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SUMMARY 

The  Ministry  of  Transport  projects  an  expansion  of 
Vancouver's  International  Airport  activities  from  the  present 3.5 
million  passengers  per  year  to  approximately 25 million  passengers 
per  year  by  the  year 2000. This  report  presents  an  assessment  of 
the  air  emission  impact  from  the  airport  on  the  ambient  air 
quality  in  the  region.  The  emissions  from  the  proposed  ferry 
terminal  on  Iona  Island  are  also  considered. 

The  report  contains  sections on the  following:  back- 
ground  information  and  state-of-the-art  review,  identification  of 
airport  sources,  activity  of  various  sources,  source  emission 
factors,  source  emission  rates,  regional  meteorology,  dispersion 
model  description,  dispersion  modeling  results,  discussion  and 
recommendations,  and  conclusions. 

The  following  activities  which  are  associated  with  air 
pollutant  emissions  have  been  considered:  aircraft  movements, 
ground  service  vehicle  movements,  fuel  storage  and  distribution, 
engine  tests  and  maintenance,  heating  plant  operations,  airport 
access  traffic  and  ferry  terminal  access  traffic. 

Peak  hour  emissions,  peak  day  emissions  and  average 
daily  emissions  of  carbon  monoxide,  hydrocarbons,  nitrogen  oxides, 
sulfur  oxides  and  particulates  due  to  various  activities  have  been 
assessed  for  the  year  1973  through  the  year 2000. 

The  biggest  source  of  pollution  is  aircraft,  followed 
by  access  traffic  and  heating  plants.  Emissions  resulting  from 
ground service  vehicles,  fuel  storage and distribution, and engine 
tests  are  less  significant. 

Regional  meteorology  including  wind  conditions  and 
atmospheric  stability  have  been  described.  These  data  are  necessary 
for  mathematical  atmospheric  diffusion  modeling. 

A modified  Pasquill-Gifford  Gaussian  plume  model  has 
been  used  in  the  dispersion  calculations.  Pollutant  sources  are 
divided  into  point,  line  and  area  sources,  and  receptors  are 
defined  as  geographic  locations  where  it  is  desired  to  know  the 
ambient  pollutant  concentration.  The  geographic  locations  of 
sources  and  receptors  are  specified  relative  to a Cartesian 
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coordinate  system.  Ambient  pollutant  concentrations  were  calculated 
for  various  atmospheric  conditions  and  wind  velocities. 

The  concentrations  of  carbon  monoxide,  hydrocarbons, 
nitrogen  oxides,  sulfur  oxides  and  particulates  were  estimated  at 
four  representative  locations  and  the  results  were  compared  with 
federal  air  quality  standards.  This  was  done  for  the  year  1975 
through  the  year  2000.  Maximum  1-hour,  typical  24-hour  and  expected 
average  concentrations  were  estimated. 

It is  shown  that  under  adverse  weather  conditions  the 
peak  concentration  of  sulfur  dioxide,  oxides of nitrogen,  and  hydro- 
carbons  will  reach  high  values  by  the  year  1985.  Although  these 
estimated  maximums  are  high  relative  to  air  quality  criteria,  they 
should  not  result  in  environmental  stress.  They  will  probably  occur 
less  than  ten  hours  per  year. 

While  the  estimates  of  maximum  one-hour  concentration 
serve  to  place  an  upper  bound  on  airport-derived  pollutant  levels, 
more  probable  values  are  obtained  by  examining  typical  24-hour 
average  concentrations  and  expected  annual  average  concentrations. 
It  is  shown  that  under  these  conditions  no  pollutant  concentration 
will  exceed  the  pertinent  federal  air  quality  objectives  before  the 
year  2000. 

Of  concern  is  the  build-up  of  pollutants  in  the  Lower 
Mainland  which  is a natural  basin  surrounded  by  mountains  in  which 
frequent  stable  atmospheric  conditions  occur.  Temperature  inversions 
prevent  polluted  air  from  diffusing  upwards  and  low  land  breeze/sea 
breeze  winds  transport  pollutants  backwards  and  forwards  through  the 
valley.  Under  such  conditions  accumulation  of  pollutants  in  the 
atmosphere  takes  place  leading to high  concentrations.  The  large 
majority  of  these  pollutants  derive  from  vehicular  activity  and 
domestic  fuel  consumption  in  the GVRD area.  The  contribution of 
airport-derived  pollutants  during  such  an  episode  is  minor. 

To put  things  in  perspective  ambient  pollutant  values 
measured  in  the  Central  Vancouver  area  are  compared  with  those 
calculated  for  the  airport. It is  shown  that  by  the  year 2000 the 
airport-derived  pollutants will result  in  associated  maximum 
ambient  concentrations  similar  to  the  peak  levels  measured  in  urban 
Vancouver  during 1969 - 1970. But  even  by  year  2000  the  long-term 
average  concentrations  at  the  airport  will  generally  be  considerably 
less  than  the  equivalent 1969 - 1970  averages  measured  in  urban 
Vancouver. 
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For  more  reliable  forecasting  of  the  air  quality  in 
the  Lower  Mainland  an  air  quality  model  should  be  developed  for 
the  whole  air  basin.  This  model  should  be  tuned  by  conducting  the 
appropriate  meteorological  and  air  quality  surveys. A realistic 
model  for  the  whole  area  would  facilitate  studying  the  ramifications 
of  future  urban  and  industrial  growth,  and  enable  the  assessment  of 
the  effects  of  evolving  air  pollution  regulations. 
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1. INTRODUCTION 

1.1 Background 

The  Ministry  of  Transport  projects  an  expansion  of 
Vancouver's  International  Airport  activities  from  the  present 
3.5 million  passengers  per  year  to  approximately 25 million 
passengers  per  year  by  the  year 2000. Such  large  commercial 
airports  have a significant  direct  environmental  impact  as a 
result  of  activities  related  to  their  operations.  Also,  large 
airports  may  cause  indirect  impact  due  to  the  stimulated  urban 
and  industrial  growth  around  them,  The  environmental  consider- 
ations  associated  with  the  airport  expansion  are  manifold;  here 
only  the  direct  ambient  air  quality  effects  will  be  considered. 
Such  information  is  one  of  many  embodied  in  the  Environmental 
Impact  Statement  (EIS)  which  should  contain  information  of  all 
known  possible  environmental  consequences  and  should  enable  the 
airport  planners  to  incorporate  environmental  considerations  into 
design of airport  and  its  associated  facilities. 

In  the  U.S.A.  the  National  Environmental  Policy  Act 
(NEPA)  has  been  the  law  since  January 1, 1970.  The  Act  requires 
a report  to  be  filed  assessing  the  environmental  impact  of  pro- 
posed  major  federal  actions.  In  the  first 3 years of the  existence 
of  the  law  more  than 3600 EIS's  were  filed  of  which  more  than 2000 
by  Department  of  Transport (1). The  exact  number  of  EIS  related  to 
airport  developments is not  known  to  us,  but it must  be  substantial. 
During  the  first  two  months  of  1974 29 airport  related  EIS's  were 
filed  in  the  U. S. (2) .  

The next section is aimed at assessing the state-of- 
the-art  for  estimating  the  airport  related  air  pollution  impact 
on  the  environment. 

1.2 State-of-the-Art  Review 

Typically,  the  EIS  contains  an  elaborate  description 
of  the  proposed  development  program  and  its  purpose,  but  the 
environmental  considerations  are  far  from  being  exhaustive.  Environ- 
mental  insults  are  often  described  in  qualitative  terms  such  as 
"not  significant,  minor,  not  appreciable,  minimal,  certain  amount, 
temporal,  etc."  (3,4,5,6).  Most  of  the  airport  EIS's  published  to 
date  therefore  do  not  analyze  environmental  problem  areas  compre- 
hensively  in a satisfactory  manner,  reflecting  the  lack  of  under- 
standing  of  environmental  problems  and  inadequacy  of  analytical 
techniques. 
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Deficiencies  in  current  procedures  for  environmental 
impact  evaluation  of  airport  activities  and  the  need  for  methods 
which  would  enable  a  comprehensive  environmental  evaluation  prompted 
studies  on  air  pollution  impact  methodology  for  airports (7,8,9). 
The  following  discussion  is  mainly  based  on  the  EPA  publication  by 
Norco  et  a1 (7). 
" 

The  general  approach  to  assess  the  air  pollution  impact 
of  an  airport  and  its  associated  surrounding  activities  is  based  on 
a  general  protocol  which  consists  of: - (a)  identification  and 
isolation  of  air  pollution  producing  activities, (b) quantification 
of  these  activities,  (c)  transformation  of  the  activities  into 
emission  rate  estimates  by  using  source  emission  factors, (d) des- 
cription  of  regional  meteorology  and  (e)  transformation  of  computed 
emission  rates  and  meteorological  data  into  an  air  quality  forecast 
via  dispersion  modeling  or  some  other  technique.  In  cases  where 
the  present  ambient  pollutant  levels  are  known  and  related t o  the 
emission  rates  via an appropriate  dispersion  model  such a model  can 
be  "tuned" to predict  future  ambient  air  quality  from  predicted 
future  spatial  and  temporal  increased  source  activities.  The  pre- 
dicted  ambient  pollutant  levels  are  related  to  the  ambient  air 
quality  standards  and,  if  necessary  recommendations  are  made  on  how 
to  minimize  the  environmental  impact  of  these  pollutants. 

(a)  Identification  and  Isolation  of  Air  Pollution-producing 
Activities. 

The  airport-related  activities  producing  air  pollution 
are  usually  separated  into  two  broad  categories;  those  which  take 
place  within  the  airport  boundaries  and  those  which  occur  outside 
the  boundaries  but  are  induced  by  the  presence  of  the  airport.  The 
activities  within  the  airport  are  comprised of those  related  to: 

1) aircraft 
2) ground  service  vehicles 
3) fuel  storage  and  distribution 
4) engine  tests  and  maintenance 
5) heating  and  air  conditioning  plants 
6) access  traffic 

These  activities  may  be  grouped  into  point,  line  and 
area  sources  according  to  their  emission  characteristics. 

The  activities  corresponding  to  the  areas  outside  the 
airport  boundaries  are  associated  with  the  various  categories  of 
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1) residential 
2) commercial  and  institutional 
3) manufacturing  and  warehousing 
4 )  transportation  and  communication 
5) vacant  and  agricultural 
6) recreational  and  water 

In  our  further  endeavour  we  will  be  concerned  only  with  the 
activities  within  the  airport  boundaries. 

(b)  Quantification  of  Air  Pollution-producing  Activities. 

The  basis  for  an  analysis  of a proposed  airport  facility 
and  the  estimate  of  various  activities  are  the  engineering  and 
planning  studies  drawn  up  to  satisfy  the  technical  needs  of  the 
decision  makers.  These  studies  project  various  airport  activity 
levels  and  usually  contain  enough  information  to  enable  reasonable 
estimate  of  emission  sources.  Figure 1.1 schematically  presents 
functional  dependence  of  various  activities  of a commercial  airport 
which  are  likely to result  in  emission  of  air  pollutants.  The 
actual  emission  sources  are  shown  as  circular  figures  on  the  diagram. 
The  primary  independently  variable  activities  (octagons  with  no 
input  arrows)  are  the  projected  passenger  demand  and  projected  cargo 
demand.  All  other  activity  levels  can  presumably  be  estimated  from 
this  information. 

( c )  Estimation of Air Pollutant Emissions. 

After  the  various  airport  activity  levels  leading to 
air  pollutant  emissions  have  been  estimated  the  emission  rates  can 
be  computed  by  applying  proper  emission  factors  for  each  activity. 
Emission  factors  are  compiled  in  literature (7,lO) and  are  present- 
ed  for  aircraft,  ground  service  vehicles,  fuel  storage  and  distri- 
bution,  engine  test  and  maintenance,  heating  and  air  conditioning 
plant,  and  access  traffic.  Pollutants  of  primary  consideration 
are  carbon  monoxide,  hydrocarbons,  nitrogen  oxides,  sulfur  oxides 
and  particulates. 

In  most  cases  the  calculation  procedure  is  straight- 
forward  and  requires  only  simple  arithmetic.  Computer  programs 
have  been  written  to  handle  the  large  volume  of  data  and  to  enable 
the  investigator  to  conduct  "numerical  experiments"  and  analysis 
of  specific  variables  of  interests. 



0 
0)  

0 
0 
0 

c 

a * 



4 

Emission  rates  are  presented  for  each  activity  separ- 
ately  indicating  spatial  and  temporal  patterns  and  trends  with 
respect  to  mix  and  modes  of  operation.  Finally  the  total  emission 
rate  is  presented  as a summation  of  individual  contributions. 

(d) Regional  Meteorology . 
Once  the  air  pollutants  are  emitted  to  the  atmosphere 

they  undergo a number  of  different  processes.  The  most  important 
meteorological  processes  for  air  pollution  which  take  place  while 
waste  substances  are  airborne  are  dilution  of  waste  substances  by 
diffusion  and  stirring,  their  removal  by  fallout,  washout  and 
atmospheric  reactions,  and  photochemical  processes  promoted  by 
solar  radiation (11). Regional  temperature  and  wind  structure 
form  the  background  of  atmospheric  pollutant  dispersion  and  are  of 
prime  importance  in  estimating  the  air  quality  of  the  region. 

Meteorological  analysis  includes  the  data  on  atmospheric 
stability  and  wind  speed,  direction  and  persistance.  The  most 
important  parameters  governing  the  dispersion  of  air  pollutants  in 
the  lower  atmosphere  are  the  mixing  height  and  the  transport  wind 
speed.  Another  derived  parameter  is  the  ventilation  factor.  The 
ventilation  factor  is  obtained  as a product of mixing  height  and 
the  transport  wind  speed  and  is a measure  of  the  volume  rate  of 
horizontal  transport  of  air  within  the  mixed  layer  per  unit  width 
(normal  to  the  wind  vector).  Monthly  statistics,  mean  values  and 
directional  frequency  distributions  are  derived  which  are  fed  into 
a dispersion  model. 

(e)  Air Quality  Estimates.  Dispersion  Modeling. 

The  complexity  of  airport  pollutant  dispersion  modeling 
resembles  that  for  urban  air  pollution. A large  number  of  diverse 
sources  emit a variety  of  waste  materials  at  different  rates 
varying  with  time  and  location.  The  receiving  atmosphere  is, 
in  turn,  continually  undergoing  changes  in  temperature  and  wind 
structure,  thermal  and  mechanical  turbulance,  and  solar  radiation. 
The  kinetics  of  atmospheric  reactions  also  vary  depending  on  the 
types  of  pollutants,  moisture  content,  presence  of  reactive  and/or 
catalytic  particulate  matter  and  solar  radiation.  The  topography 
of  the  region  modifies  the  temperature  and  wind  profiles  and 
strongly  effects  the  nature of the  turbulent  planetary  boundary 
layer  as  well  as  the  importance  of  this  layer  as a pollutant  sink. 
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The  accuracy  of a pollutant  dispersion  model  will 
reflect  the  degree  to  which  the  above  phenomena  are  comprehended. 
The  simplest  model  of  diffusion  from  an  area  source  is a "box" 
model  based  on a mean  mixing  height  and  transport  wind  velocity. 
This  model  is  crude  and  unreliable  unless  limited  to  the  order  of 
magnitude  assessment  and  gross  pollutant  trends.  The  very  complex 
models,  on  the  other  hand  take  into  account  and  process a large 
amount  of  information,  and  give  fairly  reliable  preductions of 
ambient  pollutant  concentrations  both  temporally  and  spatially. 
The  use  of  such  models  is  restricted  by  the  computer  capacity  and 
speed,  and  the  available  meteorological  and  analytical  data.  It  is 
of  little  use  to  incur  the  high  expense  of  developing  and  running a 
sophisticated  model  unless  the  supply  of  data  is  adequate. 

At  present,  there  are  three  fairly  complex  dispersion 
models  available  for  use  in  computing  the  quality  of  ambient  air 
as a result  of  airport  activity:  the  FAA/Argonne  Airport  Air 
Pollution  Model,  the  Northern  Research  and  Engineering  Corp.  (NREC) 
Model,  and  the  Systems  Science  and  Software (S3) Photochemical 
Model.  The  following  brief  description  of  these  models  is  taken 
directly  from  reference (7). 

"The  FAA/Argonne  Airport  Air  Pollution  Model  is  made 
up  of  two  sub-models.  The  first  deals  with  the  simulation  of  air- 
port  activity  and  generates  an  emission  enventory  that  is  diurnally 
and  spatially  distributed.  The  second  uses  the  emission  inventory 
as a data  base  for  computing  air  quality,  using a modified  steady- 
state  guassian  plume  algorithm. 

The  activity  sub-model  further  classifies  the  emissions 
by  the  type  of  source  producing  them.  Emissions  whfch  are  generated 
over a large  area  (e.g.,  ground  service  activity  in  the  terminal 
area,  automobile  movement  in  the  parking  lots,  fuel  evaporation 
from  the  filling of vehicle  tanks,  etc.)  are  classified  as  area 
sources.  Emissions  generated  in a long  and  narrow  strip  (e.g., 
roadways,  runways)  are  classified  as  line  sources.  Emissions 
emanating  from a very  small  area  (e.g.,  heating  plant,  engine  test 
cells)  are  classified  as  point  sources. 

The  Gaussian  plume  air  quality  sub-model  utilizes  the 
point,  area,  and  line  source  parameters  calculated  by  the  activity 
sub-model,  and  combines  them  with  meteorological  information  that 
is  relevant  to  the  area  to  compute  air  quality.  Since  the  input 
emission  inventory  is  both  spatially  and  diurnally  distributed,  the 
resulting  air  quality  is  also  spatially  and  diurnally  distributed. 
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The  sub-model  uses a one-hour  averaging  time  to  compute 
pollutant  concentrations  and  makes  use  of  time-  and  distance- 
dependent  dispersion  'coefficients.  These  give  better  results  at 
the  high  and  low  ends  of  the  wind  speed  range  than  the  coefficients 
that  are  distance-dependent  only.  In  addition, a diurnal  variation 
of  important  meteorological  parameters,  such  as  wind  speed,  mixing 
depth,  etc.,  is  used  instead  of a seasonal  average  to  improve  the 
model's  accuracy. 

In  making  the  computations  the  model  extrapolates  the 
point,  area,  and  line  sources  back  to a virtual  origin.  This 
eliminates  some  of  the  wide  fluctuations  in  calculated  concentrations 
resulting  from  changes  in  the  wind  direction-receptor  location, 
referred  to  as  the  beacon  effect. 

To  summarize,  the  projected  emission  rates  can  readily 
be  translated  into  air  quality  via  the  FAA/Argonne  Air  Pollution 
Model.  The  data  as  presented  need  only  to  be  modified  to  show 
spatial  distribution  in  order  to  serve  as  direct  input  into  the  air 
quality  sub-model.  Experience  with  this  model  on  Chicago's  O'Hare 
Airport  shows  the  calculated  air  quality  to  be  underestimated,  as 
compared  to  observed  air  quality,  particularly  for  hydrocarbon 
concentrations. 

The  NREC  model  is  fundamentally  similar  to  the FAA/ 
Argonne  model, An activity  sub-model  and  an  air  quality  sub-model 
are  used. 

The  basic  differences  between  the  Argonne  and  the NREC 
air  quality  sub-models  are  the  type  of  mathematical  simplifications 
used to  compute  dispersion.  The  NREC  model  uses a one-hour averag- 
ing  time  and a Gaussian  plume  algorithm,  as  does  the  Argonne  model. 
NREC,  however,  uses  only  point  sources  that  are  located  at  ground 
level,  instead  of  the  virtual  origin  point,  area,  and  line  sources. 
It  therefore  suffers  from  the  large  fluctuations  in  concentration 
resulting  from  the  "beacon"  effect. Also, the  NREC  model  uses 
dispersion  coefficients  that  are  distance-dependent  only. 

A s  with  the  Argonne  model,  the  emission  calculations 
can  be  readily  adapted  for  input  into  the  NREC  model  once  some 
spatial  resolution  is  available.  Experience  with  this  model  at 
Argonne  has  shown  that  it  also  underestimates  air  quality  as 
compared  to  observations.  In  most  cases,  the  discrepancies  are 
larger  than  that  of  the  Argonne  model. 
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The S 3  photochemical  model  consists  of  two  computer 
codes;  the  first,  SETUP,  uses  meteorological  and  source  data  to 
create  an  input  for  the  second,  NEXUS/P  (Numerical  Examination of 
- Urban  Smog  with - Photochemistry). NEXUS/Pthen  moveyand diffuses 
the  poilutants,  changes  the  pollutant  concentrations  as  a  result 
of photochemical  reactions,  adds  pollutants  due to sources,  and 
stores  or  retrieves  pollutants  advected  into  or  out of the  borders 
of the  computational  grid. 

The  program  was  originally  written  to  stimulate  the 
photochemical  reactions  taking  place  in  the Los Angeles  smog.  It 
is,  therefore,  necessary  to  tailor  SETUP  to  the  conditions  found 
around  the  airport  under  study. 

The  data  read  in  at  execution  time  includes  wind  measure- 
ments  and  initial  concentrations  of  hydrocarbons, NO, N02,  and CO if 
desired.  NEXUS/P  considers  reactions  occurring  between  and  producing 
NO,  N02, HC, 03,  and  HN02.  HN02  and 03 are  the  results  of  photo- 
chemical  reactions,  while CO is  not  explicitly  considered.  Briefly, 
the S 3  model  treats  the  transport  of  pollutants  by  assigning  mathe- 
matical  points  to  given  amounts  of  pollutant.  The  movements  of  each 
of  these  points  are  then  traced  through  time so that  at  any  point  in 
time  and  in  any  cell of the  three-dimensional  grid  system  the 
concentration  can  be  determined  by  simply  counting  the  number  of 
points  residing  in  that  cell  at  that  time.  The  mechanism  for  moving 
the  points  which  takes  into  account  both  advection  and  diffusion  is 
completely  independent  from  the  photochemical  reactions.  Consequently, 
it  is  possible  to  employ  several  alternative  photochemical  reaction 
mechanisms,  if so desired.  The  dispersion  and  chemical  reactions 
are  treated  in  an  alternating  step  fashion.  First,  the  pollutants 
are  allowed  to  disperse  through  the  grid  system  for  a  time  interval, 
then  the  dispersion is frozen  and  a  chemical  reaction  step  occurs, 
etc.  In  the  limit of very  small  time  steps,  this  alternating 
procedure  approaches  the  simultaneous  operation  of  dispersion  and 
chemical  reactions. 

The  mathematical  point  method  provides  a  very  convenient 
means  for  merging  a  distribution  of  airborne  and  ground-based  sources 
into  a  cell or grid  type  model  which  is  essential  for  the  treatment 
of  photochemical  reactions.  However,  because  of  the  limitations  of 
computer  core  storage  and  run  time,  the  individual  cells  cannot  be 
too  small so that  one  tends  to  lose  a  certain  amount  of  spatial  and 
temporal  resolution.  This  is  the  sacrifice  which  must  be  made  if 
the  photochemistry  is  to  be  treated  without  an  intolerable  consumption 
of  computer  time." 
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2. IDENTIFICATION  OF  AIRPORT EMISSION SOURCES 

Among  the  activities  which  are  associated  with  air 
pollutant  emissions  within  the  airport  and  which  will  be  considered 
in  this  report  are  included: 

1) Aircraft  movements 
2) Ground  service  vehicle  movements 
3) Fuel  storage  and  distribution 
4) Engine  tests  and  maintenance 
5 )  Heating  plants  operation 
6) Access  traffic  activity 

These  sources  may  be  classified  by  the  type  into  three 
groups : 

A.  Area  sources:  aircraft  movements  outside  runways,  ground 
service  vehicels,  fuel  distribution,  traffic 
on  parking  lots. 

B. Line  sources:  aircraft  movements  on  runways,  access 
traffic  on  roadways. 

C.  Point  sources:  engine  tests,  heating  plants. 
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3 ,  AIRPORT  ACTIVITY LEVELS 

Various  airport  activities  and  their  functional  dependence 
have  been  described  in  Section 1.2 and  schematically  presented  in 
Figure 1.1. Independently  variable  activities  are  the  projected 
passenger  demand  and  projected  air  cargo  demand.  All  other  activities 
can  presumably  be  determined  from  this  information. 

3.1  Passenger  Demand 

The  passenger  demand  level  is  measured  by  the  enplaning 
passenger  rate.  Enplaning  passengers  include  originating  and  con- 
necting  passengers.  The  deplaning  passenger  rate  which  includes 
terminating  and  connecting  passengers  is  approximately  equal  to  the 
enplaning  passenger  rate.  The  through  passengers  are  those  arriving 
and  departing  the  airport  aboard  the  same  aircraft. 

Annual  enplaning  passenger  rates  are  presented  in 
Table  3.1  up  to  the  year  2000  (12).  The  passenger  enplaning  rate 
will  increase  from  2.2  million  in  1975 to over  13  million  in  the 
year  2000.  The  peak  enplaning  rate  will  increase  from  close  to 
9 thousand  passengers  per  day  in  1975  to  about 49 thousand  passen- 
gers  per  day  in  the  year  2000,  and  from 1400 passengers  per  hour  in 
1975  to  5600  passengers  per  hour  by  the  year  2000. 
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3.2  Air  Cargo  Demand 

The  air  cargo  is  functionally  divided  among  freight, 
express  and  mail. As with  passenger  forecasts  distinction  must  be 
made  between  originating  air  cargo,  transfer  air  cargo  and  termin- 

year  2000 (12). 
-ating air  cargo.  Table  3.2  presents  air  cargo  forecasts  up  to 

TABLE  3.2 

AIR  CARGO  FORECAST* 
VANCOWER INTERNATIONAL  AIRPORT 

Year  Enplaning and Deplaning 
(thousands  of  metric  tons) 

1972 

1975 
1980 
1985 
1990 
1995 
2000 

52.7 
108.9 
261.8 
554 .O 
1032 
1750 
2570 

* Data  obtained  from  ref  (12). 

y. 
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3.3  Aircraft  Activity 

Aircraft  activity  and  mix  is  perhaps  the  single  most 
important  information  necessary  for  evaluation  of  air  pollution 
arrising  from  the  operation  of  an  airport  (see  Figure 1.1). The 
activity  level  is  measured  by  the  number  of  aircraft  movements  or 
by  the  number  of  aircraft  landing-takeoff (LTO) cycles.  An  aircraft 
movement  or  operation  is  either  landing  or a takeoff, An LTO  cycle 
includes  operations  of  approach,  landing,  taxi-in,  taxi-out,  take- 
off  and  climbout;  it  consists  of  two  movements  and  LTO  cycle 
activity  level  equals  one-half  the  number  of  movements.  The  mix  is 
measured  by  the  fraction  that  each  aircraft  type  makes  of  the  total 
activity.  The  classification of aircrafts  into  different  classes 
is  summarized  in  Table  3.3. 

Table  3.4  presents  data  on  projected  aircraft  activity 
and  mix  for  Vancouver  International  Airport  up  to  the  year 2000 (12). 
The  total  aircraft  activity  is  divided  into  activities  corresponding 
to  air  carriers,  cargo  crafts  and  general  aviation.  The  aircraft 
percent  activity  mix  is  graphically  presented  in  Figure  3.1.  The 
forecast  predicts  an  increase  of  jumbo  and  long  range  aircraft 
activity  from  about 1 and 8% in  1973  to  about 22 and  13%  in  the 
year 2000, respectively.  The  medium  and  short  range  aircraft 
activity  will  decrease  from  about 19 and 6% in  1973  to  about 2 and 
0.1%  in  the  year 2000, respectively.  The  general  aviation  will 
remain  approximately  constant  at  about 65%, as  will  the  cargo  air- 
craft  activity  at  about  1%  of  the  total. 

It  should  be  pointed  out  that  aircraft  activity  and  mix 
are  as  much  dependent  on  the  influence  of  developing  technology  as 
on  the  patterns of the  air  passenger  and  cargo  demand  and  their 
estimates  present  an  exceedingly  difficult task .  The  projected 
activities  are  therefore  only  approximate  figures. 
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Y 

Y 

CLAS s 

Jumbo 

350 

250 

Long Range 

200 

150 

Medium Range 

100 

Short  Range 

50 

TYPE - 

Boeing 747 

Lockheed  1011 

Douglas DC10 

TABLE 3.3 

AIRCRAFT TYPE BY CLASS* 

Douglas DC8-60 

Boeing 707 

Douglas DC8-40 

Boeing 727 

Boeing 737 

Boeing 720 

Douglas 

Viscount 

Convair 640 

Commando  CV20 

Douglas D C 3  

Nord 262 

CODE - 

B747 

L l O l  

DC 10  

DC86 

B707 

DC84 

B727 

B737 

B720 

DC9 

vc7 
CV64 

C46 

DC3 

ND62 

* Data from  references 7 ,  10  and  12. 

PAS. CAP. 

365 

260 

250 

180-210 

140-150 

135-140 

97-122 

92-117 

115-120 

94 

48 

50 

50 

21-28 

24 

COMMON 
WEIGHT NUMBER OF 

(m. tons)  ENGINES 

352 4 

186  3 

186 3 

159  4 

148  4 

143  4 

77 3 

52 2 

106  4 

44 2 

33 4 

25 2 

22  2 

1 2  2 

11 

ENGINE 
COMMONLY 
USED I 

JT-9D 

JT-9D 

JT-9D 

JT- 3 D  

JT-3D 

JT-3D 

JT-8D 

JT-8D 

JT-8D 

501-Dl3 

R-1830 

Y 

YHI I, 

C l '  
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3 . 4  Ground  Service  Vehicle  Activity 

The  ground  service  vehicles  are  the  motorized  equipment 
needed  to  load  and  unload  the  aircraft  and  otherwise  prepare  the 
aircraft  for  the  next  flight.  The  activity  level  and  mix  of  the 
equipment is measured  by  the  amount  of  time  spent  in  operation  by 
each  vehicle  type.  The  operating  time  of a particular  vehicle 
type,  on  the  other  hand,  depends  on  the  type  of  aircraft  being 
serviced.  Table 3 . 5  lists  estimated  servicing  times  of  different 
ground  supporting  vehicles  as a function of aircraft  class.  These 
estimates  are  obtained  from  data  published  in  reference ( 7 ) .  

The  ground  supporting  vehicle  operating  times  are 
obtained  by  multiplying  the  number of LTO  cycles  of  each  aircraft 
type  by  the  service  time  of  each  vehicle  type.  Table 3 . 6  gives 
the  projected  ground  service  vehicle  operating  times  for air 
carriers  based  upon  the  aircraft  activity  and  mix  forecast  of 
Table 3 . 4  and  the  service  times  of  Table 3 . 5 .  The  ground  service 
vehicle  activity  related  to  the  cargo  and  general  aviation is not 
taken  into  account  since  it  represents  only a small  fraction  of 
the  total  activity. 

The  fuel  consumed  by  ground  service  vehicles  can  be 
estimated  using  fuel  consumption  rates  listed  in  Table 3.7  and 
operating  times  in  Table 3 . 6 .  Estimated  annual  ground  service  fuel 
requirements  are  given  in  Table 3 . 8 .  
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TABLE 3.5 

SERVICE  TIMES  OF  AIRCRAFT  GROUND  SERVICE  VEHICLES* 

Time  in  Vehicle-Minutes  per  Aircraft 

Aircraft Jumbo  Long  Range  Medium  Range  Short  Range 
Vehicle Class 350  250  200  150  100  50 

1. Tractor 155 148 98 98 66  50 
2.  Belt  Loader 48 40 37 30 28  15 
3.  Container 

Loader 
4. Cabin  Service 
5.  Lavatory  Truck 
6.  Water  Truck 
7. Food  Truck 
8. Fuel  Truck 
9.  Tow  Tractor 
10. Conditioner 
11. Airstart 

92 80 12 10 
24 25 15 15 
24 18 18 18 
12 10 10 10 
55 20 30 30 
50 45 40 40 
10 10 10 10 
0 0 30 30 

6 
12  

15 
10 
17 
20 
10 
0 

0 

0 
10 

10 

10 
15 
5 
0 

Transporting 
Engine 3 0 1 0 5  0 0 
Diesel  Power 
Unit 2 0  8 4  0 0 

12.  Ground  Power 
Unit 
Transporting 
Engine 0 0  9 5  
Gasoline  Power 
Unit 0 0  4 2  
Diesel  Power 
Unit 0 0  4 2  

13.  Transporter 19 10 10 5 

0 

0 

0 

3 

0 

0 

0 

0 

* Estimated  from  data  in  ref ( 7 ) .  

Y 

yc 

bw 
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L 
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TABLE 3.6 

TOTAL DAILY GROUND SERVICE VEHICLE OPERATING TIME* 

VANCOUVER INTERNATIONAL AIRPORT 

Time i n   V e h i c l e  Hours  per Day 

Vehicle  1973  1975  1980  1985  1990  1995 

1. Trac to r  95.15  108.33  154.39  234.17  322.57  413.25 

2 .  Belt Loader 35.42  38.90  55.28  77.76  102.59  127.67 

3 .  Container 
Loader 11.21  20.45  36.99  66.89  114.28  165.23 

4 .  Cabin  Service 14.24  17.00  25.73  37.51  51.93  66.39 

5 .  Lavatory  Truck 19.49  21.03  29.92  41.18  53.02  64.98 

6 .  Water Truck 13.04  13.56  18.34  24.47  30.17  35.93 

7 .  Food Truck 25.25  28.07  42.95  61.72  83.71  106.92 

8 .  Fuel  Truck 31.91  35.99  55.55  79.86  109.61  139.93 

9 .  Tow Tractor  11.84  12.64  17.41  23.33  28.84  34.18 

1 0 .  Conditioner 8.86  8.72  17.44  23.29  29.71  35.28 

11. Airstart 

Transportat ion 
Engine 2.08  1.96  3.63  5.34  6.64  9.77 

Diesel Power 
Unit  

12. Ground Power 
Unit 

1.66  1 .54  2 .84  4 .24  5 .91  7 .49 

Transportat ion 
Engine 

Gasoline Power 
Unit  

1.91  1.71  3.17  4.44  5.86 7.05 

0.81  0 .71  1 .29  1 .84  2 .52  2 .94 

Diesel Power 
Unit 0.81 0 . 7 1  1 . 2 9  1.84 2.52 2.94 

1 3 .  Transporter  4.84  6.07  9.87  16.03  24.53  33.57 

2000 

559.67 

153.26 

258.73 

81.19 

77.04 

41.86 

129.40  

170.78 

39.69 

40.95 

11.92 

9.12 

8.38 

3.50 

3.50 

42.49 

* Serving air carriers 
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TABLE 3.7 

GROUND  SERVICE  VEHICLES  FUEL  CONSUMPTION RATES* 

Vehicle 

1. Tractor 
2 .  Belt  Loader 
3. Container  Loader 
4. Cabin  Service 
5 .  Lavatory  Truck 
6 .  Water  Truck 
7 .  Food  Truck 
8 .  Fuel  Truck 
9.  Tow  Tractor 
10. Conditioner 
11. Airstart 

Transporting  Engine 
Diesel  Power  Unit 

12. Ground  Power  Unit 
Transporting  Engine 
Gasoline  Power  Unit 
Diesel  Power  Unit 

13.  Transporter 

Rate of Fuel 
Consumption  (l/hr) 

6.81  

2.65 

6.62 

5.68 

5.68 

5.68 

7.57 

6.43 

8.89 

6.62 

5.30 
31.04 

7.57 
18.93 
26.87 

5.68 

Aver  age 1-10 6.25 

* Data  from  Reference 7 
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TABLE 3 .8  

GROUND  SERVICE  VEHICLE  FUEL  REQUIREMENTS* 
VANCOWER INTERNATIONAL  AIRPORT 

I Gasoline 

Year 

1973 
1975 
1980 
1985 

1990 
1995 
20'00 

Annual 

cu .m 

733.737 
713.383 
1072.841 
1591.262 
2208.503 
2845.05 7 
3723.954 

Average 
Daily 
litres 

2010 
1954 
2939 
4 360 
6051 

7795 
10203 

Diesel 
Annual 

cu  .m 

Average 

litres 
Daily 

26.751 

251 91.673 
181  66.084 
123 44.828 
67 24.411 
73 

113.613 311 
137.652 377 

* Based on forecast  in  Table  3.6  and  consumption  rates 
in  Table  3.7. 

