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ABSTRACT

This report presents methodolog ies for assessing alternative passen-
ger transportation schemes quantita tively on the basis of criteria related
to energy conservation , air quality, commuter costs , and land use. The
purpose of the research has been to demonatrate the feasibility of apply-
ing quantitative assessment procedures for evaluating transportation op-
tions , with the results to serve as a blueprint for possibly more general
application in other communities using similar criteria under similar con—
dit ions.

Two basic approaches to assessment are addressed . A manual procedure
produces estimates of fuel consumption , pollutant emission (carbon monoxide
and hydrocarbons), and carbon monoxide concentration , commute costs , and
land use for each l ink of a road network used by commuters. Per—vehicle
facters , developed from a one—time baseline analysis , enable alternative
commute. options to be assessed on a relative basis in terms of change in
passenger car volume on the commute network. Input to the procedure con-
sists of road network physical and operational traffic characteristics
during the peak commute hours of the baseline year , traffic volume changes
associated with various alternatives , meteorcl.cigical conditions lik el y to
result in higher—than—average pollutan t concentrations and per—person costs
for each mode of travel and existing land—use characteristics.

As an alternative approach to the manual assessment process , a com-
puterized version is also developed . The report concludes that the prin-
ciple advantages in computerization are the ability to handle more comp lex
and repetitive anal ysis problems and the avoidance of errors in algorithmi c
calculations. ~,,

The manua l  and c o m p u t e r i z e d  me thods  were t e s t e d  on a number  of  ) iy po—
t h et i c a l  bu t  p laus ib le  scenarios in the  T i d e w a t e r , V i r g i n i a , area and the
r e s u l t s  are p resen ted  as a demons t ra t ion  of the u s e f u l ne s s  of the  method -
o log ies .
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S IM HO I . S

C A p p r o a c h  capac i i v  (vehicles per h o u r )  ; the  a c t u a l  n u m b er  of
veh ic les  able  to pass t h r o u g h  an in t e r sec t ion  d u r i n g  a I—hour
pe r iod unde r intersection control.

Cf 
Free—flow capacity (vehicles per hour); the maximum number ot
vehicles physically able to traverse t h e narrowest part of a
link in the absence of interruption .

(C
e
_V) Cross—stream tolerance (vehicles per hour); the diff erence

between free—flow capacity and demand volume in the tra i l ic
stream to be crossed or entered by vehicles after stopp iii ~
at a signed intersection.

C Toll gate capacity (vehicles per gate per hour); the maximumg number of vehicles able to pass through the gate in the course
of 1 hour , under normal opera t ing  cond i t i ons .

C Cycle length (seconds); the t ime required for a traffic si gnal
y to progress through all its phases.

D Delay (seconds); the total excess time spent on a link due
to intersection control in undercapacity conditions , with an
assumed maximum delay equal to signal cycle length in the case
of signalized intersections .

Additional delay (seconds) at overcapacity signalized inter-
section approaches.

G Green time (seconds); the amount of time during a I—hour Period
that vehicles on a controlled link segment experience a green
signal.

H ‘foil gate headway (seconds); the average t ime interval between
vehicles leaving the gate.

1. N u mber  of lanes compr i s ing  an in te r sec t  ion app roa ch  Se fl)t ii t

N S t o p p i n g  r a t e  ( v e h i c l es  per h o u r )  ; the number  of veh ic I i~~ on
a given l i n k  w h i c h  a re  r equ i r ed  t o  s top by c o n t r o l  a t  i i i  in-
t e r se c t  ion d u r i n g  a 1—ho ur  per iod .

N ‘l’he n u m b e r  01  v e h i c l e s  in a q u e u e .

P P r o p o r t i o n  of stopn ; the ratio ol stoppi ng v hii ~~l~’s to hi ’niand
volume .
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S S a t u r a t i o n  volume (vehic les  per h o u r ) ;  the maximum number  of
vehicles physically capable of passing through an intersection
during a 1—hour period , on a single link approach segment ,
assuming no interruption of flow .

T Truck factor; an adjustment for the presence of heavy—duty
vehicles in the stream .

V Demand volume (vehicles per hour); the actual number of
vehicles using a link during a 1—hour period.

Wa Approach width (feet); the width of a given intersection
approach segment.

