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11 1 . 0  STUDY FRAMEWORK 

1 1  
S t e p h e n s o n  & A s s o c i a t e s ,  i n  c o n j u n c t i o n  w i t h  N i g e l  H o l m e s  & 

• A s s o c i a t e s  w a s  r e q u e s t e d  b y  M a u n s e l l  P t y .  L i m i t e d  o n  b e h a l f  of 

• t h e  RTA t o  a s s e s s  t h e  e x i s t i n g  a i r  q u a l i t y  a n d  quantify 

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

p r o p o s e d  f o r  t h e  N o r t h  W e s t  S e c t o r  o f  S y d n e y ,  N.S.W.. 

11 
11 1 . 1  N a t u r e  o f  A i r  P o l l u t i o n  F r o m  R o a d w a y  S y s t e m s  

1 1  
I n  t h e  c o n t e x t  o f  t h i s  s t u d y ,  a i r  p o l l u t i o n  f r o m  roadway 

11 s y s t e m s  c a n  b e  c o n s i d e r e d  i n  t w o  c a t e g o r i e s  a s  follows:- 

I I  • c o n s t r u c t i o n  p h a s e ,  and: 

▪ o p e r a t i o n s  phase 

11 
11 1 . 1 . 1  C o n s t r u c t i o n  P h a s e  I m p a c t s  

11 
I m p a c t s  d u r i n g  c o n s t r u c t i o n  a r e  s i m p l e  t o  a s s e s s  a n d  relate 

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

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

11 
L . 1 . 2  O p e r a t i o n a l  P h a s e  I m p a c t s  

IN D u r i n g  t h e  o p e r a t i o n a l  p h a s e  o f  a n  e x p r e s s w a y  t h e  most 
s i g n i f i c a n t  e m i s s i o n s  t y p i c a l l y  are:- II 

- Hydrocarbons 

ON - C a r b o n  monoxide 

11 - O x i d e s  o f  nitrogen 

41 - S u l f u r  compounds 

- P a r t i c u l a t e  matter 
11 Odours 

NI 
11 
11 STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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E m i s s i o n s  m a y  b e  c l a s s e d  a s  h a v i n g  a i r  i m p a c t s  o n  a l o c a l  or 
r e g i o n a l  s c a l e ,  f o r  example:- 

L o c a l  I m p a c t  

- I n  a r e a s  p r o x i m a l  t o  roadside 

- Odours 

C a r b o n  monoxide 

- O x i d e s  o f  nitrogen 

1 . 2  R e v i e w  o f  Methodology 

T o  a s s e s s  t h e  i m p a c t  o f  t h e s e  e m i s s i o n s  i t  i s  n e c e s s a r y  to 
know: 

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

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

( i i i )  t h e  g e n e r a l  d i s p e r s i o n  c h a r a c t e r i s t i c s  o f  t h e  air 
s h e d  i n  w h i c h  t h e  e m i s s i o n s  f r o m  a n  e x p r e s s w a y  route 
w i l l  f i n a l l y  d i s p e r s e  d u r i n g  t h e  c o u r s e  o f  a day, 

( i v )  t h e  t r a f f i c  d e n s i t y ,  and 

(v) t h e  n a t u r e  o f  t h e  t r a f f i c  u s i n g  t h e  expressway 
i n c l u d i n g  i t s  v a r i a t i o n  w i t h  t i m e ,  t h a t  i s ,  diurnal 
v a r i a t i o n s  i n c l u d i n g  h e a v y  v e h i c l e  u s a g e s  a t  night. 

1 . 2 . 1  S t u d y  o f  G e o g r a p h y ,  T o p o g r a p h y  a n d  M e t h o d o l o g y  

o f  R o u t e  

1 . 2 . 1 . 1  E s t a b l i s h  E x i s t i n g  E n v i r o n m e n t  

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

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

t e r r a i n ,  s u r r o u n d i n g  l a n d  u s e  a n d  e x p e c t e d  meteorological 

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

e s t a b l i s h m e n t  o f  a m e t e o r o l o g i c a l  s t a t i o n  i n  a r e a s  w h e r e  no 
s u i t a b l e  i n f o r m a t i o n  w a s  available. 
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II 
1 . 2 . 1 . 2  E s t a b l i s h  E x i s t i n g  A i r  Quality 

II 
II T h e  s e c o n d  t a s k  w a s  t o  e s t a b l i s h  t h e  e x i s t i n g  c o n c e n t r a t i o n  of 

r e l e v a n t  p o l l u t a n t s  i n  t h e  a m b i e n t  a i r  a t  k e y  p o i n t s  a l o n g  the 
II r o u t e .  T h e  m o s t  c r u c i a l  p a r a m e t e r  f r o m  t h e  p o i n t  o f  v i e w  of 

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

I I  c a r b o n  m o n o x i d e  a n d  o x i d e s  o f  n i t r o g e n .  T h e s e  w e r e  measured 

a t  t w e l v e  s i t e s  s e l e c t e d  t o  p r o v i d e  r e p r e s e n t a t i v e  a i r  quality 
II 

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

III 
II C a r b o n  M o n o x i d e  i s  t h e  i d e a l  d e s c r i p t o r  o f  m o t o r  vehicle 

e m i s s i o n s  a n d  c a n  b e  r e f e r e n c e d  a g a i n s t  o t h e r  emissions' 
II 

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

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

II s a m p l e d  a i r  i s  a n a l y s e d  f o r  c a r b o n  m o n o x i d e  c o n c e n t r a t i o n  by 

i n f r a r e d  absorption. 
il 

II O x i d e s  o f  n i t r o g e n  a r e  a m a j o r  p r e c u r s o r  o f  photochemical 

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

h a v e  b e e n  r e f e r r e d  t o  i n  d e t a i l  b y  t h e  C o m m i s s i o n  o f  Inquiry. 
I I  

O x i d e s  o f  n i t r o g e n  w e r e  m e a s u r e d  u s i n g  a chemiluminescent 

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

I I  s a m p l e s  c o l l e c t e d  s i m i l a r l y  t o  c a r b o n  monoxide. 

II 1 . 2 . 2  A s s e s s  V i a b l e  T r a n s p o r t  A l t e r n a t i v e  
I I  and 

10 1 . 2 . 3  Q u a n t i f y  R e l a t i v e  I m p a c t s  o f  t h e s e  A l t e r n a t i v e s  

II 
1 . 2 . 3 . 1  P r e d i c t i o n s  o f  F u t u r e  M o t o r  V e h i c l e  E m i s s i o n s  

01 

II T o  e s t i m a t e  f u t u r e  a i r  q u a l i t y  i t  i s  n e c e s s a r y  t o  estimate 

f u t u r e  e m i s s i o n s  o f  p o l l u t i o n .  T h e s e  w o u l d  b e  e s t i m a t e d  using 
II e m i s s i o n  f a c t o r s  d e v e l o p e d  b y  t h e  USEPA ( 1 9 8 5 )  a n d  SPCC (1989) 
i l  f o r  m o t o r  v e h i c l e s  w i t h  d i f f e r e n t  l e v e l s  o f  a i r  'pollution 

II c o n t r o l  e q u i p m e n t .  T h e  e s t i m a t i o n  m e t h o d s  a r e  c o m p l e x  and 
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m u s t  t a k e  a c c o u n t  o f  t h e  t y p e  o f  c o n t r o l s  o n  t h e  v e h i c l e ,  the 

a g e s  o f  t h e  v e h i c l e s ,  t h e  e x p e c t e d  v e h i c l e  s p e e d s ,  traffic 
d e n s i t y  a n d  v e h i c l e  t y p e  f o r  d i f f e r e n t  t i m e s  o f  t h e  day 
( d i u r n a l  v a r i a t i o n s ) .  T h i s  w o u l d  b e  u n d e r t a k e n  f o r  e a c h  of 
t h e  e m i s s i o n s ,  i . e .  c a r b o n  m o n o x i d e ,  h y d r o c a r b o n ,  o x i d e s  of 
n i t r o g e n  a n d  p a r t i c u l a t e  matter. 

1 . 2 . 3 . 2  E m i s s i o n s  f r o m  E l e c t r i c  P o w e r e d  A l t e r n a t i v e s  

I n  a d d i t i o n  t o  t h e  a b o v e ,  a q u a l i t a t i v e  a s s e s s m e n t  w o u l d  be 

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

p o w e r e d  v e h i c l e s ,  e . g .  i f  l i g h t  r a i l  w a s  u s e d .  This 

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

n e c e s s a r y  t o  p o w e r  s u c h  a system. 

1 . 2 . 3 . 3  M o d e l l i n g  o f  t h e  D i s p e r s i o n  o f  T h e s e  E m i s s i o n s  

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

t h e  v i c i n i t y  o f  t h e  r o a d  b y  u s i n g  t h e  G e n e r a l  M o t o r s  (GM) 

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

a v e r a g i n g  periods. 

1 . 2 . 3 . 4  C a l i b r a t i o n  o f  M o d e l  

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

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

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

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

T h e  m e t e o r o l o g i c a l  d a t a  w a s  c o l l e c t e d  a t  t h e  s a m e  t i m e  a s  the 

c o n c e n t r a t i o n s  w e r e  measured. 

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

t h e  p r e v i o u s  RTA E I S  r e  a i r  q u a l i t y  m e n t i o n e d  b y  the 

C o m m i s s i o n  o f  I n q u i r y .  T h e r e  i s  a b o d y  o f  e v i d e n c e ,  however 

w h i c h  r e f u t e s  s h o r t  t e r m  c a l i b r a t i o n  o f  models. 
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1 . 2 . 4  T o t a l  E m i s s i o n s  t o  S y d n e y  Airshed 

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

q u a l i t y  m a n a g e m e n t  p o i n t  o f  v i e w  i t  i s  u s e f u l  t o  q u a n t i f y  the 

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

t h e  o v e r a l l  e m i s s i o n s  l o a d  i n  t h e  S y d n e y  Airshed. 

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

C S I R O  w i t h  t h e  e x p r e s s  a i m  o f  d e t e r m i n i n g  m o v e m e n t  o f  parcels 

• o f  a i r  a r o u n d  t h e  S y d n e y  B a s i n  a n d  t h e  r e a c t i v i t y  o f  t h o s e  air 

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

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

work. 

01 

1 . 3  T r a n s p o r t  O p t i o n s  f o r  t h e  S t u d y  A r e a  

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

IR s e l e c t e d  a s  b e i n g  v i a b l e  f r o m  a n  e n g i n e e r i n g  viewpoint. 

• 
a 

• 

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

a n d  a r e  r e f e r r e d  t o  a s  E x p r e s s w a y  ( t o l l ) ,  E x p r e s s w a y  (no 

t o l l ) ,  U p g r a d e d  A r t e r i a l  R o u t e  ( E a s t  a n d  W e s t )  a n d  Upgraded 

A r t e r i a l  R o u t e  ( E a s t  only). 

▪ E x p r e s s w a y  - No toll 
w i t h  p u b l i c  transport 

• E x p r e s s w a y  ( t o l l e d )  - Toll 
w i t h  p u b l i c  transport 

U p g r a d e d  A r t e r i a l  - U p g r a d e d  a r t e r i a l  routes 
R o u t e  ( E a s t  a n d  West) 

U p g r a d e d  A r t e r i a l  - E x p r e s s w a y  i n  W e s t  t o  Pennant 
R o u t e  ( E a s t  o n l y )  H i l l s  R o a d  a n d  u p g r a d e d  arterial 

r o u t e  ( C a r l i n g f o r d  a n d  Epping 
R o a d s )  E a s t  o f  P e n n a n t  Hills 
Road 

• B a s e  C a s e  - No c h a n g e  t o  e x i s t i n g  r o u t e  system 
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1 . 4  M o t o r  V e h i c l e  E m i s s i o n s  a n d  t h e  G r e e n h o u s e  Effect 

T h e  " G r e e n h o u s e  E f f e c t " ,  o r  " G l o b a l  W a r m i n g " ,  r e f e r s  t o  the 

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

b y  t h e  s u n ' s  e n e r g y  c a u s e d  b y  e m i s s i o n s  f r o m  h u m a n  developed 

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

d i o x i d e  ( C O 2 ) ,  o n e  o f  t h e  p r i n c i p a l  g r e e n h o u s e  g a s e s ,  b a c k  into 

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

r e m o v e s  i t  ( C o g h i l l ,  1 9 9 0 ) .  T h e  e f f e c t  a r i s e s  b e c a u s e  s o m e  of 

t h e  s u n ' s  e n e r g y  e n t e r s  t h e  a t m o s p h e r e  a s  s h o r t  w a v e  energy, 
i s  a b s o r b e d  b y  t h e  e a r t h ' s  s u r f a c e  a n d  i s  t h e n  r e f l e c t e d  as 
r a d i a n t  e n e r g y  w h i c h  i s  p a r t i a l l y  a b s o r b e d  b y  atmospheric 

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

q u a n t i t y  o f  t h e s e  h e a t  a b s o r b i n g ,  o r  s o - c a l l e d  greenhouse 

g a s e s  i n c r e a s e s ,  s o  t h e  a t m o s p h e r e  b e c o m e s  w a r m e r .  I f  this 

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

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

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

w a t e r  v a p o u r ,  c a r b o n  d i o x i d e  ( C O 2 ) ,  m e t h a n e  ( C H 4 ) ,  nitrous 

o x i d e  ( N 2 0 ) ,  c h l o r o f l u o r o c a r b o n s  ( C F C s )  a n d  t r o p o s p h e r i c  (lower 

a t m o s p h e r i c )  o z o n e  ( 0 3 )  (ANZEC, 1 9 9 0 ,  p 9 ) .  T h e s e  g a s e s ,  which 

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

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

t i m e .  T h i s  m e a n s  t h a t  o n c e  t h e y  h a v e  r e a c h e d  t h e  atmosphere 

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

T h e  m a j o r  h u m a n - i n d u c e d  s o u r c e s  o f  g r e e n h o u s e  g a s e s  a n d  their 

c o n t r i b u t i o n s  t o  g l o b a l  w a r m i n g  a r e  p r e s e n t e d  i n  T a b l e  1. 
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TABLE 1 GREENHOUSE G A S E S  A T T R I B U T A B L E  TO HUMAN ACTIVITIES 

( f r o m  L e g g e t t  ( e d ) ,  1 9 9 0  p17) 

Gas * P r i n c i p a l  Sources Cur ren t  Rate of 
Annual Increase 
& Concentration 

C o n t r i b u t i o n  to 
G loba l  Warming 

(%) ++ 

Carbon dioxide 
(CO2) 

F o s s i l  f u e l  burning 
(c.77%) 
Deforestation 
(c.23%) 

0.5% 
(353 ppmv) 1 

55 

Chlorofluorocarbons 
(CFCs) ^ 

Va r ious  industrial 
uses: 

refrigerants 
foam blowing 
solvents 

4% 
(280 p p t v  CFC-11 
484 p p t v  CFC-12) 

24 

Methane 
(CH4) 

Rice paddies 
E n t e r i c  fermentation 
Gas leakage 

0.98% 
( 1 . 7 2  ppmv) 

15 

N i t r o u s  oxide 
(N20) 

Biomass burning 
F e r t i l i s e r  use 
F o s s i l - f u e l  combustion 

0.8% 
(310 ppbv) 
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SOURCES AND NOTES: 

++ 

The c o n t r i b u t i o n  f rom t r o p o s p h e r i c  ozone i s  a l s o  s i g n i f i c a n t ,  b u t  i s  v e r y  d i f f i c u l t  t o  q u a n t i f y .  Ozone 
forms i n  t h e  t roposphere  as a r e s u l t  o f  chemical  i n t e r a c t i o n s  between uncombusted hydrocarbons and 
ox ides  o f  n i t r o g e n ,  produced by f o s s i l - f u e l  b u r n i n g ,  i n  t h e  presence o f  sunlight. 

IPCC, Working Group 1 Repor t ,  Po l icymakers  Summary, p6. 

i b i d . ,  es t ima tes  f o r  t h e  decade o f  t h e  1980s 

i b i d . ,  Sec t i on  1 ,  P. 12, rounded (see o r i g i n a l  t a b l e  f o r  e r r o r  margins) 

Note t h a t  p r o d u c t i o n  o f  CFCs began o n l y  a few yea rs  b e f o r e  t h e  Second World War. Now t h a t  t hese  gases 
a r e  known t o  d e p l e t e  ozone, t h e  chemical  i n d u s t r y  i s  p r e p a r i n g  replacements - hydrochlorofluorocarbons 
(HCFCs) and h y d r o f l u o r o c a r b o n s  (HFCs). Though these  do n o t  d e p l e t e  ozone so b a d l y  (and a r e  y e t  t o  be 
produced i n  commercial q u a n t i t i e s )  t h e y  a r e  a l s o  greenhouse gases. 

ppmv = p a r t s  pe r  m i l l i o n  volume 
ppbv = p a r t s  pe r  b i l l i o n  volume 
p p t v  = p a r t s  pe r  t r i l l i o n  volume 
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M o t o r  v e h i c l e  e m i s s i o n s  c o n s i s t  o f  CO2, CH4, N20,  C F C s  (from 
a i r  c o n d i t i o n e r s )  a n d  t h e  p r e c u r s o r s  t o  ozone-hydrocarbons 

(HC)  a n d  o x i d e s  o f  n i t r o g e n  (NO. )  ( D e L u c h i  e t  a l ,  1988; 

P e a r m a n ,  1 9 8 9 ) .  I t  i s  e s t i m a t e d  t h a t  m o t o r  v e h i c l e s  account 
f o r  26% o f  A u s t r a l i a ' s  e m i s s i o n  o f  c a r b o n  d i o x i d e  (Greene, 

1 9 9 1 ) .  T a b l e  2 s h o w s  a v e r a g e  v a l u e s  c a l c u l a t e d  f o r  1 9 8 5  and 

1 9 8 8  i n  A u s t r a l i a n  cities. 

I n  a c c o r d a n c e  w i t h  t h e  r e c o m m e n d a t i o n s  o f  t h e  1 9 8 8  Toronto 

C o n f e r e n c e ,  " T h e  C h a n g i n g  A t m o s p h e r e :  I m p l i c a t i o n s  o f  Global 

S e c u r i t y " ,  t h e  A u s t r a l i a n  g o v e r n m e n t  t h r o u g h  t h e  Australian 

a n d  New Z e a l a n d  E n v i r o n m e n t  C o u n c i l  (ANZEC) h a s  s e t  a s  an 
o b j e c t i v e  a r e d u c t i o n  o f  CO2 e m i s s i o n s  b y  20% ( f r o m  1988 

l e v e l s )  b y  t h e  y e a r  2 0 0 5 .  A s  s h o w n ,  v e h i c l e  e m i s s i o n s  a r e  a 
m a j o r  p a r t  o f  t o t a l  e m i s s i o n s  o f  CO2. I t  m a y  b e  c o n c l u d e d  that 

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

o v e r a l l  CO2 r e d u c t i o n  objective. 

T h e  G r e e n p e a c e  R e p o r t  ( L e g g e t t  ( e d )  1 9 9 0 )  f o u n d  t h a t  i f  state- 

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

v e h i c l e s  a r o u n d  t h e  w o r l d ,  e m i s s i o n s  ( H C ,  CO a n d  NO.) c o u l d  be 

r e d u c e d  t o  a p p r o x i m a t e l y  h a l f  o f  t h e  1 9 8 0  l e v e l s  f o r  some 

g a s e s  b y  2 0 0 5 ,  e v e n  a c c o u n t i n g  f o r  a n  i n c r e a s e  i n  vehicle 

n u m b e r s  i n  t h e  period. 

T h e s e  p r e d i c t i o n s  h a v e  b e e n  m a d e  b y  G r e e n p e a c e  b a s e d  o n  three 

d e v e l o p i n g  s c e n a r i o s .  T h e  s c e n a r i o s  are: 

SCENARIO 1 

B a s e  C a s e  C u r r e n t l y  A d o p t e d  R e q u i r e m e n t s :  - w h e r e  all 

e x i s t i n g  e m i s s i o n  s t a n d a r d s  w o r l d w i d e  w h i c h  a r e  e i t h e r  in 

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

s e v e r a l  y e a r s  a r e  i m p l e m e n t e d .  R e f e r  A p p e n d i x  0 ,  F i g u r e  1. 
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TABLE 2 AVERAGE VALUES CALCULATED FOR 1 9 8 5  AND 1988 

I N  AUSTRALIAN CITIES 

MODES OF TRANSPORT 
ENERGY 

INTENSIVENESS 
( M J / p a s s  km) 

RATE OF CO2 
EMISSIONS 

( g r a m s / p a s s  km) 

1985 1988 1985 1988 

Cars 2.44 2.42 173.4 172.0 

Buses 1.99 2.05 146.2 150.6 

L i g h t  C o m m e r c i a l  Vehicles 3.12 3.12 222.5 222.5 

Trams 1.80 n.a. 180.0 n.a. 

E l e c t r i c  Trains 1.97 1.94 189.9 187.1 

D i e s e l  Trains 2.00 1.94 147.2 143.1 
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SCENARIO 2 

S t a t e  o f  t h e  A r t  C o n t r o l s :  - w h e r e  a l l  v e h i c l e s  around 

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

R e f e r  t o  A p p e n d i x  0 ,  F i g u r e s  2 t o  7. 

SCENARIO 3 

R e d u c t i o n  i n  M i l e a g e  G r o w t h :  - w h e r e  a m o d e s t  reduction 

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

t h e  N e t h e r l a n d s  s t r a t e g y  o n  r o a d  p r i c i n g  t o  restrain 

v e h i c l e  g r o w t h  - a f u r t h e r  v a r i a t i o n  o n  "traffic 

c a l m i n g " .  R e f e r  t o  A p p e n d i x  0 ,  F i g u r e  8. 

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

e m i s s i o n  c o n t r o l  d e v i c e s  w o r l d w i d e  ( d u e  t o  a g e ,  r e l a t i v e  cost 

a n d  a v a i l a b i l i t y ) .  H o w e v e r ,  a c o m b i n a t i o n  o f  incorporating 

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

( a l r e a d y  o c c u r r i n g  d u e  t o  c o n s u m e r  d e m a n d )  a n d  n e w  fuel 

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

e f f e c t i v e l y  c o n t r o l l e d  ( P e a r m a n ,  C S I R O  1989). 

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

t o  p u t  p r e s s u r e  o n  t h e s e  l e v e l s .  A f t e r  2 0 3 0 ,  e m i s s i o n s  will 

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

d r i v e n  e v e n  further. 

R e c e n t  r e s e a r c h  b y  t h e  B u r e a u  o f  T r a n s p o r t  a n d  Communications 

E c o n o m i c s  (BTCE 1 9 9 0 )  s u p p o r t s  t h e  a b o v e .  D a t a  c o l l e c t e d  from 

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

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

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

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 

a 

to 

a 

I 

a 
• 

a 
I 

a 

a 



S 
• 

BTCE e s t i m a t e s  t h a t  t h e  r e d u c t i o n  i n  t o t a l  c a r b o n  dioxide 
41 e m i s s i o n s  a r i s i n g  f r o m  a d o u b l i n g  o f  p e a k  p e r i o d  public 

t r a n s p o r t  p a t r o n a g e  ( t h r o u g h  a r e d u c t i o n  i n  p r i v a t e  c a r  use) 

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

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

o n l y  2 p e r c e n t ,  a n  e f f e c t  w h i c h  c o u l d  b e  r e l a t i v e l y  easily 

a c h i e v e d  b y  i m p r o v e d  f u e l  e f f i c i e n c y ,  h i g h e r  c a r  occupancies 

a n d  s h o r t e r  t r i p  lengths. 

S 
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2 . 0  E X I S T I N G  A I R  QUALITY IN 

T o  a s s e s s  t h e  e x i s t i n g  a i r  q u a l i t y  o r  a n y  i m p a c t s  o f  the 

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

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

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

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

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

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

o f  t h e  p r o p o s e d  d e v e l o p m e n t  i s  d i s c u s s e d  i n  S e c t i o n s  2 . 1  to 

2 . 3 .  T h e  m e t e o r o l o g y  o f  t h e  a r e a  i s  d i s c u s s e d  i n  S e c t i o n  2.4. 

2 . 1  R e g i o n a l  A i r  Quality 

2 . 1 . 1  C h a r a c t e r i s t i c s  o f  M a j o r  A i r  P o l l u t a n t s  

i n  t h e  S y d n e y  R e g i o n  

T h e  m a j o r  a i r  p o l l u t a n t s  t h a t  i n f l u e n c e  t h e  q u a l i t y  o f  a i r  in 

t h e  S y d n e y  R e g i o n  a r e  h y d r o c a r b o n s ,  s u l f u r  d i o x i d e ,  o x i d e s  of 

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

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

a n d  a c c e p t e d  s t a n d a r d s  f o r  t h e  c o n c e n t r a t i o n  o f  these 

p o l l u t a n t s  i n  t h e  a t m o s p h e r e  a r e  g i v e n  i n  S e c t i o n  2.2. 

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

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

d a t a  i n  t h e  e a s t e r n  s e c t i o n  o f  S y d n e y .  T h e  f i n d i n g s  o f  a 
m a j o r  r e g i o n a l  s t u d y  b y  H y d e  & J o h n s o n  ( 1 9 9 0 )  r e c o g n i s e d  that 

t h e  e x t r a p o l a t i o n  o f  t h i s  d a t a  t o  o t h e r  a r e a s ,  seriously 

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

t h e  s o u t h  w e s t .  D a t a  p r o v i d e d  b y  t h e  SPCC h a s  t h e r e f o r e  been 

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

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

area. 
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T h e  N . S . W .  G o v e r n m e n t  r e c o g n i s e d  t h e  p r o b l e m  o f  p o o r  air 
11 q u a l i t y  i n  s o m e  a r e a s  o f  w e s t e r n  S y d n e y  i n  t h e  r e c e n t  Smog 

11 S u m m i t ,  J u n e  1 9 9 0 .  I n  a n  a t t e m p t  t o  o b t a i n  a i r  q u a l i t y  data 

41 f o r  t h e  w e s t e r n  r e g i o n ,  t h e  W a t e r  B o a r d  u n d e r t o o k ,  i n  this 

S u m m i t ,  t o  e s t a b l i s h  m e t e o r o l o g i c a l  s t a t i o n s  i n  a l l  o f  their 

S e w a g e  t r e a t m e n t  P l a n t s  ( S T P )  t h r o u g h o u t  t h e  a r e a .  I t  should 

11 b e  n o t e d ,  h o w e v e r ,  t h a t  m a n y  o f  t h e s e  S T P s  a r e  s i t u a t e d  in 

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

m e t e o r o l o g i c a l  d a t a  t o  t h e  a r e a  a s  a whole. 

11 
11 H y d r o c a r b o n s  (HC)  

11 
H y d r o c a r b o n s  a l o n e  d o  n o t  g e n e r a l l y  p o s e  a p r o b l e m  i n  the 

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

11 h u m a n  health. 

IF H y d r o c a r b o n s  a r e  a s s o c i a t e d  w i t h  t h e  p r o c e s s i n g  a n d  u s e  of 

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

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

11 
p h o t o c h e m i c a l  s m o g .  H y d r o c a r b o n s  m a y  c o n s i s t  o f  products 

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

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

• d i s t i n c t i v e  p e t r o l  o r  k e r o s e n e  t y p e  o d o u r .  M e t h a n e  based 

h y d r o c a r b o n s  a r e  n o t  p h o t o c h e m i c a l l y  reactive. 
11 
11 S u l f u r  d i o x i d e  (S021 

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

11 
o f  SO2 i n  a n  e m i s s i o n  w i l l  v a r y  a c c o r d i n g  t h e  l e v e l  o f  sulfur 

c o n t e n t  i n  t h e  fuel. 

a 

a 
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O x i d e s  o f  n i t r o g e n  (N0,1 

N i t r o g e n  o x i d e  (NO2) a n d  n i t r i c  o x i d e  (NO) a r e  f o r m e d  during 

a l l  c o m b u s t i o n  r e a c t i o n s .  N i t r i c  o x i d e  c a n  u n d e r g o  oxidation 

t o  n i t r o g e n  d i o x i d e  i n  t h e  u r b a n  a t m o s p h e r e .  I n  t h e  presence 
o f  s u n l i g h t  t h i s  NO2 i s  t h e n  i n v o l v e d  i n  t h e  r e a c t i o n  to 
p r o d u c e  p h o t o c h e m i c a l  s m o g .  T h e  r a t e  o f  t h e  o x i d a t i o n  reaction 
o f  NO t o  NO2 c a n  b e  i n c r e a s e d  s i g n i f i c a n t l y  i n  t h e  p r e s e n c e  of 
hydrocarbons. 

O x i d e s  o f  n i t r o g e n  (NO. )  e m i t t e d  b y  m o t o r  v e h i c l e s  are 
c o m p r i s e d  m a i n l y  o f  n i t r i c  o x i d e  (NO,  a p p r o x i m a t e l y  98%)  and 

n i t r o g e n  d i o x i d e  (NO2, a p p r o x i m a t e l y  5 % ) .  N i t r i c  o x i d e  i s  much 

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

u r b a n  e n v i r o n m e n t s .  N i t r o g e n  d i o x i d e  h a s  b e e n  r e p o r t e d  to 
h a v e  a n  e f f e c t  o n  r e s p i r a t o r y  f u n c t i o n  a l t h o u g h  t h e  results 

h a v e  b e e n  m i x e d  a n d  conflicting. 

S u s p e n d e d  P a r t i c u l a t e  M a t t e r  a n d  T o t a l  S u s p e n d e d  P a r t i c u l a t e  

M a t t e r  

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

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

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

s u s p e n d e d  p a r t i c u l a t e  m a t t e r  i n c l u d e s  p a r t i c l e  r a n g i n g  from 

5 pm t o  1 0  pm i n  d i a m e t e r  s u s p e n d e d  i n  t h e  atmosphere. 

S u s p e n d e d  p a r t i c u l a t e  m a t t e r  r e l a t e s  t o  p a r t i c l e s  m a i n l y  below 

5 pm i n  d i a m e t e r  b u t  u p  t o  1 0  pm i n  size. 

A c i d  G a s e s  

T h e  m a j o r  a c i d  g a s e s  a r e  s u l f u r  d i o x i d e  a n d  o x i d e s  o f  nitrogen 

w h i c h  a r e  d i s c u s s e d  above. 

C a r b o n  M o n o x i d e  (CO)  

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

f u e l s .  C o n c e n t r a t i o n s  o f  c a r b o n  m o n o x i d e  t e n d  t o  b e  localised 

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

T h e  m a j o r  s o u r c e  o f  l e a d  i n  S y d n e y ' s  a t m o s p h e r e  i s  f r o m  lead 

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

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

u n l e a d e d  p e t r o l  i n  a l l  n e w  c a r s  s i n c e  1986. 

O z o n e  

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

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

11 o x i d e s  o f  n i t r o g e n  a r e  e x p o s e d  t o  s u n l i g h t  i n  high 

11 concentrations. 

P h o t o c h e m i c a l  Smog 

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

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

s u n l i g h t .  M o d e l s  f o r  t h e  f o r m a t i o n  o f  p h o t o c h e m i c a l  smog 
41 e n v i s a g e  h y d r o c a r b o n  e m i s s i o n s  m o s t l y  f r o m  m o t o r  cars, 

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

1 1  o p e r a t i o n s  a n d  s o  o n ,  m i x i n g  w i t h  o x i d e s  o f  n i t r o g e n  from 

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

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

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

11 
P h o t o c h e m i c a l  s m o g  c a n  b e  c o n t r o l l e d  b y  e i t h e r  r e d u c i n g  the 

11 a m o u n t  o f  h y d r o c a r b o n s  o r  b y  r e d u c i n g  t h e  a m o u n t  o f  o x i d e s  of 

11 n i t r o g e n .  I n  t h e  p a s t  t h e  S t a t e  P o l l u t i o n  C o n t r o l  Commission 

• ( S P C C )  h a s  d e c i d e d  t o  c o n t r o l  s m o g  b y  r e d u c i n g  t h e  a m o u n t  of 

h y d r o c a r b o n s  e m i t t e d  i n t o  t h e  S y d n e y  a i r ,  m a i n l y  t h r o u g h  the 
11 u s e  o f  c a t a l y t i c  c o n v e r t e r s  o n  m o t o r  c a r s  u s i n g  unleaded 
1 1  p e t r o l .  T h i s  h a s  l e d  t o  a s u b s t a n t i a l  r e d u c t i o n  in 

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

v e h i c l e s  i n  t h e  S y d n e y  a r e a  h y d r o c a r b o n  e m i s s i o n s  have 
• 

d e c l i n e d  slightly. 

11 
11 
11 
1 1  STEPHENSON & ASSOC P / L  1208/90/AQWP/2 



- 1 6  - 

H o w e v e r ,  a t  t h e  s a m e  t i m e  a s  h y d r o c a r b o n  e m i s s i o n s  h a v e  held 
s t e a d y  o r  u n d e r g o n e  a s l i g h t  d e c l i n e ,  e m i s s i o n s  o f  o x i d e s  of 
n i t r o g e n  f r o m  i n d u s t r y  a n d  m o t o r  c a r s  h a s  substantially 

i n c r e a s e d .  T o t a l  e m i s s i o n s  o f  h y d r o c a r b o n s  i n  1 9 7 6  were 
e s t i m a t e d  t o  b e  1 9 2 , 5 3 0  t o n s  p e r  a n n u m  ( E i s e r  a n d  K o o ,  1984); 
i n  1 9 8 0  t h e  f i g u r e  w a s  e s t i m a t e d  t o  b e  1 7 8 , 6 1 0 ;  a n d  i n  1986 

t h e  f i g u r e  w a s  e s t i m a t e d  t o  b e  1 5 9 , 1 0 0  w h i c h  r e p r e s e n t s  a 
s u b s t a n t i a l  d e c r e a s e  i n  h y d r o c a r b o n  e m i s s i o n s .  A s  f a r  as 
e m i s s i o n s  o f  o x i d e s  o f  n i t r o g e n  a r e  c o n c e r n e d  1 9 7 6  emissions 

w e r e  e s t i m a t e d  t o  b e  6 2 , 9 8 5 ;  i n  1 9 8 0  6 6 , 9 7 2 ;  a n d  i n  1986 

7 6 , 1 7 5  t o n s  p e r  a n n u m .  T h i s  r e p r e s e n t s  a f a i r l y  substantial 

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

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

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

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

i n d i v i d u a l  vehicle. 

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

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

n i t r o g e n s ,  t h a t  i s  t h e  h y d r o c a r b o n : N O R  r a t i o  i s  a s  follows. 

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

r a t i o  o f  h y d r o c a r b o n  t o  NOR. I f  t h e  r a t i o  f a v o u r s  o x i d e s  of 

n i t r o g e n ,  t h e  p r o c e s s  b y  w h i c h  o z o n e  o r  s m o g  i s  p r o d u c e d  is 

d e l a y e d  i n  o n s e t  u n t i l  a l l  t h e  n i t r o g e n  o x i d e  i s  consumed. 

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

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

a n d  t h e  s u n l i g h t ,  a n d  t h e  c o n c e n t r a t i o n  t h a t  o c c u r s  d e p e n d s  on 
t h e  d i l u t i o n  t h a t  t a k e s  p l a c e  a s  t h e  r e a c t i n g  c o m p o n e n t s  are 
c a r r i e d  d o w n w i n d .  F o r  t h e  S y d n e y  B a s i n  t h e  d i s p e r s i o n  will 

s t a y  m o r e  o r  l e s s  c o n s t a n t  f r o m  y e a r  t o  y e a r  a l t h o u g h  the 

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

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

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

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

c o n c e n t r a t i o n s  o f  smog. 
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T h e  e f f e c t  o f  t h e  S P C C ' s  c o n t r o l  s t r a t e g y  o f  reducing 

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

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

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

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

NOx : h y d r o c a r b o n  i s  high. 

T h e  H y d e  a n d  J o h n s o n  ( 1 9 9 0 )  r e p o r t  a r g u e s  t h a t  t h e  SPCC smog- 
• m o n i t o r i n g  n e t w o r k  i s  l o c a t e d  t o o  c l o s e  t o  t h e  c i t y  s o  that 

t h e  m a x i m u m  c o n c e n t r a t i o n s  a r e  n o t  b e i n g  r e c o r d e d .  I n  the 

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

s m o g .  H i s  p r e d i c t i o n s  a r e  i n  b r o a d  a g r e e m e n t  i n  a r e a s  where 

m o n i t o r i n g  i s  a l r e a d y  t a k i n g  p l a c e  a n d  i n  t h e  o u t e r  areas 
w h e r e  t h e r e  a r e  n o  m o n i t o r i n g  d a t a  h i s  p r e d i c t i o n s  s h o w  an 
i n c r e a s i n g  t r e n d  i n  p h o t o c h e m i c a l  s m o g .  T h i s  i s  c a u s e d  b y  the 

411 i n c r e a s e d  o x i d e s  o f  n i t r o g e n  c o n c e n t r a t i o n s  w h i c h ,  h a v e  longer 

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

t o  h i g h e r  c o n c e n t r a t i o n s  a t  t h o s e  locations. 

W h i l e  t h e s e  p r e d i c t i o n s  h a v e  y e t  t o  b e  v a l i d a t e d  i n  t h e  outer 

s u b u r b s ,  t h e r e  i s  c l e a r l y  s o m e  c a u s e  f o r  c o n c e r n  over 
p h o t o c h e m i c a l  s m o g  i m p a c t s  i n  t h e  S y d n e y  B a s i n .  T h e s e  impacts 

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

e m i s s i o n s  a n d  a n y  p r o p o s e d  t r a n s p o r t  o p t i o n s  n e e d  t o  b e  viewed 

1 1  i n  t h e  l i g h t  o f  t h e i r  e f f e c t s  o n  n i t r o g e n  o x i d e  emissions. 

2 . 1 . 2  E x i s t i n g  A i r  Q u a l i t y  i n  t h e  S y d n e y  R e g i o n  

a 

• 

T a b l e s  A 1 . 1  - A 1 . 1 1  o f  A p p e n d i x  1 p r e s e n t  a s u m m a r y  o f  the 

c o n c e n t r a t i o n  o f  p o l l u t a n t s  f o r  t h e  y e a r s  1 9 7 9  t o  1 9 8 8  f o r  the 

S y d n e y  R e g i o n .  T h e s e  r e s u l t s  s h o u l d  b e  q u a l i f i e d  i n  t h e  light 

o f  t h e  : 1 - e s u l t s  f r o m  a ( p i l o t )  s t u d y  o f  S y d n e y  r e g i o n a l  air 

m o v e m e n t  b y  H y d e  a n d  J o h n s o n  (1990). 
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I n  t h e  s t u d y  t h i s  a r e a  w a s  f o u n d  t o  h a v e  h i g h e r  l e v e l s  o f  HC 

a n d  NO. ( p h o t o c h e m i c a l  s m o g  p r e c u r s o r s )  t h a n  w e r e  r e c o r d e d  at 
t h e  SPCC m o n i t o r i n g  s t a t i o n s ,  a s  w e l l  a s  o z o n e  concentrations 

a b o v e  t h e  r e c o g n i s e d  H e a l t h  S t a n d a r d s  a n u m b e r  o f  occasions. 

F r o m  t h e  SPCC d a t a ,  o z o n e  a n d  s m o g  l e v e l s  a p p e a r  t o  have 

d e c r e a s e d  o v e r  t h e  p a s t  t w e l v e  y e a r s .  H o w e v e r ,  H y d e  and 

J o h n s o n  ( 1 9 9 0 )  s u g g e s t  t h a t  t h e s e  f i g u r e s  a r e  m i s l e a d i n g  as 
t h e  a r e a s  o f  o z o n e  a n d  s m o g  f o r m a t i o n  h a v e  m o v e d  d o w n w i n d  from 

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

t h i s  c a s e  t o  t h e  s o u t h  west. 

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

S y d n e y  p e a k e d  i n  t h e  e a r l y  1 9 7 0 ' s ,  t h e n  d e c r e a s e d ,  a n d  have 

n o w  l e v e l l e d  o u t .  I n  r e c e n t  y e a r s ,  a c i d  g a s  concentrations 

h a v e  s e l d o m  e x c e e d e d  t h e  W H O ' s  l o n g  t e r m  g o a l  o f  6 0  pg/m3 

( a n n u a l  mean). 

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

s t a n d a r d s  i n  T a b l e  3 .  H o w e v e r ,  t o t a l  s u s p e n d e d  particle 

m a t t e r  l e v e l s  m a y  b e  e x c e e d e d  f r o m  t i m e  t o  t i m e  d u e  to 

l o c a l i s e d  e v e n t s .  M o t o r  v e h i c l e s  a r e  a m a j o r  s o u r c e  of 

s u s p e n d e d  p a r t i c u l a t e s  i n  S y d n e y  ( H y d e  a n d  J o h n s o n ,  1990). 

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

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

v e h i c l e s  m a n u f a c t u r e d  s i n c e  1986. 

A s  d i s c u s s e d  a b o v e  t h e  SPCC c a r r i e s  o u t  a p r o g r a m m e  o f  air 

q u a l i t y  m o n i t o r i n g  a t  s e l e c t e d  s i t e s  i n  S y d n e y .  T h e  results 

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

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

vehicles. 
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S o m e  v a l u e s  r e c o r d e d  i n  1 9 8 9  a r e  p r e s e n t e d  below. 

S i t e  P o l l u t a n t  A m b i e n t  concentration 

R o z e l l e  NOx 6 0 . 0  pphm 

( m a x i m u m  1 - h o u r  average) 

R o z e l l e  NO2 2 6 . 5  pphm 

( m a x i m u m  1 - h o u r  average) 

R o z e l l e  n o n - m e t h a n e  h y d r o c a r b o n s  1 . 0  ppm 
11 ( a n n u a l  average) 

1 1  G e o r g e  S t  CO 1 8 . 8  ppm 
( m a x i m u m  1 - h o u r  average) 
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1 1  A n  a n a l y s i s  o f  t h e  1 9 8 9  m o n i t o r i n g  d a t a  f o r  o x i d e s  o f  nitrogen 

r e v e a l s  t h a t  t h e  p e r c e n t a g e  o f  NO2 i n  t h e  m i x  i s  inversely 
11 p r o p o r t i o n a l  t o  t h e  t o t a l  NOx c o n c e n t r a t i o n .  F i g u r e  1 presents 

11 a p l o t  o f  t h e  m e a n  p e r c e n t a g e  NO2 a g a i n s t  t h e  m e a n  NO 

11 c o n c e n t r a t i o n  ( m a x i m u m  1 - h o u r  a v e r a g e s )  r e c o r d e d  a t  f o u r  sites 

i n  S y d n e y ,  n a m e l y  E a r l w o o d ,  E a g l e  V a l e ,  K e n s i n g t o n  and 

Rozelle. 

a 
• 
a 

a 

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

m o n i t o r  f r o m  t h e  NOx s o u r c e .  F o r  e x a m p l e  t h e  E a r l w o o d  site 

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

o x i d e s  o f  n i t r o g e n  a n d  t h e  l o w e s t  p r o p o r t i o n  o f  NO2. The 

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

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

m o n i t o r .  Emissions 
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01 o f  NO. t y p i c a l l y  c o n t a i n  5 - 1 0  % NO2 a t  t h e  p o i n t  o f  emission, 

, 
11  t h e  p r o p o r t i o n  i n c r e a s i n g  w i t h  t i m e  a s  t h e  p o l l u t a n t  disperses 

a n d  t h e  t o t a l  NO. d e c r e a s e s .  P e r c e n t a g e s  o f  NO2 r a n g e  f r o m  5 

t o  50% w i t h  a m e a n  v a l u e  o f  a b o u t  3 0  %. S o m e  r e d u c t i o n s  m a y  be 

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

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

converters. 

11 G e n e r a l l y ,  a i r  q u a l i t y  i n  t h e  S y d n e y  r e g i o n  h a s  i m p r o v e d  since 

• t h e  i n t r o d u c t i o n  o f  t h e  C l e a n  A i r  A c t  1961. 

2 . 1 . 3  S o u r c e s  o f  A i r  P o l l u t i o n  i n  Sydney 

• 
11 M o t o r  v e h i c l e s  a r e  c o n s i d e r e d  t h e  m a j o r  s o u r c e  o f  air 

p o l l u t i o n  i n  S y d n e y .  I n  t h e  m i d  1 9 8 0 ' s  t h e y  a c c o u n t e d  for 

h a l f  o f  a l l  h y d r o c a r b o n  e m i s s i o n s  a n d  a b o u t  90% o f  carbon 
11 m o n o x i d e  e m i s s i o n s ,  (SPCC 1 9 8 7 ) .  T h e s e  v a l u e s  a r e  l i k e l y  to 

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

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

i n d i v i d u a l  v e h i c l e  emissions. 

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

l e v e l s  o f  p o l l u t a n t s  i n  t h e  atmosphere. 

11 2 . 2  A i r  Q u a l i t y  C r i t e r i a  - S t a n d a r d s  a n d  L e g i s l a t i o n  

• 

NI 
A i r  q u a l i t y  c r i t e r i a  i n c l u d i n g  o v e r s e a s ,  National, 

S t a t e / r e g i o n a l  a n d  l o c a l  ( w h e r e  a p p r o p r i a t e )  h a v e  been 

referenced. 

II 

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

r e f e r e n c e  t o  S t a t e  P o l l u t i o n  C o n t r o l  C o m m i s s i o n  a i r  quality 

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

11 
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c r i t e r i a  i n c l u d e  g o a l s  f o r  c a r b o n  m o n o x i d e  ( C O ) ,  o x i d e s  of 

n i t r o g e n  ( N O ) ,  h y d r o c a r b o n s  (HC)  a n d  p a r t i c u l a t e  m a t t e r  (PM). 
T h e  h y d r o c a r b o n  c r i t e r i a  h a v e  b e e n  s e t  p r i m a r i l y  f o r  the 

m a n a g e m e n t  o f  p h o t o c h e m i c a l  s m o g  r a t h e r  t h a n  t o  protect 
d i r e c t l y  a g a i n s t  h e a l t h  e f f e c t s .  T h e s e  c r i t e r i o n  h a v e  recently 

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

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

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

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

h a v e  b e e n  considered. 

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

P a r t i c u l a t e  m a t t e r  e m i s s i o n s  f r o m  t r a f f i c  m o v i n g  o v e r  a normal 

f r e e w a y  s u r f a c e  a r e  n o t  e x p e c t e d  t o  b e  significant. 

T h e  f o l l o w i n g  i s  a n  e x t r a c t  o f  t h e  N . S . W .  S P C C ' s  p o s i t i o n  on 
c u r r e n t  a i r  q u a l i t y  s t a n d a r d s  i n  N . S . W .  ( S P C C ,  1989):- 

A i r  q u a l i t y  s t a n d a r d s  f o r  u r b a n  a i r  p o l l u t a n t s  have 

n o t  b e e n  d e f i n e d  i n  New S o u t h  W a l e s  s i n c e  t h e r e  is 

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

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

d e t e r m i n a t i o n .  I n  t h e  a b s e n c e  o f  s u c h  standards, 

t h e  C o m m i s s i o n  a d o p t s  a s  o b j e c t i v e s  N a t i o n a l  Health 

a n d  M e d i c a l  R e s e a r c h  C o u n c i l  (NH&MRC) Guidelines 

s u p p l e m e n t e d  b y  W o r l d  H e a l t h  O r g a n i s a t i o n  (WHO) Long 

T e r m  G o a l s  a n d  U . S .  E n v i r o n m e n t a l  P r o t e c t i o n  Agency 

(USEPA)  A i r  Q u a l i t y  Standards. 

T h e s e  a i r  q u a l i t y  g u i d e l i n e s  h a v e  b e e n  d e t e r m i n e d  i n  l i g h t  of 

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

p o l l u t a n t s  o n  h e a l t h .  D a m a g e  t o  p l a n t s  a n d  m a t e r i a l s  and 
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r e d u c t i o n  t o  v i s i b i l i t y  h a v e  n o t  b e e n  c o n s i d e r e d  in 

e s t a b l i s h i n g  t h e s e  g u i d e l i n e s .  S e l e c t e d  a i r  q u a l i t y  criteria 

t o g e t h e r  w i t h  t h e i r  a g e n c y  s o u r c e s  a r e  l i s t e d  i n  T a b l e  3. 

1 1  2 . 3  M e t e o r o l o g y :  A S u m m a r y  o f  C l i m a t i c  C o n d i t i o n s  

i n  t h e  S t u d y  A r e a  

2 . 3 . 1  C l i m a t e  

1 1  T h e  b e s t  o v e r a l l  d e s c r i p t i o n  o f  m e t e o r o l o g i c a l  c o n d i t i o n s  of 

1 1  t h e  s t u d y  a r e a  ( e x c e p t  f o r  w i n d s )  i s  t h e  c l i m a t i c  survey 
p u b l i s h e d  b y  t h e  B u r e a u  o f  M e t e o r o l o g y  f o r  N o r t h  Parramatta. 

1 1  T h i s  c o n t a i n s  d e t a i l s  o n  t e m p e r a t u r e s ,  r a i n f a l l  a n d  humidity 

1 1  a t  9 a . m .  a n d  3 p . m . ,  p l u s  d a i l y  m a x i m u m  a n d  d a i l y  minimum 

1 1  t e m p e r a t u r e s  f o r  e a c h  m o n t h  o f  t h e  y e a r  ( A p p e n d i x  2 ,  T a b l e  A 

2.1). 

11 
11 Temperatures 
11 

T a b l e  A 2 . 1  s h o w s  t h a t  t h e  m e a n  m a x i m u m  t e m p e r a t u r e s  in 

11 t h e  S t u d y  A r e a  r a n g e  f r o m  2 9 . 0 ° C  i n  J a n u a r y  t o  1 7 . 1 ° C  in 

1 1  J u l y .  M e a n  m i n i m u m  t e m p e r a t u r e s  a r e  1 7 . 6 ° C  i n  February 

1 1  f a l l i n g  t o  6 . 2 °  i n  July. 