Y 
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3.5 Fuel  Storage  and  Distribution 

The  amount  of  emitted  pollutants  from  fuel  storage  and 
distribution  depends  on  the  total  amount  of  fuel  that  is  handled  at 
the  airport  for  both,  aircraft  and  ground  service  vehicles.  Fuel 
consumption  at  Vancouver  International  Airport  is  on  the  order  of 
350 X lo3 cu.m  of  jet  fuel  and  about 3600 cu.m  of  gasoline  per  year. 
The  projected  total  amount  of  fuel  that  is  required  for  operation 
of  aircraft  and  ground  service  vehicles  will  be  estimated  indirect- 
ly  by  using  fuel  consumption  rates. 

The  average  amount  of  fuel  pumped  per  carrier  LTO  cycle 
is  assumed  to  be  approximately 10 cu.m.  This  is  based  on  the 
average  amount  of  about 10 cu.m  per  LTO  cycle  at  the  Chicago  air- 
port ( 7 ) .  

The  ground  service  vehicles  fuel  requirements  are  given 
in  Table 3.8 .  

The  projected  total  annual  fuel  requirements  based  on 
the  aircraft  activity  forecast  (Table 3 . 4 )  and  ground  service 
vehicles  activity  (Table 3.6) is  presented  in  Table 3.9. Even 
though  this  estimating  procedure  is  crude  the  projected  estimates 
are  probably  of  the  right  order  of  magnitude. 

3.6 Engine  Tests  and  Maintenance 

To  ensure  proper  performance  aircraft  engines  require 
regular  maintenance  and  testing. A test  consists  of  measurements  of 
performance  while  running  the  engine  through a set  of  typical  flight 
conditions.  The  air  pollutant  emissions  due  to  the  engine  tests  may 
be  significant  if a substantial  number of tests  are  performed. 

The  maintenance  activity  at  an  airport  depends  mainly  on 
its  character  and  location.  Airlines  prefer  to  locate  their  mainte- 
nance  facilities  at  airports  with a large  number  of  originating  and 
terminating  flights.  Airports  which  serve  mainly  as  connection 
points  usually  are  not.preferred  locations  for  large-scale  mainte- 
nance  operations.  To  illustrate:  at Los Angeles  originating/ 
terminating  airport  there  are  about 38 engine  run-ups  per 1000 
aircraft  movements (8), while  at  Chicago  connecting  airport  there 
are  only  about  one  to  two  engine  run-ups  per 1000 aircraft  movements 
(7 ) .  Based  on  information  obtained  from  major  airlines  at  Vancouver 
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International  Airport  it  appears  reasonable  to  assume  about 10 
engine  run-ups  per 1000 air  carrier  movements.  The  estimated  number 
of  engine  tests is given  in  Table  3.10. 

TABLE  3.10 

ANNUAL AIR  CARRIER  ENGINE  TESTS 

Year 

- 
1973 
19 75 
1980 
1985 
1990 
1995 
2000 

VANCOUVER  INTERNATIONAL  AIRPORT 

I Total No. 
of  Engine  350 
Tests 

576 

71 796 
34  595 
14 

1054 14 7 
1287 262 

1517 399 

1740  510 
- 

250 

- 
9 

39 
70 
134 
246 
35 2 
474 
- 

Tests  in P 

200 150 

63 

330 74 
274 34 

128 36 
111 

115  385 
146 437 
187  474 

rcraf 

100 

- 
325 
313 
312 
339 
264 
176 

91 

Class* 

50 

68 
45 
35 
30 
14 
7 
4 

Consumed 
Fuel** 
cu  .m 

1152 
1190 
1592 
2108 
2574 

3034 
3480 

* Estimated  on  the  basis  of  the  1973-2000  aircraft  mix  and  the 
number  of  engines  per  aircraft. 

** Based  on  average  consumption  of  2000  litres  per  engine  test. 
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3.7  Heating  and  Air  Conditioning  Plants 

Terminal  buildings  and  hangars  are  generally  heated  and 
air  conditioned  from  one  or  several  plants  whose  operation  is 
expected  to  produce  some  air  pollutant  emission.  The  estimated 
fuel  requirements  for  the  heating  plants  at  Vancouver  International 
Airport  are  summarized  in  Table  3.11.  It is supposed  that  the  new 
terminal  building  will  be  completed  in  1985  and  that  the  same  amount 
of fuel  will  be  required  in  the  period  1985-2000. 

TABLE  3.11 

ANNUAL  HEATING  PLANTS FUEL REQUIREMENTS 
VANCOUVER  INTERNATIONAL  AIRPORT 

Year Required  Quantity Fuel  Type 

1973 5.4 x 106 cu.m/yr gas 
oil  2.1 x 103 cu.m/yr 
coal  330  m.ton/yr 

1975 5.4 x 106 cu.m/yr gas 
oil  2.1 x 103 cu.m/yr 

1980  8.2 x lo6 cu.m/yr gas 
oil 3.3 x 103 cu.m/yr 

1985 34 x 106 cu.m/yr gas 
oil 13..2 x lo3 cu.m/yr 

1990- 
2000 Same  as  1985 
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3.8  Access  Traffic 

Access  traffic  is a significant  source  of  air  pollution 
at  the  airport  and  must  be  included  in  the  estimate  of  total  airport 
emissions.  The  needed  information  should  contain  the  following: 

number  of  vehicle  trips 
mix of vehicles 
distance  travelled 
vehicle  operation  characteristics 

Table 3.12 summarizes  the  data  on  access  traffic  activity  and  mix 
at  the  Vancouver  International  Airport. 

Y 
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4. SOURCE  EMISSION  FACTORS 

The  source  emission  factors  will  be  presented  for  carbon 
monoxide  (CO),  hydrocarbons  (HC) , nitrogen  oxides (SO,), sulfur 
oxides (SO,) and  particulates  (PT). 

4.1 Aircraft 

The  emission  factor  for  aircraft  is  expressed  per  LTO 
cycle  which  includes  ground  operations  of  landing,  taxi-in,  taxi- 
out  and  take-off,  and  in-flight  operations  of  approach  and  climb- 
out  below 500 m (1640  feet)  (10,13).  Typical  times-in-mode  for  an 
LTO  cycle  at a metropolitan  airport  are  given  in  Table 4.1. The 
modal  emission  factors  are  listed  in  Table  4.2. 

TABLE 4.1 

TYPICAL  TIME IN MODE  FOR  LTO  CYCLE 
AT A METROPOLITAN  AIRPORT* 

r I 
Aircraft  Class Taxi- 

idle 

Jumbo  350 & 250 
Long  range 

19.00 

Medium  range, 
19.00 200 & 150 

100 19.00 
Short  range, 50 19 .OO 
General  aviation 
turboprop 19 ,oo 
General  aviation 
piston 12 .oo 

* Data  from  ref 10. 

Take- 
off 

0.70 

0.70 

0.70 

0.50 

0.50 

0.30 

T 

" 

i 

lime  in 
Climb- 
out 

2.20 

2.20 

2.20 

2.50 

2.50 

4 . 9 8  

lode, minu 
Approach 

4 .OO 

4.00 

4.00 
4.50 

4.50 

6 .OO 

35  

Landing** 

0.70 

0.70 

0.70 

0.50 

0.50 

0.30 

c 

" 

c 

Taxi- 
idle 

7 .OO 

7 .OO 

7 .OO 
7 .OO 

7 .OO 

4 .OO 

1 

** Taken  as  equal  to  Take-off. 
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4.2  Ground  Service  Vehicles 

The  "uncontrolled"  emission  factors  for  ground  service 
vehicles  are  presented  in  Table  4.3,  These  factors  are  based  on 
the  assumption  that  ground  service  vehicle  (off  highway  vehicles) 
will  not  be  subject  to  the  same  emission  controls as are  private 
motor  vehicles.  Because  ground  service  vehicles  have  similar 
engines  only  one  emission  factor  is  presented  for  all  gasoline- 
powered  and  only  one  for  diesel-powered  ground  service  vehicles. 

TABLE 4 . 3  

GROUND  SERVICE  VEHICLES  UNCONTROLLED  EMISSION  FACTORS* 

I I YEAR 1975 - 2000 I 
co 

811 gll g/1 811 811 
PT SOx NO, HC 

Gasoline 0.48 0.36  15.1  59.0 263.9 

I Diesel 1 39.0 I 7.79 1 40.81 3.20 I 3.01 1 

* Data  from  ref 7 and 10. 
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4.3 Fuel  Storage  and  Distribution 

Emission  of  hydrocarbons  from  fuel  storage  and  distri- 
bution  is a result  of  evaporation  from  storage  tanks,  i.e.,  the 
breathing  loss,  and  of  displacement  of  fuel  vapors  when  tanks  are 
filled,  i.e.,  the  working  loss.  Since  breathing  and  working 
losses  from  storage  tanks  and  breathing  losses  from  other  tanks 
can  be  controlled  it  will  be  assumed  that  the  emissions  result 
solely  from  working  losses  associated  with  aircraft  and  ground 
service  vehicle  refueling.  Table 4.4 lists  emission  factors  in 
terms  of  milligrams  of  hydrocarbons  emitted  per  litre  of  fuel 
pumped. 

TABLE 4.4 

FUEL  STORAGE AND DISTRIBUTION  EMISSION  FACTORS 

Hydrocarbon  Working Loss Emission 

milligrams 
per  litre 
of  fuel 
pumped 

Jet  Fuel  Gasoline 

66 436 

4.4 Engine  Tests  and  Maintenance 

An engine  test  lasts  approximately 20-25 minutes  and 
consists  of  running  the  engine  through a set  of  typical  flight 
conditions  while  measurements  of  performance  are  made.  Times-in- 
mode  of  an  engine  test  cycle  are  similar  to  those  of  an  LTO  cycle 
presented  in  Table 4.1. Therefore  we  will  assume  the  emission 
factors  for  engine  tests  to  be  the  same  as  those  for  LTO  cycle 
of  an  engine  under  consideration.  Such  emission  factors  are 
presented  in  Table 4.5. 
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TABLE 4.5  

AIRCRAFT EMISSION FACTORS  PER LTO CYCLE* 

Common 
Number Engine 

A i r c r a f t  of Commonl: 
Class Engines Used 

Jumbo 

350 4 JT-9D 

250 3 JT-9D 

Long Range 

JT-3D 

JT-3D 

Medium 
Range 

100 3 JT-8D 

Short  
Range 

50 2 
General 
Aviation 

- Turboprog 2 

- Pis ton  2 

4" Engine  Engine 

NO, as NO2 SO, as SO2 

kg/  kg/ 
Engine  Engine 

14.2 0.83 

14.2 0.83 

3.6 0.71 

PT 

kg/ 
Engine 

- 

0.59 

0.59 

0.55 

* Data from r e f  10. 
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Heating  and  Air  Conditioning  Plant 

The  most  probable  fuels  for  use  in  Vancouver  International 
heating  plants  are  natural  gas  and  oil.  Coal  is  not  used  for 
to  any  significant  extent  although  the  supply in the  area  is 
Table 4.6 lists  the  emission  factors  for  all  three  types of 

TABLE 4.6 

HEATING  PLANT EMISSION FACTORS* 

Fuel  Type  Natural  Gas 
oil 1 Coal 

kg/106 cu  .m  kg/cu.m  kg/m.  ton 
~~ ~ ~~ ~~ 

co 
HC 

1.0 0.5 320 

7.5 7.2 1600 NO, as NO2 

0.5 0.35 128 

SOx  as SO2 9.6 36 38 
PT 7 .O 2.2 302 

1 

* Data  from  ref 10. 
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4.6 Access  Traffic 

In  this  study  the  average  emission  factors  for  highway 
vehicles  listed  in  Table  4.7  will  be  used.  The  emission  factors 
for  hot  engine  operation  and  for  cold  start  are  included.  These 
emission  factors  diminish  with  time  as  more  new  vehicles  with 
emission  controls  are  brought  into  the  population. 

TABLE  4.7 

HIGHWAY  VEHICLES  AVERAGE  EMISSION  FACTORS 

co SOX NOX HC 

Year Hot***  Hot*  Cold** Hot*  Cold**  Hot* 
Operation  Operation Operation Start Operation Start 

g f k m  g f k m  g l k m  g g f k m  g 

1973 0.12  3.2 15 6.5 158 52 
" 

1975  0.12 2.9 15  4.9  15 8 43 

1980 0.12  2.6 8.1 3.1 83 30 

1985  0.12 1.5 5.8 1.3 61 19 

1990- 
2000 

Same  as  1985 

PT 

Hot*** 
Operation 

g /km 

0.36 

0.36 

* Data  from  ref 14 
** Data  from  ref 7 

*** Data  from  ref 10 
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5. SOURCE  EMISSION  RATES 

The  source  emission  rates  of  various  pollutants  will  be 
computed  by  applying  the  source  emission  factors  of  Section 4 to 
the  activity  levels  of  Section  3. 

5.1  Aircraft 

The  important  points  considered  in  aircraft  emissions 
are  the  total  emission  rate,  the  emission  by  aircraft  mix  and  mode 
of  operation,  and  the  trends  in  aircraft  emissions. 

Total  emissions  of  various  pollutants  and  yearly  trends 
are  shown  in  Table  5.1  and  Figure  5.1.  Average  24-hour  day,  peak 
day  and  peak  hour  emissions  are  listed  in  the  Table.  Carbon  monoxide 
is  emitted  in  largest  quantities  followed  by  hydrocarbons  and  nitro- 
gen  oxides.  Sulfur  oxides  and  particulates  are  emitted  in  an  order 
of  magnitude  smaller  amounts.  The  relative  increase  in  emissions of 
different  pollutant  is  about  the  same;  the  quantities  of  emitted 
pollutants  will  about  double  in  the  period  till  the  year  1980, 
quadruple  till  1990  and  increase  5 to 8 times  before  the  end of 
the  century. 

Relative  emission  rates  by  mode  of  operation  are  summar- 
ized  in  Table  5.2.  Average  1973-2000  contributions  for  various 
pollutants  by  different  modes  of  operation  are  presented.  The 
highest  contribution  to  carbon  monoxide,  hydrocarbons,  sulfur  oxides 
and  particulates  emissions  comes  from  taxi-idle  operation,  while  the 
nitrogen  oxides  contribution  is  the  highest  for  climbout  operation. 

More  detailed  presentation of relative  emission  rates  by 
aircraft  mix  and  mode  of  operation  is  given  in  Table  A.5.2 
(Appendix  111). 

Over 88% of  overall  pollutant  emissions  in  1973,  and  93% 
in  the  year  2000  comes  from  air  carriers.  Although  the  activity 
level  of  general  aviation  is  high  (see  Table  3.4  and  Figure  3.1) 
the  resulting  pollutant  emissions  are  comparatively  low.  Emissions 
from  cargo  aircrafts  amount  to  less  than  2%  of  total  emissions,* 
The  increase  in  pollutant  emissions  is  mainly  due  to  enlarged. 
activities  of  jumbo  and  long  range  aircrafts,  commonly  equipped 
with  JT-9D  and  JT-3D  engines,  respectively. 
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F i g u r e  5 1  
AVERAGE DAILY AIRCRAFT EMISSIONS 
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Carbon  monoxide  emissions  from  jumbo  aircrafts  amount 
to  about  5%  of  total  emissions  in  1973,  about  19%  in  1980  and  almost 
50%  in  the  year  2000.  The  emissions  from  long  range  aircrafts  will 
increase  from  about  43%  in  1973  to  46%  in  1980  and  then  drop to 
36%  in  the  year  2000. By the  end  of  the  century  these two classes 
together  will  account  for  over  85%  of  all  carbon  monoxide  emissions. 
Similar  trend  is  observed  for  all  other  pollutants.  The  results  in 
Table  A.5.2  thus  demonstrate  that  any  attempt  to  reduce  aircraft 
emissions  should  concentrate  on  the  jumbo  and  long  range  aircraft 
classes. 

TABLE  5.2 

AVERAGE  RELATIVE  EMISSIONS BY MODE OF OPERATION* 
VANCOWER INTERNATIONAL  AIRPORT 

Taxi-idle 
Takeoff 
Climbout 

Approach 
Landing 

co 
% Emission 

82 
1 

8 
8 

1 

HC 
% Emission % Emission % Emission % Emission 

PT SOX NOX 

97 
23 0.2 

11 39 
6 10 
45 

1.0 27 18 
1.5 1 :: 1 21 1 27 

* From  data  in  Table  A.5.2 
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5.2  Ground  Service  Vehicles 

It is  assumed  that  ground  service  vehicles  (off  highway 
vehicles)  will  not  be  subject  to  the  emission  controls  as  highway 
vehicles.  The  "uncontrolled"  emission  rates  of  carbon  monoxide, 
hydrocarbons,  nitrogen  oxides,  sulfur  oxides  and  particulates  are 
presented  in  Table  5.3  for  gasoline  and  diesel  type  of  engines. 
The  combined  total  emissions  are  also  given  in  kilograms  per  day. 
The  emissions  amount  to  533  kg/day  of  carbon  monoxide, 110 kg/day 
of  hydrocarbons, 33 kg/day  of  nitrogen  oxides, 1.0 kg/day  of 
sulfur  oxides  and  1.2  kg/day  of  particulates  in  the  year  1973; 
for  1980  the  corresponding  figures  are 780, 174,  49, 1.4 and 
1.8 kg/day  respectively;  in  the  year 2000 the  corresponding 
emissions  will  be 2708, 606,  170, 4.9  and  6.0  kg/day  respectively. 

Most  of  the  pollutant  emissions  come  from  gasoline  type 
engines;  diesel  type  engines  contribute  less  than 1 percent  of 
carbon  monoxide  and  hydrocarbons  emissions,  about  10%  of  nitrogen 
oxides  emissions,  about  30%  of  sulfur  oxides  emissions  and  about 
20% of  particulate  emissions.  In  the  event  of  imposition of emission 
controls  on  off  highway  vehicles  the  emissions  from  ground  service 
vehicles  will  be  reduced. 
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5.3  Fuel  Storage  and  Distribution 

The  emissions  of  hydrocarbons  due  to  working  losses 
associated  with  aircraft  and  ground  service  vehicle  refueling  are 
listed in Table  5.4.  The  hydrocarbon  emission  range  from  163 kg/ 
day  in  1973,  to  226  kg/day  in  1980,  to  462  kg/day  in  the  year 
2000.  These  emissions  depend  on  aircraft  activity  and  the  emission 
growth  pattern  is  the  same  as  that  for  aircraft. 

TABLE  5.4 

FUEL  STORAGE AM) DISTRIBUTION  AVERAGE  DAILY  EMISSIONS 
VANCOWER INTERNATIONAL  AIRPORT 

I I Hydrocarbon  Emissions,  kg/day 1 Year 
Jet  Fuel 

1973 

429 .OO 2000 
375.54 1995 
321.42 1990 
267.30 1985 
211.20 1980 
159.72 1975 
151.80 

Gasoline 

10.90 
11.40 
15.23 
19.56 
23.87 
28.21 
32.79 

Total 

162.70 
171.12 
226.43 
286.86 
345.29 
403.75 
461.79 

Y 



5.4  Engine  Tests  and  Maintenance 

Pollutant  emissions  due  to  engine  tests  and  maintenance 
are  listed  in  Table  5.5.  These  figures  were  arrived  at  by  using 
the  number of tests  in  Table  3.10  and  emission  factors  per  LTO 
cycle  in  Table 4.5. The  number of engine  tests  depends  on  aircraft 
activity  and  the  emission  growth  pattern  is  the  same  as  that  for 
aircraft . 

TABLE  5.5 

ENGINE  TESTING AND MAINTENANCE  AVERAGE  DAILY  EMISSIONS 
VANCOWER INTERNATIONAL  AIRPORT 

co 

kglday  kglday 

HC 
Year 

1973 

49.26  98.04 2000 
42.27  81.74 1995 
34.91  64.65 1990 
27.08 47.49 1985 
19.91 33.19 1980 
11.55 20.88 1975 
11.46 19.01 

NO, PT sox 

kg/day kglday kglday 

7.81 

2.64 3.64  45.96 
2.19 3.07  37.21 
1.73  2.47 28.06 
1.28  1.87 19.28 
0.90 1.33 12.56 

0.59 0.90 8.54 
0.56  0.83 

39 
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5.5  Heating  and  Air-conditioning  Plant 

It  is  assumed  that  only  natural  gas  and  oil  are  used  as 
fuel  for  heating  plants  (see  Table  3.11).  Emissions  resulting  from 
gas-fired  and  oil-fired  heating  plants  are  given  in  Table  5.6. 

Carbon  monoxide  emission  is  expected  to  increase  from 
2.8  metric  tons  per  year  in  1975  to  4.3  tons  in  1980  and  17.5  tons 
in  the  year  1985.  Hydrocarbon  emissions  will  increase  from 1.4 
tons  per  year  in  1975  to  2.2  tons  in  1980  and  9.0  tons  in  1985. 
Corresponding  emissions  of  nitrogen  oxides  are  23.8,  36.9  and 
149.4  tons;  of  sulfur  oxides  75.6,  118.9  and  475.5  tons;  and of 
particulates  6.3,  9.7  and  39.3  metric  tons  per  year  in  the  year 
1975,  1980  and  1985,  respectively. 

The  average  contribution to the  emission  from  gas 
heating  over  the  period  1973-2000  is  62%  CO, 48% HC,  36%  NOx, 0% 
SO, and  26%  PT. 

Fuel  consumption  by  heating  plants  varies  during  a 
year;  it  is  higher  in  winter  and  lower  in  summer.  The  "average" 
day's fuel  consumption is calculated  over  the  200-day  period. 
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5.6 Access  Traffic 

- 
Y 

Y 

Access  traffic  is  the  second  most  significant  source 
of  airport  emissions,  and  is  exceeded  only  by  the  aircraft.  Access 
traffic  emissions  are  displayed  in  Table  5.7,  and  12-hour  day 
emissions  are  graphically  presented  in  Figure  5.2. A substantial 
decrease  in  emissions  around  the  year  1985  is  due  to  the  imposition 
of  the  1975  automotive  emission  standards.  The  total  emissions 
decrease  as  pre-1975  cars  are  gradually  phasing  out  and  more 
controlled  vehicles  enter  the  population  even  though  the  vehicle 
traffic  increases.  After  1985  emissions  steadily  increase  and  will 
about  double  before  the  end  of  the  century. If 1975  controls,  on 
the  other  hand,  are  not  put  into  effect  the  total  emissions  will  be 
7-8 times  the  1973  level. 

These  emissions  are  calculated  for  the  average  speed  of 
40 hm/hr.  When  the  average  speed  is  reduced  from 40 km/hr  to 
20 hm/hr  the  emissions  will  increase;  the  correction  factors  for 
CO and HC are  about  2.1  and  1.7,  respectively  (7). 

The  contributions  to  the  emissions of carbon  monoxide 
and  hydrocarbons  by  the  cold  start  is  presented  in  Table  5.8;  the 
emissions  from  cold  start  amount  to  about 20% of emissions  from 
hot  operation. 

The  change of traffic  mode  from  private  transportation 
to mass transit  by  buses,  diesel  commuter  trains  or  electric  rail 
transit  would  substantially  effect  the  pollutant  emission.  Such 
considerations,  however,  are  beyond  the  scope  of  this  study. 
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F i g u r e  5#2 
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TABLE 5.8 

ACCESS  TRAFFIC  12-HOUR DAY EMISSIONS  OF CARBON MONOXIDE AND HYDROCARBONS* 

VANCOUVER INTERNATIONAL AIRPORT 

Year 

1973 

1975 

1980 

1985 

1990 

1995 

2000 

co 
kglday 

Hot Cold 
opera t ion  

695.2 3 , 432 

Start 

3,354 

1403 6,555 

1129 5,273 

878.4 4 , 104 

664.9 3,107 

655.7 3,555 

821.6 

T o t a l  

4,127 

4,176 

4,211 

3,772 

4 , 982 

6 , 402 

7 , 958 

T HC 

kglday 
Hot 

opera t ion  

429.0 

382.2 

367.4 

212.6 

280.8 

360.8 

448.5 

* Dis tance  from c o l l e c t i o n   p o i n t   t o   t e r m i n a l  = 3 lan 

Co I d  
Start 

66.00 

78.00 

63.99 

63.22 

83.52 

107.3 

133.4 

T o t a l  

495.0 

460.2 

431.4 

275.8 

364.3 

468.1 

581.9 
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5.7 Total  Airport  Emissions 

i u  

m 

The  summation  of  the  total  airport  emission  rates  is 
given  in  Table 5.9 for  carbon  monoxide,  hydrocarbons,  nitrogen 
oxides,  sulfur  oxides  and  particulates.  Average  24-hour  day,  peak 
12-hour  day  and  peak  hour  total  airport  emissions  are  given. In 
calculation  of  peak  emissions  corresponding  peak  aircraft  and 
12-hour  day  access  traffic  emissions  were  used;  from  other  sources 
average  emissions  were  utilized.  The  total  airport  average  daily 
emissions  are  also  graphically  presented  in  Figure  5.3. 

Based  on  this  forecast  the  total  average  daily  airport 
emissions  would  be  on  the  order  of 10 metric  tons CO, 2.8  metric 
tons HC, 1.9 metric  tons NO,, 0.53  metric  tons SO, and 0.18 metric 
tons PT  in  the  year  1975.  In 1980 the  total  daily  emissions  would 
be 13 tons CO, 4.5  tons HC, 2.9  tons NO,, 0.83  tons SO, and 
0.28  tons  PT.  By  the  end of the  century  the  total  daily  airport 
emissions  would  amount  to  about  35  tons CO, 11 tons HC, 10 tons NO,, 
3.1  tons SO, and  0.9  tons  PT. 

The  summation  of  the  individual  contributions  to  the 
total  average  emission  rates  is  given  in  Table  5.10.  The  biggest 
source  of  pollution  is  aircraft;  aircraft  accounts  for  39-62% CO, 
65-83% HC, 72-84% NO,, 11-26% SO, and  47-62%  PT  emission. 

The  second  largest  source  of  pollution  is  access  traffic. 
Access  traffic  contributes  between,  30-56% CO, 6-24% HC, 7-18% NO,, 
1-2% SO, and  15-21%  of  PT  emission. 

The  third  most  significant  source of air  pollutants  is 
heating  plants.  Emissions of CO and  HC  from  heating  plant  opera- 
tions is less  than  1%  but  emissions  of NO,, SO, and PT are  substantial. 
Contributions  from  heating  plants  are  6-16% NO,, 70-88% SO, and 
17-37%  PT. 

Emission  rates  resulting  from  ground  service  vehicle, 
fuel  storage  and  distribution,  and  engine  tests  and  maintenance 
activities  are  less  significant;  these  emissions  together  amount  to 
about  5%  of  the  total  airport  emissions. 

Y 
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F i g u r e  5.3 
TOTAL AVERAGE  24-HR DAY EMISSIONS 
VANCOUVER  INTERNATIONAL  AIRPORT 
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5.8  Spatial  Distribution of Emission  Sources 

The  spatial  distribution of various  activities  contrib- 
uting  to  the  emission of air  pollutants  is  outlined  on  the  map  in 
Figure  5.4.  Emissions  are  divided  into  major  line  source  emissions 
and  major  area  source  emissions.  The  individual  treatment of point 
sources  is  not  justified  at  Vancouver  International  Airport  since 
they  are  relatively  small  and  are  scattered  in  separate  smaller 
areas.  Consequently  they  are  treated  as  area  sources. 

The  spatial  distribution of pollutant  emissions  is 
given  in  Table  5.11. 

5.8.1  Line  Sources 

At  present  there  are  three  major  line  sources  at  the 
Vancouver  International  Airport;  main  runway  (Runway No. l), cross 
runway  (Runway No. 2)  and  access  road.  It  is  assumed  that  in  1985 
the  new  runway  (Runway No. 3) will  be  added.  The  location of this 
proposed  runway  (Figure  5.4)  corresponds  to  the  MOT  Development 
Concept I. 

The  emissions  from  the  line  sources  are  summarized  in 
Tables  5.12,  5.13  and  5.14. 

The  topographic  position of line  sources  will  be  defined 
with  respect  to  the  east/west-north/south  coordinate  system  shown  in 
Figure  5.4. 

Spatial  coordinates of the  line  sources  are  given  in 
Table  5.15  together  with  the  respective  source  lengths.  The  access 
road  is  divided  into  two  straight  sections  in  order  to  closely 
approximate  the  curved  nature of the  road. 
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FIGURE 5.4 

SPATIAL DISTRIBUTION OF EMISSION  SOURCES 

VANCOWEX INTERNATIONAL AIRPORT 

scale lcm=24Om 

Runway No.1 = Present  main runway 

Runway  No.2 = P r e s e n t   c r o s s  runway 

Runway No.3 = Pro jec t ed  runway 

Area No.1 = Terminal area, pa rk ing   l o t  
and   hea t ing   p lan t .  