X Queue length (meters); the length of the line of vehiclesq forming on an intersection approach while waiting at a signal
or sign .

vi
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INTRODUCT ION

An i m p o r t a n t  t e s t  oL any p r o g r a m , d e v e l o p m e n t , or p r o d u c t i on  i s  t i l e
ability to e v a l u a t e  it objectively against an e s t a b l i s h e d  set of s t , ~ iu i a r d s .

icy—relevan t c r i t e r i a  and q u a n t i t a t i v e  anal y s i s  a re  the  bas i s  f o r  exer-
c i s i n g  s u c h  jud gments. To d a te , e v a l u a t i o n  of t h e  N o v ’, p a ss e ng er  t r a n s —
p u t t  I t  j O U  1 r i g r a m  L a s  been made p r i m a r i l y  by an in ip l ic  i t  set  of  s t a n d a r d s .
l o  en a b l e  cent inued  deve lopment  of t he  p r o gr a c  and to ova l t i i t e  i t s  e f f e ’
iveness , an exp licit set of standards and i method  I or  c a l  i . i l i o n  nec ]

t i  Sc e st a b l i s h e d . ‘I’he purpose  of  t h i s  p r o j e c t  has been to  d e v e l o p  an
.lpp ropri :ile evaluation methodology and demonstrate it in a se]. e c ted  m i l l —
t a r ’.’ c o r i c i l l i l  it y

Back g r o u n d

The c u r r e n t  p r o j e c t  is the  t h i r d  in  a s e r i e s  of ~L i’ , v t r a n e p a r t a t  l v i
RDT & E e f f o r t s  beg inn ing  w i t h  ‘ An Assessment  of t he  Re l evan c e  of T r a n s p o r —
t a t  ion R e s e a r c h  to Naval  R&D ’ (December 1 9 7 4 ) ,  and fo l lowed  b y t i l e  o n g o i n g
s t u dy  “ The Deve lopment  of a T r a n s p o r t a t i o n  D e m o n s t r a t i o n  P r o j e c t  To Be
Imp lemented in a Military Community ” (Contract No. N 0 0 0 1 4 — 7 5 — C — 0 5 O 6 8 ) .

The initial Navy transportation project was tasked to document the
problem statement and criteria for Navy involvement in a cooperative pas-
senger transportation program from the perspective of Navy environmental
prot ection , energy conservation , and installation planning programs. The
results of the initial research clearl y indicated that there are potential
b e n e f i t s  f o r  the N a v y  in a t r a n s p o r t a t i o n  program , such as r e d u c e d  p a r k in g
requirements , reduced base traffic congestion , and improved communit y
rclat ii ’n’-.. Thus , a second project was initiated to carr\’ t h e  r e s e ar c h
c ’ ’ i ’ e p t  one st ep  farther by demonstrating how t h e  N a v y — — i n  t h e  selected
p h i l  i r vi of Tidewater , Virgin ia——mi ght establish a cooperative transpor—
t o t  ion p r o g r a m  w i t h  the a d j o i n i n g  cornmunit  ies and w i t h  o t h er  i’der ,il I:~y’n—
C I ’~ s c i 1i , ih i e  of fund Ing transportation proposals. As par t  of the ongoing
re-~i ’a r, h effort , a process has been established in the T i d es ’a t er  a r ea  I or
c.I rrvi lI g out cooperative transportation p lanning. A j o i n t  \avy /comniunitv

il- i -iorv committee was established to work out the oh ectives of .i c o o p e r —
at ive program , and to beg in formtil.at 1mg the institutional arrangements to
carr \ o u t  necessary actions. A 5—year transportat ion a c t i o n  p lan i las  b een
o u t  I Di ed  is a tool  f o r  ii id ing t r a n s p ot-t a t  ion d ov e  l .i’pment in t i e  T i i i c i r , i  i c r
O i l , oiL s e ver a l  of t h e  recommended a c t i o n s  Ti a ’ ,:e been  l n i t i a t c i i .  For
ox~iiiip le , a s490 ,000 gran t was a w ar d e d  by t h e  DoI’— L r h a n  M a s s  1 r a n s p o r t a t  ion
Administration t o  the ‘ F i d e e , i t  i i  Transportation District Commission in
1 )i ’ ’ember 1976 to J i r c ] . 1 5 e  f i t  t v 1 2 — p as se n g e r  vans  spec  i f  i~~a 11 v I o r  le~1s—
ing tO 5,1 ‘v commuters. Additional Iv , the pu b licl y o p e r a t e d  bus conipaiiv
hi~ s extended its system to Inc [nile a r&’cul ar au — b a s e  so rv i ci ’ at Seed i s
Point . (the must populous haS ’ in Norfolk).
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During tiie ,~~’’,’i’l oj ins’ flt 0! I ~ t r i ’ i H I r t l t  i n  l e t  ion  u ‘ ‘ r i m , I r e —
limi n ar ’ , c r i ter i , w e re  estith h i sh i t r il 5’.’ tbe ) i t  h , ’ ’ t  1 1, 1 0  and a d v i s o r y  (‘on—
m i t  t i c  b r  i ’’, a h i t , t L  Lu g  I : l n s p o r L , I t i , i I i — i e l , t~~v r e  ‘r i le  ‘~~h i t  o ur. ( si r e ‘l’a bl e
I ) .  T h o u g h  t h e  c r i t e r i a  w er e  r e f i ’ r r i - d  L i ’  W i l l i e  L i - i ’ , I ’p i n g  tl.ln ~~]oi rt aLio n
a c t  ions and used in  mod i f ’ ,’ i n n  t h e  I i nn  I ‘ i t  ion 1 i 1 . I n , i I ‘ i  I q u o  t i t  I I I  - i’

