.82 0.69 16.31 
MH-G28 MH-G27 0.22 12.16 13.12 11.94 0.27 13.34 
MH-G9 MH-G8 0.11 12.26 13.34 12.15 0.22 13.45 
MH-G5 MH-G4 0.33 12.67 13.57 12.34 0.32 13.90 
MH-G26 MH-G25 0.06 12.43 13.57 12.37 0.18 13.63 
MH-G25 MH-G24 0.22 12.61 13.61 12.39 0.28 13.83 
MH-G2 Pump Station G 0.06 13.26 14.49 13.21 0.19 14.54 
MH-G7 MH-G4 0.25 13.53 14.59 13.28 0.31 14.84 
MH-G42 MH-G35 0.25 13.74 14.82 13.49 0.31 15.07 
MH-G27 MH-G20 0.53 14.28 15.13 13.75 0.40 15.66 
MH-G23b MH-G23 1.53 16.58 16.66 15.05 0.61 18.18 
MH-G23 MH-G22 1.55 16.74 16.80 15.18 0.61 18.35 
MH-G22 MH-G21 1.72 17.89 17.90 16.17 0.66 19.62 
MH-G50 MH-G38 0.25 16.42 17.76 16.17 0.35 18.01 
MH-G32 MH-G31 0.17 16.35 17.77 16.19 0.31 17.93 
MH-G33 MH-G32 0.03 16.31 17.86 16.28 0.18 17.89 
MH-G48 MH-G47 0.06 16.39 17.92 16.34 0.22 17.98 
MH-G45 MH-G44 0.06 17.93 19.61 17.88 0.23 19.67 
MH-G11 MH-G12 0.03 17.95 19.66 17.93 0.19 19.69 
MH-G29 MH-G28 0.06 18.56 20.30 18.51 0.24 20.36 
MH-G35 MH-G34 1.00 20.94 21.96 19.94 0.63 22.96 
MH-G31 MH-G19 0.31 20.42 22.09 20.11 0.43 22.39 
MH-G30 MH-G27 0.08 20.79 22.71 20.70 0.30 22.79 
MH-G34 MH-G24 1.00 22.56 23.74 21.56 0.66 24.74 
MH-G46 MH-G44 0.08 22.89 25.02 22.80 0.32 25.10 
MH-G52 MH-G41 0.03 23.93 26.22 23.90 0.23 26.24 
MH-G44 MH-G43 0.22 24.89 27.08 24.67 0.45 27.30 
MH-G37 MH-G36 0.44 27.04 29.21 26.60 0.59 29.66 
MH-G36 MH-G35 0.53 31.21 33.69 30.68 0.69 34.22 
MH-G38 MH-G37 0.36 32.57 35.36 32.21 0.63 35.72 
MH-G43 MH-G42 0.22 32.49 35.41 32.27 0.54 35.63 
MH-G49 MH-G48 0.03 34.76 38.10 34.74 0.30 38.12 
MH-G39 MH-G38 0.00 37.62 41.26 37.62 0.00 41.26 
MH-G40 MH-G50 0.19 40.86 44.61 40.66 0.61 44.81 
MH-G47 MH-G46 0.06 41.01 44.91 40.95 0.42 44.97 
MH-G41 MH-G40 0.11 41.69 45.61 41.58 0.52 45.72 
MH-G51 MH-G49 0.00 48.15 52.81 48.15 0.00 52.81 
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Upstream Node Downstream Node Total Flow (l/s) Design Capacity (l/s) Excess Full Capacity (l/s) Excess Design Capacity (l/s) Average Velocity (m/s) Full Capacity (l/s) 
MH-G8 MH-G7 0.15 6.48 6.95 6.33 0.16 7.10 
MH-G17 MH-G16 3.72 11.31 8.68 7.59 0.59 12.40 
MH-G4 Pump Station G 2.01 10.23 9.21 8.22 0.47 11.22 
MH-G16 MH-G15 3.77 12.14 9.54 8.37 0.63 13.31 
MH-G19 MH-G18 3.72 12.10 9.55 8.38 0.62 13.27 
MH-G20 MH-G19 3.27 11.65 9.51 8.38 0.59 12.78 
MH-G18 MH-G17 3.72 12.10 9.55 8.38 0.62 13.27 
MH-G15 MH-G14 3.77 12.81 10.28 9.04 0.65 14.05 
MH-G21 MH-G20 2.64 12.17 10.70 9.53 0.57 13.34 
MH-G6 MH-G5 0.93 10.76 10.87 9.83 0.39 11.80 
MH-G12 MH-G13 0.75 11.14 11.47 10.39 0.37 12.22 
MH-G24 MH-G23b 2.31 13.14 12.10 10.83 0.58 14.41 
MH-G5 MH-G4 1.68 12.67 12.21 10.99 0.52 13.90 
MH-G14 Pump Station G 3.77 14.87 12.54 11.1 0.73 16.31 