Area No.2 = CPA maintenance  and  heating 
p l a n t  

Area No.3 = A number of h e a t i n g   p l a n t s  

Area No.4 = A number of h e a t i n g   p l a n t s  

.I 
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WI 
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1973 - 1980 
Runway  No. 1: 

Climbout No. 1: 
Approach No. 1: 
Runway No. 2 : 

Climbout No. 2: 
Approach No. 2: 
Runway  No. 3: 

Climbout No. 3: 
Approach No. 3: 
Access Road : 

1973 - 2000 

Area No. 1: 

Area No. 2: 

Area No. 3: 

Area No. 4: 
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TABLE 5.11 

SPATIAL DISTRIBUTION OF POLLUTANT EMISSIONS 

VANCOWER INTERNATIONAL AIRPORT 

80% Taxi-idle  Emissions 
90% Takeoff 
90% Landing 11  

90% C 1  imbou t 
90% Approach 
10% Taxi- idle  
10% Takeoff 
10% Landing 
10% Climbout 
10% Approach 

I1  

I 1  

I I  

11 

I 1  

11 

II 

I 1  

- 
- 
- 
- 
- 

80% Access   Traff ic  

10% Taxi - id le  11 

100% Ground Serv ice  
100% Fuel  Storage 
40% Gas Heating 
10% O i l  Heating 
20% Access   Traff ic  'I 

100% Engine Test 
10% Gas Heating 
10% O i l  Heating 
20% Gas Heating I' 

30% O i l  Heating I' 

30% Gas Heating 'I  

50% O i l  Heating 'I 

1985 - 2000 
40% Taxi-idle  Emissions 
45% Takeoff 
4 5% Land ing 
45% Climbout 
45% Approach I1  

10% Taxi- idle  
10% Takeoff 
10% Landing I1  

10% Climbout 
10% Approach I 1  

40% Taxi- idle  
45% Takeoff 
45% Landing I1  

45% Climbout 
45% Approach 11 

80% Access   Traff ic  

II 

I1  

I 1  

II 

I 1  

11 

11 

I 1  

I 1  

Y 

YL 

I 

Y 

- 
Y 

I 

II 

Y 

WI L 

u 
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TABLE  5.12 

LINE  SOURCE  AVERAGE  24-HOUR  DAY  EMISSIONS 
VANCOUVER  INTERNATIONAL  AIRPORT 

Runway 
INo. 1 

Approach 
No. 3 No. 3 No. 2 No. 2 No. 2 No. 1 
Climbout Runway Approach Climbout Runway Climbout 

No. 1 

372.4 
14.50 
451.3 
28.65 
18.16 

396.5 
15.69 
604.9 
33.27 
19.05 

532.0 
24.62 
953.4 
51.06 
30.85 

333.7 
16.63 
760.1 
37.00 
21.01 

403.2 
21.69 
1158 
51.02 
27.20 

472.1 
26.67 
1580 
65.33 
33.19 

541.8 
31.69 
2002 
79.65 
39.24 

Approach 
No. 3 

- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

340.2 
33.16 
229.5 
28.72 
30.78 

437.5 
43.29 
315.9 
38.32 
39.33 

533.7 
52.94 
405.0 
47.94 
47.44 

630.6 
62.66 
488.5 
57.59 
55.69 

kcess 
Road 

4391 
526.7 
224.7 
8.424 
25.28 

4443 
489.7 
240.6 
9.960 
29.88 

4481 
459.0 

15.13 
4 5 . 3 9  

4014 
293.4 
261.0 
20.87 
62.62 

327. a 

5301 
387.6 
344.7 
27.58 
82.72 

6812 
498.1 
443.0 
35.43 
106.3 

619.1 
550.6 
44.05 
132.2 

41.38 
1.612 
50.14 
3.183 
2.018 

35.09 
3.000 
20.40 
2.669 
3.003 

38.25 
3.203 
23.78 
2.997 
3.062 

1973  CO 2442 
HC 1397 

(Kg) NOX 359.5 
SO, 53.08 
PT 40.55 

1975  CO  2802 
HC  1471 

(Kg) NO, 464.3 

PT  47.15 

1980  CO  4710 
HC 2739 

so, 61.16 

304.4 
174.6 
41.54 
6.433 
4.922 

349.2 
183.7 
53.48 
7.411 
5.741 

587.2 
342.0 
81.83 
11.06 
8.800 

315.8 
27.00 
183.6 
24.02 
27.03 

344.3 
28.83 
215.8 
26.98 
27.56 

508.2 
48.50 
315.8 
40.73 
45.87 

44.05 
1.744 
67.21 
3.692 
2.117 

59.11 
2.735 
105.9 
5.674 
3.428 

56.46 

- - 5.096 
- - 4.525 

- 35.09 
- - 5.388 

- - 

- 

74.16 
3.695 
168.9 
8.224 
4.669 

333.7 
16.63 
760.1 
37.00 
21.01 

403.2 
21.69 
1158 
51.02 
27.20 

75.60 
7 - 368 
51.01 
6.383 
6.841 

97.21 
9.620 
70.21 
8.51 
8.740 

3406 
1900 
544.0 
65.70 
54.00 

4740 
2533 
823.9 
89.77 
78.23 

340.2 
33.16 
229.5 
28.72 
30.78 

437.5 
43.29 
315.9 
38.32 
39.33 

935.0 
474.7 
127.1 
15.90 
13.17 

1182 
632.9 
188.6 
21.64 
19.14 

1985 CO 34O6 

(Kg) NOx 544- 
sq( 65.70 
PT 54.00 

HC  1900 

1990 CO 4740 
HC 2533 

(Kg) NO, 823.9 
SO, 89.77 
PT 78.23 

1995  CO  6083 

(Kg) N4, 1110 
so, 114.4 
PT 104.2 

HC  3133 

89.60 
4.821 

~ 257.2 
~ 11.34 
I 6.044 

533.7 
52.94 
405.0 
47.94 
47.44 

1518 
782.8 
253.7 
27.69 
25.54 

104.9 
5.927 
351.2 
14.52 
7.375 

118.6 
11.76 
90.01 
10.65 
10.54 

6083 
3133 
1110 
114.4 
104.2 

472.1 
26.67 
1580 
65.33 
33.19 

630.6 
62.66 
488.5 
57.59 
55.69 

1854 
934.2 
318.7 
33.67 
31.98 

120.4 
7.042 
444.8 
17.70 
8.720 

140.1 
13.92 
109.8 
12.80 
12.38 

2000 CO 7430 
HC 3739 

(Kg) NO, 1395 
SO, 139.2 
PT 130.3 

7430 

2002 1395 
31.69 3739 
541.8 

139.2  79.65 
130.3  39.24 
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TABLE 5.13 

LINE  SOURCE  PEAK 12-HOUR DAY  EMISSIONS 

VANCOUVER  INTERNATIONAL  AIRPORT 

c -~ ~. ~~~ 

Runway 
No. 1 No. 1 
Climbout 

1973 CO 

309.0 246.2 (Kg) N& 
9.932 957.0 HC 
255.0 1673 

PT 27.77 12.44 

1975 CO 2015 285.1 
HC 1058 11.29 

(Kg) NO, 
23.89 43.97 SO, 
434.9 333.8 

PT 33.90 13.70 

1980 CO 3385 382.3 
HC 1968 17.69 

(Kg) NO, 511.9 685.2 

SO, 19.62 36.35 

so, 
PT 

36.70 65.66 
22.17 52.02 

tunway Climbout  Approach  Runway 
io. 2 1 NO. 2 I NO. 2  NO. 3 Climbout  Approach Access 

No. 3 I No. 3 I Road Approach 
No. 1 

216.3 
18.49 
125.7 
16.45 
18.51 

247.6 
20.73 
155.2 
19.40 
19.81 

~ 365.3 
~ 34.86 

~ 29.27 
i 32.97 

1 227.0 

3302 
396.0 
169.0 
6.336 
19.01 

28.34 
1.104 
34.33 
2.180 
1.382 

31.68 
1.254 
48.33 
2.655 
1.522 

24.03 
2.055 
13.97 
1.828 
2.057 

27.51 
2.303 
17.24 
2.155 
2.202 

208.4 
119.6 
28.44 
4.405 
3.371 

251.1 
132.1 
38.45 
5.328 
4.128 

- - 3341 - - 368.2 - - 181.0 - - 7.488 
- - 22.46 

- - 3309 - - 345.1 
- - 246.5 
- - 11.38 
- - 34.13 

239.8 244.4 3018 
11.95 23.82 220.6 
546.1 164.9 196.2 
26.59 20.64 15.70 
15.10 22.12 47.09 

289.8 314.4 3986 
15.59 31.11 291.4 
831.9 227.1 259.2 
36.67 27.54 20.74 
19.55 28.26 62.21 

422.1 

3.663  2.464  6.325 
3.252  4.078  7.948 
25.22  76.14 58.82 
3.873 1.966  245.8 
40.59  42.48 

610.3 

4.915 3.355  9.461 
4.586  5.908 11.43 
36.65 121.4 91.30 
5.294 2.655  341.1 
54.32 53.29 

881.5  64.40 69.87 
454.9  3.465 6.914 
135.5  184.9 

13.75 
6.119 8.148 15.61 
50.46 

6.281  4.344 

- 
- 
- 
- 
- 

2447 
1365 
398.1 
47.20 
38.80 

3407 
1821 
592.1 
64.51 
56.22 

244  7 
1365 
398.1 
47.20 
38.80 

3407 
1821 
592.1 
64.51 
56.22 

289.8 
15.59 
831.9 
36.67 
19.55 

314.4 
31.11 
227.1 
27.54 
28.26 

4367 
2249 
796.6 
82.15 
74.80 

338.9 
19.15 
1134 

46.90 
23.83 

383.2 
3801 
290.8 
34.42 
34.06 

85.15 
8.446 
64 62 
7.649 
7.569 i 796.6 

82.15 
74.80 

2683 
1001 
99.84 
93.51 

338.9 
19.15 
1134 
46.90 
23.83 

383.2 1 5122 
38.01  374.5 

1090 
562.0 
182.2 
19.88 
18.34 

1330 
670.4 
228.7 
24.16 
22.95 

75.32 
4.256 
252.1 
10.42 
5.295 

86.42 
5.055 
319.2 
12.70 
6.259 

290.8 
34.42 
34.06 

452.5 
44.97 
354.6 
41.33 
39.97 

333.0 
26.64 
79.92 

6366 
465.5 
414.0 
33.12 
99.36 

452.5 
44.97 
354.6 
41.33 
39.97 

100.6 
9.995 
78.79 
9.185 
8.881 

388.9 
22.74 
1437 
57.16 
28.16 

2000 Co 

57.16  99.84 SO, 
1437 1001 (Kg) NO, 
22.74 2683 HC 
388.9  5332 

PT 93.51 28.16 



Runway 
No. 1 

1973 CO 

6.463 SO, 
43.77 (Kg) N& 
170.1  HC 
297.3 

PT 4.937 

1975 CO 358.9 
HC 188.4 

(Kg) NO, 
7.835 SO, 
59.48 

PT 6.039 

1980 CO 603.5 
HC 

11.70  SO, 
91.25 (Kg) NO, 
350.8 

PT 9.272 

1985 CO 437.3 
HC 243.9 

(Kg) NOx 71.13 
SOX 8.435 
PT 6.933 

1990 CO 603.5 
HC 322.5 

(Kg) NO, 104 .9  
SO, 11.43 
PT 9.959 

1995 CO 770.0 
HC 396.4 

(Kg) N4, 140.4 
Sq( 14.78 
PT 13.18 

2000 co 937.3 
HC 

175.9 (Kg) NO, 
471.7 

17.55 SO, 
PT 16.44  
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TABLE 5.14 

LINE  SOURCE  PEAK  HOUR EMISSIONS 

VANCOUVER  INTERNATIONAL  AIRPORT 

Climbout 
No. 1 

Approach Climbout Runway  Approach 
No. 2 No. 2 No. 2 No. 1 

45.34  38..45  37.05 

0.366  0.246 0.600  3.290  2.210 
0.325  0.388 0.783  2.924  3.488 
2.484  6.104 5.056  22.35 54.94 
0.365  0.196 21.25  3.287  1.766 
4.272  5.037 

50.43  44.10  44.73 5.643  4.900 
2.011 3.693  23.54 0.223 

8.610 6.852  27.64  77.49 
0.410 

0.392 0 .271 0.736  3.531  2.441 
0.384 0.473 0.949 3.456  4.257 
3.072 

68.16  65.11  75.24  7.573  7.234 
3.154  6.214 43.83 0.350 0.690 
122.1  40.46  10.49 13.57 4.495 
6.542 

0.653  0.439  1.127  5.876  3.953 
0.580  0.727  1.416  5.218 

42.85 

0.878  0.600 1.690  3.952  2.698 
0.820 1.056 2.042  3.688 4.751 
6.549 21.69 16.31  29.47 97.59 
0.946  0.474 60.95 4.257  2.135 
9.706 9.522 109.1  43.68 

Runway 
No. 3 

- 
- 
- 
c 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

437.3 
243.9 

, 71.13 
8.435 
6.933 

51.33 
2.762 
147.4  
6.495 
3.463 

, 59.74 

200.0 
8.267 

i 
68.34 
3.998 
252.5 
10.05 
4.950 

55.69 
5.512 

150.5  

2.436 5.007 
2.766 4.878 
24.01  40.22 
80.58 

67.54 192 .0  
6.699 99.06 
51.25 32.10 
6.066 3.504 
6.003 3.232 

79.55 233.8 
7.905 117.8 
62.32 40.20 
7.265 4.248 
7.025 4.034 

11 .41  
0.614 
32.75 
1.443 
0.770 

13 .28  
0.750 
44.43 
1.837 
0.933 

15 .19  
0.888 
56.11 
2.233 
1.100 

12.38  
1.225 

603.5 

9.959 1.113 
11 .43  1 .084 
104.9  8.938 
322.5 

1 5 . 0 1  770.0 
1.489  396.4 
11.39 140.4  
1.348 14 .78  
1.334 13.18 

17.68 937.3 
1.757 471.7 
13 .85  175.9  
1 .615 17 .55  
1 . 5 6 1  16.44 

Climbout 
Road No. 3 No, 3 

Access Approach 

- 
- 390.2 - 

2.246 - - 
0.749 - - 19.97 - - 46.80 

- - 398.3 - - 43.90 - - 

2.678 - - 
0.893 - - 21.58 

- - 383.8 
- - 39.31 
- - 28.08 
- - 1 . 2 9 6  
- - 3 .  aa8 

42.85 43.68  348.8 
2.135 4.257 25.50 
97.59  29.47  22.68 
4 .751 3.688  1.814 
2.698 3.952  5.443 

51.33  55.69  470.4 
2.762  5.512  34.41 
147.4  40.22  30.60 
6.495  4.878  2.448 
3.463  5.007  7.344 

59.74 

9.416 6.003 4.199 
3.139 6.066 8.267 
39.24 51.25 200.0 
44.12 6.699 3.375 
603.4  67.54 

68.34  79.55 747.4 
3.998 7.905 54.65 
252.5 62.32 

11 .66  7.025  4.950 
3.888  7.265 10 .05  
48.60 
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TABLE 5.15 

LINE SOURCES  SPATIAL  COORDINATES 

VANCOWER INTERNATIONAL AIRPORT 

Y 

Line End Points   Coordinates  

East (X) 

0 725.6  1938 
0 2563 539.6 

500 -93.4 
0 795.2  3493 

0 1392  191.7 
500 2281 -4 7 24 

0 795.2 3493 
0 1392 191.7 

metres metres metres 
Height (Z)  North (Y) 

Line  Source  Length 

metres 

Runway  No. 1 3358 

Approach No. 1 5000 

Climbout No. 1 8409 5000 

Runway  No. 2 2286 

Approach No. 2 -2519 500 6582 
539.6 

500 1646 
0 2556  3337 

0 3167 42.6 
500 4077  -4863 

0 2556 3337 
0 3167 42.6 

500 -3293 
0 725.6  1938 

0 2563 5000 

Climbout No. 2 4997 5000 

Runway  No. 3 3358 

Approach No. 3 5000 

Climbout No. 3 8242 5000 

Access Road 3 000 

Sec t ion  No. 1 2100 

0 1940 5085 
0 1687 4010 

0 1687 4010 
0 1687 1910 

Sec t ion  No. 2 1090 

YL 

Y 

u 

IIC 

M 

yt 

yrc 

ry 

IL 

YIC 
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5.8.2  Area  Sources 

Four  area  sources  will  be  considered  in  this  study. 
These  areas  are  shown  on  the  map  in  Figure  5.4  and  marked  as 
Area No. 1, Area No, 2 ,  Area No, 3 and  Area No. 4, respectively. 
Area No. 1 includes  the  airport  terminal,  and  car  parking  lot. 
This  area  includes  10%  of  aircraft  taxi-idle  emissions, 20% of 
access  traffic  emissions,  ground  service  vehicle  emissions,  fuel 
storage  and  distribution  and  emissions  from  several  heating  plants. 
Area No. 2 comprises  a  number  of  exhaust  ducts  from  CPA  heating 
plant  boilers,  testing  cell  and  aircraft  engine  run-ups  in  the 
open  space.  Area No. 3 and No. 4 comprise  a  number of point 
sources  from  heating  plants  (see  Table  5.11). 

The  emissions  from  area  sources  are  summarized  in 
Table  5.16. 

The  area  sources  are  approximated  by  squares  whose 
sides  are  parallel to the  axes  of  the  east/west-north/south 
coordinate  system  (Figure 5.4). The  spatial  position  of  an  area 
is  defined  by  the  coordinates  of  the  centre  of  the  square  and 
the  length  of  the  side.  Such  data  are  given  in  Table  5.17. 
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iY 

tw 

A r e a  No, 1 

A r e a  No. 2 

A r e a  No. 3 

A r e a  No. 4 

TABLE 5.17 

AREA SOURCES SPATIAL COORDINATES 

VANCOUVER INTERNATIONAL AIRPORT 

Coordinates of 
Square Centre 

--"- 
2060 

280  2950 
1420  3230 

2060  3660 
1780 

f 
L e n g t h  of a S i d e  

of the S q u a r e  

m e t r e s  

700 
350 

530 
570 I 

A r e a  of a S o u r c e  

sq. km I 
0.4900 
0.1225 

0.2809 
0.3249 
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6. REGIONAL  METEOROLOGY 

The  dispersion  of  air  pollutants  is  controlled  by 
regional  meteorological  conditions.  The  ability  of  the  atmosphere 
to  dilute  pollutants  is  governed  by  turbulence  which  increases 
with  increase  in  wind  speed,  wind  shear,  surface  roughness  and 
instability.  This  chapter  describes  the  wind  and  atmospheric 
stability  conditions  at  Vancouver  International  Airport. 

1 1 1  

I W  

1 P  

II 

II 

tm 

Iy 

6.1 Wind  Conditions 

Table 6.1 presents a summary  of  data  on  average  wind 
speed  in  different  directions  at  Vancouver  International  Airport 
during a period  from  1955  to  1966 (16). 

The  average  wind  speed  in  all  directions  is  shown 
graphically in Figure  6.1;  the  wind  speed  is  higher  during  the 
months  of  November  through  May  with  the  peak  in  March  amounting 
to  13.6  km/hr.  During  the  months  of  June  through  October  daily 
average  wind  in  all  directions  is  of  lower  intensity  with  the 
minimum  of  10.7  km/hr  occurring  in  August. 

The  average  wind  speed  for  all  months  in  different 
directions  is  shown  graphically  by a wind  rose  in  Figure  6.2. 
The  strongest  average  wind  for  all  months  is  from  the WNW direc- 
tion  amounting  to  17.8 km/hr. The  lowest  average  wind  speed  for 
all  months  is  from  the  northerly  direction  amounting  to 5.8 km/hr. 

The  percentage  frequency  wind  direction  and  calm 
weather  at  the  Vancouver  International  Airport  during the period 
from  1955  to  1966  is  shown  in  Table  6.2 (16). The  average  frequency- 
direction  distributions  for  all  months  are  presented  by  wind  rose 
in  Figure 6.3. The  frequency  of  the  easterly  wind  at  21%  of  the 
time  is  the  highest,  followed  by  the  ENE  and  ESE  winds  with lo%, 
and  westerly  wind  with  9%.  For  our  purpose  the  winds  blowing 
inland  are  of  most  significance,  i.e., S, SSW, SW,  WSW, W, WNW, 
NW, NNW and N winds.  Their  percentage  frequency  is 4 ,  2, 3, 4, 
9 ,  6, 4 and 1%, respectively . 

The  highest  percentage  frequency  of  calm  weather  is  in 
September  amounting  to  11%,  and  the  lowest  is  in  April,  May  and 
June  being 5% of  the  time.  The  average  percentage  frequency  of 
calm  weather  for  all  months  is  7%. 
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6.2  Stability 

The  diffusive  potential  of  the  lower  atmosphere  is 
described  by  the  six  stability  classes  presented  in  Table  6.3  (17, 
11, p. 304). The  classes  are  specified  in  terms  of  wind  speed,  in- 
solation  and  cloudiness.  The  class A is  the  most  unstable  (very 
unstable),  class F the  most  stable  (moderately  stable)  and  class D 
is  the  neutral  class.  Night  refers  to  the  period  from 1 hour 
before  sunset  to 1 hour  after  sunrise.  "Strong"  insolation  corre- 
sponds  to a solar  altitude  greater  than  60"  with  clear  skies; 
"slight"  insolation  corresponds  to  solar  altitudes  from  15  to  35" 
with  clear  skies. 

TABLE  6.3* 

KEY  TO  STABILITY  CATEGORIES 

Day Night 
Surface  Wind 

m/sec <3/8 cast  or km/hr - Speed  (at  lorn), Thinly  Over-  Insolation 

Strong Cloud  >4/8  Low  Cloud Slight Moderate 
- 

- 
<2 B A-B A <7.2 

2-3 

D D D C -D C 18.0-21.6 5-6 

E D C B-C B 10.8-18.0 3-5 

F E C B A-B 7.2-10.8 

>6 D D D D  C >21.6 

The  neutral  class D, should  be  assumed  for  overcast  conditions 
during  day  or  night  regardless  of  wind  speed. 

* From  ref  17. 
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Cloudiness  will  decrease  incoming  solar  radiation  and 
should  be  considered  along  with  solar  altitude  in  determining 
insolation (17). The  number  of  hours  with  bright  sunshine  and 
cloud  normals  are  given  in  Table 6.4 (18). Hours  of  sunshine 
average 44 in  December, 17% of  the  total  possible,  and  310  in 
July, 64% of  the  total  possible.  The  average  number  of  hours  of 
sunshine  for  the  whole  year is 1,925  or  44%  of  the  total  possible. 

The  average  annual  atmospheric  conditions  during a 
period  from  1968  to  1972  are  presented in Table  6.5 (19). The 
average  wind  speeds,  and  relative  frequencies  of  stability  cate- 
gories,  calm  weather  and  wind  directions  are  presented. 
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7. DISPERSION MODEL DESCRIPTION 

This   sect ion  descr ibes   the  mathematical   a tmospheric   dif-  
fu s ion  model  which was used t o  estimate t h e   e f f e c t   o f  expanded a i r p o r t  
a c t i v i t y  on  ambient a i r  qual i ty   in   nearby  communit ies .  

7.1  General  Methodology 

Po l lu t an t s   emi t t ed  from a source are di luted  with  ambient  
a i r  due to  turbulent  eddy  mixing. The  amount o f   d i l u t i o n   t h a t   o c c u r s  
w i l l  h e n c e   b e   p r o p o r t i o n a l   t o   t h e   i n t e n s i t y  of t hese   t u rbu len t   edd ie s .  
T u r b u l e n t   d i f f u s i v i t y  is a complex funct ion  of   the  temperature  strati- 
f i c a t i o n   ( o r   s t a b i l i t y ) ,  wind shear ,   surface  roughness ,   and  the  convect ive 
h e a t   f l u x .   I f   t h i s   r e l a t i o n s h i p  i s  known then   t he   d i spe r s ion   equa t ions  
can   be   so lved   numer ica l ly   to   y ie ld  downwind po l lu t an t   concen t r a t ions .  

While r e sea rch  is be ing   done   t o   de r ive   t h i s   t ype   o f   r e l a t ion -  
sh ip ,  a t  p re sen t   t he  method  of Pasqui l l   and  Gifford is more commonly 
used. Here the   s tab i l i ty   o f   the   lower   a tmosphere  i s  empi r i ca l ly  
c o r r e l a t e d   t o   h o r i z o n t a l   a n d  ver t ical  d i s p e r s i o n   c o e f f i c i e n t s  as a 
func t ion   of  downwind dis tance  f rom  the  source.  A s  d i scussed   i n   Sec t ion  
6.2,  a t m o s p h e r i c   s t a b i l i t y  i s  c l a s s i f i e d   a c c o r d i n g   t o   s u r f a c e  wind 
speed,   c loudiness ,   and  intensi ty   of   sunshine.  It can   be   apprec ia ted  
t h a t   t h i s   s i m p l e   c l a s s i f i c a t i o n   c a n n o t  accommodate the  mechanically 
induced  turbulence  caused  by  gross   topological   features .  

I f   c e r t a in   a s sumpt ions   ( s t eady  s ta te ,  no s inks ,   cons tan t  
wind v e l o c i t y ,  e tc . )  are made concern ing   the   d i spers ion   equat ions ,   then  
a n   a n a l y t i c a l   s o l u t i o n ,  commonly ca l led   the   Gauss ian  plume  model, i s  
obtained. This  solution gives a normal distribution of the  pollutant 
i n   b o t h   t h e   h o r i z o n t a l   a n d  vertical d i r e c t i o n s .  The s tandard   devia t ion  
of t h e s e   d i s t r i b u t i o n s  are simply  the  Pasqui l l -Gifford  dispers ion 
c o e f f i c i e n t s .   T h i s  is the  fundamental  model  used i n   T u r n e r ' s  "Workbook 
of  Atmospheric  Dispersion Estimates'' (17) which i n   t u r n   f o r m s   t h e   b a s i s  
of   our   d i spers ion  model ("PALSE" - Poin t ,  Area, and  Line  Source  Evalu- 
a t  ion)  . 

Pol lu t an t   sou rces  are d i v i d e d   i n t o   t h r e e   c a t e g o r i e s .   P o i n t  
sources  are t h o s e   s o u r c e s   e m i t t i n g   s i g n i f i c a n t   q u a n t i t i e s   o f   p o l l u t a n t s  
from a small area, such as would  occur  from a l a r g e  smoke s t ack .  Area 
sources   occur  when the  emissions are d i f f u s e .  They gene ra l ly   cons i s t  
of  an  aggregate  of small point   sources   spread  over  a r e l a t i v e l y   l a r g e  
area. Line   sources   re fe r   to   s t ra ight - l ine   sources   where  i t  can  be 
assumed tha t   emiss ions  are s t eady  and  uniform  over   the  ent i re   length.  
For  long  averaging times t h i s  i s  a reasonable  assumption  for  highways 
and a i r p o r t  runways. 
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Receptors  are  defined  as  those  geographic  locations  where 
it  is  desired  to  know  the  ambient  pollutant  concentration. 

The  geographic  location  of  these  receptors,  along  with  those 
of  the  point,  area,  and  line  sources,  must  be  specified  relative  to a 
Cartesian  coordinate  system. It is  generally  convenient  to  use  east/west 
and  north/south  as  the  two  axes.  Data  on  source  strength  and  source 
parameters  (stack  height,  mixing  cell  dimensions,  etc.)  as  well  as 
meteorological  data  (wind  speed  and  direction,  atmospheric  stability) 
must  be  specified. 

Since  the  Gaussian  plume  model  was  derived  such  that  the 
downwind  direction  lies  parallel  to  the  major  axis  it  is  necessary, 
for a specified  meteorological  condition,  to  rotate  the  geographic 
coordinates  to  satisfy  this  condition.  Then,  for a given  receptor, 
contribution  from  each  pollutant  source  is  computed  and  printed,  as 
well as the  total  concentration  at  that  point.  In  this  manner  the 
relative  contribution of say  access  vehicular  traffic to that of 
airplane  activity  can  be  easily  determined. 

Figure 7.1 illustrates  the  mainline  logic  as  described 
above.  Figures 7 . 2  and 7 . 3  show  the  subroutine  logic  used  to  estimate 
the  pollutant  contribution  from  each  source  category.  These  will  be 
described  in  the  following  subsections. 
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7.2 Point  Source  Evaluation 

The es t ima t ion   o f   po l lu t an t   d i spe r s ion  from poin t   sources  
can b e   d e l i n e a t e d   i n t o  two p a r t s :  

1 - es t ima t ion  of t h e  plume rise d u e   t o   t h e   k i n e t i c  and 
thermal  energy  of the emitted  gases.  The sum of   the  
plume rise and   t he   s t ack   he igh t   g ives   t he   e f f ec t ive  
s t ack   he igh t .  

2 - es t ima t ion  of plume d ispers ion   due   to   tu rbulen t   d i f fus ion  
in   the  a tmosphere.  

Plume rise is computed us ing   t he  Moses-Carson 1968 formulae 
f o r   s t a b i l i t y   c l a s s e s .  These formulae were compared (20) w i th   da t a  
from 711  plume rise observat ions  and  yielded  the smallest s tandard 
e r r o r .  The d a t a  were obta ined   f rom  s ing le   s tacks  whose heat  emission 
rate var ied   over   four   o rders  of magnitude. Hence i t  is f e l t  tha t  the 
formulae   should   be   appropr ia te   for   our   d i f fus ion  model which is intended 
to   be   r easonab ly   gene ra l   i n   app l i cab i l i t y .  

The plume rise formulae are: 

A, B, C S t a b i l i t y :  

D S t a b i l i t y :  

E, F S t a b i l i t y :  

Ah = 3.47 Vd + 10.53 ~ Q H  
U 

Ah = 0.35 Vd + 5.41 
U 

Ah = -1.04 Vd + 4.58 6 
U 

where 

V = s t a c k   e x i t   v e l o c i t y  (m/s) 
d = s t a c k  diameter (m) 
QH = heat   emission rate (Kcal/s) 
u = wind speed a t  top  of  stack  (m/s) 

Y 

bcx* 

u 
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The Pasquill-Gifford  Gaussian plume  model as used  by 
Turner   (17)   has   been  fur ther   extended  (21)   to   a l low  for   par t ia l  ground 
absorption  and  for  decay  due  to a simple  chemical  reaction.  For a 
downwind r ecep to r   t he   po l lu t an t   concen t r a t ion  is given as 

where 

C(x,y,z) = ambient  concentration a t  (x ,y , z ) ,  (gm/m3) 

X = downwind d i s t a n c e  from  source, (m) 

Y = cross-wind  distance  from plume a x i s ,  (m) 
z = r ecep to r   he igh t  above  ground l e v e l  (m) 

Q = source   s t r eng th  (gm/s) 
U = m e a n  wind v e l o c i t y  (rn/s) 

ay, bz = plume d i s p e r s i o n   c o e f f i c i e n t s  (m) 
A = po l lu t an t   decay   coe f f i c i en t   ( s ec - l )  

P = f r a c t i o n  of plume r e f l e c t i o n  

h = e f f e c t i v e   s t a c k   h e i g h t  (m) 

(h = hs + Ah, where hs i s  t h e   t r u e   s t a c k   h e i g h t )  

The d i s p e r s i o n   c o e f f i c i e n t s  u and uz are those  of  Pasquill-  Y Gifford  and are obtained by curve- f i t t ing   the   g raphs   g iven   in   Turner ' s  
Workbook (17) .   This   process   yields  a family  of   equat ions of t he  form 
ay (x , s )  = fy,s(x)  and uz(x,s)  = f z , s (x )  where s d e n o t e s   t h e   s t a b i l i t y  
class. 

Figure 7.2 shows the   log ic   used   to   eva lua te  a poin t   source .  
The source  and  receptor   coordinates  must b e   s h i f t e d  so tha t   t he   sou rce  
i s  loca ted  a t  t h e   o r i g i n .  
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7.3 Area Source  Evaluation 

A d i f f u s e  area source i s  t r e a t e d  as a mixing ce l l  with 
i n i t i a l   h o r i z o n t a l  and vertical d i s p e r s i o n   c o e f f i c i e n t s  uya and azo .  
The i n i t i a l   s t a n d a r d   d e v i a t i o n   ( d i s p e r s i o n )   f o r  a square area with 
s ides   o f   l eng th  s can  be  approximated by ay0 :: s/4.3. The i n i t i a l  
v e r t i c a l   d i s p e r s i o n  would cor respond  to   the   s tandard   devia t ion  of t h e  
v a r i a t i o n  i n  ind iv idua l   source   he ights .  

The area source can now be   t r ea t ed  as a point   source 
loca ted  a t  an upwind v i r tua l   o r ig in .   Th i s   s t r a t egy   r educes   t o   de t e r -  
min ing   t he   v i r tua l   o r ig in   d i s t ances   dy  and  dz  from  the  dispersion 
coe f f i c i en t   r e l a t ionsh ips   desc r ibed   p rev ious ly :  

For   purposes   of   dif fusion  calculat ions  the  dispers ion 
c o e f f i c i e n t s  are then  evaluated  using 

ay (x , s )  = fy , s (x  + dy)  and 

The mean s t ack   he igh t  i s  taken as t h e   e f f e c t i v e   s t a c k  
he ight  when us ing   the   po in t   source   d i f fus ion   model ,  i.e., i t  is  
assumed t h a t   t h e r e  i s  no s i g n i f i c a n t  plume rise associated  with  an 
area source.  

Figure 7.2 shows the   s impl i f ied   p rogram  log ic   used   to  
eva lua te  area sources.  
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7.4 Line  Source  Evaluation 

When a receptor  is loca ted   ad jacen t   t o  a l i n e   s o u r c e  
then   th i s   source   can   be   t rea ted  as a n   i n f i n i t e   l i n e   s o u r c e  and t h e  
r e su l t an t   d i f fus ion   equa t ion  is great ly   s implif ied.   Sut ton  (21)  
presents   an   express ion   for   the  case where t h e  wind is perpendicular  
t o   t h e   i n f i n i t e   l i n e   s o u r c e .   T u r n e r  (17) e x t e n d s   t h i s   r e l a t i o n   t o  
oblique  winds when the   angle  0 between  the  l ine  source  and  the wind 
d i r e c t i o n  is grea te r   than  45'. Calder  (22) shows tha t   Turne r ' s  
r e l a t ion   g ives   i nco r rec t   r e su l t s   fo r   ve ry   ob l ique   w inds .  He de r ives  
an  approximation  formula  which  yields   accurate   resul ts   for   values  
of (p down t o  15O. 

For f i n i t e   l i n e   s o u r c e s   o n e  must   account   for   edge  effects .  
Sut ton   (21)   does   th i s   for  a wind o r i en ta t ed   pe rpend icu la r   t o   t he  
f i n i t e   l i n e .  For a n   o b l i q u e   f i n i t e   l i n e   s o u r c e  no appropr i a t e  
d i f fus ion   equa t ion   ex i s t ed .  Hence w e  used  Calder's  (22)  methodology 
to   ex t end   Su t ton ' s   exp res s ion   t o   t h i s   gene ra l   ca se .   F igu re  7.4 
i l l u s t r a t e s   t h e   s o u r c e / r e c e p t o r   r e l a t i o n   u s e d   i n   t h e   d e r i v a t i o n .  It 
is assumed t h a t   t h e   l i n e   s o u r c e  lies on the  Y a x i s  as shown. This 
impl i e s   t ha t  a coordinate   t ransformation must be made before   the  
der ived   equat ion   can   be   u t i l i zed .   For  a value  of B > 150 ( B  = 90-8) 
the   ground-level   concentrat ion  f rom  an  obl ique  l ine  source i s  given 
by : 

where 

p i  = (Y - Yi)  cos e - X s i n  e i 

uy (D) 

D = x sec 8 
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ORIENTATION OF AN  OBLIQUE FINITE LINE SOURCE 
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NOTES 

8 = Angle from wind  vector to  line source normal. 
YI and Y2 defined such that Y2 > YI. 



75 

cry (D) , az(D) = d i s p e r s i o n   c o e f f i c i e n t s  as previously  def ined (m) 

Erf = e r r o r   f u n c t i o n  

P = f r a c t i o n  ground r e f l e c t a n c e  

A = decay   coef f ic ien t  

QL = source   s t r eng th  (gms/m/s) 
U = mean wind veloci ty   (m/s)  

h = mean height  of  l i ne   emis s ion  (m) 

I n i t i a l  ver t ical  d ispers ion ,   due   to   the   tu rbulen t  wake 
caused  by a moving v e h i c l e   o r  aircraft ,  is al lowed  for   by  specifying 
a value uzo (22) .  The subsequent  computation of crz is then  modified 
t o   a l l o w   f o r   t h i s   i n i t i a l   m i x i n g ,  as was done f o r   t h e  area source 
methodology  previously  described. 

When the  angle   between  the wind d i r e c t i o n  and t h e   l i n e  
source is less than 15O t hen   t he   l i ne   sou rce  i s  approximated  by a 
series of  equi-spaced  point  sources.  Point  source  spacing i s  based 
on  the plume sp read   t ha t   occu r s   i n  a very  stable  atmosphere  and  on 
t h e  minimum dis tance   be tween  the   receptor   and   the   l ine   source  
terminals  as given  by 

Then the  spacing,  AL, is 

From t h i s   t h e  number o f   po in t s   and   t he i r . spec i f i c   sou rce   s t r eng th  
c a n   e a s i l y   b e   c a l c u l a t e d .  
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7.5  Runway  Climb-out  and  Approach  Zones 

Subsequent  to  the  construction  of  the  above  computer 
model  it  was  decided  to  further  refine  the  model  to  include a 
realistic  spatial  distribution of aircraft  emissions  during  runway 
approach  and  climb-out  modes.  Hence  these  inclined  line  sources 
are  treated  as a non-equispaced  sequence  of  point  sources,  with 
spacing  based  on  the  vertical  resolution  desired. 