mi ’, i s i I e’,li’iit techn iques we l d  n o t  ,‘iii l il o ’ . ,’d - IL t h i t  t i m ’ ’ . Sin c i’ t u e  i l l i t  i a l
0 ?  t h e  program was o ri eitti ’d t o w e l e ” t  i i i  is hi i ii g t I  cooperative I r a n s —

por t at ion process , i L w is I e I t h a t  a n n  I y t  I ca I t i c h i n  I ~ i i , ’ s you id be hot t or
app I e~l o n ce  t h e  p i lot  p r o i ’, r am  r.’,o-; ’ii ’,d, ’r  s i r . ‘l i t  i s  a p p r ’ i i - ) i  has  proved
s i t  ‘c ess f i t  1 In ‘Fl I iwo t i c  . I i  we vi ’ , i t  is now iL-s i r ob I ’  t o p roy i d e  a rio ro
o b j e c t  lye bas is  f o r  e v a l u a t in g  I is ’  t r a n sp o r t  i t  Loll  p r o g r a m  in g c r i e r . l  I
a l o n g  w i t h  the  o f t  ec t  i v e r i e ss  i t  i t s  co m p o n e n t  p a r t s .

i’a b l e  1

PREL I N I N A R Y ’I ’ R .\ N S l S ) R  ‘A l l  ON AC’l’ I O N  CR1  TER I A

“ i- en s  of C o n c e r n  E v a l u a t i o n  C r i t e r  h a

Ai r  p o l l i l t  ion Reduced  emiss ions  ( t o n s  of poi l o t  a n t s)
f r o m  a u t o s

E n e r g y  c o n s u m p ti o n  Ga l lons  of  f u e l  consumed

Noise Traffic no ise

Land use Reduced  need f o r  l a n d  a rea  used  fc ’ r
parking (improved flexibility due to
i n c r e a sed  land ava i l ab le  f o r  a l t o r n i —
t iv e  uses)

A m e n i t i e s  I m p r o v e d  des ign  c om p o s i t i o n  o l  N a y ’ . ’
proper ty

Transportation cost (to N a v y , Operating and cap i t a l c o s t
travelers , c o m m u n i ty ’)

Ai’c i d e n t s  Re iu c e d  f a t al i t  ies , i n j u r i e s , p r op er t  \‘
damage

S a f e ty / v a n d a l  ism Cr ime r e d r i c t  ion  in p a r k i n g  ; I I ’ i ’ ls

[‘ r ave  I t ime Hours of travel t into c i  i l n c , ’d  f o r  Navy
c onimu te l’ s

‘t r a v el  c o m f o r t  l’ i ’~i f f i c  conges t  ion md St 1 1 5 5  r e d u c e d

( : o n v, ’n h e n c e  o f  t cav i l N u m b e r  of t r a v e  I l i t  e r n a t  ive ’s  a v a i l  .1510
to N ay s  commuters improved