MH-G13 MH-G6 0.85 12.00 12.31 11.15 0.41 13.16 
MH-G10 MH-G9 0.03 11.78 12.89 11.75 0.14 12.91 
MH-G28 MH-G27 0.20 12.16 13.14 11.96 0.27 13.34 
MH-G9 MH-G8 0.10 12.26 13.35 12.16 0.22 13.45 
MH-G26 MH-G25 0.05 12.43 13.58 12.38 0.18 13.63 
MH-G25 MH-G24 0.20 12.61 13.63 12.41 0.27 13.83 
MH-G42 MH-G35 0.98 13.74 14.09 12.76 0.47 15.07 
MH-G2 Pump Station G 0.05 13.26 14.49 13.21 0.19 14.54 
MH-G7 MH-G4 0.23 13.53 14.61 13.31 0.30 14.84 
MH-G27 MH-G20 0.48 14.28 15.18 13.8 0.39 15.66 
MH-G23b MH-G23 2.39 16.58 15.79 14.19 0.69 18.18 
MH-G23 MH-G22 2.41 16.74 15.94 14.32 0.70 18.35 
MH-G22 MH-G21 2.56 17.89 17.05 15.32 0.74 19.62 
MH-G48 MH-G47 0.43 16.39 17.55 15.97 0.41 17.98 
MH-G50 MH-G38 0.23 16.42 17.78 16.2 0.34 18.01 
MH-G32 MH-G31 0.15 16.35 17.78 16.2 0.30 17.93 
MH-G33 MH-G32 0.03 16.31 17.86 16.28 0.17 17.89 
MH-G11 MH-G12 0.70 17.95 18.98 17.25 0.51 19.69 
MH-G45 MH-G44 0.05 17.93 19.62 17.88 0.23 19.67 
MH-G29 MH-G28 0.05 18.56 20.31 18.51 0.23 20.36 
MH-G35 MH-G34 1.91 20.94 21.05 19.03 0.76 22.96 
MH-G31 MH-G19 0.28 20.42 22.12 20.14 0.42 22.39 
MH-G34 MH-G24 1.91 22.56 22.83 20.65 0.80 24.74 
MH-G30 MH-G27 0.08 20.79 22.72 20.71 0.29 22.79 
MH-G46 MH-G44 0.45 22.89 24.65 22.43 0.53 25.10 
MH-G52 MH-G41 0.03 23.93 26.22 23.91 0.23 26.24 
MH-G44 MH-G43 0.58 24.89 26.72 24.32 0.60 27.30 
MH-G37 MH-G36 0.65 27.04 29.00 26.39 0.66 29.66 
MH-G36 MH-G35 0.73 31.21 33.49 30.48 0.76 34.22 
MH-G43 MH-G42 0.58 32.49 35.05 31.91 0.73 35.63 
MH-G38 MH-G37 0.58 32.57 35.14 31.99 0.73 35.72 
MH-G49 MH-G48 0.40 34.76 37.72 34.36 0.68 38.12 
MH-G39 MH-G38 0.25 37.62 41.00 37.37 0.62 41.26 
MH-G47 MH-G46 0.43 41.01 44.54 40.58 0.78 44.97 
MH-G40 MH-G50 0.18 40.86 44.63 40.68 0.59 44.81 
MH-G41 MH-G40 0.10 41.69 45.62 41.59 0.51 45.72 
MH-G51 MH-G49 0.38 48.15 52.43 47.78 0.84 52.81 
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US  Node DS Node Total Flow (l/s) Design Capacity (l/s) Excess Full Capacity (l/s) Excess Design Capacity (l/s) Average Velocity (m/s) Full Capacity (l/s) 
MH-G17 MH-G16 5.78014 11.30696 6.61951 5.52682 0.668 12.39965 
MH-G8 MH-G7 0.23433 6.47799 6.86968 6.24366 0.179 7.10401 
MH-G16 MH-G15 5.85825 12.13898 7.45382 6.28073 0.706 13.31207 
MH-G19 MH-G18 5.78014 12.10042 7.48964 6.32028 0.702 13.26978 
MH-G18 MH-G17 5.78014 12.10361 7.49314 6.32347 0.702 13.27328 
MH-G20 MH-G19 5.07715 11.65017 7.69888 6.57302 0.66 12.77603 
MH-G15 MH-G14 5.85825 12.8124 8.19232 6.95415 0.735 14.05057 
MH-G4 Pump Station G 2.8073 10.23492 8.41671 7.42762 0.511 11.22401 
MH-G21 MH-G20 4.10077 12.16893 9.24414 8.06815 0.644 13.34491 
MH-G14 Pump Station G 5.85825 14.86989 10.44864 9.01164 0.82 16.30689 