For  purposes  of  this  study  each  inclined  line  source 
is  approximated  by 16 point  sources,  resulting  in 96 points  for  all 
three  runways.  Spatial  distribution  is  determined  by  the  normalized 
coefficients  ci,  where  ci = 0.01(1.2147)i-1 + ci-1.  Hence,  if  P1 
and P2 are  the  vector  coordinates  of  the  beginning  and  end  points of 
an  incline,  per  Table  5.15,  then  the  vector  coordinate of the  ith 
point  source  is  given  by 

pi = P1 + ci . (P2 - P1) . 
It can  be  readily  ascertained  from  the  above  that  maximum  resolution 
(minimum  spacing)  occurs  near  the  ground  where  the  receptors  are 
located. 

Given  the  appropriate  inclined  line  source  emission 
rate  (Tables  5.12 - 5.14) W, the  computer  then  assigns  to  point 
source pi an  emission  wi  according  to 

wi = 0.01(l.2147)i-1. W. 

In  other  words,  point  source  strength  is  in  direct  proportion  to  the 
length  of  the  line  segment  which  it  approximates. 
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7.6 Maximum  Short-term  Concentrations 

Maximum  ambient  pollutant  concentrations  will  occur 
during  peak  source  emissions  and  under  adverse  weather  conditions. 
Each  receptor  will  have  associated  with  it a critical  wind  angle 
which  yields a maximum  concentration. 

Hence  the  methodology  to  estimate  this  value  is  to  input 
peak  emissions  and  then  to  vary  the  allowable  weather  conditions 
until a maximum  occurs.  The  resulting  concentration is applicable 
for a 10 minute  sampling  period. To extend  this  to  longer  periods 
the  method  recommended  by  Turner  (17)  is  used: 

cs  = c10 (E) 0.185 

where  Cs  is  the  desired  concentration  estimate  for  the  sampling 
time ts and C1o is the  concentration  estimated  using  the  Pasquill- 
Gifford  dispersion  coefficients. 

While  this  procedure  is  useful  for  establishing  an  upper 
bound on airport  derived  ambient  pollutant  levels,  it  should  be 
emphasized  that  such  episodes - a combination  of  peak  emissions  and 
very  adverse  weather - would  be  infrequent.  Table 6.5 lists  the 
average  frequency  of  occurrence  of.various  meteorological  conditions. 
No data  is  available  on  the  joint  probability  between  adverse  con- 
ditions  and  maximum  emissions,  nor  is  suitable  data  available  on  the 
duration of such an e p i s o d e .  
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7.7 Annual  Mean  Concentrations 

Long  term  ambient  pollutant  concentrations  are  always 
considerably  less  than  the  short  term  maximums.  This  is  mainly  due 
to  the  variations  in  wind  direction,  velocity,  and  atmospheric 
turbulence.  Historical  data  on  these  parameters  are  averaged  to 
give  rise  to  wind  roses  or  to  wind  stability  roses.  While  these 
averaged  weather  conditions  obviously  are  of  little  value  in 
estimating  short  term  maximum  concentrations,  they do furnish  the 
necessary  meteorological  input  for  computing  expected  long  term 
averages. 

An  estimate of the  annual  mean  ambient  concentration 
at  receptor  "r"  due  to  pollutant  emissions  from  source "s" can  be 
obtained  by  the  following  expression: 

" L  

4 W 

where 

f4 is the  fraction  of  the  year  that  the  wind  blows  from 
direction "$", 

fW(4) is  the  relative  frequency  of  weather  condition "w" 
(wind  speed  and  atmospheric  stability)  given  a  wind 
direction "$", 

Cr,s(4,w) is the  short  term  (one-hour)  concentration  calculated 
using  program PALSE. 
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8. DIFFUSION  MODELING  RESULTS 

Diffusion  modeling  was  carried  out  for  five  potential 
pollutants:  nitrogen  oxides,  carbon  monoxide,  sulfur  dioxide, 
suspended  particulates,  and  hydrocarbons.  The  contribution  to  the 
ambient  air  quality,  for  the  respective  pollutants,  was  estimated 
at  four  representative  locations  and  the  results  were  compared  with 
federal  air  quality  objectives.  This  was  done  for  the  year  1975 
through  to  the  year 2000. The  study  includes  emissions  associated 
with  the  operation  of  a  proposed  expanded  airport,  and  from  the 
proposed  ferry  terminal  and  its  associated  access  traffic  (see 
Appendix). 

Figure 8.1 shows  the  relative  position  of  the  four 
points  (receptors  R1 - R4)  where  the  contributions  to  ambient  pollu- 
tant  concentrations  were  estimated.  For  a  given  receptor  the  maximum 
one  hour  concentration  will  occur  when  the  peak  hour  emissions  coin- 
cide  with  adverse  weather  conditions.  As  previously  described 
(Section 7.6), there  is  associated  with  each  receptor  a  critical  wind 
angle  which  will  result  in  maximum  pollutant  concentration.  For  the 
four  receptors  these  were  found  to  be: 

TABLE 8.1 

CRITICAL  WIND  ANGLES 

Inversion  Associated  Average 
Receptor  Critical  Wind  Frequency  Wind  Speed 
Number  Wind  Angle*  Sector  (Table  6.5)  (m/ s 1 

1 295" WNW 0.0093 1.9 

2  242" wsw 0.0038 1.5 
3  183" S 0.0072 1.6 
4 355" N  0.0136  1.5 

* Angle  is  taken  clockwise  from  true  north. 
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Hence  for  adverse  weather  conditions  it  was  assumed 
that  the  wind  persistently  blew  from  the  critical  angle  at 1 m/s 
during  a  deep  ground-based  inversion  (Class  F  stability).  These 
conditions,  coinciding  with  peak  source  emissions,  would  occur  only 
infrequently  but  do  serve  to  place  an  upper  bound  on  possible  ground 
level  concentration.  The  above  table  shows  the  average  frequency  of 
occurrence  of  stable  conditions  when  the  wind  blows  in  a  sector 
associated  with  the  critical  wind  angle.  Shown  also  is  the  average 
wind  speed  for  this  condition.  From  available  meteorological  data 
(19) a  wind  speed  of 1 m/s, or  less,  occurs  in  approximately  50%  of 
the  instances  of  a  ground-based  inversion.  If  we  now  arbitrarily 
choose  a  joint  probability  of 0.1 between  peak  emissions  and  the 
assumed  adverse  conditions,  then  we  can  estimate  the  number  of  hours 
per  year  during  which  the  calculated  maximum  ground  level  concentra- 
tions  may  occur:  hours/year % 0.5 x 0.1 fF = 438 fF , where  fF  is 
the  frequency  from  Table 8.1. For  receptor #2 this  works  out  to 
2 hours  per  year,  while  for  receptor #4 the  value  is 6 hours/year. 
The  reader  should  keep  these  figures  in  mind  when  reviewing  the 
maximum  concentrations  presented  in  the  following  text. 

A  reasonable  estimate  of  24-hour  average  ambient  concen- 
trations  can  be  made  by  assuming  that  there  is  a  steady  wind  shift 
from  the  east  to  the  north-west  during  which  time  a  cloudy  sky  and 
a  5-knot (2.6 m/s)  wind  result  in  a  neutral  stability  atmosphere (19). 
Hence  for  eleven  compass  sectors  the  wind  duration  per  sector  would 
be 2.2 hours  and  the  resulting  weighting  factor  to  be  used  in  the 
equation  of  Section  7.7  would  be  0.079. 

The  methodology  for  estimating  expected  annual  mean 
pollutant  concentrations  was  described  in  Section 7.7. Weighting 
factors  associated  with  various  non-isotopic  average  weather  condi- 
t ions  were obtained from Table 6 . 5 .  

The  following  subsections  will  present  the  results  of  the 
computer  modeling  described  above.  Ambient  pollutant  concentration 
is  plotted  versus  year,  with  the  concentration  further  delineated as 
to  source  class: 

1. Airport - terminal  area,  runways,  and  climb-out 
and  approach  zones. 

2.  Access  Roads - automobile  access  roads  from  east 
side  of  Sea  Island  to  the  terminal  area. 

3 .  Miscellaneous  Sources - hanger  areas,  utility  plants, 
etc.  per  Areas 2, 3 ,  and 4 of  Figure 8.1. 
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4 .  Ferry  Terminal - includes  the  terminal  proper  plus 
its  associated  access  road.  The  terminal 
is  shown  (Figure 8.1) situated  on  Iona 
Island. Its actual  location  is  not  yet 
known  but  would  probably  be  about 3 miles 
west  of  this  island. 

8.1 Oxides  of  Nitrogen 

Federal  objectives  have  been  established  for  nitrogen 
dioxide ( 2 3 ) .  These  are: 

Averaging  Period  Concentration  (pg/m3) 

1 hour 
24 hours 
1 year 

1 year 

400 ) 

200 ) (Maximum  Acceptable) 
) 

100 ) 

60 (Maximum  Desirable) 

It will  be  noted  that  the  above  ambient  air  quality  objec- 
tives  pertain  to  NO2,  while  the  source  emissions  tabulated  in 
Section 5 are  given  as  total  oxides  of  nitrogen.  During  most  com- 
bustion  processes  oxides  of  nitrogen  are  mainly  emitted  in  the  form 
of  nitric  oxide (NO). The  NO  is  subsequently  oxidized  to  NO,  which 
can  participate  in  various  complex  photochemical  reactions  among 
which  is  a  photodecomposition  back  to  NO  and  atomic  oxygen.  The 
mechanisms  and  kinetics  of  the  many  complex  atmospheric  reactions 
undergone  by  the  oxides  of  nitrogen  are  not  yet  well  understood. 
Our  diffusion  model  does  not  include  photochemical  reactions  and so 
cannot  estimate  ambient  NO2  levels.  Since  the  total  oxides  of 
nitrogen  (N~x),  and  not  just  N02,  are  photochemical  smog  precursors, 
we feel  that  estimated  ambient  concentrations  of  NOx  can  and  should 
be  compared  directly  with  NO2  standards  if  the  object  is  to  assess 
the  smog  potential. It should  be  remembered,  however,  that  the 
actual  NO2  levels  will  be  somewhat  lower  than  the  estimated  NOx 
concentrations. 
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I U  

Figures 8.2 - 8.5  show  the  maximum  one-hour  NOx  concen- 
trations  calculated  for the four  receptors.  In  all  four  cases  the 
airport  (terminal  plus  runways)  is  the  major  contributor.  For 
receptor ill the  airport  access  road  is  initially  a  major  contributor. 
It  can  be  observed  that  by  1985  the  air  quality  objective  of 
400 ug/m3  may  be  occasionally  exceeded.  Also  apparent  is  the 
temporary  decrease  in NO, concentration  (1980 - 1985)  resulting 
from  federal  automobile  emission  standards  coming  into  effect. 

Figure  8.5  shows  a  maximum  one-hour  concentration,  for 
the  year  2000,  of 1040 vg/m3  of  NOx  which  is  attributable  to  aircraft 
related  sources.  A  further  breakdown  of  this  figure  is shown below: 

Source  Contribution (vg/m3) 

Terminal 164 

Runway 1 468 
Runway  2  13 
Runway 3 312 
Climb-out/Approaches  80 
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In  order  to  check  the  model  for  the  line  source  approximation 
(Section 7.4) the  contribution  from  runway 1 to  the  concentration 
at  receptor 4 was  estimated  using  the  recently  published  (28) 
boundary  layer  model  of  Ragland  and  Peirce.  Assuming  an  upper 
(300  m)  geostrophic  wind  speed  of  5  m/s,  a  stable  atmosphere,  and 
a  surface  roughness  of 0.2 m,  their  numerical  model  yields  a  concen- 
tration  of  580  ug/m3 NO,. The  results  of  our  model,  where  a  wind 
speed  of 1 m/s  near  the  ground  is  assumed,  is  seen  to  be 468 ug/m3. 
The  somewhat  lower  concentration  predicted  would be partially  due 
to  our  use  of  an  initial  mixing  cell  volume  in  order  to  allow  for 
traffic  generated  turbulence.  In  any  event  the  close  agreement 
between  the  two  independent  methods  is  gratifying. It should be 
noted  that  researchers  testing  several  mathematical  models  for 
reliability  in  forecasting  the  dispersion  of  vehicle  emissions  have 
concluded  that  the  Gaussian  model  is  the  most  reliable  under  the 
greatest  amount  of  circumstances  (29). 

Figures  8.6  to  8.9  show  typical  24-hour  ambient NO, 
concentrations  for  the  four  receptors  during  the  years 1975 through 
2000. It  should  be  reiterated  that  only  airport  related  emissions 
are  included - the  ground  level  concentrations  would  be  correspond- 
ingly  higher  if  emission  sources  from  the  surrounding  urban  and 
industrial  areas  were  included. 

Expected  annual  mean  N4(  concentrations  are  depicted  in 
Figure 8.10 to  8.13.  The  relatively  low  annual N4, concentrations 
reflect  the  highly  non-isotopic  average  weather  conditions  tabulated 
in  Table  6.5,  where  it  can  be  seen  that  there  often  occurs  a  strongly 
ventilating  wind  from  the  east.  This  would,  of  course,  tend  to  blow 
airport  related  emissions  away  from  the  receptors  shown  in  Figure  8.1. 

Figure  8.10  shows  a  slight  decrease  in  NOx  concentration 
at  receptor  No. 1 between  1980  and  1985.  This  apparent  anomaly  is 
due  to  a  shift  in  aircraft  traffic  when  a  new  runway  comes  into 
service  in  1985. 

8.2  Sulfur  Dioxide 

The  federal  ambient  air  quality  objectives  (24)  for 
sulfur  dioxide  are  listed  below: 
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Averaging Desirable Acceptable 
Period ( d m 3 >  (us/m3 1 

1 hour 450 900 

24  hours 150 300 

1 year 30 60 

Using  the  previously  described  methodology  the  maximum 
one  hour,  typical  24  hour,  and  expected  annual  mean SO, concentra- 
tions  attributable  to  airport  related  sources  were  estimated  for 
the  four  receptor  locations.  Maximum  one-hour S O ,  concentrations 
are  presented  in  Figure 8.14 to  8.17,  while  typical  24-hour SO, 
concentrations  are  shown  in  Figures 8.18 to  8.21. 

The  major  source  of S O ,  is  that  derived  from  fuel  oil 
combustion  that  occurs  in  areas 3 and 4 (Table 5.16). Since  the 
maximum  one-hour SO2 concentrations  are  based  on  critical  wind 
angles  associated  with  transportation  related  emissions,  the 
actual  maximum  S0,levels  would  be  higher  than  those  shown.  Peak SO, 
would  occur  when  a  light (1 m/s)  wind  blows  directly  from  area 4 to 
receptor 4 (see  Figure 8.1) during  a  ground  based  inversion.  Using 
our  previous  assumptions  on  the  frequency  of  occurrence  of  such 
phenomena,  it  is  estimated  that  the  maximum  concentration  would 
occur  about 8 hours  er  year  on  the  average.  This  value  is  estimated 
to  be  about  170  pg/m s for  1975,  rising  to  a  peak  of 1100 ug/m3  during 
the  year 2000. These  estimates  are  based  on  the  present  practice  of 
using  roof-level  vents.  Hence  consideration  should  be  given  to  stack 
design  during  any  future  heating  plant  expansion. 

The  typical  24  hour  ground-level SO2 concentrations 
(Figures 8.18 to  8.21)  generally  reflect  the  major  source  of  this 
pollutant - the  miscellaneous  source  class.  Receptor 4 (Figure 
8.21)  however,  does  not  "see"  these  sources  when  the  wind  vector 
shifts  clockwise  from  the  east  to  the  northwest.  The  concentration 
shown  is  derived  mainly  from  aircraft  movements  on  runway 1. 

Expected  annual  mean SO, concentrations  are  generally 
small  when  compared  with  federal  objectives  as  is  done  in  Figures 
8.22  to  8.25. An exception  is  at  receptor 4 (Figure  8.25)  where 
the  close  proximity  to  area 4 can,  as  previously  discussed,  lead  to 
occasional  high SO2 levels. 
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8.3  Carbon  Honoxide 

The  federal  air  quality  objectives  for  carbon  monoxide 
are (24) : 

Averaging  Period  Desirable  Acceptable 
(hours) (mg/m3) (mg/m3) 

1 15 35 

8 6 15 

Figures  8.26  to  8.29  show  the  estimated  maximum  one  hour 
CO  concentrations  at  the  four  receptors. It can  be  seen  that  by  the 
year  2000  the  airport  could  increase  the  ambient  concentrations to 
a  significant  fraction  of  the  maximum  desirable  ambient  CO  level. 

Figures  8.30  to  8.33  show  expected  annual  mean  CO  levels. 
Although  the  federal  objective  for  CO  is  not  based on this  averaging 
time,  it  was  felt  that  such  estimates  would  be  useful  for  purposes 
of  comparison  with  actual  field  surveys. 

8.4 Suspended  Particulate 

Federal  objectives  (24)  for  suspended  particulate  matter 
are  given  as: 

Averaging Desirable Acceptable 
Period ( w / m 3 )  ( w h 3  

24 hours 120 

1 year 60 70 

Figures  8.34  to  8.37  show  typical  24-hour  concentrations 
while  Figures  8.38  to 8.41 illustrate  the  expected  annual  mean  par- 
ticulate  concentrations  at  the  four  receptor  sites.  The  contribution 
of  the  airport  to  ambient  particulate  burden  is  relatively  low. 
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8.5 Hydrocarbons 

The  Canadian  government  does  not  presently  have  standards 
for  ambient  hydrocarbons.  The U.S. federal  objectives  for  this 
pollutant  are  designed  to  limit  photochemical  oxidant  buildup  and 
hence  are  set  at 160 vg/m3 (0.24 ppm)  maximum  3-hour  concentrations 
( 6  - 9 a.m.),  not  to  be  exceeded  more  than  once  per  year (25). Their 
primary  and  secondary  standards  are  the  same,  and  are  corrected to 
exclude  the  non-reactive  methane  portion  of  the  total  hydrocarbons. 
These  standards  thus  prevent  the  injection  of  gross  quantities of 
reactive  hydrocarbons  into a stagnant  air  basin  where  the  subsequent 
effects of NOx  accumulation  and  intense  solar  radiation  would  lead 
t.o  the  formulation  of  photochemical  oxidants. 

Using  the  previously  described  methodology  maximum  one 
hour  HC  concentrations  were  calculated  for  the  four  receptor  sites 
and  are  shown  in  Figures 8.42 to 8.45. It can  be  seen  that  aircraft 
related  sources  are  the  major  contributor  towards  the  very  high 
estimated ambient  hydrocarbon level. 
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9. DISCUSSION  AND  RECOMMENDATIONS 

The  previous  section  presented  forecasts  on  the  contribu- 
tion  to  ambient  air  quality  reduction  by  pollutants  emanating  from 
airport-related  sources.  These  estimates  were  done  for  short-term 
maximum  concentrations,  where  peak  airport  emissions  coincide  with 
adverse  weather  conditions,  for  typical  24-hour  average  concentra- 
tions,  and  for  expected  annual  mean  concentrations. 

It was  seen  that  maximum  one-hour  concentrations of 
nitrogen  oxides  and  hydrocarbons  could  reach  high  levels  at  all 
four  receptor  sites  before  the  year 2000. For  example,  by  the  year 
2000 receptor 1 could  occasionally  experience  NOx  at 1200  pg/m3 and 
HC  at  2500  ug/m3. It is  generally  accepted  that  nitrogen  oxides 
act  as  smog  precursors  in  heavily  polluted  atmospheres  containing 
relatively  high  concentrations  of  hydrocarbons.  The  nitrogen  oxides 
are  felt  to  participate  in  photochemical  reactions  which  produce 
ozone  and  the  peroxyacyl  nitrates (PANS), two  highly  phytotoxic 
oxidants. 

Hence  there  would  appear  to  be  cause  for  alarm  until  it 
is  recalled  that  the  above  high  ambient  pollutant  concentrations  are 
calculated  for an adverse  weather  condition  based  on  a  ground  level 
temperature  inversion.  Since  such an inversion  cannot  persist 
during  the  prolonged,  strong  solar  radiation  that  is  required  for 
smog,  it  is  obvious  that  the  estimated  short-term  maximum  levels  are 
not  a  reliable  pollution  indicator  in  this  instance. 

Vegetation  is  generally  more  susceptible  to  injury  by 
air  pollutants  than  are  humans.  The  injury  threshold  for  nitrogen 
dioxide  is  given  (31) as 2.5  ppm (4800 pg/m3)  for  a  four  hour 
exposure  dosage.  Thus  it does not s e e m  likely that the m a x i m u m  
short-term  levels  calculated  are  going  to  result  in  serious  environ- 
mental  impact,  even  though  ambient  air  quality  objectives  may  be 
exceeded  occasionally  each  year. 

The  maximum  one-hour  concentration  of  sulfur  dioxide  was 
shown  to  be 1100 ug/m3 (0.4 ppm). It was  estimated  that  receptor 4 
could  experience  such  a  level  by 1985 during  instances of unfavourable 
weather.  This  value  is  approaching  the  dose  required  for  sensitive 
plant  injury as estbalished  by  Dreisinger  and  McGovern (32 ) :  

0.70 ppm  for 1 hour, 
or 0.40 ppm  for 2 hours, 
or  0.26  ppm  for 4 hours, 
or 0.18 ppm  for 8 hours. 
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Hence  it  is  recommended  that  special  attention  be  devoted  to  the 
design  of  flue  gas  exhaust  stacks  for  the  utility  plants. 

The  human  taste  threshold  for SO2 is  commonly  considered 
to  be  0.3  ppm,  although  available  data  on  the  physiological  effects 
of  the  pure  pollutant  indicate  that  it  is  relatively  innocuous  at 
considerably  higher  levels  (33). 

There  is,  however,  a  synergistic  effect  between SO2 and 
aerosols  (particulates)  which  greatly  enhances  the  physiological 
impact  of S02 .  This  could  be  due  to SO2 being  catalytically 
oxidized  to SO3, and  hence  forming  sulfuric  acid,  after  being  absorbed 
by  the  particulate.  (Catalysis  can  be  effected  by  trace  materials 
such  as  vanadium  and  the  alkali  metal  salts.)  Urban  air  pollution 
episodes  arising  from SO generally  occur  when  the  particulate  concen- 
tration  exceeds  200  pg/m3  and  the SO, exceeds 500 pg/mJ  on  a  24-hour 
average.  These  episodes  resulted  in  an  increase  in  the  mortality 
rate  accompanied  by  an  increase  in  hospital  admissions  for  acute 
illness.  Those  predominantly  affected  were  individuals  with  chronic 
pulmonary  disease  or  cardiac  disorders,  or  very  young or very  old 
individuals (33). 

An  examination of the  estimated  typical  24-hour  average 
concentrations  of SO, and  particulates  (Figures 8.18 to 8.21  and 
8.34  to  8.37)  will  show  levels  two  or  more  orders of magnitude  below 
the  above  episode  threshold  and  hence  should  pose  little  danger  to 
human  health. 

While  it  has  been  argued  above  that  the  short-term 
maximum  pollutant  concentrations  will  not  be  serious  from  an  eco- 
logical  point of view,  they  may  contribute  to  an  over-all  pollution 
problem.  In  certain  air  basins  the  pollutants  can  become  trapped 
under  a  persistent,  elevated  inversion  lid.  They  build  up  within 
this  stagnant  air  mass  and  undergo  photochemical  reactions  which 
eventually  lead  to  noxious  levels of photochemical  smog.  This 
phenomenon,  which  is  common  to  the Los Angeles  air  basin,  also 
happens  to  some  extent  in  the  Lower  Mainland.  Here  the  basin  is 
flanked  to  the  north  and  east  by  the  Coast  Mountains  (elevation 
4,000 - 6,000 feet),  to  the  northwest  by  the  Tantalus  Range 
(6,000 feet),  and  to  the  west  and  south,  across  the  Georgia  Strait, 
by  the  Vancouver  Island  and  Olympic  Mountains  (3,000 - 7,000 feet). 
During  stable  atmospheric  conditions  the  air  within  this  basin is 
not  rapidly  replenished,  but  instead  tends  to  flow  backwards  and 
forwards  through  the  valley  due  to  a  land/sea  breeze  mechanism. 
It has  been  observed  (26)  that  the  concentration of carbon  monoxide 
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will  build  up  during  such  an  episode,  and  that  such  episodes,  lasting 
three  to  eleven  days,  will  occur  between  twenty  to  forty  times  each 
year.  Several  factors,  however,  limit  the  impact of such  an  episode 
upon  local  air  quality:  the  episodes  are  generally of relatively 
short  duration;  solar  radiation  is  of  a  lower  intensity  due  to  our 
more  northern  latitude;  our  air  basin  contains  a  low  ambient  concen- 
tration  of  particulate  due  to  frequent  washout  by  precipitation; 
and  during an episode  some  of  the  pollutant  burden  will  be  absorbed 
from  the  air  mass  due  to  the  presence  of  forests  and  green  belts 
located  at  the  land-air  interface. 

At  this  time  it  would  be  speculative  to  discuss  how 
airport-derived  emissions  contribute  to  air  quality  degradation 
during  a  land/sea  breeze  episode. A more  thorough  study  is  required 
on  the  mesoscale  mixing  and  circulation  within  the  Lower  Mainland 
basin  and  on  the  roles  played  by  various  pollutant  sinks. We  can, 
however,  do  some  comparisons  between  the  airport  emissions  and  those 
from  the  GVRD  and  from  the  total  Lower  Mainland  region.  Table 9.1 
shows  that  the  airport-related  emissions  are  a  very  small  fraction 
of  the  total  emissions  in  the  Lower  Mainland.  The  majority  of  the 
emissions  stem  from  vehicular  activity  and  domestic  fuel  consumption 
in  the GVRD area.  Hence  airport-derived  pollutants  can  be  expected 
to  play  a  relatively  minor  role  during  one  of  the  previously  discussed 
episodes. 

As  we  have  seen  in  the  previous  section,  however,  the 
airport  can  have  a  significant  effect  upon  air  quality  in  the  area 
immediately  adjacent  to  it. To put  this  into  perspective we can 
compare  some  of  the  estimated  worst  case  pollutant  concentrations, 
near  the  airport  during  the  year 2000, with  pollutant  concentrations 
actually  measured  (26)  at  Vanier  Park  during  the  years  1969 - 1970. 
Table 9 . 2  shows  that  by  the  year 2000 the  local  air  quality  degrada- 
tion,  due  solely to airport  activity,  will  be  similar to that 
presently  occurring in central  Vancouver  due  to  urban  activity. 
Hence, if  the  present  urban  levels  are  considered  to  be  serious  then 
this  conclusion  must be extended  to  future  airport  derived  pollutants. 

In  any  case  the  need  for  a  realistic  air  quality  model 
of  the  Lower  Mainland  air  basin  is  obvious.  This  model  should  be 
tuned  by  conducting  the  appropriate  meteorological  and  air  quality 
surveys. In this  way  reasonably  reliable  forecasting  could  be 
conducted  and  the  ramifications  of  urban  growth  and  technological 
advances on air  quality  in  the  shole  basin  could be studied. 
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10. CONCLUSIONS 

A study  of  the  effects  on  local  air  quality  due  to 
expanded  activity  at  the  Vancouver  International  Airport  has  shown 
that  on  the  average  these  effects  will  be  minor.  When  peak 
emissions  coincide  with  very  adverse  weather  conditions,  however, 
the  air  quality  adjacent  to  the  airport  will,  by  the  year 2000, 
be  of  impaired  quality  similar  to  that  presently  occurring  in  the 
central  Vancouver  area.  Under  these  adverse  conditions  the 
federal  limit  for  ambient  nitrogen  dioxide  may  be  exceeded. 

The  effect  on  air  quality  from  emissions  emanating  from 
the  proposed  ferry  terminal  on  Iona  Island  will  be  negligible  when 
compared  to  that  of  the  airport. 

It  is  recommended  that  work  be  commenced  on  a  tuned  air 
quality  model  of  the  Lower  Mainland  air  basin  in  order  that  the 
ramifications  of  future  urban  and  industrial  growth,  as  well  as  the 
effects  of  evolving  air  pollution  regulations,  can  be  determined 
with  a  reasonable  degree  of  accuracy.  In  conjunction  with  this 
we  recommend  that  a  program of detailed  monitoring  of  air  quality 
in  the  Lower  Mainland  be  initiated.  This  should  involve  the  study 
of common  primary  air  pollutants,  oxidants  and  ozone.  The  results 
of  such  a  program  would  enable  the  testing  of  an  air  quality  model 
for  the  area. 

M.M. Papic 
Division  of  Applied  Chemistry 
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A fe r ry   t e rmina l   has   been   proposed   for   Sea   I s land   or  
Iona   I s land .  The f ina l   dec is ion   regard ing   the   deve lopment   and  
loca t ion   has   ye t   no t   been   reached .   S ince  a reques t  from t h e  
s p o n s o r   o f   t h i s   p r o j e c t   f o r   i n c l u d i n g   t h i s   e m i s s i o n   s o u r c e   i n t o  
t h e   s t u d y  came a f t e r   t h e   d r a f t   r e p o r t   c o v e r i n g   e m i s s i o n s   f o r   t h e  
a i r p o r t  had been   comple ted   the   fe r ry   t e rmina l  access t r a f f i c  is 
t r e a t e d   s e p a r a t e l y   i n   t h i s  Appendix. 

The l i m i t e d   i n f o r m a t i o n   o n   t h e   t r a f f i c   a c t i v i t y  
obtained  from  the  Department of  Highways,  Government  of B.C. is 
summarized i n   T a b l e  A . l .  The f o r e c a s t   a v e r a g e   d a i l y  two-way 
t r a f f i c  i s  8000 veh ic l e s   pe r   day   i n   t he   peak  month  of  August  1980 
and 2500 v e h i c l e s   p e r   d a y   i n   J a n u a r y  1980. The a c t i v i t y   i n  
January is a t  i t s  minimum level and  amounts t o   o n l y  30% of   t he  
a c t i v i t y   i n  August. The access t r a f f i c   a c t i v i t i e s   f o r   o t h e r  
months are assumed t o   v a r y  between t h a t   i n  August  and  January as 
i n d i c a t e d   i n   T a b l e  A . l .  The f o r e c a s t   f o r   o t h e r   y e a r s  i s  based  on 
a compound growth rate of  10%  per  year.  

The ave rage   emis s ion   f ac to r s   fo r  highway v e h i c l e s  
i n   T a b l e  4.7 are used i n   e s t i m a t i o n s  of emission rates. The 
e m i s s i o n s   i n   t h e  month  of  August are d i sp layed   i n   Tab le  A.2; f o r  
emiss ions   in   o ther   months   the   percentage  ac t iv i t ies  i n   T a b l e  A . l  
should  be  used. The emissions  on  the access road are c a l c u l a t e d  
fo r   t he   ave rage   speed  of 40 km/hr. A t  t h e   f e r r y   t e r m i n a l   a n  
average  speed  of 20 km/hr i s  assumed. The e m i s s i o n   f a c t o r s   f o r  
CO and HC f o r  20  h / h r  speed are about 2 . 1  and 1 . 7  times those  
f o r  40 km/hr speed (7), r e spec t ive ly .  The du ra t ion  of  unloading/ 
l oad ing   ope ra t ions  of 4 hour i s  assumed. The emissions a t  t h e  
f e r ry   t e rmina l   du r ing   un load ing / load ing   ope ra t ion  are est imated 
pe r  300 v e h i c l e s   o p e r a t i n g   f o r  si hour,  which i s  e q u i v a l e n t   t o  
3000 veh ic l e   k i lome te r s   t r ave l l ed .  



0 :  E t z * 

0 :  t t E 
In 

0 
0 

UY 
U 

0 
U 
0, 
4 
ul 

U 
U 
4- 
\o 
In 

m 
r. 
In 

rl 
UY 

0 
0 
0- 
m 

0 
0 
“0, 
m 

0 
00 
‘0- 
m 

U 
In 

‘0, 
0 
rl 

? 
In 

O I n O I n O  

m m m m o  
rlrlrlrl- 

m m m m o  

. .  

L4 
a i 4  
a m  a 
w or0 
4 h  m 
I1 u 

y * l l  

YI 

W 

w 

UYb 

yu 

P 



rl 

U m 
m 

00 

\o 
rn 
rl 

h h 

m 
h 

h h 
m rl 

rl rl N 

'9 

IM 
c3 

U m VI h I 
x 

~0 z 
. I   . I   . I  . I .  I 

rc 

d 

0 N 
u "0. 0 

N rl  rl N N 

I I i I I I 
h rl 
m 4 

N ur 
h U rl 

\o h co 
N 
N 

4 
\o m 

U co N m 0 
rl 

rl 

0 \o 

rl 
h m h co  co 

\o 
U \o 

g k o  
d W r n  

rl  rl rl 

m 

* * *  * *  * I 1 I I I I 



The  access  road  is  treated  as a line  source,  and  ferry 
terminal  as  an  area  source.  Spatial  coordinates  with  respect  to 
the  east/west-north/south  coordinate  system  shown  in  Figure  5.4 
are  given  in  Table  A.  3. 

TABLE  A. 3 

LINE AND AREA  SOURCES  SPATIAL  COORDINATES 
IONA  ISLAND  FERRY  TERMINAL 

Coordinates 

East (X), Source  Length, North (Y), 
meters meters meters 

Access  Road 5800 

Section  No. 1 4560 0 

1680 

4060 4130 1680  Section  No. 2 

1740 4130 

5259  2275 

Ferry  Terminal 350 4560 0 

(0.1225 h2) 

The  emission  densities  per  unit  length  of  line  source 
and  unit  area of area  source  are  given  in  Table  A.4. 
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APPENDIX I1 

FIRE FIGHTING  DRILLS 

A s  p a r t   o f  Emergency Se rv ices   pe r sonne l   t r a in ing  a t  
Vancouver I n t e r n a t i o n a l   A i r p o r t   a i r c r a f t   c r a s h   f i r e s  are s imula ted .  
The  amount o f   f u e l   b u r n e d   i n   e a c h   t r a i n i n g   e x e r c i s e  is about  2000 
litres. D u r a t i o n   o f   t h e   f i r e  i s  o n e   t o  two minutes .  The  number 
of t r a i n i n g   s e s s i o n s   v a r i e s   f r o m   f o u r   t o   t w e l v e   p e r   m o n t h .  The 
p o l l u t i o n   e f f e c t  o f   open   gaso l ine   f i r e s   has   been   i nves t iga t ed  a t  
Vancouver ' s   a i rpor t   (15) .  We quote   the  concluding  remarks  f rom 
t h a t   r e p o r t :  

I t  Based  on t h e   r e s u l t s   i n   t h e   p r e v i o u s   s e c t i o n ,   t h e  
i g n i t i o n  and   de f l ag ra t ion   combus t ions   o f   f i r e   t r a in ing  
g a s o l i n e  s p i l l a g e s  c o n t r i b u t e s  less se r ious   po l . l u t an t s  
percentage-wise,  t o  t he   immedia t e   v i c in i ty  of t h c  
Airport   environment  per  any  15  minute  period  than  any 
o t h e r   m a j o r   a i r   p o l l u t e r   s o u r c e .  