Service t o  pe r sons  of I [nO ted N u m b e r  of  pe r sons  n o t  p r c ’v i o u s]  \‘ S i c y
m o b i l i t y  ( h a n d i c a p p e d , poor ,
e l d e r ly , and so ‘ii )



h i n t i t s  i i ?  lc ’ ’ , ’ e I , ’ 1 ’ j i n ~ ]- I , ’ o ’ . i i r , : ’ l i ”, i t  I e c h i n j o i c~,

i i u r r i h , ’r i i i  b on er  I s  I r n :  t l i e  I t ’ l l h i ’ i i  I n n  u t  o b j e c L  I ‘ ‘ i ’ m e a s u r em e n t
C,’ i tt i gu i ’ n—i , I l l ~~~’~ ’ e~ ’ii t I t i 1’d , ~ , ‘i i I i ’ ill s hi l L f - i  I . i , ’s’:

i i )  . \ q u a L i t  i t . , t  lvi ’ , i r . n ’ i ’ , , n L , ’ t t t  o f  I i i ,  i i  l i - i  t i v e t l . ’ss of  ea c h
i c !  ,nrl [ i t t 1 i , ’ ‘, , i V \  i n ’ ’ . i ’ ,s’ h i h i ’  t r : r n s p i ’ r t . i t  01 O c t  1 ,111 h i c l i g r i r L ,

.15 01’ , i ~ ur l ’ ,l I i ’ , ’ , ‘ v i l n i , i t  i o n  c c i i  ‘ c i i , s i l l  ‘ d i n t  o u t  boni ’t i t /
co st  c i t  i , is  t o  t i l e  , I V ’  i l l , !  t i l e  C o1:l ’, l i i l i i t  y , thu s i r 1 i \ ’ [ding

y i i  I l , i h i  c Dip I or  p r i o r  t t i n, l u g  ;i, i ions l I t  t lie i L - c l  r. i o n —
r a k i n g  i co c e s s , m i  c o u l d  i r o y j i l e  t h e  i i e , ’ e s s . j i r l l L ’ ’’ , I ’ ’ ’ l t l I ’ . .

I or  I m p  I e r r ie t l t  i t t : r. i n’t lori s of t l ie p l o t .  Fo r  .‘X O t tt j i he , I hl ~~t i g ll
t i t i ’ [ i r  i I j a l  , or nrn t l l u  i L v  I i t v i ’ O  t o - L I  I t i c  I n i p  t’i ’’u ’cd bits -a’rv i . e
to  u , i  . 1 1 1  in s t I l l  Ia I i o n s  i i i  I i i )  dma t e l ’ ~S i ll cli , t i t r ’  I , i i l ~ : — t  , -r n t

i t  s i ’ - g . , t ,  oh  L I - ui  :m i ’ , b  i t  co :t d t , ’a V - . -:p:ins o n ;  l e s s

c i i  i i ’ . ‘ I t J i  ‘11100 . t l t l l 5 ! , ”,,’ i ’ t  t ! ’ , i f f i c  c o ni r i l s ;  r ’i ’ l I , I i i ’ , h

i - ’ c i don t s ) r ay  j u s t i f y  t i t i ’  s l io c :  — t e r m  e x p e n d i I  ‘ t ~~~ -

( 2 )  ~s’ oH l i tv  to p o i n t  ou t  I he m e r i t s  o f  t i r e  p i l o t  p r og ro : 1L
in  it qu ~l n t i t  i t  iv i ’ ‘ c o l t  s - i l l  h e l p  , i n ’ i s i ’ t i t e  i n t e r es t  i t
E n g i n e e r  i r n  F 1r’l ii D iv  i s  [OIls  in m i  I j o t  i en s i t t t i  i l i c  p r o g r a m s
a t  ‘ t h o r  n a v a l  i n s t i l  l i t  t o n s  in t ine  U n i t e d  S t a t e s .

i) An i t 5  l e e  t l i e  e v : l L n i a t  iOU ‘‘I t i - :  c c l  it 1(111511 i p b e L l s ’ i ’et i t i l e

N i’,’’. t c i u s l i o r t , i t i o n  p c o g c i m  and  e s t a bl  l 5 h t i ~u l ]m’,’,’y standards

a rid a ’ !  I s  (i’ . g .  , e n em Y c i ’n s e r v e t t i u ’ i l — — i -I l l i ’h t  as , i r ’ \ ’ ~\ I n s l r u c —
‘i t  - i I O O . S ;  en V l t ’ , ’ ! I ” u ’ i l t , l I p r o t e c t  i , t n— — t ’ i ’ u i i i  ‘ed C ’ f l t i S s I o t t S

and no isi ’ ev i l s i o L ’c” ’.’i ’ ul lan d  1150) s il l  m a k e  p e r i o d i c
i r i s t a l i a t i ’ r i —  ,it t d S , i v v — r . ’ i u t c  t i t o n I t i ’ c i t t ~ and account h i l l P~~~