1 1  R a i n f a l l  

11 

M e a n  a n n u a l  r a i n f a l l  f o r  t h e  y e a r  i n  t h e  S t u d y  Area 11 
( b a s e d  o n  2 4  y e a r s  o f  r e c o r d s )  i s  9 7 3  mm. C o n d i t i o n s  are 

11 w e t t e r  o n  a v e r a g e  i n  t h e  f i r s t  s i x  m o n t h s  o f  t h e  year, 
w i t h  a v e r a g e  m o n t h l y  r a i n f a l l s  b e t w e e n  6 9  mm i n  M a y  and 

1 1  1 2 8  mm i n  M a r c h .  I n  t h e  s e c o n d  h a l f  o f  t h e  y e a r ,  mean 

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

11 m o n t h  w i t h  v a l u e s  b e t w e e n  4 4  mm i n  J u l y  a n d  9 0  mm in 

November. 

a STEPHENSON & ASSOC P / L  1208/90/AQWP/2 



N 
TABLE 3 S E L E C T E D  A I R  Q U A L I T Y  C R I T E R I A  AND SOURCE 

POLLUTANT STANDARD AGENCY 

Carbon Monoxide 1 25 ppm - 31 mg/m3 WHO/USEPA 
(1 hour max) 

9 ppm - 11 mg/m3 WHO/USEPA 
(8 hour nax) 

N i t r o g e n  Dioxide 16 pphm - 330 gg/m3 NH&MRC 
(1 hour max) 

7 5 pphm - 100 gg/m' USEPA 
(annual  mean) 

Non Methane Hydrocarbons + 24 pphm - 0 . 1 7  mg/m3 USEPA 
(3 hour max) 

T o t a l  Suspended Particles# 3 90 gg/m7 (annual  mean) NH&MRC 
260 gg/m (24 hour  max) USEPA 

P a r t i c u l a t e  Matter 50 gg/m3, (annual  mean) USEPA 
( l e s s  than  10 g) 150 gg /m '  (24 hour  max) USEPA 

Lead 1 .5  gg/m3 (90 day average) NH&MRC 

Suspended M a t t e r  * 3 40 gg/m7 (annual  mean) WHO 
120 gg /m '  (24 hour  max) WHO 

Ozone 12 pphm - 0 . 2 6  mg/m3 AH&MRC 

S u l f u r  D iox ide  # 14 pphm - 0 . 4 0  mg/m3 USEPA 
(24 hour max) 

25 pphm - 0.71 mg/m3 NH&MRC 
(1 hour max) 

A c i d  Gases * 3 60 gg /m7 (annual  mean) WHO 
200 gg/m" (24 hour  max) WHO 

CONVERSIONS OF POLLUTANTS HAVE BEEN REFERENCED TO 0°C 

1 T h i s  s tandard  has r e c e n t l y  bar 
changed f rom 35 ppm - 44 mg/m' 

T h i s  s tandard  has r e c e n t l y  been 
abandoned by t h e  USEPA and NSW SPCC. 
However, i t  does s t i l l  appear in 
t h e  l a t e s t  a i r  q u a l i t y  rev iew from 
t h e  SPCC. 

24 hour  v a l u e s .  A c i d  Gases and 
suspended m a t t e r  a r e  t o  be considered 
i n  c o n j u n c t i o n  w i t h  one another 

T o t a l  suspended p a r t i c u l a t e s  and 
s u l f u r  d i o x i d e  a r e  t o  be considered 
i n  c o n j u n c t i o n  w i t h  one another 

gg/m3 micrograms (10 - 6 g )  
p e r  c u b i c  metre 

mg/m3 m i l l i g r a m s  (10 -3g) 

ppm p a r t s  pe r  million 

pphm p a r t s  pe r  hundred million 
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2 . 3 . 2  W i n d s ,  C a l m s  a n d  D r a i n a g e  F l o w s  

1 1  S y d n e y  a n d  t h e  s u r r o u n d i n g  d e v e l o p e d  a r e a s  a r e  b u i l t  i n  a 

b a s i n  f o r m e d  b y  h i g h  g r o u n d  r i s i n g  t o  o v e r  1 0 0 0  m ( a b o v e  sea 
AI l e v e l )  i n  t h e  w e s t ,  o v e r  5 0 0  m t o  t h e  n o r t h  a n d  o v e r  8 0 0  m to 

1 1  t h e  s o u t h .  T h e  b a s i n  o p e n s  t o  t h e  s e a  i n  t h e  e a s t .  The 

n o r t h - w e s t  e x t e n t  o f  t h e  b a s i n  i s  a p p r o x i m a t e l y  8 0  km a n d  its 

e a s t - w e s t  e x t e n t  i s  a p p r o x i m a t e l y  6 0  km.  T h i s  topographical 

e n v i r o n m e n t  i s  i m p o r t a n t  i n  d e t e r m i n i n g  t h e  m o v e m e n t  o f  air 

1111 w i t h i n  t h e  S y d n e y  a r e a ,  p a r t i c u l a r l y  a t  n i g h t .  F i g u r e  2 shows 

t h e  e x t e n t  o f  t h e  basin. 

a 
11 A s e t  o f  w i n d  f r e q u e n c y  t a b l e s  c o m p i l e d  f r o m  d a t a  c o l l e c t e d  by 

1 1  t h e  B u r e a u  o f  M e t e o r o l o g y  a t  t h e i r  N o r t h  P a r r a m a t t a  s t a t i o n  is 

p r e s e n t e d  i n  A p p e n d i x  2 ( T a b l e s  A 2 . 2  - 2.4). 

11 P r e v a i l i n g  w i n d s  i n  S y d n e y  a r e  a c o m b i n a t i o n  o f  synoptic 

( p r e s s u r e  d r i v e n )  f l o w s  a n d  m e s o - s c a l e  ( l o c a l )  flows. 

S y n o p t i c  c o n d i t i o n s  a r e  d o m i n a t e d  b y  r e g i o n s  o f  h i g h  pressure 

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

e a s t  w i t h  t h e  a v e r a g e  p e r i o d  o f  s i x  t o  s e v e n  d a y s .  I n  summer, 

1 1  t h e  a v e r a g e  t r a c k  o f  t h e s e  h i g h  p r e s s u r e  s y s t e m s  i s  w e l l  to 

t h e  s o u t h  o f  S y d n e y  a n d  s y n o p t i c  w i n d s  a r e  predominantly 
11 

o n s h o r e .  D u r i n g  a u t u m n  t h e  p a t h  o f  t h e  h i g h  p r e s s u r e  systems 

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

11 h e m i s p h e r e ,  a n d  b y  w i n t e r  i n  S y d n e y  t h e i r  p a t h  c r o s s e s  the 

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

• 
11 S u p e r i m p o s e d  o n  t h e  s y n o p t i c  w i n d s  a r e  t w o  m e s o - s c a l e  flows. 

1 1  F i r s t l y  w i n d  i s  d e f l e c t e d  b y  t e r r a i n  f e a t u r e s  w h i c h  s t e e r ,  or 

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

t h e  effect. 

• 

a STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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T h e  t e r r a i n  s t r u c t u r e  c a n  a l s o  a f f e c t  t h e  m o v e m e n t  o f  a i r  by 

g e n e r a t i n g  s o - c a l l e d  k a t a b a t i c ,  o r  d r a i n a g e  f l o w s .  T h e s e  are 

• g e n e r a l l y  g e n e r a t e d  a t  n i g h t  w h e n  t h e  w i n d  i s  l i g h t  a n d  the 

s k i e s  a r e  c l e a r .  U n d e r  t h e s e  c o n d i t i o n s  t h e  g r o u n d  w i l l  cool 
AI b y  r a d i a t i n g  h e a t  t o  s p a c e .  T h e  c o o l e d  g r o u n d  w i l l  t h e n  chill 

t h e  a i r  c l o s e  t o  i t  m a k i n g  t h a t  a i r  d e n s e r  t h a n  t h e  air 

f u r t h e r  f r o m  t h e  g r o u n d .  I f  t h e  g r o u n d  i s  s l o p i n g  t h e n  the 

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

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

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

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

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

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

e n t i t i e s ,  o n e  s h e e t  o f  a i r  f l o w i n g  a t  a d i f f e r e n t  s p e e d  a n d  in 

a d i f f e r e n t  d i r e c t i o n  o v e r  t h e  other. 

A m o d e l  f o r  t h e  d r a i n a g e  f l o w  i n  t h e  S y d n e y  B a s i n  h a s  been 

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

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

s o u t h - w e s t  r e g i o n  o f  S y d n e y  ( H y d e  a n d  J o h n s o n ,  1 9 9 0 ) .  The 

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

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

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

11 B a s i n ,  o r  t r a v e l  i n i t i a l l y  f r o m  t h e  s o u t h  i n  a northward 

1 1  d i r e c t i o n  a n d  f i l l  u p  t h e  S y d n e y  B a s i n ,  o r  t h e  w e s t e r n  portion 

' • 
o f  t h e  S y d n e y  B a s i n ,  a n d  c a u s e  a i r  t o  f l o w  o u t  t o w a r d s  the 

e a s t  a n d  o u t  t o  t h e  s e a  d u r i n g  t h e  n i g h t .  S i m i l a r l y ,  a i r  from 

11 t h e  w e s t  w o u l d  u n d e r t a k e  t h e  s a m e  s o r t  o f  m o v e m e n t  a s  would 

11 a i r  f r o m  t h e  n o r t h e r n  h i g h  g r o u n d  i n  t h e  S y d n e y  B a s i n .  Thus 

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

b a s i n ,  a n d  t h e n  o u t  t o  s e a  ( r e f e r  F i g u r e  3). 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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F I G U R E  3 SCHEMATIC R E P R E S E N T A T I O N  OF A I R  PARCEL TRAJECTORIES 

T Y P I C A L  OF THE HIGH POLLUTION DAYS I N  SYDNEY 

( H y d e  & J o h n s o n ,  1990) 
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D u r i n g  t h e  d a y  t h e  s u n  w a r m s  t h e  l a n d  a n d  a s e a  b r e e z e  is 

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

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

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

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

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

p h o t o c h e m i c a l  smog. 

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

i s  a p p a r e n t ,  w h i l e  a f t e r n o o n  s e a  b r e e z e s  (NE t o  S E )  are 

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

B y  A p r i l ,  t h e  s p r e a d  o f  w i n d s  i s  m o r e  d i f f u s e ,  b u t  late 

a f t e r n o o n  s e a  b r e e z e s  a n d  s o u t h e r l y  c h a n g e s  a r e  s t i l l  present. 

I n  w i n t e r  ( J u l y )  w i n d s  a r e  p r e d o m i n a n t l y  f r o m  t h e  western 

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

D u r i n g  t h e  d a y t i m e  w e s t e r l y  w i n d s  p r e d o m i n a t e .  I n  O c t o b e r ,  as 
t h e  s u n  m o v e s  s o u t h  i n t o  t h e  s o u t h e r n  h e m i s p h e r e ,  low 

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

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

2 . 4  E x i s t i n g  A i r  Q u a l i t y  i n  t h e  S t u d y  Area 

2 . 4 . 1  M e t h o d s  o f  Assessment 

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

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

e m i s s i o n s  f r o m  v e h i c l e s  c o n s i s t  o f  c a r b o n  m o n o x i d e  ( C O ) ,  burnt 

a n d  u n b u r n t  h y d r o c a r b o n s ,  o x i d e s  o f  n i t r o g e n  (NO,)  a n d  lead. 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 



• 

- 3 0  - 

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

e m i s s i o n s  h o w e v e r  a r e  CO a n d  NOR. 

F o r  t h i s  r e a s o n ,  CO a n d  NOx h a v e  b e e n  u s e d  a s  t h e  m a i n  chemical 
c o n s t i t u e n t s  t o  a s s e s s  a i r  q u a l i t y  i n  t h e  s t u d y  area. 

C a r b o n  m o n o x i d e  

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

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

A s e r i e s  o f  c o r r e l a t i o n  c u r v e s  o f  o t h e r  p o l l u t a n t s  compared 

w i t h  CO a r e  p r e s e n t e d  i n  A p p e n d i x  3. 

O x i d e s  o f  n i t r o g e n  

M e a s u r e m e n t s  w e r e  m a d e  o f  t o t a l  NO o n l y ,  w i t h o u t  a NO/NO2 
s p l i t ,  u s i n g  a c h e m i l u m i n e s c e n t  a n a l y s e r .  O n e  h o u r  average 
c o n c e n t r a t i o n s  w e r e  e s t i m a t e d  f r o m  a c o n t i n u o u s  c h a r t  record 

o r  f r o m  s p o t  s a m p l e s  c o l l e c t e d  s i m i l a r l y  t o  CO. 

I n  u r b a n  e n v i r o n m e n t s  NO. g e n e r a l l y  c o n t a i n s  b e t w e e n  30% and 

60% NO2. T h u s ,  t h e  u s e  o f  t h e  NH&MRC s t a n d a r d  f o r  NO2 i n  this 

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

a l t h o u g h  u n d e r  n o r m a l  c o n d i t i o n s  t h e  NO i s  u n l i k e l y  to 
c o m p r i s e  s o l e l y  o f  NO2. 

2 . 4 . 1 . 1  M o n i t o r i n g  S i t e  L o c a t i o n s  

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

a t  2 1  l o c a t i o n s  w i t h i n  t h e  N o r t h  W e s t  T r a n s p o r t  L i n k s  Study 

a n d  E I S  c o r r i d o r  a n d  a l o n g  t h e  m a j o r  a r t e r i a l  r o a d s  t h a t  may 
b e  p r o p o s e d  f o r  p o s s i b l e  upgrading. 
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T h e  l o c a t i o n  o f  t h e  2 1  s a m p l i n g  s i t e s  i s  p r e s e n t e d  in 

F i g u r e  4. 

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

s i d e s  o f  t h e  road. 

E a c h  s a m p l i n g  s i t e  w a s  c h o s e n  t o  r e s e m b l e  a t y p i c a l  or 
r e p r e s e n t a t i v e  s i t e  w i t h i n  t h e  N o r t h  W e s t  S e c t o r  Transport 

O p t i o n s  s t u d y  a r e a .  E a c h  s i t e  i s  r e p r e s e n t a t i v e  o f  a 
p a r t i c u l a r  c o m b i n a t i o n  o f  r o a d  l a n e  c o n f i g u r a t i o n ,  road 

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

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

t h e  d a t a  i s  r e f e r r e d  t o  b y  r o a d  n a m e ,  t h e s e  a i r  quality 

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

a l o n g  t h e  route. 

S a m p l i n g  s i t e  c h a r a c t e r i s t i c s  a r e  d e t a i l e d  i n  T a b l e  4. 

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

p e r i o d s ,  b e t w e e n  1 0  a n d  1 8  D e c e m b e r  1 9 9 0 ,  a n d  1 8  t o  1 9  April 

1991. 
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T A B L E  4 SUMMARY OF S A M P L I N G  S I T E  C H A R A C T E R I S T I C S  - T R A F F I C  DATA AND E M I S S I O N  CHARACTERISTICS 

Sampling 
Site 
+ 

Topographical 
& 

Meteorological 
Type 

Road 
Configuration 

Vehicle 
Type 

T r a f f i c  Volume 
South o r  East 

# 

( a . m . )  (p.m.) 

T r a f f i c  Volume 
Nor th  o r  West 

# 

( a .m . )  (p.m.) 

Range 
o f  T r a f f i c  Speeds 

(km/hr) 

T y p i c a l  Range o f  Values 
CO NO NO2 +++ 

(as 100f NO2) 

(mg/m3) (pg/m3) (pg/m3) 

7 lanes * 3449 1976 1488 2918 N (a.m.) 20 - 30 ++ 
1 Medium Slope 4/3 ** 196 153 212 160 S (a.m.) 0 - 20 - 40 8 . 7  - 15 62 - 185 22 - 65 

N/S orientation (1 t u r n i n g  lane) *** 31 18 48 16 N (p.m.) 20 - 40 
S (p.m.) 20 - 35 

E (a.m.) 0 - 50 - 80 
Valley 6 lanes * 3241 1728 1447 2930 W (a.m.) 40 - 45 

2 E/W orientation 3/3 ** 89 33 57 77 E (p.m.) 0 - 25 7 . 5  - 11 62 - 123 22 - 43 
*** 22 6 33 18 W (p.m.) 40 

E (a.m.) 30 - 40 
Top o f  Hill * 2146 1056 876 1931 W (a.m.) 20  - 30 

3 E/W orientation 4 lanes ** 54 22 35 41 E (p.m.) 20 - 45 12 - 19 62 - 164 22 - 57 
b u t  more 

ventilated 
2/2 *** 19 5 23 9 W (p.m.) 0 - 30 

P o o r l y  ventilated * 1492 831 753 1122 E (a.m.) 0 - 20  - 27 
4 hollow 4 lanes ** 152 77 86 116 W (a.m.) 20 - 50 8 . 7  - 15 41 - 133 14 - 47 

E/W orientation 2/2 *** 18 8 22 13 E (p.m.) 21 - 25 
W (p.m.) 20 - 50 

E (a.m.) 30 - 45 
Top o f  s l o p e  to * 1039 899 822 835 W (a.m.) 20 - 40 

5 N/S ventilated 6 lanes ** 67 25 39 44 E (p.m.) 20 - 50 8 . 7  - 12 41 - 103 14 - 36 
corridor 3/3 *** 18 5 18 8 W (p.m.) 20 - 23 

E/W orientation 

++ 
+++ 
# 

S T E P H E N S O N  & A S S O C  P/L 

* Cars / * *  D i e s e l  2 a x l e s  ( 6  wheels)  / * * *  D i e s e l  > 2 axles 
See F i g u r e  3 
T r a f f i c  Speed ( P l a t o o n  f r o n t  - mid stream average - peak (maximum measured)) 
C a l c u l a t e d  f rom 35% o f  t o t a l  ox i des  o f  n i t r o g e n  i n  Sydney suburban atmosphere 
T r a f f i c  Volume i s  s t a t e d  i n  V e h i c l e s  Per Hour averaged o v e r  3 days 
(S,  E, N, W r e f e r s  t o  t h e  d i r e c t i o n  t r a f f i c  i s  f l o w i n g  to) 

1208/90/AQWP/2 



T A B L E  4 ( c o n t . )  SUMMARY OF S A M P L I N G  S I T E  C H A R A C T E R I S T I C S  - T R A F F I C  DATA AND E M I S S I O N  CHARACTERISTICS 

Sampling 
Site 
+ 

Topographical 
& 

Meteorological 
Type 

Road 
Configuration 

Vehicle 
Type 

T r a f f i c  Volume 
South o r  East 

# 

( a . m . )  (p.m.) 

T r a f f i c  Volume 
Nor th  o r  West 

# 

( a . m . )  (p.m.) 

Range 
o f  T r a f f i c  Speeds 

.(km/hr) 

T y p i c a l  Range o f  Values 
CO NO NO2 +++ 

(as  1040. NO2) 

(mg/m3) (pg/m3) (pg/m3) 

Background * 
61 E/W orientation 2 lanes ** N/A N/A N/A N/A 

*** N/A 0.37-3.1 41 - 82 14 - 29 

* 
Background ** ** N/A N/A N/A N/A 

71 N/S orientation 2 lanes *** N/A 0.37-2.8 41 - 62 14 - 22 

* 768 310 292 717 N (a.m.) 21 - 60 ++ 
Medium Slope 2 lanes ** 8 4 4 5 S (a.m.) 0 - 56 

8 N/S orientation 1/1 *** 1 1 1 0 N (p.m.) 33 - 61 1 . 5  - 11 26 - 118 9.1 - 41 
S (p.m.) 39 - 61 

* 911 324 271 761 E (a.m.) 34 - 60 
Ridge Top 2 lanes ** 11 5 10 4 W (a.m.) 28 - 38 

9 E/W orientation 1/1 *** 1 2 1 1 E (p.m.) 37 - 59 1 . 4  - 6.6 25 - 118 8.8 - 41 
W (p.m.) 29 - 54 

* 645 370 514 659 E (a.m.) 38 - 56 
Ridge Top 2 lanes ** 17 8 9 9 W (a.m.) 49 - 64 

10 E/W orientation 1/1 *** 2 0 2 1 E (p.m.) 58 - 67 1 . 0  - 3.2 12 - 82 4.2 - 29 
W (p.m.) 57 -68 

S T E P H E N S O N  & A S S O C  P/L 

* Cars / * *  D i e s e l  2 a x l e s  ( 6  wheels)  / * * *  D iese l  > 2 axles 
Background samples, t aken  t o  r ep resen t  a i r  q u a l i t y  c o n d i t i o n s  w i t h o u t  t h rough  traffic 
See F i g u r e  3 
T r a f f i c  Speed ( P l a t o o n  f r o n t  - mid stream average - peak (maximum measured)) 
Ca l cu la ted  f rom 35% o f  t o t a l  o x i d e s  o f  n i t r o g e n  i n  Sydney suburban atmosphere 
T r a f f i c  Volume i s  s t a t e d  i n  V e h i c l e s  Per Hour averaged ove r  3 days 
(S, E, N, W r e f e r s  t o  t h e  d i r e c t i o n  t r a f f i c  i s  f l o w i n g  to) 

1208/90/AQWP/2 
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T A B L E  4 ( c o n t . )  SUMMARY OF SAMPLING S I T E  C H A R A C T E R I S T I C S  - T R A F F I C  DATA AND E M I S S I O N  CHARACTERISTICS 

Sampling 
Site 
+ 

Topographical 
8, 

Meteorological 
Type 

Road 
Configuration 

Vehicle 
Type 

T r a f f i c  Volume 
South o r  East 

11 

( a . m . )  (p.m.) 

T r a f f i c  Volume 
N o r t h  o r  West 

# 

( a . m . )  (p.m.) 

Range 
o f  T r a f f i c  Speeds 

(km/hr) 

T y p i c a l  Range o f  Values 
CO NO NO2 +++ 

(as 1 0 d .  NO2) 

(mg/m3) (pg/m3) (pg/m3) 

H i l l  T o p /  Trough 2 lanes * 943 364 320 626 N (a.m.) 58 - 69 h 0 .75 -6.7 21-108 5 . 6  - 38 
11 N/S orientation 1/1 ** 0 1 1 1 S (a.m.) 0 - 50 - 83 

*** 0 0 0 1 N (p.m.) 63 - 87 
S (p.m.) 56 - 85 t 0 . 3 7  -5.0 21 - 67 5 . 6  - 24 

* 3617 1529 1261 2678 E (a.m.) 55 - 66 
Valley 4 lanes ** 78 39 60 64 W (a.m.) 22 - 65 

12 E/W orientation 2/2 *** 30 5 23 9 E (p.m.) 60 - 75 5 . 0  - 23 51 - 436 18 - 153 
W (p.m.) 23 - 30 - 68 

* 2222 1255 1170 2244 E (a.m.) 0 - 12 
E/W orientation 6 lanes ** 18 9 24 20 W (a.m.) 55 - 65 

13A 3/3 *** 3 1 1 3 E (p.m.) 68 - 81 3 . 7  - 13 62 - 251 22 - 88 
W (p.m.) 71 - 78 

* 2551 2757 2543 2476 N (a.m.) 0 - 35 
9 lanes ** 83 146 152 42 S (a.m.) 35 - 49 

13B N/S orientation 6/3 *** 47 53 50 18 N (p.m.) 45 - 72 1 . 6  - 8.1 65 - 280 23 - 98 
S (p.m.) 44 - 74 

* 
Between A & B N/A ** 

13C *** N/A N/A N/A N/A N/A 0 . 8 7 -  6.6 10 - 75 3 .5  - 26 

* Cars / * *  D i e s e l  2 a x l e s  ( 6  whee l s )  / * * *  D i e s e l  > 2 axles 
See F igu re  3 
T r a f f i c  Speed ( P l a t o o n  f r o n t  - mid s t ream average - peak (maximum measured)) 
Ca l cu l a ted  f rom 35% o f  t o t a l  o x i d e s  o f  n i t r o g e n  i n  Sydney suburban atmosphere 
T r a f f i c  Volume i s  s t a t e d  i n  V e h i c l e s  Per Hour averaged ove r  3 days 
(S, E, N, W r e f e r s  t o  t h e  d i r e c t i o n  t r a f f i c  i s  f l o w i n g  to) 

S T E P H E N S O N  & A S S O C  P/L 1208/90/AQWP/2 



T A B L E  4 ( c o n t . )  SUMMARY OF S A M P L I N G  S I T E  C H A R A C T E R I S T I C S  - T R A F F I C  DATA AND E M I S S I O N  CHARACTERISTICS 

Sampling 
Site 
+ 

Topographical 
8. 

Meteorological 
Type 

Road 
Configuration 

Vehicle 
Type 

T r a f f i c  Volume 
South o r  East 

# 

( a . m . )  (p.m.) 

T r a f f i c  Volume 
Nor th  o r  West 

# 

( a . m . )  (p.m.) 

Range 
o f  T r a f f i c  Speeds 

(km/hr) 

T y p i c a l  Range o f  Values 
CO NO NO2 +++ 

(as 10d .  NO2) 

(mg/m3) (pg/m3) (pg/m3) 

Ridge 4 lanes * 1447 1127 857 1062 E (a.m.) 18 - 50 - 
80." 

14 ** 81 75 114 44 W (a.m.) 50 - 76 3.7-5.6 140-280 49-98 
N/S orientation 2/2 *** 62 35 54 36 E (p.m.) 45 - 64 

W (p.m.) 7 - 60 

Ridge 4 lanes * 1536 1116 993 1154 E (a.m.) 39 - 67 
15 ** 51 62 39 39 W (a.m.) 47 - 63 2.5-3.7 62-120 22-42 

N/S orientation 2/2 *** 48 39 32 23 E (p.m.) 53 - 59 
W (p.m.) 48 - 68 

Ridge 4 lanes * E (a.m.) 21 - 48 
16 ** N/A N/A N/A N/A W (a.m.) 0 - 22 - 45 2.5-10 62-340 22-119 

N/S orientation 2/2 *** E (p.m.) 25 - 35 - 41 
W (p.m.) 28 - 43 

Ridge 4 lanes * 2039 1295 891 1572 E (a.m.) 50 - 63 - 73 
17 ** 82 69 125 75 W (a.m.) 60 - 85 1.2-3.7 21-110 7 . 4  - 39 

N/S orientation 2/2 *** 67 29 63 48 E (p.m.) 55 - 62 
W (p.m.) 0 - 15 - 36 

Ridge 5 lanes * 1796 1263 1825 1706 E (a.m.) 25 - 45 
18 ** 75 56 131 51 W (a.m.) 0 - 20 - 45 1.2-7.5 41-180 14-63 

N/S orientation 3/2 *** 69 65 21 36 E (p.m.) 15 - 33 - 58 
(1 t u r n i n g  lane) W (p.m.) 28 - 43 

* Cars / * *  D iese l  2 a x l e s  ( 6  wheels)  / * * *  D i e s e l  > 2 axles 
See Map 1 
T r a f f i c  Speed (P l a toon  f r o n t  - mid stream average - peak (maximum measured)) 
C a l c u l a t e d  f rom 357. o f  t o t a l  o x i d e s  o f  n i t r o g e n  i n  Sydney suburban atmosphere 
T r a f f i c  Volume i s  s t a t e d  i n  V e h i c l e s  Per Hour averaged o v e r  3 days 
(S,  E, N, W r e f e r s  t o  t h e  d i r e c t i o n  t r a f f i c  i s  f l o w i n g  to) 

S T E P H E N S O N  & A S S O C  P/L 1208/90/AQWP/2 
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KEY TO LOCATION- OF A I R  QUALITY SAMPLING P O S I T I O N S  ON FIGURE 4 

1 L a n e  C o v e  R o a d  i n t e r s e c t i o n  w i t h  T a l a v e r a  Road 

2 E p p i n g  R o a d  ( c n r  W a r i n g  Street) 

3 E p p i n g  R o a d  ( e a s t  o f  B l a x l a n d  Road) 

4 C a r l i n g f o r d  R o a d  ( w e s t  o f  R a y  Road) 

5 C a r l i n g f o r d  R o a d  ( e a s t  o f  P e n n a n t  H i l l s  Road) 

6 M a h e r s  R o a d  ( e a s t  o f  P e n n a n t  H i l l s  Road) 

7 L y n e  R o a d ,  B e e c r o f t  ( w e s t  o f  B e e c r o f t  Road) 

8 M i d s o n  R o a d  ( s o u t h  o f  R a y  Road) 

9 R a y  R o a d  ( w e s t  o f  M i d s o n  Road) 

1 0  N o r t h  R o c k s  R o a d  ( o u t s i d e  R o s e l e a  P u b l i c  School) 
• 1 1 c  C n r .  S u t h e r l a n d  R o a d  a n d  C h o r l e y  Avenue 

i l k  C n r .  S u t h e r l a n d  R o a d  a n d  K e t h e l  Avenue 

1 2  E p p i n g  R o a d  ( e a s t  o f  P e m b r o k e  S t r e e t  n e a r  T e r r y ' s  Creek 

1 3 A  E p p i n g  R o a d  o v e r p a s s  ( i n t e r s e c t i o n  w i t h  L a n e  C o v e  Road) 

1 3 B  L a n e  C o v e  R o a d  ( n o r t h  o f  overpass) 

1 3 C  L a n e  C o v e  R o a d  ( n o r t h  w e s t  o f  overpass) 

13D L a n e  C o v e  R o a d  ( n o r t h  e a s t  o f  overpass) 

1 4  P e n n a n t  H i l l s  R d ,  a t  M a h e r s  Rd 

1 5  P e n n a n t  H i l l s  R d ,  a t  M u r r a y  F a r m  Rd 

• 1 6  P e n n a n t  H i l l s  R d ,  a t  N o r t h  R o c k s  Rd 

1 7  P e n n a n t  H i l l s  R d ,  a t  A l a m e i n  Ave 

1 8  P e n n a n t  H i l l s  R d ,  a t  C a r l i n g f o r d  Rd 

• 
a 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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2 . 4 . 2  S u m m a r y  o f  R e s u l t s  

T h e  r e s u l t s  o f  t h e  e x i s t i n g  a m b i e n t  a i r  q u a l i t y  t e s t i n g  for 
e a c h  s a m p l i n g  p e r i o d  a r e  p r e s e n t e d  i n  A p p e n d i x  4 a n d  5. 
T h e s e  r e s u l t s  a r e  r e f e r e n c e d  a g a i n s t  t h e  New S o u t h  W a l e s  State 
P o l l u t i o n  C o n t r o l  C o m m i s s i o n  ( S P C C )  p o s i t i o n  o n  c u r r e n t  air 
q u a l i t y  s t a n d a r d s  i n  N . S . W .  w h i c h  h a s  b e e n  d i s c u s s e d  in 

S e c t i o n  2 . 2  a n d  T a b l e  3 o f  t h i s  report. 

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

t r a f f i c  d e n s i t y  c o m b i n e d  t o  p r o d u c e  c o n d i t i o n s  approximating 

" w o r s t  c a s e "  c o n d i t i o n s  o n  1 8  D e c e m b e r  f o r  t h e  m o r n i n g  traffic 

p e a k ,  a n d  1 4  D e c e m b e r  f o r  t h e  e v e n i n g  peak. 

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

l o c a t i o n s  o f  h i g h e s t  p o l l u t a n t  c o n c e n t r a t i o n  are:- 

S i t e  1 2  E p p i n g  R o a d ,  n e a r  T e r r y ' s  Creek 

- h e a v y  t r a f f i c ,  4 l a n e  r o a d  i n  s t e e p  valley 

S i t e  1 L a n e  C o v e  R o a d ,  n o r t h  o f  T a l a v e r a  Road 

- h e a v y  t r a f f i c ,  6 l a n e  r o a d  p l u s  t u r n i n g  lanes, 

s l i g h t  slope 

S i t e  1 3  I n t e r s e c t i o n  o f  E p p i n g  R o a d ,  L a n e  C o v e  R o a d  a n d  Ryde 

Road 

- h e a v y  t r a f f i c ,  o v e r b r i d g e ,  m a j o r  interchange 

S i t e  3 

S i t e  4 

E p p i n g  R o a d ,  e a s t  o f  B l a x l a n d  Road 

- h e a v y  t r a f f i c ,  4 l a n e  r o a d ,  s t e e p  slope 

C a r l i n g f o r d  R o a d ,  w e s t  o f  R a w s o n  Road 

- h e a v y  t r a f f i c ,  4 l a n e  r o a d ,  s h a l l o w  valley 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 

a 
• 
a 
• 

• 
• 

• 

• 
• 
• 
a 

• 

• 
• 
• 
• 
• 

a 

• 



• 

• 

• 

S i t e  1 4  P e n n a n t  H i l l s  R o a d ,  a t  M a h e r s  Road 

- h e a v y  t r a f f i c ,  4 l a n e  r o a d  o n  r i d g e  top 

S i t e  1 5  P e n n a n t  H i l l s  R o a d ,  a t  M u r r a y  F a r m  Road 

- h e a v y  t r a f f i c ,  4 l a n e  r o a d  i n  s a d d l e  o n  ridge 

S i t e  1 6  P e n n a n t  H i l l s  R o a d ,  a t  N o r t h  R o c k s  Road 

- h e a v y  t r a f f i c ,  4 l a n e  r o a d  o n  r i d g e  top. 

T h e s e  s i t e s  w e r e  a l s o ,  a s  e x p e c t e d ,  t h e  a r e a s  o f  greatest 

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

o n e  s i d e  o f  t h e  r o a d  t o  t h e  o t h e r ,  w i t h  t h e  highest 

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

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

I I  w h e r e  t h e r e  w a s  a s l i g h t  b r e e z e  b l o w i n g  a c r o s s  t h e  roadway 

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

traffic. 

• 

• 

2 . 4 . 3  D i s c u s s i o n  o f  R o a d s i d e  P o l l u t a n t  C o n c e n t r a t i o n s  

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

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

r o a d s i d e  p o l l u t a n t  concentrations. 

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

r e p r e s e n t  t h e  a i r  q u a l i t y  a t  d i f f e r e n t  s i t e s  w i t h i n  t h e  North 

W e s t  S e c t o r  R o a d  C o r r i d o r  d e p e n d i n g  o n  r o a d  c o n f i g u r a t i o n  and 

t r a f f i c  f l o w .  T h e s e  t h r e e  g r o u p s  are:- 

- H e a v y  T r a f f i c  Roads 

S u b u r b a n  T r a f f i c  Roads 

- Q u i e t  S u b u r b a n  a n d  B u s h l a n d  Settings 
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2 . 4 . 3 . 1  H e a v y  T r a f f i c  R o a d s  

S a m p l e  P o i n t s  1 , 2 , 3 , 4 , 5 , 1 2 , 1 3 , 1 4 , 1 5 , 1 6 , 1 7  a n d  18 

A l t h o u g h  a i r  p o l l u t a n t  (CO a n d  NO.) c o n c e n t r a t i o n s  m e a s u r e d  at 
t h e s e  s a m p l i n g  s i t e s  w e r e  r e l a t i v e l y  h i g h  c o m p a r e d  t o  the 

o t h e r  s i t e s  t h e y  d i d  n o t  e x c e e d  t h e  s e l e c t e d  a i r  quality 

c r i t e r i a .  T h e  e x c e p t i o n s  h o w e v e r ,  w e r e  S a m p l e  P o i n t s  1 2  and 

1 6  w h i c h  w i l l  b e  d i s c u s s e d  l a t e r  i n  t h i s  section. 

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

a v e r a g e d  b e t w e e n  8 . 7  a n d  1 9  mg/m3 ( r a n g i n g  b e t w e e n  1 . 6  mg/m3 

a n d  2 2  m g / m 3 )  w h i c h  a r e  w e l l  b e l o w  t h e  WHO/USEPA 1 h o u r  maximum 

o f  3 1  mg/m3. 

T h u s  e x i s t i n g  a i r  q u a l i t y  i n  r e g a r d  t o  CO concentrations 

a p p e a r s  t o  b e  good. 

NO c o n c e n t r a t i o n ,  w i t h  t h e  e x c e p t i o n  o f  S a m p l e  P o i n t s  1 2  and 

1 6 ,  a v e r a g e d  b e t w e e n  4 8  a n d  2 1 7  p g / m 3 .  T h e s e  h i g h e r  readings 

a r e  a p p r o a c h i n g  t h e  3 3 0  p g / m 3  NH&MRC 1 h o u r  m a x i m u m  a i r  quality 

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

r e g a r d s  t o  NO c o n c e n t r a t i o n  w o u l d  b e  c o n s i d e r e d  fair. 

R o a d s i d e  c o n c e n t r a t i o n s  o f  NO m e a s u r e d  a t  S a m p l e  P o i n t  1 2 ,  on 
E p p i n g  R o a d  n e a r  T e r r y ' s  C r e e k ,  w e r e  o c c a s i o n a l l y  h i g h e r  than 

t h e  3 3 0  mg/m3 1 h o u r  m a x i m u m .  T h i s  i s  d u e  t o  h e a v y  traffic 

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

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

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

S i m i l a r l y ,  r o a d s i d e  c o n c e n t r a t i o n s  o f  NO m e a s u r e d  a t  Sample 

P o i n t  1 4 ,  a t  t h e  i n t e r s e c t i o n  o f  P e n n a n t  H i l l s  R o a d  a n d  North 

R o c k s  R o a d ,  w e r e  o f t e n  a p p r o a c h i n g  t h e  3 3 0  p g / m 3  1 hour 

m a x i m u m .  T h i s  i s  d u e  t o  h e a v y  t r a f f i c  c o n g e s t i o n  f r o m  all 
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d i r e c t i o n s  i n t o  t h e  i n t e r s e c t i o n ,  p a r t i c u l a r l y  d u r i n g  the 

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

h a v e  f a i r  e x i s t i n g  a i r  quality. 

I t  s h o u l d  b e  n o t e d  h o w e v e r  t h a t  t h e s e  m e a s u r e m e n t s  a r e  total 

NO, (35% NO2) c o m p a r e d  t o  t h e  NH&MRC s t a n d a r d  f o r  NO2 only. 

• T h u s  NO2 m e a s u r e m e n t s  c o u l d  r e a s o n a b l y  b e  e x p e c t e d  t o  b e  lower 

t h a n  t h e  t o t a l  NOx c o n c e n t r a t i o n s  measured. 

• 

• 
• 
• 
• 

• 
• 
• 
• 
a 
• 

2 . 4 . 3 . 2  S u b u r b a n  T r a f f i c  R o a d s  

S a m p l e  P o i n t s  8 ,  9 ,  1 0  a n d  11 

CO a n d  NOx r o a d s i d e  c o n c e n t r a t i o n s  m e a s u r e d  a t  t h e s e  Sample 

P o i n t s  w e r e  g e n e r a l l y  a b o u t  h a l f  o f  t h o s e  measurements 

r e c o r d e d  o n  t h e  H e a v y  T r a f f i c  Roads. 

CO m e a s u r e m e n t s  a v e r a g e d  b e t w e e n  0 . 7 5  a n d  5 . 6  mg/m3 (ranging 

b e t w e e n  0 . 3 7  a n d  1 1  m g / m 3 ) .  T h e s e  l e v e l s  c a n  b e  considered 

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

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

R o a d s i d e  c o n c e n t r a t i o n s  o f  NO. c o n f i r m  t h i s  t r e n d  w i t h  a v e r a g e  . 
c o n c e n t r a t i o n s  o f  1 8  t o  1 0 7  p g / m 3  ( r a n g i n g  b e t w e e n  7 . 7  a n d  107 
Pg/m3). 

2 . 4 . 3 . 3  Q u i e t  S u b u r b a n  a n d  B u s h l a n d  S e t t i n g s  

S a m p l e  P o i n t s  6 a n d  7 

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

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

good. 
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3 . 0  LITERATURE REVIEW: MOTOR VEHICLE E M I S S I O N S  

AND AMBIENT A I R  QUALITY 

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

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

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

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

AGPS ( 1 9 9 1 )  E c o l o g i c a l l y  S u s t a i n a b l e  D e v e l o p m e n t  Working 

G r o u p s :  F i n a l  R e p o r t s  - E n e r g y  P r o d u c t i o n  

- E n e r g y  U s e  

- T r a n s p o r t  

A u s t r a l i a n  G o v e r n m e n t  P u b l i s h i n g  Service 

C a n b e r r a :  N o v e m b e r  1991 

▪ ( R e f e r  A p p e n d i x  8) 

A l - O m i s h y  H K ,  a n d  A l - S a m a r r a i  H S ,  ( 1 9 8 8 )  R o a d  T r a f f i c  

S i m u l a t i o n  M o d e l  f o r  P r e d i c t i n g  P o l l u t a n t  E m i s s i o n s  

A t m o s p h e r i c  E n v i r o n m e n t  2 2 ( 4 ) :  769-774 

H a s  s i m u l a t i o n  m o d e l  t o  p r e d i c t  NO2, CH3 e m i s s i o n s  from 

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

A n o n  ( 1 9 8 5 )  M o t o r  V e h i c l e  E m i s s i o n s  C o n t r o l :  S p o t l i g h t  o n  the 

C o m p l i a n c e  P r o g r a m  L e a g u e  o f  Women V o t e r s  E d u c a t i o n  Fund 

• R e p o r t ,  J u l y  1984. 

▪ D e n o u n c e s  p r o p o s e d  a m e n d m e n t s  t h e  M o b i l e  S o u r c e  Emission 

• P r o g r a m  e s t a b l i s h e d  u n d e r  t h e  C l e a n  A i r  A c t  w h i c h  will 

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

v e h i c l e .  T h e y  e s t i m a t e  t h i s  w i l l  i n c r e a s e  H C ' s  7%, CO 

• 2 2 % ,  NOx 22% a c c o r d i n g  t o  EPA estimates. 

A t k i n s o n  R ( 1 9 8 8 )  A t m o s p h e r i c  T r a n s f o r m a t i o n s  o f  Automotive 

E m i s s i o n s  i n  W a t s o n  A . Y . ,  B a t e s  R . R .  & K e n n e d y  D .  (eds) 
• ' A i r  P o l l u t i o n ,  T h e  A u t o m o b i l e ,  a n d  P u b l i c  Health' 

N a t i o n a l  A c a d e m y  P r e s s ,  W a s h i n g t o n ,  D.C. 

I n v e s t i g a t e s  a t m o s p h e r i c  t r a n s f o r m a t i o n  o f  emission 

c o m p o u n d s .  R e s e a r c h  Recommendations:- 

I I  H i g h  P r i o r i t y  

i )  I n v e s t i g a t i o n s  o f  NOx transformations 

• i i )  P r o d u c t s  a r i s i n g  f r o m  OH r a d i c a l  i n i t i a t e d  reactions 

f o r  t h e  a r o m a t i c  hydrocarbons. 

• i i i )  A t m o s p h e r i c  t r a n s f o r m a t i o n s  o f  P A H ' s  a n d  t h e i r  0 ,  N 

a n d  S c o n t a i n i n g  analogues. 

• 

• M e d i u m  P r i o r i t y  

i v )  W e t  a n d  d r y  d e p o s i t i o n  o f  g a s e s  a n d  particles 

v )  P r o d u c t s  a r i s i n g  f r o m  OH r a d i c a l  i n i t i a t e d  reactions 
• o f  alkanes. 

v i )  I n v e s t i g a t i o n s ,  u n d e r  a t m o s p h e r i c  c o n d i t i o n s ,  o f  the 

r e a c t i o n  p r o d u c t s  f o r  p a r t i a l l y  o x i d i s e d  automotive 

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

• 
• 
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A u s t r a l i a n  E n v i r o n m e n t  C o u n c i l  ( 1 9 8 3 )  R e d u c i n g  Pollution 

f r o m  V e h i c l e s  i n  U r b a n  A r e a s  - A R e p o r t  o n  S u p p l e m e n t a r y  
S t r a t e g i e s  t o  C o n t r o l  a t  S o u r c e  AEC R e p o r t  N o .  11, 
A u s t r a l i a n  G o v e r n m e n t  P u b l i s h i n g  S e r v i c e ,  Canberra. 

S u g g e s t s  6 s t r a t e g i e s  f o r  d e c r e a s i n g  c a r  pollution: 

i )  P u b l i c  T r a n s p o r t  (PT) 

i i )  R o a d  s u p p l y  - f r e e  flow 

i i i )  R o a d  t r a f f i c  demand 

i v )  F i s c a l  - ownership 

v )  T o w n  Planning 

v i )  S o c i a l  a n d  other 

A u s t r a l i a n  a n d  New Z e a l a n d  E n v i r o n m e n t  C o u n c i l  (1990) 

T o w a r d s  a N a t i o n a l  G r e e n h o u s e  S t r a t e g y  f o r  A u s t r a l i a .  

A u s t r a l i a n  G o v e r n m e n t  P u b l i s h i n g  S e r v i c e ,  Canberra. 

G o a l :  - 20% r e d u c t i o n  i n  CO2 e m i s s i o n s  b y  2005. 

- s t a b i l i s e  CO2 e m i s s i o n s  t o  1 9 8 8  levels 

- d e v e l o p m e n t  a n d  s u b s t i t u t i o n  o f  l o w e r  CO2 sources 

- p r o m o t e  r e n e w a b l e  energy 

B a t e s  R R ,  a n d  W a t s o n  A R ( 1 9 8 8 )  M o t o r  V e h i c l e  E m i s s i o n s :  A 

S t r a t e g y  f o r  Q u a n t i f y i n g  R i s k  i n  W a t s o n  A . Y . ,  B a t e s  R.R. 

& K e n n e d y  D .  ( e d s )  ' A i r  P o l l u t i o n ,  T h e  A u t o m o b i l e ,  and 

P u b l i c  H e a l t h '  N a t i o n a l  A c a d e m y  P r e s s ,  W a s h i n g t o n ,  D.C. 

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

F o u n d  t h a t  a i r  p o l l u t i o n  i n  g e n e r a l  c a n  a f f e c t  health 

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

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

a n d  c i g a r e t t e  s m o k e .  O t h e r  m i n o r  p o l l u t a n t s  n e e d  t o  be 
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• 
r e s e a r c h e d  ( e g .  P A H ' s ,  n i t r o  P A H ' s )  t o  s e e  whether 

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

• e f f e c t  o n  h e a l t h  o r  i f  s o m e  h i g h l y  t o x i c  c h e m i c a l s  harm 

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

i s o l a t e  differences. 

B e c k e r  K ( 1 9 8 9 )  O v e r a l l  P r o g r a m m e  f o r  M o n i t o r i n g  t h e  

E m i s s i o n  B e h a v i o u r  o f  New a n d  I n - T r a f f i c  M o t o r  Vehicles, 
• i n  EPA U S - D u t c h  3 r d  I n t e r n a t i o n a l  S y m p o s i u m  'Atmospheric 

O z o n e :  I t s  P o l i c y  I m p l i c a t i o n s .  E l s e v i e r  Press. 

• 
• 

• 

• 
• 
• 

• 
• 

G u i d e l i n e s  p r o p o s e d  f o r  M a n u f a c t u r e r s  f o r  Emission 

C o n t r o l  D e v i c e s  (EEC) 

i )  A p p r o v a l  o f  prototype 

i i )  T e s t i n g  f o r  c o n f o r m i t y  o f  production 

i i i )  C o n t i n u e d  r e v i s a l  o f  1 a n d  2 t o  m a i n t a i n  lowest 

p o s s i b l e  emissions 

i v )  R e g u l a r  s p o t  c h e c k s  o f  c a r s  i n  traffic 

v )  R e q u i r i n g  p r o o f  o f  e f f i c i e n c y  f o r  e m i s s i o n  relevant 

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

B e i r u t i  A A R ,  a n d  A l - O m i s h y  H K ,  ( 1 9 8 5 )  T r a f f i c  A t m o s p h e r i c  

D i f f u s i o n  M o d e l  A t m o s p h e r i c  E n v i r o n m e n t  1 9 ( 9 ) :  1519-1524 

U s e s  G a u s s i a n  d i s p e r s i o n  p o i n t  s o u r c e  p l a n e  w i t h  above. 

T e s t e d  c o r r e l a t i o n s  c o e f f i c i e n t  0.94821. 

B l a c k  F M ( 1 9 8 9 )  M o t o r  V e h i c l e s  a s  S o u r c e s  o f  C o m p o u n d s  

I m p o r t a n t  t o  T r o p o s p h e r i c  a n d  S t r a t o s p h e r i c  O z o n e ,  i n  EPA 

U S - D u t c h  3 r d  I n t e r n a t i o n a l  S y m p o s i u m  ' A t m o s p h e r i c  Ozone: 

I t s  P o l i c y  I m p l i c a t i o n s . '  E l s e v i e r  Press. 
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T r a n s p o r t a t i o n  s o u r c e s  r e s p o n s i b l e  f o r  ( 1 9 8 5  US): 

34% HC ( c o u l d  b e  more) 

70% CO 

45% NOx 1 emissions 

24% N o n  a e r o s o l  CFC's 

14% CO2 

HC + CO e m i s s i o n s  m i n i m i s e d  a t  24°c. 

B l a c k  J A ( 1 9 9 0 )  " R o a d  T r a f f i c  - T r e n d s  a n d  P r o s p e c t s  for 

F u t u r e  R e d u c t i o n . "  V e h i c l e :  E n e r g y  a n d  E n v i r o n m e n t a l  

I m p a c t s  S e m i n a r  R e p o r t ,  1 0  O c t o b e r  1 9 9 0 .  Energy 

R e s e a r c h ,  D e v e l o p m e n t  a n d  I n f o r m a t i o n  C e n t r e ,  University 

o f  New S o u t h  Wales. 

C o n c e r n s  o f  1 9 8 0  h a v e  h a d  n o  d r a m a t i c  e f f e c t  on 
A u s t r a l i a n  c i t i e s  a l t h o u g h  t r a n s p o r t  ( a n d  vehicle) 

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

a n  o p p o r t u n i t y  o f  r e - e x a m i n i n g  r a d i c a l l y  d i f f e r e n t  urban 

f o r m s .  ( S p a t i a l  r e l a t i o n s h i p s  b e t w e e n  a c t i v i t i e s  a n d  the 

r e s u l t a n t  s a v i n g s  i n  t r a v e l  a n d  t h e r e f o r e  emissions).; 

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

i n  t r a v e l  i n  t h e  s h o r t  term. 

B r e s n i t z  E A a n d  R e s t  K M ( 1 9 8 8 )  E p i d e m i o l o g i c  S t u d i e s  o f  

E f f e c t s  o f  O x i d a n t  E x p o s u r e  o n  H u m a n  P o p u l a t i o n s  in 

W a t s o n  A . Y . ,  B a t e s  R . R .  & K e n n e d y  D .  ( e d s )  'Air 

P o l l u t i o n ,  T h e  A u t o m o b i l e ,  a n d  P u b l i c  H e a l t h '  National 

A c a d e m y  P r e s s ,  W a s h i n g t o n ,  D.C. 
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R e s e a r c h  Recommendations: 

H i g h  P r i o r i t y  

i )  O x i d a n t  exposure 

- c h i l d r e n ,  n o r m a l ,  a d u l t s  & s e n s i t i v e  individuals 

- s m a l l  a i r w a y  f u n c t i o n  i n  n o n  s m o k e r s  i n  high 

o x i d a n t  a r e a s  i n  cities 

- s e n s i t i v e  i n d i v i d u a l s  a t  v a r i o u s  exposures 

- n o n  s m o k e r s  v s  s m o k e r s  i n  h i g h  o x i d a n t  areas 
M e d i u m  Priority 

i i )  E x t a n t  d a t a  b a s e s  u s e d  i n  s t u d y i n g  a i r  pollution 

a n d  health 

i i i )  New p o i n t  s o u r c e  e m i s s i o n s  i d e n t i f i e d  a n d  assessed 

Low Priority 

i v )  A s s e s s i n g  p a s t  c u m u l a t i v e  exposure 

v )  R e l a t i o n s h i p  b e t w e e n  s p e c i f i c  d i s e a s e s  a n d  air 

p o l l u t i o n  exposure 

C l a r k  A I ,  M c I n t y r e  A E ,  R e y n o l d s  G L ,  K i r k  P W, L e s t e r  J N, 

a n d  P e r r y  R ,  ( 1 9 8 8 )  S t a t i s t i c a l  A n a l y s i s  o f  G a s e o u s  Air 

P o l l u t a n t  C o n c e n t r a t i o n s  a t  U r b a n ,  R u r a l  a n d  M o t o r w a y  
• L o c a t i o n s  E n v i r o n m e n t a l  T e c h n o l o g y  L e t t e r s  9 :  1303-1312 

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

( C O ,  NMHC, 02 + SO2, NON) m e a s u r e d  a t  M o t o r w a y ,  U r b a n  and 
• R u r a l  sites. 