The r e su1 t . s   i nd ica t ed  low l e v e l  of a i r  pol - lu t ion  
a n d   e x c e p t   f o r   t h e   v e r y   f i n e   s o o t i n e s s ,   s l i g h t   v i s i b i l i t y  
r educ t ion  a t  100   fee t   above   ground  and   aes the t ic   nu isance  
f o r   p e r i o d s  up t o  10-15 n i n u t e s   d u r a t i o n ,   c o n s t i t u t e   o n l y  
a m i n o r   h a z a r d   i n   t h e   s u r v e i l l a n c e   o f  a i r  p o l l u t i o n   s o u r c e  
programs a t  t h e   p r e s e n t  time." 

The e m i s s i o n s   f r o m   f i r e   f i g h t i n g   d r i l l s   h a v e ,   t h e r e f o r e ,  
n o t   b e e n   i n c l u d e d   i n   t h i s   s t u d y .  
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APPENDIX I11 

TABLE A.5.2 

EMISSIONS BY AIRCRAFT MIX AND MODE OF OPEMTIOM 

VANCOUVER  INTERNATIONAL AIEZPORT 

Based on aircraft activity in Table 3 . 4  and emission 
factors in Table 4 .2 .  Emission  factors for  landing 
operation assumed to be equal to those for approach 
operation. 

General aviation assumed to be 50% turboprop and 50% 
piston aircrafts. 

Cargo aviation emissions  assumed to be 2% of air 
carrier emissions. 
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, 
I 
I 

n m  

- I  

"_ ...... ." . " .. " ...... " ......... .. -, "_." 

I Y 



"- "_ - ""I_"__ "" - 

198 5 co " A V E R A G E  CAY EMISSIGNS ___ __- 
WI 

". ."_ " . - - - _ _  
TOTAL A I R  CARGO EMISSION = 165.801 KG 1-66 4: 

..... ... ... . . .  TURBO , . ... 2C7.830  K G -  
P I  S T O N  

2 - 0 8  8 
= 1 3 2 7 . t 0 7  KG 13.2.9 2' 

TOTAL  GENERAL A V O  EMISSION = 1535.636 KG 15.37 % 

ty 
I 

. . . . . . . . . . . . . . . .  

*II 

-.- TAXIIDLE ". - = 8331.977 - K G  e3039 "_ - % . 
T A K E  O F F  = 66.823 KG G-67 S 

! CLIMtiOUT = 741.583 KG 7 - 4 2  % 

I 

T 
....... _" "- .... " ... ". .. .... 

uy 

............ ....... - -.___ ... ....... - 



TABLE'  5.2 ( C i l i ~ T I N U E D I  - 
- 199 0 co A V E R A G E  "_ ". - _" D A Y  EMISSIOVS ." ." " ___ - 
, @mB 

. . . . . . . .  GHbND TCTAL A I R C R A F T   E M I S S I O N  =13602.731 KG lGOsCO a __ . 

Jllf.1CfJ 350 = 2 6 7 5 . 6 1 2  K G  1 3 . 5 4  % 
"_ .. - " " . "_ . "_ -" - . -. ... " . . . .  JUY8.C-  -25'2 .. " = . 25C8.58.7 KG". . .......... 

LONG 2 C 0  = 1 2 6 1 . 9 5 4  KG 
18- '32  2 
7.22 2 

LUNG 150 = 4 2 3 6 . 5 5 5  K G  3 c . 9 4  131 

Y 

yyu 

. .... . . . . . .  YEU. . -100 . =  9 3 2 . 4 3 4  K G .  _ _ .  6 - 8 1  ......... . . .  - 
SHORT 50 = 13.132 KG 0-10 x 

T O l A L  A I R  C A R R I E R  EMISSION =11628.(;66 K G  H4.92 3 II, 

__ .. ~ " "" - ". ~. " .. ." " " . 

TGTAL A I R  C A R G O  E Y I S S I G i 4  = 232.561 K G  1 - 7 c  rc 
........ " . . . . . . .  - .. - . . . .  TURBO ... _. . . . . .  = 2 4 7 . 9 5 3  KG 

P I  STUN = 1584,154 K G  
T O T A L   G E N E R A L  A V .  EMISSION = 1832.107 KG 

ut 
... - . . .  

! __ - T A X I I D L E  " _" ". =11616.703 K G  84,t?4 " - 2 -.-----A 
I T A K E  OFF = 81.996 KG 0-60 % 

j 

! 
-11 

. . .  ... " ... " """"""."_.I "" "_ - 
Iu 

- i  
? 

J .  ._ . . . .  . . .  . ." . ...... . . . . . . . . . . .  _ . . . .  _ _  .. 
I 

Y 



sr 
! 

v i"" "_ 

199 5 co AVERAGE " CAY EMISSIOYS - - "" " 

I= 

"" 

GKAND T O T A L  A I R C R A F T  EMISSION =17411*711,  .KG . . . .  . . .  

- .. " ....... - " - J U V D C  250 = 3 6 6 3 . 4 2 9  K G  210c4  x 
L O N G  . 1 6 3 2 . 4 1 5  K G  
LONG 150 = 4 8 9 7 . 2 3 8  K G  2 & 0 1 3  ? 

.......... . . . . . . . . .  ........ .. ... ... ......... . - " - ." - - - - 
I W  

9 - 3 a  x 

1 W  TOTAL A I R  C A R R I E R  E M I S S I U I q  =14984.930 KG 

T m A L  A I H  C A R G G  EMISSION = 2 9 9 . 6 9 8  KG 
I 

I .  T2-3 

TOTAL GErJERAL A V -  EMISSION = 2 1 2 7 0 0 8 8  KG 12.22 1$ 
cy 

I.y 
, .  

P P P R O A C h  = 1186-0S6  KG ............ 6.81 % r"c . "- ........ ". ....... ...... - ......... 
LANDING. 1 5 6 , 2 3 4  ' K G  0 -90  - 3  

""" "" 

. . . . . . . . .  . . .  . .  " " ." ".. ....... -. -..- ..... " " ". . . . . . . .  

Iy 

"""" " "" 

f' 

u ,  
. . . . . .  . . . .  . . .  -. . .  _ 

# 

Iy 
I 



! Y 

" _. "_ -. " - - - .- - - -. "- "" . ..... ...... ... . . ....... . .  .... . . . . . . . . . . .  . . . . . . . . . . .  ... ... w ... 

T A B L E '  5 . 2  ( C C h T  I N U E I ) )  . . . . . . . . . . . .  - . . .  .. 
Y 

I 2000 co " AVERAGE  DAY EMISSIONS 
r- 
I 
I 

...... GRAND r f l T A L  . . . . .  A I R C R A F T - E K I S S I O R  =21142. .262 . . . . . .  K G  -. . . . . . . . . . .  1oo.co T . - ... - - - ... - ... ._ ... 

__ - 
yr 

JUMP0 350 = 5412.5C8 KG 25.60 2 
"" ___ - JUMBO." -2.50 = 5021 .Y 18 K G  23.75  ? . .  ... ......... 

LONG 2 C O  . = 2165.57-1-~KG L C . 2 4  2 
LUNG 1 5 0  = 5413.918 KG 25.61 X *I* 

Y 

- " - . . - - - - . - - - - - . - - "" 

2 ........ " ...... - .. 
% 

. . . . . . . . . .  I . . . . .  - TURBO . -. - 
P I s T ON "" 

. .  = 3 2 8 . 3 3 3  KG 
= 2 0 0 7 . 6 9 8  KG. 

. .  

WAND T O T A L  AIKCKAFT.';PISSIO:~ 

CL I M D O U T  
" AP P R O A C h  

L A N C I N G  
. . . . . . . . . .  - .. - 

= 2 1 1 4 2 . 2 6 2  
. . .  

K G  IC0.CC x 
- ._ . 

KG 5 - 7 0  % 
KG ._ .  

KG h r  (i 

. . . .  . . .  - - . . . . . . . . . . . . . . . .  - " .. . .  -. . . . . . . . .  

w 

. "" "_ "" - 

Y 



' l r  . . . . . . . . . . . .  - ....... " . .... .................... ....... "" ........ 

i 
1 9L3 HC- A V E R A G E  ~ D A Y  EMISSICNS ". . - - 

- .. ." . . . . .  GRAND TOTAL A I R C R A F T  . . . .  E M I S S _ I O N - = .  1791.975 KG... ...... 100.GC . . . .  8 - . " . - " - . - - . . . . . .  " -I 
YI 

JUMCO 350 = 3 0 . 5 7 8  KG 1 - 7 1  X - LOFJG 15C = 890.566 KG 49.7c 3 

SHOKT SO = 40.660 K G -  2 - 2 7  X - T O T A L  A I R  C A R R I E R  tMISSION = 1 7 1 2 . 4 4 3  KG 9 5 - 5 6  % 

. . . . . . . . . . .  - ....... MED. - 1 C G  = 222.634 K G  1 2 . 4 2  % .. .  . .  " ... ." . -. .. - .... - .... 

... "" - ........ ............ - - ... - - " " - . - .............. - ... -. . .  _" -. ............ ._ " - -. - .- "" "" 

T O T A L " A 1 R  " C A R G O  E Y I S S I U N  = 3 4 . 2 4 9  KG 1-91 S 

TURBO 2 7 . 4 2 9  
PI STON = 1 7 o b 5 4  

TOTAL GENERAL A V e  EMISSION = 45 .28 '3  

KG 
KG 
K G  

rl 
GRAND T O T A L  AIRCRAFT EMISSI3t4 = 1791,975 K G  1cc.cc 9 

II 

CLIMROUT = 1 6 o L i 5  KG 
APPROACH = 29.999 KG 
L A N D I N G  = 4 . 7 3 1  KG 

. . ." . . .  . -  

m 



" ~ ""YL 

! 

. . . . . . . . . . . . . . . .  - . . . . . .  

. - . . . . . . .  - . . .  G R b N D  T O T A L  A I R C R . A F T , E V I S S I - O N  = 1886.890 KG .... 1oc.co % . ." . . -,I _"_ 

JUPBC 3 5 0  = 8 0 . 4 3 3  K G  4.26 2 

LONG 2C0 = 3C5.469 K G  16.22 x 
LOKG 150  = 1 0 7 0 . d 9 1  K G  56,075 2 

SHORT 50 = 2 8 . 5 2 1  KG 1.51 % 
TOTAL 4IR C A H H I E R  EMISSION = 1802.750 K G  9 5 . 5 4  % WUI. 

YIL 

-. .... _ _  ............... JUMBO.. - 92.498 K G  
" - - . .  4 9c " -. ." - 

m 

MED 1 C O  = 224.438 KG . . , L L - 8 9  Z . . . . . .  . . .  . . .  

TUR80 = 29 ,126  K G  
PI STON = 18.958 KG 

TOTAL GENERAL A V O  EMISSION = 4 8 . 0 8 5  K G  

GRAhD T O T A L   A I R C R A F T  

. ___ 

EMISSION 

T A X  1.1 O L E  
T A K E  OFF 
CL IMBOUT 
APPROACH 
LAh'D I NG 

Y 

= 1886.890 KG 1cc .cc  % 

. . . . . . . . . .  . . .  - . I ..... "" ..  . "- .......... .... ..... " ......... 

I YlV 

I 
1 



X" f " -~ 

'7 .... -. .. ._ ...... - . . . . . . . . . . . . . . . . . . . . . . . . . . . .  " ........ -_ ... ". . - . _" ....... "_ .. ." "" . 

198 0 HC AVERAGE D A Y  EMISSIOVS "_ - - - "- - -. . - " - - " 

ry. 

GRAND T O T A L  A I R C R A F T  E M I S S I O N  - =  3 5 0 1 . 4 8 3  K G -  lOC.00 ? ." . ...... - 
JUMBL? 3 5 0  = 177-264 K G  

LONG 15@ 2 4 5 2 o t 3 1 0  KG 
PEO . LC0 = 2 3 8 . 3 9 5  KG 
SHOKT 5 C  = 23.571 KG 

T O T A L  A I R   C A R R I E R  E M I S S I O N  = 3370.97L K G  
. " "" . . . " .. " ..... - ... ". 

1 f l T P L  AIH"-C.AR(;(!"EF.'I.SSICN = 67.619 KG 1.93 2 

T U R B O  = 3 8 . 3 3 8  KG l a c 9  % 
P I S T O N  = 24.355 KG C . 7 1  '0 

1- 

TOTAL GENERAL A V O  EMISSION = 63.293 KG 1 - 8 1  % 
m "_ ~ "" ___ 

w 
GYA?lD TCTAL A I R C R A F T  E P ! I S S I C N  = 3501 .683  KG lOC,CO 2 

II' . . 
APPROACH = 5 3 0 8 8 4  KG 
L A M I N G  = 8,720 K G  

'V 
" 

I 
..."_ ....... __ ..... .... _" .... " ._ .. "" ". ... ". " . . . . .  - _ "  . 

I 

"- 



Y 

m 

I 

1" ___ 198 ._ 5 I iC  ___ AVERAGE "" " ___ DAY EMISSIONS . ." .. 
I Y 

GRAND T O T A L  A l K C R P F T  € M I S S l O h  = 4 8 5 7 . 5 8 6  KG 

JlJb'EC 35C = 376.0C7 KG 

LORG ZC-0 = 672.C73 K G  
LUNG 15C = 3 0 0 8 . 3 2 4  KG 
PED.  100 = 264.773 K G  
SHCRT 5 0  = 20 .286  KG 

T O T A L   A I R   C A R R I E R  EMISSION = 4 6 8 5 . 6 0 9  KG 

- "_ . -. . . . . . - . . _. . . JURaO 250 . = 343.2'54 K G "  

1cc.co 'I 

7 . 7 6  t 
7 . c 7  !? 

61.93 2 
5 - 4 5  ? 
0 .42  X 

9 6 . 4 6  % 

1 3 . 8 4  t 

Y 

m 

LHll 

- - ." _. ~- ..  .. ~ . ~ ""_ 
T U T b L  A I R  C A R G C  EPISSICIV = 93-7-12 KG 1 - 9 3  2 

TURBO = 47.409 KG G o 9 0  % 
P I  STON = 30.859 KG (2.64 8 

m 

TOTAL  GENERAL AVO E M I S S I O R  78.268 KG 1.61 X P 

G P A N O  TOTAL AIRC2GFT E M I S S I O N  = 4857.526 KG 
I 

1cc.co ? 

APPROACH = 73.67Y K G  _ _  
L A N D I N G  = 12.021 K G  

YL 



1 9 9 0  HC A V E R A G E  "" DAY - -  E M I S S I O N S  - -  -- " " -. 

II 
- 

G R A N D  TOTAL A I K C R A F T  EMISSIOR = 6 4 7 3 . 8 0 1  KG l O C , C O  9; 

JUveO 3 5 0  = 6 9 0 . 6 1 9  K G  LCOC? % 
- .~ . .." " -. ~. . . JUMHO". -250 . " . = . . 6 4 7 . 4 5 6  K G  -- _ _  1 G o C O  ? 

LCNG 2CC = 1C77 .529  KG 16 .64  Z 
l W  LClNG 1 5 0  = 3 6 1 7 . 4 1 9  K G  55.88 a 

PEG. 100 = 2 1 2 . 2 5 5  K G  3.28 i 
SHORT 50 = 1 0 . 0 4 4  KG c.16 a 

*y TOTAL A I R  C A R R I E R   E M I S S I O N  = 6 2 5 5 . 3 2 0  KG 96.63 X 

I l l  

. - - . " . . ." . . " . - . -. .. - . . .. -. 

I Y  

" 

TURBO = 5 6 . 5 6 2  K G  
P I STON = 3 6 , 5 1 6  KG 

. .  

T O T P L  GENERAL A V O  E M I S S I O N  = 9 3 , 3 7 8  K G  

0. a7 x 
c.57 z 
1 - 4 4  I 

. .  . . .. 

- - ~. 
CR&l:D. TOTAL A I R C R A F T   E M I S S I O ' d  = 6 4 7 3 . 8 0 1  K G  1co.cc % 

. . . . -. . . .  

""_ """-""--."-.I- """_"" """". 



~ "- -. "YL 

T A B L E '  5.2 ( C C ~ T I N U E D )  
Y 

Y 

GFtAND T O T A L   A I K C R A F r  E M I S S I O N  = 

"" .............. " . . . .  - 

. . .  - . 

T O T A L  A I R  

JUhiiG 350 = 

LUNG 2 C O  = 
L O N G  150 = 
MEU. 1 C O  = 
SHORT 50 = 

C A H H I E K  E H I S S I O N  = 

" . JUMBL? "-250 = 

8005.105 

1071.671 
9 4 5 . 5 9 1  

1 3 9 3 . 8 4 9  
4 1 8 1 . 5 4 3  

1 4 4 . 1 8 2  
5.030 

7 7 4 1 . 8 5 9  

KG 

KG 

KG 
KG 
K G  
KG 
KG 

KG - 

1 C C . C C  ? 

" 

n 

"""_~"~"""""""-.""___"___I 

TOTAL A I R  C A R G O  EMISSION = 1 5 4 . 8 3 7  KG 1.93 X 
". 

= 6 5 . 6 6 9  KG 
= 4 2 . 7 4 4  KG 

C.82 % 
c . 5 3  2 

mnm 
_. . .  

T O T A L  GENERAL A V O  E M I S S I O N  = 108,413 K G  1 - 3 5  2 
Y 

1dc.cc 2 

____ T A X I I O L E  = 7 7 9 4 . 2 6 2  KG 
~ 9 7 . 3 7  %. 

T A K E  OFF = 1 4 . 5 4 4  KG 0.18 s 
i C L I P l b O U T  = 5 9 . 2 7 4  KG c .74  % 
,- " " "_ " . APPKCACH-= .>1?...441 .1..47-. 3 _""" 
I LAKDING = 19.389 KG 0.24  % 

w;' 

....... "" - " . " . " " "I"". - " ... . .  . . . . . . . . . . .  -_ ...... -. . - c 



" "" __ . ... .... ." . 

T A B L E '  5.2 ( CChT INUED) 
u- 

2000 "-___~ HC AVERAGE ~ C A Y  EMISSIONS - "" 

GRAND TOTAL A I R C R A F T  EMISSIOfi  = 9 5 5 1 . 2 8 5  KG 1cc.co x - ..... - 
JUMBC 3 5 0  = 1397.059 K G  1 4 . 6 3  2 

......... 'JUMBO ........ 2 5 0  = . 1 2 9 6 . 2 4 1  KG 13.57  
. . ""? "- - I "" 

LONG 200 = 1 ~ l w . o i Q  KG"" . 19-36 Z 
LONG 150 = 4 6 2 2 . 7 1 3  KG 4 t ? * 4 c  9, 

0.79 2 - 
c.c2 % 

....................... 

m T O T A L  A I R  C A K R I E R  EMISSIOF; = 9 2 4 2 . 7 8 1  K G  9 6 - 7 7  a 
- "_ ._ " _"____ """I_ ______ 

TOTAL dIK CARGO EMISSION = 184.U56 K G  1.94 X 

". 
. . . . . . . . . . . . . . . . . . . .  TUHfiC . . . . . . . .  = 7 4 , 8 9 8  K G .  ... 

PI STON = 4 8 . 1 5 1  KG 
I TOTAL GENERAL A V m  EMISSION = 1 2 3 . 6 4 9  KG 1.29 I 

I-/ 

t- "" " " 

m! T A X I I D L E  . . - - - " " ." = 9300.980 KG " 91.38 - 2 
, TAKE OFF = 17.636 KG 0-18 % 
i 
i CL IMEOUT = 7 0 . 4 2 0  KG 0 - 7 4  % 

, "~ "_."" ......... . ."_ ... " ~ 

i .  - ,  
" 



j 197 3 NO A V E R A G E   C A Y  EMISSIONS 
____ _" "_ _" __ _" " - 

Y 

" .. GP.AND  TOTAL A I R C R A F T  . . . .  EMISS1 .ON =-_ll20*764 . . . . .  KG l O C * O C  't . . .  - . . . . .  

Y 

JUMBO 3 5 0  = eC.33C K G  7.17 2 
4.48 2 
7.90 'x 

L O K G  150 = 154.96C K G  1 3 - 8 3  % 

" - .... " - "_ "" ". - JU?.OC"_2?._q = "" 50.* ~ .. . . .  . .... . . . . .  
L O N G  z c o  = 8 e . 5 4 9  KG 

" " ". " - - 
- - -. ................ . . . .  ........... ................ P E D ,  - 100 =..,--64 5 ,C23 K G  57155 % 

S H O R T  5 0  = 28.870 KG- 2 - 5 9  2 
~. - ._ . _. . -. . _ _  . . . .  

T O T A L   A I R   C A R R I E R  E M I S S I O N  = 1047,937 K G  93.5c 2 Y 

! 
~-~ "" ." - 

T O T A L  A I R  C A K G C  EPISSICN = 20.959 KG 1 a e 7  2 - 
I 
I .. - .... - .. " . . . . . . . . . . . . . . . . . . . . .  - . . .  
I 

TlJR@O . . . . . . . . . . . . . . .  = 49.081 KG ........ 
P I S T U N  - - 2 - 7 8 6  K G  

4 . 3 8  % 
C - 2 5  % 

. . . . . . . . . . . . . . . . . . . .  

i T O T A L   G E N E R A L  A V O  EMISSION = 51.868 KG 4 - 6 3  % - 
i 
I 

T A X I I O L E  = 143.281 K G  12-7e % - -.___ " 

I T A K E  O F F  = 237-414 K G  21.18 X 
C L I P B O U T  = 501.390 K G  44-74 2 

. "" "- "_ - 

Y 



Y-"" 

! 

TABLE 5.2 [ C C S T  INUED) . . . . . . .  
yr 

-.- 1975 "" NO AVE2AGE D A Y  EMISSIONS " _ _ _ _ " ~  

'py 

'7 
, . . . . .  

I.yr 
" 

". . . . . .  M E D O  "..!OO ..... -= .. 650.251; K G  .. 4 4 . 9 5  2 ...... ... 
SHGRT 50 = 2 0 . 2 5 1  KG 1 - 4 0 " %  

TOTAL A I R  C A R R I E R  EMISSlUN = 1364 .376  KG 9 4 . 3 1  2 

TURBO = 52.118 KG . .  . . . . .  ....... 

PISlCN - 2 . ~ 5 ~  KG"" c.2c 8 ... ......... " . . . .  3 60  2 _.. - 
TOTAL GENERAL AV.  EMISSION = 55 .077  KG 3 - 8 1  9 

i*l;A\Lj T G T A L  A I R C R A F T  iMISSIIjN = 1446.740 KG 1oc.cc 2 

- TAXIIDLE = 170.332 KG 11.77 .. a 
T A K E  O F F  = 3 2 3 . 4 5 1  KG 
C L I P B O U T  = 672.141 K G  46-46 3 

" 

22.36 % 

- - I .- APPROACH ........ = 2390791 .KG 16-57 X ..... ... ..... . . . . . .  . . . . . . . .  _"  _" 
L A N D I N G  = . 41 .019  " 

" " " - 
2 . 8 4  - x  



YI +.""""--- --- ~ "" 

I 

. -. .. "" -" . ." ........ "" ." .. - ... I .  " . ". " ..... - .... ~ . . . . . . . .  " . . . . . . . . . .  
I n  

l ? O . C C ,  ? ... 

JUMBO 3 5 C  = 465.679 K G  

.- I -. -. - . . . . . . . . . . . . .  . . .  . . . . . . .  . .  - __ .. - " -. ... . ........ . . . . . .  . . . . .  WED. _, 1 C C . -  = 690.687 KG 3 6 - 9 9  % 
S t i O R T  50 = 16.736 . K G  00 75. % 

TOTAL A I R  C A H H I E R  EMISSION = 2113,717 KG 9 4 - 8 5  2 Y 

Y 

1cc.cc .? 

"- 
I w.u 

. . . . . .  . . . . . . .  . .  . . . . . . . . .  - - 

I Y 



- -. .............. -. . .  ." .............. .............. ." "" ....... "_ ....................................... " ... ........ "" ._ - .... ........ 

, ...... " 

JUMBO 3SO = 990.151 K G  

LONG 150 = 5 2 3 . 4 5 4  K G  
. .  MEDO 1CC = 767.112 KG 

SHORT 50 = 1 4 . 4 0 3  K G  
TOTAL A I R  C A R R I E R  E M I S S I O k  = 3313mii06 KG 

....... 

1 5 e C 9  2 

95 .51  t 
- ~ - " " " - -_ ". 

TOTPL A I R  CARGO EMISSION = 66 ,276  KC 1-91 % 

TUREO 
PI STCN 

2.44 % 
(2.14 S 

. . . . . . . . . . . . . . . .  

1- 

G R B 9 D  TOTAL A I 9 C R A F T  EM ISSIOP! = 

ml" 

CL IPt3OUT = 
A P P R O A C H  = 
LANCING = 

... ." .... ... _.- ... " . . . .  .......... . _- " ...... 2 .. 



' f- 
" "" 

....... . .... -- ___ "~ ." ...... - 

LONG 150 = 629.437 K G  

SHORT 50 = 7.132 KG 
PED. 100 = 614.953 K G  

T O T P L   A I R   C A R R I E R  EMISSION = 4Y54mlE8 KG 

Y 

. . .  

Ilr 

T O T A L  
.. ........ 

GR!!?!D T C T A L   A I R C R A F T  EPISSICK = 5160.223 K G  1cc-co fE 

, .  

I 

CLIPBOUT = 2572.320 KG 
APPROACH = 702,071 KG 
L A K O I N G  = 121,528 K G  

49 .85  % 
13.61 8 
2-36 % 

. . .  
lW4l 

" - 

Isr 

1 c .. "" .............. ... . " ...- . - . . - "_ .. " .. - ." 

Y 



" "_ 
t W  ; 

I 

r" 
".- 1995 NO AVERAGE  DAY EMISSIONS - ""__I_ " _ ~  "" 

GRAND TOTAL AIRCRAFT EYISSIOK = 6948.848 KG 1CC-00 S ._ 

y. JUMBO 35C = 2 8 1 5 . 3 2 3  K G  4 0 . 5 1  % 

LONG 150 = 7 2 7 . 5 9 7  KG 1 C . 4 7  2 
NED. 100 = 4 1 7 . 7 3 1  KG 6.G1 8 
SHORT 50 = 3.371 K G  0.c5 na 

TUTPL A I R  C A R R I E R  EMISSION = 0690.1155 K G  9 6 . 2 9  % 

*Y. 
GPANO 7 0 1 3 L  A I R C R A F T  ZMISSION = 6 9 4 8 . 8 4 9  KG 1oo.cc x 

CLIP'BCUT = 3511.113 K G  5 0 . 5 4  X 

i 

-1 
I 

W Y '  * !  
J " "."_""" - i  ."-___"""-I_- "" _.". 



I 

- zcoo - KO A V E R A G E  "." "_ "_ DAY EHISSICNS . "" ". . 

Y 

G K A h n  T O T A L   A I R C R A F T   E M I S S I O N  = F 7 3 2 . 4 6 1  K G  100.00 4: 

JUMDO 3 5 0  = 3670.136 KG 
yr, 

L O N G  1 5 0  = E 0 4 . 3 6 3  K G  9 . 2 1  % 
M E D O  1 C O  = 213 .511  K G  2 . 5 1  2 
SHORT 50 = 1.360 K G  0 - 0 2  ?I 

T O T A L   A I R  C A R R I E R  EMISSION = 8422.3137 K G  Y 6 - 4 5  2 

T U R B G  = 1 3 4 . 0 2 1  K G  1 - 5 3  7l 
P I  S T C N  - 7 0 b 1 ; 9  KG C O G 9  t 

T O T A L   G t N E R A L  AVO EMISSION = 1 4 1 . 6 3 0  K G  1 - 6 2  % 
- 

I 
I - 
I **IUi 

. ...-._.-.-. ... ........ .......... - . 
w 

, '  

- ___" "_ - 

Y 



T A B L E  5.2 C C h T  I N U E G )  
mm 

GRAbiO TOTAL A I R C R A F T  tMISSION = 122.E45 KG L C C . C C  I! 

JUMeO 350 = 4.717 KG 3 - 8 4  Ib  
............ . . . .  JUf"6C 250 = .... 2.948 K G  2 . 4 c  s . .  

LONG 200 = 13.527 K G  
L O K G  150 = 23.673 KC, 1 9 - 2 7  gl 

- . . . . .  - ....... 
1 1 , C L  ?" 

" 

YEC. 1 C C  = 63.C39 KG 51.32 2 
SHORT 50 = 5.267 K G  , 4 0 2 9  x 

T C T k L  A I R  C A R R I E R  EMISSIOh = 113.172 KG 92-13 3 

' r y  

, ..... - ..... 

-: 6.C3 I 

I= 
. . . . . .  . . . . . . .  

GRAND T O T A L  A I t l C R A F T  E Y I S S I O N  = ' 1 2 2 . - 2 4 5  KG 1cc.cc 2 .  
I 
I 

a m ,  3-9 I I  !-w3"" 4 8  " 39.18"%_ . . ; TAKE OFF = 11-685 KG 9 - 5 1  a 
I C L I M U O U T  = 31.829 KG 25.91 % 
i 6 P P H C A C P  = 26.690 KG 21.73 2 ... ..-. ~..4. .... 14"~G ..... 

LANOI-NG = .> 3-67  a 1-1 
I 
" "" - . "_ "" 

m 

I - I 
! 

2 i  

Ti 
3 1  ........... ""...._.""__."I_.." I" ""_""".." ~- """ 



T A B L E  5.2 ( C w u m u E o )  

- 1973 ...... so "" ...... AVERAGE - - ......... D A Y  EMISSIONS " ..... -. ... 

GRAND T O T A L  A I R C R A F T  EMISSIOFi = 141.001 K G  1oo.co t 

JUP'RO 350 = 1 2 . 4 6 9  KG 8.8C ? 
Y 

L O N G  15C = 28.406 K G  LC,.19 x -1 

, .. . . . .  M E 0  0 100 = 6 3 . 5 S O  K G  4 5 . c 7  ? 
. S h O R T  50 = 3.694 K G  2.62 X 

. " 

TOTAL A I R  C A H R I E R  EMISSIOIV = 1300523 KG .92 .57  t MI1 

"" - " . " - ." - . _____- 
TOTOL A I R  C A H G C  EMISSION = 2,610 K G  1.85 a 

! 
. .  __ ............. - - " . -. . . . . . . . . . . .  4 - 9 9  9 . . . . . . . . . . . . . .  

c.59  ? 
TOTAL G E N E R A L  P V o  EMISSION = 5 . 5 8  2 

Iyy 

I 
1 . . . .  -. . . . .  ......... . . . .  

GRAND TOTAL"AIHC'RAFT E M I S S I O N '  = 14 oc ~ . .  1cc.co 4 

i 
I--""--"--" " ."._ "" ""." - 

I Y l  



T A B L E  5 .2  ( C O h T I N U E D )  
W 

198 0 SP A V E R P G E  DAY EMISSICNS -" 
r 

"" 

. . .  GRAND T O T A L   A I K C R A F T   E M I S S I O N  = 2 1 2 . 5 6 4  KG 1oc.co ? - " - " - 
l s l  

JUPBC 350 = 27.347 K G  1 2 . e 7  9 

.. - " . " .... - MED. . ,  1co .... .= .... 6 7 . 5 C 2  K G  . . . .  3 1 - 7 6  2 
. S H O R T  50 = 3.C53 KG , 1 0 4 4  3 

,- TOTAL A I R   C A K R I E R  EMISSION = 1 9 8 . 2 4 3  K G  93.26 % 

. . . . . . . . . . . . . . . . . . . .  - . I . .. . "  ". . . .  

1 CLIMBCUT = 56.735 KG 26-69 % 

.. " - .. "" . . _  .. "I..... " ._""_ -... " . 
I Y  



'r" " "- " 

I *L 

T A B L E  5.2 ( C O h T I N U E D )  ~. 

1 9 8 5 L "  so A V E R A G E  D A Y - . E W S S I ~ N ~  - 
i y1- 

I "" _______ ___.  -__- " - 
T O T P L   A I R  C A h G O  EKISSICN = 5 . 7 3 1  K G  1 . m  z 

NI* Ill 

... ". - - " . "_ - . ". . - T U R B O  = 1 1 . 4 5 7  KG 3.76 % . . . . . .  - - . -. - __ - . .  .... . . .  . . . . . . . .  . . .  ". - 
PISTON 

- - - 1.350 KG c . 4 4  3 
T O T P L  GENERAL  AVO E M I S S I O N  = 12.607 K G  402c  t yr*! 

w y :  
. . . . .  .- ". . . - .. "_ . -. ..... - . - . - 

G R F N U -   T C T A L  F I R C R O F T  E K I S S I O N  = 3c5.C7C K G  1 C C m C C  x 

APPROACh = 63.832 KG __ . .  

LAkDIIUG = 10.986"KG 



f 

1990 so _ _ _  AVERAGE "" D A Y  EMISSIONS " 

" - _. 
T O T A L  A I R  C A R G C  EPISSICN = 

"" "" 

7.853 K G  1.89 t 
~- 

T U R e O  ~ 

P I S T O N  

(I 
TOTAL G E N E R A L  A V O  tPISSIOh = 15 ,279  KG 3067 2 

............ 

Iy ... " ........ . . . .  

C L I P B C U T  = 113.372 KG 
.APPRO.ACH = 8 5 . 1 4 7  KG 
LAKDING = 1 4 o 7 C 5  KG 

. . . . .  . . . . . . . .  - 
"" 



... . . . .  ....... ". .. "" - . .. . .  _. .. "" ......... . . . . .  - . . . . . .  
- 

T A E L E  5.2 ( C C h T I Y U E D )  . . . . . . .  . . . . . . . .  . . . . . .  . . . . .  
" 

- 1?95 so A V E R A G E   C A Y  EFISSICNS ~- - 

. -  

. . . .  -. . G R A N D  T O T A L   A I R C R A F T   E M I S S I O N - = .  52.8.649 

JUPEC 3 5 0  = 165.331 

L U h G  2 c o  = 3 7 . L 5 1  
. -. ... - ........ - - JUMBO 2 5 c _ .  = 1 4 5 . 6 6 0  .................. 