—
si li I c  - I-’,ic  i ’ S , i l L l ) i  L’, 1 L i - m i - t i  t s  suc h ,l ~~ I ti ’ o l  I o w I n g  n - - eu  ld
i i ’ p , ts  e i h l i :  ‘‘ l i i i ’  N :i ’ , ’o ’ , t u c o u g h  i t s  I c l t L n L p o l ’t o t  ion p i ’o ,r t ’ Ir rt ,
r e d u c e d  p i c k i n g  poe c ci ’q i ;  I rentot~ t 5 ,i t 1 I ‘:e m~i l  or i n st  al Ia—

b i t s , s , i \  i n g  o v e r  500 ai r e s  0! p r  i trte vu ’\’ . ’ i ’ t I l L k ’ t l t  p I’opcr ’t V. ’’
c n t  , 000 .~ ivv I mp lovees c.l cjiu ’o l i _ i l this \‘u ’ar , SI ving an

ee l [ma ?  ‘ .1 5 , 01) 11 , 000 gal Ions oh ~:.is~’1 tue .

~4 )  011’ l 1,r iOl , 110 ,1 m o s t  w i i I ~ ’— c , ’ , n ’ j t i n e , , i d v  ? t t t L l n ’ i ’ o t  . i h i b e c t j y i ’
t i i e a st t  c e n t e n t  0 ! l i i i ’ N , i v v  t r~I n S p e r ’t a t  i o n  i i t ’og t ’~irt i  i s  I a’
, i v l l i I , 1 h ) h I i t ~~ , i f  an o i t g o i l ll ;  51 r u c t i i i ’ e i i  ,‘ ‘ . , l i l i l I i l c  t o  p l ’O i .’ i ’
o r  ~I i sj i c o v i ’ t i t ’  p re t n i s i ’ t i -t o t  ch ; i n i m’ s  i l l  t r i n s p o c t  .1 t l e n

pot r crr is i-an cf feet i c l v  h r f  I t h e  c I and  I L S I ’ 
, i n c  c cv  c o t i —

O L I L I I 1 ’ t  11) 11 , ~ tiii ‘i t ’ . ’ I r’orirtiori tIl l (ltL , l l i t  ~ n- i t i i  i n  a t’ i ’~ l I i’ll . I t s ’
o — u t a h l  [sited d , I t L i  1111-Ic I ’ l l t i r e  , ‘ ; i n , v :l, ’ci ’ss t o  f u r t i i , ’c Io ta

i s  t r a n s p o r t - i t  i i i  a c t  L o s  i c e  i rup l ’ i l i i ’n t i o  i c  51 i it iitl at , ’d
o r  li I’ ii t i n  i q u e  si ’ ur ’ i ’ ,’ 01  i n  f orrrr :i : i on t o  R&D p rogr :lrnts I ot ’
o t h e r  llm’tic h o  g co pp l i i r g  with t r i - s o  t l i l i ’st  i o n s , p c  iirI:lr liv
i:RD1\ , FEA , EPA , and  l) o’I’ .

, j , ’m. i t l s !  r I t t  i j u . I t t t  [ 1 , 1 1  v i ’ e\’ ,l I o i L  i o n  o f  l i t  i on  1 i l a r l s . a t ’ have
Si ’ lee t i ’~~ m r  ‘ I  til l ’ :lc t i o n  ci ’  i t  e l l a  f m om I i i ’  I i ’ I — — i  I c pe I lu t  ion , 

i ’rli ’ I cv
t o i l  1011 , I IlIl i l 1151’ , 111111 t l ’0lr1~ ji u ’ rt It Iou i ’ i in ; t — — I l i l , I  J , ’ . i l  i t p t ,’il I lpp r o a c l i i ’s

4
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for a step—by—step quantified evaluation in term s o t  the selected criteria.
The procedure for applying these methods is then demonstrated in the Tide-
water , Virginia , area for a hypothetical but plausible set of passenger
transportation options.
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NE ii I t t  5 1 1 , 11?