• CO, NMHC + NOx e l e v a t e d  o n  M + U c o m p a r e d  t o  R 
0 2  " R " M + V 

+ ( f o r  SO2) R - D a t a  L o g  n o r m a l  - h i g h  autocorrelation 
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C o g h i l l  K ( e d )  ( 1 9 9 0 )  G r e e n h o u s e :  W h a t ' s  t o  b e  D o n e ?  Pluto 

P r e s s  i n  a s s o c i a t i o n  w i t h  t h e  A u s t r a l i a n  F a b i a n  Society, 

Sydney. 

S t r e s s e s  n e e d  t o  c o n s e r v e  e n e r g y  e s p e c i a l l y  i n  transport 
f u e l  s e c t o r .  O n u s  o n  c a r  i n d u s t r y  t o  p r o v i d e  more 
e f f i c i e n t  c a r s  a n d  t r u c k s  a n d  t o  i n t r o d u c e  LNG a n d  CNG as 
f a c t o r y  options. 

L o w  o c t a n e  r a t h e r  t h a n  h i g h  o c t a n e  unleaded. 

P o s s i b i l i t i e s  o f  e t h a n o l ,  m e t h a n o l  a n d  MTBE f r o m  biomass 

w a s t e s  m u s t  b e  researched. 

C o m m i s s i o n e r s  o f  I n q u i r y  f o r  E n v i r o n m e n t  a n d  P l a n n i n g  ( 1 9 9 0 )  A 

P r o p o s e d  E x p r e s s w a y  f r o m  P e n n a n t  H i l l s  R o a d ,  B e e c r o f t  t o  
P i t t w a t e r  R d ,  R y d e  k n o w n  a s  F 2  S t a g e  1 .  D e p a r t m e n t  of 

E n v i r o n m e n t  a n d  P l a n n i n g ,  Sydney. 

D a v i e s  G P ,  a n d  P e a r c e  T ( 1 9 9 0 )  E x h a u s t  E m i s s i o n s  a t  High 

S p e e d s  f r o m  A d v a n c e d  T e c h n o l o g y  C a r s  T r a n s p o r t  and 

R o a d  R e s e a r c h  L a b o r a t o r y  R e s e a r c h  R e p o r t  2 4 3 ,  Berkshire, 

UK. 

T e s t e d  e m i s s i o n s  f r o m  3 ( N o n - c a t a l y s t ,  3 w a y  c a t a l y s t ,  + 

l e a n  b u r n  + o x i d a t i o n  c a t a l y s t )  c a r s .  E m i s s i o n s  from 

l a t t e r  c o n s i s t e n t l y  l o w e r  t h a n  o t h e r s .  A t  s p e e d s  >100 

k m / h ,  a l l  c a r  e m i s s i o n s  i n c r e a s e d  s u b s t a n t i a l l y .  Fuel 

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

others. 
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• 
D e L u c h i  M A ,  J o h n s t o n  R A ,  a n d  S p e r l i n g  D (1988) 

T r a n s p o r t a t i o n  F u e l s  a n d  t h e  G r e e n h o u s e  Effect 
• T r a n s p o r t a t i o n  R e s e a r c h  R e c o r d  1 1 7 5 ,  Transportation 

R e s e a r c h  B o a r d ,  N a t i o n a l  R e s e a r c h  C o u n c i l ,  Washington, 

D.C. 

• 
V e h i c l e  e m i s s i o n s  ( f r o m  i n i t i a l  e x t r a c t i o n  t o  u s e  in 

v e h i c l e )  a s s e s s e d  f o r  d i f f e r e n t  f u e l s  ( p e t r o l e u m  [base 

c a s e ] ,  d i e s e l  e l e c t r i c i t y ,  m e t h a n o l ,  n a t u r a l  g a s  and 

hydrogen). 
• e l e c t r i c i t y  f r o m  c o a l  - h i g h e s t  e m i s s i o n s  r e l a t i v e  to 

• petrol. 

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

B i o f u e l s ,  e l e c t r o l y t i c  H2 o n  n o n  f o s s i l  f u e l  elect, 

• 
• 

• 

• 
• 

g r e a t l y  l e s s  t h a n  1. 

D i  L o r e n z o  A ,  P o l e t t a  A ,  C i c c i o l i  P ,  C i c i n a t o  A, 

B r a n c a l e o n i  E ,  D i  P a l o  C a n d  B i a n c h i  L (1986) 

P a p e r  p r e s e n t e d  a t  7 t h  W o r l d  IUAPPA C l e a n  A i r  Congress, 

S y d n e y ,  A u g u s t  1 9 8 6 .  ( V o l  4 p 311). 

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

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

transport. 

R e s e a r c h  s h o u l d  b e  d i r e c t e d  t o  i n c r e a s i n g  internal 

c o m b u s t i o n  t e m p e r a t u r e  t o  b e t t e r  c o n t r o l  emissions. 
• 

C h e m i c a l  i n d i c a t o r s  ( e . g .  n i t r o -  a n d  k e t o -  PAH) u s e d  to 

• 

i n v e s t i g a t e  c o m b u s t i o n  processes. 
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E n e r g y  R e s e a r c h ,  D e v e l o p m e n t  a n d  I n f o r m a t i o n  C e n t r e  (1990) 

E n e r g y  a n d  t h e  G r e e n h o u s e  E f f e c t :  C o m m e r c i a l  

O p p o r t u n i t i e s  f o r  R e s e a r c h  a n d  D e v e l o p m e n t  Seminar 

R e p o r t ,  3 A u g u s t  1 9 9 0 .  E R D I C ,  U n i v e r s i t y  o f  New South 

Wales. 

I m p r o v e d  f u e l  e c o n o m y  o v e r  t h e  l a s t  d e c a d e .  D u e  to 
i m p r o v e d  e n g i n e  d e s i g n s ,  e n g i n e  m a n a g e m e n t  a n d  emission 

c o n t r o l  s y s t e m s ,  a d d i t i o n a l  g e a r  r a t i o s ,  r e d u c e d  rolling 

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

a e r o d y n a m i c s .  H o w e v e r  d r i v e r  e d u c a t i o n  a n d  traffic 

m a n a g e m e n t  h a v e  b e e n  neglected. 

E n v i r o n m e n t a l i s m  a n d  c o n s u m e r i s m  m a i n  f a c t o r s  o f  change. 

A u t o m o t i v e  i n d u s t r y  p l a n n e d  t o  r e l e a s e  a Greenhouse 

r e d u c t i o n  s t r a t e g y  i n  O c t o b e r  1 9 9 0 .  A n t i c i p a t e  further 

r a d i c a l  c h a n g e  i n  v e h i c l e  t e c h n o l o g y  (engine 

t r a n s m i s s i o n ,  m a s s ,  a e r o d y n a m i c s ,  d r a g ,  c o n t r o l ) ,  fuels 

a n d  lubricants. 

P e t r o l  b a s e d  f u e l s  h a v e  h i g h  e n e r g y  d e n s i t y  but 

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

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

A l c o h o l  c a n  b e  m i x e d  i n  f r a c t i o n s  u p  t o  8 5 % ,  b u t  give 

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

q u a l i t y  i m p r o v e m e n t s  a n d  i s  c h e a p e r .  H o w e v e r  driving 

r a n g e  r e d u c e d  a n d  i n d u s t r y  i n f r a s t r u c t u r e  changes 

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

s o u r c e  a n d  t e c h n o l o g y  d e v e l o p m e n t s  needed. 
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I m p r o v e m e n t s  n o t  e x p e c t e d  i n  v e h i c l e  o r  f u e l  technology 

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

t h e  n e a r  o r  m e d i u m  term. 

• E n e r g y  R e s e a r c h ,  D e v e l o p m e n t  a n d  I n f o r m a t i o n  C e n t r e  (1990) 

V e h i c l e s :  E n e r g y  a n d  E n v i r o n m e n t a l  I m p a c t s  Seminar 

R e p o r t ,  1 0  O c t o b e r  1 9 9 0 .  E R D I C ,  U n i v e r s i t y  o f  New South 
• Wales. 

G i l l i e s  G ,  P e n g i l l e y  M, a n d  S h o r t l a n d  J W ( 1 9 8 6 )  Unleaded 

P e t r o l  p u t  t o  t h e  T e s t  i n  ' P r o c e e d i n g s  o f  t h e  7 t h  World 

IUAPPA C l e a n  A i r  C o n g r e s s ,  S y d n e y ,  A u g u s t  1 9 8 6 ,  5 ,  299- 

300 

• G r a e d e l  T E ( 1 9 8 8 )  A m b i e n t  L e v e l s  o f  A n t h r o p o g e n i c  E m i s s i o n s  

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

A . Y . ,  B a t e s  R . R .  & K e n n e d y  D.  ( e d s )  ' A i r  P o l l u t i o n ,  The 
• A u t o m o b i l e ,  a n d  P u b l i c  H e a l t h '  N a t i o n a l  A c a d e m y  Press, 

• 

• 
• 
• 
• 

W a s h i n g t o n ,  D.C. 

R e s e a r c h  Recommendations: 

H i g h  P r i o r i t y  
. i )  I n d o o r  ( v e h i c l e )  a i r  quality 

i i )  Formaldehydes 

M e d i u m  P r i o r i t y  

i i i )  U n r e g u l a t e d  s p e c i e s  - p a r t i c l e  phase 

i v )  M o n i t o r  f o r  NMHC's 

v )  U n r e g u l a t e d  s p e c i e s  - g a s  phase 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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Low P r i o r i t y  

v i )  A l k a n i c  a l c o h o l  monitoring 

v i i )  P e r s o n a l  e x p o s u r e  monitors 

H e n d e r s o n - S e l l e r s  A ,  a n d  B l o n g  R ( 1 9 8 9 )  T h e  Greenhouse 

E f f e c t :  L i v i n g  i n  a W a r m e r  A u s t r a l i a .  New S o u t h  Wales 

U n i v e r s i t y  P r e s s ,  Sydney. 

• A i m e d  a t  n o n  s p e c i a l i s t  r e a d e r s .  D e r i v a t i v e ,  m a i n l y  from 

G r a e m e  P e a r m a n  ( C S I R O )  b o o k .  T h e r e f o r e  f a i r l y  general. 

P r e d i c t s  A u s t r a l i a ' s  c l i m a t e  i n  Greenhouse. 

H i c k m a n  A J ( 1 9 8 9 )  P e r s o n a l  E x p o s u r e s  t o  C a r b o n  M o n o x i d e  and 

O x i d e s  o f  N i t r o g e n  T r a n s p o r t  a n d  R o a d  Research 

L a b o r a t o r y  R e s e a r c h  R e p o r t  2 0 6 ,  B e r k s h i r e ,  UK. 

8 n o m i n a l  s e m i - r u r a l  w o r k e r s  m o n i t o r e d  f o r  CO + NO over 
n o r m a l  activities. 

CO - t r a f f i c ,  c o o k i n g ,  t o b a c c o  smoke 

NO - s m o k i n g  + traffic 

S m o k e r s  : 15% CO f r o m  traffic 

N o n  S m o k e r s  : 25% CO f r o m  traffic 

P h y s i o l o g i c a l  e f f e c t s  o f  g i v e n  exposure 

H i c k m a n  A J ( 1 9 8 9 )  M e a s u r e m e n t  o f  P a r t i c u l a t e  L e a d  o n  t h e  M4 

M o t o r w a y  a t  H a r l i n g t o n ,  M i d d l e s e x  ( F i f t h  R e p o r t )  

T r a n s p o r t  a n d  R o a d  R e s e a r c h  L a b o r a t o r y  R e s e a r c h  Report 

1 8 4 ,  B e r k s h i r e ,  UK. 
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A i r b o r n e  l e a d  o n  M o t o r w a y  m o n i t o r e d  8 4 - 8 7 ,  i n  t h i s  time 

p e t r o l  l e a d  r e d u c e d  f r o m  0 . 4  t o  0 . 1 5  m g / l .  Corresponding 

r e d u c t i o n  i n  a i r b o r n e  l e a d  f r o m  a v  9 mg/m3 t o  <3 pg/m3. 

• H i c k m a n  A J ,  a n d  C o l w i l l  D M, ( 1 9 8 2 )  T h e  E s t i m a t i o n  o f  Air 

P o l l u t i o n  C o n c e n t r a t i o n  f r o m  R o a d  T r a f f i c  T r a n s p o r t  and 

R o a d  R e s e a r c h  L a b o r a t o r y  R e p o r t  N o .  1 0 5 2 ,  Crowthorne. 

• 
H y d e  R ,  a n d  J o h n s o n  G M, ( 1 9 9 0 )  P i l o t  S t u d y :  E v a l u a t i o n  o f  

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

a n d  S o u t h  C r e e k  V a l l e y  r e g i o n s  o f  S y d n e y  C S I R O  MRL 

R e s t r i c t e d  I n v e s t i g a t i o n  R e p o r t  1 8 8 5 R ,  S e c o n d  Printing. 

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

B a s i n  c o n c l u d e d  t h a t  o n  h i g h  p o l l u t i o n  d a y s  air 

a c c u m u l a t e d  i n  t h r e e  p l a c e s :  1 - c o a s t / o f f s h o r e ,  2 - SW 

r e g i o n ,  a r o u n d  C a m d e n ,  a n d  3 - NW r e g i o n  a r o u n d  Richmond. 

T h e  r e g i o n a l  p a t t e r n  o f  a i r  m o v e m e n t  m o d e l l e d  i n  t h e  Hyde 

a n d  J o h n s o n  ( 1 9 9 0 )  r e p o r t  i s  i l l u s t r a t e d  i n  F i g u r e  3. 

T h e  r e p o r t  o b s e r v e s  t h a t  d u r i n g  t h e  e a r l y  m o r n i n g  ( 0 2 0 0  - 
1 0 0 0  h o u r s )  p o l l u t a n t  e m i s s i o n s  a r e  t r a p p e d  i n  t h e  

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

1 0  
V a l l e y  t o  t h e  c o a s t .  T h i s  a i r  i s  r e t u r n e d  i n l a n d  i n  the 

s e a  b r e e z e  c o l l e c t i n g  f u r t h e r  p o l l u t a n t s  a l o n g  its 

t r a j e c t o r y  t o w a r d s  t h e  H a w k e s b u r y  B a s i n ,  w h e r e  i t  arrives 

i n  t h e  l a t e  a f t e r n o o n  ( 1 5 0 0  - 1 8 0 0  hours). 

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

H a w k e s b u r y  B a s i n  e i t h e r  i n t o  t h e  L i v e r p o o l  B a s i n  via 
• C a m p b e l l t o w n  o r  n o r t h w a r d s  t h r o u g h  S o u t h  C r e e k  Valley 

• 
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t o w a r d s  P e n r i t h ,  S t .  M a r y s ,  R i c h m o n d  a n d  W i n d s o r ,  which 
i n c l u d e s  t h e  N o r t h  W e s t  Sector. 

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

o c c u r  i n  t h e  H a w k e s b u r y  B a s i n ,  a s  a i r  p o l l u t a n t s  may 
p e r s i s t  f o r  m o r e  t h a n  o n e  d a y .  A l s o  r e c o m m e n d s  that 

s t r a t e g i e s  t o  r e d u c e  NO. e m i s s i o n s  s h o u l d  b e  a d o p t e d  to 
r e d u c e  p h o t o c h e m i c a l  s m o g .  W h e r e a s  t h e  photochemical 

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

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

p r o b a b l y  n o t  v e r y  effective. 

H y m a n  W A ,  M i l l e r  T R ,  a n d  W a l k e r  J C ( 1 9 8 9 )  I m p a c t s  o f  t h e  

G r e e n h o u s e  E f f e c t  o n  U r b a n  T r a n s p o r t a t i o n  Transportation 

R e s e a r c h  R e c o r d  1 2 4 0 ,  T r a n s p o r t a t i o n  R e s e a r c h  Board, 

N a t i o n a l  R e s e a r c h  C o u n c i l ,  W a s h i n g t o n ,  D.C. 

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

a n d  C l e v e l a n d  i f  S . L .  rises. 

I n g r a m  G K ,  a n d  P e l l e c h i o  A ( 1 9 7 6 )  A i r  Q u a l i t y  I m p a c t s  o f  

C h a n g e s  i n  L a n d  U s e  P a t t e r n s :  S o m e  S i m u l a t i o n  R e s u l t s  for 

M o b i l e  S o u r c e  P o l l u t a n t s  D i s c u s s i o n  P a p e r  D76-2, 

D e p a r t m e n t  o f  C i t y  a n d  R e g i o n a l  P l a n n i n g ,  Harvard 

U n i v e r s i t y ,  C a m b r i d g e  Massachusetts. 

S u b u r b a n i s a t i o n  a n d  a s s o c i a t e d  p l a n n i n g  c a r  r e d u c e  local 

e m i s s i o n s  b u t  m a y  r a i s e  a g g r e g a t e  e m i s s i o n s  b y  increasing 

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

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

B a l t i m o r e  - W a s h i n g t o n  a r e a ,  a n d  u s e  c h a n g e s  h a d  minimal 

i m p a c t  o n  e m i s s i o n s  ( 1 4  y e a r  comparison). 
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J o h n s o n  J H ( 1 9 8 8 )  A u t o m o t i v e  E m i s s i o n s  i n  W a t s o n  A . Y . ,  Bates 
• R . R .  & K e n n e d y  D .  ( e d s )  ' A i r  P o l l u t i o n ,  T h e  Automobile, 

• a n d  P u b l i c  H e a l t h '  N a t i o n a l  A c a d e m y  P r e s s ,  Washington, 

D.C. 

• E x a m i n e s  p o l l u t i o n  f r o m  v e h i c l e s  i n  g r e a t  detail. 

1 4  R e s e a r c h  recommendations: 

H i g h  P r i o r i t y :  

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

i i )  D i e s e l  p a r t i c u l a t e  e m i s s i o n s  a n d  control 

i i i )  F o r m a l d e h y d e  measurements 

i v )  D i e s e l  f u e l  additives 

v )  K i n e t i c s  o f  N i t r o  PAH formations 

v i )  P a r t i c u l a t e  m e a s u r e m e n t  variability 

v i i )  HC characterisation 

M e d i u m  P r i o r i t y :  

v i i i )  E v a p o r a t o r  E m i s s i o n  Model 

i x )  A u t o m o t i v e  Q u a l i t y  N o .  2 D i e s e l  F u e l  ( l o w  5, 

aromatics) 

x )  E v a p o r a t i v e  E m i s s i o n s  Control 

x i )  E m i s s i o n s  M e a s u r e m e n t  Methods 

• x i i )  PAH measurement 

x i i i )  D i e s e l  odour 

x i v )  N i t r o u s  a c i d  f r o m  o l d e r  cars 

U 
K a s t e r n a n  D ,  S k y l l a s - K a z a c o s  M a n d  W a g n e r  P ( 1 9 9 0 )  The 

V a n a d i u m  B a t t e r y :  V e h i c l e  P o w e r  S o u r c e  f o r  t h e  Future". 

11 ▪ D e t a i l s  m a n y  a d v a n t a g e s  o f  V a n a d i u m  b a t t e r i e s  over 
c o n v e n t i o n a l  l e a d  b a t t e r i e s  ( e . g .  Change/Discharge 

C a p a c i t y ,  E l e c t r o l y t e  a s  f u e l  e x t e n d i n g  l i m i t e d  range, 

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

e l e c t r i c  v e h i c l e s  c o u l d  e x t e n d  t h e i r  r a n g e  ( k m )  for 

travelling. 
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K e n w o r t h y  J R ,  a n d  Newman  P W G ( 1 9 8 7 )  L e a r n i n g  f r o m  the 

B e s t  a n d  W o r s t :  T r a n s p o r t a t i o n  a n d  L a n d  U s e  L e s s o n s  from 
T h i r t y - T w o  I n t e r n a t i o n a l  C i t i e s  w i t h  I m p l i c a t i o n s  for 

G a s o l i n e  U s e  a n d  E m i s s i o n s  T r a n s p o r t  R e s e a r c h  Paper 

7 / 8 7 ,  S c h o o l  o f  E n v i r o n m e n t a l  a n d  L i f e  S c i e n c e s ,  Murdoch 

U n i v e r s i t y ,  W e s t e r n  Australia. 

S t u d y  o f  g a s o l i n e  u s e  a n d  e m i s s i o n s  i n  3 2  cities. 

C o n c l u d e d  t h a t  " t r a f f i c  e n g i n e e r i n g  a p p r o a c h "  d o e s  not 
i m p r o v e  g a s o l i n e  u s e  a n d  e m i s s i o n s .  P r o p o s e s  strategies: 

i )  I n c r e a s i n g  d e n s i t y  o f  p o p u l a t i o n  a n d  j o b s  i n  all 

p a r t s  o f  city. 

i i )  I n c r e a s i n g  i m p o r t a n c e  o f  c e n t r a l  a r e a  in 

c o n c e n t r a t i o n  o f  p o p u l a t i o n  a n d  jobs 

i i i )  D e c r e a s i n g  a u t o m o b i l e  ownership 

i v )  I n c r e a s i n g  P . T .  u s e  overall 

v )  D e c r e a s i n g  r o l e  o f  c a r  t o  w o r k ,  i n c r e a s i n g  P . T .  to 

work 

v i )  D e c r e a s i n g  r o a d  a v a i l a b i l i t y  p e r  h e a d  population 

v i i )  D e c r e a s i n g  parking 

v i i i )  I n c r e a s i n g  i n t e n s i t y  o f  r o a d  use 
i x )  I n c r e a s i n g  P . T .  provision 

K e n w o r t h y  J R ,  N e w m a n  P W G ,  a n d  L y o n s  T J ,  ( 1 9 8 7 )  D o e s  Free 

F l o w i n g  T r a f f i c  S a v e  E n e r g y  a n d  L o w e r  E m i s s i o n s  in 

C i t i e s ?  T r a n s p o r t  R e s e a r c h  P a p e r  6 / 8 7 ,  S c h o o l  of 

E n v i r o n m e n t a l  a n d  L i f e  S c i e n c e s ,  M u r d o c h  University, 

W e s t e r n  Australia. 

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

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

i n d i v i d u a l  c a r s  d u e  t o  t r a v e l  d i s t a n c e s .  P l a n n i n g  will 

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

v e h i c l e  u s a g e  ( i e .  >1 person). 
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K e n w o r t h y  J R ,  a n d  Newman  P W G ( 1 9 8 4 )  M o t o r  Vehicle 

E m i s s i o n s  I n v e n t o r i e s :  A r e v i e w  o f  m e t h o d o l o g y ,  

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

T r a n s p o r t  R e s e a r c h  P a p e r  4 / 8 4 ,  E n v i r o n m e n t a l  Science, 

M u r d o c h  U n i v e r s i t y ,  W e s t e r n  Australia. 

U s e  r e l a t i v e  s i m p l e  i . e .  t e c h n i q u e  t o  s h o w  w h e r e  stricter 

c o n t r o l  c a n  h a v e  m o s t  effect. 

S t r e s s  d i f f e r e n t  d r i v i n g  p a t t e r s  i n  d i f f e r e n t  capital 

cities 

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

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

K o u s h k i  P A ( 1 9 8 9 )  E n v i r o n m e n t a l  I m p a c t  A n a l y s i s  o f  

T r a n s p o r t a t i o n  i n  a R a p i d l y  D e v e l o p i n g  U r b a n  Area 

T r a n s p o r t a t i o n  R e s e a r c h  R e c o r d  1 2 4 0 ,  Transportation 

R e s e a r c h  B o a r d ,  N a t i o n a l  R e s e a r c h  C o u n c i l ,  Washington, 

D.C. 

• S t u d y  i n  R i y a d h .  CO s i g n i f i c a n t l y  e x c e e d e d  limits. 

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

t r a f f i c  s p e e d  w i t h  CO. 

K r o o n  M ( 1 9 8 9 )  M o b i l e  S o u r c e  C o n t r o l  S t r a t e g i e s  i n  the 

N e t h e r l a n d s . ,  i n  EPA U S - D u t c h  3 r d  I n t e r n a t i o n a l  Symposium 

' A t m o s p h e r i c  O z o n e :  I t s  P o l i c y  I m p l i c a t i o n s .  Elsevier 

Press. 
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D u t c h  e n v i r o n m e n t a l  p o l i c y  t o w a r d s  r o a d  t r a f f i c  is 
b a s i c a l l y  3 steps: 

- s o u r c e  c o n t r o l  t h r o u g h  e m i s s i o n  standards 

- r e d u c i n g  m o t o r  v e h i c l e  u s e  ( " a u t o m o b i l i t y " )  promoting 

b i c y c l e  a n d  PT 

- T r a f f i c  m e a s u r e s  t o  c o n t r o l  a i r  q u a l i t y  i n  u r b a n  areas 

L a t h a m  S ,  a n d  T o n k i n  P R ( 1 9 8 8 )  A S t u d y  o f  t h e  Feasibility 

a n d  P o s s i b l e  I m p a c t  o f  R e d u c e d  E m i s s i o n  L e v e l s  from 

D i e s e l  E n g i n e d  V e h i c l e s  R e s e a r c h  R e p o r t  1 5 8 ,  Transport 

a n d  R o a d  R e s e a r c h  L a b o r a t o r y ,  B e r k s h i r e  UK. 

E s t a b l i s h e s  t h a t  t e c h n o l o g y  e x i s t s  f o r  r e d u c t i o n  of 

d i e s e l  e m i s s i o n s  t o  v .  l o w  l e v e l s .  G o e s  t h r o u g h  m e a n s  of 

r e d u c i n g  e a c h  p o l l u t a n t .  P a r t i c u l a t e  - c h a n g e s  i n  fuel 

( m o r e  v o l a t i l e ,  r e d u c e d  5 a n d  a r o m a t i c  c o n t e n t ) ,  engine 

m o d i f i c a t i o n  a n d  e x h a u s t  a f t e r  t r e a t m e n t  (particulate 

f i l t e r i n g ) .  R e g u l a r  i n s p e c t i o n s  w o u l d  b e  necessary. 

L e g g e t t  J ( e d )  ( 1 9 9 0 )  G l o b a l  W a r m i n g :  T h e  G r e e n p e a c e  R e p o r t .  

O x f o r d  U n i v e r s i t y  P r e s s ,  Oxford. 

C h a p t e r  1 2 ,  p . 2 6 0  " M o t o r  V e h i c l e s  a n d  G l o b a l  Warming". 

G o e s  t h r o u g h  OECD f i g u r e s  ( r e f  W a l s h  & M o o r e  1989). 

I n d i r e c t  g r e e n h o u s e  g a s e s : -  l g m  CO h a s  g r e a t e r  global 

w a r m i n g  c a p a c i t y  t h a n  1 gm CO2, O z o n e  p r e c u r s o r s ,  OH 

r a d i c a l s  e t c .  N o r t h  A m e r i c a  h a s  1 / 3  w o r l d s  c a r s  a n d  2/5 

w o r l d s  t r u c k s .  S u g g e s t s  g o v e r n m e n t  c o n t r o l  fuel 
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c o n s u m p t i o n .  CO2 s h o u l d  b e  l i m i t e d  b y  regulations, 

p o l i c i e s .  M i n i m i s e  c a r  growths. 

L i g h t  V e h i c l e s  E n e r g y  C o n s u m p t i o n  C o m m i t t e e  o f  t h e  S o c i e t y  of 

• A u t o m o t i v e  E n g i n e e r s  - A u s t r a l a s i a  ( 1 9 8 9 )  O x i d e s  o f  

n i t r o g e n  E m i s s i o n s  f r o m  M o t o r  V e h i c l e s  i n  S y d n e y  Clean 

A i r  2 3 ( 4 ) :  146-148 

NOx e m i s s i o n s  n o t  a p r o b l e m  i n  S y d n e y  a t  m o m e n t  but 

i n c r e a s i n g .  3 / 4  S y d n e y  NOx f r o m  m o b i l e  b u t  passenger 
v e h i c l e s  a n d  d e r i v a t i v e s  ( m o s t  o f  1) d e c r e a s i n g  o f  ADR37. 

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

l i m i t a t i o n s  n e c e s s a r y  d u e  t o  e x i s t i n g  technology. 

L y  K H ( 1 9 9 0 )  " E x h a u s t  E m i s s i o n s  f r o m  N a t u r a l  G a s  Vehicles 
• 

- A S t a t e  o f  t h e  A r t  R e v i e w " .  V e h i c l e s :  E n e r g y  and 

E n v i r o n m e n t a l  I m p a c t s  S e m i n a r  R e p o r t ,  1 0  O c t o b e r  1990. 

E n e r g y  R e s e a r c h ,  D e v e l o p m e n t  a n d  I n f o r m a t i o n  Centre, 

• 

• 

I 
S 

U n i v e r s i t y  o f  New S o u t h  Wales. 

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

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

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

Scandinavia). 
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M a r k s  R ( 1 9 9 0 )  " C a r b o n  T a x e s  a n d  R o a d  T r a n s p o r t "  - V e h i c l e s :  

E n e r g y  a n d  E n v i r o n m e n t a l  I m p a c t s  S e m i n a r  R e p o r t ,  10 

O c t o b e r  1 9 9 0 .  E n e r g y  R e s e a r c h ,  D e v e l o p m e n t  and 

I n f o r m a t i o n  C e n t r e ,  U n i v e r s i t y  o f  New S o u t h  Wales. 

E x c h a n g e  m e c h a n i s m s  i n  g e n e r a l ,  a n d  f u e l  o r  carbon 

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

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

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

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

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

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

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

M i l t o n  B E ( 1 9 9 0 )  " E n g i n e  T e c h n o l o g y  a n d  G a s e o u s  Fuels: 

E f f i c i e n c y  a n d  E m i s s i o n " .  V e h i c l e s :  e n e r g y  and 

E n v i r o n m e n t a l  I m p a c t s  S e m i n a r  R e p o r t ,  1 0  O c t o b e r  1990. 

E n e r g y  R e s e a r c h ,  D e v e l o p m e n t  a n d  I n f o r m a t i o n  Centre, 

U n i v e r s i t y  o f  New S o u t h  Wales. 

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

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

s o l u t i o n  f o r  l a r g e r  problem. 

V e h i c l e  f u e l  e c o n o m y  c o n t i n u i n g  a n d  improving. 

▪ A l t e r n a t i v e  f u e l s  b e i n g  studied. 
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II 

11 N e l s o n  F F a n d  M i l n e  J W ( 1 9 8 6 )  " O r g a n i c  P a r t i c l e  Emissions 

11 F r o m  M o t o r  V e h i c l e s " .  P a p e r  p r e s e n t e d  a t  7 t h  World 

IUAPPA C l e a n  A i r  C o n g r e s s ,  S y d n e y ,  A u g u s t  1986. 11 
V o l  4 p 303. 

11 M e a s u r e d  p a r t i c l e  e x h a u s t  f r o m  d i e s e l  v e h i c l e  and 

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

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

11 p e t r o l  e x h a u s t .  L u b e  o i l  f o u n d  t o  b e  s i g n i f i c a n t  here 

11 too. 
11 

O r s k i  C K ( 1 9 9 0 )  C a n  M a n a g e m e n t  o f  T r a n s p o r t a t i o n  D e m a n d  Help 

• S o l v e  O u r  G r o w i n g  T r a f f i c  C o n g e s t i o n  a n d  A i r  P o l l u t i o n  

P r o b l e m s  T r a n s p o r t a t i o n  Q u a r t e r l y  4 4 ( 4 ) :  483-498 

11 A s s e s s e s  T r a n s p o r t a t i o n  D e m a n d  M a n a g e m e n t  a s  a m e t h o d  of 

• r e d u c i n g  c o n g e s t i o n  a n d  pollution. 

Conclusions:- 
11 i )  n e e d  f o r  g e n e r a l  a n d  o b j e c t i v e  study 

11 i i )  p r o b l e m s  i n  a s s e s s i n g  effectiveness 

11 i i i )  L i k e l y  t o  b e  m o r e  e f f e c t i v e  i n  s m a l l  a r e a s  which 

d o e s  n o t  i m p r o v e  r e g i o n a l  a i r  quality 
11 i v )  T a k e  1 c a r  o f f  t h e  r o a d ,  a n o t h e r  w i l l  r e p l a c e  it 

11 v )  I n c e n t i v e s .  ( $ )  m a y  b e  n e c e s s a r y  t o  e n t i c e  drivers 

o f f  road 

v i )  C o n g e s t i o n  p r i c i n g  doubtful 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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P e a r m a n  G I ( e d )  ( 1 9 8 8 )  G r e e n h o u s e :  P l a n n i n g  f o r  climate 

c h a n g e .  C S I R O  Australia. 

N u m e r o u s  s t u d i e s  o f  g r e e n h o u s e  e f f e c t s  t o  illustrate 

s e n s i t i v i t y  o f  A u s t r a l i a n  c l i m a t e  a n d  environment. 

A t m o s p h e r i c  CO2, CH 4 a n d  N20 r i s e n  b y  2 3 ,  1 1 0  a n d  8% 

r e s p e c t i v e l y  s i n c e  p r e - i n d u s t r i a l  t i m e s .  O v e r  n e x t  50 

y e a r s  t h e s e  f i g u r e s  e x p e c t e d  t o  i n c r e a s e  t o  4 5  - 115, 

2 0 0  - 5 0 0 ,  a n d  2 5  - 60%. 

P e n g i l l e y  M ( 1 9 8 6 )  T r e n d s  i n  A u s t r a l i a n  m o t o r  vehicle 

e m i s s i o n s  a n d  f u e l  c o n s u m p t i o n  p a p e r  p r e s e n t e d  a t  7th 

W o r l d  IUAPPA C l e a n  A i r  C o n g r e s s ,  S y d n e y ,  A u g u s t  1986. 

R e n n e r  M G ( 1 9 8 8 )  ' C a r  S i c k '  i n  W o r l d  W a t c h  1 ( 6 ) :  36-44 

• 

S t r e s s e s  n e e d  t o  r e d u c e  v e h i c l e  emissions. 

H e a l t h / e n v i r o n m e n t a l  effects. 

Strategies 

- e m i s s i o n  c o n t r o l s  - n o t  enough 

- d i f f e r e n t  fuels 

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

c y c l e ,  walk 

R o m b o u t  P J A ,  V a n  B r e e  L ,  H e i s t e r k a m p  SH a n d  M a r r a  M ( 1 9 8 9 )  The 

N e e d  F o r  A n  E i g h t  H o u r  O z o n e  S t a n d a r d ,  i n  EPA US - Dutch' 

3 r d  I n t e r n a t i o n a l  S y m p o s i u m  ' A t m o s p h e r i c  O z o n e :  Lts 

P o l i c y  I m p l i c a t i o n s '  E l s e v i e r  Press. 
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a 
S 
11 

11 

11 

1 1  
R o t m a n s  J ( 1 9 8 9 )  A S c e n a r i o  S t u d y  o f  t h e  G r e e n h o u s e  Effect, 

1 1  i n  EPA U S - D u t c h  3 r d •  I n t e r n a t i o n a l  S y m p o s i u m  'Atmospheric 

1 1  O z o n e :  I t s  P o l i c y  I m p l i c a t i o n s . '  E l s e v i e r  Press. 

• • 

N o t e s  d a i l y  e x p o s u r e  o f  m a n y  w o u l d  b e  8 - 1 2  h o u r s  just 

b e l o w  1 h o u r  m a x i m u m .  C u r r e n t  o z o n e  s t a n d a r d s  b a s e d  on 

h e a l t h  e f f e c t s  o f  1 - 2 h o u r  e x p o s u r e .  H e a l t h  r i s k  of 

e x p o s u r e  t o  a m b i e n t  o z o n e  a p p e a r s  t o  b e  m o r e  s e r i o u s  than 

f i r s t  t h o u g h t .  T h e s e  t e s t s  s h o w  8 h o u r  s t a n d a r d  w o u l d  be 

s i g n i f i c a n t l y  l o w e r  t h a n  1 h o u r  standard. 

D e v e l o p e d  IMAGE s i m u l a t i o n  m o d e l  t o  p r o d u c e  long-term 

s c e n a r i o s  f o r  g r e e n h o u s e  p l a n n i n g  p u r p o s e s .  P r i m a r y  use 

i s  t o  c o n d u c t  p o l i c y  experiments. 

1 1  R o g e r s  P L ( 1 9 9 0 )  " E t h a n o l  a s  a T r a n s p o r t  Fuel" 

1 1  V e h i c l e s :  E n e r g y  a n d  E n v i r o n m e n t a l  I m p a c t s  Seminar 

R e p o r t ,  1 0  O c t o b e r  1 9 9 0 .  E n e r g y  R e s e a r c h ,  Development 
1 1  

a n d  I n f o r m a t i o n  C e n t r e ,  U n i v e r s i t y  o f  New S o u t h  Wales. 

I 

• 

• 

B r e a k e v e n  p o i n t  w h e n  c r u d e  o i l  i s  US $ 3 0 . 3 5  p e r  b a r r e l .  
. 

NSW N o r t h  C o a s t  s u g a r  f i e l d s  c a n  p r o v i d e  1 2 - 1 5 %  o f  the 

r e g i o n s  l i q u i d  f u e l  r e q u i r e m e n t s  f o r  h i g h  octane 

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

e n v i r o n m e n t a l l y  a c c e p t a b l e  alternative. 
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R u s s e l l  A G ( 1 9 8 8 )  M a t h e m a t i c a l  M o d e l l i n g  o f  t h e  E f f e c t  o f  
E m i s s i o n  S o u r c e s  o n  A t m o s p h e r i c  P o l l u t a n t  C o n c e n t r a t i o n s  

i n  W a t s o n  A . Y . ,  B a t e s  R . R .  & K e n n e d y  D .  ( e d s )  'Air 

P o l l u t i o n ,  T h e  A u t o m o b i l e , .  a n d  P u b l i c  H e a l t h '  National 

A c a d e m y  P r e s s ,  W a s h i n g t o n ,  D.C. 

H i g h  P r i o r i t y  

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

i i )  M o d e l  c o m p a r i s o n  a n d  evaluation 

i i i )  A e r o s o l  p r o c e s s  m o d e l  development 

i v )  I n d o o r  A i r  Q u a l i t y  Modelling 

M e d i u m  P r i o r i t y  

v )  P o l l u t a n t  d e p o s i t i o n  modelling 

v i )  R e c e p t o r  modelling 

v i i )  P o l l u t a n t  d y n a m i c s  i n  s t r e e t  canyons 
L o w  P r i o r i t y  

v i i i )  F o g  chemistry 

i x )  R e a c t i v e  p h a s e  a n d  s u b  g r i d  s c a l e  modelling 

S a m s o n  P J ( 1 9 8 8 )  A t m o s p h e r i c  T r a n s p o r t  a n d  D i s p e r s i o n  o f  Air 

P o l l u t a n t s  A s s o c i a t e d  w i t h  V e h i c u l a r  E m i s s i o n s  i n  Watson 

A . Y . ,  B a t e s  R . R .  & K e n n e d y  D .  ( e d s )  ' A i r  P o l l u t i o n ,  The 

A u t o m o b i l e ,  a n d  P u b l i c  H e a l t h '  N a t i o n a l  A c a d e m y  Press, 

W a s h i n g t o n ,  D.C. 

S u m m a r y  o f  R e s e a r c h  Recommendations 

H i g h  P r i o r i t y  

i )  O p e n  h i g h w a y  e x p o s u r e  ( V e h i c l e  disturbance) 

i i )  T r a n s p o r t  a n d  d i s p e r s i o n  i n  s t r e e t  canyons 
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a 

M e d i u m  P r i o r i t y  
/ I  i i i )  P l u m e  buoyancy 

I I  i v )  P h y s i c a l  modelling 

v )  R e g i o n a l  s c a l e  t r a n s p o r t  a n d  dispersion 
I 

Low P r i o r i t y  

I I  v i )  U r b a n  s c a l e  transport —1 monitoring 
V i i )  R e g i o n a l  s c a l e  t r a n s p o r t  --I 

II 

• 
• 

a 
• 

• 

• 

S a n t i n i  D J ,  a n d  R a j a n  J B ,  ( 1 9 9 0 )  C o m p a r i s o n s  o f  E m i s s i o n s  

o f  T r a n s i t  B u s e s  U s i n g  M e t h a n o l  a n d  D i e s e l  F u e l  

T r a n s p o r t a t i o n  R e s e a r c h  R e c o r d  1 2 5 5 ,  Transportation 

R e s e a r c h  B o a r d ,  N a t i o n a l  R e s e a r c h  C o u n c i l ,  Washington, 

D.C. 

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

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

a c c o r d i n g  t o  e n g i n e  t e s t s ,  s p e e d s  a n d  e m i s s i o n  controls. 

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

i n  CO, HC a n d  formaldehyde. 

S e x t o n  K , a n d  R y a n  P B ( 1 9 8 8 )  A s s e s s m e n t  o f  H u m a n  Exposure 

t o  A i r  P o l l u t i o n  M e t h o d s ,  M e a s u r e m e n t s ,  a n d  M o d e l s  in 

• W a t s o n  A . Y . ,  B a t e s  R . R .  & K e n n e d y  D.  ( e d s )  'Air 

P o l l u t i o n ,  T h e  A u t o m o b i l e ,  a n d  P u b l i c  H e a l t h '  National 

A c a d e m y  P r e s s ,  W a s h i n g t o n ,  D.C. 

• 
• 

• H e a l t h  r i s k  = P o t e n c y  x E x p o s u r e  x E x p o s e d  Population 
( m o r b i d i t y / m o r t a l i t y )  = (dose/ response)  x (concentration) 

x (No. o f  peop le  exposed) 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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R e s e a r c h  Recommendations: 

H i g h  P r i o r i t y  

i )  T u n e  a c t i v i t y  patters 

i i )  E x p o s u r e  monitoring 

i i i )  B i o l o g i c a l  m a r k e r s  o f  exposure 
M e d i u m  P r i o r i t y  

i v )  B r e a t h i n g  p a t t e r n s  ( m o u t h  v n o s e ,  s i t t i n g ,  eating, 

t a l k i n g  etc). 

S m i t h  M R ( 1 9 8 6 )  P o l l u t i o n  C o n t r o l :  C o m b u s t i o n  P r o c e s s e s  

p a p e r  p r e s e n t e d  t o  A u s t r a l i a n  I n s t i t u t e  o f  Energy, 

N e w c a s t l e  Branch. 

S t a t e  P o l l u t i o n  C o n t r o l  C o m m i s s i o n  ( 1 9 8 9 )  Q u a r t e r l y  Air 

Q u a l i t y  M o n i t o r i n g  R e p o r t .  V o l  1 5 ( 1 ) .  S P C C ,  Sydney. 

S t e w a r t  A C ( 1 9 8 7 )  M o d e l s  f o r  c a l c u l a t i o n  o f  a i r  pollution 

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

m e a s u r e m e n t  a c c u r a c y ,  p r e d i c t i o n  a c c u r a c y  a n d  simplicity 

p a p e r  p r e s e n t e d  a t  I n s t i t u t e  f o r  P h y s i c s  a n d  Material 

T e c h n o l o g y  S e m i n a r ,  L i n k o p i n g  U n i v e r s i t y ,  Sweden. 

S t e w a r t  A C ( 1 9 8 7 )  A u s t r a l i a n  m o t o r  v e h i c l e  e m i s s i o n s  

s t a n d a r d s ,  p a p e r  p r e s e n t e d  t o  c o n f e r e n c e  a t  Verein 

D e u t s c h e r  I n g e n i e u r e ,  N u r e n b e r g ,  W e s t  Germany. 
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S t e w a r t  A C , P e n g i l l e y  M R ,  B r a i n  R ,  H a l e y  J J ,  a n d  Mowle 

11 M . G .  ( 1 9 8 2 )  ' M o t o r  V e h i c l e  E m i s s i o n s  i n t o  S y d n e y ' s  

1 1  A t m o s p h e r e '  i n  T h e  U r b a n  A t m o s p h e r e  - S y d n e y ,  a Case 

S t u d y  ( C a r r a s  a n d  J o h n s o n  e d i t o r s ) .  C S I R O ,  Melbourne. 
11 
111 

• 
I 
U 
II 

I 
• 
• 

S 
a 

U 

A f t e r  ADR 3 7 , 1 9 8 6  i n t r o d u c e d  HC e m i s s i o n s  w i l l  fall 

c o n t i n u o u s l y  t o  2000. 

HC:NO,  r a t i o  w i l l  c h a n g e  significantly. 

P a r t i c u l a t e  e m i s s i o n s  c o n t r i b u t e  t o  S y d n e y ' s  b r o w n  haze. 

W i l l  i n c r e a s e  s u b s t a n t i a l l y  t o  2 0 0 0 ,  a l t h o u g h  moderated 

s l i g h t l y  b y  u n l e a d e d  petrol. 

L e a d  e m i s s i o n s  f r o m  v e h i c l e s  w i l l  d e c r e a s e  t o  a l m o s t  0 by 

2000. 

S t o r e y  J W V ( 1 9 9 0 )  " E l e c t r i c  V e h i c l e s ,  a n d  Vehicle 

M o d i f i c a t i o n s  f o r  E f f i c i e n c y "  . V e h i c l e s :  e n e r g y  and 

E n v i r o n m e n t a l  I m p a c t s  S e m i n a r  R e p o r t ,  1 0  O c t o b e r  1990. 

E n e r g y  R e s e a r c h ,  D e v e l o p m e n t  a n d  I n f o r m a t i o n  Centre, 

U n i v e r s i t y  o f  New S o u t h  Wales. 

A r g u e s  t h a t  e l e c t r i c a l  v e h i c l e s  d o n ' t  n e e d  t o  b e  designed 

e x a c t l y  l i k e  m o d e r n  p e t r o l  c a r s .  C o m m u t e r  c a r :  small, 

l i g h t w e i g h t ,  s e a t  1 o r  2 p e o p l e ,  e l e c t r i c ,  r a n g e  of 

a p p r o x .  1 0 0  k m ,  m a x  s p e e d  8 0  k m / h r  a n d  "traffic 

c o m p a t i b l e  p e r f o r m a n c e " .  Q u o t e s  D . F .  G u d s e n  "Electric 

V e h i c l e s  a n d  t h e  G r e e n h o u s e  E f f e c t " ,  SUEE/EVRF 0 2 0 9 9 0  as 
s a y i n g  CO2 r e d u c t i o n  i s  a c h i e v e d  e v e n  i f  c u r r e n t  power 
s t a t i o n s  u s e d  a n d  e v e n  i f  e l e c t r i c  v e h i c l e s  b u i l t  like 

p e t r o l  vehicles. 
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T r i m  D L ( 1 9 9 0 )  " C a t a l y t i c  C o n v e r t e r s  - O l d  P r o b l e m s :  Old 
S o l u t i o n s ,  New P r o b l e m s :  A n y  S o l u t i o n ? "  V e h i c l e s :  

E n e r g y  a n d  E n v i r o n m e n t a l  I m p a c t s  S e m i n a r  R e p o r t ,  10 

O c t o b e r  1 9 9 0 .  E n e r g y  R e s e a r c h ,  D e v e l o p m e n t  and 

I n f o r m a t i o n  C e n t r e ,  U n i v e r s i t y  o f  New S o u t h  Wales. 

T e c h n o l o g y  o n  o l d  c o n v e r t e r s  i n c r e a s e d  a n d  lifespan 

d o u b l e d ;  h o w e v e r  n e w  t e c h  c o n v e r t e r s  h a v e  a r a n g e  of 

p r o b l e m s :  1 - H i g h  t e m p  p e r f o r m a n c e  ( m o r e  H C ' s ,  plug 

m i s f i r e ) ,  2 - NO c o n t r o l ,  3 - D i e s e l  e x h a u s t  c o n t r o l ,  4 - 
A r o m a t i c s  i n  f u e l s  a n d  e x h a u s t  g a s e s ,  5 - Formaldehyde 

f r o m  m e t h a n o l  f u e l l e d  cars. 

V e l d t  C ( 1 9 8 9 )  E m i s s i o n  I n v e n t o r i e s  f o r  E u r o p e ,  i n  EPA US- 

D u t c h  3 r d  I n t e r n a t i o n a l  S y m p o s i u m  ' A t m o s p h e r i c  O z o n e :  Its 

P o l i c y  I m p l i c a t i o n s .  E l s e v i e r  Press. 

L o o k e d  a t  d i f f e r e n c e s  i n  E m i s s i o n  I n v e n t o r y  procedures 

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

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

m o r e  g e n e r a l  s t u d i e s  a n d  e m i s s i o n s  t o  b e  performed. 

W a i n w r i g h t  M S ( 1 9 9 0 )  " M e t h a n o l  a s  a n  A u t o m o t i v e  Fuel" 

V e h i c l e s :  E n e r g y  a n d  E n v i r o n m e n t a l  I m p a c t s  Seminar 

R e p o r t ,  1 0  O c t o b e r  1 9 9 0 .  E n e r g y  R e s e a r c h ,  Development 

a n d  I n f o r m a t i o n  C e n t r e ,  U n i v e r s i t y  o f  New S o u t h  Wales. 
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Advantages: 

- H i g h  o c t a n e  n o .  (RON = 1 0 6  - 114) 

- C l e a n  b u r n ,  n o  p a r t i c u l a t e ,  l e a d  o r  s u l f u r  emission 

- R e d u c e d  CO, NOx, HC emission 

Disadvantages: 

- L o w e r  e n e r g y / v o l u m e  t h a n  gasoline 

- A l d e h y d e  emissions 

W a l s h  M P ( 1 9 8 6 )  " W o r l d w i d e  D e v e l o p m e n t s  i n  M o t o r  Vehicle 

P o l l u t i o n  C o n t r o l " .  P a p e r  p r e s e n t e d  a t  7 t h  W o r l d  IUAPPA 

C l e a n  A i r  C o n g r e s s ,  S y d n e y ,  A u g u s t  1 9 8 6 .  V o l  3 p 292. 

. T h r e e  m a j o r  p r o b l e m  a r e a s  f o r  f u t u r e :  1 - i n c r e a s i n g  NOx 

e m i s s i o n s  ( o z o n e ,  a c i d  d e p o s i t i o n ) ,  2 - Diesel 

p a r t i c u l a t e ,  3 - V e h i c l e  i n s p e c t i o n  a n d  maintenance. 