LONG 153 = 111.154 
M E D .  1 C C  . =.-.-  40.826 
S h O R l  50 = C.651 

T O T P L  A I R  C A R R . I E H  EKISSION = 5C3.893 

. . . . . . . . . . . . . . . . .  

K G ..... 1oc.co 
K G  
K G  
KG 
K G  

31.27 
2 7.59 

? . G I  
2 1 . C 3  

KG _ _  . . . . . . . . . . .  7-72 
KG c .  12 
KG 9 4 . 7 5  

__ . __ ____ 
T f l T P L  A I A  C A R G O  EPISSICN = 10.018 KG  1.89 

"" T U R @ O  "-  . = . .  15.669 
PI STCN - 1.C7C 

T O T P L  G E N E S A L  A V O  EMISSION = 17.739 
- 

GKP?!C T C T A L   A I R C R A F T  E h 4 I S S I C N  

T A X I I D L E  
T A K E  CFF 
C L  1 Pt3 OUT 
APPROACh 
L A h U I K G  

= 52E.649 

= " 2 C 3 . & 2 9  
= 54.678 
= 145.176 
= 106oS39 
= 1 8 , 4 2 8  

K G  3 , c c  
K G  0.35 
KG 3.36 

" 

x 
2 

. .  ~. . 

wa 
. .  

K G  
K G  
KG 

2 7 . 4 6  % 
2C.15 2 

3.49  8 

Y 

I Y t  



I Y  
" "" . .  " .." ". .... ... .. . . .  "_ - 

2000 so - 
T" 

A V E R A G E  C A Y  E V I S S I C N S  -~ 

Iy 

G R A K D  . T O T A L . , A I R C R A F T   E M I S S I O h ; - = .  .. 6 4 1 0 6 5 7 - . K G -  

JUMDO 35C = 215.530 KG 

. . .  - NED. 1 C G  - -  - =  . 2 1 0 4 5 3  K G  
SHORT 50 = 00248  K G  

T O T L L   A I R   C A R R I E R  E!'!ISSIOk 609.241 K G  
- 

T O T A L   A I R   C A R G O   E M I S S I O N  = 12.165 K G  
___ - ." 

1 0 9 c  3 
1- 

T U R B C  = 18.100 KG 2 . 1 2  2 . . . .  

PI S T O N  - 2.132 K G  0033 t 
m T O T b L   G E N E R A L  A V .  E M I S S I O N  = 20.232 K G  3 0 1 5  % 

- 

G R A R D  T C T P L  AIRCRAFT E b ? I S S I U N  = 6 4 1 . 6 5 7  K G  LCC.00 2 

iy . . .  . ._ " 
APPRCACV = 127,978 K G  
L A R D I N G  = 2 2 0 1 5 6  K G  

19.94 % 
3.45 % 

.......... -. . - . . . . . . .  - 

. I  t u '  

: I  
- ....... ...... . . "_ - . .. ... 



..... - . . . . . .  .- ." "_ "" ......... " . . .  ." "_ ......... _" . . ...... ._ ............... yu 

" .~ 1973 P T  A V E R A G E  .. D A Y  ............ E M I S S I - 3 4 5 _ _  ", 

GRAND T C T b C  A I K C R E F T  EMISSICK = 99.436 K G  1 c c . c o  

"" 

T O T A L  A I R  

JUMEU 3 5 0  = 3.2'38 KG 3-32 
JUKeG . 250. -. = . .  2 . C C 1  K G  .- 2 .C7  
LONG 2 C O  = 1 4 . 2 5 2  K G  14 .37  
LLING 150 = 25.012 KG 25.15 
F"EC . 100 = 24.57C KG 2 4 - 7 1  
S h C R T  S O  1 3 . 9 5 2  K G  14  . c 3  

C A R R I E R  EMISSION = 83 .186  KG 8 3 . 6 6  

." . 

'x 

. -  ." .. ... . . . . . .  ". ... . 

C A K G C  EMISSION = 1.664 K G  1 .  67  

TUR BC 
P I STON 

1 4 e 6 7  
c . 0  

T O T A L  GE?iERAL A V .  €PISSIC!& = 14 .586  K G  14.67  

G R A W  T O T A L  A I R C R A F T  r , ~  I S S  rurt 

___ . 
-TA X I I C-L € 
T A K E  OFF 
CL IPdOUT 
APPKCACP 
L A K C I N G  

= 9 9 . 4 3 6  

= 3 7 . 5 3 6  
6.815 

= 20.178 
= 30.C34 - 4 , 8 7 3  

- - . - - . ". 

- 
KG 
KG 
KG 

20.29 X 
3C .20  % 

4 . 9 0  2 

. . . . . . . . .  ." I ........ - . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

-11, 



- "" 197 . 5 ___." P T  A V E R A G E  " C A Y  E b ? I S S I C V S  _"___ 

." . - - "" ~ - . ~ "_ 
T O T P L  A I R  CARGO E M I S S I U R  = 1 . 8 3 8  KG 1-68 T 

T U R E U  = 1 5 . 4 8 9  KG 1 4 . 1 8  X 
PI S T C N  - 0.0 K G  c o c  2 

TOTAL G € N E H A L  4 V .  EMISSION = 1 5 0 4 8 9  KG 1 4 - 1 8  % 

1- 

- - 
m 

G K A E D  TCTbL A I R C R A F T  EMISSIC!IZ' = 109.2C4 KG 1CC.CC f 

"- T A X I I G L E  ~ = "" 4 5 0 2 4 7  K G  4 1 - 4 3  % 
T A K E  CFF = 7 .145  KG 6 0 5 4  X 

7 
- .. . .. 



fl--""---"--"~ " -" "- 

. . - .. . . . . .  . . . . . . . . . . .  - - .... ". . . . .  ". . . . . . . . . . . . .  _ _  wu 

T A B L E  5.2 ( C O h T . I N U E D )  
m 

" "" .... - " 1180 ....... PT__ A V E R A G E  C A Y  E M 1   S S I U N S  __ -. 

G R A N D  T O T A L  A I R C R A F T   E F l I S S I O K  = 173,241 KG 1oc.cc 91 

. ". - ... 

JUPt?O 35C = 1Q*120 K G  ll.C4 2 WL 

" - JUk8LI L50 . . . . .  = 18.429 KG- 1c.93 % .  - .......... -_ , ....... . . .  

LGhG 2 C C  = 8.522 K G  4.92 2 
LONG 1 S C  = 6 8 0 8 e 8  KG 39.76 % 
KEC. 100 = 26.3C9 K G  15.19 f 

TCTPL A I R  C A R R I E R  E M I S S I O N  = 1 4 9 . 8 5 6  K G  8 6 - 5 C  % 

k*uI 

SHCRT 50 = e 0 0 8 8  K G  4.67 ? 

yry 
__ - _" - .. -. . - -. "" -. ... 

T O T ~ L  AIR CARGC-.%KISSION = 
"" 

2.997 KG 1.73 % 

TURBI! = 20.387 K G  11-77 3 *up 

P I S T O N  - 000 K G  c o c  3 
T O T P L  GENERAL A V O  E M I S S I O K  = 20.387 KG 11.77 t 

- 

GRAND T O T A L   A I R C R A F T  ,MISSION = 173.241 K G '  IC0.CC t 
. .  IYT. 

"" T A X I I D L E  = 680319 KG 39.44 % -. ". - . . . . " . "_ " - - "" " 

T A K E  OFF = 11.145 KG. e - 4 3  z W h i N i L  

C L I P E O U T  = 34.277 KG 19.79 a 

J L- " ""_" "" 

I U! 



GRAND TUTAL AIRCRAFT EMISSIOI\I = KG 

K G  

h G  
K G  
K G  
K G  
K G  

KG 

K G  
K G  
KG 

K G  

-. - - "_ 

f 2 4 6 . 7 8 0  1oc.cc 

4 0 . 0 5 4  
3 7 , 0 2 4  
18.C75 
8 4  -490 
29.221 

C . Y O 1  
217.22S 

26.47 
l ' i . C C  
7.65 

34.24 
11- 84 
2.82 

€?D.C2 
" 

L U N G  150 = 

SHORT 50 = 
C A R R  I E K  E N  IS5 IOK = 

M E 0  100 = 
ty 

m T O T P L  A I R  
... - - .......... 
T O T A L  A I R  

T O T P L  G E N E R A L  4 V -  E Y I S S I O P J  = 

-. ............ 

4.344 
......... - " " ..... " 

x 

TURBG 
PI STCN 

25.211 
0.L 

2 5 - 2 1 1  

10.22 
c.c 

LC-22 

1- . . . . . . . . .  . . . . . . .  

GKAr!D T O T A L  A I R C K b F T  EYI.SSICN.= - 2 4 6 . 7 8 0  KG 1sc.co !? 
. .  . .  

- I  



I 

_" ___----- Y 
.... ..... ..... ....... 

GRAND T O T A L  I r I R C R h F T  EMISSIOR = 339.136 K G  1co.cc 2 
8mm 

JUVSBC 3 5 0  = 7 4 . 4 9 1  K G  2 1 . 9 6  3 
. ". " JUMBO-. 2 5 Q  ...... = 69.636 K G  2c,,s9 'x 

C O K G  2 0 ~ 6  = 30.i63-KG E.92 2 
L O N G  1 5 0  = 101.5Cj6 KG 2 9 . 9 5  2 

S t i G R T  50 = 

.... . . . . . . . . .  . ~- . ............... ". 

y.r 

PED . I O C  = 23.425 KG ......... 6. ' l l  f . . .  - . . .  . . . . .  . . . . . . . . . . .  . - 
3 . 4 4 6  KG 1-02 3 

TCTAL A I R  C A H R I E K  EMISSIOk = 303.G57 KG ~ 4 . 3 ~  a Y 

........... - ." " ._ . . ""_ . _ _ _ ~ -  . 
T O T A L  A I R  C A K G O  E M I S S I G N  = 6.061 K G  1.79 !I 

w1 

TURBG = 30.G78 KG 8 - 8 7  

T O T A L  G E N E R A L   A V .  EMISSION = 30.078 KG 8 - 8 7  2 WL 

. . . . . . . . . . . .  . . . . . . . . . . . . . .  . . - .  . 
P I  sTm - - 0.G KG G O O  0 



T A B L E  4.2 ( C O h T I N U E D )  

1 9 9 5  __ PT"" A V E R A G E  _" -__ DAY EMISSICNS __ 

= 4 3 4 . 5 6 7  

= 115.592 
= lOl.Y'33 
= 3 9 . 1 4 7  
= 1 1 7 , 4 4 0  
= 15 .912  

1 726 
= 391 ,810  

. 

- 

K G  LOC,CC 2 . .  

x 
z 
2 
% 
'?: ... - ..... I ...... - . .- ... - " 
% 
a 

~ ~ _____ 
T O T A L  A I R  CARGG EMISSION = 7.836 K G  1-80 Qa 

TOTAL GENERAL AVO EMISSION = 3 4 - 9 2 1  KG 8-04 2 - - 

" . . . . . . .  . " . _. " . . . . . . . . .  
GRAND TC!TAL A I R C R A F T  'EMISS. I i lN  = 4 3 4 . S 6 7 -  K G  1cc.cc 2 

........ 

CLIMBCUT = 7 3 - 7 4 7  
.. - ......... ................... .... b P P R C A C H  5 1 0 5 . 4 2 2  

7 
- " " 

L k h O I N G  = 17.962- 

KG 16-97 2 

K G  
3 4 - 2 6  .. % .. "- 

ft - 13 a 

.... "" ". ... . . . . . . . . . . .  . "" _" 

m 
... . .  . . . .  - .. . . . . . .  - . . . . . . .  -. . . .  . . . . . . . . . . . .  - .. - . " . ." 



I 

! 
I 

Y 

" . .  " .......... . . .  . . . . . . . . .  . .  

I 2000 P T  AVERAGE D A Y  EMZSSICNS 
" "" ". " "" " - " - ." Y 

I 

-~ ~ ."" - - " - - 
TOTPL A I R  CA;IGO EMISSION = 9.626 K G  1 - 8 1  % mm 

TURBO = 3 9 -  d29  KG _ ,  ...... 

P I S T O N  - 0.0 KG coc 2 .. . . . . . . . . . .  .. . . . . . .  I . . . . . . . . . . . . .  - ............ - . .  ". 7 - 5 0  9; - - 
TOTAL GENERAL P V ,  EMISSIOK = 39.829 KG 7-50 % w r .  

... . . .  

G H A r r O  TGTPL AIRCRAFT . E M I S S I O ; \ i - =  530.740 KG  1CC,CG % 
" 

T A X I I D L E  = 2 7 2 - 2 5 5  KG 51-30 2 
w 

"_ "" "__I - - "" ". "" 

I T A K E  OFF = 26.413 KG 4-98 % 
! CLIPt3CUT = 87 .204  KG 1 6 - 4 3  X 

APPRCACH = 123 .750  KG - _ _ _ - _  - " 1 

. . . .  -. ....... -. .......................... 
LANCING = .  21.L18-KG- 3.98  2 

" 

I 



r"----"" - - 
! 

GRAND TOTAL AIRCRAFT EMISSION = 5 2 1 5 . 8 5 2  KG 1oo.co ? - - J U M R O  350 = 1 6 2 . 2 4 7  KG 3.11 x 
. - . .. ". . ". - - - . . - .. . . . . . . . . . J U P b C  250.  .. . - = . . - . 101.4C4 K G  .- .. . l"94 .8  

15.65 % LONG 2 0 0  = 8 1 6 . 2 5 4  KG 
~ " - - - . . - . - "_ - -. 

I I  L U N G  150 = 1 4 2 8 . 4 4 4  KG 27.3'3 % 
KED.  100 = 1 3 3 9 . 4 7 5  K G  2 5 . 6 8  % 
SHORT 50 = 72.806 KG 1.40 Z 

m T O l b L  A I R  C A R R I E R  tMISSION = 3920.630 KG 75.17 % 
"" .. . . ". " .. . . ." . "" "" ." - .. "" _" 

T O T A L  A I R  CARGO EMISSICN = 7 8 . 4 1 3  KG 1.50 % 
. . - - -. " " " "_ - . " - " " 

1- 

GRftp4C T O T A L   A I R C R A F T  EI"IISSICII\: = 5215.652 KG 1cc.cc t 

T A X I I D L E  = 4 0 6 5 . 8 5 5  KG 77.95 a 
-,---- 

- " ". " - - "" 

r A K E  OFF = 48.187 KG 0.92 X 
" 

! C L I P B C U T  = 5 6 6 . 7 1 2  KG 10e8.7 2 
A P P K J A C H . . =  4 8 0 , 6 3 1  KG - -  

LANGING = 5 4 . 4 7 2  K G  1 . c 4  % - ," " . __  . - . 9.21 2.  . ."_ . . . . 



I 
i 

J 
i 

- 197 ~ " 5 co P E A K  DAY EMISSIONS -__ - 
Y 

GKftND TUTAL A I R C R A F T  iMISSlCN = 6205.449 KG 

JUMEC! 3 5 0  = 448 .110  K G  
JU%bU 2 5 0  = 5 1 5 . 3 2 6  K G  
LONG 2 C O  = 515.295 K G  
LONG 150 = 1803.531 KG 
MCD. 10C = 1 4 1 7 , 6 2 1  K G  
S I i O R T  5 0  = 5 3 . 6 2 2  KG 

T O T A L  A I R  C A H X I E R  E F l I S S I O i 4  = 4753,703 KG 

T U R B O  . . = 183.010 K G  
PISTON = 1173.Ct9 K G  

TOTAL G t l V E R A L  A V O  EMISSXON = 1356.679 KG 

1oc.co 3 

7.22 3: 
8.30 2 
n o 3 0  '1; 

2 Y . 0 6  X 
22.85 Z 
0.86 f 

76.61  'Z 

C L I P B C U T  = 633.512 KG 10.21 t 

i - 
i &in 

"" " 

. , .  ? 
- 



cu 

"_ 1985 - _~ co P E A K  __ D A Y  EMISSICNS ". - _" ". 

(I 

GR&,NC! .TOTAL A I H C K A F T  EMISSIUPi ~14358,133 K G  l C C , C O  % . . . . . . . . . .  - 

I 

LONG 1 5 0  = 5 0 6 2 . ~ 8 8  K G  

SHOKT 50 = 38.113 K G  
T O T A L  A I R  C A H R I E K  EMISSION =11913.106 KG 

. . . . .  - M E 0  ZOC = 1671.489 KG 
35-26 % 

- i  i' 1- . " . . . .  - . . .  . . . . . .  ." . . . . . .  - ............. - ... .- .... ~ .. - . ~ _" _. 

* I !  



I 

I 

GHbYD T O T A L  A I R C R A F T  EMISSIOK =10102.750 K G  1 o o - c o  91 

JUMBO 3 5 0  = 987 .216  KG 

LU%G Z C C  = 5 1 0 . 8 5 2  K G  
L C N G  l 5 C  = 4 1 2 9 . 3 8 7  K G  
MED. 100 = 1505.449 K G  

I S H O R T  S O  44.3CO KG 
T O T A L  A I R  C A R R I E R  EMISSION = 8 1 5 4 . 5 3 9  K G  

.- - . - - -. . . -. . . . - .. .. -. - .. - . . . . ". . - . . J\JYFU . 2-50 " . = 977.344 KG. ..~. 

. ". . . . "  TURBO . . .  . . = 2 4 1 . 5 9 5  K G  
P I STUN = 1543.529 K G  

T O T A L  GENERAL AV.  EMISSION = 1 7 8 5 . 1 2 3  K G  

9 . 7 7  3 
"" 

kn 

WilE 
. _. 

M 

I LIL 



I 

. . . .  T A B L E  5.2 ( C C h T I N U E D )  .... - . . . .  . .  . . . . . . .  . . . . . . .  

I 1995 co PEAK D A Y  E M I S S I C N S  
" - "" 

". GRAND T O T A L  A I R C R A F T   E M I S S I O N  = 2 5 0 0 0 . 6 4 1  . . . . . . .  K G  . 1 c c . c o  % 
.... " ....... ". . .  

JU'@BC 3 5 0  = 5961.488 K G  23,E5 3 

LONG 1 5 0  = 7031 .711  K G  2 R - 1 3  S 

S H O R T . " "  5 0  = 
. MED. 1 C O  = 909.459 K G  3 0 6 4  ri: . ". -. ...... - . - " ........... - . - ......... - - . . . . . .  ... . . . . .  ....... . ....... ........ . - 9.442 K G  - " ". 

d . 0 4  2 
T O T A L   A I R   C A H K I E R  EMISSICN = 2 1 5 1 6 . 1 4 1  K G  86-06 X 

~ .. "" " . ." 

T O T b L  A I R  CARGO EMISSION = 430.323 K G  1-72 % 

..... " . . .  - ...... - . . .  TURBO .. . = 4 1 3 . 3 4 6  K G  . . . . . . .  
P I S T C N -  = 2 6 4 O o e 3 8  KG 

T O T P L  GENER4L b V .  EMISSION = 3 0 5 4 . 1 8 3  K G  

- - __ T A X I I D L I :  ____. - 2 1 4 2 7 , 8 4 4  - - " - K G  ?.?! 3 .  ____ 
I TAKE.-CFF = 139.062 K G  0.56 X 

C L I M B C U T  = 1 5 C 6 . 4 2 8  KG 6 - 0 3  Z 



TAELE: 5.2 ( CChT INUEO) 
Y 

TOTAL  GENERAL A V O  EMISSION = 26330417 KG 13.38 8 
u 

CLIMUOUT = 1287.942 K G  6 0 5 4  S 
~ ... I " .... - APPKOACH = 1397.286 .KG .......... 7.1C X ... __ . - ........ -. - .... -. . . . . . . .  . ." " " - . 

LANDING = 180.439 K G  G.92 X k l  

I 

i - . - ""I 



I - . ................... ~- .............................. . . .  .. ". . .  - ............ "" 

~ G K A R D   T G T A L   A I R C R A F T  CEISSIQN . "" = 2 4 5 4 . 2 2 6 - K G  r!Jo-co 2 . . . . . . . . . . . . . . . . . .  

#m 
JUMBZ 350 = 4 1 . 8 7 9  KG 1.71 % 

__ JUF1EG -259 = 26.174 K G  _" ." - _ _  - . . 

6 y b  9 ~ 4  LONG 2 c o  = 2 L 4 C  9 
"" ~ "" ". l * C 7  .a " L - L O N G  150  = 1 2 1 9 . 6 8 7  K G  49.70 % 

" M E D .  106 = 3 0 4 . 9 1 1  K G  
S h G K T  5 0  = 5 5 . 6 8 7  KG 

T O T A L  A I R  C A K K I E K  E M I S S I O Y  = 2 3 4 5 . 3 0 2  KG 9 S . 5 6  Z 

TURBO = 3 7 . 5 6 6  K G  
PI S T U N  = 2 4 . 4 5 2  KG 

T O T P L   G E N E R A L  AV. EMISSION = 6 2 . 0 1 8  KG 
" "" " ..... - .... " " ....... ..... "" -_ 

G K 4 Y I )  TOTAL A I R C R A F T  



I 
, 
i 

. . . . . . .  - . . . . . . . . . . . . . . . . .  .. ................................. -. . . . . . . .  - . . . . . . . . . . .  .. w 

Y 

TOTAL . A I R  C A R R I E R  LMISSION ~ 2 6 3 3 8 . 2 5 4  KG 8 t i . n  a It 

""_I_ . ... -. "" . 
TOTAL A I R  C A H G C  E K I S S I C N  = 5 2 6 . 1 6 5  KG 1.74 % 

. TIJZRO . . . .  = 4 7 1 . 2 8 4  K G  LOSS z . . .  
MI ' 

P 1  STON = 301l.OCZ K G  9.92 ' 2  
.. - - .  

TOTAL  GENERAL A V .  EMISSION = 3 4 8 2 . 2 8 6  K G  11-47 3 
tkW - "- "" _"______ __.___ 

G R A ? - I D  T C T A L  AIRCRAFT CKISSICN = 3 0 3 4 7 . 3 C l  KG 1cc.cc a .e 

. . . . .  



HI 

HI 

. . . . . . . . . . . . .  

... ______ .. _" - ". " ._ " ." "" ...... "- 

TAeLE 5 . 2  (CONTINUED)  

I 1975 HC PEAK D A Y  EMISSICNS " _ _ _ _ " ~  

. . .  GRAND 1OTAL A I K C R A F T  EMISSII??J = 27130379 K G  1oo.co 2 - - 

JUMBO 350 = 115.665 KG 4.2h ? 
JUV,:E!O-- L 5 C .  = 133.c114 K G  
LCNG 2 C O  = 4 3 3 . r h 9  K G  
LONG 150 = 1539.YS9 KG 
MED. 1 C O  = 322.745 KC, 
SHORT 50 = 4 1 . C 1 4  KG 

TOTAL A I R  C A R R I E R  E M l S S I O h l  = 2 5 Y 2 . 3 6 5  KG 

4 . 9 c  :t - 

16.22  ? 
56.75 X 
11.89 2 

1 - 5 1  b 
9 5 . 5 4  rl: 

"" "" - " ..... ...... " ....... " -__ "" . " l",64.8 ..KG- ......... .... "" __ .... -~ .......... 

T O T 4 L  A I R  C A R G O  EMISSION = 1.91 9, 

TlJKBC = 41.e84 KG 1 - 5 4  % 
PI STOR = 27.263 K G  l o c o  1 

TOTAL GENERAL AV.  E M I S S I I I N  = 64.147 KG 2 - 5 5  % 

GRA?:D T O T A L  AIHCRCFT  EMISSION = 2713.379 KG 1cc.cc  

"- 2630.068 . 

4.903 
25,675 
46.058 

7.278 

" "" !a x I !.QL €-..E 

TAKE O F F  = 
CL I M O O U T  = 

I . . . .  _. AP PttOCsCH .= I 

. . . .  - 
! LANOING = 

JI 

~ ." " . . .  .... .......... .... " . "_ .......... _" .. ". 

cy 



! 
! 

i-" 
198 0 "- "" " " . ~  _I_""_ HC P E A K  DAY EMISSICNS - 

WI 

GRAND T O T A L   A I R . C R A F T  EMISSION = 5033,656 K G  1oc.co 
Y 

JUPRC 350 = 2 5 4 . 8 1 7  K G  5 .C6  
.. . "" ~" "_ . . . . .~ " . JUMBC . 250 252.269 KG 5 o C 1  

LONG 2 0 0  = 436.195 K G  e. 6 7  
LONG 15Q = 3525.909 KG 7c.cs 
K E D .  L C 0  = 342-692 KG co e l  

. 

SHORT 50 = 3 3 . 8 & 4  KG C.67 
T O T P L  A I R  C A R R I E R .  E M I S S I O h i  = 4845.762 K G  96.27 

% 
% 

.. . . .. . .  . 

Wlt n 
"0 

T U R B O  = 5 5 . 1 1 1  K G  
PI STCN = 35.872 KG 

G E N E R A L  4V. EMISSION = 90.984 K G  

1.09 
C.71 
1 . 8 1  

"" ___ 

2 GKAFJD TOTAL A T R C R 4 F T  E M I S S I C R  = 5033.656 K G  100.00 

KG 
K G  

k y l l  



"_ 

T A B L E  5.2 ( C C h T I K U E D I  
t- 

GRAFtD TOTAL A I R C R A F T  E ~ l I S S I U h  = 6980.531 KG 

JUMOO 3 5 0  = 541,629 KG 
"_ " ....... " - -_ " JUMHU - 2 S C  - 7 .  493.270 KG . . . . .  - ... ....... 

LONG 2CC = Y 6 5 . 7 9 4 -  K G  
LUNG 1 5 0  = 4 3 2 3 . 0 6 6  KG 
KED.  1 C C  = 380.469 KG 
SHORT 5 C  = 29.152 K G  

T f I T b L  A I R  C A F I R I E K  E M I S S I O N  = 6 7 3 3 , 3 9 5  K G  

100*00 % 

.. " . _" "_ ................. ............. .... .... ......... ... ...... - ". - - - " ". 
T O T A L  A I R  ~,AKGO..EMISS.ION.."=' 13 4.668 KG 1.93"% ..... - TURBU = 68.129 K G  c .9e  2 

P I  S T C N  = 44.345 K G  C.64 % 
T O T A L  G E N E R A L  A V O  EMISSION = 112.474 KG 1 - 6 1  X 

ry "_ ......... ." "_ ...... "" ." ......... "- ........ " . - "_ _ _ _  ___ "" " _  

a 
GHhFjD T O T A L  A I R C R A F T  ENISSION = 6980.531 K G  1oo.cc z 

, .. "_ . __ .... . ._ . 
I 

Y' 
r ,  I 

... ....""""."."". " - - 
I 



'/-"" "- 

I 
" 

1 

... ~ ........... __-- ....... ... " .- 

T A B L E  5.2 I C O R T I M U E D )  
I 

...... LC)? "" t-?C ___" PEAK .. "- D A Y  ". EMISSIONS . - 
~ "_ " . 

Y 

GRAND T C T A L  A I R C R A F T  E M I S S 1 C ) N  = 9305.242 KG 1c:o.co 

JUMBO 350 = 992.676 KG L C - 6 7  
JUPUC 25(? = 930.635 KG L C - G O  
LONG 2 C O  = 1 5 4 8 o d 1 0  K G  16-64 
LQNG 1 5 0  = 5199.565 K G  5 5 -  8 8  
PED. L O O  = 3 0 5 o O e 8  K G  3-28 
SHORT 50  = 14.437 K G  0.16 

. .  

r o m L  A I R  C A R R I E R  E r m s r m  = 8 9 3 1 e L C 3  KG 96.63 

T O T A L  A I R  C A R G O  EPISSICN = 179.824 K G  Le93 

TURBO = 8 1 . 3 C O  KG C . 8 7  
P I  S T 0 4  = 52.919 K G  c e 5 7  

"- .. "_ ... "" __ " ...... ...... 

TOTAL G E N E R A L  A V O  E M I S S I O N  = 134 .219  K G  1144 

I 

CLIMDOlJT  = 69.295 KG 0.74  % 

i 
I " 

I yn 

Y 

_" . ." - .. " "_ . 

I Y 



H. 

rui. ........ "_ .......... " " - - ....... "" " . " 

GRAND l O T A L  AIKCHAFT tMISSICk =11494.156 K G  1 c c - c o  % -. - JUh'€!G 35C = 1538.761 K G  
I .. ~ ..... . - LONG 150 = 6004.G78 K G  5 2 . 2 4  'b 

. . . . . . . .  - . . . . . . . . .  - P E D .  100 = 2C7oG25 K G  1 0 e c  3 
S H C R T  50 = 7.222 K G  . C - C 6  % 

. . . . . . .  . .  - TOTAL A I R  C A R R I E R  EMISSION =11116o172 KG 96.71 % 
_ _ _ _  "" __ ~ "" -~ "" ~ __- 

TOTAL A I R  C A R G O  EVISSION = 222.323 K G  1 -93  P 
Hll 

! . .  TURBO = 9 4 . 2 9 0  KG . . . .  0.82 8 
PISTON = 61.374 KG c -53  2 

.... " . . . . . . . . . . . . .  . . . . . .  . . . . . .  .. . . . . .  " 

TO.TAL GENERAL A v o  EMISSION = 155.665 KG 1.35 2 
lmm - .. ...... . . . . . . . .  . . . . . . . . . . . . . . . .  

G K A r < D  TGT AL A I  R C H P F T  EM I S S ' I O k  =114.Y4.-1-Ljk KG lc>C.CC 2 

i CLIt'bOUT = 85.108 KG 

9 .... .... . .  ......... ..... ".._ ." 



T A B L E  5 . 2  (COisiT I N U f D )  
u 

GRPFJO T C T A L   A I R C R A F T  E M I S S I O N  =137G9.770 KG 1GC.CO 2 .... 

..... -. "" . - ............ __ ............... 
JUMBO 3SC = 2005.319 K G  

LONG 2 O C  = 2654.156 K G  
LOhG 15C = 6635.379 KG 

JUvPCl. 2 5 C -  . =  lt3360.6C6 K G  
1 4 . 6 3  % 

19 .36  %- 
2 3 . 5 7  2 . . . . .  -. ....... 

' + f ie40  I! 

- .  

Y 

M E 0  1 C O  ,-  . = 108,753 K G  c . 7 9  'b .......... . . . . . . . . . . . . .  
S H O R T  so  = 2.749 KG . c o c 2  2 

T O T k L  A I R  C A R R I E R  C f I I S S I O N  -13266.953 KG 96 .77  X I h l  #I 

... ___ "" .... ... "_ 
T O T b L   A I R  C A R G O  E M I S S I U N  = 265.339 KG 1.94 2 

. . . . .  _ _  . . . . . . . . .  - ....... T U R B O  . . . . .  = 107.507 KG , 

PI STOIJ = 69.977 K G  
T O T P L  G E N E R A L  A V e  E M I S S I O N  = 177,484 KG 1.29 2 

w* 
" _"" "_ - - 

yli . . ...... . . . .  .. ...... 
G R P , P . I D .  TCT A L . .  A IRCRLFT E% r s s  i B ~ r  

. .  = l . ~ .  ,0~9,"7 7 ~ . .  KG. ". 
1 rlc. CC"? 

T A X I I D L E  .......... = 1 3 3 5 0 . 4 9 6  .... - - .. KG 9 7-3-8 ...... 2 _" 
T A K E  OFF = 25.315 KG O I l 8  % 

I 
i 

Mc 

I ly 



- .. ..._____""""""".""-"""""-I -.".____I 

197 3 NO PEAK D A Y  EMISSICNS 
I n  I 

. 

. .  GRAND T O T A L  A I R C R A F T  EMISSION = 1534.959 k G  . . .  LCCmCC z . " .... -~ . .  

HI 
JUMBC 350 = llO.GL7 KG 7-17 3 

LONG 200 = 121.273 K G  
L O N G  1 5 0  = 212.228 K G  L3.83 2 

JUMBO -. ... - 2 5 0  . " - - = " - . 68.760 K G  4.48 .... 3 . -~ "" __ ~ 

7.9c 2 

.... ". ... "." . .  - .... P E I !  . 100" = k 8 3 . 4 C 2  KG 57.55 a 
2.58 -z 

I Y  

..-. . . . . . . .  ....... ". .. " . ." ...... " -. .. " - 
S H O R T  50 = 34.539 K G  

T O T A L  A I K  C A K R I E K  CM[SSION = 1435,219 K G  . 93-30 a 

mm 

___ __ ___ 
TOTbL A I R  C A R G O  E"ISSI0N = 29.704 KG 1-87 % 

" - 

....... - -. . "" ._ ........... - ", ....... ". ....... T " R @ O  . . . . . . . . .  = 67,220 KG . . . .  .... 4 - 3 8  . . .  ? .. 
PI STON 

-. - - _ 
3 m e 1 6  K G  C.25 'x 

T O T A L  GENERAL 4 V .  EMISSION = 71.037 KG 4.63 2 

1sG.Oc L" 

I 
I 

T A X I I C L E  = 196.233 K G  IW " ~. " " ... . .... 
12-7e fb - 

= 325.154 K G  
_" 

21.18 %- 
____" 

C L I M l 3 O U l  = 686.687 KG 44.74 a 

.. . - .. - - . . . . . . . . . .  . " . . . . .  - . .  .. ..... - -. . . . .  ." . . 



I 
Iu 

Y 

- TURBU . . . .  .. " . . . . . . . . . .  " ... ._ . . .  I TCN"- ". ." 
= 74.047 KG 
- 4.255 K G  

. . . .  . .  - . . ~  

T O T A L  GENERAL AVO EMISSION = 79.202 KG 

3-60 2 
c.2c 8 

. . . . . . . . . . . .  

3.81 X 
I 

. .  I . . . . .  
GRAND T C T A L   A I R C R A F T  E M I S S I C K  = 2090.437 K G  l uo -co  z 

. . . . .  . . .  . . . .  

Y 

. . .  .. ". ... __ ....  ......... " "" ....... "" . " 

:t 
Lu 

Y 



i 
-\ 

I 

f 

i 
" . . . . . . .  . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

,""""""~""""--"--~""""1~"- ." 