‘e l  IetJ l Aj i,p r o a ch

‘I’he o i i t o i i i i ’ i i i  1 -  I t - i n — i  t i c  i ’ ., ’ ed 0 i on !  : 1 - n i  i - l i t  . L ’ ’ ’ I i  O i  t r ,’ l n s l i e r t a t  ion I or
m o s t  coi t ntri t e  r o  . I i i  is conven  l i - n c , ’ , l l i W i ’’,’ c r , exIle t s ii ‘ r u - I t  i r  1 c i - i l l  I i ’  I_ ills
of e n e r gy  ( [ i t t - i )  c , t n n s l n r i l l t  ion , o i r  q i i ~u l i t o ’  dl - n t . I u I , i t  j 1 i 11 ( p o l l  L I I  i - m u  , and
a m o u n t  of  l a n d  o’mm i F t  i I to  i~’ i ’ o nn t t n o d a t i n g  t i l l ’  p m i v : l t ’~’ , i i t ’ ’ r iu i b i l i - . I n  . i n i

• urban t ’ c g i i n n , I i , r  t X  mn ’le , t i n e  ,:dversi’ t ’u t ’c~~’,’ and a i r  i p i . i I  i ty  im p a i -t s  of
ndi ’.’idual l : i t o  u se  t i m  o u t s t  r i p  s uch  m m l i  t s  b r  o thit-r modes 01

’ t m a n s p o r —
- , i  t ion .  Because  i t i  t h e OVer n i h  t i g  I n I I p I I c  I ii f t he  a n i t o m o b  l ie  in  thi l s r egn cd
and t h e tone &.‘rl t r. It ion of t r a t  I i i ’ ‘,‘ & i iu i rn es  i t t  t i n e  cornmu to  hours , man ’,’ c olt! —

• n i t in i t  ie s  o r e  s ei ’ k i  ug  , t l t ~ ’m n ~t t  I v u ’s  to t r a d i t i o n a l  commute r  t r a nsp o r t a t  i o n
pa t tert is . In cinoo s hug among carid i d i t  ir options , relative et ’ I’t-i ’tivene ss in
m i t  i g a t  i ng  n eg ot  lv i ’  side ef fects like I’uel consumption and air I ou  h i t  ion ’ .

• p r o b l e m s  mt lst  be , i s n -i essod . I n  t h e  i nt e r e s t  of such an assessment , we I l l ’ , ’ ,’

L e v i -  loped  a c t - I  hod o logy fo r  quail  t It o  F ive  c o mp a r i s o n  of se lec ted  i m p a c t s
01 alternatives. ‘l i n e  meLhodo  logy c o n s i s t s  o t ’ d e f i n i n g  a s u i t a b l e  n i l  w o r k
01 t- omm u te r  r o u t e s  and comput  img the  di  f f e r i - u c er i  in f u e l  c o nsu m p t  ion , a i r
p o l l u t i o n , t r a n u s p u i c t i t i o n — u s e r  cos t s , and land use assoc iat ed w i t h  t h e
c a n d i d a t e  t r . i i is p o r tot  ion op t  ions.  The r e s u l t s  can t h e n  be used , a l o n g
wi  t i n  t h e  o t h e r  dec i s i on  c r i t e r i a  c i ted  in Table 1, f o r  d e c i d i n g  t i ne  r e - l . a—

ive m e r i t s  i f  t h e  t r a n s p o r t a t i o n  op t ions  that are feasible for the com-
mu te c o r r i d o r s  be ing  ana lyzed .

N e t w o r k  Descr  i p t  ton

S pec i f  l e a F  ion

‘#‘he f i r s t  s te p  in t h e  m e t h o d o l o g y  is to d e f i n e  t i n e  n e t w o r k  or  corn—
m i l t i -  c o r r i d o r s  to  hi ’ a n a ly z e d . By gene ra l  d e l  in i t  io ti , a n e t w o r k  w i l l
consist 01’ a l l  t h e  m a j o r  r o a d w ay s  used by c o r n n n n i t t - r s  i n  t r a v e l i n g  hi- t~~ei ’ri
a p o i n t  ~‘ t  ‘c i g in  t w i t  :1 po j u t  of  Ii ’s t m a t  i o n .  For I t i ’  pu rp ose of ana ,l ‘s’ —
s i s , t i l e  n e t w o r k  i s  d i v i d e d  into e l e men t s  c o n s i s t  i n g  o h  p o i n t s  of  r o a d —
w ay  i n t e  rs l ’c t ion ari d i o a d a ’ o seg m e nt s  (links ) C on n e i ’ t lu g  t j i i -  i n  to  r s ei ’ t ion
poin t -i . F’ i c i  ci - I i I 1 l i s t  r at  i’s a n e t w o r k  i i i  t h e  ‘I ’ i d e wt l t er  , Vi r b , i n i ~l , r eg i o n