W a l s h  M P ,  a n d  M o o r e  C A ( 1 9 8 9 )  M o t o r  V e h i c l e  Contribution 

t o  G l o b a l  a n d  T r a n s p o r t e d  A i r  P o l l u t i o n ,  i n  EPA US-Dutch 

3 r d  I n t e r n a t i o n a l  S y m p o s i u m  ' A t m o s p h e r i c  O z o n e :  Its 

P o l i c y  I m p l i c a t i o n s . '  E l s e v i e r  Press. 

O z o n e  Precursors: 

OECD t o t a l  g a s e o u s  e m i s s i o n s  (% f o r  m o t o r  vehicles) 

( 1 0 0 0  tonnes) 

NO 3 6 , 0 1 9  (47.2) 

HC 3 3 , 8 6 9  (39.1) 

CO 1 1 9 , 1 4 8  (65.7) 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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Notes: 

i )  M o t o r  v e h i c l e s  m a j o r  s o u r c e s  o f  a b o v e  pollutants. 

i i )  C a r  n u m b e r s  g r o w i n g  a t  v e r y  h i g h  rate. 

i i i )  A l s o  s u g g e s t s  r e m o v a l  o r  c o n t a i n m e n t  o f  C F C ' s  from 

c a r  a i r  conditioning. 
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4 . 0  IMPACTS FROM ROAD CONSTRUCTION ON A I R  QUALITY 

4 . 1  S c o p e  o f  C o n s t r u c t i o n  A c t i v i t i e s  

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

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

d u s t  ( p a r t i c u l a t e  m a t t e r )  e m i s s i o n s  f r o m  r o a d  construction 

activities. 
11 

1 1  T h e  r a t e  o f  p r o g r e s s  o f  c o n s t r u c t i o n  w i l l  v a r y  b e t w e e n  the 

e x p r e s s w a y  o p t i o n  a n d  t h e  a r t e r i a l  u p g r a d e .  H o w e v e r ,  the 
11 

d i f f e r e n c e  i n  r a t e  o f  p r o g r e s s  m a y  n o t  b e  s i g n i f i c a n t  w h e n  the 
1 1  v a r i a b l e s  f o r  e a c h  s i t e  a r e  t a k e n  i n t o  a c c o u n t .  F o r  example, 

1 1  t h e  e x p r e s s w a y  o p t i o n  w i l l  n o t  h a v e  t h e  s a m e  e x i s t i n g  traffic 

1 1  
e n c u m b r a n c e  t h a t  t h e  a r t e r i a l  u p g r a d e  o p t i o n  w o u l d  h a v e ,  i.e. 

m o d i f y i n g  e x i s t i n g  l a n e  o p t i o n s  t o  e n a b l e  c o n s t r u c t i o n  to 
1 1  p r o c e e d  w i t h  m i n i m a l  i n t e r r u p t i o n  t o  e x i s t i n g  t r a f f i c  pattern. 

1 1  A l t e r n a t i v e l y ,  t h e  e x p r e s s w a y  o p t i o n  w i l l  h a v e  substantially 

m o r e  e a r t h w o r k s  a n d  s h e e r  v o l u m e  o f  m a t e r i a l  t o  b e  moved. 
11 

1 1  H e n c e ,  t h e  c o m p a r a t i v e  p r o g r e s s  m a y  b e  s i m i l a r  o v e r  t h e  total 

1 1  d i s t a n c e  o f  t h e  r o u t e  o p t i o n s .  T h u s  i t  i s  d i f f i c u l t  to 

g e n e r a l i s e  t o  t h e  p o i n t  o f  s o  m a n y  m e t r e s  p e r  d a y .  However, 
1 1  

t o  f a c i l i t a t e  c a l c u l a t i o n  o f  d u s t  i m p a c t s ,  t h e  construction 
1 1  t i m i n g  p r e s e n t e d  i n  S e c t i o n  4 . 1 . 1  h a s  b e e n  c a l c u l a t e d  by 

• Maunsell. 

4 . 1 . 1  C o n s t r u c t i o n  Timing 

1 1  T h e  m i n i m u m  c o n s t r u c t i o n  p e r i o d  f o r  b o t h  a r t e r i a l  and 

e x p r e s s w a y  o p t i o n s  w o u l d  b e  t h r e e  y e a r s .  R e s t r i c t i o n s  on 11 
f u n d i n g  m a y  s i g n i f i c a n t l y  e x t e n d  t h e  d u r a t i o n  o f  construction. 

• STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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C o n s t r u c t i o n  r a t e s  f o r  t h e  v a r i o u s  o p t i o n s  w o u l d  b e  as 
f o l l o w s :  gi 

Expressway 

- B r i d g e s  a s  p e r  4.1.2 

- E a r t h w o r k s  10m/day 

- D r a i n a g e  100m/day 

- P a v e m e n t / L a n d s c a p i n g  e t c .  2 0 0 m / d a y  x 5 layers 

C a r l i n g f o r d / E p p i n g  Arterial 

- B r i d g e s / s t r u c t u r e s  a s  p e r  4.1.2 

- E a r t h w o r k s / d r a i n a g e  50m/day 

- D r a i n a g e  100m/day 

- P a v e m e n t / L a n d s c a p i n g  e t c .  2 0 0 m / d a y  x 5 layers 

E x p r e s s w a y / P e n n a n t  Hills/Carlingford 

P h a s e  1 B r i d g e s / P e n n a n t  H i l l s  Road 

a n d  C a r l i n g f o r d  Road 2 4  months 

P h a s e  2 E a r t h w o r k s / d r a i n a g e  1 8  months 

P h a s e  3 P a v e m e n t / L a n d s c a p i n g  e t c .  1 2  months 

P h a s e  2 w o u l d  c o m m e n c e  9 m o n t h s  a f t e r  P h a s e  1 a n d  P h a s e  3 
w o u l d  c o m m e n c e  1 5  m o n t h s  a f t e r  P h a s e  2. 

F 2  R e s e r v e / N o r t h  R o c k s  R o a d  Arterial 

P h a s e  1 I n t e r c h a n g e / P e n n a n t  H i l l s  Road 

a n d  C a r l i n g f o r d  R o a d  2 4  months 

P h a s e  2 W i n d s o r  R o a d  t o  P e n n a n t  Hills 

R o a d  2 4  months 

P h a s e  3 O l d  W i n d s o r  R o a d  t o  Windsor 

R o a d  1 8  months 

P h a s e  2 a n d  3 c o u l d  b o t h  c o m m e n c e  1 2  m o n t h s  a f t e r  Phase 

1. 
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▪ T u n n e l  - 3 m o n t h s  e a c h  f o r  e x c a v a t i o n ,  t h e n  portal 

11 construction 

4 . 1 . 2  C o n s t r u c t i o n  Method 
a 

• S t r u c t u r e s  ( b r i d g e s ,  i n t e r c h a n g e ,  v i a d u c t s )  w i l l  b e  b u i l t  at: 

( i )  V i a d u c t  i n  D e v l i n s  C r e e k  ( p r o g r e s s  - 2 4  months) 

11 ( i i )  M u r r a y  F a r m  o v e r b r i d g e  - 6 months 

11 ( i i i )  B e e c r o f t  I n t e r c h a n g e  - 1 8  months 

( i v )  R a i l w a y  B r i d g e  - 1 5  months 
11 ( v )  T e r r y s  C r e e k  - 2 1  months 

11 ( v i )  B a l a c l a v a  R o a d  - 6 months 

11 ( v i i )  L a n e  C o v e  R o a d  - 2 1  months 

( v i i i )  D e h l i / P i t t w a t e r  - 3 0  months 

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

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

11 

• 
• 

• 

• 

• 

• E x c a v a t i o n ,  P a v e m e n t  C o n s t r u c t i o n  a n d  Drainage 

D5 a n d  D9 b u l l d o z e r s  - r i p p i n g  o r  blasting 

S c r a p e r s  ( 2  off) 

W h e e l e d  l o a d e r  (2m3) 

15m3 d u m p  trucks 

Grader 

B a c k h o e  a n d  Excavator 

S h e e p s f o o t  s e l f - p r o p e l l e d  roller 

M u l t i - w h e e l e d  roller 

D e l i v e r y  trucks 

Crane 

Compactor 

W a t e r  cart 

V i b r a t i n g  s t e e l  roller 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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P o r t a l s  

E x c a v a t i o n  - 
D9 

W h e e l e d  loader 

B a c k  hoe 

1 0  x 1 5  c u b i c  m e t r e  trucks 

A i r  compressor 
P o r t a l  c o n s t r u c t i o n  - 

Excavator 

A i r  compressor 
Crane 

B a c k  hoe 

1 x 1 5  c u b i c  m e t r e  truck 

D e l i v e r y  t r u c k s  ( 2  p e r  hour) 

C o n c r e t e  p u m p  ( 2 0 %  o f  time) 

( i i )  G e n e r a l  T u n n e l  E x c a v a t i o n  

( p e r  t u b e )  ( P r o g r e s s :  5 0  m e t r e s  p e r  week) 

R o a d  header 

H y d r a u l i c  d r i l l  jumbo 

V e n t i l a t i o n  plant 

C o n v e y o r  b e l t  system 

3 x 1 5  c u b i c  m e t r e  trucks 

D e l i v e r y  t r u c k s  ( 1  p e r  hour) 

S h o t c r e t e  pump 

( i i i )  F i t - o u t  

( p e r  t u b e )  ( P r o g r e s s :  5 0  m e t r e s  p e r  week) 

D e l i v e r y  t r u c k s  1 p e r  hour 

M o b i l e  e r e c t i o n  g a n t r y  2 N° ( p r o b a b l y  'electric- 

powered) 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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B e f o r e  a n y  c o n s t r u c t i o n  w o r k  c o m m e n c e s ,  M a u n s e l l  a d v i s e s  that 

a l l  m e a s u r e s  r e q u i r e d  t o  m a i n t a i n  e x i s t i n g  w a t e r  quality 

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

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

SCS. 

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

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

l a t e r  u s e  a s  l a n d s c a p e  mulch. 

I n  m a n y  l o c a t i o n s ,  t h e  e x t e n t  o f  e a r t h w o r k s  ( a n d  h e n c e  tree 

r e m o v a l )  w i l l  b e  l i m i t e d  b y  c o n s t r u c t i n g  r e t a i n i n g  walls. 

I I  T o p s o i l  w o u l d  b e  s t r i p p e d  a n d  s t o c k p i l e d  f o r  r e s p r e a d i n g  at 

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

I I  b l a s t i n g  w o u l d  b e  r e q u i r e d .  A p r e b l a s t  i n s p e c t i o n  o f  all 

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

c l o s e l y  m o n i t o r e d  b y  t h e  s u p e r v i s i n g  e n g i n e e r s .  Ripped 
II 

m a t e r i a l  w o u l d  b e  t r a n s p o r t e d  b y  s c r a p e r  o r  t r u c k  and 
I I  c o m p a c t e d  i n  f i l l s  b y  v a r i o u s  t y p e s  o f  c o m p a c t i n g  rollers. 

I I  M o t o r  g r a d e r s  w o u l d  s h a p e  t h e  e m b a n k m e n t  s u r f a c e .  Pavement 

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

constructed. 
'U 

II 

I I  T h e  c o n s t r u c t i o n  o f  t h e  e x p r e s s w a y  w o u l d  i n v o l v e  the 

II 

Il 

I I  E x p r e s s w a y :  T o t a l  C u t  = 1 , 1 1 7 , 0 0 0  m3 

II 

I I  A r t e r i a l :  T o t a l  C u t  = 2 9 2 , 0 0 0  m3 

I I  T o t a l  F i l l  = 7 6 , 0 0 0  m3 

ll 

I I  STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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T h e  r e m a i n d e r  o f  t h e  m a t e r i a l  w o u l d  b e  u s e d  t o  f l a t t e n  batters 

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

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

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

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

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

earthworks. 

4 . 1 . 3  H o u r s  o f  Construction 

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

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

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

f o l l o w i n g  hours: 

M o n d a y  t o  S a t u r d a y  7 . 0 0  a . m .  t o  5 . 0 0  p.m. 

4 . 1 . 4  C o n s t r u c t i o n  M a t e r i a l s  

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

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

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

area. 

4 . 1 . 5  C o n s t r u c t i o n  T r a f f i c  

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

m a t e r i a l  t h a t  m a y  e m i t  d u s t  i n  t r a n s i t  w i l l  b e  appropriately 

t a r p e d  a n d  w h e e l s  washed. 
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• I t  i s  e x p e c t e d  t h a t  t h e  e x i s t i n g  r o a d s  m o s t  f r e q u e n t l y  u s e d  by 

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

v i c i n i t y  o f  t h e  p r o p o s e d  works: 

I P e n n a n t  H i l l s  Road 

C a r l i n g f o r d  Road 
• B e e c r o f t  Road 

• E p p i n g  Road 

L a n e  C o v e  Road 

D e l h i  Road 

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

p r o j e c t  w o u l d  c o n s i s t  o f  t i p - t r u c k s  r e m o v i n g  e x c e s s  c u t  from 

t h e  s i t e  a n d  d e l i v e r i n g  a g g r e g a t e s  a n d  g r a v e l s  t o  t h e  site. 

I n  a d d i t i o n ,  a l a r g e  n u m b e r  o f  s e m i - t r a i l e r s  w o u l d  deliver 

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

p r e c a s t  c o n c r e t e  u n i t s  t o  t h e  site. 

a 

• 

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

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

d e p o s i t s  a t  P e n r i t h  Lakes. 

M a t e r i a l  f r o m  H o r n s b y  q u a r r y  w o u l d  b e  t r u c k e d  a l o n g  Pennant 

H i l l s  R o a d  w h i l e  m a t e r i a l  f r o m  P r o s p e c t  q u a r r y  a n d  t h e  Penrith 

L a k e s  s c h e m e  w o u l d  b e  t r u c k e d  a l o n g  t h e  G r e a t  W e s t e r n  Highway 

a n d  P e n n a n t  H i l l s  R o a d  a n d  C a r l i n g f o r d  R o a d  t o  t h e  v i c i n i t y  of 

t h e  project. 

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

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

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

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

r u n  d u m p  s i t e s .  I n  a n y  e v e n t ,  i t  i s  e x p e c t e d  t h a t  t h e  excess 
• m a t e r i a l  c a n  b e  s p o i l e d  r e a s o n a b l y  c l o s e  t o  t h e  construction 

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

s p o i l  f r o m  t h e  s i t e  w i l l  b e  t h o s e  l i s t e d  above. 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 

• 



• 
- 7 9  - 

T r a f f i c  d e l i v e r i n g  m i s c e l l a n e o u s  i t e m s  s u c h  a s  d r a i n a g e  pipes 
a n d  s t e e l  r e i n f o r c e m e n t  t o  t h e  s i t e  w i l l  h a v e  a w i d e  variety 
o f  o r i g i n s .  T h e  r o a d s  m o s t  a f f e c t e d  b y  t h i s  t r a f f i c  will 
a g a i n  t h e r e f o r e  b e  t h e  t r u n k  r o a d s  c l o s e  t o  t h e  site. 

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

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

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

4 . 2  P r o b a b l e  I m p a c t s  o n  A i r  Quality 

f r o m  C o n s t r u c t i o n  

C o n s t r u c t i o n  a c t i v i t i e s  w i l l  g e n e r a t e  d u s t  a n d  exhaust 

e m i s s i o n s  f r o m  h e a v y  v e h i c l e s  ( m o s t l y  d i e s e l  e x h a u s t )  during 

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

c o n s t r u c t i o n  a r e  p l a n n e d  t o  b e  7 a . m .  t o  5 p . m .  s i x  d a y s  per 
w e e k .  T h e  s c a l e  o f  t h e  c o n s t r u c t i o n  o p e r a t i o n  i s  discussed 

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

T h e  c o n s t r u c t i o n  w o r k  w i l l  d e p e n d  o n  w h i c h  o p t i o n s  are 
s e l e c t e d .  E a c h  o p t i o n  i s  d i s c u s s e d  below. 

4 . 2 . 1  A r t e r i a l  Option 

T h r e e  m a j o r  c o n s t r u c t i o n  a c t i v i t i e s  a r e  identifiable: 

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

construction. 

E x c a v a t i o n  w o r k  i s  e s t i m a t e d  t o  p r o g r e s s  a t  t h e  r a t e  o f  5 0  m 

p e r  d a y .  I t  w i l l  i n v o l v e  a D5 s i z e  d o z e r ,  a t w o  c u b i c  metre 

w h e e l e d  l o a d e r ,  a g r a d e r ,  a b a c k h o e  a n d  1 5  c u b i c  m e t r e  rear 
d u m p  t r u c k s ,  t h r e e  o f  w h i c h  w i l l  b e  o n  s i t e  a t  a n y  o n e  time. 
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0 
P a v e m e n t  c o n s t r u c t i o n  i s  e s t i m a t e d  t o  p r o g r e s s  a t  t h e  r a t e  of 

• 2 0 0  m p e r  d a y ,  b u t  s i n c e  t h e r e  w i l l  b e  f i v e  l a y e r s  o f  pavement 

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

e q u i p m e n t  i n v o l v e d  w i l l  b e  a g r a d e r ,  a w a t e r  t r u c k ,  material 

d e l i v e r y  t r u c k s  ( t h r e e  p e r  h o u r ) ,  m u l t i  w h e e l  r o l l e r  and 

• v i b r a t i n g  s t e e l - w h e e l  roller. 

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

1 0 0  m e t r e s  p e r  d a y .  I t  w i l l  i n v o l v e  a n  e x c a v a t o r ,  b a c k h o e  and 

a p p r o x i m a t e l y  t h r e e  1 5  c u b i c  m e t r e  r e a r  d u m p  trucks. 

• 

• 

• 
• 
• 

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

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

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

r a t e  o f  5 0  m e t r e s  p e r  d a y .  T h e  d u s t  g e n e r a t e d  i n  a n y  o n e  day 

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

(USEPA 1 9 8 2 )  a n d  i n  New S o u t h  W a l e s  b y  t h e  N a t i o n a l  Energy 

R e s e a r c h  a n d  D e v e l o p m e n t  C o u n c i l  (NERDC 1 9 8 8 ) .  T h e  estimated 

a m o u n t s  u s e d  a s  m o d e l  i n p u t  d a t a  w e r e  a s  follows: 

D o z e r  a s s u m i n g  t e n - h o u r s  o f  o p e r a t i o n  p e r  d a y  generating 

d u s t  a t  t h e  r a t e  o f  2 . 7 5  k g / h  - 2 7 . 5  kg. 

G r a d e r  a s s u m i n g  d i s t a n c e  t r a v e l l e d  i n  t h e  d a y  i s  2 0  km 

a n d  t h e  d u s t  g e n e r a t i o n  r a t e  i s  0 . 7 5  k g / k m  - 1 5  kg. 

D u s t  f r o m  l o a d i n g  o f  m a t e r i a l  b y  e x c a v a t o r  t o  trucks 

a s s u m i n g  d u s t  i s  g e n e r a t e d  a t  t h e  r a t e  o f  0 . 0 1  k g / t  and 

t h a t  5 0  x 1 5  c u b i c  m e t r e  t r u c k s  l o a d s  a r e  r e m o v e d  i n  a 
t e n - h o u r  d a y ,  m a k i n g  a t o t a l  o f  a p p r o x i m a t e l y  7 5 0  m3 or 
a p p r o x i m a t e l y  1 1 2 5  t o f  m a t e r i a l  r e m o v e d  p e r  d a y  - 11.25 

kg. 

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

a s s u m i n g  a 2 0 0  m o n e  w a y  t r i p  d i s t a n c e ,  f i v e  movements 

p e r  h o u r  a n d  2 k g  o f  d u s t / v e h i c l e / k m .  T h i s  i s  t h e  amount 
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o f  d u s t  g e n e r a t e d  a f t e r  t a k i n g  a c c o u n t  o f  dust 

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

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

s h i f t  w o u l d  b e  4 0  kg. 

D u s t  f r o m  w i n d  e r o s i o n  f r o m  a n  e x p o s e d  a r e a  o f  2 0 0  m long 

b y  3 0  m w i d e .  ( T h e  e x p o s e d  a r e a  w i l l  b e  g r e a t e r  than 

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

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

u n l i k e l y  t o  b e  l a r g e r ) .  W i n d  e r o s i o n  d u s t  w o u l d  be 

g e n e r a t e d  a t  t h e  r a t e  o f  0 . 4  k g / h a / h o u r  - 2 . 4  k g  i n  ten 

hours. 

T h u s  t h e  t o t a l  d u s t  g e n e r a t e d  i n  a t e n - h o u r  w o r k i n g  d a y  would 

b e  e x p e c t e d  t o  b e  9 6  k g .  On a h o t  d r y  w i n d y  d a y  t h e  a m o u n t  of 

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

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

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

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

c o n c e n t r a t i o n s  i n  t h e  v i c i n i t y  o f  t h e  c o n s t r u c t i o n  area. 

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

m a t t e r .  R e s e a r c h  b y  D e a n  e t  a l  ( 1 9 8 8 )  h a s  e s t a b l i s h e d  
. 

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

areas. 

H o w e v e r ,  t h e s e  a r e  n o t  a p p r o p r i a t e  f o r  a s s e s s i n g  potential 

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

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

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

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

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

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

T h e s e  a r e  t h e  USEPA 2 4 - h o u r  p r i m a r y  a n d  s e c o n d a r y  g o a l s  which 

a r e  2 6 0  a n d  1 5 0  j ig /m3 1 r e s p e c t i v e l y .  I n  a n  a t t e m p t  t o  relate 

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

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

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

• a n d  s e t  o f  a r b i t r a r i l y  s e l e c t e d ,  b u t  " t y p i c a l "  dispersion 

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

u n l i k e l y  t h a t  t h e  1 5 0  j ig /m3 ( 2 4  h o u r )  c o n c e n t r a t i o n  w i l l  be 

e x c e e d e d .  T h e  m e t e o r o l o g i c a l  c o n d i t i o n s  a s s u m e d  t o  a p p l y  were 
n e u t r a l  s t a b i l i t y  ( P a s q u i l l - G i f f o r d  C l a s s  D ) ,  a n d  3 m / s  wind 

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

e m i s s i o n s  o f  d u s t  o c c u r r e d  f o r  2 4 - h o u r s  c o n t i n u o u s l y .  It 

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

w o u l d  b e  i n  p r o g r e s s  w o u l d  b e  1 0 - 1 2  h o u r s .  T h e  d i s t a n c e  that 

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

d u s t  p a r t i c l e  sizes. 

F o r  t h i s  a s s e s s m e n t  t h e  s i z e  d i s t r i b u t i o n  w a s  t a k e n  from 

m e a s u r e m e n t s  m a d e  i n  t h e  H u n t e r  V a l l e y  o p e n  c u t  m i n e s  during 
• o v e r b u r d e n  s t r i p p i n g .  A s i n g l e  s i z e  d i s t r i b u t i o n  h a s  been 

e l e c t e d  a s  follows: 

• F i n e  p a r t i c l e s  ( 0  t o  2 . 5  p m )  5% 
I I  I n h a l a b l e  p a r t i c l e s  ( 2 . 5  t o  1 5  pm)  55% 

I I  C o a r s e  p a r t i c l e s  ( 1 5  pm a n d  a b o v e )  40% 

• 

• 

• 
• 

T h e  r e s u l t s  o f  t h e  m o d e l  r u n  a r e  p r e s e n t e d  i n  F i g u r e  5 .  This 

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

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

1 The USEPA primary ambient standards define levels o f  a i r  qua l i t y  which the EP Administration judges 

are necessary, with an adequate margin o f  safety,  to  protect the publ ic health. USEPA secondary ambient 

a i r  qua l i t y  standards define levels o f  a i r  qua l i t y ,  which the Administrator judges are necessary to 

protect the publ ic welfare from any known, or ant ic ipated,  adverse e f fec ts  o f  a pollutant. 
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F r o m  F i g u r e  5 i t  c a n  b e  s e e n  t h a t  2 4  h o u r  d u s t  concentrations 

w o u l d  b e  e x p e c t e d  t o  b e  b e l o w  2 6 0  p g / m 3  b e y o n d  approximately 

2 0 0  m f r o m  t h e  c e n t r e  o f  c o n s t r u c t i o n  a n d  b e l o w  t h e  1 5 0  pg/m3 

l e v e l  b e y o n d  a p p r o x i m a t e l y  3 0 0  m f r o m  t h e  c e n t r e .  These 

d i s t a n c e s  a r e  " w o r s t  c a s e "  e s t i m a t e s  w i t h  t h e  w i n d  blowing 

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

c o n t i n u o u s l y  f r o m  o n e  d i r e c t i o n  f o r  2 4  h o u r s  a n d  t h a t  a high 

l e v e l  o f  a c t i v i t y  i s  t a k i n g  p l a c e  f o r  2 4  h o u r s .  I n  practice 

c o n s t r u c t i o n  o p e r a t i o n s  w i l l  o c c u r  f o r  1 0 - 1 2  h o u r s  a n d  hence 

t h e  i m p a c t  a r e a ,  t h a t  i s  w h e r e  t h e  2 6 0  p g / m 3  ( 2 4  h o u r )  average 
l e v e l  i s  l i k e l y  t o  b e  e x c e e d e d ,  w i l l  p r o b a b l y  b e  l e s s  than 

50m. 

G i v e n  t h a t  t h e  i m p a c t s  a r e  t e m p o r a r y  a n d  m a j o r  e a r t h w o r k s  will 

b e  l i m i t e d  i n  d u r a t i o n  a t  a n y  p a r t i c u l a r  l o c a t i o n ,  i t  is 

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

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

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

o n e  t y p e  o r  another. 

4 . 2 . 2  Expressway 

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

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

w o r k  w i l l  i n v o l v e  a d d i t i o n a l  d u s t  f r o m  t w o  s c r a p e r s ,  an 
a d d i t i o n a l  D9 d o z e r  a n d  a n  a d d i t i o n a l  excavator. 

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

i s  e s t i m a t e d  t o  b e  1 0  m p e r  d a y  r a t h e r  t h a n  5 0  m p e r  day. 

• T h u s  i m p a c t s  a r e  e x p e c t e d  t o  l a s t  f o r  f i v e  t i m e s  a s  l o n g ,  the 

e s t i m a t e d  d u s t  e m i s s i o n s  u s e d  a s  m o d e l  i n p u t  d a t a  w e r e  as 
f o l l o w s  (USEPA 1 9 8 2 ,  NERDC 1988): 

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

g e n e r a t i n g  d u s t  a t  t h e  r a t e  o f  2 . 7 5  k g / h  - 5 5  kg. 
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G r a d e r  a s s u m i n g  d i s t a n c e  t r a v e l l e d  i n  t h e  d a y  i s  2 0  km 
a n d  t h e  d u s t  g e n e r a t i o n  r a t e  i s  0 . 7 5  k g / k m  - 1 5  kg. 

D u s t  f r o m  l o a d i n g  o f  m a t e r i a l  b y  e x c a v a t o r s  ( t w o )  to 
t r u c k s  a s s u m i n g  d u s t  i s  g e n e r a t e d  a t  t h e  r a t e  o f  0.01 
k g / t  a n d  t h a t  1 0 0  x 1 5  c u b i c  m e t r e  t r u c k s  l o a d s  are 
r e m o v e d  i n  a t e n  h o u r  d a y ,  m a k i n g  a t o t a l  of 
a p p r o x i m a t e l y  1 5 0 0  m3 o r  a p p r o x i m a t e l y  2 2 5 0  t o f  material 

r e m o v e d  p e r  d a y  - 2 2 . 5  kg. 

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

a s s u m i n g  a 2 0 0  m o n e  w a y  t r i p  d i s t a n c e ,  t e n  m o v e m e n t s  per 
h o u r  a n d  2 k g  o f  d u s t / v e h i c l e / k m .  T h i s  i s  t h e  a m o u n t  of 

d u s t  g e n e r a t e d  a f t e r  t a k i n g  a c c o u n t  o f  d u s t  suppression 

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

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

8 0  kg. 

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

g e n e r a t i n g  d u s t s  a t  t h e  r a t e  o f  2 . 7  k g / k m .  A s s u m i n g  that 

t h e  s c r a p e r s  e a c h  t r a v e l  5 0  k m / t e n  h o u r  d a y  t h e n  the 

t o t a l  d u s t  i n  t h e  t e n  h o u r  p e r i o d  i s  2 7 0  kg. 

D u s t  f r o m  w i n d  e r o s i o n  f r o m  a n  e x p o s e d  a r e a  o f  2 0 0  m long 

b y  3 0  w i d e .  ( T h e  e x p o s e d  a r e a  w i l l  b e  g r e a t e r  t h a n  this 

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

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

l a r g e r ) .  W i n d  e r o s i o n  d u s t  w o u l d  b e  g e n e r a t e d  a t  the 

r a t e  o f  0 . 4  k g / h a / h o u r  - 2 . 4  k g  i n  t e n  hours. 

T h u s  t h e  t o t a l  d u s t  g e n e r a t e d  i n  a t e n  h o u r  w o r k i n g  d a y  would 

b e  e x p e c t e d  t o  b e  4 4 5  k g .  T h i s  i s  s u b s t a n t i a l l y  ( 4 . 6  times) 

m o r e  d u s t  t h a n  f r o m  t h e  a r t e r i a l  work. 
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U s i n g  F i g u r e  5 a n d  a d j u s t i n g  f o r  t h e  i n c r e a s e d  d u s t  emissions, 

t h e  d i s t a n c e  t o  t h e  2 6 0  p g / m 3  2 4  h o u r  a v e r a g e  w i l l  be 

a p p r o x i m a t e l y  6 0 0  m u n d e r  t h e  c o n s e r v a t i v e l y  e s t i m a t e d  "worst 

c a s e "  a n d  a p p r o x i m a t e l y  3 0 0  m u n d e r  " t y p i c a l "  conditions. 

D u s t  c o n c e n t r a t i o n s  w o u l d  e x c e e d  t h e  S t a t e  P o l l u t i o n  Control 

• C o m m i s s i o n ' s  2 6 0  p g / m 3  o u t  t o  d i s t a n c e s  o f  a p p r o x i m a t e l y  3 0 0  m 
f r o m  t h e  c e n t r e  o f  t h e  c o n s t r u c t i o n  z o n e  a n d  w h i c h  would 

a f f e c t  a n y  g i v e n  r e s i d e n c e  f o r  a p p r o x i m a t e l y  6 0  w o r k i n g  days 

a s s u m i n g  a r a t e  o f  p r o g r e s s  o f  1 0  m / d a y  a n d  t h a t  t h e  location 

• 

• 

b e i n g  a s s e s s e d  w a s  o n  t h e  route. 

4 . 2 . 3  C o n s t r u c t i o n  o f  S t r u c t u r e s  

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

t i m e s  f o r  c o m p l e t i o n  a r e  l i s t e d  below: 

1 .  V i a d u c t  a t  D e v l i n s  C r e e k  2 4  months 

2 .  O v e r b r i d g e  a t  M u r r a y  F a r m  1 8  months 

3 .  B e e c r o f t  R o a d  i n t e r c h a n g e  1 8  months 

4 .  R a i l w a y  B r i d g e  1 5  months 

A l l  o t h e r  c o n s t r u c t i o n  w o r k  c o u l d  b e  u n d e r t a k e n  without 

e x c e e d i n g  t h e  2 6 0  p g / m 3  g o a l  a s  d e s c r i b e d  above. 
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5 . 0  METHODS USED TO P R E D I C T  A I R  QUALITY IMPACTS 

5 . 1  E s t i m a t e d  E m i s s i o n s  

T h e  m a j o r  e m i s s i o n s  f r o m  m o t o r  v e h i c l e s  a r e  c a r b o n  monoxide, 

o x i d e s  o f  n i t r o g e n ,  h y d r o c a r b o n s ,  a n d  p a r t i c u l a t e  matter. 
E s t i m a t i o n  o f  t h e s e  e m i s s i o n  h a v e  b e e n  m a d e  u s i n g  work 

u n d e r t a k e n  b y  P e n g i l l e y  ( 1 9 8 9 )  a n d  US EPA e m i s s i o n  f a c t o r s  (US 

EPA 1 9 8 5 ) .  T r a f f i c  f l o w  d a t a  w e r e  p r o v i d e d  b y  D e n i s  J o h n s o n  & 
A s s o c i a t e s  f o r  t h e  d i f f e r e n t  s e c t i o n  o f  t h e  p r o p o s e d  route. 

A p p e n d i x  6 d e t a i l s  t h e  m e t h o d s  u s e d  t o  c a l c u l a t e  these 

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

a n d  d i f f e r e n t  f u e l s .  T h e  2 0 0 6  e s t i m a t i o n s  f o r  t h e  western 

s e c t i o n  o f  t h e  t h r e e  m a j o r  o p t i o n s  a r e  p r e s e n t e d  i n  T a b l e  5 

a n d  a r e  e x p r e s s e d  i n  k g / h o u r / k i l o m e t r e .  E s t i m a t i o n s  f o r  1996 

a n d  2 0 1 6  a r e  p r e s e n t e d  i n  A p p e n d i x  7. 

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

t h e  " w o r s t - c a s e " .  C a l c u l a t i o n  o f  v e h i c l e  e m i s s i o n s  at 

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

d i v i d e d  i n t o  s e c t i o n s  o v e r  w h i c h  t h e  e m i s s i o n  r a t e  was 
c o n s t a n t  a n d  t h e s e  a r e  i n d i c a t e d  i n  t h e  table. 

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

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

A p p e n d i x  3 ,  F i g u r e s  2 t o  4 .  C a r b o n  m o n o x i d e  a n d  hydrocarbon 

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

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

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

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

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

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

a b o u t  6 0  k m / h  a n d  t h e n  s t a r t  t o  i n c r e a s e  a t  s p e e d s  a b o v e  80 

k m / h .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  e q u a t i o n s  u s e d  t o  calculate 

t h e s e  e m i s s i o n  r a t e s  a r e  o n l y  v a l i d  u p  t o  9 0  km/h 
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TABLE 5 

ESTIMATED VEHICLE EMISSIONS I N  2006 

( D i s p e r s i o n  M o d e l  O u t p u t  Data) 
(kg/km/hour} 

R o a d w a y  Section OPTIONS 

Expw'y 
(Toll) 

Expw'y 
(No 

Toll) 

U.A.R. 
( E a s t  & 
West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  H i l l s  R d  i n t e r s e c t i o n  t o  B e e c r o f t  R d  intersection, 
Epping 

CO 
11.9 14.4 25.5 27.0 15.0 

HC 
1.5 1.8 3.3 3.5 1.9 

NOx 
5.8 6.7 6.0 6.1 3.2 

PM 
0.26 0.30 0.34 0.35 0.19 

B e e c r o f t  R d  i n t e r s e c t i o n  t o  L a n e  C o v e  R d  i n t e r s e c t i o n ,  North 
Ryde 

CO 
15.6 23.5 28.4 29.6 24.7 

HC 
1.9 2.9 3.6 3.7 3.2 

NO, 
6.2 7.4 8.5 8.9 6.4 

PM 
0.29 0.38 0.44 0.46 0.34 

L a n e  C o v e  R d  i n t e r s e c t i o n  t o  E p p i n g  R d / D e l h i  R d ,  E a s t  Ryde 

CO 
12.3 12.2 41.8 41.5 54.3 

HC 
1.5 1.5 5.4 5.4 7.3 

NOx 
5.9 5.7 10.1 9.9 9.9 

PM 
0.27 0.26 0.56 0.55 0.56 
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5 . 2  T h e  AUSPLUME M o d e l  - O p e r a t i o n a l  Phase 

AUSPLUME i s  a n  a d v a n c e d  G a u s s i a n  d i s p e r s i o n  m o d e l  d e v e l o p e d  on 
b e h a l f  o f  t h e  V i c t o r i a n  EPA (VEPA 1 9 8 6 ) .  I t  i s  b a s e d  o n  the 

U n i t e d  S t a t e s  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y ' s  Industrial 

S o u r c e  C o m p l e x  ( I S C )  m o d e l .  I t  h a s  b e e n  i m p r o v e d  t o  include 

t h e  r e c o m m e n d a t i o n s  o f  t h e  A m e r i c a n  M e t e o r o l o g i c a l  Society's 

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

p a p e r  b y  H a n n a  e t  a l  ( 1 9 7 7 ) .  I t  i s  w i d e l y  u s e d  throughout 

A u s t r a l i a  a n d  i s  r e g a r d e d  a s  a " s t a t e  o f  t h e  a r t "  regulatory 

model. 

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

u s e r  m a n u a l  f o r  t h e  AUSPLUME (VEPA 1 9 8 6 ) .  S o m e  o f  its 

f e a t u r e s  include: 

a l l o w a n c e  f o r  e f f e c t s  o f  t e r r a i n  o n  dispersion 

u s e  o f  h o u r l y  m e t e o r o l o g i c a l  data 

c a l c u l a t i o n  o f  c o n c e n t r a t i o n s  a v e r a g e d  over 
s e v e r a l  t i m e  i n t e r v a l s , i n c l u d i n g  minutes, 

h o u r s ,  d a y s ,  m o n t h s  a n d  t h e  e n t i r e  period 

o f  t h e  m e t e o r o l o g i c a l  data. 

I n  i t s  p r e s e n t  a p p l i c a t i o n  AUSPLUME h a s  b e e n  u s e d  t o  predict 

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

5 . 3  T h e  G e n e r a l  M o t o r s  D i s p e r s i o n  M o d e l  - O p e r a t i o n a l  Phase 

A d i s p e r s i o n  m o d e l  h a s  b e e n  u s e d  t o  e s t i m a t e  t h e  concentration 

o f  c a r b o n  m o n o x i d e ,  o x i d e s  o f  n i t r o g e n ,  h y d r o c a r b o n s  and 

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

v i c i n i t y  o f  t h e  v a r i o u s  r o u t e  o p t i o n s  d u r i n g  operation. 
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T h e  d i s p e r s i o n  m o d e l  i s  r e f e r r e d  t o  a s  t h e  " G e n e r a l  Motors 

M o d e l "  a n d  w a s  d e v e l o p e d  a t  t h e  G e n e r a l  M o t o r s  Research 

• L a b o r a t o r i e s  a n d  i s  f u l l y  d e s c r i b e d  b y  C h o c k  ( 1 9 7 7 ) .  For 

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

p r e s e n t e d  i n  A p p e n d i x  8. 

• 
V a l i d a t i o n  i n f o r m a t i o n  p r e s e n t e d  b y  C h o c k  i n d i c a t e s  t h a t  the 

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

c o n c e n t r a t i o n s ,  i s  c a p a b l e  o f  p r e d i c t i n g  t o  w i t h i n  p l u s  or 
• m i n u s  2 0  % o f  m e a s u r e d  v a l u e s  i n  s l i g h t l y  o v e r  6 0  % o f  cases 

f o r  d i s t a n c e  f r o m  t h e  r o a d  o f  u p  t o  5 0  m ,  a n d  t o  w i t h i n  a 
f a c t o r  o f  t w o  f o r  8 7  % o f  predictions. 

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

c o n c e n t r a t i o n s  i n v o l v e d  a n  o v e r - p r e d i c t i o n  b y  a f a c t o r  o f  9.2. 

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

a f a c t o r  o f  5 . 0  a n d  t h e  t h i r d  l a r g e s t  i n v o l v e d  a n  over- 
p r e d i c t i o n  b y  a f a c t o r  o f  4.5. 

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

o n  a t  l e a s t  o n e  o c c a s i o n  ( s e e  W a t s o n ,  1 9 8 3 ) .  I n  t h e  study 

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

p r e d i c t i o n s  t h a t  w e r e  w i t h i n  a f a c t o r  o f  t w o  o n  9 2  p e r c e n t  of 

o c c a s i o n s .  H o w e v e r ,  W a t s o n  c l a i m e d  t h a t  i f  a n y t h i n g  t h e  model 

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

p r e d i c t e d  c o n c e n t r a t i o n s ,  i n  h i s  c a s e  i n  t h e  r a n g e  7 t o  20 
mg/m3. 

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

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

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

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

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

• STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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5 . 4  T h e  DUSTGLC M o d e l  - C o n s t r u c t i o n  Phase 

DUSTGLC i s  a G a u s s i a n  d i s p e r s i o n  m o d e l  u s e d  t o  p r e d i c t  the 

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

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

H u n t e r  V a l l e y  a n d  h a s  b e e n  v a l i d a t e d  i n  t w o  s t u d i e s  ( D a m e s  & 

M o o r e ,  1984). 

5 . 5  E s t i m a t i n g  C o n c e n t r a t i o n s  i n  V a l l e y s  a n d  G u l l i e s  

V a l l e y s  a n d  G u l l i e s  

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

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

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

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

p r o p o s e d  e x p r e s s w a y  p a s s e s  t h r o u g h  t w o  v a l l e y s ,  o n e  a t  Devlins 

C r e e k  a n d  t h e  o t h e r  a t  T e r r y s  C r e e k .  P s e u d o - t h r e e  dimensional 

r e p r e s e n t a t i o n s  o f  t h e  t o p o g r a p h y  i n  t h e  r e g i o n  o f  these 

v a l l e y s  a r e  s h o w n  i n  F i g u r e  6 a n d  7 respectively. 

T h e  a r e a  a n d  t o p o g r a p h y  u s e d  f o r  t h e  v o l u m e  e s t i m a t e s  are 
s h o w n  i n  F i g u r e s  8 a n d  9 .  T h e  v o l u m e  o f  t h e  D e v l i n s  Creek 

v a l l e y  i s  e s t i m a t e d  t o  b e  1 4 , 9 4 2 , 0 0 0  m3. T h e  v o l u m e  o f  t h e  
. 

T e r r y s  C r e e k  v a l l e y  i s  e s t i m a t e d  t o  b e  1 6 , 3 9 0 , 0 0 0  m3 - 

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

C r e e k  V a l l e y  u s i n g  a s o n i c  a n e m o m e t e r .  A d e s c r i p t i o n  o f  the 

e q u i p m e n t  u s e d  a n d  t h e  m e t h o d s  o f  m a k i n g  t h e  m e a s u r e m e n t s  are 
p r e s e n t e d  i n  A p p e n d i x  9 .  T h e  c u m u l a t i v e  frequency 

d i s t r i b u t i o n  o f  w i n d  s p e e d s  o v e r  o n e  r e p r e s e n t a t i v e  24-hour 

p e r i o d  i s  s h o w n  i n  F i g u r e  1 0 .  A p p r o x i m a t e l y  7 3  % o f  winds 

w e r e  b e l o w  1 m/s. 
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F I G U R E  6 THREE D I M E N S I O N A L  R E P R E S E N T A T I O N  OF THE S T U D Y  A R E A  - D E V L I N S  CREEK 
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FIGURE 7 THREE DIMENSIONAL REPRESENTATION OF THE STUDY AREA — TERRYS CREEK 
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T h e  s o n i c  a n e m o m e t e r  s t u d i e s  i n d i c a t e  t h a t  o n  m a n y  occasions 

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

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

f l u s h  t h e  p o l l u t a n t s  o u t  o f  t h e  valley. 

I t  i s  a l m o s t  i m p o s s i b l e  t o  b e  p r e c i s e  a b o u t  t h e  b u i l d - u p  of 

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

e s t i m a t e  c a n  b e  m a d e  b a s e d  o n  s e v e r a l  conservative 

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

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

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

e n c o m p a s s e s  t h e  e q u i v a l e n t  o f  s i x  h o u r s  o f  p e a k  t r a f f i c  (about 

h a l f  t h e  d a i l y  v o l u m e )  a n d  t h a t  t h e r e  i s  a b o u t  2 0  % "leakage" 

o f  p o l l u t a n t s  f r o m  t h e  t o p  o f  t h e  v a l l e y s ,  t h e n  w e  can 
e s t i m a t e  t h e  t o t a l  e m i s s i o n s  o v e r n i g h t  e m i s s i o n s  i n t o  the 

v a l l e y s .  A s  o n l y  t h e  e x p r e s s w a y  o p t i o n  p a s s e s  t h r o u g h  these 

v a l l e y s  t h e  e x p r e s s w a y  o p t i o n  e m i s s i o n  r a t e s  f o r  CO a n d  NO), 

a l o n g  t h e  r e l e v a n t  s e c t i o n s  o f  t h e  r o u t e  ( s e e  T a b l e  5 )  were 
u s e d .  D e v l i n s  C r e e k  V a l l e y  i s  l o c a t e d  i n  t h e  f i r s t  s e c t i o n  of 

t h e  r o u t e ,  t h a t  i s  b e t w e e n  P e n n a n t  H i l l s  r o a d  intersection 

a n d  B e e c r o f t  R o a d  i n t e r s e c t i o n ,  E p p i n g .  T e r r y s  C r e e k  l i e s  on 

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

b e t w e e n  t h e  B e e c r o f t  R o a d  i n t e r s e c t i o n  a n d  L a n e  C o v e  Road 

i n t e r s e c t i o n ,  N o r t h  R y d e .  T h e  e x p r e s s w a y  r o u t e  ( w i t h  and 

w i t h o u t  t h e  7 0  c e n t  t o l l )  w e r e  c o n s i d e r e d .  E s t i m a t e s  o f  the 

c o n c e n t r a t i o n s  i n  t h e  t w o  v a l l e y s  a r e  s u m m a r i s e d  i n  T a b l e  6. 

T h e  v a l u e s  a t  t h e  e n d  o f  t h e  1 2 - h o u r  p e r i o d  w o u l d  represent 

t h e  w o r s t  1 - h o u r  a v e r a g e  c o n c e n t r a t i o n .  I n  t h e  c a s e  o f  carbon 

m o n o x i d e  w h i c h  a l s o  h a s  a n  8 - h o u r  a i r  q u a l i t y  g o a l ,  the 

a v e r a g e  v a l u e  o v e r  t h e  l a s t  e i g h t  h o u r s  o f  t h e  b u i l d - u p  period 

w a s  e s t i m a t e d ,  a s s u m i n g  a l i n e a r  i n c r e a s e  i n  concentration 

o v e r  t h a t  t i m e .  I t  h a s  b e e n  a s s u m e d  t h a t  t h e  p e r c e n t a g e  o f  NO2 

i n  t h e  o x i d e s  o f  n i t r o g e n  m i x  i s  35%. 
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T A B L E  6 SUMMARY OF E M I S S I O N  C H A R A C T E R I S T I C S  I N  VALLEY LOCATIONS 

D E V L I N S  CREEK T E R R Y S  CREEK 

L e n g t h  o f  v a l l e y  (km) 

V o l u m e  o f  v a l l e y  (m3) 

1.7 

14,492,000 

2.0 

16,392,000 

$ 0 . 7 0  toll n o  toll $ 0 . 7 0  toll n o  toll 

T o t a l  CO e m i s s i o n s  (kg) 

T o t a l  N O ,  e m i s s i o n s  (kg) 

E s t i m a t e d  CO concentration: 

97 

47 

6.7 

4.5 

324 

113 

118 

55 

8.1 

5.4 

380 

133 

150 

60 

9.1 

6.1 

366 

281 

226 

71 

13.8 

9.2 

433 

152 

a t  e n d  o f  1 2  hours 

a v e r a g e  o v e r  w o r s t  8 h o u r s  (mg/m-3) 

E s t i m a t e d  NO concentration: 

a t  e n d  o f  1 2  h o u r s  (ug.m-3) 

E s t i m a t e d  NO2 concentration: 

a t  e n d  o f  1 2  h o u r s  (ug/m-3) 

S T E P H E N S O N  & A S S O C  P/L 1208/90/AQWP/2 
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T h e  t w o  v a l l e y s  a r e  s i m i l a r  i n  t e r m s  o f  v o l u m e s  a n d  lengths, 
h o w e v e r  T e r r y s  C r e e k  c a r r i e s  m o r e  t r a f f i c  a n d  c o n s e q u e n t l y  has 
h i g h e r  p r e d i c t e d  b u i l d - u p  o f  p o l l u t a n t s .  F o r  c a r b o n  monoxide 

t h e  p r e d i c t e d  v a l u e s  a r e  w e l l  b e l o w  t h e  1 - h o u r  a v e r a g e  air 

q u a l i t y  g o a l  o f  3 1  mg/m3 a n d  d o  n o t  e x c e e d ,  a l b e i t  marginally 

i n  o n e  c a s e ,  t h e  8 - h o u r  a v e r a g e  o f  1 0  m g / m 3 .  H o w e v e r  no 
a l l o w a n c e  h a s  b e e n  m a d e  f o r  b a c k g r o u n d  c o n c e n t r a t i o n  o f  carbon 

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

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

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

a s s e s s m e n t .  E s t i m a t e d  b a c k g r o u n d  l e v e l s  a r e  d i s c u s s e d  later 

i n  S e c t i o n  6 . 0  a n d  i f  t h e  a v e r a g e  m e a s u r e d  background 

c o n c e n t r a t i o n  o f  4 . 8  mg/m3 i s  a d d e d  t o  t h e  8 - h o u r  average 
c o n c e n t r a t i o n s  e s t i m a t e d  i n  t h e  v a l l e y s ,  t h e  v a l u e s  w o u l d  be 

c l o s e  t o  t h e  8 - h o u r  g o a l  i n  D e v l i n s  C r e e k  a n d  w o u l d  e x c e e d  the 

g o a l  i n  T e r r y s  C r e e k .  H o w e v e r  i t  i s  u n l i k e l y  t h a t  t h e r e  would 

b e  a n y  e x i s t i n g  r e s i d e n c e s  a d v e r s e l y  a f f e c t e d  b y  t h i s  air 

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

p r o l o n g e d  periods. 

A l l  p r e d i c t e d  c o n c e n t r a t i o n s  o f  n i t r o g e n  d i o x i d e  a r e  well 

b e l o w  t h e  a i r  q u a l i t y  g o a l  o f  3 0 0  pg/m3. 

T u n n e l s  

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

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

t h r o u g h  t o  E p p i n g  R o a d .  A n  a s s e s s m e n t  o f  t h e  b u i l d - u p  of 

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

h a s  b e e n  a s s u m e d  t h a t  t h e  t u n n e l  i s  1 km l o n g  4 m e t r e s  high 

a n d  1 0  m e t r e s  w i d e .  T h e  v o l u m e  i s  t h e r e f o r e  e s t i m a t e d  t o  be 

4 0 , 0 0 0  c u b i c  m e t r e s .  C a r b o n  m o n o x i d e  e m i s s i o n s  o n  t h i s  section 

o f  t h e  r o u t e  a r e  e s t i m a t e d  t o  b e  2 8 . 4  k g / k m / h o u r .  Therefore 

t h e  e m i s s i o n  i n t o  t h e  t u n n e l  i t s e l f  w o u l d  b e  2 8 . 4  kg/hour. 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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• 
• T h e r e f o r e  t o  m a i n t a i n  t h e  c o n c e n t r a t i o n  o f  CO i n  t h e  t u n n e l  at 
• 

l e s s  t h a n  3 1  mg/m3 ( 1 - h o u r  g o a l )  i t  w i l l  b e  n e c e s s a r y  t o  have 

1 7 . 5  c h a n g e s  o f  a i r  p e r  h o u r .  T h i s  w o u l d  r e q u i r e  a 
v e n t i l a t i o n  v e l o c i t y  o f  4 . 8  m / s  a t  t h e  p o r t a l s  a s s u m i n g  no 
o t h e r  v e n t i l a t i o n  t h r o u g h  t h e  r o o f  o f  t h e  tunnel. 