'W 
. ." - 

- " i 9 8  "_ . . 0 NO P € A K  DAY __ EMlSSIGNS - -- 
Y' 

. . . .  GRbrVD T G T A L  A I R C R A F T  EYISSICN = 

JU"eCI 3 5 0  = 

LENG 2 C O  = 
LOrYG 150 = 
2EC. 1uo - =  
SHCRT 5C = 

M. T O T P L  A I R  C A R R I E R  EMISSION = 

I Y  

a), ' -> 

_____"_.  ..____ ." - - JU! bC" 250 - - 
...... . . . . .  - . . .  

3203.452 

669.414 
.. 662,720 

? S . b S i ,  
613.515 
992.8b3 

24aC58 
3038.469 

KG 
KG 

3c.99 % 
(2.75 % 

............ - - .............. - 

KG 9 4 - 8 5  % 

TUK BU 
PI STCN 

TOTGL GENERAL A V O  EMISSICN = 1 0 4 . 2 1 4  KG 3-25 ? 
I" 

". - . -_ " _ _ _  "" " " . ._ __ 

I S  

G R A K 9  T C T A L  A I K C H A F T  EMISSION 

Iy 

~ ". . - "" T A  X.l.1 DL-€ 
T A K E  O F F  
CL IPtjOUT 
AP PKCACh 
LAkD I NG 

" 

3 2 C 3 - 4 5 2  

- 34 9 0.7 77 
739 .8S9  

1522 ,732  
504.347 
86.695 

K G  1cc.cc 2 

" 

KG 
K G  
UG 
K G  
KG 

10-92 % 
23.10 2 
4 7 - 5 3  a 
. . . . . .  " 

... .. . .  . . . . . . .  

_ _ _  ." - . - .... "_ .. " ....................... ................ 

I 
. .  . .  



r) 
- .  " . ".. ... ." . . -  . . . . . . . . . . . . . .  

G R A K D  TCTAL A I R C R A F T .  EMISSILIN.  = 498.6.12S.KG LOC-co % 

JUMBO 3 5 0  = 1422 .883  KG 2 8 - 5 4  2 

L O V C  Z C O  = 168.050 KG 3 - 3 7  2 
LONG 15C = 752 .223  KC, l b o C 9  % 

SHORT 5 0  = 20.698 KG G o 4 2  % 

m 

-. . - - " ." - - -. - "_ . . - -. - " " . . - - - JUI"PU_ "250-  = . 1 2 9 5 * 8 4 0  K G  . " - .. 2 5 - 9 9  % . .  ....... . . . . . . .  - " - 

I 

. .  PED. 1 C C  = 1102.369 KG - -  . 22 .11  x - _ _ .  . . . .  

T O T 4 L  A I R  C A R R I E R  k M I S S I C I N  = 4762.059 KG cJS.51 2 wy. 

TURBC = 121.9C8 K G  
PI STON - 6 .921  K G  

TOTAL GENERAL A V O  EMISSION = 128,829 KG 
- 

CL IMEOUT 
A P P R C A C h  
LANOING 

= 4986 .125  

"" = " 510,563 
= 1188-870 
= 2 4 2 7 0 2 3 3  
= 732.988 
= 1 2 6 0 4 7 8  

KG 1cc.cc 
- 

a 
c 

Y 

c . . . . . . . . . . . .  . . .  ...... " . . . . . . . . . . . . . .  . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
I 

Y 



" 1990 NO ___ P E A K  D A Y  EMISSICNS 

GRAtJD T O T A L  A I R C R A F T  EMISSION = 7417.164 KG 

JUPJHC 350 = 2607,803 K G  
"- . ""_ . . . .  . .  JUMt30 " i 5 C " -  = 2 4 4 4 . 8 l . d  K G  

L O N G  ZUC = 2 6 9 . 4 5 6  K G  
LUNG 150 = 904.735 K C  

. " 

M E C  1CO = 883.916 KG 
S H O R T  5 G  = 10.251 KG 

T O T A L  A I K  C A R R I E R  EVISSICN = 7121.012 K G  

- 
G R A F i 0  T @ T A L   A I R C R A F T  EMISSION = 7 4 1 7 . 1 6 4  

K G  
KG 
KG 

K G  

CL IMDOUT = 3697-380 
PPPKOACH = 10C9.137 
L A K U I N G  = 174.681 

KG 
KG 
K G  

1CC.CC 'x 

1-92. .% 

... 

" 

1 C C e C C  9! 



GRANO TCTAL AIKCRAFT E M I S S I O N  = 9 9 7 7 4 5 2 0  K G  LOC.CO 95 . .. 

. ." " 

J U P 6 0  35C = 4C42.390 KG 
JUPbC 250  = 21366.b16 K G  
LONG 2 C C  = 3 4 8 . 2 4 1  KG 
LONG I 5 0  = 1 0 4 4 . 7 2 2  K G  
EEL'. 100 = 599.800 K G  
SHORT 50 = 5 ,127  KG 

T O T A L  A I R  C A R R I E R  i i Y I S S I 0 N  = 9607.C82 KG 

4 C . 5 1  2 
3 5 . 7 5  P 

3 . 4 9  rb 
L C . 4 7  1 
6,CL X 
c.cs 2 
96.29 % 

f t + I S S I O h '  = 

T A X I I D L E -  = 
T A K E  O F F  = 
CL I VBOUT = 
APPRCACP = 
L A h C I N G  = 

9 3 7 7 . 5 2 0  K G  1oo.cc ? 
l*R 

5042.148 K G  5c.54 % 
1292.348 KG .. . 1 2 - 9 5  2 - . .  " _  - 

2 2 4 o C 4 2  KG 2.25 % mr I~ 

" 



TAt3Lt '  5.2 (CChT I N U Z D )  
r l  

G R h N O  TOTAL  A IRCRAFT ERISSIOK = 1 2 5 3 4 . 4 3 8  K G  L O O ~ C C  2 

TURBO = 192.371 KG 
P I  STCN = 1C.921 KG 

TOTAL GENERAL AV.  EMISSION = 2 C 3 . 2 9 3  K G  

1.53 2 
c o c 9  x 
1-62 2 

m 
G R A Y O  TOTAL A I K C H P F T  E P I S S I O N  =12534,438 K G  1cc.cc  % 

I ""_" " 



r-"" - 

G K A N U  T O T A L  A I R C R A F T  ENISSION = 1 6 8 . 2 4 4  K G  l C G o C C  'x 

JUPRU 350 = 6 . 4 6 1  K G  
~ . -. . . . . . . .  . .  J U P b C  250- .= 4.038 K G  

LCNCI 2 C O  = 1 8 . 5 2 7  KG 
L U N G  150 = 3 2 . 4 2 2  KG 
PED. 100 = 86.337 K G  
SHORT 50 = 7.213 K G  

T U T A L  A I R  C A R R I E R  tMISSION = 154.4197 K G  

3 . 8 4  9: 
2 . 4 C  '2 

11 .01  z 
l Y . 2 7  2 
51.32 I 

4 . 2 9  % 
92.13 % 

. " - 
T O T A L  A I K  C A K G C  EPISSICh = 3.100 K G  1 .84  x 

TUREC - 9 . 0 7 8  UG 5.40 2 
P I S T O N  - 1.069 K G  C - 6 4  2 

Hinl l l  - 
. . . .  - ... - - . . .  . . . .  - . .  . .  

T O T A L  GENERAL A V .  EMISSION = 10.148 K G  6.C3 S m, 

.... - - -. -. . 
G R A Y D  T C T P L  P I K C R A F T  C P I S S I C N  = "  168 .244  K G  1cc.cc % 

3 1  Y I  

D I  

_I_ ""_I__"-.-."".- .... - ..""..-."I ................. : t  -6 



T A B L E  5.2 ( C G h T I N U E D )  - 
"" 197 ~ 5 SO"". P E A K  D A Y  ." EMISSIONS - ~..""-.~__"_I_ 

"" 

GRANCI T C T A L  A I R C R A F T  E f l I S S I O N  = 202.762 

JUPEiC 3 5 0  = 1 7 , 8 4 4  - L O N G  1 5 0  = 40 .Y35  
. .  _ _  ....... MED. 1CO = 91o3e6  

ShORT 50 = 5.312 
. . . . . . . . . . .  - TOTAL A I R   C A R R I E R   E M I S S I f l h  = 1 8 7 . 6 9 4  

-~ "" __ "" ______ 
T O T A L  A I R  CARGC. E H I S S I O N  = 3.754 

dm 
..... -. T U R E C  = 10.122 

PI STCN - LOA92 
T O T A L   G E N E R A L  A V O  E M I S S I O N  = 11.314 

...... - ............................ ... .................. - - 

tl 

K G  1 c c . c o  2 

K G  e.eo 3 

. . .  

KG "" LC.12 % . . - _" _ _  
KG 5 . 7 7  -2 

KG 4 5 - c 7  3 . . . . . . . . . . . . . . .  .- . . .  

KG 2C.19  3 

K G  2.62 % 
KG 92 .57  Z 

KG 1 - 8 3  % 
~ - - "" __ "" 

K G  . . . .  4 . 9 9  a . . . ". ........ " 
K G  c - 5 9  2- 
KG s.58 x 

-, . . . . . . .  
GRAND TGTAL A I R C R A F T  EMISSICN'= 202,762 K G  

. .  . .  . . . . . . . . . . . . . .  - 
1cc.00 2 

I C L I H R O U T  = 53.0'36 K G  2 6 - 1 9  fF 



. . . . . .  GRAND T O T A L   A I R C R A F T . E M I S S I G h . = -  305 .560  K G  1cc.co % . . . .  

JUJ'JEO 3 5 0  = 39.312 K G  12.87 2 
mrlL 

LONG 1 5 C  = 93.726 K G  36.67 % -HI 

S H C R T  5C = 4.389 KG  1-44 0 
. . . . .  MEC.  100 = 9'7.C35 K G  3 1 - 7 6  2 . - 

T O T P L  A I R  C A R . H I E K  EKISSION = 284,974 KG 93.26 % w 
- -_ " ___." ". ". " "- 

T O T A L  A I R  C A R G O  E M I S S I U V  = 5.699 K G  1.67 2 

" 

I 

I I n n  I 

" I  



I 

T A e L E  5.2 ( C C h T I N U E D )  
. .  . . . .  

1- 198 5 so PEAK DAY E M I S S I C K S  
I" " - GHbND TOTAL A I R C R A F T  EMISSION = 4 3 8 . 3 9 7  . . . .  KC 1C.G"CO 3 ... - .. " . - ..... . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  ." . . - .. ............ - . - .... - ...... 

JUlVeC 350 = 8 3 - 5 5 9  K G  19,Ob X 
b m !  " ". JUPt?U ..... ____ 250 "" = ". * - ~  76.099 -*.- ii7 ~ "~ KG, G- . 1 7 - 3 6  .. - - . ? 

i U % G  200 = 5,116 2 
LOFJG 150 = 114.916 K C  26.21 0 

T O T A L  A I R  C A R R I E R   E M I S S I O N  = 4 2 1 . 1 5 9  K G  9 3 - 9 2  % 
. _" "" ..... ~ 

-; T O T A L  A I R  CARGO EMISSIGN = 8.235 KG L e e 0  % 

i ...... ." ... - ... -. TUREO = 16,464 K G  3.76 X 
P I  S T C N  - 1.94C K G  (2.4.4 2 

1 TOTbL  GENERAL AV. E M I S S I O N  = 18.403 K G  4-20 % 

.................. - ....... ...... .......... .............. - . . . . . .  -" " . .. - .. 
- 1  

- 

-i C L I M B O U T  = 118.15Y KG 2 6 - 9 5  % 
i 

APPRGACt! = 9 1 , 7 2 9  KG . 2C.92 t ....... ... ... .. i - ......... - ....................................... " -. - - 
L A N !  I 15 ,787  K G  3-6C ? 

-i 



...... . . . . . . . . . .  ." ." . . . . . . . . . . . . . . . . . . . . .  """ ............. . .  
II, 

. 

"- - " 

. . . . . . . . . . .  ... . .  T U R @ O  . . . . . . . . . . .  
P I  S T C N  

T O T A L   G E N E R A L   A V O  
~" 

E M I S S I O N  = 21.962 KG 
M I  

"_ 

h* I 1  

.... ... 

. ". 



.." ....................... .. ......... ................. 

199 " 5 so ___ P € A K  DAY EMISSICkS 
(I 

" "_ . " 

GRA!tD TOTAL  A IRCRAFT E M I S S I O N  = 759.063 KC, 1 C C - C C  ........ 4 . .  -. ....... - . .  - ....... 

lw JUMBO 3 S C  = 237.391 KG 31-27 % 
" ." - ..... JUVf?C 250 = 2C9.462  K G  27.59 ? 

LONG - 2 0 0  = 53,200 K G  7.01 . 4 :  

m LOhG 150 = 159.600 K G  21.C3 2 

SHORT SO = (2.335 KG 0.12 -3 

" ". - . -. ..... " . -. . . .  . . . . . . . .  " - " . . .... - ."  .- 

" . Y E D .  1 C O  = 58.620 K G ,  7.72 P, . . .  . .  . . . .  " - TOTAL A I R  C A R R I E R  EMISSIOh = 719.208 KG 94-75 !8 
____-___. ". - " ". ___ .. "" " 

T C T P L  A I R  C A ~ G b " E M I S S I O f \ l  = 14.384 KG 1.89 Z 

TUKBC 
P I  STON 

3 - c c  % . .- . . . . . . . .  _ _  ... ". 

c.35 % 
T O T A L  GENERAL A V e  EMISSION = 25,471 KG 3.36 t 

JI 

#m 
GRAl.4D TCITAL A I R C R A F T  E" ' ISSI0N = 759eC63 K G  1co.00 s 



7- ""_ - 

I 
I WE 

. "_ ..... . . . .  

"" "" __ " 

yI* 

Y 

?9ix""  SO ". P E A K  " " D A Y  ... E M I S S I O N S  "" __ 
M I -  

G R A N D   T O T A L   A I K C R h F T  EMISSICK = 921,025 K G "  

JUptlC 3 5 G  = 3C9.368 K G  
JUMEC; . 250 = 267.043 K G .  - 
L O X G  200"" 4- ~ 70.553 K G  

. " ". . " " ." - - " ." . . - " " - . 

L O N G  1 5 0  = 176,382 K G  
. . .  KED LOO , _  = 30,794 K G  

S H C R T  50 = 0.356 K G  
T O T A L  A I R  C A R R I E R  EMISSION = 8740494 KG 

3 - 3 4  t 

Y 4 . 9 5  % 
a.c4 x 

-. .- "_ - - ..... - - ... -. .................. - .......... - .. " - . ................. ............. - .... . _" . 
T O T A L  A I R  C A K G C  E M I S S I O N  = i jX9-o  K G  1.9c % 

T U R B O  = 25.980 K G  2.82 'Z 
PI S T U N  - 3.C61 KG c.33 z 

TOTAL G E N E R A L   A V .  EMISSION = 2 9 . 0 4 1  KG 3.15 3 
- 

GRCKD T G T A L   A I R C R A F T  Et.IISSIC;.i = 

"- . " . ". T A X ?  -. I_?l,E":- 
- 

T A K E  OFF = 
C L  IMBOUT = 
A P P R O A C H  = 
L A K C I I J G  = 

. . . . . . . . . .  - . .  

." 

921.025 K G  1cc.cc % 

2 5 4 . 0 6 1  KG 
183.697 KG 

31.803 K G  

. . . . . .  . . . . . . . . . . . . . . . . .  - . " . . . . .  - . . .  - . . - .. . . . . . . .  . . . . . . . . . . . . .  . . . . . .  
i R i  r 



f- 
"_ " 

1 I 

7" " 

TAGLC"  5 - 2  ( C C h T I N U E O )  
cr 

197 ""_ 3 PT PEAK D A Y  EMISSICNS "_ " 
"" - 

GRAND T O T A L  A I R C R A F T  Eb! ISSION = 

JUPCC 3 5 0  = 
~ - " ~ ". "" ~ . . JUP'OO 2 S q  = 

LGNG 2 G O  = - LUhG 150 = 
YED.  1co = 
SHORT 5 0  = 

m T O T A L  A I R   C A R R I E R  CMISSIOI\; = 

T O T A L  A I R   C A R G O  EMISSION = 

TURBO - 
PI STCN 

111 

~ .~ _" " . . "" -. ."  ". 

m - 
- - 

TOTf iL  GENERAL A V  EMlSSIUtJ = 

" 

136 .184  K G  1cc.co r! _. - 

4 . 5 1 7  U G  3-32 !? 
2.b23 K G  . "" . 2.c7  ?I 

1 9 , 5 7 4  K G  1 4 . 3 7  2 
3 4 . 2 5 5  KC, 25 .15  Z 
33,650 KG 24.71 S 
19elC8 K G  1 4 o C 3  % 

113.928 K G  8 3 - 6 6  4 

-~ 

19,977 K G  
0-C; K G  
19.977 KG  

II 
GR)hP!:'D TCTAL A I R C R A F T  EMISSIOh = 136,184 K G  LCC.CO x 



ly 

.. . .  . " .  . . . . . .  "" .. ... ... 'd 

w 

"_ 1975 P T  P E A K  D A Y   E M I S S I O R S  ...... " - - "" -. 

mi  

. . 

T U R B O  = 2 2 . 2 7 3  KG 1 4 - 1 8  % 
P I S T O N  - 0.C K G  c o o  ?: - 

T U T P L  G E N E R A L  A V .  E M I S S I O N  = 22.273 K G  1 4 - 1 8  % 

G R A N D  T O T A L  A I R C R A F T  EMISSIr3Y = 157.037 K G  1oo.co 'F 

CLIPt3OUT = 30.444 KG 

LANCING = 7 0 2 2 0  KG 
A P P K C A C H  7 - ,  44oC33 K G -  

... J t -  "__ 
i 



" 198 0 P T  P E A K   D A Y  "_ EMISSICNS . .. ". 
" 

w 

GRAND T O T A L  A I R C R A F T  t M I S S I 3 N  = 249,034 KG 1oo.co % 

"" ____" 

- T O T P L  A I R  

T O T P L  A I R  
"______ ~ 

T U R B O  
P I  S T C N  

= 29.307 K G  
- 0.0 K G  - 

TOTAL GENERAL A V O  EMISSION = 29.367 K G  
" 

11.71 % 
c.c x 

1 1 - 7 7  0 

. . .  .. 

GRARD T O T A L  A I R C R b F T  EMISSICF! = 249.034 KC 1CC.CO ? 



G R A 4 D  T O T A L  A I R C R A F T  €MISSICk = 3 5 4 . 6 3 2  KG 1oc.cc % 

"" - - 6.243 KG 

. . . - . . - . . . . -. . . TUKBC = 36.229 K G  

T O T P L  GENERAL AV. EMISSIOIV = 36.229 KG 
P I STON 

. - . . . - . . - - 0.6 K G  
10.22 % .. 

c o c  7l 
lC.22  2 

I C L I P a O U T  = 67 .096  K G  

I 



...... - ........ " ...... 
f -  " ~ " . _ _  

1 
8m 

T A B L E '  5.2 ( C O h T I N l J E D )  

G R A N D  TCTAL A I R C R A F T  EVISSION = 4 8 7 . 5 5 1  K G  1oc-co  2 . . . .  

am 
JUP'BC 3 5 0  = 107.G72 K G  2 1 - 9 6  9 

- -~ JUElBC Z 5 C  . = . .  100.3@0 KG 20.59 a 
LONG-". 26G = 4 3 . 4 9 9  K G  8.92. t 
LUNG 1 5 0  = 146.032 K G  29.95 x 

ShORT 5 0  = 4.954 K G  1.c2 % 
m TOTAL A I R  CAHRIER EMISSION = 435.606 K G  8 9 - 3 5  ¶! 

- ... ... ."" ~ ." - " - ." - " - - -_ - 
. - .. ." .... - . "" ....... -. ... WCC. 1 C O  = 33.670 K G  6 - 9 1 .  9; "".""_I - -. ........ . . . .  ........... . .  

I 

I TOTAL GENERAL 4 V .  EMISSION = 4 3 . 2 3 3  KG W l '  8 - 8 7  f 

. . . . .  
G R C K O  T C T A L  A I R C R A F T  F M I S S I C h  = 4E7.551 KG L C C I C C  'F 

, CLIMBOUT = 8 6 - 8 8 0  KG 17.82 9 



1995 -. P T  PEAK ....... - .. D A Y  - " ...... EMISSICKS .- " ....... " 7 "___ "" "_ - 
b w t  

....... GRAND T O T A L  .AIRCRAFT EMISSICK . . . .  = 623.974.  KG . . .  1oc.co .x  . - .  .. - 

JUMBO 350 = 165.Y73 K G  2G.6C 3 

LONG 2 C O  = 56.209 K G  9.c1  % 
LONG 150  = 168.627 KG 2 7 - 0 2  r?, Y 

S H C R T  50-  = 2.478 K G  c 1 4 c  % 

YL 

"" ." " " "" -. .. JUMDC _ _ " _  25.0 146 0 4 4 7 .  K G  " - . . -. . 23.47"T ..... . 

. - rJED - 100 . . . .  = .. .22-847 KG . - . ...... 3 - 6 6  . . . . . .  

T O T A L  A I R  C A K R I E K  EMISSION = 5 6 2 . S 8 1  KG Y C . 1 6  2 &#&! 

- "" . " 

TLlTCIL A I R  C A R G O  EMISSICN = 11.252 K G  ~ a c  

, . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T U R B O .  
P I S T G N  

&Ea 
. . . .  

T U T P L  GCNEKAL A V O  EMISSION = 5 0 . 1 4 1  K G  5 - 0 4  a 
I ywr - . " "_ " "- " " -. 

8 - 1  ! i 

.I . .  

= i  
! 

. . .  . 



illm 
GRAND T C T A L  A I G C R A F T  E V , I S S I O N  = 

I 

im ! ! K . I . ! . Q C C . 2 -  
I TAKE CFF = 
! CL IPaOUT = 
I A P P R O 4 C F  = ~, - . . . . . . . . . . . . .  ... 

LANCING = 
. . . . .  

". 3.9-Q."r9.0rcG "" 2_1*.3.0-3 __ 
37.912 K G  4 . 9 8  % 

1 2 5 o 1 7 2  K G  1 6 - 4 3  % 
177.629 KG 
30.313 K G  

"" . . . . . . . .  ._ . " . . . . . .  



'7 

i 
I u 

I 
" 
f 

Lu 
" " 

i 

T A B L E  5.2 ( C C A T I N U E D )  
- ky. 

- ". " 1973 "" - " co __ PEAK HCUR EMISSICNS _ _ _ ~  - 
W r  

GRANL' T O T A L  AIKCilAFT E M I S S I O N  = 4 6 3 . 6 3 1  KG 1oc.cc 2 

JUMBO 350 = 14.422 KG 3 . 1 1  x n 

JUMBO ".25C . 
- 

. " ~  3 . C 1 4  KG . - " . ._ .- 1-94 rt 
L U Q G  200.- = 7 2 . 5 5 6  KG 15.65 'b 

M E 0  . L C C  = 119.065 KG 25.68 2 

. - - - .. - . ". . . 

LONG 150 = 126mY73 KG 27.39  2 I I ) S r  

SHORT 50 = 6.472 K G  . L e 4 0  f 
T O T A L  A I R  C A R R I E R  EMISSION = 348.500 K G  75-17 a rxt 

"___ ~ 

T O T A L   A I R  CARGO EMISSION = 6.970 K G  1 - 5 0  2 

TURBO = 1 4 , 6 3 8  K G  
w 

3.16 X 
P I  S T C N  = 9 3 . 5 2 3  K G  2 0 -  1'7 'b 

TOTAL  GENERAL A V .  EMISSIOV = 108.161 K G  23-33 % 

- I  

: I  
3 1  yb 

I Y 



TABLE 5.2 ( C C h T I N U E D I  
(I 

I 200 0 P T  PEAK D A Y  EMISSICNS 
m: - "" ~ - "" 

I' 
JUPBU 3 5 0  = 2 1 6 . 2 9 7  KG 7 8 - 3 9  % 

. _" .. - ............ . . . . . . . .  - T U T b L  A I R  C A R R I E R  E M I S S I O N  = 6 9 0 , 8 3 0  KG 
" "" - ". "" " "_ 

T O T A L  A I R  CARGO E M I S S I O N  = 1 3 . 8 1 7  KG 
-I_- 

1-81 % 

! T O T A L  G E N E R A L  A V O  E M I S S I O N  = 57.170 KG 7-50 3 
-. 

___I- " - 
I 

im 

GRAND T C T A L  A I G C R A F T  E V , I S S I O N  = 761,616 KI; lCO.CC 2 

" . . . . . . .  

-1 
" " " 



*," 

T A B L E  5.2 ( C C h T I N U E D )  
IRC 

G R A N C  TOTAL A I R C R A F T  E M I S S I O N  = 4 6 3 . 6 3 1  KG 1oc.cc 2 

JUMBE 350 = 14.422 K G  3.11 x 
LUQG ZOO = 72.556 KG 15.65 'b 

w 

. . _""" . . .. " . . . - . - .. " "_ . . - . . . . JUMBQ. - .. 2 5 c .  = -  . 9.G14 KG . - -. . ._ " . i o  94 z . " . - - . - . - - - - -. . . 

LONG 150 = 126.973 KG 27 .39  % 
M E 0  1 C O  = 119,065 KG 25.68 Z 

Y 

SHORT 50 = 6.472 K G  1-40 I 
T O T b L   A I R   C A R R I E R  EMISSION = 348.500 KG 75.17 'x I? 

"" - .~. . ". "" ~ 

T O T A L   A I R  CARGO E M I S S I O N  = 6.970 K G  1.50 2 

T U R B O  = 1 4 . 6 3 8  K G  
P I   S T C N  = 9 3 . 5 2 3  K G  

TOTAL  GEtJERAL A V .  E M I S S I O X  = 108 .161  K G  
"" 

I 

y m f  

, .  

G R A r l C  T O T A L   A I R C R A F T   E F l I S 5 I O F . i  = 4 6 3 . 6 3 1  K G  
. .. 

l O C - G C  9 



I m 

" 

GRAFiD TCTAL AIRCRAFT EMISSION = 5 5 2 . 7 8 5  K G  l C C . O ( I  x 

JUKErC 35C = 39.918 K G  7.22 2 

LONW 2CO = 4 5 . Y C 3  KG 
L O N G  150 = 1 6 O . & C O  K G  79.G6 2 
PEO. ,100 = 126.3CO K G  22-85 x 
S H O R T  5 C  = 4.777 KG 

JUPEC! 250 = 45.4C6 KG . .. . . 
~ "_ "" ._ . . .  .......... 30. !t "" "" 

k?030 % 

. "  
0.96 x 

TUTAL A I R  C A R R I E R  EMISSION = 423.462 KG - r6 ,61  2 

TURBO = 1 6 . 3 5 6  KG 
PISTON = 104.498 K G  

TOTAL  GENERAL A V O  EHISSION = 120.654 K G  

rg . - - ." .. - . . . . . . .  

GRA?4@ T O T A L  AIRCRAFT -EE,TSSI(jb! = 5 5 2 . 7 6 5  KG 1cc.cc % 
. .- 

4 I 
I 

........ _." ... -. " 



. . . . . . . . . . .  - ..... . . . . .  - 

GRAND TGTAL AIRCRAFT EMISSION = 9 0 0 . 4 6 3  K G  1oo .co  3 

JUMBO 3 5 0  = 8 7 . 9 9 1  K G  9.77 % 
yylr 

. . . . . . . .  -. . . .  JUPBC 2 5 0 .  = 6 7 . 1 1 1  KG. ~. 9.67 2 . . . . . . . .  
LObIi;. 2 C O  = 4 5 . 5 3 2  K G  50G6 li 

- " . 

LONG 15C = 368.C54 K G  4 c . e 7  z 
PED . 100 . = . 1 3 4 . 1 1 1  K G  L4.9G % 
SHGKT 5 0  = 3.948 K G  c.44 ?l 

- 
.. - 

TOTAL A I R  C A 2 R I E R  E M I S S I O N  = 7 2 6 . 8 1 8  K G  ac.72 o Y 

__ ~ "" ...... 

T O T A L  A I R  C A R G C  EYISSICN = 1 4 . 5 3 6  K G  1 -61  P 

I . . . . . . . . . . . . . . . . . . . . . . . .  T U R B O  - = 2 1 . 5 3 3  K G  2 .39  3 .,. . 

* I S  

. . . .  

PI STCfJ = 137 .575  K G  15-28 3 
TOTPL GENERAL A V O  E M I S S I O N  = 1 5 9 . 1 0 9  K G  17.67 % 

YP 
-I__" - .~ - . 



. "" ... ... ". 

PED. A00 = 143.343 KG 
SHORT 5 0  = 3 . 4 0 5  K G  

am T O T A L .  A I R   C A K K I E K  EMISSIdN = 1064.401 KG 

JL 
. ." ~ - ". ....................... . = ." 26.684 KG 

= 170.484 KG 
2-08 X .......... 
13.29"% 

T O T A L  GENERAL A V .  EMISSION = 197.168 K G  1 5 - 3 7  x 
im 

" "- __."_____ 

Y . . . . . . . .  - 



T O T P L  A12 C A K G G  E M I S S I O N  = 2 9 , 6 0 1  KG 1.70 % 
__"__ __ ~ ___ "" 

.....  "" TUK BU = 31.567 KG 
I M i l  ' 

. ............. . . . . . . . . . . .  . -. .. - ._ . . . . . .  ..... -. .. 1.81  2 ............... ". ." ...... 
P I srofq = 201.673 K G  1 1 . 5 7  % 

T O T A L  GENERAL A V .  EMISSIOIV = 233.246 KG 13.38 2 
I mn 

. .  . . . .  

" 

j 
- 

k r i t  



I 

i 

"" - 

T A B L E  5.2 ( C C k T I N U E D )  
a m  

1 9 9 5  co P E A K  HCUR ........... EHISSICNS 
" 

rr 
G H A h t P  T O T A L  A I K C R A F T  kM I S S  I r l N  = 

JUMBO 3 5 0  = 
JUMP0 250 = 

LCNG 15C = 
~ MED. 1 0 0  = 

S H O U T " .  50 = 
a m  TOTAL A I R  C A R R I E R  EMISSION = 

"_ .... . ." ........ - ... - ....... ...... 

L O N C  2 o o  
- - - 

..................... .................... ......... 

22C3.240 K G  

5 2 5 . 3 7 0  K G  
4 6 3 . 5 t 2  K G  

- 2 0 6 . 5 6 2  K G -  
619.666 KG 

0.832 KG 
1696.160 KG 

8 0 . 1 4 8  KG 

....... ... " . .  ._" TURBC = 3 6 . 4 2 7  K G  1-65 2 
P I STON = 2 3 2 . 7 3 0  KG 10.56 2 

. . . . . . . . . . .  . . . . . . . . . . . .  . . .  . - . . ~ " .  .". 

TOTAL  GENERAL A V O  E M I S S I O Y  = 2 6 9 . 1 5 7  KG 12.22 a 
UI 

__ "" ~ ~ _ _ _  ~"___ 

" 

CLIVROUT = 132,757 KG 
A P P i l C A C H  150.081 KG 
LANCING = 1 9 . 7 7 0  KG 

" .......... 

" " 



2000 "- co  . PEAK . "_ HCUR "_ ... EMISSICNS . __ .. - 
I" 

k r  

..... 

GRPND T O T A L  A I R C R A F T  E M I S S I C l U  = 2667.  L R C  K G  1oc.co 9 . . . . . . . . .  

Y 

JlJb'eC 3 5 0  = 682.&10 K G  25.60 % 
. .  -~ . - JUMHC . . 2 5 ~  = "  6 3 3 . 5 3 5  K G  - 23-75 0 .. . . . . . . . . . .  

LORG 200 = 273.195 K G  1C.24 % 
L O N G  150  = 6 8 2 . 0 8 7  K G  25-61 '3 

- .  

wul 

- -. . . . . . . . . . . . . . . . . . .  M E 0 0  IC0 .... . =  .. 41,989 KG ...... " .  1 . 5 7  1: .... " .. - - ............... 
S H O R T -  50 = o . j i 6  K G  c.01 x 

T O T b L  A I R  C A R K . l E R  E M I S S I O N  = 2 3 1 4 . 8 3 0  KG 86.79 % Y 

"_______ "" " -. -. ___ "" ". " "" ~ 

TOTAL A I R  C A R c O " E M 1 S S I C N  = 4 6 . 2 9 7  KG 1 . 7 4  % 

" TUR@U . . . . .  = 4 1 . 4 2 1  KG ..... 1.5s 
P I  S T O N  = 264 .633  K G  Y o 9 2  

T O T A L   G E N E R A L  A V .  E M I S S I O N  = 306eC53  K G  11.47 

GRbND T C T A L  A I i i C K A F T  

... -" . " "- -. . . . .  T A X  1.1 DL E 
T A K E  OFF 
C L   I M B O U T  
APPHOPCP 
L A K C I N G  

= 2667.180 KG 1cc.00 

. = . - ? 3 0 0 - ~ 4 7 .  -KG 86.27 
= 1 4 . 1 1 0  KG 0 . 5 3  
= 151 .899  K G  5.70 
= 176 .773  K G  6 . 6 3  
= 23,553 K G  c.a8 

x 
? 

. . . . . . . . . .  

x w 
. "" ". - " 

Y 

2 
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T A B L E  5.2 ( C U A T I N U E D )  . 

197 3 HC PEAK HGUR E M I S S I O N S  "_ - " __ ___ - 
. GRAr4D T O T A L   A I R C R A F T  EhIISSION 

TO -r PL 
"" . 

T O T X L  
." 

T O T A L  

A IR 

A 1-K 

L U N G  150 
P E O .  100 
S H O R T  5 0  

C A R 3 I E R  tMISSIOIV 

T U R P U  
PI S T O N  

G E N E R A L  A V .  EMISSION 

" 

. -  

= 2 1 8 . 1 5 4  - K G  . . .  100.00 g . .  

= 1 C 8 . 4 1 7  K G  
= 27.103 K G  

4 . 9 5 0  K G  - - 
= 208.471 K G  
............. . . . . . .  ...... - __ "" 

4 . 1 6 9  K G  1 - 9 1  f 

1 . 5 3  2 
1 - c c  8 
2.53 % 

dl 
G R A N D  T C T A L   A I R C R A F T  EFISSIOK = 2 1 8 . 1 5 4  K G  1 c c . c c  't 

rl 

CL I VBOUT = 1 . 9 6 2  KG 
4P PRUACti  = 3.652 KG 
L A h O I N G  = 0-576 K G  

. . . . .  