Di’ pe n i l  i ing o t t  t I n -  si ‘ j i l ’  and  p u t ’ i n ~~’ sir 01 t h e  aria I vs i s ,  a i n c  two  rk  may he c in o s e in
t h a t  is more ‘n lt,’ss d i l l  l i e d  I I n n  I hat shown in F i g ii t ’e I. 1-Si r ’ e a i ’ l i  ‘ 0,01

si -ip ’s - n i t  conni ’ , ’l  lu g  i i n t _ ’r s i ’ i - t  i o n  po j u t  ii , tI Oll€ ’— ~~llV l i n k  m u s t  ‘i d e s i g l i at  t i l

sep :tr1nt - I y for ea ch d ir - c i t  ion of t r . i t  I i i - l ’ low ( e x c e p t , 01 i ’o u t ’ :., ’ , i n  t h u
c,lsi’ of  i ’ I t i ’ — W . i V  r o a d s ) .  I t O  cv arid e x i t  m i I t r r p s  t o  1 i n i i t i ’ i i — t i i ’ , ’ i ’ n - i i ;  road s m~tv
t o ’  t r e n t l ’ l l  Ill-i sl ’ll .ir .’ Itl ’ I inks it si~ ’It it -t i ii is i l e s i r e i l

- ‘ ~~~~ • ~~~~~~~~~~~~~~~~ ~~~~~~~.
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L o t  f i g i l  r h  I on

Be t ’o ci ’ beg i n n i n g  t l i e t i t i : i l  V ~~~C , t in c m eg  b u m  I con  11 ‘gt l r a  L i on o r  t hi ’
c h o s e n  n e t w o r k  i s  ~l c t e r r t i i n ed .  D e s i r e d  t ’ m t t i ’ s  m u s t  be i ’ I i i ) S l ’i ’i m m d  i l j i p r o —

p n l a t e  i n to  rsei ’ t ions  nius 1 be des  i g n a t  i’d . A p p r o p r  i t  I e [lit e r s ec  I ions  -~ r i
t hose  p o i n t s  a i l i n g t h e  comin nt t t e  r o u t i -  a t  w h i c h  cOm fl l tnl . e I c - i t  t i c  i s  ‘ u n i t ro i l,t ’d
by  s i g n a l s  o r  s i gns .  A S c i l e n l t l t i C  n e t w o r k  n i p  101 t l i e t  d rawn  to si ’oi~ ’ , i t s
i l l u s t r a t e d  i n  F I g u r e  2 , is I Ig s t r a ig h t  l i n e s  to  a p p r o x im a t e  t i ’t i ’ t i e t ’i~’ , i r k

gi ’ u u m e  t cv . I. i n k s  and i n  to  r s i -c t ion p o i n ts  s h o u l d  be numb e  ned I t i c  r i - id v
r e f e r e n c e  and c o o r d i n a t e s  ass ig n e d  to I i i ’ .’ h it  e r 5 t ’ct  i o n  p o i n t s’ ’ :o r  use in
automated II t l ,t lys i  s . F i g i t r i ’  2 is a si ’ineinia t i c  r ep re s i ’n l  t o t  ion of Iw o  c o n r t m t t t e
i - i c r  i d o r  c o t h t e s  (Inel lvv doshed l i n e s  in Fi gu r e  1) c h o s e n  l’or d e n i o n s tm a t  loin
itt

’ t i n e  nntt ’t h i td o l o gy  on Sewe lie  l’o in t  commute  o p t i o n s .  Link s and in t e n s e c  —
t ions  a re  [d e n t  i f i e d  by code n u m b e r  in ‘l’able  2 .

!‘livs i c~il (2liarac tori sties

i t c h  road l i n k  possesses  c e r t a i n  phnysica l charac teristics that nlust

be known or assumed as i npu t  to tl-te impact  a s ses smen t  p r o c c s -~~. In  a l l ,
— s i x  s u c h  cj ’a r i ct e r i s ti c s  m u s t  be d e t e r m i n e d  as i n d ica t e il  and defined

he I ow:

• I. i n k  len t i : ~~
’. ‘ l i n e  d i s t a n c e  (in miles )  i i  img  a l i n k  b e t w e e n

i t n t l ’r s ec t  i~ ’ t n  or  d i r e c t  i on—e inange  p o i n t s,  i t  w i l l  n o r m a l l y
he s t i f f  i c i e n t  to  d e t e r m i n e  d i s t a n c e  to t i n e  n ea r e s t  o n e — t e t i t h
n i h  Ic f r o m  a p r o p e r ly  sca led reg ional tie twork map.