MH-G24 MH-G23b 3.59306 13.14395 10.8211 9.55089 0.656 14.41416 
MH-G6 MH-G5 1.12793 10.76211 10.67421 9.63417 0.408 11.80214 
MH-G12 MH-G13 0.85455 11.14466 11.36712 10.29011 0.386 12.22167 
MH-G5 MH-G4 2.29959 12.67397 11.59917 10.37438 0.564 13.89876 
MH-G13 MH-G6 1.01077 12.00039 12.14932 10.98962 0.427 13.16009 
MH-G10 MH-G9 0.03905 11.77573 12.87466 11.73668 0.157 12.91372 
MH-G28 MH-G27 0.31244 12.16247 13.02539 11.85003 0.304 13.33783 
MH-G9 MH-G8 0.15622 12.26209 13.29086 12.10587 0.248 13.44708 
MH-G42 MH-G35 1.52315 13.73963 13.54425 12.21648 0.53 15.0674 
MH-G25 MH-G24 0.31244 12.61303 13.51949 12.30059 0.311 13.83193 
MH-G26 MH-G25 0.07811 12.42737 13.55023 12.34926 0.202 13.62834 
MH-G23b MH-G23 3.71022 16.57828 14.47015 12.86805 0.782 18.18038 
MH-G23 MH-G22 3.74928 16.73515 14.60313 12.98587 0.79 18.35241 
MH-G7 MH-G4 0.35149 13.53212 14.48835 13.18062 0.339 14.83984 
MH-G2 Pump Station G 0.07811 13.26262 14.46619 13.18451 0.217 14.5443 
MH-G27 MH-G20 0.74204 14.27694 14.91459 13.53489 0.44 15.65663 
MH-G22 MH-G21 3.98361 17.88707 15.63204 13.90346 0.843 19.61565 
MH-G48 MH-G47 0.66394 16.39304 17.3133 15.72911 0.469 17.97724 
MH-G50 MH-G38 0.35149 16.4219 17.65739 16.0704 0.388 18.00888 
MH-G32 MH-G31 0.23433 16.35451 17.70065 16.12018 0.343 17.93498 
MH-G33 MH-G32 0.03905 16.30912 17.84615 16.27006 0.198 17.8852 
MH-G11 MH-G12 0.77644 17.95349 18.91205 17.17705 0.524 19.68849 
MH-G45 MH-G44 0.07811 17.933 19.58791 17.85489 0.261 19.66602 
MH-G35 MH-G34 2.96818 20.93685 19.99197 17.96867 0.867 22.96015 
MH-G29 MH-G28 0.07811 18.56242 20.27815 18.48431 0.268 20.35626 
MH-G34 MH-G24 2.96818 22.56228 21.77448 19.5941 0.915 24.74266 
MH-G31 MH-G19 0.4296 20.41862 21.96224 19.98902 0.48 22.39184 
MH-G30 MH-G27 0.11716 20.78611 22.67768 20.66894 0.333 22.79484 
MH-G46 MH-G44 0.70299 22.88699 24.39576 22.184 0.603 25.09875 
MH-G52 MH-G41 0.03905 23.93078 26.20435 23.89172 0.259 26.24341 
MH-G44 MH-G43 0.89827 24.89472 26.40224 23.99646 0.688 27.30051 
MH-G37 MH-G36 1.01543 27.04226 28.64015 26.02683 0.756 29.65558 
MH-G36 MH-G35 1.1326 31.20583 33.08891 30.07323 0.864 34.22151 
MH-G43 MH-G42 0.89827 32.48985 34.73135 31.59158 0.83 35.62961 
MH-G38 MH-G37 0.89827 32.57217 34.82163 31.67391 0.831 35.71989 
MH-G49 MH-G48 0.62488 34.76328 37.49786 34.1384 0.779 38.12274 
MH-G39 MH-G38 0.39055 37.62054 40.86557 37.22999 0.715 41.25612 
MH-G47 MH-G46 0.66394 41.00557 44.30435 40.34164 0.89 44.96828 
MH-G40 MH-G50 0.27338 40.85705 44.53202 40.58367 0.677 44.80541 
MH-G41 MH-G40 0.15622 41.68995 45.56257 41.53373 0.579 45.71879 
MH-G51 MH-G49 0.58582 48.15385 52.22153 47.56802 0.96 52.80735 
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