." ...... - . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  - .... " ................ _ _  "- ...... __ .. .. ._ 



YIC .. - . . . . . . . . . .  _ _  ." ............ - ... ." . . . . .  . ... " . .  - . ... "" ... ........... 

"" 1 9 7 s  HC PEAK ... HOUR "___ EMISSIOhS __ 

G R A N D  T O T A L  A I R C R A F T  kM1SSIOh = 241.709 

JUVPO 3 5 0  = 1 0 . 3 C 3  

L O W  2 C O -  = 39.194 
LONG 150 = 137.ld0 
FED.  100 = 2 8 . 7 5 0  
S i i @ R T  5 0  = 3.654 

T O T A L  A I R  C A R R I E R  EVISS?ON = 230-931 

. .  - . . . . .  - "" JUMW . 250 = I I . ~ P + ~  ...... 

T U R B O  
P I  STUN - 

- - 3 -  7 3 1  
2.429 

TOTAL G E N E R A L  A V .  ErMISSlON = 6 160 

- 

Gkk;\lO TUTPL A I x C H A F T  

........ ". .. - . ." " . __ ..... - ............ .. T A X I I C L E  
T A K E  OFF 
CL I P E Q U T  
APPHCACH 
LANCING 

2 4 1 - 7 0 9  

" 

KG 
K G  
K G  
K G  
K G  
K G  
K G  

1 G O - C O  2 . . . . . .  

" ". 

KG 
K G  

l e 5 4  % 
loco 2 

K G  2.55 2 
Y 

K G  
II, 

l C C * C C  % 

2,234 KG 

0.648 K G  
4 - 1 0 3  K G  

" " " 

! w 

I cls. 



I - 
/-------"---"-- - "" 

. . . . .  - ...... .- . . . . . . . . . . . . . .  " " . . . . . . . . . . . . .  -. . . . . . . . . . . .  

GKAWD T O T A L   A I R C R A F T  EMISSION = 4 4 8 . 6 5 2  K G  L O O . C O  % 

... 

JUMRU 35C = 2 2 . 7 1 2  KG 
............ JlJ"P,C 2 5 0  = 2 2 . 4 8 s  K G  - . . . . . . .  

L o w  200  = 38.e-18 K G  
L O N G  150 = 3 1 4 . 2 6 6  K G  
Y f D .  1 C C  = 3 0 . 5 4 4  KG 
SHOHT T O  = 3.020 K G  

TOTAL A I R  C A K K I E R  EMISSION = 431.9C5 KG 
__- " - - - . . -. _" " " - - ... - . " ........... .. "" ............................... "_ - .... " ...... 

TOTAL A I R  C A R ~ 6 - E ~ I ~ S S I O N  = 8.638 K G  1 . 9 3  % 

fm 
GP.f.'.JO T O T A L  P I F . C R A F T  EVISSITIN = 4 4 9 . 6 5 2  K G  1oc.cc s 

TAXI IOLE = 4 3 6 . 3 7 2  K G  97-26 0 

CL I Y P O U T  = 3 . 5 0 4  K G  c.7e s 

L A N D I N G  = 1 - 1 1 7  K G  0.25 8 

- - .... - . ." ....... ... ~ _ _  
T A K E -  F"=-- 0 .755 K G  0.17 tx 

- 

.... ....... ........ -. .. " . . .  APPHCACh,  -=  6,904 K.G . . 

r.l! 
1- 54 2 ." 

""""I.""".."-... "" """..~".._"_I ....... .. ... "" -. - 
3 - .  

" 
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I- 198 5 P E A K  " "" HCUR "- ." EMISSICNS " ." " - _" - 

GRAND T O T A L  A I R C R A F T  E M I S S I i l N  = 623.690 KG IOC,CC !? 

JU!IHO 3 5 C  ' = 48.393 K G  
J U v F O  250 = 44.C72 K G  
LOhG 200 = 8 6 . 2 3 1  K G  
LONG 150  = 3 6 6 . ~ S 4  kG 
M E 0  . 1 O C  = 3 3 . 9 9 6  K G  
S H G R T  50 = 2.605 KG 

T O T A L  A I R   C A R R I E R  EMISSION = 6C1.609 K G  

7-76 X;  
7.c7 t 

13.&4 Y 
61.93 z 
5.45 s 
0.42 % 

96.46 X 

TURBC; - 6.Ce7 KG  0.98 2 
P I S T C N  - 3-962 K G  C - 6 4  2 

TOTAL  GENERAL A V .  E M I S S I O N  = 10.C49 K G  1-61 % 

- lw 
- - ____ "- _____ ~ 

GRAr;l'j T O T A L  A I R C s A F T  E F " I S S I 0 N  = C 2 3 . t ; Y C  K G  LCC.CC 7 

I CH 

3 1  
E l  
U I  

I zrr 



" "_____ 

"" ____"_ 

Y 



T A B L E  5.2 ( C C h T I N U E O )  **r 

____ 199 5 PEAK HCUH EM ". ISS - ". 10'4s 
m+- 

G R A N D   T O T A L   A I R C R A F T  E M I S S I O N  = 1012.950 

JUNE0 35C = 135.6C7 
"". ~ ." JUF'EC-. Z S C  . .  = 119.053 

L O R 3  2 C C  = 176 .375  
L O R G  1 5 C  = 5 2 9 . 1 2 4  

St i f lR  T 50 = 0.636 
TOTPL A I R  C A H i ? I t K  EMISSIUN = 9 7 9 . 6 3 9  

. . . . .  FED . 100 = 18.244 . .  

.... - ". ". ..... 

TOTAL A I R  C A R G C  EMISSI@N = 19.593 

TURBO 
P I  STON 

. . . . . . . . . . . . .  - . . . . .  

T O T P L   G E N E R A L  A V O  EMISSION = 13.718 

K G  1cc.co 'b 

K G  13.39 % 
c1-r 

KG 
K G  
K G  
K G  
KG 
K G  

II 

I __ T A X I I D L E  - . . - -. " - = 986.270 - " ._ - " KG 9_7".3-?. ~i u 
T A K E  CFF = 1 . 8 4 0  K G  C.18 3 
CL IM30UT = 7.5CO K G  c . 7 4  t 

i 

1 

W 



" .. ... 

I U  

G R A r J D  T O T A L  A I R C R A F T  C E i l S S I C h  = 1204.932 K G  1cc.cc 2 

"" ~ ~- . " .__ 
T O T A L  A I R  C A H G C  E P I S S I O N  = 2 3 . 3 2 0  K G  1 . 9 4  t 

tW 

TUKBfi . ". "" " . . . . . . . .  ... . . .  .~ . C - 7 8  2 . 

P I s T mi"- - 6.L5C K G  C . 5 1  2 
- - 

" 9 . 4 4 9  KG . - 
T O T A L  G E N E R A L  A V .  EMISSION = 15 .599  K G  1.29 8 - 

'U . . . . .  

I 

HT 

........... . . . . . . . . . . .  "" - ... ."  ... ..... .- -. - .- . . .  



J 

C 

1972 - KO P-EAK HCUR EMISSICNS 
I 

= ...... 1 3 6 . 4 4 1 , . K G  . . . . . . .  1000c0 

_____  . ." ...... .......... - .. - ............... ." " .... . ." -" 
T O T P L  A-l-<"..CAR'GU E M I S S I O N  = 2 . 55-1 K G  1.87 ? 

T"RBC 
- - 

....... . . . . . . . . . . . . . . . . .  . . .  - ." . 5.975 K G  . . . . . . . .  4 . 3 8  3 . . . . . . . . . . . . . . . . . . . .  
Iwu 

- 
1 PI ST3N - ( 2 . 3 3 9   K G  0.25 'Z 

T O T 4 L  GEhiERAL  AV. tMISSIOiV = 6 . 3 1 4  K G  4 . 6 3  'I; 

- 
I 

y1 - "- - ." "_ 

. . . . .  .. kl 

rAXIIOLE __ = 1 7 . 4 4 3  K G  12.78 % 
21.18 1; T A K E  OFF = 2 8 . 9 ~ 3  K G  

"~ "I- 

- . . . .  - . .  - . . . . . . . . . . . . . .  

Y 

Y 



T A B L E '  5. z t c c n i  INL'ED) 
' I y  

LONG 150 = 23.870 K G  
. . K E G ,  1 C O  . = 83.297 KG . 

SHUKT 50 = 2.594 K G  
*lW 

T U r P L  A I R  C A R R I E R  EMISSIOr: = 174.776 KG 9 4 - 3 1  3 

T C T  P L  A I K CAKG0"EM 1S.S-I CN = 
, "_ - "" - ". " . . - - - . - . .. ~ - _"" . . " . . " - .~ 

3 . 4 9 6  UG 1 - 8 9  % 

tu T U R E O  
P I  S T C N  

ClL G R A N P  ' T O T A L   A I K C R 4 F T  EMISSION = 185 ,326  KG 1cc.co 'i 

C L I M B O U T  = 86.101 KG 
APPROACH = 30.717 K G  
L A & i l I N G  = 5.255 KG 

. . . .  " .. 



I 

J 
C 

I .. ...... .. ... - " - ........... .... .. ..................... e.. 

. . . . . .  - .. " GHAIvD .TOTAL A l R C - K A F T  fMISSI-C!N = . . . .  2 E 5 . 5 2 S .  KG . . . . . .  . .  1 O C - C O  % .......... .. -. ..... 

JUMeO 35C = 5 9 . C C 5  K G  ?C.YC 2 

LUNG 150 = 54-6t3 K G  1 9 - 1 5  % W 

.. - " .. -. . . . . . . . . . . . . . .  PE 0. L C 0  ~ = 8 8 . 4 9 4 . K G  . 

S H O R T  5 0  = 2.144 KG 
3 c - 9 9  x 
0.75 % 

. . . . . . . . . .  ... 

T O T A L   A I R  C A R R I E R  EMISSION = 270.820 K G  94.85 2 UIL 

T O T A L  A I K  C A K G C  EPISSICK = 5 . 4 1 6  
........ "" _" .... ." __ 

1.9c 8 

T O T A L  GkNCRAL 
..... "" - ........ ............... ........ - ..... " - -. ... _. .. "_ .... 

C L I f " t 3 C U T  = 135.722 
APPKUACH = 44,953 
L A h O I V G  = 7.727 

K G  

KG 
KC; 
KG 

. " 

c . 1 7  % 
3-25 % - 
. " .. - . - - ................. - .... 

K G  " " lC.92" . X "- 
KG 23.1G % 

Iwr- 

KG 
KG 
K G  

47 .53  s 
1 5 . 7 4  2 

2 - 7 1  3 C l l l l  

__"___. __ "" ...... "" ". ............ .. " . . . . .  

I* 

Y 



(Ly . _. ............ _ _  - .. - ..... -. ............ - .............. - . . .  - .... - . . . . . . . . . . . . . . .  .............. - ..... " . " . . . . . . . . .  

'I 

I-"" ." 

TURBO = 1 0 . 8 9 2  KG 
PI S T O V  - 0.018 K G  

T O T A L  G E N E R A L  A V O  EMISSICh' = 11.510 K G  
- 

m 
GREiPlO T O T A L  A I R C R A F T  E Y I S S I O U  = 4 4 5 , 4 9 6  KG 1cc .cc  7 

II 

C L I P O C U T  = 216.866 X G  
APPRCACh = 65.490 KG 
LAhGING = 11.300 KG 

m 
2 j 
c !  

". ... .......... ....... .............. 



- 
.... .... ". "- .. ." -~ .. . . . . . . . .  .. . . . . . . .  

G U A N O  T O T A L  A I K C R A F T  E M I S S I O N  = 656.949 K G  L O U . C U  x . . . . . . . . .  - 
JUMHO 350 = 2 3 0 . 9 7 7  K G  

M E 0  1CO = 78.2'30 K G  11.92 't 
SHOKT S O  = 00908 K G  0 - 1 4  F 

TOTAL A I R  C A R R I E R  EMISSION = 630.718 KG 96-01 2 

w 

II, 

~. . ." " _  "~ ~- 
T-OT-AL"'AI-R - C A R G O  E-VISS 10?4 = 12.614 KG-" 1.92 % 

T U R B C  = 12.885 K G  1.96 Z 
P I STUN - (2.732 K G  0.11 2 

".. . 

I 

- 
TOTPC GEtI;ERAL A V m  EMISSION = 1 3 . 6 1 7  K G  2.c7  % m 

GRAND TOTAL A I K C R A F T  EMISSIOY = 656.949 KG 1cJ(;.co r! 

, -  .. APPHCACH = 89,381 K G  
LANDING = 1 5 - 4 7 2  K G  

. " Y. . 

. . . . . . .  - . . .  __ ." . . . .  " . . . .  . . . . . . . . . . .  " - .. . . .  ._ .. ." . . . . . . . . .  ." - . - .  . - . . . . . . .  . . . . . .  
LL 



* r l  

GRArJO T O T A L   A I K C R A F T  E Y I S S I O I I  = 879.292 K G  1cc.co x 
JUhBU 3 5 0  = 356 .245  K G  4 C . 5 1  2 

"" ~" . . . . .  .. - ." . .  - JUP30 . 25~C - .  = 3 1 4 . 3 3 3  K G  3 5 .  75  % 
Li)i\lG 200 = 30.C9C K G  3 . 4 9  2 
LONG 150 = 92.C69 K G  1 C . 4 7  2 
K E D  0 1 C O  = 5 2 o b 5 9  KS 6601 % 
SHORT 50  = 0 .452  K G  c . c s  2 

TOTlrL A I R  C A R R I E R  E M I S S I O N  = 846 .646  K G  9 6 . 2 9  % 

. .  ..... " .. - ." ....... -. 

* y T  

I Y T  
- - ... " "" 

T O T . A C  .A. I R . . ~ c A R . ~ . o " E "  I s s  I ON 
.... .- . .  ....... 

= 16.933 K G  
" 

1 . Y-3 "?# 

1 . 1 1  TURHO = 14 .869  KG 1.69 % 
P I  STCN - OoE44 K G  C . L C  TI 

T O T A L   G E N E R A L  AVO EVISSION = 1 5 . 7 1 3  KG 1 . 7 9  % 

~- GKAI\ID TOTAL A I R C R A F T  E M I S S I O r J  = 879.292 KG lGO.00 'z 

" 

"$ 

'" 
I 

' u t  - " 



I 

GRAND T O T A L  A I R C R A F T  EwssIntd = 1101.634 K G  1cc.cc 2 

L O Y G  150 = 1C1.473 K G  
VED. IC0 = 27.692 K G  
S H O R T  5G = (2.172 KG 

T O T A L  A I R  C A R R I E R  E N I S S I C R  = 1062.517 K G  

T U R B O  = 16.907 KG 
PISTCjrJ - 0.960 KG 

T O T A L  GENERAL A V .  EWISSION = 17.867 K G  

- 

m 

II, 

m 
. .  . 

Ir 

T A X I I D L E  _ _  " = - 99.511 K G  9.03 "" % "" 
T A K E  OFF = 278.474 K G  2 5 - 2 0  x ---*.t. 

I 

I 

Y 

."""- - "" """._"" - "- - 

" "-.~""."_.""""."."".""I"-."_ 

I I r r , .  



1.I 

GRAhiD 

.Y 

AIRCRAFT E V I S S I O i J  = 14.955 

JUHUC 350  = 0.S74 
JUMBO 2 5 . .. 0..359 
L O a G  20G = 1 . 6 4 7  
LONG 150 = 2.i382 

SHORT 50 = 0.641 

- 

M E D -  LC0 = 7.674 

l lvy TOTAL A I R  C A R H I E H  E M I S S I O N  = 13 .777  

KG 

KG 
KG 
KG 
KG 
KG 
KG 
KG 

". "_ - " - "" __ 
T O T A L  A I R  CARGO EMISSION = 0.276 KG 

_ _  TURHC . 
- - O.dO7 KG 

PI S T C N  - O . C Y 4  K G  
T O T A L  GENERAL A V O  EMISSION = 0.902 KG 

- 

" 

3. e 4  
2.4c 

19.27  
51i.32 

L L . C l  

4 . 2 9  
92. 13 



Y 
. ". ~ _" ...... "" .......... "" ......................... 

GRAriD T O T A L   A I R C R A F T  EMISSION = 18.062 

T O T A L  A I R  C A R R I E R  EMISSION = 16,720 

KG 

K G  
K G  ... 

KG 
KG 
KG . . 

KG 
K G  

1CC.CO 

H.8C 
1c .12  

5 - 7 7  
200 19 
4 5 . c 7  
2-62 

92.57 

". . 

.......... ._ 

. . .  .- . . .  

I 
T A X I  .. .......... I D L E  = .. 7 , 0 9 0  . 

T A K E  OFF = 1 . 7 4 Y  
C" , 
i 

_____ -. - " "_ " 

I 
! CL IMbOUT = 4,730 
I " ---. . APPl iGACl- . .  = -. . .  " .... 3.840 
i L A ~ O I N G  = 0,654 

. . . . .  . . . . . . . .  .. .... - .- 
K G  1cc.cc r: 

KG 26-19 X 



.1 
T A E L E '  5.2 (CGhTINUEO) 

. . .  GRAND T O T A L  A I R C R A F T  EMISSION -= 27.235 KG 100 c o  . ." - ."" ". "" - 
JUMBO 350 = 3,504 KG  12.87 2 

LONG 2CO = 
LGNG 15.0 = 8 . 3 5 4  KG 3 C . 6 7  % 

S H U X T  50 = 0.391 KG 1.44 

JUMBO"2 59 - 3 o f t 6 9  KG 
1mC33 K G  3. 79 

_" ____" . 1 2 - 7 4  X . . . . . . .  ... - ........ " - . " - " 

I Y  I 

" .  . . .  ME 0 . " .,.~ 1cc  .. -= . . .  8.649 KG 3Li76- 3 . . . .  . . . .  
I 

- 

ty T O T A L   A I R   C A R R I E R  EMISSION = 25.400 K G  33 .26  1 
~ 

TOTAL AIR C A R G O  E M I S S I O N  = 
"" - - "" . -. . 

0.508 KG 1 .87  1 

T O T A L   G E N E R A L  av .  Errl1ssIoN = 1.327 KG 4.87  % 
i d  

I 

,I! 
, .  .. . . . . . . . . . . . . . .  -. 

GRAND T O T A L  A I R C R A F T  E M I S S I O N  = 27,235 KG ioo-co"? 
I 

I y t  T A X I I D L E  .... " ......... .__ = 10.461 . KG 3 8 . 4 1  % 

I CL IlylBOUT = 7.269 KG 26.69 'z 
I 

I LANDING = 0.994 UG 3..6S 2 

T A K E  OFF = 2 . 7-1 2% G- 9.96 % 
__ ." . - " - . "_ - " 

I 
~! ! "" _. ." " - APPKOACP ....... - - = . .- ...... 5o798.KG .. - -. . -. 21-29 - - 2 . . " - -. " - - 



. . . . .  ... 

........ GRbYO TOTAL A I K C X A F T  . .  E M I S S I O V  . . . . . . . .  = 39.170 K G  . . . . . . .  1 c o o c c  

J U M H O  350 = 7.466 K G  19.C6 

a 

t 

....... - ........... - . 
Iw 

% 
. -. - .... " ..... 

? Y 1  

9 
x .... I ............. - . 

TOT bL G E N E R A L  A V .  EMISSION = 

1.471 K G -  
0.i73 KG 
1.644 KG 

3076  % 
G o 4 4  % 

" . . . . . .  ". ...... - .. 

4 , 2 C  X 

w 
... . . .  . . .  - . . . . . . . . . .  

G R A W T O T A L  A I R C R A F T - E V I S S I O P :  = 39.170 KG L C ' O O C C  2 

. . . .  - .  . 

C L I Y B O U T  = 10.557 KG 
APPKCACt! = 8.196 KG 
LANDING = 1.411 KG 
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1990 SO" PEAK HCUK EMISSIONS 
+? 

"" 

.......... - . . .  M E O o  100.. - , =  7 , 6 5 1  K G  
S H C R T  50 = 0.166 K G  

TOTPL A I R  C A H H I E R  EMISSION = 4 9 , 9 8 6  KG 

. - ......... -. ..... - ... 

- 
T O T P L  A I R  C A R G O  EMISSION = 

- 
1-000 KG 1 - 0 9  ? 

-" "" - -~ 

im - T O T P L  GENERAL A V O  EMISSION = 1.945 K G  - 
G R h ; Y @  T O T A L  P I t 3 C R P F T  E M I S S I O N  

rll T A X I  I D L E .  

r. APPAGACH 

. . . . . . . . . . . . . . . . . . . .  "-.- . .... 

T A K E  OFF 
CL It48OUT 

LA'hlG I NG 

= 5 2 . 9 3 1  K G  1cc.cc ? 

'. 



~ - "" """ 

( Y I  

- ---".----.----.-------.- 
~ 

/ 
4 
I \, 

y l l l i  

.... . . . . . . . . . . . . . . . .  " "". - ................... - . . . .  ... ~ _ _  

1995 " ". so ~ PEAK HOUR EMISSIONS ". m ,' 

L O N G  150 = 1 4 . Q t S  KG 

SHOKT 5 0  = 0.082 K G  
. . . . .  Y E C .  ,1co = 5.166 K G  

T O T A L   A I R  C A R R I E R  EMISSION = 63.382 KG 

21.C3 I 

9 4 . 7 s  31 

. . - . . - . 
lWl 

- ~ " - "" 
1 O T A L  41R C A R G C  EYISSICN = 1 . 2 4 6  KG 1-89 2 

Il#a, 

TURDC - 2 o C C 8  KG 
P I  S T O N  - 9.237 K G  

T O T A L   G E N E R A L   A V .  EMISSIOK = . 2 . 2 4 5  K G  

- - 3.cc t 
(2.35 2 
3036 % IDI! 

C L I Y B C U T  = 18.370 KG 
AP*PA.CAC.h 1 3 0 4 8 1 KG 
L A N C I N G  = 2.332 KG 
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TAeLlr 5.2 ( C C h T  IPiUEDD) 

2400 so PEAK HOUR EMISSIONS - "" "" ____ "" 

GRAND TOTAL  AIRCRAFT E M I S S I U N  = 8 0 . 4 4 8  KG L O C O C O  2 . .- ..................... 

JUf'EC! 350 = 27,190 K G  33.59 % 
." ... ... - ..... ~" " . .  JUMBO 25C = 25.221! K G  31.17 X ~ . ~ . . .  "" ... - .. . . . . . .  -. .. ......... . 

LONG - - 6 . 2 C l  K G  7 . c 6 -  :2: 
-. -. - - - - - - ." - 

L O N G  150 = 15.502 K G  2 9 . 1 5  ? 

SHORT 50  = 0.631 KG 0 . c 4  $: 
MED. 1 c o  = 2.7G6 KG 3.34 2 . . .  . . .  - 

T O T A L  A I R  CARRIER EwssIor\s = 7 6 , 6 5 8  KG 9 4 . 9 5  !x 
__ ____ - ~ .  -" ~ .__ . 

TOTPL A I R  C A R G O  E M I S S I O N  = 1.537 KG 1 -90  ? 

TUReC - 2 . 2 6 3  KG 
P I S T C N  - 9.269 K G  

TOTPL GENERAL A V O  EMISSION = 2.552 KG 

- 
- 2.82 4 

0.33 4, 
3.15  2 

G R A N D  

I 
. .  

TOTAL AIRf24FT E f - i I S S I U N  

T A X  I I DL.E 
T A K E  CFF 
CL I Y B O U T  
APPHOACH 
LAhOI NG 

- "" "_ ". ." 

= 80.946 KG 

K G .  
KG 
KG 
KG 
K G  

lCC.CC x 
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T A B L E  5.2 (CCiTINUEOI Y Y .  
" 

" 1973 "" P T  ". PEAK H C U H  EMISSIONS ~ ___ - 
. . . . . . . .  ..... - . . . . . .  

J U P B O  3 5 0  
.~ JUb!-!aC 250- 

L C N G  2CO 
LONG 150 
P E D  . 100 
S H O R T  50 

C A R R I E R  EMISSION 

T U R H O  
PISTOEJ 

T O T A L  GENERAL A V .  EMISSIOh: 

KG 

KG 
K G. 
K G  
KG 
KG 
K G  
KG 

KG- 

K G  
K G  
K G  

LCC-cc z 
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T A B L K  5.2 I CUNT IPJUEO 1 

GKA!.!D T O T A L  A I R C R A F T  E V I S S I O N  = 13.989 K G  I O C ~ C O  2 

JUPt3C 3 5 0  
Jut-180 2 5 0  
LONG 200.. 
LONG 1 5 0  

S H O R r  5 0  

............... " ........ ." . 

..  

MED. 1 C O  

. T U T P L  A I R  C A R H I E H  EMISSION 
.~ "" " " __ -. " 

T O T A L   A I R   C A R G O  EMISSION = '3.235 KG 1 .60  % 
m 

TUHBC 1 - 9 8 4  K G  2 4 . 1 8  % 
P I   S T C N  - 0.C KG c * c  2 

- 
- .- 

m T O T A L   G E N E R A L  AV.  EMISSION = 1.Y84 K G  24.18 % 

GRAND T G T I L  A I R C R A F T  EiJIISSICni  = 13.989 K G  L0C.CC !t 

, __ . .. ." ... _____.~."""..I .. 
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T A B L E  5.2 ( C O h T I K U E D )  bllr 

GRAND lOTAL A I K C R A F T  € M I S S I O N  = 22.196 K G  1 c c * c o  3 
UIC 

JUPJt30 350 = 2 . 4 5 0  KG l l , C 4  2 
. . ~  JUMBO 2 5 0  = 2-425 K G  ."...". 1G.93 2 

LONG 2 C C  = 
~ .. . . .. . . 

l o C 9 2  K G  4-92 - 2  
. . . . . -. - . .. 

lllt 

L O N G  150 = a.1326 KG 

S H C R T  50 = 1.036 K G  
T @ T P L  A I R  C A R H I E H  EMISSION = 1 9 . 2 C ' O  KG 

PED. 100 .~ = 3.371 K G  . .  

I) 

, 

" -. 

.- ____" ~ ~.. .___ "~ _. 
1UTPL A I R  CAKGC: EMISSICU = 0 . 3 8 4  KG 1-73 2 

TURBO - 2.612 KG 11.77 X 
P I  S T O N  - 0 . C  KG coo 2 

*n*t 

- 
- - .  . .  . 

T O T A L  GENERAL A V .  EMISSIOK = 2,612 K G  1 1 - 7 7  9: It 

G H A N D  T O T P L  P I K C H A F T -  E M I S S I f l N  = 22,196 K G  1QC.CO 9 
.. . . . .  . .  ~ 

I '  

I Lu 
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GRANI) T C T A L  A I R C R A F T  t M I S S I O N  = 31 .685  K G  1oc.cc x . -  

JUMBC 25C . . . . . . .  = 4.754 K G  . ....... I 5 . C C  'x: 
LONG 2o'C = 2.424. KG 7 . 6 5  2 
LON5 150 = 10 .648  K G  34.24 ? 

" . ~ ~ 

111 

/?!ED. 1 c o  = 3.752 KG 
S H O R T  50 = 0.694 KG 

T O T A L  A I R   C A R R I E R   E M I S S I O N  = 27,691 K G  

m 
. - " . .. TURF0 - 3.237 K G  

P I s T CN" "- - 0.U KG 
T O T A L   G E N E R A L  A V O   E M I S S I O N  = 3.237 KG 

- 
- ......................... . . . . . .  - 

*m ' 

10.22 o,o . ~ "  % .. 

1 c - 2 2  'x 

.. - ........ .- . . . - 

1 
JI" - T A X I I C L E  A K E .". 0 F..F" = 1305C2 ~ KG 42 .61  ..... 1 - - 1.923 K G  

- ____ " " 

6-.C7 % 
CL IMbOUT = 5 - 9 9 5  KG 1 8 - 9 2  % 
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. . . . . . . . . . . . . . . . . . . . . . . .  . .- . . . . . . .  . . . . . . . .  N E E .  100 . = 2.Y62 K G  .. -, 

S H O R T  50 = 0.439 K G  
6-91 2 
1.c2 t 

T O T A L  A I R  C A R R I E R   E M I S S I O N  = 38.582 K G  d9.35 % YI 

- . -. -. " - " - - ___ "" ... .. 
T O T A L  A I R  C A 2 G C  EMISSItiN = 0,772 K G  1079 x 

- - 
. T W  80 .......... " .... ". .. 

PISTON - - 
T O T b L   G E N E R A L  AV. EMISSION = 

3.829 KG , . 

0.0 KG 
3.829 KG 
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... ." ....... 
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19 95"" P T  " P E A K   H C U R  E P . I S S I C N S  - "" ~ "" "~ "_ 

. - .  G H A V O  T O T A L  A I R C R A F T  EMISSION = 

J U Y B C  350 = 
! . y  

...... " ... MEI). - . - l o0  = 
" ...... " ... - - . . . . . . . . . . . . . . . . .  ." . 

S H O R T  5.0. = 
31- , T O T A L  A I R  C A R R I E R  E E l I S S I O N  = 

. " 

5 4 . 9 8 9  

1 4 . 6 2 7  
_. .... 12o-YC6 

4 . 9 5 4  
1 4 , 8 6 1  

2 .C13  
0,218 

49.579 

K G  100.00 2 . . .  - . . . . . . . . . .  - ...... 

K G  27.C2 2 

KG c . 4 c  x 
K G  90.16 % 

K G  . . . . . . . . .  3 - 6 6  . . . . . . .  9: - . . .  - - . -. .... " ....... 

~ "" ""- ~ 

T C T A L  A I R  C A R G O  EMISSICN = 0.992 K G  L o 8 U  Z 

I 

1- ~ 

T C T A L  G E N E R A L  A V .  EMISSION = 4 . 4 1 9  K G  8 - 0 4  % 

! 
-I_" ............... 1 A X I I D L E  -. .. = - ... - 27.179 - .......... 

I T A K E  C F F  = 2.865 
I CL IMJIHOUT = Y 332 

." A P P K O A C h  . . . . . .  = 1 3 . 3 4 0  
L A K O I N G  = 2.273 

.. 

. . . . . . . . . . . . .  

K G  
. .  " . .  

1cc.cc- t 

..... K G  "- 4 9 . 4 3  % 
K G  s.21 a 

.. -. ........... - - ___ 
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Y 
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(Ilwlc 

7-50 3 

. 

llrr 
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APPENDIX  IV 

EMERGENCY  FUEL  DUMPING  FROM  AIRCRAFT 

The  ensuing  documentation  on  fuel  dumping  from  aircraft 
has  been  prepared  by  Environment  Canada  as  supplementary  information 
to  the  preceding  report. It has  been  included  herein  as  the  result 
of a number  of  public  queries  directed  to  the  department  during  the 
course  of  this  study,  raising  concern  over  the  potential  environ- 
mental  affects  from  this  operation. 

The  conditions  under  which  aircraft  are  required  to 
return  to  the  departure  airstrip  relate  to  varied  emergency  condi- 
tions  encountered  by  an  aircraft  after  take-off  and  that  necessitate 
its  return  to  the  airfield. An aircraft  is  therefore  required  to 
unload  excess  fuel  to  reduce  its  gross  weight  to  its  established 
landing  weight  prior  to  landing.  The  occurrence  of  such  incidences 
is  very  infrequent  and  are  thought  to  occur  perhaps  several  times 
per  year  in  the  case  of  the  total  traffic  at  the  Vancouver 
International  Airport. 

The  Ministry  of  Transport  has  designated  two  fuel  dump- 
ing  areas  in  the  vicinity  of  Vancouver  to  encompass  the  air  traffic 
at  Vancouver  International  Airport  as  well  as  traffic  from  surround- 
ing  airports.  They  are  roughly  located  over  the  areas  of  Garibaldi 
Park  on  the  mainland  and  the  southern  part  of  Vancouver  Island 
(illustrated  on  the  attached  map),  but  are  more  specifically  defined 
as  follows: 

Area (1): from  Vancouver  315  radial  to  the  Vancouver 010 
radial;  between 40 and 100 miles  D.M.E.  (Distance 
Measuring  Equipment);  dumping  altitude  at 
12,000 ft  or  above. 

Area (2): from  Vancouver  230  radial  to  the  Vancouver  247 
radial;  between 40 and 100 miles  D.M.E.; 
dumping  altitude  at 8,000 ft  or  above. 

Maximum  fuel  discharge  rates  for  representative  commer- 
cial  aircraft  are  tabulated  as  follows: 

B 747 
DC 8 
B 727 
B 737 

5,000 lbs  fuel/min 
4,000 I' 

3,500 
No emergency  dump 
capability 

11 11 

11 I 1  





It is  understood  from  discussions  with  representatives 
of  Shell  Canada  Limited,  that  jet  fuel,  generally  JP1  and  JP4 
is  vaporized  in  air  and  will  not  impinge  on  the  ground if discharged 
from  an  aircraft  flying  at a speed  of  over 200 knots  and  above 
elevation  1,000  ft.  Furthermore,  the  very  low  freezing  point (58'F) 
of  jet  fuel  would  ensure  vaporization  over a wide  range  of  ambient 
air  temperatures. 

Having  regard  to  the  previously  noted  data  on  fuel  dis- 
charge  rates  together  with  the  preceding  information,  one  can 
calculate a fuel  dispersal  rate  for a qualitative  appreciation of 
the  operation.  Assuming  the  minimum  aircraft  speed  of 200 knots, 
typical  of  an  aircraft  in a landing  mode  several  miles  from  an 
airport,  and a maximum  fuel  discharge  rate  of  5,000  lbs/min,  the 
fuel  would  be  dispersed  along  the  line  of  travel  at  the  rate of 
approximately 3 ga1/100 ft. However,  an  aircraft  would  usually  be 
near  its  cruising  speed  during  the  fuel  dumping  mode  and  that  would 
reduce  considerably  the  worst  case  dispersal  rate  calculated  here. 

It is  noted  that  the  selected  dumping  areas  that  have 
been  adopted  by  the  Ministry  of  Transport  are  remote  from  major 
urban  centers  and  are  considered  acceptable  with  respect  to  environ- 
mental  considerations  recognizing  the  paramount  importance  of  air- 
craft  safety  and  the  practical  necessity  of  having  zones  that  are 
readily  recognizable  from  aircraft  instrumentation. 

Prudence  suggests  that  there  is  no  cause  for  concern 
of  fuel  impingement  at  ground  level  for  the  relatively  high  altitude 
fuel-dumping  conditions  set by the  Ministry  of  Transport  at  the  two 
designated  areas  discussed  herein. 
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