• 
• 
• 
• 

• 
• 
• 

• 
• 

S 
• 
• 

• 

5 . 6  E v a l u a t i o n  o f  P e r f o r m a n c e  o f  M o d e l s  

A s  d i s c u s s e d  i n  S e c t i o n  5 . 1  t h e  p e r f o r m a n c e  o f  t h e  General 

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

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

t h e  route. 

M e a s u r e m e n t s  o f  a m b i e n t  CO a n d  NO w e r e  m a d e  a t  t w e l v e  s i t e s  as 
w e l l  a s  c o n t e m p o r a n e o u s  e s t i m a t e s  o f  w i n d  s p e e d ,  wind 

d i r e c t i o n  a n d  t r a f f i c  statistics. 

T h e s e  d a t a  w h i c h  a r e  s u m m a r i s e d  i n  A p p e n d i x  4 w e r e  u s e d  as 
i n p u t  i n t o  t h e  G e n e r a l  M o t o r s  m o d e l .  T a b l e  7 c o m p a r e s  the 

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

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

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 



T A B L E  7 

MODEL V A L I D A T I O N  RESULTS 

SITE 2N 
12 Dec 1990 

2S 
12 Dec 1990 

12E 
12 Feb 1991 

12E 
12 Feb 1991 

2N 
11 Dec 1990 

2S 
11 Dec 1990 

4E 
13 Dec 1990 

4W 
13 Dec 1990 

Cars 
(vehicles/hour) 1678 2968 3567 1326 1398 738 1344 900 

Heavy Petrol 
(vehicles/hour) 36 77 63 71 156 93 125 174 

Heavy Diesel 
(vehicles/hour) 21 21 45 24 3 3 18 47 

Speed 
(km/h) 39 29 61 42 61 71 7.5 43 

Wind speed 
(m/s) 

1.2 
SW 

1.2 
SW 

calm 
0.5 

calm 
0.5 

1.5 
variable 

1.5 
variable 

0.27 
E-SE 

0.27 
E-SW 

Wind direction 
(degrees 

r e l a t i v e  t o  road) 
90 90 90 90 

taken  as 
90 

taken as 
90 20 20 

Assumed 
stability 

C lass  3 
stable 

Class 3 
stable 

Class 3 
stable 

Class 3 
stable 

Class 3 
stable 

Class 3 
stable 

C lass  3 
stable 

Class 3 
stable 

CO e m i s s i o n  rate 
(g/m/s) 0.006372 0.013820 0.010790 0.00503 0.002356 0.0002265 0701360213 0.0025547 

CO Predicted 
(measuyd) 

(mg/m ) 
9.8 

(9.5) 

wind SW 
0.0 

(10.3) 
6.7 

(0.1) 
6.7 

(7.7) 
1.2 

(8.3) 
1.2 

(8.1) 
0.0 
13.2 

11.4 
15.8 

S T E P H E N S O N  & A S S O C  P/L 1208/90/AQWP/2 
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6 . 0  PREDICTED IMPACTS ON A I R  QUALITY OF THE TRANSPORT OPTIONS 

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

m a j o r  t r a n s p o r t  o p t i o n s  a r e  s u m m a r i s e d  i n  T a b l e s  8 t o  1 2 .  The 

t a b l e s  p r e s e n t  t h e  e s t i m a t e d  m a x i m u m  ground-level 

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

n i t r o g e n ,  n i t r o g e n  d i o x i d e  a n d  p a r t i c u l a t e  m a t t e r  a t  a 
d i s t a n c e  o f  1 0  m f r o m  t h e  r o a d s i d e  a t  s e l e c t e d  p o i n t s  along 

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

v a l u e s  i n  t h e  e m i s s i o n s  i n v e n t o r y  ( T a b l e  5 ) .  I t  w a s  assumed 

t h a t  3 5  % o f  t h e  o x i d e s  o f  n i t r o g e n  w e r e  i n  t h e  f o r m  o f  NO2. 

C a r b o n  Monoxide 

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

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

• t h e  1 - h o u r  a i r  q u a l i t y  g o a l  o f  3 1  mg/m3 e v e n  w h e n  t h e  estimated 

b a c k g r o u n d  l e v e l  o f  6 . 3  mg/m3 i s  t a k e n  i n t o  a c c o u n t .  I t  is 

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

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

11 r o a d w a y s  h o w e v e r  t h e  p r e d i c t e d  l e v e l s  d o  n o t  t a k e  background 

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

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

s u b s t a n t i a l l y  r e d u c e s  c a r b o n  m o n o x i d e  e m i s s i o n s ;  approximately 

b y  a f a c t o r  o f  four. 

11 T h e  o p t i o n s  w i t h  t h e  w o r s t  a i r  q u a l i t y  i m p a c t  w i t h  r e s p e c t  to 

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

IN a n d  W e s t )  a n d  a r t e r i a l  u p g r a d e  ( E a s t  o n l y ) ,  p a r t i c u l a r l y  in 

11 
t h e  f i n a l  s e c t i o n  o f  t h e  r o u t e  f r o m  L a n e  C o v e  R o a d  t o  Delhi 

Road. 

• 
T h e r e  a r e  t w o  f a c t o r s  c o n t r i b u t i n g  t o  t h i s  effect. 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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T A B L E  8 E S T I M A T E D  MAXIMUM 1 - H O U R  CARBON MONOXIDE CONCENTRATION I N C R E A S E  - 2006 

A T  1 0  m FROM ROAD S I D E  FOR RANGE OF UPGRADE O P T I O N S  - 
(mg/m-3) 

R o a d w a y  Section Expw'y 
($0.70 
toll) 

Expw'y 
(No 

toll) 

U.A.R. 
( E a s t  & 

West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  H i l l s  R o a d  i n t e r s e c t i o n  t o  B e e c r o f t  Road 
i n t e r s e c t i o n ,  Epping 1.4 1.7 3.0 3.2 1.8 

B e e c r o f t  R o a d  i n t e r s e c t i o n  t o  L a n e  C o v e  Road 

i n t e r s e c t i o n ,  N o r t h  Ryde 1.9 2.8 3.4 3.6 3.0 

L a n e  C o v e  R o a d  t o  E p p i n g  R o a d / D e l h i  Road 
E a s t  Ryde 1.5 1.5 5.0 5.0 6.5 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( $ 0 . 7 0  t o l l )  w i t h  p u b l i c  transport 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( N o  t o l l )  w i t h  p u b l i c  transport 

U . A . R .  ( E a s t  a n d  W e s t )  U p g r a d e d  a r t e r i a l  r o u t e s  i n  b o t h  E a s t  a n d  West 

U . A . R .  ( E a s t  o n l y )  E x p r e s s w a y  i n  W e s t  t o  P e n n a n t  H i l l s  R o a d  a n d  u p g r a d e d  arterial 

r o u t e  ( C a r l i n g f o r d  a n d  E n p i n g  R o a d s )  E a s t  o f  P e n n a n t  H i l l s  Road 

B a s e  C a s e  N o  c h a n g e  t o  e x i s t i n g  r o u t e  system 

S T E P H E N S O N  & A S S O C  P/L 1208/90/AQWP/2 
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T A B L E  9 E S T I M A T E D  MAXIMUM 1 - H O U R  HYDROCARBON CONCENTRATION I N C R E A S E  - 2006 

A T  1 0  m FROM ROAD S I D E  FOR RANGE O F  UPGRADE O P T I O N S  - (mg/m-3) 

R o a d w a y  Section Expw'y 
($0.70 
toll) 

Expw'y 
(No 

toll) 

U.A.R. 
( E a s t  & 

West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  Hills 
intersection, 

R o a d  i n t e r s e c t i o n  t o  B e e c r o f t  Road 
Epping 

0.18 0.21 0.40 0.42 0.23 

B e e c r o f t  Road 

intersection, 

i n t e r s e c t i o n  t o  L a n e  C o v e  Road 

N o r t h  Ryde 0.23 0.35 0.43 0.44 0.38 

L a n e  C o v e  Road 
E a s t  Ryde 

t o  E p p i n g  R o a d / D e l h i  Road 

0.18 0.18 0.65 0.65 0.88 

E x p w ' y  ( $ 0 . 7 0  toll) 

E x p w ' y  ( $ 0 . 7 0  toll) 

U . A . R .  ( E a s t  & West) 

U . A . R .  ( E a s t  only) 

B a s e  Case 

S T E P H E N S O N  & A S S O C  P/L 

E x p r e s s w a y  ( $ 0 . 7 0  t o l l )  w i t h  p u b l i c  transport 

E x p r e s s w a y  ( N o  t o l l )  w i t h  p u b l i c  transport 

U p g r a d e d  a r t e r i a l  routes 

E x p r e s s w a y  i n  W e s t  t o  P e n n a n t  H i l l s  R o a d  a n d  u p g r a d e d  arterial 

r o u t e  ( C a r l i n g f o r d  a n d  E p p i n g  R o a d s )  E a s t  o f  P e n n a n t  H i l l s  Road 

N o  c h a n g e  t o  e x i s t i n g  r o u t e  system 

1208/90/AQWP/2 



TABLE 10 E S T I M A T E D  MAXIMUM 1 - H O U R  O X I D E S  O F  N I T R O G E N  CONCENTRATION I N C R E A S E  - 2006 

A T  1 0  m FROM ROAD S I D E  FOR RANGE OF UPGRADE O P T I O N S  - 
(ug/m-3) 

R o a d w a y  Section Expw'y 
($0.70 
toll) 

Expw'y 
(No 

toll) 

U.A.R. 
( E a s t  & 

West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  H i l l s  R o a d  i n t e r s e c t i o n  t o  B e e c r o f t  Road 
i n t e r s e c t i o n ,  Epping 697 804 720 

733 
384 

B e e c r o f t  R o a d  i n t e r s e c t i o n  t o  L a n e  C o v e  Road 

i n t e r s e c t i o n ,  N o r t h  Ryde 745 888 1020 1068 /68 

_ 
L a n e  C o v e  R o a d  t o  E p p i n g  R o a d / D e l h i  Road 
E a s t  Ryde 709 684 1212 1188 1188 

E x p w ' y  ( $ 0 . 7 0  toll) 

E x p w ' y  ( $ 0 . 7 0  toll) 

U . A . R .  ( E a s t  & West) 

U . A . R .  ( E a s t  only) 

B a s e  Case 

S T E P H E N S O N  & A S S O C  P/L 

E x p r e s s w a y  ( $ 0 . 7 0  t o l l )  w i t h  p u b l i c  transport 

E x p r e s s w a y  ( N o  t o l l )  w i t h  p u b l i c  transport 

U p g r a d e d  a r t e r i a l  r o u t e s  f o r  E a s t  a n d  West 

E x p r e s s w a y  i n  W e s t  t o  P e n n a n t  H i l l s  R o a d  a n d  u p g r a d e d  arterial 

r o u t e  ( C a r l i n g f o r d  a n d  E p p i n g  R o a d s )  E a s t  o f  P e n n a n t  H i l l s  Road 

N o  c h a n g e s  t o  e x i s t i n g  r o u t e  system 

1208/90/AQWP/2 
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T A B L E  11 E S T I M A T E D  MAXIMUM 1 - H O U R  N I T R O G E N  D I O X I D E  CONCENTRATION I N C R E A S E  - 2006 

A T  1 0  m FROM ROAD S I D E  FOR RANGE OF UPGRADE O P T I O N S  - 
(ug/m-3) 

R o a d w a y  Section Expw'y 
($0.70 
toll) 

Expw'y 
(No 

toll) 

U.A.R. 
( E a s t  & 

West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  H i l l s  R o a d  i n t e r s e c t i o n  t o  B e e c r o f t  Road 
i n t e r s e c t i o n ,  Epping 

244 281 252 257 134 

B e e c r o f t  R o a d  i n t e r s e c t i o n  t o  L a n e  C o v e  Road 

i n t e r s e c t i o n ,  N o r t h  Ryde 261 311 357 374 269 

L a n e  C o v e  R o a d  t o  E p p i n g  R o a d / D e l h i  Road 
E a s t  Ryde 

248 239 424 416 416 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( $ 0 . 7 0  t o l l )  w i t h  p u b l i c  transport 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( N o  t o l l )  w i t h  p u b l i c  transport 

U . A . R .  ( E a s t  a n d  W e s t )  U p g r a d e d  a r t e r i a l  r o u t e s  f o r  E a s t  a n d  West 

U . A . R .  ( E a s t  o n l y )  E x p r e s s w a y  i n  W e s t  t o  P e n n a n t  H i l l s  R o a d  a n d  u p g r a d e d  arterial 

r o u t e  ( C a r l i n g f o r d  a n d  E p p i n g  R o a d s )  E a s t  o f  P e n n a n t  H i l l s  Road 

B a s e  C a s e  N o  c h a n g e s  t o  e x i s t i n g  r o u t e  system 

S T E P H E N S O N  & A S S O C  P/L 1208/90/AQWP/2 



T A B L E  12 E S T I M A T E D  MAXIMUM 1 - H O U R  P A R T I C U L A T E  CONCENTRATION I N C R E A S E  - 2006 
A T  1 0  m FROM ROAD S I D E  FOR RANGE OF UPGRADE O P T I O N S  - (ug/m-3) 

R o a d w a y  Section Expw'y 
($0.70 
toll) 

Expw'y 
(No 

toll) 

U.A.R. 
( E a s t  & 

West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  H i l l s  R o a d  i n t e r s e c t i o n  t o  B e e c r o f t  Road 
i n t e r s e c t i o n ,  Epping 31 36 41 42 23 

B e e c r o f t  R o a d  i n t e r s e c t i o n  t o  L a n e  C o v e  Road 
i n t e r s e c t i o n ,  N o r t h  Ryde 

35 46 53 55 41 

L a n e  C o v e  R o a d  t o  E p p i n g  R o a d / D e l h i  Road 
E a s t  Ryde 32 31 67 66 67 

E x p w ' y  ( $ 0 . 7 0  toll) 

E x p w ' y  ( $ 0 . 7 0  toll) 

U . A . R .  ( E a s t  only) 

U . A . R .  ( E a s t  & West) 

B a s e  Case 

S T E P H E N S O N  & A S S O C  P/L 

E x p r e s s w a y  ( $ 0 . 7 0  t o l l )  w i t h  p u b l i c  transport 

E x p r e s s w a y  ( N o  t o l l )  w i t h  p u b l i c  transport 

U p g r a d e d  a r t e r i a l  r o u t e s  f o r  E a s t  a n d  West 

E x p r e s s w a y  i n  W e s t  t o  P e n n a n t  H i l l s  R o a d  a n d  u p g r a d e d  arterial 

r o u t e  ( C a r l i n g f o r d  a n d  E p p i n g  R o a d s )  E a s t  o f  P e n n a n t  H i l l s  Road 

N o  c h a n g e s  t o  e x i s t i n g  r o u t e  system 

1208/90/AQWP/2 
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11 
11 F i r s t l y  t h e  e x p r e s s w a y  o p t i o n  s p l i t s  t h e  t r a f f i c  b e t w e e n  the 

11 e x p r e s s w a y  a n d  t h e  m a j o r  a r t e r i a l  r o u t e s  r e s u l t i n g  i n  lower 

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

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

11 h i g h e r  e m i s s i o n s  c o m p a r e d  t o  t h e  e x p r e s s w a y  o p t i o n s .  The 

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

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

e x p r e s s w a y .  A s  i n d i c a t e d  i n  s e c t i o n  3 . 0  t h i s  r e s u l t s  in 

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

11 t h a t  t h e  t r a f f i c  h a s  r e a c h e d  t h e  e n d  o f  t h e  e a s t e r n  s e c t i o n  of 

11 
t h e  a r t e r i a l  r o a d s .  T h i s  i s  m o s t  m a r k e d  f o r  t h e  b a s e  case 
w h e r e  t h e  p r e d i c t e d  c a r b o n  m o n o x i d e  c o n c e n t r a t i o n  i s  m o r e  than 

11 f o u r  t i m e s  t h a t  p r e d i c t e d  f o r  t h e  expressway. 

11 
11 

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

b e t w e e n  t h e  c o n c e n t r a t i o n s  o n  t h e  e x p r e s s w a y  d e p e n d i n g  on 
11 w h e t h e r  o r  n o t  t h e r e  i s  a t o l l .  T h e  i n c r e a s e d  c a r b o n  monoxide 

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

11 
c o m b i n a t i o n  o f  a g r e a t e r  n u m b e r  o f  v e h i c l e s  a n d  s l o w e r  speed. 

• 
a 

H y d r o c a r b o n s  

A s  d i s c u s s e d  i n  S e c t i o n  2 . 2 ,  t h e  US EPA a i r  q u a l i t y  g o a l  for II 
n o n - m e t h a n e  h y d r o c a r b o n s  h a s  b e e n  d i s c o n t i n u e d  b e c a u s e  o f  its 

11 l a c k  o f  s p e c i f i c i t y .  f o r  t h e  r e a c t i v e  s p e c i e s  w h i c h  contribute 

11 t o  p h o t o c h e m i c a l  s m o g .  H o w e v e r  h y d r o c a r b o n  e m i s s i o n s  and 

p r e d i c t e d  c o n c e n t r a t i o n s  h a v e  b e e n  c o n s i d e r e d  i n  t h i s  report, II 
a s  t h e y  a r e  r e l e v a n t  t o  t h e  a i r  q u a l i t y  i s s u e s  being 

11 considered. 

11 
I I  

V a l u e s  e x c e e d i n g  t h e  f o r m e r  US EPA l i m i t  w e r e  p r e d i c t e d  for 

a l l  o p t i o n s ,  h o w e v e r  t h e  E x p r e s s w a y  w i t h  a 7 0  c e n t  t o l l  had 

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

1 1  a r t e r i a l  o p t i o n s ,  E a s t  a n d  W e s t  b e i n g  t h e  worst. 

• STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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M o n i t o r i n g  d a t a  f r o m  t h e  S y d n e y  R e g i o n  ( s e e  s e c t i o n  2.3) 
i n d i c a t e  t h a t  a m b i e n t  h y d r o c a r b o n  c o n c e n t r a t i o n s  a r e  quite 

high. 

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

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

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

O x i d e s  o f  nitrogen 

A s  d i s c u s s e d  e a r l i e r  t h e r e  a r e  n o  a i r  q u a l i t y  s t a n d a r d s  for 

t o t a l  NO. ,  t h e r e f o r e  i t  h a s  b e e n  n e c e s s a r y  t o  e s t i m a t e  the 

p r o p o r t i o n  o f  NO2 i n  t h e  n i t r o g e n  o x i d e  e m i s s i o n s .  This 

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

m a d e  c l o s e  t o  t h e  s o u r c e  s h o w  a l o w  p e r c e n t a g e  o f  NO2, o f  the 

o r d e r  o f  5 - 2 0 % .  A s  t h e  e m i s s i o n s  d i s p e r s e ,  t h e  t o t a l  oxides 

o f  n i t r o g e n  c o n c e n t r a t i o n  d e c r e a s e s  w h i l e  t h e  p r o p o r t i o n  o f  NO2 

i n c r e a s e s  a n d  c a n  b e  a s  h i g h  a s  7 0 % ,  a l t h o u g h  a n  average 
v a l u e ,  b a s e d  o n  S y d n e y  R e g i o n  m o n i t o r i n g  d a t a  w o u l d  b e  between 

3 0  a n d  4 0  %. 

I n  t h e  s i t u a t i o n  c o n s i d e r e d  i n  t h i s  r e p o r t ,  t h e  predicted 

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

b e e n  a s s u m e d  t h a t  t h e  p r o p o r t i o n  o f  NO2 i s  3 5 % .  T h i s  i s  a 
r e a s o n a b l y  c o n s e r v a t i v e  a s s u m p t i o n .  N e v e r t h e l e s s ,  the 

p r e d i c t e d  l e v e l s  o f  NO2 a r e  c l o s e  t o  t h e  1 - h o u r  g o a l  a n d  are 
i n d i c a t i v e  o f  t h e  l o n g - t e r m  a i r  q u a l i t y  p r o b l e m s  i n  t h e  Sydney 

R e g i o n .  T h e  e s t i m a t e d  b a c k g r o u n d  l e v e l  o f  a p p r o x i m a t e l y  36 
p g / m 3  f o r  NOx a n d  h e n c e  a p p r o x i m a t e l y  1 3  p g / m 3  f o r  NO2 does 

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

v a l u e s .  T h e  e x p r e s s w a y  o p t i o n  w i t h  a 7 0  c e n t  t o l l  is 

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

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

T h i s  a g a i n  i s  a c o n s e q u e n c e  o f  t h e  f a c t  t h a t  t h e  expressway 

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

a r t e r i a l  roads. 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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F o r  t h e  a r t e r i a l  u p g r a d e  o p t i o n s  t h e  g r e a t e r  t r a f f i c  volume 

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

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

f i n a l  section. 

P a r t i c u l a t e  Matter 

T a b l e  12 p r e s e n t s  t h e  m a x i m u m  p r e d i c t e d  1 - h o u r  average 
c o n c e n t r a t i o n s  o f  p a r t i c u l a t e  m a t t e r  a r i s i n g  f r o m  motor 

v e h i c l e  e m i s s i o n s .  V a l u e s  f o r  a l l  s e c t i o n s  o f  e a c h  o p t i o n  are 
w e l l  b e l o w  t h e  2 4 - h o u r  g o a l  a n d  i t  c o n c l u d e d  t h a t  t h e r e  will 

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

6 . 1  D i s p e r s i o n  o f  P o l l u t a n t s  

F i g u r e s  1 1  a n d  1 2  p r e s e n t  c o n t o u r  p l o t s  o f  t h e  p r e d i c t e d  one- 
h o u r  a v e r a g e  i n c r e a s e s  i n  c a r b o n  m o n o x i d e  a n d  n i t r o g e n  dioxide 

c o n c e n t r a t i o n s  i n  t h e  v i c i n i t y  o f  t h e  e x p r e s s w a y  r o u t e  (no 

t o l l )  a s s u m i n g  u n f a v o u r a b l e  d i s p e r s i o n  c o n d i t i o n s ,  n a m e l y  a 
w i n d  s p e e d  o f  0 . 5  m / s  a n d  s t a b l e  a t m o s p h e r i c  c o n d i t i o n s .  While 

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

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

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

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

f o r  t h e  t h r e e  m a j o r  t r a n s p o r t  o p t i o n s  a n d  t h e  b a s e  c a s e  are 
s u m m a r i s e d  i n  T a b l e s  8 t o  12. 

• T h e  t a b l e s  p r e s e n t  t h e  m a x i m u m  p r e d i c t e d  i n c r e a s e  i n  ground- 

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

o f  n i t r o g e n ,  n i t r o g e n  d i o x i d e  a n d  p a r t i c u l a t e  m a t t e r  a t  a 
d i s t a n c e  o f  1 0  m f r o m  t h e  r o a d s i d e  a t  s e l e c t e d  p o i n t s  along 

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

e m i s s i o n  r a t e s  g i v e n  i n  T a b l e  1 .  I t  w a s  conservatively 

a s s u m e d  t h a t  3 5  % o f  t h e  o x i d e s  o f  n i t r o g e n  w e r e  i n  t h e  form 

o f  NO2' 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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I t  s h o u l d  b e  n o t e d  t h a t  t h e  v a l u e s  i n  t h e  t a b l e s  represent 
i n c r e a s e s  i n  c o n c e n t r a t i o n s  a b o v e  b a c k g r o u n d  l e v e l s .  The 

m a j o r  s o u r c e  o f  b a c k g r o u n d  c a r b o n  m o n o x i d e  w o u l d  b e  from 

v e h i c l e s  o n  o t h e r  r o a d s  w h i l e  b a c k g r o u n d  o x i d e s  o f  nitrogen, 

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

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

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

i s s u e  a t  a s e l e c t e d  s i t e  ( s i t e  6 )  w e l l  r e m o v e d  f r o m  major 

r o a d w a y s  o r  i n d u s t r i a l  s o u r c e s  ( A p p e n d i x  4 a n d  5 ) .  T h e  mean 
a n d  s t a n d a r d  d e v i a t i o n  o f  s i x  m e a s u r e m e n t s  o f  c a r b o n  monoxide 

w a s  4 . 8  + 1 . 5  mg/m3 a n d  o f  o x i d e s  o f  n i t r o g e n  w a s  2 3  + 13 
j i g / m 3 .  I f  a G a u s s i a n  d i s t r i b u t i o n  i s  a s s u m e d  t h e n  t w o  thirds 

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

s i d e  o f  t h e  m e a n .  A c o n s e r v a t i v e  v a l u e  f o r  t h e  average 
b a c k g r o u n d  c o n c e n t r a t i o n s  w o u l d  t h e n  b e  6 . 3  mg/m3 f o r  carbon 

m o n o x i d e  a n d  3 6  p g / m 3  f o r  n i t r o g e n  dioxide. 

6 . 2  A s s e s s m e n t  o f  A i r  P o l l u t i o n  I m p a c t  f r o m  T o l l  P l a z a s  

6 . 2 . 1  Introduction 

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

P l a z a s  t h a t  i s  p r o p o s e d  t o  b e  l o c a t e d  b e t w e e n  C o l l o d e n  and 

B a l a c l a v a  R o a d s  n e a r  t h e  M a c q u a r i e  U n i v e r s i t y  G r a d u a t e  School 

o f  M a n a g e m e n t  o f  t h e  p r o p o s e d  e x p r e s s w a y  d e v e l o p m e n t  between 

P e n n a n t  H i l l s  R o a d  a n d  D e l h i  R o a d .  T h e  a s s e s s m e n t  considers 

t h e  f o l l o w i n g  points:- 
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1 .  T h e  e m i s s i o n s  e x p e c t e d  f r o m  vehicles 

p a y i n g  t h e  toll; 

2 .  T h e  d i s p e r s i o n  m e t e o r o l o g y  o f  t h e  areas 
p r o p o s e d  f o r  t o l l  p l a z a s ,  and; 

3 .  T h e  e x p e c t e d  g r o u n d - l e v e l  concentration 

o f  emissions. 

T h e  a s s e s s m e n t  i s  b a s e d  o n  " w o r s t - c a s e "  a s s u m p t i o n s ,  which 

a s s u m e  t h a t  a l l  v e h i c l e s  p a y  t h e  t o l l  a t  t h e  s a m e  a r e a  and 

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

a s s u m e s  v e r y  u n f a v o u r a b l e  d i s p e r s i o n  conditions. 

6 . 2 . 2  E s t i m a t e s  o f  E m i s s i o n s  i n  T o l l  P l a z a  A r e a s  

E m i s s i o n s  f r o m  v e h i c l e s  u s i n g  t h e  T o l l  P l a z a  w i l l  b e  different 

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

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

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

b o o t h s .  U n f o r t u n a t e l y  t h e r e  a r e  n o  d a t a  t h a t  c a n  b e  u s e d  to 

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

v e h i c l e  u s a g e .  T h e  US EPA ( 1 9 8 5 )  e m i s s i o n  f a c t o r  f o r m u l a  for 

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

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

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

I t  i s  a r e s e a r c h  r e c o m m e n d a t i o n  m a d e  a t  a r e c e n t  m e e t i n g  of 

t h e  A i r  a n d  W a s t e  M a n a g e m e n t  A s s o c i a t i o n  t h a t  t h e s e  d a t a  be 

c o l l e c t e d  ( s e e  W i l s o n  a n d  R i p b e r g e r ,  1 9 9 0 ) ,  b u t  t o  d a t e  no 
d a t a  d e a l i n g  w i t h  t h i s  s p e c i f i c  a s p e c t  o f  t h e  d r i v i n g  cycle 

a r e  available. 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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I n  t h e  a b s e n c e  o f  d e t a i l e d  i n f o r m a t i o n  o n  e m i s s i o n s  i n  the 

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

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

P e n g i l l e y  ( 1 9 8 9 ) .  T h e s e  h a v e  b e e n  u s e d  i n  o t h e r  p a r t s  o f  the 

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

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

u s i n g  f o r m u l a e  w h i c h  a r e  s e t  o u t  i n  A p p e n d i x  6. 

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

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

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

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

a c c e l e r a t i o n  a n d  deceleration. 

I n  t h e  a s s e s s m e n t  i t  h a s  b e e n  a s s u m e d  t h a t  v e h i c l e s  approach 

t h e  t o l l  b o o t h s  a n d  c o m m e n c e  d e c e l e r a t i o n  a p p r o x i m a t e l y  2 0 0  m 
b e f o r e  t h e  b o o t h  i s  r e a c h e d .  T h e  v e h i c l e  i s  a s s u m e d  to 

d e c e l e r a t e  u n i f o r m l y  f r o m  8 0  k m / h  t o  0 k m / h .  T h e  v e h i c l e  is 

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

t o  r e a c h  a s p e e d  o f  8 0  k m / h  a t  3 0 0  m f r o m  t h e  booth. 

E s t i m a t e s  o f  t h e  e m i s s i o n  r a t e s  o f  c a r b o n  m o n o x i d e  f r o m  light 

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

d u t y  d i e s e l  v e h i c l e s  h a v e  b e e n  c a l c u l a t e d  a s s u m i n g  t h e  above 

s c e n a r i o  a t  2 0  m i n c r e m e n t s  i n  t h e  s e c t i o n  o f  r o a d  f r o m  2 0 0  m 
b e f o r e  t h e  t o l l  b o o t h s  t o  3 0 0  m a f t e r  t h e  b o o t h s .  T h e  total 

e s t i m a t e d  c a r b o n  m o n o x i d e  e m i s s i o n  f r o m  t r a f f i c  i n  t h e  5 0 0  m 
r o a d  s e c t i o n  a f f e c t e d  b y  t h e  t o l l i n g  a c t i v i t y  ( a s s u m i n g  the 

p e a k  h o u r  t r a f f i c  f l o w  o f  1 1 , 0 6 9  EB a n d  1 5 4 6  WB v e h i c l e s  for 

t h e  " w o r s t - c a s e "  E x p r e s s w a y  O p t i o n )  w o u l d  b e  3 3 . 3  k g  o v e r  two 

h o u r s  o r  0 . 0 0 9 3  g/s/m. 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 

• 
• 

a 
• 

• 
a 
• 
• 
• 

• 

• 

• 

a 
• 

• 

• 
• 
• 

• 

• 



• 

• 

a 
• 

• 

- 1 1 6  - 

6 . 2 . 3  CONCLUSION: 

W o r s t - C a s e  M e t e o r o l o g i c a l  C o n d i t i o n s  

a n d  E x p e c t e d  R o a d s i d e  C o n c e n t r a t i o n s  

No s i t e  s p e c i f i c  m e t e o r o l o g i c a l  d a t a  a r e  a v a i l a b l e  f o r  the 

p r o p o s e d  t o l l  p l a z a  a r e a s .  H o w e v e r  t h e  a r e a s  a r e  reasonably 

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

t h a n  0 . 2  m / s  f o r  m o r e  t h a n  a n  h o u r  o r  s o  a t  t h e  t i m e s  o f  peak 

h o u r  t r a f f i c  f l o w  a t  t h e s e  sites. 

T h u s  a r e a s o n a b l e  " w o r s t - c a s e "  d i s p e r s i o n  c o n d i t i o n  w o u l d  be 

0 . 2  m / s  w i n d s  w i t h  s t a b l e  a i r .  U n d e r  t h e s e  unfavourable 

d i s p e r s i o n  c o n d i t i o n s ,  s t a b l e  a i r  w i t h  0 . 2  m / s  w i n d  blowing 

a c r o s s  t h e  r o a d / t o l l  a r e a ,  t h e  e s t i m a t e d  e m i s s i o n  r a t e  of 

0 . 0 0 9 3  g / s / m  c o u l d  b e  e x p e c t e d  t o  g i v e  r i s e  t o  c a r b o n  monoxide 

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

6 . 6  m g / m 3 ,  w h i c h  i s  b e l o w  t h e  NSW E P A ' s  c r i t e r i o n  o f  3 1 . 3  mg/m3 

( 2 5  p p m )  1 - h o u r  a v e r a g e  a n d  a l s o  b e l o w  t h e  8 - h o u r  l i m i t  of 

• 1 1 . 2  mg/m3 ( 9  p p m ) .  C o n c e n - t r a t i o n s  w i t h i n  t h e  t o l l  b o o t h  area 
w o u l d  b e  e x p e c t e d  t o  b e  m a r g i n a l l y  h i g h e r  t h a n  these. 

I f  a n  e s t i m a t e d  b a c k g r o u n d  o f  6 . 3  mg/m3 i s  a d d e d  t o  these 

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

1 2 . 9  mg/m3 ( 1 - h o u r  a v e r a g e ) ,  w h i c h  a g a i n  i s  b e l o w  t h e  NSW EPA's 

1 - h o u r  g o a l .  No d a t a  h a v e  b e e n  p r o v i d e d  f o r  8 - h o u r  traffic 

f l o w s  t h r o u g h  t h e  t o l l  a r e a s ,  b u t  w i t h  p r e d i c t e d  1-hour 

a v e r a g e  c a r b o n  m o n o x i d e  c o n c e n t r a t i o n s  b e i n g  l e s s  t h a n  t h e  8- 

h o u r  c r i t e r i o n  i t  i s  u n l i k e l y  t h a t  t h e  8 - h o u r  g o a l  w o u l d  be 

e x c e e d e d .  I n d e e d  t h e  b a c k g r o u n d  l e v e l  w o u l d  h a v e  t o  b e  almost 

a s  h i g h  a s  t h e  p r e d i c t e d  1 - h o u r  " w o r s t - c a s e "  concentration 

b e f o r e  t h e  NSW E P A ' s  8 - h o u r  g o a l  w o u l d  b e  exceeded. 
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7 . 0  SAFEGUARDS TO M I N I M I S E  IMPACTS ON A I R  QUALITY 

O n c e  a p r e f e r r e d  t r a n s p o r t  o p t i o n  h a s  b e e n  e s t a b l i s h e d ,  an 
o n g o i n g  m o n i t o r i n g  p r o g r a m m e  c o u l d  b e  u n d e r t a k e n  t o  ensure 
p o l l u t a n t  l e v e l s  c o r r e l a t e  t o  t h o s e  p r e d i c t e d  b y  t h i s  study. 

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

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

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

r e l e v a n t  i n t e r e s t e d  p a r t i e s ,  p r o b a b l y  t h e  S P C C ,  t h e  s o o n  t o  be 

f o r m e d  NSW E n v i r o n m e n t  P r o t e c t i o n  A g e n c y  ( E P A ) ,  l o c a l  government 

a n d  c o m m u n i t y  groups. 

7 . 1  T e c h n o l o g i c a l  Changes 

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

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

v e h i c l e  n u m b e r s  i n c r e a s e  t o  t h e  y e a r  2 0 0 6 .  T h u s  t h e  t o t a l  mass 
e m i s s i o n  r a t e  f r o m  t h e  t r a n s p o r t  o p t i o n s  w i l l  n o t  i n c r e a s e  in 

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

w i l l  b e  b a l a n c e d  b y  a d e c r e a s e  i n  i n d i v i d u a l  v e h i c l e  emissions. 

R e f e r  d i s c u s s i o n  i n  S e c t i o n  1.4. 

B y  t h e  y e a r  2 0 0 6 ,  a l m o s t  a l l  l i g h t  v e h i c l e s  w i l l  b e  f u e l l e d  by 

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

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

w h i c h  w i l l  s i g n i f i c a n t l y  r e d u c e  NO e m i s s i o n s .  T h e s e  reductions 

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

a c c o r d i n g  t o  c u r r e n t  t r e n d s .  A d d i t i o n a l  e m i s s i o n  reductions 

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

s o u r c e s  s u c h  a s  d u a l  f u e l  b a s e s  ( e . g .  d i e s e l /  electric), 

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

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

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

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

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

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

n u m b e r s  a n d  m i x  i n  2 0 0 6 ,  t h i s  f a c t o r  h a s  b e e n  i n c o r p o r a t e d  into 

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

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

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

e m i s s i o n s ,  a n d  c o n s e q u e n t l y  r o a d s i d e  p o l l u t a n t  concentrations. 

7 . 2  C o n s t r u c t i o n  S a f e g u a r d s  

• 

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

d u r i n g  t h e  c o n s t r u c t i o n  p h a s e  o f  t h i s  project:- 

- C o n s t r u c t i o n  r e q u i r e m e n t s  i n  t h e  s p e c i f i c a t i o n s  would 

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

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

t a k e n  a s  required. 

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

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

a l l  h a u l  r o a d s  a n d  u n s e a l e d  t r a f f i c k e d  a r e a s  - water 

s p r a y s  d u r i n g  d o z i n g ,  f i n a l  g r a d i n g  a n d ,  w h e r e  appropriate, 

excavation. 

- I n c r e a s e d  v o l u m e  w a t e r  s p r a y s  d u r i n g  s c r a p e r  operations. 

- D i r e c t  s p r a y i n g  o f  b i t u m e n  o n  u n s e a l e d  s u r f a c e s  t o  limit 

d u s t  emissions. 

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

c o n s t r u c t i o n  z o n e .  A l l  l o a d e d  t i p  t r u c k s  w i l l  b e  tarped. 

• 

- T h e  m a j o r  e a r t h w o r k s  c o n s t r u c t i o n  z o n e  w i l l  b e  a moving 

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

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

u p g r a d e d  a r t e r i a l  r o a d  b u t  f o r  a p e r i o d  u p  t o  6 0  working 

d a y s  d u r i n g  c o n s t r u c t i o n  o f  t h e  expressway. 
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• 

- G i v e n  t h a t  t h e  m a j o r  d u s t  i m p a c t s  a r e  t e m p o r a r y ,  i t  is 

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

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

t o  c o n s t r u c t i o n  o f  o n e  t y p e  o r  another. 

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

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

u n t i l  c o n d i t i o n s  improve. 

- D i e s e l  e x h a u s t  e m i s s i o n s  a r e  u n l i k e l y  t o  c a u s e  any 
s i g n i f i c a n t  i m p a c t  d u r i n g  construction. 

- A l l  d i s t u r b e d  a r e a s  w o u l d  b e  r e v e g e t a t e d  i m m e d i a t e l y  after 

c o m p l e t i o n  o f  t h e  earthworks. 
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II 

• 

• 

• 

• 
a 

• 

• 

8 . 0  CONCLUSIONS 

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

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

i n  t h e  N o r t h  W e s t  S e c t o r  o f  S y d n e y .  I t  s p e c i f i c a l l y  addresses 

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

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

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

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

T h e  G a u s s i a n  d i s p e r s i o n  m o d e l  DUSTGLC w a s  u s e d  t o  d e t e r m i n e  dust 

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

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

c a r b o n  m o n o x i d e ,  h y d r o c a r b o n s ,  o x i d e s  o f  n i t r o g e n  and 

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

AUSPLUME w a s  u s e d  t o  p r e d i c t  c o n c e n t r a t i o n s  u p  t o  o n e  kilometre 

f r o m  t h e  roadside. 

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

t y p i c a l l y  b e  l i m i t e d  t o  a d i s t a n c e  o f  2 0 0  t o  3 0 0  m e t r e s  f r o m  the 

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

t e m p o r a r y  i n  n a t u r e .  S o m e  i m p a c t s ,  u n d e r  w o r s t  c a s e  conditions, 

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

c o n s t r u c t i o n  a r e a .  T h e  SPCC 2 4  h o u r  ( a v e r a g e )  l i m i t  o f  2 6 0  pg/m 

w o u l d  b e  e x c e e d e d  i n  t h e s e  c i r c u m s t a n c e s .  H o w e v e r ,  i n  practice, 

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

p r o b a b l y  b e  l e s s  t h a n  50m. 

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

t h i s  r e p o r t  a r e  t h e  s i x  c u r v e s  p r e s e n t e d  i n  A p p e n d i x  3 ,  Figures 

2 t o  4 .  T h e s e  s h o w  h o w  t h e  e m i s s i o n  r a t e s  o f  c a r b o n  monoxide, 

• h y d r o c a r b o n s  a n d  o x i d e s  o f  n i t r o g e n  v a r y  w i t h  s p e e d  f o r  vehicles 

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

S e c t i o n  5 . 1 ,  b o t h  h y d r o c a r b o n  a n d  c a r b o n  m o n o x i d e  emissions 

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

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

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

n i t r o g e n  e m i s s i o n s .  T h i s  o f  c o u r s e  a s s u m e s ,  p e r h a p s  unreal- 

i s t i c a l l y ,  t h a t  t h e  c h a n g e  i n  t r a f f i c  r o u t e  o p t i o n s  d o e s  not 
i n d u c e  m o r e  t r a f f i c .  I n  a d d i t i o n ,  t h e  r e p l a c e m e n t  o f  a 
d i s t r i b u t e d  r o a d  n e t w o r k  w i t h  a s i n g l e  h i g h  c a p a c i t y  r o a d  such 

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

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

e m i s s i o n s  i n t o  t h e  S y d n e y  B a s i n  r e g i o n a l  airshed. 

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

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

l e a s t  a d v e r s e  l o c a l  a i r  q u a l i t y  i m p a c t .  I n  a d d i t i o n ,  b e c a u s e  of 

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

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

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

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

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

a r t e r i a l  o r  e x p r e s s w a y ,  t e n d s  t o  c o n c e n t r a t e  t h e  traffic. 

R o a d s i d e  c a r b o n  m o n o x i d e  e m i s s i o n s  a r e  p r e d i c t e d  t o  b e  well 

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

f o r  t h e  e x p r e s s w a y  o p t i o n .  N i t r o g e n  d i o x i d e  l e v e l s  are 
p r e d i c t e d  t o  e x c e e d  a i r  q u a l i t y  g o a l s  f o r  t h e  a r t e r i a l  upgrade 

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

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

r o a d  s y s t e m .  C o n c e n t r a t i o n s  o f  h y d r o c a r b o n s  a r e  p r e d i c t e d  to 

e x c e e d  t h e  f o r m e r  USEPA a i r  q u a l i t y  g o a l  w h i c h  i s  still 

p u b l i s h e d  b y  t h e  SPCC a s  a n  a i r  q u a l i t y  o b j e c t i v e  b u t ,  as 

d i s c u s s e d  i n  S e c t i o n  2 . 2 ,  m a y  n o  l o n g e r  b e  applicable. 
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1 1  
H o w e v e r ,  i t  i s  r e l e v a n t  t o  c o n s i d e r  w h i c h  o p t i o n  r e s u l t s  i n  the 

1 1  l o w e s t  h y d r o c a r b o n  c o n c e n t r a t i o n s  a n d  a g a i n  t h i s  i s  the 

1 1  expressway. 

1 1  P r e d i c t e d  c o n c e n t r a t i o n s  o f  p a r t i c u l a t e  m a t t e r  a r e  w e l l  below 

1 1  a i r  q u a l i t y  g o a l s  a n d  t h e r e  a r e  u n l i k e l y  t o  b e  a d v e r s e  impacts 

f r o m  p a r t i c u l a t e  m a t t e r  a r i s i n g  f r o m  v e h i c l e  e x h a u s t  emissions. 
11 

1 1  T h e  p o t e n t i a l  b u i l d - u p  o f  p o l l u t a n t s  i n  g u l l i e s  a n d  valleys 

1 1  u n d e r  p o o r  d i s p e r s i o n  c o n d i t i o n s  w a s  a l s o  a s s e s s e d .  I t  was 

1 1  c o n c l u d e d  t h a t  a l t h o u g h  t h e r e  c o u l d  b e  a s i g n i f i c a n t  i n c r e a s e  in 

c o n c e n t r a t i o n s  o f  c a r b o n  m o n o x i d e  a n d  o x i d e s  o f  nitrogen 
1 1  o v e r n i g h t  t h e r e  w a s  u n l i k e l y  t o  b e  a n y  a d v e r s e  e f f e c t s  at 

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

• 
• 
• 
• 
• 
• 

• 
11 

111 

I t  i s  c l e a r  f r o m  a l o c a l  a m b i e n t  a i r  q u a l i t y  p o i n t  o f  v i e w  that 

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

i s  t h e  m o s t  d e s i r a b l e  o p t i o n .  I n  a d d i t i o n ,  t o t a l  e m i s s i o n s  of 

c a r b o n  m o n o x i d e  a n d  h y d r o c a r b o n s  i n t o  t h e  S y d n e y  a i r s h e d  w i l l  be 

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

s o m e  i n c r e a s e  i n  o x i d e s  o f  n i t r o g e n  e m i s s i o n s .  H o w e v e r ,  a l l  of 

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

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

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

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

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

a n d  t h i s  r e q u i r e s  a m a t c h i n g  o f  r o a d  s y s t e m s  t o  t h e  community's 

n e e d s  f o r  t r a n s p o r t .  T h e  l o c a t i o n  o f  p e o p l e ' s  r e s i d e n c e s  close 

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

t o  u p g r a d e  t h e  t r a n s p o r t  system. 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 

• 



• 

- 1 2 3  - 

8 . 1  S u m m a r y  o f  C o n c l u s i o n s  

H e n c e ,  i n  s u m m a r y  t h e  o v e r a l l  c o n c l u s i o n s  o f  t h i s  a i r  quality 

s t u d y  are: 

T h i s  t r a n s p o r t  l i n k  w i l l  h a v e  m i n i m a l ,  i f  a n y ,  increased 

i m p a c t  o n  r e g i o n a l  a i r  q u a l i t y .  R e f e r  F i g u r e s  7 a n d  8. 

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

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

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

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

t y p i c a l l y  b e  l i m i t e d  t o  a d i s t a n c e  o f  2 0 0  t o  3 0 0  metres 

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

b e  o f  a t e m p o r a r y  n a t u r e  a n d  i n  p r a c t i c e  t h e  a r e a  o f  impact 

o f  d u s t  d e p o s i t i o n  w i l l  m o s t  l i k e l y  b e  l e s s  t h a n  50m. 

T h e  m a j o r  i m p a c t s  o n  a i r  q u a l i t y  w o u l d  b e  e x p e c t e d  a s  local 

i m p a c t s ,  t h a t  i s  w i t h i n  t e n s  o f  m e t r e s  f r o m  t h e  road 

k e r b s i d e .  T h e s e  l o c a l  i m p a c t s  a r e  o u t l i n e d  i n  T a b l e s  8 to 

1 2  a n d  s u m m a r i s e d  i n  T a b l e  13. 

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

m o n o x i d e  e m i s s i o n  c o n c e n t r a t i o n s  w i t h i n  1 0  m o f  k e r b s i d e  in 

t h e  y e a r  2 0 0 6  a r e  e x p e c t e d  t o  c o m p l y  r e a d i l y  w i t h  existing 

a m b i e n t  a i r  q u a l i t y  criteria. 

• 
• 

• 
• 

• 
• 
• 
• 

• 

T h e  p r e d i c t e d  h y d r o c a r b o n  c o n c e n t r a t i o n s  w i t h i n  1 0  m o f  the 

k e r b s i d e  i n  t h e  a m b i e n t  a t m o s p h e r e  a r e  e x p e c t e d  t o  exceed 

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

n o t e d  t h a t  t h i s  i s  a n  i n d i c a t i v e  s t a n d a r d  a n d  n o t  a health 

standard. 
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TABLE 1 3  SUMMARY OF PREDICTED POLLUTANT CONCENTRATIONS 
I N  2006 

mg/m3 
- ug/m3 

Roadway 
Section 

OPTIONS 

Expw'y 
(Toll) 

Expw'y 
(No 

Toll) 

U.A.R. 
( E a s t  & 
West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  H i l l s  R d  i n t e r s e c t i o n  t o  B e e c r o f t  R d  intersection, 
Epping 

CO * 
1.4 1.7 3.0 3.2 1.8 

HC * 
0.18 0.21 0.40 0.42 0.23 

NOx + 
697 804 720 733 384 

NO2 + 
244 281 252 257 134 

PM+ 
31 36 41 42 23 

B e e c r o f t  R d  i n t e r s e c t i o n  t o  L a n e  C o v e  R d  i n t e r s e c t i o n ,  North 
Ryde 

CO* 
1.9 2.8 3.4 3.6 3.0 

HC * 
0.23 0.35 0.43 0.44 0.38 

NOx + 
745 888 1020 1068 768 

NO2 + 
261 311 357 374 269 

PM+ 
35 46 53 55 41 

L a n e  C o v e  R d  i n t e r s e c t i o n  t o  E p p i n g  R d / D e l h i  R d ,  E a s t  Ryde 

CO * 
1.5 1.5 5.0 5.0 6.5 

HC * 
0.18 0.18 0.65 0.65 0.88 

NOx + 
709 684 1212 1188 1188 

NO2 + 
248 239 424 416 416 

PM+ 
32 31 67 66 67 
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T h e  p r e d i c t e d  n i t r o g e n  d i o x i d e  c o n c e n t r a t i o n  w i t h i n  1 0  m of 

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

b e l o w  t h e  e x i s t i n g  a m b i e n t  a i r  q u a l i t y  s t a n d a r d .  These 

p r e d i c t e d  NO2 l e v e l s  a r e  b a s e d  o n  t h e  conservative 

e s t i m a t i o n  t h a t  35% o f  t h e  t o t a l  NOx i s  NO2. I n  f a c t ,  the 

p r o p o r t i o n  o f  NO2 a t  k e r b s i d e  m a y  b e  s u b s t a n t i a l l y  lower. 

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

q u a l i t y  i m p a c t  t e r m s  w o u l d  b e  m a r g i n a l .  H o w e v e r ,  the 

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

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

t h e  l e a s t  a d v e r s e  l o c a l  a i r  q u a l i t y  i m p a c t ,  t h a t  i s ,  impact 

o n  l o c a l  r e s i d e n t s .  I n  a d d i t i o n ,  b e c a u s e  o f  improved 

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

h y d r o c a r b o n s  s h o u l d  b e  l e s s .  T h i s  i s  a c o n s e q u e n c e  o f  the 

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

o f  t h e  t r a f f i c  density. 

A l t h o u g h  t h e r e  c o u l d  b e  a n  i n c r e a s e  i n  c o n c e n t r a t i o n s  of 

c a r b o n  m o n o x i d e  a n d  o x i d e s  o f  n i t r o g e n  o v e r n i g h t ,  under 

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

r o a d s  a t  t h e s e  times. 

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

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

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

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

W a t e r  s p r a y s  w i l l  b e  u s e d  d u r i n g  d o z i n g  a n d  f i n a l  grading 

a n d ,  w h e r e  p r a c t i c a b l e ,  e x c a v a t i o n  a n d  s c r a p e r  operation. 

S u r f a c e  s p r a y i n g  o f  b i t u m e n  o n  u n s e a l e d  s u r f a c e s  a n d  haul 

r o a d s  m a y  a l s o  b e  p r a c t i c e d .  I f  m e t e o r o l o g i c a l  conditions 

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

c e a s e  u n t i l  c o n d i t i o n s  improved. 
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T y p i c a l l y  t h e  d u s t  i m p a c t e d  a r e a  w i l l  b e  2 0 0 - 3 0 0  m e t r e s  f r o m  the 
• c o n s t r u c t i o n  z o n e  e m i s s i o n  p o i n t  a n d  e a c h  a r e a  w i l l  generally 

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

• 
c o n s t r u c t i o n .  I n  t e r m s  o f  e x p r e s s w a y  c o n s t r u c t i o n  t h i s  period 

o f  m a j o r  e a r t h w o r k s  m a y  e x t e n d  t o  6 0  w o r k i n g  d a y s  a t  any 
• s p e c i f i c  locations. 
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I m p o r t a n t  t o  T r o p o s p h e r i c  a n d  S t r a t o s p h e r i c  O z o n e ,  i n  EPA 

U S - D u t c h  3 r d  I n t e r n a t i o n a l  S y m p o s i u m  ' A t m o s p h e r i c  Ozone: 
• 

I t s  P o l i c y  I m p l i c a t i o n s . '  E l s e v i e r  Press. 

• 
B l a c k  J A ( 1 9 9 0 )  " R o a d  T r a f f i c  - T r e n d s  a n d  P r o s p e c t s  for 

F u t u r e  R e d u c t i o n . "  V e h i c l e :  E n e r g y  a n d  E n v i r o n m e n t a l  
• I m p a c t s  S e m i n a r  R e p o r t ,  1 0  O c t o b e r  1 9 9 0 .  Energy 

R e s e a r c h ,  D e v e l o p m e n t  a n d  I n f o r m a t i o n  C e n t r e ,  university 

o f  New S o u t h  Wales. 

• 
• B r e s n i t z  E A a n d  R e s t  K M ( 1 9 8 8 )  E p i d e m i o l o g i c  S t u d i e s  o f  

E f f e c t s  o f  O x i d a n t  E x p o s u r e  o n  H u m a n  P o p u l a t i o n s  in 

W a t s o n  A . Y . ,  B a t e s  R . R .  & K e n n e d y  D .  ( e d s )  'Air 

P o l l u t i o n ,  T h e  A u t o m o b i l e ,  a n d  P u b l i c  H e a l t h  National 

A c a d e m y  P r e s s ,  W a s h i n g t o n ,  D.C. 
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BTCE,  1 9 9 0  F u e l  E f f i c i e n c y  a n d  G r e e n h o u s e  G a s  E m i s s i o n s  in 

A u s t r a l i a n  T r a n s p o r t  P a p e r  p r e p a r e d  f o r  t h e  Australian 

T r a n s p o r t  A d v i s o r y  C o u n c i l  E n v i r o n m e n t  G r o u p ,  b y  Bureau 

o f  T r a n s p o r t  a n d  C o m m u n i c a t i o n s  E c o n o m i c s .  J u l y  1990. 

C h o c k  D P ,  ( 1 9 7 6 )  ' A  s i m p l e  l i n e  s o u r c e  m o d e l  f o r  dispersion 

n e a r  r o a d w a y s ' ,  A t m o s p h e r i c  E n v i r o n m e n t  2 :  823-830 

C l a r k  A I ,  M c I n t y r e  A E ,  R e y n o l d s  G L ,  K i r k  P W, L e s t e r  J N, 

a n d  P e r r y  R ,  ( 1 9 8 8 )  S t a t i s t i c a l  A n a l y s i s  o f  G a s e o u s  Air 

P o l l u t a n t  C o n c e n t r a t i o n s  a t  U r b a n ,  R u r a l  a n d  M o t o r w a y  

L o c a t i o n s  E n v i r o n m e n t a l  T e c h n o l o g y  L e t t e r s  9 :  1303-1312 

C o g h i l l  K ( e d )  ( 1 9 9 0 )  G r e e n h o u s e :  W h a t ' s  t o  b e  D o n e ?  Pluto 

P r e s s  i n  a s s o c i a t i o n  w i t h  t h e  A u s t r a l i a n  F a b i a n  Society, 

Sydney. 

C o m m i s s i o n e r s  o f  I n q u i r y  f o r  E n v i r o n m e n t  a n d  P l a n n i n g  ( 1 9 9 0 )  A 

P r o p o s e d  E x p r e s s w a y  f r o m  P e n n a n t  H i l l s  R o a d ,  B e e c r o f t  t o  

P i t t w a t e r  R d ,  R y d e  k n o w n  a s  F 2  S t a g e  1 .  D e p a r t m e n t  of 

E n v i r o n m e n t  a n d  P l a n n i n g ,  Sydney. 

D a m e s  & M o o r e  ( 1 9 8 4 )  ' E n v i r o n m e n t a l  I m p a c t  S t a t e m e n t ,  

N o r t h e r n  O p e n  C u t  E x t e n s i o n  CSR T r a n s p o r t  M i n e ' ,  Volume 

2 ,  A p p e n d i x  E. 

D a v i e s  G P ,  a n d  P e a r c e  T ( 1 9 9 0 )  E x h a u s t  E m i s s i o n s  a t  High 

S p e e d s  f r o m  A d v a n c e d  T e c h n o l o g y  C a r s  T r a n s p o r t  and 

R o a d  R e s e a r c h  L a b o r a t o r y  R e s e a r c h  R e p o r t  2 4 3 ,  Berkshire, 

UK. 
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D e L u c h i  M A ,  J o h n s t o n  R A ,  a n d  S p e r l i n g  D (1988) 

T r a n s p o r t a t i o n  F u e l s  a n d  t h e  G r e e n h o u s e  Effect 

T r a n s p o r t a t i o n  R e s e a r c h  R e c o r d  1 1 7 5 ,  Transportation 

R e s e a r c h  B o a r d ,  N a t i o n a l  R e s e a r c h  C o u n c i l ,  Washington, 

D.C. 

D i  L o r e n z o  A ,  P o l e t t a  A ,  C i c c i o l i  P ,  C i c i n a t o  A, 

B r a n c a l e o n i  E ,  D i  P a l o  C a n d  B i a n c h i  L (1986) 

P a p e r  p r e s e n t e d  a t  7 t h  W o r l d  IUAPPA C l e a n  A i r  C o n g r e s s ,  

S y d n e y ,  A u g u s t  1 9 8 6 .  ( V o l  4 p 311). 

E i s e r  C R ,  a n d  K o o  F ( 1 9 8 4 )  ' E m i s s i o n  t r e n d s  f o r  h y d r o c a r b o n s  

a n d  o x i d e s  o f  n i t r o g e n  f r o m  s t a t i o n a r y  s o u r c e s  in 

• S y d n e y ' ,  P r o c e e d i n g s  o f  t h e  E i g h t h  I n t e r n a t i o n a l  C l e a n  Air 

C o n f e r e n c e ,  M e l b o u r n e ,  V o l u m e  3 ,  1047-1064 

E n e r g y  R e s e a r c h ,  D e v e l o p m e n t  a n d  I n f o r m a t i o n  C e n t r e  (1990) 

E n e r g y  a n d  t h e  G r e e n h o u s e  E f f e c t :  C o m m e r c i a l  

O p p o r t u n i t i e s  f o r  R e s e a r c h  a n d  D e v e l o p m e n t  Seminar 

R e p o r t ,  3 A u g u s t  1 9 9 0 .  E R D I C ,  U n i v e r s i t y  o f  New South 

Wales. 

E n e r g y  R e s e a r c h ,  D e v e l o p m e n t  a n d  I n f o r m a t i o n  C e n t r e  (1990) 

V e h i c l e s :  E n e r g y  a n d  E n v i r o n m e n t a l  I m p a c t s  Seminar 

R e p o r t ,  1 0  O c t o b e r  1 9 9 0 .  E R D I C ,  U n i v e r s i t y  o f  New South 

Wales. 

• G i l l i e s  G ,  P e n g i l l e y  M, a n d  S h o r t l a n d  J W ( 1 9 8 6 )  Unleaded 
• P e t r o l  p u t  t o  t h e  T e s t  i n  ' P r o c e e d i n g s  o f  t h e  7 t h  World 

IUAPPA C l e a n  A i r  C o n g r e s s ,  S y d n e y ,  A u g u s t  1 9 8 6 ,  5 ,  299- 

300 
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G r a e d e l  T E ( 1 9 8 8 )  A m b i e n t  L e v e l s  o f  A n t h r o p o g e n i c  E m i s s i o n s  

a n d  T h e i r  A t m o s p h e r i c  T r a n s f o r m a t i o n  P r o d u c t s  i n  Watson 
A . Y . ,  B a t e s  R . R .  & K e n n e d y  D .  ( e d s )  ' A i r  P o l l u t i o n ,  The 
A u t o m o b i l e ,  a n d  P u b l i c  H e a l t h '  N a t i o n a l  A c a d e m y  Press, 
W a s h i n g t o n ,  D.C. 

G r e e n e ,  1 9 9 1  T r a n s p o r t  - T h e  E n e r g y  I s s u e  o f  t h e  1 9 9 0 ' s  

D.  G r e e n e ,  P r o c e e d i n g s  o f  T r a n s p o r t  a n d  t h e  Environment 

C o n f e r e n c e ,  S y d n e y .  A p r i l ,  1991. 

H a n n a  S . R . ,  B r i g g s  G . A . ,  D e a r d o r f f  J . ,  E g a n  B . A . ,  G i f f o r d  F.A. 
a n d  P a s q u i l l  F .  ( 1 9 7 7 )  'AMS W o r k s h o p  o n  stability 

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

r e c o m m e n d a t i o n s ' ,  B u l l e t i n  o f  t h e  A m e r i c a n  M e t e o r o l o g i c a l  

S o c i e t y  5 :  1305-1309 

H e n d e r s o n - S e l l e r s  A ,  a n d  B l o n g  R ( 1 9 8 9 )  T h e  Greenhouse 

E f f e c t :  L i v i n g  i n  a W a r m e r  A u s t r a l i a .  New S o u t h  Wales 

U n i v e r s i t y  P r e s s ,  Sydney. 

H i c k m a n  A J ( 1 9 8 9 )  P e r s o n a l  E x p o s u r e s  t o  C a r b o n  M o n o x i d e  and 

O x i d e s  o f  N i t r o g e n  T r a n s p o r t  a n d  R o a d  Research 

L a b o r a t o r y  R e s e a r c h  R e p o r t  2 0 6 ,  B e r k s h i r e ,  UK. 

H i c k m a n  A J ( 1 9 8 9 )  M e a s u r e m e n t  o f  P a r t i c u l a t e  L e a d  o n  t h e  M4 

M o t o r w a y  a t  H a r l i n g t o n ,  M i d d l e s e x  ( F i f t h  R e p o r t )  

T r a n s p o r t  a n d  R o a d  R e s e a r c h  L a b o r a t o r y  R e s e a r c h  Report 

1 8 4 ,  B e r k s h i r e ,  UK. 

H i c k m a n  A J ,  a n d  C o l w i l l  D M, ( 1 9 8 2 )  T h e  E s t i m a t i o n  o f  Air 

P o l l u t i o n  C o n c e n t r a t i o n  f r o m  R o a d  T r a f f i c  T r a n s p o r t  and 

R o a d  R e s e a r c h  L a b o r a t o r y  R e p o r t  N o .  1 0 5 2 ,  Crowthorne. 
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H y d e  R . ,  H e g g i e  A . C . ,  a n d  M a l f r o y  H . R .  ( 1 9 8 0 )  ' T h e  Western 

B a s i n  E x p e r i m e n t  - a s t u d y  o f  n o c t u r n a l  d r a i n a g e  f l o w s  in 

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

p l a n n i n g ,  r e p o r t  t o  t h e  S t a t e  P o l l u t i o n  C o n t r o l  

C o m m i s s i o n ' .  S c h o o l  o f  E a r t h  S c i e n c e s  Macquarie 

University. 

H y d e  R ,  a n d  J o h n s o n  G M, ( 1 9 9 0 )  ' P i l o t  S t u d y :  E v a l u a t i o n  o f  

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

a n d  S o u t h  C r e e k  V a l l e y  r e g i o n s  o f  S y d n e y '  C S I R O  MRL 

R e s t r i c t e d  I n v e s t i g a t i o n  R e p o r t  1 8 8 5 R ,  S e c o n d  Printing. 

Hyman  W A ,  M i l l e r  T R ,  a n d  W a l k e r  J C ( 1 9 8 9 )  I m p a c t s  o f  t h e  

G r e e n h o u s e  E f f e c t  o n  U r b a n  T r a n s p o r t a t i o n  Transportation 

R e s e a r c h  R e c o r d  1 2 4 0 ,  T r a n s p o r t a t i o n  R e s e a r c h  Board, 

N a t i o n a l  R e s e a r c h  C o u n c i l ,  W a s h i n g t o n ,  D.C. 

I n g r a m  G K,  a n d  P e l l e c h i o  A ( 1 9 7 6 )  A i r  Q u a l i t y  I m p a c t s  o f  

C h a n g e s  i n  L a n d  U s e  P a t t e r n s :  S o m e  S i m u l a t i o n  R e s u l t s  for 

M o b i l e  S o u r c e  P o l l u t a n t s  D i s c u s s i o n  P a p e r  D76-2, 

D e p a r t m e n t  o f  C i t y  a n d  R e g i o n a l  P l a n n i n g ,  Harvard 

U n i v e r s i t y ,  C a m b r i d g e  Massachusetts. 

I P C C  ( 1 9 9 0 )  S c i e n t i f i c  A s s e s s m e n t  o f  C l i m a t e  C h a n g e  (Report 

o f  W o r k i n g  G r o u p  1 a n d  a c c o m p a n y i n g  P o l i c y m a k e r s  Summary, 

I n t e r g o v e r n m e n t a l  P a n e l  o n  C l i m a t e  C h a n g e .  J u n e  1990. 

J o h n s o n  J H ( 1 9 8 8 )  A u t o m o t i v e  E m i s s i o n s  i n  W a t s o n  A . Y . ,  Bates 
1 1  R . R .  & K e n n e d y  D .  ( e d s )  ' A i r  P o l l u t i o n ,  T h e  Automobile, 

• a n d  P u b l i c  H e a l t h '  N a t i o n a l  A c a d e m y  P r e s s ,  Washington, 

D.C. 
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J o h n s o n  G . M .  ( 1 9 8 6 )  ' A  s i m p l e  m o d e l  f o r  p r e d i c t i n g  t h e  ozone 
c o n c e n t r a t i o n  o f  a m b i e n t  a i r ' ,  P r o c .  o f  t h e  Eighth 

I n t e r n a t i o n a l  C l e a n  A i r  C o n f e r e n c e ,  M e l b o u r n e  V o l . 2 :  

715-731 

K a s t e r n a n  D ,  S k y l l a s - K a z a c o s  M a n d  W a g n e r  P ( 1 9 9 0 )  The 

V a n a d i u n  B a t t e r y :  V e h i c l e  P o w e r  S o u r c e  f o r  t h e  F u t u r e " .  

K e n w o r t h y  J R ,  a n d  Newman  P W G ( 1 9 8 7 )  L e a r n i n g  f r o m  t h e  

B e s t  a n d  W o r s t :  T r a n s p o r t a t i o n  a n d  L a n d  U s e  L e s s o n s  from 

T h i r t y - T w o  I n t e r n a t i o n a l  C i t i e s  w i t h  I m p l i c a t i o n s  for 

G a s o l i n e  U s e  a n d  E m i s s i o n s  T r a n s p o r t  R e s e a r c h  Paper 

7 / 8 7 ,  S c h o o l  o f  E n v i r o n m e n t a l  a n d  L i f e  S c i e n c e s ,  Murdoch 

U n i v e r s i t y ,  W e s t e r n  Australia. 

K e n w o r t h y  J R ,  Newman  P W G ,  a n d  L y o n s  T J ,  ( 1 9 8 7 )  D o e s  Free 

F l o w i n g  T r a f f i c  S a v e  E n e r g y  a n d  L o w e r  E m i s s i o n s  in 

C i t i e s ?  T r a n s p o r t  R e s e a r c h  P a p e r  6 / 8 7 ,  S c h o o l  of 

E n v i r o n m e n t a l  a n d  L i f e  S c i e n c e s ,  M u r d o c h  University, 

W e s t e r n  Australia. 

K e n w o r t h y  J R ,  a n d  Newman  P W G ( 1 9 8 4 )  M o t o r  Vehicle 

E m i s s i o n s  I n v e n t o r i e s :  A r e v i e w  o f  m e t h o d o l o g y ,  

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

T r a n s p o r t  R e s e a r c h  P a p e r  4 / 8 4 ,  E n v i r o n m e n t a l  Science, 

M u r d o c h  U n i v e r s i t y ,  W e s t e r n  Australia. 

K o u s h k i  P A ( 1 9 8 9 )  E n v i r o n m e n t a l  I m p a c t  A n a l y s i s  o f  

T r a n s p o r t a t i o n  i n  a R a p i d l y  D e v e l o p i n g  U r b a n  Area 

T r a n s p o r t a t i o n  R e s e a r c h  R e c o r d  1 2 4 0 ,  Transportation 

R e s e a r c h  B o a r d ,  N a t i o n a l  R e s e a r c h  C o u n c i l ,  Washington, 

D.C. 
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K r o o n  M ( 1 9 8 9 )  M o b i l e  S o u r c e  C o n t r o l  S t r a t e g i e s  i n  the 

11 N e t h e r l a n d s . ,  i n  EPA U S - D u t c h  3 r d  I n t e r n a t i o n a l  Symposium 

• ' A t m o s p h e r i c  O z o n e :  I t s  P o l i c y  I m p l i c a t i o n s .  Elsevier 

Press. 

11 L a t h a m  S ,  a n d  T o n k i n  P R ( 1 9 8 8 )  A S t u d y  o f  t h e  Feasibility 

a n d  P o s s i b l e  I m p a c t  o f  R e d u c e d  E m i s s i o n  L e v e l s  from 

D i e s e l  E n g i n e d  V e h i c l e s  R e s e a r c h  R e p o r t  1 5 8 ,  Transport 
11 a n d  R o a d  R e s e a r c h  L a b o r a t o r y ,  B e r k s h i r e  UK. 

11 
11 L i g h t  V e h i c l e s  E n e r g y  C o n s u m p t i o n  C o m m i t t e e  o f  t h e  S o c i e t y  of 

L e g g e t t  J ( e d )  ( 1 9 9 0 )  G l o b a l  W a r m i n g :  T h e  G r e e n p e a c e  R e p o r t .  

O x f o r d  U n i v e r s i t y  P r e s s ,  Oxford. 

A u t o m o t i v e  E n g i n e e r s  - A u s t r a l a s i a  ( 1 9 8 9 )  Nitrogen 

O x i d e  E m i s s i o n s  f r o m  M o t o r  V e h i c l e s  i n  S y d n e y  C l e a n  Air 

11 2 3 ( 4 ) :  146-148 

• 
• L y  K H ( 1 9 9 0 )  " E x h a u s t  E m i s s i o n s  f r o m  N a t u r a l  G a s  Vehicles 

- A S t a t e  o f  t h e  A r t  R e v i e w " .  V e h i c l e s :  E n e r g y  and 
11 E n v i r o n m e n t a l  I m p a c t s  S e m i n a r  R e p o r t ,  1 0  O c t o b e r  1990. 

11 E n e r g y  R e s e a r c h ,  D e v e l o p m e n t  a n d  I n f o r m a t i o n  Centre, 

• U n i v e r s i t y  o f  New S o u t h  Wales. 

11 M a r k s  R ( 1 9 9 0 )  " C a r b o n  T a x e s  a n d  R o a d  T r a n s p o r t "  - V e h i c l e s :  
NI E n e r g y  a n d  E n v i r o n m e n t a l  I m p a c t s  S e m i n a r  R e p o r t ,  1 0  October 
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APPENDIX I 

S t a t e  P o l l u t i o n  C o n t r o l  Commission 

A i r  P o l l u t i o n  M o n i t o r i n g  D a t a  1978-1988 
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TABLE A 1.1 

a 
ACID GAS CONUSTRATIONS (AS SULFUR DIOXIDE) 
MICROGRAMS PER CUBIC METRE AT 0°C 
SYDNEY MONITORING STATIONS, 1979 - 1988, 24 HOUR SAMPLING 

SYDNEY monthly average 
a OVB George St .  max 24hr ave 
1111 SYDNEY monthly average 

Waterloo T.H. max 24hr ave 
Elizabeth St. a 
SYDNEY monthly average 

I I I  Erskineville max 24hr ave 
Rockford St. 

KURNELL monthly average 
Customs Bldg. max 24hr ave III  
Prince Charles Eke. 

I I I  LANE COVE mcnthly averPg... 
Tcwn Hall max 24hr ave 

I I  Longueville Rd. 

a MATRAVILLE monthly average 
Carnage Circt .  max 24hr ave 

U NORTH SYDNEY monthly average 
P.O. max 24hr ave 

111 Mbunt S t .  & Pacific Hwy. 

a PADDINGTON- monthly average 
T.H. Oxford St .  max 24hr ave 

I PYRAONT mcnthly average 
..;chn S t .  max 24hr ave 

II RANCWICK monthly average 
III  ? o f  Wales Hcsp max 24hr ave 

Barker St. 
a RO7FIrF. monthly average 

Rozelle Hosp max 24hr ave III  Ballwin Road 

I I  RYDALVERE mcnthly average 
Rycaimere Hop. max 24hr aye 

a 7icsoria  Rd. 

SURRY HILLS monthly average I I I  
Chalmers St .  max 24hr aye 

a SYDNEY monthly average 
Ceo & Mks Sts max 24hr ave 

a FDERrai monthly average 

• 
Chcl.amters.  max 24hr ave 

111 

112 

a SrEFEENECN & P C  PtL 

1979 1980 1981 1c,82 c;EG 1984 1985 1986 1987 19e8 

45.0 40.0 48.6 48.6 38.1 33.8 29.3 25.9 16.0 N 
245.0 130.0 175.0 126.3 295.0 112.0 90.0 90.0 75.0 n la 

- - 50.0 52.2 63.0 33.6 32.2 T 

- - - 160.0 390.0 180.0 135.0 80.0 
R 
E 

- - - - 22.5 19.5 16.5 15.4 8.6 ? 
- - - - 128.0 210.0 115.0 140.0 35.0 0 

R 
60.0 40.0 30.4 17.7 13.5 8.9 5.4 

215.0 175.0 125.0 80.0 40.0 30.0 25.0 _ E 
D 

25.0 35.0 23.2 19.6 17.2 12.7 15.4 _ _ 
125.0 85.0 115.0 100.0 65.0 70.0 80.0 - - 

20.0 25.0 12.8 7.5 5.2 4.8 - - 
105.0 105.0 185.0 35.0 30.0 20.0 - - - - 
40.0 50.0 38.7 28.3 22.6 16.5 22.6 

115.0 200.0 165.0 85.0 115.0 60.0 105.0 _ 

50.0 50.0 57.9 50.4 84.5 18.4 16.4 9.7 6.9 
210.0 135.0 214.0 149.0 337.0 139.0 85.0 80.0 30.0 
50.0 55.0 50.5 44.2 41.7 42.3 40.2 27.2 12.7 

205.0 220.0 349.0 126.0 178.0 308.0 265.0 160.0 100.0 

20.0 30.0 17.7 15.1 9.9 5.5 4.3 _ 
100.0 105.0 70.0 70.0 80.0 40.0 15.0 - _ 

35.0 25.0 22.7 11.2 9.5 9.3 5.0 _ _ 
555.0 145.0 135.0 40.0 30.0 45.0 30.0 _ _ 

20.0 45.0 31.2 26.2 18.7 11.1 15.5 _ _ 165.0 225.0 175.0 140.0 110.0 90.0 105.0 _ _ 

40.0 25.0 27.9 27.6 21.3 19.4 16.9 12.2 11.5 
245.0 100.0 110.0 50.0 100.0 80.0 60.0 60.0 40.0 
45.0 60.0 54.7 49.3 34.3 27.0 20.7 _ 

115.0 255.0 175.0 130.0 95.0 90.0 55.0 

2.0 2.0 11.0 13.3 11.2 8.5 10.5 - 105 70 35.0 55.0 45.0 25.0 75.0 - - 
- 

1208/90/AQWP/2 
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• 
TABLE A 1.2 NITROGEN DIOXIDE CONCENTRATIONS 

PARTS PER HUNDRED MILLION 
SYDNEY MONITORING STATIONS, 1981 - 1988 , ONE HOUR SAMPLES 

30NDI jC7N % sampling :ime 
oaiiy 1 h r  maxima 

EAS17:79q monthly average 
SLEURES max 1 nour val 
CSPITAL max 24 hour ave 

NWRC 1 hr  zoAl 
days exceeded 

aREACCO % sampling time 
c'Ally 1 hr  maxima 

BEIVPN monthly average 
PARK max 1 hour val 

max 24 hour ave 
NWRC 1 hr  soAl 

days exceeded 

L3DICCMPE % sampling time 
c'ally 1 h r  maxima 

SPCC monthly average 
LAKRATORIEnnex 1 nour val 
JOSEPH ST. max 24 hour ave 

NWRC 1 h r  goal 
days exceeded 

907-7:7 % sampling time 
r a l l y  1 hr  maxima 

?0717777 mcnthly average 
HrPTTAL max 1 nour val 
AEtNRD.max 24 ncur ave 

NWRC 1 n r  goal 
days exceeded 

1981 

- 

- 
- 
- 

1982 

- 
- 
- 

7983 

66.7 

5.7 
22.0 
9.3 

1984 

85.9 

4.2 
10.6 
5.0 

1985 

85.2 

3.2 
11.4 
6.0 

1986 

30.4 

5.3 
31.6 
9.1 

1987 

35.6 

3.7 
10.6 
4.1 

1988 

- 

_ _ - 0 0 15.0 0 _ 

94.8 75.2 96.7 94.0 75.5 74.4 93.1 54.0 

4.7 3.9 3.5 3.8 2.3 3.1 4.9 5.0 
23.0 27.0 11.0 28.0 9.3 21.0 20.3 23.0 
10.0 6.0 6.0 11.0 5.0 4.7 8.3 4.0 

0 2 - 7 0 2 3 5 

96.2 86.3 90.1 93.8 85.9 74.0 75.9 81.0 

3.4 4.2 4.2 4.1 3.2 2.0 3.6 5.0 
10.0 15.0 18.0 15.0 13.1 5.6 17.0 • 2.1 
4.0 6.0 10.0 5.1 8.4 2.7 4.6 5.0 

0 0 0 0 0 1 4 

95.9 77.6 83.9 89.9 86.9 64.9 741.4 73.0 

3.8 2.5 3.3 2.3 2.3 3.4 3.2 4.0 

12.0 9.3 72.0 18.5 9.3 18.3 15.5 " 
5.3 3.0 6.0 6.3 4.7 5.9 5.2 4 .  '0 

0 0 1 0 1 0 

STEPHENSON & ASSOC P/L 1208/90/AQWR/2 
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TABLE A 1 . 3  NITRIC OXIDE CONCENTRATIONS 
PARTS PER HUNDRED MILLION 

30NDI jC7N% sampling time 
:a l ly  1 nr maxima 

EASTERN monthly average 
SLEURBS max 1 hour val 
HOSPITAL max 24 hour ave 

EARL:COD % sampling time 
daily 1 hr  maxima 

BEAMAN monthly average 
PARK max 1 hour val. 

max 24 hour ave 

SYDNEY MONITORING STATIONS, 1981 - 1988,  ONE HOUR SMPLES 

LICOLPEE % sampling time 
• daily 1 hr  maxima 

SPCC monthly average 
LAEORATORIMax 1 hour val 
JOSEPH ST.max 24 hour ave 

• 
U 

• 

U 

• 

• 

907F7TF % sampling time 
daily 1 hr  maxima 

90771!F monthly average 
HOSPITAL max 1 hour val 
EALMAIN RDTax 24 hour val 

SrENEXECN & A C  P/L 

1981 1982 1983 1984 1985 1986 1987 1988 

- 66.9 89.7 85.2 80.4 85.6 

- - 10.0 13.9 8.5 10.9 9.0 
- - 41.3 42.0 43.4 57.3 :6.9 
- - 16.0 16.5 16.6 25.2 8.5 

96.4 75.2 96.7 94.0 75.5 74.4 93.3 56.0 

13.7 13.6 16.5 18.3 10.3 14.8 16.8 15.0 
45.0 50.0 79.0 100.0 59.6 64.0 77.0 40.0 
26.0 35.0 34.0 32.2 18.2 20.4 23.4 12.0 

96.7 86.3 90.2 94.0 86.0 74.0 77.4 78.0 

11.8 10.4 11.1 12.1 11.3 5.0 11.3 11.0 
44.0 42.0 50.0 46.6 43.6 29.0 42.2 62.0 
14.0 15.0 16.0 25.1 13.7 6.4 15.8 8.0 

96.3 77.6 84.0 90.0 88.6 64.9 92.1 73.0 

6.9 7.2 8.0 10.7 8.2 11.9 10.7 11.0 
43.0 37.0 46.0 57.9 46.7 48.0 45.9 74.0 
10.0 12.0 12.0 18.3 17.1 18.2 15.1 9.0 

1208/90/AQWP/2 
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TARI....E_ A 1.14 

11 

11 
SUSPENDED MATTER CONCENTRATIONS 
MICROGRAMS PER CUBIC MIME AT 0°C II 
SYDNEY MONITORING STATIONS, 1 9 7 8 -  1988, 24 HOUR SAMPLES 

PADDINGTCN per mcnch 
max 24hr ave 

PYRMCNT per mcnth 
max 24hr ave 

SURRY HILLS per cnth 
max 24 h r  ave 

SYCNEY per cnth 
George S t  max 24hr ave 
SYDNEY per mcnth 
E117,nt'Pth S t  max 24hr ave 
SYDNEY per month 
Rodford S t  max 24hr ave 
KURNELL per month 

max 24hr ave 
LANE COVE per mcnth 

max 24hr ave 
NORTH SYDNEY per mcnth 

max 24hr ave 
MATRAVILLE per month 

max 24hr ave 
RANDWICK per mcnth 

max 24hr ave 
COLLAROY per month 

max 24nr ave 
R077!7 per month 

max 24hr ave 
RYDALMERE per mcnth 

max 24hr ave 

per .mcnth 
max 24hr ave 

SYCNEY per =nth 
Ceo34kt.Sts max 24hr ave 

RYCE NCRTH per cnth 
max 24hr ave 

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 

12.0 12.0 11.0 10.2 10.9 7.9 7.0 10.3 9.7 9.2 
56.0 70.0 50.0 52.3 54.0 52.3 43.0 67.0 52.0 59.0 
19.0 17.0 16.0 20.7 12.7 11.2 11.5 11.4 10.2 11.0 
70.0 63.0 60.0 76.7 47.3 54.0 53.0 54.0 44.0 44.6 
12.0 12.0 11.0 E.7 - 9.9 11.0 
45.0 46.0 42.0 Le.3 _ _ _ _ 56.0 47.0 
23.0 24.0 25.0 20.2 _ _ _ _ 16.7 17.5 
34.0 84.0 73.0 84.0 - - 47.0 225.0 

- - - - - - - 11.8 9.8 
- - - - - - - 72.0 69.0 

- - - - - 8.4 7.1 
- - - - - - 47.0 37.0 

- - 4.0 2.7 3.4 4.3 4.1 5.1 - - 
- 20.0 22.3 20.0 20.0 20.3 30.4 - - 
- - 8.0 2.1 8.5 12.7 11.5 15.1 - - 
- - 33.0 74.3 40.0 64.0 39.3 65.3 - - 

- - 15.0 14.0 12.3 12.2 10.9 14.8 - 
- 42.0 34.0 29.0 30.0 30.8 34.4 - - 

5.3 -.' 4.5 5.5 - - - - 
- 24.0 25.3 25.0 24.0 - - - - 

10.0 7.0 - _.5 4.5 5.7 - - - 57.0 38.0 30.0 22.0 25.0 27.0 _ _ 

- - 2.i - - - - - 
- - .2.3 - - - - - 

9.0 10.0 8.0 -.5 - - - - - 
40.0 49.0 37.0 32.3 _ _ _ _ 
11.0 12.0 10.0 3..3 _ _ _ _ 
35.0 58.0 38.0 63.3 _ _ _ _ _ 

10.0 5.3 
47.3 25.: 

26.0 46.3 26.0 25.- 
94.0 87.0 126.3 7:?.3 

6.0 5.0 
22.0 34.0 

rtPHENSON & ASSOC P /  L 

a 
• 198E 
• 

111 

a 

• 
• 
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U 

• TABLE A 1 . 5  CONCENTRATIONS OF TOTAL SUSPENDED PARTICULATES (TSP) 

MICROGRAMS PER CUBIC METRE AT 0°C 

SYDNEY MONITORING STATIONS, 1979 — 1988,  24 HOUR SAMPLES 
• YEARLY AVERAGE — 6 DAY CYCLE 

• 
II 

Il 

U 
• 
a 
• 
II 

011 

• 
• 

• 

• 
• 

• 
• 

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 

EARLAWD 
Beaman yearly ave. 117 88.6 94.3 38 65 53 73 72• 61 
?ark 

LANE COVE 
Town Hall yearly ave. 63 62 51.7 51.1 55 45 49 52 55 
Lcrusville 
Road 

RANEWICK 
Poftiales yearly ave. 81 75 
Hospnal 
Barker St. 

R071 I P 
Rozelle yearly ave. 72 64 55.7 57.2 54 43 44 46 45 40 
Hospital 
Balmain Fd. 

RYDALMERE 
Rydalmere yearly ave. 86 85 68.5 76.7 58 55 51 ..,.... 
Hospital 
I i c : c r i a  Rd. 

SYDNEY 
Cecrga & yearly ave. 100 118 97.3 100.1 88 110 137 113 113 

Yarket 
Streer..s 

STEPHENSON & ASSOC P/L 
• 

1208/90/AQWP/2 



TABLE A 1.6 

• 

• 
TOTAL SUSPENDED PARTICLE CONCENTRATIONS 
MICROGRAMS PER CUBIC METRE AT 0°C • 
SYDNEY MONITORING STATIONS, 1979 - 1988,  24 HOUR SAMPLES 
HIGHEST MONTHLY AVERAGE - 6 DAY CYCLE 

1979 1980 1981 1982 1983 1984 1985 7986 1987 1988 

DRUCID monthly ave 126 194 189 88 110 707 92 158 
2eanan ?ark 

COVE monthly ave 113 140 81 31 111 59 74 55 52 _ 
Town Hall 
Lons.evtlle Road 

9077!F monthly ave 168 132 80 31 103 60 52 62 56 56 
Rczeile Hospital 
Balmain ?cad 

SYDNEY monthly ave 316 462 112 126 140 197 190 141 155 _ 
GecrEe & Yarket Sts. 

RYDALYERE monthly ave 152 182 103 108 128 73 72 _ - - 
Ryralmer Hospital 
Victoria Road 

RANEWICK monthly ave 192 116 
Prince o f  Wales Hasp. 
Barker Street. 

TABLE A 1 . 7  LEAD CalCERTRATICNS 
MICROGRAMS PER CUBIC 
SYDNEY MCNITORING STATICNS, 

1979 1980 

AT 0°C 
1979 

1982 

- 1, 

1983 

24 HOUR SAMPLES 

1984 1986 1986 

(6 DAY CYCLE) 

1987 1988 

METRE 

1981 

EARI:JaD monthly ave 1.3 1.3 1. 1.1 1.2 0.9 3.9 0.9 0.3 
Beaman Park 90 day ave . 

1.3 1.2 0.9 3.9 0.9 0.3 

monthly ave 1.3 1.2 1.7 ..5 1.5 1.5 1.4 1.3 3.5 _ 
Town Hail 90 day ave - - 1.6 1.6 1.6 1.5 7.4 1.3 0.7 _ 
:_pir.zleville Road 

K2:ELLE monthly aye 1.3 1.2 0.3 3.9 0.8 0.7 0.5 3.5 3.5 3.5 
Rozeile Hosp 90 day ave - - 0.3 3.9 0.8 0.7 0.5 3.6 0.5 0.5 
; p i  " 7 ' 1  Rosa! 

SYDNEY monthly ave 2.6 2.4 2.6 2.5 2.1 1.9 1.5 1.5 1.3 
C c  .7, Ykt Sts 90 day ave - - 2.5 2.7 ,.% 1.9 1.5 7.5 1.3 _ 

1.3 1.2 1.3 .... 1.2 1.1 - _ _ _ R I C A . =  monthly ave 
Rycaimere Hosp90 day ave - 1.3 1.4 1.2 1.2 - - - 
Victoria ?cad 

RANDWICK monthly ave. 1.4 1.1 - 
P f Waic H 90 day ave - - - - 

• 

• 

a 
III 

III 

111 

111 

III 

II 

• 
• 
a 
• 
• 
• 
• 
• 
• 
• 

II 

• 
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• TABLE A 1.3 

11 

• 

a 

I • 

I 
a 

1 1  TABLE A 1 . 9  CARBON MONOXIDE CONCENTRATIONS 
PARTS PER MILLION 
SYDNEY CITY MONITORING STATIONS, 1978 - 1988,  ONE HOUR SAMPLES 

NON METHANE HYDROCARBONS CONCENTRATIONS 
-7 PARTS PER MILLION 

SYDNEY MONITORING STATIONS, 1981 - 1988,  ONE HOUR Sg41ES 

• 

1981 1982 1983 1984 1985 1986 1987 1988 

L:DCOMBE % sampling time 92.6 95.4 69.9 83.3 81.1 58.7 87.7 90.2 
SPC0 LABS. mcnteay average 1.1 1.3 0.5 0.7 0.4 0.7 0.6 1.2 
jCSEFH sr. 
ROZELLE % sampling time 94.4 82.2 74.0 72.7 81.8 43.2 63.7 62.5 
30ZFrIE 1-3SP. monthly average 0.3 0.4 1.7 0.9 0.6 1.0 0.9 1.1 
2ALMAIN RD• 

Srm=C171.saitti 1978 1979 1980 19En 1932 1933 1984 19E6 1966 1967 1 938 
cala 

% sampling tim 
cai/y 1-'rcur maxj.ma 

91 

6 

85 

5 

- - 

- - - - 

90.7 

11.4 

- 

_ 

72.2 

9.3 

79.3 

3.9 

80.3 

9.5 mcnttly average 
max 1-npur val. 

t.;S EPA 8-ncur gral 
- - - - - - 26.3 - 50.3 20.2 20.3 

104 56 - - - - 87 - 18 47 E.9 DAYS EXCaDED 

STEPHOSON & ASSOC P/L 1208/90/AQWP/2 
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TABLE A 1 . 1 0 OZONE CONCENTRATIONS 
PARTS PER HUNDRED MILLION 
SYDNEY MONITORING STATIONS, 1981 - 1988,  ONE HOUR Sk1.0.1Z 

BONDI XTN. % sampling :ime 
E A =  maily 1 hr  maxima 
SUBURBS monthly average 
HOSPITAL maximal 1 hr  vai 

NHKRC1 hour gpal 
days exceeded, 

cprema..-cm % sampling time 
dai ly  1 hr  maxima 

nFF FARRO4 monthly average ROAD 
maximum 1 h r  val 
NIVRC1 o r  goal 

days exceeded 

LANSVALE % sampling time 
da i ly  1 h r  maxima 

HOLLYWOOD monthly average 
CRESCENT maximum 1 hr  val 

NHMRC1 hour gpal 
days exceeded 

LEDMIBE % sampling tine 
da i ly  1 h r  maxima 

SPCC monthly average 
LABORATORIES = d r a m  1 hr  val 
J(15F.Pu-ST. NHMRC1 hour gpai 

days exceeded 

'AESII,EAD % sampling time 
r a l l y  1 h r  maxuna 

WESTMEAD HOSP monthly average 
HAINSACRIli maximum 1 h r  val 
STFFF: NHMRC1 hour gpal 

days exceedea 

'AUL:WARE %sampling time 
(tally 1 hr  7210= 

CAPCNIA D. =richly average 
maximm 1 hr val. 

NHMRC 1 nour gpal 
days exceeded 

A327.:LLE % sampling time 
dai ly  1 hr  maxima 

monthly average 
maxmun 1 hr  val 

NEFRC 1 hour gpal 
days exceeded 

WARWICK % :.ampling time 
?AR 4 /Ally 1 h r  maxima 
RilaCCULT. =richly average 

maxamm 1 nr  val 
NEMRC 1 hour TA 1 

days exceeaea 

STEPHENSON & ASSOC P/L 

1981 1982 1983 1984 1985 1986 1987 1988 

- 33.7 34.3 95.0 90.4 72.5 78.7 

2.5 2.6 2.9 2.7 2.7 2.3 
7.3 12.: 12.3 11.9 12.3 10.1 

- 0.0 1.0 2.0 0.0 1.0 0.0 

92.7 85.9 74.1 92.2 85.1 67.9 76.3 .86.9 

3.9 3.9 =,.0 3.7 4.1 4.2 3.3 2.7 
14.0 15.0 15.3 13.1 15.7 12.5 13.0 14.0 

.2.0 3.0 5.0 1.0 2.0 2.0 2.0 6.0 

- 91.1 80.3 80.7 62.7 66.2 - 

- 3.7 4.0 3.1 3.6 3.6 
- 18.0 14.3 14.8 11.3 7.6 - 

- - 4.0 2.0 1.0 0.0 0.0 - 
97.7 95.2 ce..: 91.8 97.5 83.6 93.4 99.2 

3.3 3.6 3.5 2.3 2.9 3.1 2.9 2.3 
12.0 13.0 22.0 11.9 14.2 10.5 13.5 11.0 

0.0 4.0 i,.: 0.0 - - 1.0 0.0 

92.5 94.3 97.5 87.2 93.9 94.4 

- 2.3 3.2 2.9 2.5 2.3 2.1 
- 15.3 10.7 14.0 8.3 12.1 11.0 

- 0.3 2.0 0.0 1.0 0.0 • 

- - 89.3 97.0 94.5 77.7 96.5 81.0 

- 2.: 2.2 3.4 3.2 2.3 2.5 

- _ 12.3 13.5 11.1 14.9 11.5 13.0 

- - - 3.0 0.0 3.0 0.0 1.0 

93.7 94.3 - 

3.3 3.4 
10.0 11.3 

0.3 0.0 

95.2 96.5 

4.0 4.0 
11.0 12.0 - 

0.0 0.0 

a 

III 

• 

• 
• 
Il 

• 



• 
I I  

_ 
TABLE A 1.10 
(continued) 

• 
• 
• 
• EARrica) 
• EEPMAN 

PARK 

• 

• 
• 
U 
• 

• 

• 
• 
• 
• 
• 
• 

• 
• 
• 
• 

• 
• 

OZONE CONCENTRATIONS 
7 PARTS PER HUNDRED MILLION 

SIDNEY MONITORING STATIONS, 1981 - 1988 ,  ONE HOUR AVERAGES 

samcling =re 
daily 1 hr  almcma 

monthly average 
maximum 1 hr val 

limRC 1 hour goal 
days exceeded 

1981 1982 1983 1984 1985 1986 1987 1988 

97.9 79.3 35.3 99.4 92.5 79.2 96.3 90.7 

3.3 2.7 3.2 3.3 3.1 2.8 3.1 2.1 
11.0 14.0 19.0 12.1 13.1 10.8 12.2 8.0 

0 1 2 1 1 0 1 0 

• 

• 
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1979 
.Ag/m3tn3 

1980 1981 

;PM 

1982 

PPrin 

'983 

:Pan 

1984 1985 1986 1987 1988 

;Pan 

= Y E E  arrit t ly ay. 15 15 0.3 0.3 3.3 0.6 
S n :  max 24 hr ay. 
r 

50 90 1.7 1.6 2.7 2.6 - 

Joseph St. 

F t =  rirnthly ay. 7 0.3 0.3 0.5 0.9 
max 24 hr  ay. 35 3.5 0.3 1.5 4.4 

• 24 tr-ur average 

• 1 i-cur avers. 

STF-PHENSON & ASSOC ?R.. 

TABLE A 1 .11  SULFUR DIOXIDE CONCENTRATIONS 

MICROGRAMS PER CUBIC METRE AT 0°C 

SYDNEY MONITORING STATIONS, 1979 - 1988 1111 

YEARLY AVERAGE 111 

II 

1111 

• 

• 
• 

• 
• 
• 

• 
• 
a 
• 
• 
• 

• 
• 
• 
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• 

• 

• 
• 

• 

• 

• 

• 
• 
• 

• 

TABLE A 1.12 AVERAGES OF THE DAILY ONE—HOUR MAXIMA 

FOR NITROGEN DIOXIDE (pplam) 

1980 1981 1982 198o 1984 1985 1986 1987 1988 

EARLWCCD 

BEVAN PARK 

42.0 17.4 16.2 19.1 21.7 12.2 17.0 21.4 • 20.1 

L.1102,13E 

SPCC LABS 

35.0 14.4 14.0 14.5 15.7 14.1 6.9* 14.1 15.4 

JOSEPH Sr. 

ROZELLE 34.0 10.0 9.3 10.6 13.8 10.5 14.1 13.3 13.7 

XYZELLE 30SPITAL 
EALMAIN 

* Note: Winter d a t a  missirg 
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FIGURE A 1.13 
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APPENDIX 2 

M e t e o r o l o g i c a l  Data 

N o r t h  Parramatta 
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BUREAU O F  METEOROLOGY - C L I M A T I C  DATA 

s t a t i o n  Name PAPRAMAITA n o r m  Conmenced 1965 

A P P E N D I X  2 TABLE A 2.1 

'JEW SOWN WALES 

Number 066124 Lat i tude 33 Deg 48 Min S longi tude 151 Deg 1 Min E Elevat ion  60 .0  M 

Jan Feb Mar Apr Hay Jun Jul Aug Sep Oct Nov Dec Year 
.... 

9 am Mean Temperatures Co) and Mean Re la t ive  flu%idity (X) 22 Years of Rrcord 
Dry Bu lb  22.5 22.2 21.0  18.2 14.5 11.6 10.7 12.5 15.6 18.5 19.9 21.9  17.4 
wet Bulb 19.0 19.3 18.2 15.4 12.4 9 . 7  8 .4  9 . 8  11.8 14.4 16.1 17.9 14.4 
Dew Point 17 18 16 13 11 3 6 7 8 11 13 15 12 
Humidity 70 75 75 73 77 77 71 69 61 61 65 66 79 

3 pm Mean Temperatures (0) and Mean R e l a t i v e  Humidity (X) 22 Years of Record 
Dry Bu lb  26.2 26.1 24.6  22.3  19.0 16.2 15.9 17.4 19.3 21.5  23.3  25.5 21.4 
Wet Butt) 20.3 20.6 19.4 17.0 14.4 12.2 11.0 12.1 13.3 15.7 17.5 19.2 16.1 
Dew Point 17 17 16 13 10 
Humidity 56 58 59 56 58 

D a i l y  Maximum fen.perature (C) 
Mean 28.0 27.6 26.2 23.9  26.3 
86 P e r c e n t i l e  33.2 32.2 30.3 27.6 23.4 
14 P e r c e n t i l e  23.1 22.8 22.2 20.1 17.5 

D a i l y  Minimum Temperature (0 
17.5 17.6 16.1 13.1 10.1 Mean 

86 P e r c e n t i l e  20.1 20.0 18.7 16.0 13.4 
14 P e r c e n t i l e  15.0 15.0 13.5 10.0 7.0 

p a i n f a l l  (mm) 
Mean 
Median 

8 
60 

6 
51 

7 
50 

8 
47 

17.4 17.1 18.7 21.1 
19.9 19.5 21.6 25.6 
15.2 14.5 15.6 16.8 

7.5 6.2 7.3 9.3 
10.8 9.2 10.7 12.5 
4.6 3.5 4.4 6.0 

11 IS 15 12 
51 53 52 54 

21 Years of Record 
23.4 25.1 27.4 23.0 
28.5 30.6 33.0 
18.5 20.1 22.0 

22 Years o f  Record 
12.3 12.1 14 . :  16.2 

15.0 17.0 19.0 
8 . 9  11.0 13.3 

24 Years o f  Record 
116 99 128 86 69 81 44 60 52 81 90 67 973 
103 84 121 43 69 68 32 24 43 54 67 56 992 

Raindays t o  24 Years o f  Record 
mean 11 11 H 8 9 9 8 8 11 11 9 113 

STEPHENSON & A S S O C  P/L 1208/90/AQWP/2 
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f i N S I  ytAN 196/ 

S I A I I O N  066124 

A P P E N D I X  2 T A B L E  A 2.2 

BUREAU OF HEILOROLOGY - SURFACE WIND ANALYSIS 

v E H U N I A G I  0f(nRINLICE n f  511 t o  VERSUS piRicr lou BASED ON 22 YEARS Of RECORDS 

I A S I  YEAR 1988 NtiT3ER OF HISSING OBSERVAIIONS (AS PERCENTAGE OF MAKIHW P O S S I O W  4 . 6 6  I 

PAINTAMATIA 1108111 33 48  S, 151 (I I  E 6 0 . 0  H EIE17 

JANUARY 0 9 0 0  NOLJNS Ls! FEuRuAny 0 9 0 0  NOUNS I S  MARCH 0 9 0 0  HOURS L S I  M N  I t  0900  HOONS ts1 

' SPEED 1KH/o141 ' SPEED (101/14)  ' SPEED (KM/HR) . SPEED E101/11R1 
L A I N :  CAI11: CALM: (AIM: 

14 : 1 6 11 21 51 4)  51 A 1? : 1 6 11 21 31 41 51 A 20 : 1 6 11 21 31 41 51 A 18 : 1 6 11 21 31 Al $1 A 
: 10 10 10 10 10 10 t t : 10 10 10 TO TO 10 E L : TO TO TO 10 TO 10 & L : 10 10 10 10 10 TO & t 

Qlut l i__1_14_M_344_0AP_A QI:Ji_i_19._n_3(L'AALIJIL_!.  2 1 M i _ _ L I L n A L Y L M A C _ _ L  W r i i  L14_24_14_50_54AALA 

tt : 4 2 1 7 i t :  3 I 2 • 6 N : 2 1 1 • 4 n :  2 1 1 • 4 
NE : 4 3 2 1 11 NE : 4 3 2 • 9 NE : 4 2 1 • • • 7 NE : 1 1 • 2 

E : 4 4 2 • 10 E : 3 3 1 1 8 E : 4 1 1 • • 7 E : I I • • 3 
SE : 5 6 6 2 • 19 Si : 6 6 4 2 1 18 SE : 7 4 3 1 • • 15 SE : 3 5 1 1 8 

S : 4 5 4 1 1 14 S : 5 4 3 1 • 13 S : 4 4 3 2 • • 13 S : 6 5 I I • • 12 
So : 4 2 1 • • a so : S 3 1 1 9 s o :  5 3 1 1 • 11 s o :  7 6 3 1 • • 18 

0 : 5 2 1 • 6 v : 6 1 • 0 U : 6 3 1 • • 9 u :  9 5 3 I • 17 
No : 5 3 2 I i 1 0 0  : 6 4 2 • 12 ow : 7 4 1 • • 14 N0 : 9 8 2 • • 20 

A l l  : 34 26 20 5 1 A i l  58 [ 5  14 6 1 N11 : 39 25 12 S 1 - • Al ! 1.! k 1 1 

NO. Of OJIS. (,.'':, 140. Of 0 0 S .  5.85 NO. Of 0 0 S .  6 4 9  110. OF 0 6 S .  620 

JAWANY 1500 o(nOiS 1ST fEORtmay 1500 u0G35 1ST mARCH 1500 HOURS L S I  A l i t  I i  1500 .1001(5 Esy 

(hill 
2 

A t ,  16 Ze 35 15 5 1 1 

NO. OF OHS. t ,  I ((l. 01 

S T E P H E N S O N  & A S S O C  P/L 

SPEED (4:17NN) . SPEED 0411/OR1 . SPEED (KH/NR) 
CALM: CALM: 

1 C. 11 21 I I  41 51 A 5 : 1 6 11 21 31 41 51 A 0 : 1 6 11 21 51 41 51 A 
10 10 10 10 10 10 t L : 10 TG 10 10 TO TO G L : 10 10 10 10 10 l o t  t 
_ . 5 . . 1 0 _ 0 N  40  5 Q A P  A 9 . 1 . f _ I N : I L Z O _ a _ q _ M _ V C _ _ L  Hilqi__5_19_e9_34JAA9_vr_A 

1 1 2 • 4 N : I 1 1 • 4 n :  3 I ? • • 6 
I. l / 4 • 22 Nf. : 5 4 i i I 12  o f  : 4 4 5 1 • 12 
! • 8 : 2  '. • • 2'7 f : ,'. o 8 .-, • ?? f : 5 6 6 , • 19 

6 0 L. 1 • • 20  St : 5 / 11 4 1 • . 28  ST : S 7 9 2 ; • 23 
I .? 2 1 1 • / S : 1 1 2 1 • • • 6 S : 2 2 1 1 I • 7 

, So ! I i 1 • • z S‘i : 2 2 2 1 1 • / 
I : • • • 

'2 
o : 1 I 1 1 • S w : 2 1 3 1 • • a 

.,. 1 i . • 5 M.' : 1 2 1 I • • 7 N0 : 4 $ 2 I • 9 

AIL 
: 19 27 32 13 3 1 • ALI 27 25 21 10 5 • . 

NO, OF OBS. 6 5 9  NO. Of OBS. 613 

1208/90/AQWP/2 



A P P E N D I X  2 T A B L E  A 2.3 

BuREAo o f  HEIE0ROLOGY - SuRFACE u I N D  ANAEysIS 

E,EACENIAGE OCCoARENCE o f  SPEED VERSOS DIRECTION BASED ON 22  YEARS o f  RECoaDS 

! I R S !  vEAN 1962 EAS1 EEAR : 19E8 NEw.3111 o f  HISSING OBSERVATIONS (AS PERCENIAGE Of MAx imJ4  P O S S I M E )  ; 4 . 6 6  I 

S I A I I J O ;  0 6 6 1 1 4  PARRANAIIA NORIN 33 48 S, 151 01 E 1 0 . 0  M EiEv 

MAY 0 9 0 0  H o o f s  L s !  H o f f  0900  ROuRS ESE /LILY 0 9 0 0  HOunS EST fitiGuST 0900  HOURS LSI 

SPEED 114H/NRI • . SPEED (4m/H0) . SPEED (KM/Na) . SPEEDWM/NR1 

( A I M :  (Alm: CALM: CALM: 
12 : 1 6 11 21 31 41 51 A 15 : 1 6 11 21 31 41 Si  A 12 : 1 6 11 21 31 41 51 A 12 : 1 6 11 21 31 41 51 A 

: 10  10  10 10 10 10 t l : 10 TO TO 10 10 TO t L : To TO TO To To ; 0  t E : l o  t o  10 10 10 10 t I 
V i t i l i i _ . . 1 _ 1 ( ) A N A L I A A Q  uP L Ut4i__:!_12_22_34_40_14 Ur L pip.N; Q_24_39_q_H_IR L 4114,4: _LI4.24_14_49_14 lie L 

u :  1 1 1 • 3 n : 7 1 1 • 4 n :  2 1 1 • 4 u :  2 1 1 • 4 
NE : • • • 1 NE : • • • 1 NE : 1 • • 1 NE : • 1 • • 1 

E : i • 2 E : 1 • • • • • 7 E ' 1 • • • 1 E : • •  1 
SE : 2 I 1 • 4 SE : 2 I 1 • • • • 3 SE : 1 • 1 • 2 sE : 2 i i • • 4 

s : 6 i i 1 • • • i f )  S : 2 2 1 1 • • / S : 3 1 i i • • 6 S : 2 1 1 I • .- 6 
4 4 • • 16 SW : 7 4 3 2 1 • 17 s o  : 4 4 3 1 • • 12 s u  : 6 4 4 2 I 1 • IR 

W : 11 6 3 1 • • 2 3  u : 14 6 3 • 23 w : 15 1 5 1 • 1 • 31 u : 13 / 4 2 i • • 21 

n o  : 16 9 3 1 • SO NU : 15 8 3 2 28 p u  : 13 9 7 2 • • SI AQ : 11 8 5 2 1 • • 27 

A l l  : , . /  2 ?  12 1 1 • A l l  
; 42 23 13 6 7 • • ALL : 40  24  17 5 1 2 • A I L  : 38 22  15 8 3 1 • 

6 0 .  01 011S. (.10 0 0 .  UI 01S.  656. NO. u i  UXIS. 62/ No. Of OHS. 670 

HAY 1'.60 600AS 151 JuN1 1500 NOUN', 1:0 JULY 1506  HOUAi 1%1 A U G U A  1 : 0 0  NooRs isi 

. 
W t  3 11 1 / .11 /1111 / ' SVEIO 0021.10 ' SPEED (KH21111) ' SPEED (4020N) 

L A. at: (A l  ri: (AIM: (ALA: 
I 6 I I  21 Si 4 1  '31 A 11 : 1 '') 11 11 I I  4 )  !O A 11 : 1 6 l i  21 51 41 51 A 6 : 1 6 11 21 SI 41 51 A 

: 10 10 10 10 10 10 t i : l o  1:: 10 ID 10 l u  X L : 10 10 10 10 10 10 t 1 : 16 10 10 10 10 10 t 1. 
P I A ! , i _ . 1 9 , , Q . . : 0 _ v t _ _ L  M q i _ _ 2 _ 1 9 _ : 9 _ 3 9  

_ 92 _ 9_912__L (2112tri__LA2A9A92:2ALI,PLA elhtli___N_n_19_119A9_912_1. 

n ; I. r! • • , 6 N : 3 I 1 • • 6 N : 4 2 1 6 1 : 2 1 2 • 6 

IL : 
• 

i. .7 i 
' • ' 1 • 

, 
' 1 

nf : 
f : 

: 
2 

I 
.. 

I 
: • • 

5 
4 

I f  : 
E : 

2 1 
2 i 

i 
1 • 

3 W. : 
i'7 : 

3 i 2 1 • 10 
! 2 i 1 •  9 

A : 6 A '• ' • • i A sj : '. 4 5 2 St : 4 4 5 1 1 • 14 A : S 3 S 2 • • ... IS 

!. . 4 ! 2 1 • • IS 5 : 4 3 4 ( • • 
1i s : S 2 S 1 I • 10 S : 1 2 3 I I -  9 

.....,.. ;57 7111 10 )to : 4 .2 i 4 I • • 15 Sw : 3 4 4 1 2 . . 17 50  : 4 4 5 3 2 1 •  18 

..: : S 1 2 i ; 12 o : s 2 1 2 I 11 U: 5 3 ..; 2 1 1 •16 0: S 1 4 1 2 I 1 16 

u..1 44'11 1: 4.; : 8 : ! I 16 6 0  : 7 5 2 2 1 • 17 N'.1 : 5 5 2 1 • • • 14 

71E : •!.. 21 I d  4 4 2 • A l l  7 i4 !:. 19 12 4 1 I ALL : 29  24 19 9 5 2 • ALI 
; 25 74 24 10 6 i 1 

N., . ,  661.. 602 No. 0, :,..., 02 NO. Of 00S. 669 NU. o f  OHS. 664 

S T E P H E N S O N  & A S S O C  P/L 1208/90/AQWP/2 

111•11111111•11111111111111111111•11•1111111111•11111111111111•11111111111111111 



• III • • I I  • I I  • I I  • • • • MI • • • • • • 111 • • I I  • III III 1.11111 

' .SPEED fkmiuut 
(ACM: 

10 : I 6 11 2 ;  31 41 51 A 
: i n  10 10 t o  10 10 t L 

(21_112,_1.Q_34_WA.LoP__L 

n : 2 1 1 • 5 
H E ;  1 1 1 3 

E : 1 • • - 2 
SE :311 • I • 

s 15s2 ii• - 1? 
St: : 6 5 5 5 ? I • 2) 

u ; 0 5 4 1 1 1 1) 
ou : 7 9 4 1 1 ? 

All : t 2  21 19 .''. .' • 

N.1. 01 OW, . ,,s I 

'SEP E t u t  II 

• SPEfD 

1500 1.00115 

(AN/0N) 

I S  I 

5 : 1 6 11 21 11 41 51 4 
: 10 10 10 10 10 10 X 1 

N ' 2 ? I • 
7 F : 

: 4 4 6 • 
Si: S 5 :5 5 • 

S : 2 2 ? 711 •.; 
2 2 2 5 ? t • 

; 2 3 ? 3 ? 1 • 
A: 4 ! 2 2 i2 

2) 72 26 IS a S 

S T E P H E N S O N  & A S S O C  P/L 

I I I I  i t  All : 1967 

S1A1100 : 066114 

A P P E N D I X  2 TABLE A 2.4 

BUREAU o f  o[FE0AOLOGY - SuRfACE %Imo AnAciS15 

otHEEnIAGT 0(CuokENCE Of S o f t ( )  VERSUS D l o i ( 1 1 0 u  BASED On 22 YtAW. Of i4(01105 

I A S I  14/41 : 1983 n o r a f f i  OF 11155InG 005EfivA1I0145 (AS PIREETTIA6E 0 !  HAx Imon  P055101.11 : 4 . 6 6  % 

PANRAMAI1A NORM 33 40  S ,  151 01 E 6 0 . 0  M REV 

SEPIEPZER OCIOBER 0 9 0 0  hOonS L S !  o0vEmBER 0 9 0 0  000RS Ls1 0 9 0 0  m u n S  tsr 0 9 0 0  HOucts L S I  DECEP0E0 

. . SPEED (Km/oft) 
[ A m :  

SPEED ( K u i / o 0 )  SPEED (Km/11R) 

10 : 1 6 11 21 31 41 51 A 
CALM: 

13 : 1 6 11 21 31 41 51 A 
" 6 " ;  

1 6 11 21 Si 41 51 A 
: TO TO TO 10 10 TO t L : 10 TO 10 TO 10 TO & L : 10 10 10 TO 10 10 & L 

e1_A_12_29_34_9AQ_VLA 21Eitii_i_n_n_322:4_A_QC__L gintli __ 
L112_29_39_Aio_vt__L 

I i :  4 1 1 •  • 7 t i  : 5 : 1 • 
• 

• 3 N : 6 1 1 • / 
o f  : 5 i 1 • $ o f :  4 2 2  a NE : 4 2 2 . 9 

E : 3 2 1 • • • 6 E : 2 2 1 • 6 

• S : 5 3 3 2 • 

sE ; i 
• 

14 2 
• •  

4 
sE 7 : 4 5 3 2 1 

S : 4 3 3 2 ' • 
• 14 SE : 5531! 15 

12 13 IS S : 4 45111 
s o :  4 4 4 1 1 • • 14 '.;t4 : $ 3 3 2 1 • i 4  Su : 5 3 1 t • 9 

0 : 3 4 4 1 • 1 12 u :  3 3 1 1 • • 0 9 u :  4 3 1 1 • 
NO : 6 6 3 2 1 • 18 o u  : 6 5 5 1 • • IS  Nu : 9 5 '5 1 • • tu 

A l  I 

: 
S I . 'I, I ' )  II '. .' • 

. 
Al I : SS 2C 1$ 6 ; '  1 A l l  : S. / 5  i /  t I I 

NU. 10 WIS.  6 6 /  NO. OL OILS. c.48 n o .  n i  M S .  642 

0C1o0fit 15o0 uouRS L S I  NOVE119E1A 1500 000F6  L s !  DtCf ;u3Eu 0 0 0  Houtts 111 

SPEED (1m/o0) 
( A t  m: 

3 : I 6 I I  21 SI 41 51 A" 
: 10 10 10 10 10 10 U I 

• : 2 I • • 5 
: • - 15 

f : 5 I. ' • • . 20 
4 6 S S I • • 25 

S : 2 2 1 1 1 • 7 
56. : ? 

. 
? 1 • 

• : 2 2 2 1 ' 8 
N'a : , 2 • ' • ;S 

& t t  l b  2'. 1 /  4 

W .  Of O f  Y,1 

S 

Si 
5 

So 

ItO 

ALL 

SPEED (KM/181) SPEED ti.miou) 
CALM: 

1 6 I ;  21 51 41 $1 A 2 : 1 6 11 21 51 41 5 i  A 
10 10 10 10 10 10 t t : 10 1.) 10 I f i  10 10 X 1 

. . . 1 0 _ n _ 3 9 _ 4 2 _ M _ V v  1 elni_A 11'_?(T.19_1_4LA vi! L 

7 1 1 • 4 n :  1 2 1 1 5 
2 '-: I 4 : • Ni : 4 4 n 4 1 2$ 
3 8 5 4 • • ; '0  E : i / 3 4 1 • 24 
5 9 9 5 ? 1 2 /  ' i f  : 4 i 7 .'. 5 • 25 
1 ; 3 1 1  • 6 s : i I I i I • • 4 
• I I I • • i. SO I I i I • • 5 
1 1 1 1 1 • • / o • • 1 2 I • 6 
2 1 2 1 • • 6 No 5 1 2 1 .  • a 

14 26  29  l e  7 2 1 A l l  13 25  i )  20  8 I • 

N c .  o f  t h h .  NO. NI ow;. 

1208/90/AQWP/2 
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F I G U R E  2 A P P E N D I X  3 

Einission (ekin) 
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10 
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25 
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F I G U R E  3 

Emission (g/k in) 
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A P P E N D I X  3 

F;iiussioi.rate of vs. Speed for vehicles with and without catalytic converters 

Mout catal, tic 
converters 

1.11 catalytic CO nverters 

0 10 20 30 50 GO 70 80 90 
Speed (km/h) 

S T E P H E N S O N  & A S S O C  P/L 1208/90/AQWP/2 
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APPENDIX 4 

R e s u l t s  o f  E x i s t i n g  A m b i e n t  A i r  Q u a l i t y  Monitoring 

( C a r b o n  M o n o x i d e  a n d  N i t r o g e n  Oxides) 
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A P P E N D  I X 4 ( i ) E X I S T I N G  A I R  QUALITY MEASUREMENT R E S U L T S  - T R A F F I C  DATA E M I S S I O N  CONCENTRATIONS - P . M .  1 0 / 1 2 / 9 0  12/12/90 

SaavIlny 
HAIM Date Car 

Heavy 
Petrol 

Heavy 
Diesel 

Carton 
annoxide 

1ppial 

Nitrogen 
oxides 

(who 

%/chicle 
Speeds 

Ous/h/ 

Temp- 
OrAtUre 

(c) 

Relative 
Humidity 

(11) 

WILAki 

Speed 

wv.) 
3 E 10/12 95/ 21 6 9.65 - 17-30 25.7 60 0 - 2  (NL1 

1 w 10/12 1812 11 12 16.9 _ 0-17-35 25.7 60 0 . 2  1NE1 

1.1-1.51E1 4 E 10/12 0815 38 9 3.0 - 20-50 26.7 56.6 

4 M 10/12 1117 44 26 6.25 - 1 7 - 6 0  
. 26.7 56.6 1.1-3.5141 

5 e 10/12 826 14 6 4.9 - 27.0 56 0 - 1 . 5  1E1 

5 N 10/12 1006 176 17 5.3 - 27.0 56 0-1.51E1 

6 10/12 - - - 2.6 - - - 

_ 

_ 

7 10/12 - - - 2.35 - _ _ _ 

1 E 12/12 1806 64 22 7.5 7.25' 17-40 3.15 1-21SSE-NNw 

1 W 

/ 0 

2 S 

3 11 

12/12 

11/11 

12/12 

3153 47 23 10.75 2.5 17-45 31.5 1-21SSE-NNW 

16/11 

2968 

16 

7/ 

8 

21 

8.15 

9.0 

2.625 11-44 

17-40 

U.S 

30.5 

0 . S 6  

0.96-1.44St 

1 - 2 . )  SW 

5.625 

12/12 9/7 30 1 11.625 7.25 22-45 34.9 

1 S 12/12 14189 47 17 12.25 5.5 17-32 34.9 1 - 1 . 1  SW 

4N 12/12 917 18 6 10.75 4.125 - 

4 S 12/12 1197 54 17 10.75 7.25 - 

5 N 12/12 803 27 12 8.25 3.375 26-40 35.2 I-1.4;4.41,44 

5 S 12/12 1055 29 20 9.75 3.875 17-25 35.2 1-1.4s4.-1iaid 

6 12/12 - - - 3.25 1.75 

/ 

--- 
12/12 - - - 4.0 2.0 

_ , 

- 

1 

STEPHENSON a ASSOC P/L • R u n  1 - 1 2 . 5  R u n  2 - 2.0 
1208/90/AQWP/2 
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APPEND1 X 4 ( i i i )  IXISTING A I R  QUALITY MEASUREMENT R E S U L T S  - T R A F F I C  DATA E M I S S I O N  CONCENTRATIONS - A . M .  11/12/90 

Sativ1lity 
P“1nt beta CAC 

Heavy 
VutfUl 

Heavy 
Diesel 

Carbon 
nutioxlde 

4410 

Nitrogen 
oxldem 

11.1044 

Vehicle 
Speeds 
woo 

Tent,- 
•CallII• 

(c) 

Relative 
MUUddity 

1%1 

Wlssl 
SPet'd 
HOU 

1 S 13/12 3816 75 38 7 . 5 0  E 2.00 21.6 0 - 1 . 1  1W1 

1 N 13/12 1535 102 42 1 2 . 2 5  W 7.75 

2 E 13/12 3151 86 27 8 . 0 0  N 3.75 25.0 0.90-1.45160 

2 VI 13/12 1436 61 26 6 . 2 5  S 6.00 

3 E 13/12 1853 39 14 1 2 . 2 5  N 7.25 26.9 31A-1111____ 

3 S 13/12 822 35 24 1 0 . 0 0  S 4.50 

4 N 13/12 - _ 9.00 4.00 

4 S 13/12 - - - 11.00 6.75 

5 N 13/12 1028 44 12 4.75 2.88 21.0 1 - 1 . 7  6.21 

5 S 13/12 752 
. 

38 20 9.50 5.00. 

6 N 

/ s 

13/12 - - 2.25 0.62 

13/12 - - 2.75 1.50 

1 

I 

STEPHENSON & ASSOC P/L • H u n  1 - 7.5 Nun 2 - 2.5 1208/90/ACIWP/2 
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A P P E N D I X  4 ( i v )  E X I S T I N G  A I R  Q U A L I T Y  MEASUREMENT RESULTS - T R A F F I C  DATA E l4 ISS ION CONCENTRATIONS - P . M .  13/12/90 

Sampltoy 
Point Date Car 

Ileavy 
Petrol 

Heavy 
Diesel 

Carbon 
ncooxlde 

(Pilo) 

Nitxoyen 
oxides 

(pplral 

Vehicle 
Speeds 
(km/h) 

To%, 
eraohe 

Aelative 
tkraldtcy 

wit,.1 
Spevd 

1 E 11/12 2202 105 14 14.5 1.75 20-45 29.4 0 . 4 - 1 . 5  MEI 

1 N 13/12 2738 51 14 7.75 3.0 17-30 

2 N 13/12 1794 35 a 8.0 0.25 30-65 27.1 1 - 1 . 5  (NE) 

2 S 13/12 2964 79 21 5.5 4.75 30-55 

1 N 13/12 1167 26 11 15.0 1.0 32-40 29.4 
-___ 

2 - 3 . 5  (ENE) 

3 S 13/12 1838 35 17 - 4.15 19-30 

4 N 13/12 - _ 11.75 3.5 

4 S 

5 N 

13/12 - - 15.5 6.0 

11/12 

13/12 

1029 13 5 6.5 1.7 30-45 29.4 4 - 5 . 5  IOU 

5 S 987 48 a _ 2.3 25-40 

6 

/ 

13/12 

11/12 

- 

- 

- - 5.5 0.4 

1.0 0.3 

- 

. _ _ 

I 

STEPNENSON s ASSOC P/4 1208/90/AQWP/2 



A P P E N D I X  4 ( v )  insTING AIR QUALITY  MEASUREMENT RESULTS - T R A F F I C  DATA E M I S S I O N  CONCENTRATIONS 

0 

- A.M. 14/12/90 

Smivl log 
Nolnt Date Car 

Heavy 
Vettol 

Heavy 
Diesel 

Carbon 
monoxide 

(pp.) 

Nitxogen 
oxides 
441,1c0 

Vehicle 
Speeds 
(km/h) 

Test, 
OrlallIG 

('C) 

Relative 
Humidity 

161 

Wind 
Speed 
(m/a) 

1 E 

1 N 

14/12 3066 423 21 14.5 4.5 22-50 24.9 Calm 

14/12 1385 419 53 7.75 7.0 20-51 24.9 Calm 

Calm 2 N 14/12 1260 as 31 8.0 2.025 0-10 25.8 

2 S 14/12 1445 64 24 5.5 5.75 40-68 25.8 Calm 

1 N 14/12 2225 59 26 15.0 10.725 33-48 26.7 <0.1 

1 S 14/12 900 11 26 - 7.15 0-20 26.7 <0.1 

1 

4 N 

-, 
14/12 - - - 11.75 4.4 

4 S 14/12 - - - 15.5 7.6. 

5 N 14/12 9/4 71 20 6.5 1.125 35-50 21.? Calm 
_ 

5 S 14/12 837 15 21 - 6.375 19-47 21.7 
_ 

Calm 

6 

) 

14/12 - - - 5.5 2.0 . 

14/12 - - 3.0 1.0 

, 

1 

1 

, 

_ 

1 

STEPHENSON 6 ASSOC P/I. • Run 1 - 13 .7  Run 2 - 1.5 1208/90/AQWP/2 

11 11 11 11 NI VI 11 MO 11 II 11 11 IF 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 
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A P P E N D I X  4 ( v i )  E X I S T I N G  A I R  Q U A L I T Y  MEASUREMENT RESULTS - T R A F F I C  DATA E M I S S I O N  CONCENTRATIONS - P.M. 14/12/90 

Scowling 
P.IIM Date Car 

Heavy 
Pettul 

Heavy 
Diesel 

Carton 
maioxide 

Ni.4 

Nitrogen 
oxides 
livls.il 

Vehicle 
Speeds 
(kin/1) 

1%34, 
eraturs 

(*(:) 

Relative 
Ilisnidlty 

1161 

Wind 
Speed 
lai/•I 

1 

1 

14/12 1/16 411 14 12.0 7.45 

_ 

_ 

_ 

_ 

14/12 2933 181 24 9.65 5.9 

3.0 2 14/12 1711 29 8 4.65 

2 14/12 2858 76 11 4.95 6.0 

- NO CLIMATIC 

Bureau o f  Meteorology 
N o r t h  Parramatte 
on 14/12/90s- 

Temperature: 

Wet Bulbs 

.. R e l a t i v e  Humidity 

Wind (I4-SW) 

OR SPUD DATA 

d a t a  tor 
a t  3 .00  p.m. 

11.5T 

18.1e 

28% 

9 AWN 

_ 

3 14/12 1188 27 2 10.75 5 .  3 

3 14/12 1980 41 5 8.25 5.15 

4 14/12 - - _ 8.05 3.625* 

4 14/12 _ - - 10.5 4.55 

5 

5 

14/12 923 18 8 6.6 2.45 

14/12 965 
. 

12 12 12.1 4.0 

6 

7 

14/12 

14/12 

- 

- 

- 

- 

4.75 

2.25 

1.4 

0.6- 
r-- 

_ 

, 

_ 

_ . 

STLPHLNSON a ASSOC P/1. " Hun I - 0.75 Hun 2 - 6.50 1208/90/AQWP/2 



A P P E N D  I X  4 ( v i i  ) & L I S T I N G  M R  QUALITY MEASUREMENT R E S U L T S  - T R A F F I C  DATA E M I S S I O N  CONCENTRATIONS - A . M .  18/12/90 

• 
0 

0 

Sanpllny 
Point Date Car 

Heavy 
Petrol 

Heavy 
Diesel 

Carbon 
monoxide 

(pp.) 

N i  trO9ell 

oxides 
(pp114 

Vehicle 
Speeds 

lkm/ld 

Tenp- 

eraurre 
(T) 

Relative 
Hissidity 

l%1 

Wind 
Speed 
WVs1 

1 

1 

E 

W 

18/12 2009 71 27 11.75 8.625 20-40 26.2 0 - 1 . 2  114E1 

18/12 3084 48 9 11.25 3.125 20-36 26.2 0 - 1 . 2  114E1 

2 N 18/12 7.0 1.75 35-84 2e.0 0 - 2  (NE) 

2 S 18/12 6.75 5.5 45-80 28.0 0 - 2  (11E) 

3 N 18/12 824 27 5 15.5 11.125 30-60 27.5 Calm 

3 S 1e/12 1976 48 9 11.375 6.5 19-35 27.5 Calm 

4 N 18/12 762 249 3 5.0 4.375 19-22 24.6 0 - 0 . 8  lNE1 

4 S 18/12 1052 159 9 8.5 6.875 
-. 

30-45 24.6 

5 N 18/12 746 14 3 

- 

7.125 3.25 20-56 28.6 0 - 2  1N1 

5 S 18/12 884 36 5 7.75 6 20-52 28.6 0 - 2  IN/ 

_ 

1 

1 

. 

STEPHENSON I ASSOC P/L 1208/90/AQWP/2 

III • • III • I I I  • • III I t  III IN • I I  ill III I I  11 III I I  IN III • 



• I I  III • • I I  • • • I t  I I  I I  I I  • • I I  • I I  I I  I I  111 • I I  I I  111 II 

A P P E N D I X  4 ( v i i i )  E X I S T I N G  A I R  QUALITY MEASUREMENT R E S U L T S  - T R A F F I C  DATA E M I S S I O N  CONCENTRATIONS - P . M .  18/12/90 

Sallyling 
S.,lint Data CAC 

Ileavy 
1Ut101. 

Ileavy 
Diesel 

Carbon 
D l a I I O X  1de 

(IVO 

Nitrogen 
oxides 

(PPIga) 

Vehicle 
Speeds 

(kWh) 

Tenv-- 
erature 

l'C/ 

Relative 
tumidity 

04 

WIlid 
Spred 
WVill 

1 E 18/12 3465 90 29 8.0 1.5 30-60 41.0 1 - 2  1Nw) 

1 14 18/12 1545 114 50 11.5 4.15 20-52 

2 N 18/12 - - 9.75 2.6 40-64 39.9 0 - 1  (Nwl 

2 S 18/12 - - - 11.65 6.5 50-70 39.9 0 - 1  (NW) 

) N 18/12 2361 65 17 11.5 5.7 30-40 4) 2 - 1  1NW1 

2 - )  1NW1 3 S 18/12 906 36 18 5.25 2.75 0-30 43 

4 N 18/12 1418 231 24 8.0 2.5 21-25 40.3 1 - 1 . 6  1411 

4 S 

5 N 

18/12 672 101 15 8.5 2.9 20-53 40.3 1 - 1 . 6  1N1 

1 - 2 . 5  1NW1 

1 - 2 . 5  (NWL 

18/12 1115 86 21 5.5 2.) 20-50 43.6 

5 S 18/12 876 44 14 13.25 4.6 20-23 43.6 

_ 

_ _ 

STRPHLNSON i ASSOC P/L 

S i d e  o f  lloads- 
E S o u t h  b o u n d  traffic 
W N o r t h  b o u n d  I r a  (tic 
N - t a o t  b o u n d  traffic 
• - W e s t  b o u n d  traffic 

1208/90/AQWP/2 



A P P E N D I X  4 ( i x ) EX I S T  I NG A I R  QUALITY MEASUREP12:NT R E S U L T S  - T R A F F I C  DATA E M I S S I O N  CONCENTRATIONS - A . M .  12/02/91 

S a p  1 tiny 

Pk.) 1 nt Oat* Car 

Heavy 
Petrol 

Heavy 
Wesel 

CA L WO 
nolboxide 

(1440) 

Nitrogen 
oxides 

lpplcil 

Vehicle 
Speeds 

Oun/h1 

Mot, 
erattne 

I'Cl 

Relative 
Humidity 

4%1 

MOO 
SIANA 
lat/el 

d N 12/2 305 3 0 5.05 1.75 34-56 

a s 12/2 765 9 0 - 1.875 42-59 

9 E 12/2 889 12 0 2.9 4.25 45-59 

9 N 12/2 301 10 1 2.2 2.75 28-34 

1 0  E 12/2 559 13 3 1.65 4 52-55 

1 0  li 12/2 494 9 2 1.25 1.93 58-64 

1 1 C  N 12/2 1.0 1.5 

I I C  S 12/2 0.95 1.575 
I 

I I K  N 12/2 49 3 0 0.5 1.0 21.5 85 Calm 

I I K  S 12/2 325 0 0 0.75 1.075 56 

1 2  E 

1 2  N 

l i A  E 

12/2 

12/2 

3567 

1326 

63 45 7.88" 10.25 55-66 

71 
_ 

24 4.1 15.75 22-63 

12/2 2222 18 3 8.1 8 . 2 5  • 0-12 

1 3 A  N 12/2 1170 24 1 5.9 10.2 55-65 

1 3  E 12/2 54-64 

1 3 8  N 12/2 1272 93 25 4.95 11.45 25-35 

1 3 8  S 12/2 1124 35 18 4.0 4.9 0-50 

1 3 C  N 12/2 3.6 2.95 

1 3 C  S 
--- 

1.25 2.625 

--- 

STEPHENSON I ASSOC P/L 
• R u n  1 - 1 2  - 12.5 

R u n  2 - 4 - 4.5 
R u n  1 - 14.25 
Run  2 - 1.5 1208/90/ACMP/2 
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ass•sm•iiseisma•saananneeseaseues 

A P P E N D  1 X 4 ( x ) ILXISTING A I R  QUALITY MEASUREMENT R E S U L T S  - T R A F F I C  DATA E M I S S I O N  CONCENTRATIONS - P .N .  12/02/91 

Satqa1n9 
Pulitt Data Car 

Htavy 
Petrol 

Heavy 
Diesel 

Carbon 
mcgboxide 

/141.0 

Nitnx)en 
oxides 

(ppliga) 

Vehicle 
Speeds 
(km/h) 

Ttev, 
411[4SLUEC 

(*C1 

Relative 
Itumldity 

(40 

Nlisi 
Sveed 
44/111 

8 E 12/2 351 3 0 1.475 2.525 53-61 28 56 1 . 7 9  (E-SE) 

1 .82  (SE NEI 

, 
8 N 12/2 663 7 0 1.5 2.4 2-48-61 25.2 5/ 

9 N 12/2 333 5 1 2.1 3.3 51-59 

9 S 12/2 767 3 0 - 5.1 42-54 

10 N 12/2 372 8 0 1.05 1.625 58-65 
_ 

10 S 12/2 632 11 2 1.7 3.25 58-68 

I I C  E 12/2 1.95 4.0 

11C N 12/2 2.55 2.5 

11K E 12/2 366 1 0 1.2 1.775 63-71 

11K N 12/2 647 2 1 2.15 2.15 59-68 

12 N 

i 2  S 

11A N 

H A  S 

1361 E 

12/2 

12/2 

1461 

2613 

36 9 4.65 9.5 68-77 

59 11 2.0 6.925 0-63-66 

O A )  ite0 12/2 

12/2 

1255 

2244 

9 1 3.2 3.05 68-81 

20 3 5.45 5.475 71-78 

12/2 44-70 

138 14 
_ 

12/2 45 - 70 

_ 

- _ 

STEPHENSON • ASSOC P/L 1208/90/AQWP/2 



A P P E N D I X  4 ( x i )  L U S T I N G  A I R  QUKLITY MEASUREMENT RESULTS - TRAFFIC DATA E M I S S I O N  CONCENTRATIONS - A.M. 14/02/91 

Saupling 
P,iiiit Data Car 

Ileavy 
Petrol 

fleavy 
Diesel 

Calton 
ntsioxide 

(pp.) 

Nitrogen 
oxides 
I14.11s4 

Vehicle 
Speeds 
(km/h) 

Teap- 
•raturs 

MI 

Relative 
lituddlty 

110 

- 
mild 
Speed 
8s/s1 

5 N 14/2 1083 53 18 3.7 4.75 32-60 

5 S 14/2 888 42 14 6 6.75 46-100 

a E 14/2 771 6 1 3.9 4.45 0-39-55 

8 W 14/2 278 5 1 4.15 4 21-35 - 

9 N 14/2 932 9 1 1.65 1.625 34-42 29.2 63 

9 S 14/2 240 10 0 4.25 4.875 31-38 29.2 

10  N 14/2 731 21 0 1.85 1.5 38-56 

10 S 14/2 534 8 1 2.5 3.25 .49-62 

I I C  N 14/2 943 0 0 1.5 1.625 0-22-37 27.0 85 0 . 6 6  US4 

11C S 14/2 320 1 0 4.35 4.75 47-72 27.0 0 . 6 6  (t641 

IIK ti 

IIK S 

12 N 

14/2 

14/2 

1.65 

3.2 

1.275 61-69 27.0 0 . 3  1W41 

3.0 64-03 21.0 0 . 1  IMO 

14/2 3666 
_ 

93 15 10.75 20.75 

12 S 14/2 1196 48 21 
_ 

5.35 16.25 
i 

_ 

STLPHENSON ASSOC P/L 1208/90/AQWP/2 
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A P P E N D I X  4 ( x i i )  !EXISTING A I R  Q U A L I T Y  t4EASUREJP.HMT RESULTS - T R A F F I C  DATA E M I S S I O N  CONCENTRATIONS - 

0 

P . M .  14/02/91 

S a s y l  loki 
1.01‘t Date CAE 

Heavy 

Vetrol 
Heavy 

Diesel 
Caiboo 

s000xide 
(pad) 

Nitzogen 
oxides 

(ppll 

Vehicle 
Speeds 
Oun/h1 

Teatp4- 
eracure 

1*C1 

Se ieicive 
Ilusudity 

1%1 

- 
tool 
Si_•eed 

lin/s1 

5 ti 

5 S 

8 14 
.. 

14/2 1136 29 5 3.15 1.5 47-58 

14/2 1262 42 e 5.55 3.85 42-64 

14/2 771 3 0 4.35 1.75 33-48 

8 S 14/2 269 4 1 5.45 3.0 39-49 

9 N 14/2 315 5 2 

_ 
1.45 1.0 37-52 

9 S 14/2 • 755 5 1 4.9 4.05 29-35 

1 0  N 14/2 367 7 0 1.95 
- 

2.05 62-67 39.8 23 1 . 9  111E1 

1 0  S 14/2 685 7 0 1.3 0.7 57-67 

1 I C  E 

1 IC 14 

14/2 

14/2 

1.4 1.05 

0 . 8  111,41 

2.75 1.65 

1 l •  E 

116 1,4 

12  14 

12  S 

14/2 

14/2 

14/2 

MI 

604 

1596 

0 0 1.0 0.875 69-87 

0 

42 

0 
_ 

1 

2.05 

15.35 

1.2 56-75 

12 0 . 5 5  00 11.95 59-68 39 

14/2 2712 68 6 6.7 3.1 27-31 
_ 

STEPHENSON • ASSOC P/L 1208/90/AQWP/2 



APPENDIX 5 

T a b u l a t e d  Raw Data 

( C a r b o n  M o n o x i d e  & N i t r o g e n  O x i d e s  R o a d s i d e  Concentrations) 

E x i s t i n g  Environment 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 

a 
a 

a 

a 

a 
a 

a 

a 



amaisOne•ansaii•Oneavismodlleamos•• 

Site* 

1 

2 

1 

4 

5 

6 

1 

A P P E N D I X  5 (i) 

R u n  I 
10/12 

10.  01 '1.00 

1 . 0 0  1.00 

4 . 6 0  5 .  11 5.20 

1 . 0 0  2 

2./0 

CARBON MONOXIDE R O A D S I D E  CONCENTRATIONS 

= - -  ----- 

in 2 
/12 
.111. 

1).2( 

5.50 

- 

.20 

!.00 

Run 1 
11/12 
a.m. 

Run 2 
11/12 
a.m. 

R u n  1 
12/12 
a.m. 

Run  2 
12/12 
a.m. 

Run 1 
12/12 
p.m. 

Run 2 
12/12 
p.m. 

- 5.5 7 . 5 0  16.0( 

9 . 5 0  11.01 

1 0 . 5 0  - 9 . 0 0  7.50 7 . 5 0  10.5( 9 . 0 0  7. 

11 .00  MI.' - 8.50 1 6 . 0 0  11.00 1 0 . 0 0  15.01 11 .25  9.50 

9 . 0 0  9.00 

4 . 5 0  9.50 

1 0 . 5 0  8.00 9 . 5 0  8.50 1 1 . 5 0  6.00 10.0015.5( 

9 . 5 0  12.51 

8 . 5 0  15.( 

8 . 0 0  12.1 3.50 9 . 5 0  14.50 / . 0 0  7.00 

4.50 3.00 3.50 1.00 

1.00 6.50 3.50 4.50 

S T E P H E N S O N  6. ASSOC P/h 

A 

Run 1 
1 1 /  I 2 

.M. 

Run 2 
11/12 

9.50 11.50 

6.50 5.50 

1'1.00 9. 

8.50 11.50 

6.50 0.50 

2 . 0 0  2.50 

2 . 5 0  1.00 

R e f e r  M a p  1 f o r  s i t e  locations 
A l l  c o n c e n t r a t i o n s  a r e  m e a s u r e d  i n  ppm ( p a l l s  icrmilIion) 

1208/90/AQWP/2 



1 

A P P E N D I X  5 (ii) 

1 6 . 5 0  6.50 

2 

3 

4 

5 

6 

6 . 5 0  5.50 

1/.50 

1 2 . 0 0  1i)- r )  ) 

4.) 

3 . 0 

1 

1 

6 

CARBON MONOXIDE R O A D S I D E  CONCENTRATIONS 

-- 
Run 
14/12 
a.m. 

2 R u n  1 
14/12 
p.m. 

I d i n  2 
14/12 
p.m. 

R u n  I 
18/12 
a.m. 

R u n  2 
18/12 
a.m. 

H u n  I 
111/12 
p.m. 

7 . 5 0  10.50 

R u n  2 
18/12 
p.m. 

8 . 5 0  12.50 2.50 9.00 1 2 . 0 0  10.30 - 9.20 10.50 - 13.00 11.25 

1.50 5.50 4 . 8 0  3.90 4 . 5 0  6.00 - 7.00 6.75 12.00 12.110 

1.00 

8.00 

12.00 

1.50 

12.00 

5.50 

5.00 

10.50 

_ 

1.50 

9.00 

14.50 

!..50 

1.50 

.50 

- 

- 

- 

- 

1 0 . 5 0  9.00 1 1 . 0 0  7.50 17.00 

5.00 

12.25 

8.50 

14.00 

- 

10.50 

- 

11.00 

10.50 

6.00 

9 . 6 0  12.00 6 . 5 0  9.00 

7 . 2 0  13.50 6 . 0 0  10_10 8.75 - 5.50 /./5 

4.5 5.0 

_ 3.0 1.5 

S T E P H E N S O N  6. A S S O C  PP, 

R e f e r  M a p  1 f o r  s i t e  locations 
A l 1  c o n c e n t r a t i o n s  a r e  m e a s u r e d  i n  p p m  ( p a l l s  p e r  loili(10 

1208/90/AQWP/2 

• i t  • is • I I  a • 10 • • • • • • • IS • • • • • 



or rt ir or mr mt mt 41 41 40 IP II II II 40 44 16 II II 11 41 11 II II 4, 44 41 mo of II II 

A P P E N D I X  5 (iii) 

sllei 
R u n  1 

12/2 
Ruu 

12/2 
a.m. 

2 

5 

8 8.5 1.6 

9 1.4 1./ 2.4 2./ 

10 2.0 0.8 1.3 1.7 

11 C 1.4 0.6 0.6 1.3 

II K 5.0 0 .  / 0.3 1.0 

12 14.25 1.5 4.1 

It i 10.2 6.6 6.0 5.2 

I) Ii 6.5 4.2 1.4 3.6 

1 3 C 5.3 1.4 1.9 1.1 

S T E P H E N S O N  6. ASSOC P/h 

CARBON M O N O X I D E  R O A D S I D E  CONCENTRATIONS 

R u n  I 
12/2 
p.m. 

Run 2 
12/2 
p.m. 

R u n  1 
14/2 
a.m. 

R u n  2 
14/2 
a.m. 

4.8 7.3 2.6 4.7 

1.25 1.4 1.7 1.6 4.5 4.1 3.3 4.2 

1.9 - 2.3 - 1.8 5.2 1.5 1.1 

0.8 1.7 1.3 1.7 2.2 2.6 1 1.5 2.4 

2.1 

1.4 

4.4 

3.3 

2.7 1.8 2.4 2.2 5.4 0.8 3.1 

2.4 1.0 1.9 2.0 3.7 1.3 2.7 

1.0 4.9 3.0 10.8 4.7 10.7 6.0 

4.8 3.1 6.1 

1.3 

1.8 

2.8 3.7 2.3 

1.2 1.8 0.7 

3.2 5.4 

5.0 11.8 

1.1 4.5 

1.2 1 .9 

1.6 1.0 

1.4 2.0 

11.9 1.9 

R e f e r  M a p  I f o r  s i t e  1oca4ions 
A l l  c o n c e n t r a t i o n s  a r e  m e a s u r e d  i n  p p m  (parlsix!rmilliot) 

Ru t '  2 
14/2 

1.1 5./ 

L/ 2.1 

1.11 5.3 

1.4 2.0 

1.2 2.5 

0.6 2.1 

18.8 4.4 

1208/90/AQWP/2 



Site* 

1 

2 

3 

4 

5 

6 

A P P E N D I X  5 (iv) 

R u n  1 
1 1 / 1  2 
a.m. 

4 . 2 5  6.25 

1. / 5  5.2') 

2.50 

0.25 

i t  .1 

2.11i 

2.00 

N ITROGEN O X I D E S  R O A D S I D E  CONCENTRATIONS 

2 
12 

n. 

- 

- 

2.50 

4.00 

5.75 

R u u  1 
12/12 
it 

- _ 

R u n  2 
12/12 
a.m. 

R u n  1 
12/12 
p.m. 

R u n  2 
12/12 
p.m. 

R u n  I 
13/12 
a.m. 

2 . 2 5  9.25 

R u n  2 
13/12 
a.m. 

1 . 7 5  6.25 

3 .75  6./5 

R u n  1 
11/12 
p.m. 

1 . 5 0  1.00 

0 . 2 0  5A11) 

1 . 0 0  1.80 

2 . 0 0  5.130 

1 . / 0  2.h) 

0.10 

0.10 

* 

R i n i  2 
1.1/12 
p.m. 

2 . 0 0  1.00 

0 . 1 0  4.50 

1 . 0 0  4.50 

5 . 0 0  6.20 

- - 1 2 . 5 0  2.50 2 . 0 0  - 

3 . 5 0  7.25* 3 . 5 0  6.50 3 . 5 0  5.00 1 . 7 5  6.25 3 . 7 5  5.25 

1 2 . 2 5  5.75 7 . 5 0  5.75 7 . 7 5  6.00 6 . 7 5  5.00 7 . 2 5  4.25 1 . 2 5  4./5 

2 . 5 0  6.25 2 . 5 0 *  4.75 4 . 5 0  10.25 3 . 7 5  4.25 3 . 7 5  7.25 4 . 2 5  6.25 

2 . 7 5  5.75 2 . 0 0  4.75 3 . 0 0  3.50 3 . 7 5  4.25 3 . 2 5  7.25 2 . 5 0  2.75 - - 

_ 

0.50 2.00 1.50 1.00 0.25 

1.15 1.75 2.25 1.25 0.30 

R e f e r  M a p  1 f o r  s i t e  locations 
A l 1  c o n c e n t r a t i o n s  a r e  m e a s u r e d  i n  p p h m  ( p a r t s  p e r  hmhhed 

S T E P H E N S O N  6, ASSOC P/1. 1208/90/AQWP/2 

11 I I  11 11 • • 11 11 111 • • 11 11 Id • • • • i •  • I 11 • • 111 I I  if 11 11 



• is • • at al • • • • • • et i m e n • i t a u  so • • • it iv • is to 

1 

2 

4 

5 

6 

A P P E N D I X  5 (v) 

I t u u  I 
14/12 

2.00 

2 . 2 5  5./5 

1 1 . 2 0  9.50 

4 . 1 0  11./0 

4 . 2 5  1.25 

2.00 

1.00 

1.01 

I .81 

10.2 

4.51 

2.0( 

S T E P H E N S O N  & A S S O C  P/1, 

N I T R O G E N  O X I D E S  R O A D S I D E  CONCENTRATIONS 

tin 
4/12 
1.m. 

1 

I 

2 R u m  1 
14/12 

p.m 

R u n  2 
14/12 
p.m. 

Run 
18/12 
a.m. 

I H u n  2 
18/12 
a.m. 

7.00 7 . 4 0  5.60 7 . 5 0  6.20 7.25 1.50 10.00 4./5 

5./5 3 . 0 0  5.00 3 . 0 0  7.004 
- - 1./5 5.50 

I 

5.20 

1.50 

4 . 0 0  6.10 6 . 6 0  4.00 12.50 5.25 9./5 /./5 

0 . / 5  5.30 6 . 5 0  3.80 3./5 11.25 5.00 2.50 

1 5.50 2 . 5 0  2.00 2 . 4 0  6.00 4.75 7.25 1.75 4./5 

2.30 0.50 

).0.2 1.0 

A 

P u t t  I 
18/12 

R u n  2 
10/12 
3).m. 

1.00 1.00 2.00 5.30 

3.20 5.00 2.00 8.00 

5 .  /0 1.00 

1.00 2.50 2.00 1.10 

4.20 2 .  30 5.00 

R e f e r  M a p  1 f o r  s i L e  locaLions 
A l l  c o n c e n L r a l i o n s  a r e  m e a s u r e d  i n  p p h m  ( p a r t s  vt_!r h u u d t e d  miI1101) 

1208/90/AQWP/2 



A P P E N D I X  5 (vi) N I T R O G E N  O X I D E S  R O A D S I D E  CONCENTRATIONS 

11 I I (. 

5 

H a n  I 
12/2 

H u n  2 
12/2 

III 

H a n  1 
12/2 

k a a  2 
12/2 

III 

1001 
I 1 /2 

III 

6 . 2 5  8.75 

1 1 /2 

a.III. 

3 . 2 5  4.75 

I o l a  1 
1 4 /2 

1 . 5  1.8 

1,1/2 

I .m. 

1.5 1.9 

8 2.25 2.5 1.25 1.25 2 . 3  2.8 2.75 2.0 5.75 3.75 3 . 1 5  4.25 1 . 5  2.1 2.11 ).1 

9 4 .  ) 1.25 2.25 2.5 4.1 5.1 1.25 5.75 1 . 1 5  4.0 0 . 8  4.1 .2 

10 1.0 1 .2') 2.6 2 . 2 5  1.5 1.0 1.0 1.75 2.75 1 . 2 5  1./5 0.6 0.8 2.1 

I I 1./5 1.65 1.25 1.5 4 . 2  2.7 3.8 2.3 1./5 5.25 2 . 0  4.25 1.1 1.6 1.0 1.1 

1 1 K i.o 1.25 0./5 1.15 1 . 8  1 .8 1.15 2.5 1.25 3.25 0 . 5  2./5 1 . 0  1.0 0.15 1.4 

12 11.25 18.2 6.25 10.2' 8 . 0  1.25 11.0 6.6 21.25 19.7' 2 0 . 2 5  12.75 9 . /  1./ 1.1.2 2.5 

II A 12.25 12.2' 4.25 8.15 3 . 1  3.2 .3.0 7.75 

1 B 11.65 1.15 9.25 6.65 4 . 2 5  3.25 5.25 2.75 

1 1 C 2-15 IH 1.65 2.15 1 . 2 5  0.5 I . 
I 

. 1 

I t e I  e r  M a i )  I I I I 1! I (wilt . 

STE1)111.11S(11.1 A S S ( ) ( * .  l'/I. 

A I 1 c011ce11  I r a t . .  i ( ) H s  H i e  i i i c H s t i  I e d  I II 111)Imi (p i l l  I S  p e r  111111til e l l  1111 I I lull) 

1 3  ( A ) ,  ( 8 )  
, 

( C )  - R e f e r  F i g u r e  1 f o r  s a n v l i n g  s a e  locations 
1208/90/AQWP/2 

a • • • • st • as • is is I si si I" is e si st as vs • • is is a 
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APPENDIX 6 

V e h i c l e  E m i s s i o n  Factors 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 

• 



a 
VEHICLE EMISSION FACTORS 

The emissions from vehicles on Sydney's roads were assumed to all fit into three 
classes: 

1. Light duty petrol vehicles (LDpv) 
/ .  Heavy duty petrol vehicles (HDPV) 
3. Heavy duty diesel vehicles (HDDV) 

These classes of vehicles account for more than 99 % of all vehicle kilometres 
travelled on Sydney's roads (Pengilly 1989). The following assumptions were made 
regarding the vehicles in the year 2006: 

100 % of petrol vehicles were using catalytic converters as emission 
control. 

7 % of all vehicles on any particular stretch of road are considered to 
be cold start. This is assumed since the cold start conditions only apply 
for vehicles 2 km from the start up point. 

Of the heavy vehicles category on the route plans. 71 % are considered 
to be HDDV and 29 % area considered to be HDPV. 

The emissions of CO and HC from vehicles can be determined from the following 
equation (Pengilly 1989, USEPA 1985): 

E=P*exp(A+B*s+C*S2-D=s2+E*S4+F*S5) 

NO , emissions can be calculated using the following: 

where, 

E=P* ( A + 3 * 5 + C * 5 2 - , 0 * S 3 +  'E*S4) 

• speed corrected emission factor in g.km for the 
average vehicle (valid for the speed range of 8 
km.h -1 to 88 km.h1). 

• city cycle emission factor in 2.km '1 for the average 
vehicle. 

( 1) 

( 2 ) 

a 

• 
a 
• 
1111 

111 

to 

a 

a 

a 
S 
S 
a 

1208/90/AQWP/2 

111 



I 
S 

a 

I 
• 

average speed in miles.h '1 for the section of road 
in question. 

A,B,C,D,E and F = constants for each pollutant and each vehicle class. 

The emission of particulate matter from vehicles is made up of lead salts, organic 
and sulphate components. The total emission factor is calculated from the average 
vehicle particulate emission factor plus the airborne brake wear particulate emission 
factor plus the airborne tire wear particulate emission factor (USEPA 1985). The 
equation is as follows: 

For  LDPV 

CO: P = 14.3 g.lcm -1 (cold) 
P = 4.2 g.lcm1 (hot) 

A = 0.248747 E+01 
• B = 

C = 
-0.391562 
0.270721 

E+00 
E-01 

• D = -0.976178 E-03 
E = 0.165270 E-04 

• F = -0.104317 E-06 

• 

• HC: P = 1.84 g.lcm1 (cold) 

IP 

a 
a 
a 
S 
I 

S 

• 

a 

P = 0.52 g.lcm 1 (hot) 

A = 0.239540 E+01 
B = -0.335781 E+00 
C = 0.211609 E-01 
D = -0.731550 E-03 
E = 0.120715 E-04 
F = -0.748566 E-07* 

N O  x: P = 1.69 g.km -1 (cold) 
P = 1.41 g.lcm1 (hot) 

A = 0.942131 E+00 
B = -0.423240 E-01 
C = 0.386253 E-02 
D = -0.939853 E-04 
E = 0.753883 E-06 

E = E  +E p p a r r  brax,9s (3) 

1208/90/AQWP/2 



a 
U 

Particulates: E p 

= 0.0609 g.lun 111 

11 For HDPV 

CO: P = 73.6 g.lan1 (cold) 
P = 53.4 g.km1 (hot) 

A = 1.5200 
B = -0.0980 
C = 0.0011 411/ 
D = E = F = 0.0 

HC: P = 7.9 g.lun1 (cold) 
P = 6.6 g.lan1 (hot) 

A = 1.60800 
B = -0.09700 
C = 0.00083 
D = E = F = 0.0 

NO x: P = 4.3 g.lun -I (hot and cold) 

A = 0.8240 
B = 0.0088 
C = D = E = 0.0 

Particulates: 

For HDDV 

a 
a 
• 

a 

a 
• 
a 

E p = 0.1113 g.lun1 al 

CO: P = 7.5 g.lun -I (hot and cold) 

A = 1.39600 
B = -0.08800 
C = 0.00091 
D = E = F = 0.0 

HC: P = 2.56 g.km (hot and cold) 

A = 0.92400 
B = -0.05500 
C = 0.00044 
D = E = F = 0.0 

I 
I 
a 

S 

I 

1208/90/AQWP/2 



a N O  P = 15.0 g.lcm (hot and cold) 

A = 0.67600 
B = -0.04800 
C = 0.00071 

• D = E = F = 0.0 

• Note : the formula for this N O ,  calculation is the exp formula. 

• Particulates: E 
p = 0.4375 g.lun 

• 

• 

• 

1208/90/AQWP/2 



APPENDIX 7 

E s t i m a t e d  V e h i c l e  Emissions 

a n d  R o a d s i d e  P o l l u t a n t  Concentrations, 

1 9 9 6  a n d  2016 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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APPENDIX 7 

TABLE 1 

ESTIMATED VEHICLE EMISSIONS I N  1996 

(kg/km/hour) 

R o a d w a y  Section 
1996 

OPTIONS 

Expw'y 
($0.70 
toll) 

Expw'y 
(No 

Toll) 

U.A.R. 
( E a s t  & 

West) 

U.A.R. 
(East 
only) 

. 
Base 
Case 

P e n n a n t  H i l l s  R d  i n t e r s e c t i o n  t o  B e e c r o f t  Rd intersection, Epping 

CO 
10.03 12.77 22.02 22.60 12.26 

HC 
1.22 1.56 2.67 

_ 

2.84 1.56 

NOx 
5.17 6.32 5.61 5.96 3.09 

PM 
0.23 0.29 0.32 0.34 0.16 

B e e c r o f t  R d  i n t e r s e c t i o n  t o  L a n e  C o v e  R d  i n t e r s e c t i o n ,  N o r t h  Ryde 

CO 
13.16 13.16 25.03 23.57 20.81 

HC 
1.9 1.61 3.12 2.92 2.64 

NOx 
6.2 6.26 7.86 7.39 5.82 

PM 
0.29 0.29 0.39 0.39 0.30 

L a n e  C o v e  R d  i n t e r s e c t i o n  t o  E p p i n g  R d / D e l h i  R d ,  E a s t  Ryde 

CO 
9.53 12.03 36.3 36.26 57.84 

HC 
1.14 1.47 4.33 4.59 7.85 

NOx 
4.77 5.83 9.62 9.83 8.08 

PM 
0.21 0.26 0.51 0.53 0.50 

11 
• STEPHENSON & ASSOC P/L 

41 

1208/90/AQWP/2 
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APPENDIX 7 11 

TABLE 2 

ESTIMATED VEHICLE EMISSIONS I N  2016 

(kg/km/hour) 

R o a d w a y  Section 
2016 

OPTIONS 

Expw'y 
($0.70 
toll) 

Expw'y 
(No 

Toll) 

U.A.R. 
( E a s t  & 

West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  H i l l s  R d  i n t e r s e c t i o n  t o  B e e c r o f t  R d  intersection, Epping 

CO 
17.86 18.75 33.56 36.33 20.85 

HC 
2.21 2.30 5.22 4.76 2.71 

NOx 
6.24 7.67 6.88 6.83 4.68 

PM 
0.31 0.36 0.42 0.44 0.26 

B e e c r o f t  R d  i n t e r s e c t i o n  t o  L a n e  C o v e  R d  i n t e r s e c t i o n ,  N o r t h  Ryde 

CO 
25.66 32.67 32.07 33.23 27.76 

HC 
3.17 4.17 4.05 4.22 3.59 

NOx 
6.23 8.11 8.71 8.63 6.41 

PM 
0.35 0.45 0.46 0.47 0.67 

L a n e  C o v e  R d  i n t e r s e c t i o n  t o  E p p i n g  R d / D e l h i  R d ,  E a s t  Ryde 

CO 
17.72 18.68 61.31 60.96 79.91 

HC 
2.20 2.30 8.17 8.13 10.86 

NOx 
5.77 6.81 10.96 10.70 9.94 

PM 
0.29 0.33 0.65 0.63 0.62 

STEPHENSON & ASSOC P/L 1208/90/AQWP/2 
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11 11 11 11 11 41 41 11 11 II 11 11 11 111 11 11 ill 11 11 11 11 11 lk 11 11 01 11 10 11 11 11 11 

T A B L E  3 1 9 9 6  E S T I M A T E D  MAXIMUM 1 - H O U R  ,CARBON MONOXIDE C O N C E N T R A T I O N  INCREASE 

A T  1 0  m FROM ROAD S I D E  F O R  R A N G E  O F  U P G R A D E  O P T I O N S  - 
(mg/n0) 

A P P E N D I X  7 

R o a d w a y  Section Expw'y 
($0.70 
toll) 

Expw'y 
(No 

toll) 

U.A.R. 
( E a s t  & 

West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  Hills 
intersection, 

R o a d  i n t e r s e c t i o n  t o  B e e c r o f t  Road 
Epping 

1.2 1.5 2.6 2.7 1.5 

B e e c r o f t  Road 
intersection, 

i n t e r s e c t i o n  t o  L a n e  C o v e  Road 
N o r t h  Ryde 

1.6 2.6 3.0 2.8 2.5 

L a n e  C o v e  Road 
E a s t  Ryde 

t o  E p p i n g  R o a d / D e l h i  Road 

1.1 1.4 4.4 4.4 6.9 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( $ 0 . 7 0  t o l l )  w i t h  p u b l i c  transport 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( N o  t o l l )  w i t h  p u b l i c  transport 

U . A . R .  ( E a s t  a n d  W e s t )  U p g r a d e d  a r t e r i a l  r o u t e s  i n  b o t h  E a s t  a n d  West 

U . A . R .  ( E a s t  o n l y )  E x p r e s s w a y  i n  W e s t  t o  P e n n a n t  H i l l s  R o a d  a n d  u p g r a d e d  arterial 

r o u t e  ( C a r l i n g f o r d  a n d  E p p i n g  R o a d s )  E a s t  o f  P e n n a n t  H i l l s  Road 

B a s e  C a s e  N o  c h a n g e  t o  e x i s t i n g  r o u t e  system 

S T E P H E N S O N  & A S S O C  P/L 1208/90/AQWP/2 



T A B L E  4 1 9 9 6  E S T I M A T E D  MAXIMUM 1 - H O U R  HYDROCARBON CONCENTRATION INCREASE 

A T  1 0  m FROM ROAD S I D E  F O R  RANGE OF UPGRADE O P T I O N S  - 
(mg/m3) 

A P P E N D I X  7 

R o a d w a y  Section 

• 

Expw'y 
($0.70 
toll) 

Expw'y 
(No 

toll) 

U.A.R. 
( E a s t  & 

West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  Hills 
intersection, 

R o a d  i n t e r s e c t i o n  t o  B e e c r o f t  Road 
Epping 

0.15 0.19 0.32 0.34 0.19 

B e e c r o f t  Road 
intersection, 

i n t e r s e c t i o n  t o  L a n e  C o v e  Road 
N o r t h  Ryde 

0.19 0.32 0.37 0.35 0.32 

L a n e  C o v e  Road 
E a s t  Ryde 

t o  E p p i n g  R o a d / D e l h i  Road 

0.14 0.18 0.52 0.55 0.94 

E x p w ' y  ( $ 0 . 7 0  toll) 

E x p w ' y  ( $ 0 . 7 0  toll) 

U . A . R .  ( E a s t  & West) 

U . A . R .  ( E a s t  only) 

B a s e  Case 

S T E P H E N S O N  & A S S O C  P/L 

E x p r e s s w a y  ( $ 0 . 7 0  t o l l )  w i t h  p u b l i c  transport 

E x p r e s s w a y  ( N o  t o l l )  w i t h  p u b l i c  transport 

U p g r a d e d  a r t e r i a l  routes 

E x p r e s s w a y  i n  W e s t  t o  P e n n a n t  H i l l s  R o a d  a n d  u p g r a d e d  arterial 

r o u t e  ( C a r l i n g f o r d  a n d  E p p i n g  R o a d s )  E a s t  o f  P e n n a n t  H i l l s  Road 

N o  c h a n g e  t o  e x i s t i n g  r o u t e  system 

1208/90/AQWP/2 

I I  • • 11 • I t  I I  • • • 11 11 • 10 • I t  • I I  IN • 11 • I I  11 I I  11 111 11 
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T A B L E  5 1 9 9 6  E S T I M A T E D  MAXIMUM 1 - H O U R  NITROGEN O X I D E S  CONCENTRATION INCREASE 

AT 1 0  m FROM ROAD S I D E  FOR RANGE OF UPGRADE O P T I O N S  - 
(pg/110) 

A P P E N D I X  7 

R o a d w a y  Section Expw'y 
($0.70 
t o l l )  

_ 

Expw'y 
(No 

toll) 

U.A.R. 
( E a s t  & 

West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  H i l l s  R o a d  i n t e r s e c t i o n  t o  B e e c r o f t  Road 
i n t e r s e c t i o n ,  Epping 

620 758 673 
715 371 

B e e c r o f t  R o a d  i n t e r s e c t i o n  t o  L a n e  C o v e  Road 
i n t e r s e c t i o n ,  N o r t h  Ryde 

751 940 943 887 698 

L a n e  C o v e  R o a d  t o  E p p i n g  R o a d / D e l h i  Road 
E a s t  Ryde 

572 700 1154 1180 970 
k 

E x p w ' y  ( $ 0 . 7 0  toll) 

E x p w ' y  ( $ 0 . 7 0  toll) 

U . A . R .  ( E a s t  & West) 

U . A . R .  ( E a s t  only) 

B a s e  Case 

S T E P H E N S O N  & A S S O C  P/L 

E x p r e s s w a y  ( $ 0 . 7 0  t o l l )  w i t h  p u b l i c  transport 

E x p r e s s w a y  ( N o  t o l l )  w i t h  p u b l i c  transport 

U p g r a d e d  a r t e r i a l  r o u t e s  f o r  E a s t  a n d  West 

E x p r e s s w a y  i n  W e s t  t o  P e n n a n t  H i l l s  R o a d  a n d  u p g r a d e d  arterial 

r o u t e  ( C a r l i n g f o r d  a n d  E p p i n g  R o a d s )  E a s t  o f  P e n n a n t  H i l l s  Road 

N o  c h a n g e s  t o  e x i s t i n g  r o u t e  system 

1208/90/AQWP/2 



T A B L E  6 1 9 9 6  E S T I M A T E D  MAXIMUM 1 - H O U R  NITROGEN D I O X I D E  C O N C E N T R A T I O N  INCREASE 

A T  1 0  m FROM ROAD S I D E  FOR RANGE OF UPGRADE O P T I O N S  - 
(pg/m3) 

A P P E N D I X  7 

R o a d w a y  Section Expw'y 
($0.70 
toll) 

Expw'y 
(No 

toll) 

U.A.R. 
( E a s t  & 

West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  H i l l s  R o a d  i n t e r s e c t i o n  t o  B e e c r o f t  Road 
i n t e r s e c t i o n ,  Epping 

217 265 236 250 130 

B e e c r o f t  R o a d  i n t e r s e c t i o n  t o  L a n e  C o v e  Road 
i n t e r s e c t i o n ,  N o r t h  Ryde 

263 329 330 310 244 

L a n e  C o v e  R o a d  t o  E p p i n g  R o a d / D e l h i  Road 
E a s t  Ryde 200 245 404 413 340 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( $ 0 . 7 0  t o l l )  w i t h  p u b l i c  transport 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( N o  t o l l )  w i t h  p u b l i c  transport 

U . A . R .  ( E a s t  a n d  W e s t )  U p g r a d e d  a r t e r i a l  r o u t e s  f o r  E a s t  a n d  West 

U . A . R .  ( E a s t  o n l y )  E x p r e s s w a y  i n  W e s t  t o  P e n n a n t  H i l l s  R o a d  a n d  u p g r a d e d  arterial 

r o u t e  ( C a r l i n g f o r d  a n d  E p p i n g  R o a d s )  E a s t  o f  P e n n a n t  H i l l s  Road 

B a s e  C a s e  N o  c h a n g e s  t o  e x i s t i n g  r o u t e  system 

S T E P H E N S O N  & A S S O C  P/L 1208/90/AQWP/2 

11 11 II 11 II II II 11 11 11 II II II 11 II 11 11 II 11 11 11 11 11 11 11 11 II 11 11 11 11 II 11 11 
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T A B L E  7 1 9 9 6  E S T I M A T E D  MAXIMUti 1 - H O U R  P A R T I C U L A T E  CONCENTRATION INCREASE 
AT 1 0  m FROM ROAD S I D E  FOR RANGE OF UPGRADE O P T I O N S  - 

(pg/r0) 

A P P E N D I X  7 

R o a d w a y  Section Expw'y 
($0.70 
toll) 

Expw'y 
(No 

toll) 

U.A.R. 
( E a s t  & 

West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  H i l l s  R o a d  i n t e r s e c t i o n  t o  B e e c r o f t  Road 
i n t e r s e c t i o n ,  Epping 

28 35 38 41 19 
ii 

B e e c r o f t  R o a d  i n t e r s e c t i o n  t o  L a n e  C o v e  Road 
i n t e r s e c t i o n ,  N o r t h  Ryde 

35 46 47 47 36 

L a n e  C o v e  R o a d  t o  E p p i n g  R o a d / D e l h i  Road 
E a s t  Ryde 

25 31 61 64 60 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( $ 0 . 7 0  t o l l )  w i t h  p u b l i c  transport 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( N o  t o l l )  w i t h  p u b l i c  transport 

U . A . R .  ( E a s t  o n l y )  U p g r a d e d  a r t e r i a l  r o u t e s  f o r  E a s t  a n d  West 

U . A . R .  ( E a s t  & W e s t )  E x p r e s s w a y  i n  W e s t  t o  P e n n a n t  H i l l s  R o a d  a n d  u p g r a d e d  arterial 

r o u t e  ( C a r l i n g f o r d  a n d  E p p i n g  R o a d s )  E a s t  o f  P e n n a n t  H i l l s  Road 

B a s e  C a s e  N o  c h a n g e s  t o  e x i s t i n g  r o u t e  system 

S T E P H E N S O N  & A S S O C  P/L 1208/90/AQWP/2 



T A B L E  8 2 0 1 6  E S T I M A T E D  MAXIMUM 1 - H O U R  CARBON MONOXIDE C O N C E N T R A T I O N  INCREASE 

A T  1 0  m FROM ROAD S I D E  FOR RANGE OF UPGRADE O P T I O N S  - 
(mg/m3) 

A P P E N D I X  7 

R o a d w a y  Section Expw'y 
($0.70 
toll) 

Expw'y 
(No 

toll) 

U.A.R. 
( E a s t  & 

West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  H i l l s  R o a d  i n t e r s e c t i o n  t o  B e e c r o f t  Road 
i n t e r s e c t i o n ,  Epping 

2.1 2.3 4.0 4.4 2.5 

B e e c r o f t  R o a d  i n t e r s e c t i o n  t o  L a n e  C o v e  Road 
i n t e r s e c t i o n ,  N o r t h  Ryde 

3.1 3.9 3.8 4.0 3.3 

L a n e  C o v e  R o a d  t o  E p p i n g  R o a d / D e l h i  Road 
E a s t  Ryde 

2.1 2.2 7.4 7.3 9.6 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( $ 0 . 7 0  t o l l )  w i t h  p u b l i c  transport 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( N o  t o l l )  w i t h  p u b l i c  transport 

U . A . R .  ( E a s t  a n d  W e s t )  U p g r a d e d  a r t e r i a l  r o u t e s  i n  b o t h  E a s t  a n d  West 

U . A . R .  ( E a s t  o n l y )  E x p r e s s w a y  i n  W e s t  t o  P e n n a n t  H i l l s  R o a d  a n d  u p g r a d e d  arterial 

r o u t e  ( C a r l i n g f o r d  a n d  E p p i n g  R o a d s )  E a s t  o f  P e n n a n t  H i l l s  Road 

B a s e  C a s e  N o  c h a n g e  t o  e x i s t i n g  r o u t e  system 

S T E P H E N S O N  & A S S O C  P/L 1208/90/AQWP/2 
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T A B L E  9 2 0 1 6  E S T I M A T E D  MAXIMUM 1 - H O U R  HYDROCARBON CONCENTRATION INCREASE 

A T  1 0  m FROM ROAD S I D E  FOR RANGE OF UPGRADE O P T I O N S  - 
(mg/m3) 

A P P E N D I X  7 

R o a d w a y  Section Expw'y 
($0.70 
toll) 

Expw'y 
(No 

toll) 

U.A.R. 
( E a s t  & 

West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  Hills 
intersection, 

R o a d  i n t e r s e c t i o n  t o  B e e c r o f t  Road 
Epping 

0.27 0.28 0.63 0.57 0.33 

B e e c r o f t  Road 
intersection, 

i n t e r s e c t i o n  t o  L a n e  C o v e  Road 
N o r t h  Ryde 

0.38 0.50 0.49 0.51 0.43 

L a n e  C o v e  Road 
E a s t  Ryde 

t o  E p p i n g  R o a d / D e l h i  Road 

0.26 0.28 0.98 0.98 1.30 

E x p w ' y  ( $ 0 . 7 0  toll) 

E x p w ' y  ( $ 0 . 7 0  toll) 

U . A . R .  ( E a s t  & West) 

U . A . R .  ( E a s t  only) 

B a s e  Case 

S T E P H E N S O N  & A S S O C  P/L 

E x p r e s s w a y  ( $ 0 . 7 0  t o l l )  w i t h  p u b l i c  transport 

E x p r e s s w a y  ( N o  t o l l )  w i t h  p u b l i c  transport 

U p g r a d e d  a r t e r i a l  routes 

E x p r e s s w a y  i n  W e s t  t o  P e n n a n t  H i l l s  R o a d  a n d  u p g r a d e d  arterial 

r o u t e  ( C a r l i n g f o r d  a n d  E p p i n g  R o a d s )  E a s t  o f  P e n n a n t  H i l l s  Road 

N o  c h a n g e  t o  e x i s t i n g  r o u t e  system 

1208/90/AQWP/2 



T A B L E  10 2 0 1 6  E S T I M A T E D  MAXIMUM 1 - H O U R  N I T R O G E N  O X I D E S  CONCENTRATION INCREASE 

A T  1 0  m FROM ROAD S I D E  FOR RANGE O F  UPGRADE O P T I O N S  - 
(pg/m13) 

A P P E N D I X  7 

R o a d w a y  Section Expw'y 
($0.70 
toll) 

Expw'y 
(No 

toll) 

U.A.R. 
( E a s t  & 

West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  H i l l s  R o a d  i n t e r s e c t i o n  t o  B e e c r o f t  Road 
i n t e r s e c t i o n ,  Epping 

749 920 826 820 
562 

B e e c r o f t  R o a d  i n t e r s e c t i o n  t o  L a n e  C o v e  Road 
i n t e r s e c t i o n ,  N o r t h  Ryde 

748 973 1045 1036 769 

L a n e  C o v e  R o a d  t o  E p p i n g  R o a d / D e l h i  Road 
E a s t  Ryde 692 817 1315 1284 1193 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( $ 0 . 7 0  t o l l )  w i t h  p u b l i c  transport 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( N o  t o l l )  w i t h  p u b l i c  transport 

U . A . R .  ( E a s t  & W e s t )  U p g r a d e d  a r t e r i a l  r o u t e s  f o r  E a s t  a n d  West 

U . A . R .  ( E a s t  o n l y )  E x p r e s s w a y  i n  W e s t  t o  P e n n a n t  H i l l s  R o a d  a n d  u p g r a d e d  arterial 

r o u t e  ( C a r l i n g f o r d  a n d  E p p i n g  R o a d s )  E a s t  o f  P e n n a n t  H i l l s  Road 

B a s e  C a s e  N o  c h a n g e s  t o  e x i s t i n g  r o u t e  system 

S T E P H E N S O N  & A S S O C  P/L 1208/90/AQWP/2 
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T A B L E  11 2 0 1 6  ESTIMATED MAXIMUM 1 - H O U R  N I T R O G E N  D I O X I D E  CONCENTRATION INCREASE 

A T  1 0  m FROM ROAD S I D E  F O R  RANGE O F  UPGRADE O P T I O N S  - 
(pg/m13) 

A P P E N D I X  7 

R o a d w a y  Section Expw'y 
($0.70 
toll) 

Expw'y 
(No 

toll) 

U.A.R. 
( E a s t  & 

West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  Hills 
intersection, 

R o a d  i n t e r s e c t i o n  t o  B e e c r o f t  Road 
Epping 

262 322 289 287 197 

B e e c r o f t  Road 
intersection, 

i n t e r s e c t i o n  t o  L a n e  C o v e  Road 
N o r t h  Ryde 

262 341 366 363 269 

L a n e  C o v e  Road 
E a s t  Ryde 

t o  E p p i n g  R o a d / D e l h i  Road 

242 286 460 449 418 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( $ 0 . 7 0  t o l l )  w i t h  p u b l i c  transport 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( N o  t o l l )  w i t h  p u b l i c  transport 

U . A . R .  ( E a s t  a n d  W e s t )  U p g r a d e d  a r t e r i a l  r o u t e s  f o r  E a s t  a n d  West 

U . A . R .  ( E a s t  o n l y )  E x p r e s s w a y  i n  W e s t  t o  P e n n a n t  H i l l s  R o a d  a n d  u p g r a d e d  arterial 

r o u t e  ( C a r l i n g f o r d  a n d  E p p i n g  R o a d s )  E a s t  o f  P e n n a n t  H i l l s  Road 

B a s e  C a s e  N o  c h a n g e s  t o  e x i s t i n g  r o u t e  system 

S T E P H E N S O N  & A S S O C  P/L 1208/90/AQWP/2 



T A B L E  12 2 0 1 6  E S T I M A T E D  MAXIMUM 1 - H O U R  P A R T I C U L A T E  CONCENTRATION INCREASE 
A T  1 0  in FROM ROAD S I D E  FOR RANGE OF UPGRADE O P T I O N S  - 

(pg/m3) 

A P P E N D I X  7 

R o a d w a y  Section Expw'y 
($0.70 
toll) 

Expw'y 
(No 

toll) 

U.A.R. 
( E a s t  & 

West) 

U.A.R. 
(East 
only) 

Base 
Case 

P e n n a n t  H i l l s  R o a d  i n t e r s e c t i o n  t o  B e e c r o f t  Road 
i n t e r s e c t i o n ,  Epping 37 43 50 53 31 

B e e c r o f t  R o a d  i n t e r s e c t i o n  t o  L a n e  C o v e  Road 
i n t e r s e c t i o n ,  N o r t h  Ryde 

42 54 55 56 80 

L a n e  C o v e  R o a d  t o  E p p i n g  R o a d / D e l h i  Road 
E a s t  Ryde 35 40 78 76 74 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( $ 0 . 7 0  t o l l )  w i t h  p u b l i c  transport 

E x p w ' y  ( $ 0 . 7 0  t o l l )  E x p r e s s w a y  ( N o  t o l l )  w i t h  p u b l i c  transport 

U . A . R .  ( E a s t  o n l y )  U p g r a d e d  a r t e r i a l  r o u t e s  f o r  E a s t  a n d  West 

U . A . R .  ( E a s t  & W e s t )  E x p r e s s w a y  i n  W e s t  t o  P e n n a n t  H i l l s  R o a d  a n d  u p g r a d e d  arterial 

r c a t e  ( C a r l i n g f o r d  a n d  E p p i n g  R o a d s )  E a s t  o f  P e n n a n t  H i l l s  Road 

B a s e  C a s e  N o  c h a n g e s  t o  e x i s t i n g  r o u t e  system 

S T E P H E N S O N  & A S S O C  P/L 1208/90/AQWP/2 
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APPENDIX 8 DISPERSION MODELLING APPROACH 

G r o u n d - l e v e l  c o n c e n t r a t i o n s  o f  m o t o r  v e h i c l e  e x h a u s t  emissions 

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

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

i s  l e v e l ,  o r  a p p r o x i m a t e l y  l e v e l ,  w i t h  t h e  l o c a l  ground 

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

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

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

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

G e n e r a l  M o t o r s  (GM) m o d e l  a s  d e v e l o p e d  b y  C h o c k  (1977). 

T h e  m o d e l  i s  b a s e d  o n  t h e  G a u s s i a n  l i n e - s o u r c e  e q u a t i o n  which 

c a n  b e  w r i t t e n  a s  follows: 

(z+12 )2 1 ( z - h , ) 2 ] ]  
(1) C ( x , z )  - q [ e x p [ - -  ° ]+exp[- 

1/27cu0z 2 oz2 2 0 2 

Where, 

C(x,z) 

Q.z 

• c o n c e n t r a t i o n  a t  d o w n w i n d  d i s t a n c e  x and 

h e i g h t  z a b o v e  t h e  ground, 

e f f e c t i v e  c r o s s r o a d  w i n d  s p e e d  (see 

l a t e r )  a t  t h e  e f f e c t i v e  h e i g h t  o f  the 

plume, 

• t h e  v e r t i c a l  d i s p e r s i o n  p a r a m e t e r ,  and 

110 = t h e  h e i g h t  o f  t h e  s o u r c e  a b o v e  t h e  ground. 

STEPHENSON & ASSOC P/L 1208/90/AQWP/2 

I 
a 
S 

S 

S 

a 

S 

S 
a 



S 
• 
a 
• 
I I  E q u a t i o n  ( 1 )  i s  t h e  s t a n d a r d  l i n e - s o u r c e  e q u a t i o n  f o r  winds 

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

t h e  e q u a t i o n  t o  e n a b l e  i t  t o  b e  u s e d  f o r  w i n d s  w h i c h  a r e  not 
11 p a r a l l e l  t o  t h e  r o a d  a n d  p r o v i d e s  a s e t  o f  v e r t i c a l  plume- 

II s p r e a d  a z  p a r a m e t e r s  w h i c h  t a k e  a c c o u n t  o f  t r a f f i c  induced 

turbulence. 

S 
U 
II 

a 
a 
a 
a 

T h e  e q u a t i o n  f o r  a i s  a s  follows: 
z 

= ( a  + b x ) c  (2) 

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

c o n d i t i o n s  a n d  a r e  l i s t e d  below. 

11 
11 S t a b l e  N e u t r a l  Unstable 

II 

S 
a 
a 
� 
I 
S 
S 
S 
a 
I 
a 

a ( i n  ml/c) 

b ( i n  m -1+1/c) 

c 

1.49 

0.15 

0.77 

1.14 

0.10 

0.97 

1.14 

0.05 

1.33 

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

t h e  w i n d  v a r i e s  r e l a t i v e  t o  t h e  r o a d .  T h e  e q u a t i o n s  a r e  as 
follows: 

a = ( a  + b .  f (0 )  
. x)c 

z 

8 - 90°1 f ( 8 )  = 1  -4- 131 IY 
90° 

11 
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S 

Where, 

0 = t h e  a n g l e ,  i n  d e g r e e s ,  o f  t h e  w i n d  r e l a t i v e  to 
t h e  road. 

Gamma ( y )  i s  a n  e x p e r i m e n t a l l y  d e t e r m i n e d  v a r i a b l e ,  which 

v a r i e s  w i t h  s t a b i l i t y  a s  follows: 

S t a b l e  N e u t r a l  Unstable 

3 . 5 7  3 . 5 0  3.50 

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

c r o s s r o a d  w i n d  s p e e d  Ua ( t h a t  i s  t h e  c o m p o n e n t  o f  wind 

p e r p e n d i c u l a r  t o  t h e  r o a d )  p l u s  a c o r r e c t i o n  f a c t o r  U0 t h a t  is 

u s e d .  I n  a d d i t i o n ,  a t e r m  U1 i s  a l s o  u s e d  a t  l o w  w i n d  speeds 

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

t r a f f i c  f l o w .  T h e  v a l u e s  f o r  U0 a n d  U/ a r e  a g a i n  d e p e n d e n t  on 
s t a b i l i t y  a s  s h o w n  below. 

U1 (m, 3 ) 

U0 (m/s) 

S t a b l e  N e u t r a l  Unstable 

0 . 1 8  0.27 

0 . 2 3  0 . 3 8  0.63 

• 
• 
• 

a 
a 
S 
• 

Warm m o t o r  v e h i c l e  e m i s s i o n s  w i l l  u n d e r g o  p l u m e  rise 

a p p r o p r i a t e  f o r  a l i n e  s o u r c e .  T h e  p r o c e d u r e  u s e d  i n  the 
41 

c u r r e n t  u s e  o f  t h e  GM m o d e l  i s  t h a t  s e t  o u t  b y  C h o c k  (1977) 

w h i c h  i s  b a s e d  o n  t h e  B r i g g s  ( 1 9 6 9 )  a n d  ( 1 9 7 5 )  p l u m e  rise 

equations. 

STEPHENSON & ASSOC P / L  1208/90/AQWP/2 S 
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APPENDIX 9 

SONIC ANEMOMETER 

1.0 Introduction 

• To measure low velocity winds, a sonic anemometer was built. The principle of the 

• anemometer is that an acoustic signal is transmitted at a known frequency, in this case - 
40 kHz, and this signal is then received and. amplified. The phases of the transmitted 

and received signals are then compared. 

S 
U 
1111 
1111 

• 

In still conditions, if the two signals are in phase initially, then they should remain in 
phase. Any wind movement causes the velocity of the sound wave to increase and 
hence the signals move out of phase. The velocity of this air movement is then 
calculated from this phase shift with an appropriate correction being made for air 
temperature, which also affects the phase shift. 

2.0 Instrumentation 

• The sonic anemometer was designed to detect winds in the x-y plane. Two pairs of 
ultrasonic transducers were used at 90 degrees to each other to detect these winds. • 
Each pair of ultrasonic transducers consisted of a transmitter and a receiver. 

• Independent circuitry was then built for each pair of transducers such that no 
• interference from one pair could affect the other pair. 

• The circuitry consisted of the following components: 

I 
• 

S 

2.1 Regulated power supply 

The batteries used were 2 x 12 volt gel cell batteries connected to supply +12V, OV and 
-12V. The voltage was then regulated to +6V. OV and -6V using standard voltage 
regulators. 

This provided a constant voltage within the circuit until the supply voltage (from 
batteries) dropped below 7 V, thus providing up to 36 hours of operation from the sonic 
anemometer. 

2.2 40 kHz Oscillator 

This circuit was used to drive the transmitters of each pair of ultrasonic transducers. 

• A LM556 timer was used to generate a square wave with period of 20 is and an 
amplitude of 6 volts. An active band pass filter was designed to filter the square wave 

• 

• STEPHENSON & ASSOC P / L  1208/90/AQWP/2 
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so that the output to the circuit was a smooth sinusoid. This consisted of a 308 
operational amplifier in parallel with a twin T filter. Potentiometers were used in the 
filter to allow fine tuning of the output. 

The circuit used is as shown in Figure 1. 

SS 

rale 

o t  S 
3 CVel ttbruit 

7.8k 

Figure 1 
Oscillator Circuit 
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2.3 Phase Shift detector 
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6.81uF 
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_L 
6.02.7 

Lt1308H 
To TX 

The output from the receiver was amplified via a LN1301 operation amplifier. Both the 
amplified receiver signal and the transmitter signal were put into a phase comparator. 
This consisted of a FAIRCHILD p.A 796 operational amplifier connected in such a way 
as to act as a phase comparator. Both the input signals are sinusoidal. The output 
signal from the phase comparator is a DC voltage which reflects the phase difference 
between the two sinusoidal signals. 

The output from the phase comparator is filtered and amplified to produce a clean 
voltage which can be detected by a standard datalogger. 

The circuit used is shown in Figure 2. 
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S 
/.4 Ultrasonic Transducers 

111 
The two pairs of ultrasonic transducers were mounted approximately 31 cm apart and 
at 90 degrees to each other. The heights of each pair of transducers was displaced by 
14 cm. This orientation provided minimum interference. The mountings allowed for • 
slight movement of one transducer from each pair to enable fine tuning of the 
anemometer on site. The mountings could then be tightened to ensure no further • 

movement. 11 
The transducers were then connected to the anemometer circuitry via shielded coaxial • 

cables. • 

3.0 Operation of Sonic Anemometer 

The response of each pair of transducers to phase was measured by plotting the change 
in output voltage with change in separation of the transmitter and the receiver. This 
relationship is shown in Figures 3 and 4 for both pairs. The relationship in both cases • 

is sinusoidal. 

To detect wind in all directions in the x-y plain, it is important that the phase shift in 111, 

both the positive and negative directions along any one axis (either the x or the y axis) 
be recorded. To ensure that this is the case, the separation of the transducers was • 
always set at the midpoint of the curves shown in Figures 3 and 4 (Note points A and 
B on each of the Figures). 

This point was always confirmed in the field. The output from the sonic anemometer 
was logged by a Unidata datalogger every 5 seconds. The DC voltage from the x axis 
transducers and the y axis transducers was loved. These voltages were then processed 
by a computer program which corrected the voltage for atmospheric temperature drifts 
as well as converting the voltage readings in the x and y plane to wind speed and wind 
direction. 

This conversion was done by theory and by direct calibration with a standard 
anemometer. Figures 5 and 6 show a typical section of results from the direct 111 

comparison of the sonic anemometer with a standard anemometer and wind vane. • 
Figure 5 shows the wind direction from each instrument at the same place and time. 
The two curves closely follow each other. The slight variation in the two is expected as 
the sonic anemometer is much more sensitive to rapid changes in wind direction than 11 

a standard wind vane. 

Figure 6 show the wind speed comparison. It should be noted that the standard 

STEPHENSON & ASSOC P/L 
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Figure  5 

Comparison of wind direction readings from sonic anemometer and standard anemometer 
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Figure  6 

Comparison of wind speed measurements from sonic anemometer and standard anemometer 

S T E P H E N S O N  & A S S O C  P/L 

11 21 

Readings 

31 

LI 

1208/90/AQWP/2 

1111111111111•1111111111111111111111111111111111111•11111111111111111111111111•11111111111111111• 



• 
a 
• 
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S 

S 

• 
a 

anemometer stalls at 0.4 m.s 1. The wind speeds are very similar, following the same 
patterns. Again a slight disagreement between the two results is expected as the sonic 
anemometer takes an instantaneous picture of the wind speed whereas the standard 
anemometer is a rotating cup anemometer which digitally records the wind speed as the 
number of turns of the cups in a sampling time. The two figures show a good 
correlation between the two types of instruments. 
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E c o l o g i c a l l y  S u s t a i n a b l e  Development 
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11 
11 ECOLOGICALLY SUSTAINABLE DEVELOPMENT 

11 

IP 
T h e  o b s e r v a t i o n s  a n d  c o n c l u s i o n s  o f  t h e  E c o l o g i c a l l y  Sustain- 

a b l e  D e v e l o p m e n t  W o r k i n g  G r o u p  (ESDWG) h a v e  b e e n  t a k e n  into 
I I  c o n s i d e r a t i o n  d u r i n g  t h e  p r e p a r a t i o n  o f  t h i s  A i r  Q u a l i t y  Working 

I I  P a p e r .  I n  p a r t i c u l a r ,  E n e r g y  P r o d u c t i o n ,  E n e r g y  U s e  and 

T r a n s p o r t  W o r k i n g  G r o u p s  ( A G P S ,  1 9 9 1  x 3). 

• 
I I  T h e  r e l e v a n t  a r e a s  o f  i n t e r e s t  f o r  t h i s  W o r k i n g  P a p e r  were 

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

e n v i r o n m e n t  b o t h  s h o r t  t e r m  ( l o c a l  a n d  r e g i o n a l  i m p a c t )  a n d  long 

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

A l  p r i n c i p l e s  a n d  p r a c t i c e  o f  E c o l o g i c a l l y  S u s t a i n a b l e  Development 

P I  (ESD). 

• 
iii 
a 
• 
• 
a 
• 
• 

R e c o m m e n d a t i o n  3 1  o f  ESDWG F i n a l  R e p o r t  - E n e r g y  Production 

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

f o r  R e s e a r c h ,  D e v e l o p m e n t  a n d  D e m o n s t r a t i o n  (R,D&D) funding, 

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

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

e n e r g y  R,D&D:- 

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

s t o r a g e  a n d  t h e r m a l  e n e r g y  g e n e r a t i o n  a n d  storage; 

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

r e d u c e d  e m i s s i o n s  o f  g r e e n h o u s e  g a s e s  a n d  o t h e r  pollutants 
I I  ( i n  p a r t i c u l a r ,  e l e c t r i c i t y  g e n e r a t i o n  r e q u i r e d  for 

I I  e l e c t r i c  p o w e r e d  p u b l i c  a n d  p r i v a t e  r o a d  transport); 

il 
• 
• 
a 
S 
S 

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

g a s  products. 
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P a g e  2 

R e c o m m e n d a t i o n  3 2  - t h a t  g o v e r n m e n t s  f a c i l i t a t e  t h e  early 

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

e n e r g y  p r o d u c t i o n  industries. 

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

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

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

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

c u r r e n t l y  a v a i l a b l e  technologies. 

R e c o m m e n d a t i o n  3 3  - t h a t  t h e  e f f e c t  o n  o v e r a l l  g r e e n h o u s e  gas 
e m i s s i o n s  s h o u l d  b e  a n  i m p o r t a n t  f a c t o r  i n  d e t e r m i n i n g  t h e  level 

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

s y n f u e l s  R,D&D. 

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

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

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

T h e  ESD T r a n s p o r t  W o r k i n g  G r o u p  p r e s e n t s  a p a i r  o f  T a b l e s  which 

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

f o r  t r a n s p o r t  t a s k s ,  1 9 8 7 - 8 8  ( T a b l e  2 . 3  A G P S ,  1 9 9 1 )  a n d  Carbon 

d i o x i d e  e m i s s i o n s  f r o m  u r b a n  p a s s e n g e r  t r a n s p o r t  1 9 8 7 - 8 8  (Table 

2 . 4  AGPS,  1991). 

T h e  ESD T r a n s p o r t  W o r k i n g  G r o u p  F i n a l  R e p o r t  observes:- 

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

2 . 3  a r e  t h e  o u t c o m e  o f  a c t u a l  o p e r a t i o n a l  conditions; 

t h a t  i s ,  t h e y  e n c o m p a s s  t h e  overall 
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P a g e  3 

• 
n a t i o n a l  a v e r a g e  l o a d i n g s  o f  e a c h  t r a n s p o r t  t a s k  and 

m o d e  d u r i n g  1 9 8 7 - 8 8 .  I n  m a n y  t a n k s ,  t h e  vehicles 

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

• p a s s e n g e r  c a r s ,  t h e  o c c u p a n c y  o f  w h i c h  h a s  been 

e s t i m a t e d  t o  b e  a r o u n d  1 . 7  o n  a v e r a g e  f o r  t h e  urban 
• 

p a s s e n g e r  t a s k ;  f o r  j o u r n e y  t o  w o r k ,  o c c u p a n c y  is 

• a b o u t  1 . 2  p e r  v e h i c l e  c o m p a r e d  w i t h  a b o u t  2 . 0  for 

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

i n  u r b a n  d r i v i n g ,  a r e  r e f l e c t e d  i n  t h e  c a r ' s  specific 

e n e r g y  c o n s u m p t i o n .  I t  a p p l i e s  a l s o  t o  u r b a n  b u s  and 

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

p e a k  r e q u i r e m e n t s .  F o r  e x a m p l e ,  a v e r a g e  u r b a n  rail 

a n d  b u s  l o a d  l e v e l s  i n  1 9 8 7 - 8 8  w e r e  o n l y  1 8 - 1 9  per 
• 

c e n t  o f  e a c h  s y s t e m ' s  f u l l  c a p a c i t y ,  a t  f i r s t  sight 

01 q u i t e  a l o w  f i g u r e .  T h i s  l o w  a v e r a g e  l o a d  factor 

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

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

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

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

t h a n  t h o s e  i n  Australia. 

U 
11 T h e  s p e c i f i c  e n e r g y  c o n s u m p t i o n  d a t a  i n  T a b l e  2 . 3  can 
• a s s i s t  i n  a n a l y s i n g  t h e  l i k e l y  e f f e c t s  o n  emissions 

t h a t  m i g h t  b e  b r o u g h t  a b o u t  b y  s h i f t s  i n  p a s s e n g e r  or 
f r e i g h t  t a s k s  b e t w e e n  modes. 

• 
• F o r  e x a m p l e ,  T a b l e  2 . 4  s h o w s  e s t i m a t e s  o f  specific 

11 c a r b o n  d i o x i d e  e m i s s i o n s  f o r  v a r i o u s  m o d e s  u s e d  in 

u r b a n  p a s s e n g e r  t r a n s p o r t .  I n  i n t e r p r e t i n g  these 

d a t a ,  t h r e e  c o n s i d e r a t i o n s  n e e d  t o  b e  b o r n e  i n  mind. 

• 
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P a g e  4 

T h e  f i r s t  r e l a t e s  t o  t h e  q u e s t i o n  o f  l o a d  f a c t o r ,  as 
d i s c u s s e d  a b o v e .  A p a r t i c u l a r  m o d e  c a n  r e a l i s e  the 

a d v a n t a g e  i m p l i e d  i n  T a b l e  2 . 3  o n l y  i f  t h e  l o a d  factor 

o f  t h e  s p e c i f i c  t a s k  i s  s i m i l a r  t o  t h e  a v e r a g e  load 

f a c t o r  t h a t  h a s  g e n e r a t e d  t h e  d a t a  i n  t h e  t a b l e .  A s  a 
c o r o l l a r y  t o  t h i s ,  g r e a t e r  e f f i c i e n c i e s  t h a n  those 

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

f a c t o r s  c o u l d  b e  obtained. 

T h e  s e c o n d  c o n s i d e r a t i o n  i s  r e l e v a n t  o n l y  when 

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

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

t h a t  c a s e ,  t h e  s u b s t a n t i a l l y  c o n s t a n t  relationship 

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

d i o x i d e  e m i s s i o n s  o f  p e t r o l e u m  f u e l s  d o e s  n o t  apply. 

W h e n  c o m p a r i n g  e l e c t r i c  u r b a n  r a i l  w i t h  petroleum- 

p o w e r e d  m o d e s ,  t h e  p r e s e n t a t i o n  o f  T a b l e  2 . 4  m u s t  be 

t a k e n  o n e  s t e p  f u r t h e r  t o  c o m p a r e  c a r b o n  dioxide 

e m i s s i o n s  p e r  u n i t  o f  passenger-kilometre. 

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

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

e s t i m a t e s  ( t o  p r o v i d e  a c o n s i s t e n t  b a s i s  for 

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

problems. 

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

o f  u r b a n  r a i l .  D i f f e r e n t  a s s u m p t i o n s  a s  t o  urban 

c o n t e x t ,  l o a d  f a c t o r s ,  p o w e r  generation 

c h a r a c t e r i s t i c s  a n d  o r  e s t i m a t e s  o f  e n e r g y  con- 

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

e s t i m a t e s  o f  e m i s s i o n  intensity. 
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I I  T a b l e  2 . 4  p r e s e n t s  e s t i m a t e s  f o r  t h e  m a j o r  modes 

p r e p a r e d  b y  t h e  BTCE.  I t  s h o u l d  b e  n o t e d  t h a t  all 
II 

t h e s e  f i g u r e s  a r e  s u b j e c t  t o  a m a r g i n  o f  e r r o r  on 
I I  

a c c o u n t  o f  t h e  f a c t o r s  n o t e d  a b o v e  a n d  alternative 

I I  s o u r c e s  p r o v i d e  e s t i m a t e s  t h a t  d i f f e r  s o m e w h a t  from 

t h o s e  s h o w n  i n  t h e  t a b l e .  I n  p a r t i c u l a r ,  Newman & 
II 

K e n w o r t h y  ( 1 9 8 9 )  h a v e  e s t i m a t e d  t h e  c a r b o n  dioxide 
I I  e m i s s i o n  i n t e n s i t y  f o r  u r b a n  r a i l  a s  1 2 0  grams/ 

AM p a s s e n g e r  k i l o m e t r e ,  e x c l u d i n g  e n e r g y  c o n s u m e d  by 

a n c i l l a r y  services. 

T h i r d ,  t h e  s p e c i f i c  e n e r g y  a n d  c a r b o n  dioxide 

i n t e n s i t i e s  g i v e n  i n  T a b l e s  2 . 3  a n d  2 . 4  a r e  averages 
f o r  t h e  p a r t i c u l a r  v e h i c l e  o r  t a s k  f o r  1 9 8 7 - 8 8 .  The 

s p e c i f i c  e n e r g y  i n t e n s i t i e s  a p p l y i n g  t o  f u t u r e  shifts 

o f  a p o r t i o n  o f  o n e  t r a n s p o r t  t a s k  f r o m  o n e  m o d e  to 

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

a v e r a g e s ,  s i n c e  i n c r e m e n t a l  e n e r g y  a n d  c a r b o n  dioxide 

i n t e n s i t i e s  m a y  b e  d i f f e r e n t  t o  a v e r a g e  intensities, 

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

t h e  1 9 8 7 - 8 8  values. 

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

I I  m o d e s  i n  b o t h  p a s s e n g e r  a n d  f r e i g h t  t a s k s  i n  both 

u r b a n  a n d  i n t e r u r b a n  c o n t e x t s  a r e  e x p l o r e d  i n  later 
II 

c h a p t e r s  o f  t h i s  report." 
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T A B L E  2 . 3  ENERGY CONSUMPTION AND THE TRANSPORT ENERGY E F F I C I E N C Y  F O R  T R A N S P O R T  T A S K S ,  1987-88 

Transpott 
task 

Urban Non-Ilibun 

Energy 
curisamiptiln 

Specific 
energy 

crinnlincitiOn 
Energy 

consumption 

Specific Tt441 
energy ow rgy 

cousumption consumption 

rivuiruger iroajoitIn •:Vie-g4.1.4.44)pah. 4.0 Irint.jo..3.11 I l V i . 4 4 . 4 1 . 4 . 1 1 . . s s -  4.4 wri.,00.,.si 
Road 

Car 334 2 9 143 16 527 
LC V 26 -.1.3 19 3 6 45 
Btu 7 1.6 9 0.8 36 

Rail 11 16 4 1.6 15 
Air 50 3.6 50 
Sub-total parvaiimger 433 2.32 ... 655 

Freight fre44.44.* 04,44jo.+.4.44......-amt iresio.I4s1 iMegglilluirmieft...e-k..) 1.-re1.ii•mte,> 

Rood 

LCV 44 1E.4 32 20.2 :6 
Truck (rigid) S2 4.0 r 3.3 :9 
Truck (aniculated) 24 1.6 63 1.4 37 

Rail - bulk 
Gov( 112, in IS 0.4 15 
Private 4 0.1 4 

- uon-bulk Ttil oft 11 0.8 11 
Sea-bilk 16 0.2 .6 

- nun bask % 0.7 3 
Air 9 44.5 9 
Sub-total (rill' 1213 180 300 

l u t a ;  itli traimpoit 5S.3 412 9‘5 

N 0 4 4 1 .  T o t a l s  n u t y  a o t  N J J  s i n c e  t h r :  t n x : I t x l e  mtl r a n s v ( t t  1 0 1  C x a o z p l c .  l e n  1 . 1 t r s c  lac 

v C )  1,111111 c u l i t r i l r u t a  l o  ( o t a l  r - m i s A o n s .  Esk:rge ligurcs !darn IQ the full fucl 
Source: 13.1T.F. (1991) 
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T A B L E  2 . 4  CARBON D I O X I D E  E M I S S I O N S  FROM URBAN P A S S E N G E R  T R A N S P O R T ,  1987-88 

Passeltger Spe.tif ic eareirgy SemiIrk c a r b o n  Total 
t a s k  cos taumpt ion  d iox ide  eviiisziosa caabon 

initensity dixode 
i b i l l i on-  (risegajoule/  fgrxinc‘i essiialions 

passre iger- lan ,  passcoget -krt i t  pix&seasgair lars1 (Wiletatortisel) 

Road 
Cs:- 131 .3  2 . 9  2 1 0  27.3 
LCV 6 . 3  3 .6  2 7 0  L8 
13t.ts 4 . 5  1.6 120 0.5 

Rail 7 . 0  1 . 6  150  1 0 

Total  1 5 1 . 5  30.6 

Note: Totals may uot  add,  glee they itxhade J1 iramport  vehicle iypcs.  for example  (ernes.  Tlu.--te make 

y :mall cosicributiells ti) ttsal  eitussiond. F_rsercy figures ( e l i t e  tO full fuel cycles. 
Source: BTCE (1991) 
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