• N u m b er  ot ’ Ian~as: The p r e d o m i n a n t n u m b e r  01 ( t h r o u g h )  l anes
cornpr i c i n g  t h e  I ink , e x c l u d i n g  t u r n i n g  c in a n n e l s  and - i c c e l e r —
;it  ion—d eceleration lanes.

• Lane w i d t h :  Tine  a v e r a g e  w i d t h  ( in  f e e t )  of  t h e  1, 1cm -I that
compr i se  t ine  l i n k .

• Approac h  w i d t h :  Tint ’  s i no i t  l ie r — t o — s h o u  [i c r  cc c i t r b — t  ‘— c l i  rb
w i d t h  ( i n  I ee t ) of t lie I i  mi k a t  t lie downs  t rea r m ( f o r w a r d  I
i n t e r s e c t  i on  a p p r oa c h  • Depend ing  on t im’ do t a i  1 r e q l l  I red
of  the  ant i  ly e  is • t i n e  in  to  r sec  t ion  a p p r o t t c h  m u m ’ . -  be d iv i de d
i n t o  c e p e a r i t  i ’  i i  i t :ii ’nts ‘one 1 s t  i ng  of  t h r o u gh  h in t - s  a n d
epi c ial I v des i gl i , !  t ed  t u t - n — o n l y  c h a n n el s  . S i’ p a r a tr - s - i d  t i n s
can  be i I h l c u i , l i t e i h  for eai ’in i ’ I e t n n en l ’ and  e l c ’ m en t — s p i -i ’ i  f I c
an a lY s e s  c,~ ii hi - performed .

• I’ a r k  I n n g  b a i ’ i l i t i i ’s f i f l d ) S  stops: Tite p c i - s i - n i - i ’ or .‘ i li: ~i-n -e

of f~ii - i l  i t i i ’s l u r c u r b s i d e  p a r k  i n t g  Ott an j u t  i. - l ’ se ct  l t ’t i  ap—
pro nH n w i t h i n  250 f t ’ i t  i ’f  t h e  i n t e r ’ st’ i ’t h O t , and t i le p l i ’si ’ n n i - i ’

*Do u b l e  u n u l i ’t ’ l t i l I ng  m l i i i  i - s  p r i m a r y  i n p u t  C t o  I I t t - i i - iin s i t i l rp t  o t t  ~ttid , i  h r

( t r I l l  i t  i , i s s i ’ s s r t i t ’n t  5

- -  ~~~~~~~~~~~ ‘ ‘~~“ ~~~~ _ _



- - - - ‘ - S  - - -“. - •~‘~ ‘ir’ ~~~~~~~~~~~~~~~~~ —.,- ,_,
~~~~

_,_ , 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ,--‘ ~Tfl ~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘—‘-~~~__‘- . .-‘-,--‘•-• - - -

C

E S .,
-~O i- ~- 0

- z

-~ -: a, a 3 -

~~0n - 7 ‘
~~ z-I -’ ~~~~:0 ~~~~~

~~~~~~ ~~~~ O f  o~~~
9I _

~~~~~~~
_ _ , — Li IL)

I- - C’)
° ~~~ E D  0 ,- ’ .  ‘ H-
7 — 0  _ . c Z C r —  I~~~~~~0 LU
Li

N J  Cl)
21E

LUj H

~O~~ C’~~~~ ~~~~~~~ Z
o\ g~C’. ~ in IF~ ’ 0 1

• — I  to
H

• C
1—’

~: 9 m i L
l

U i —  O),/ m l —- - l~~ N it ’-
/ I’. I a
I 

_—

Li / r—
i f r —

oIn i i l ’I (
,,
)

/ / a c t
U-o r ID 0

i n -  “ -/a al It zc-~~f

IN ’- Hç) ~ , _ lj~~ c~~°~ H
(- t (Cl Z

l i
_Si 

~~~~~ 
ID ii

~~~ a
L l a i n  Uiat

1 3-o 
~~~~~~ 

LU
cc k—’ - 

~J - s
U ii’) J’ W Z

< l ~ m m  I—
z~~ii) _ u, 0

c-i/ it) C’)
- n ii) I
>

c/n
/ ID

“ci N 
a) Cs

/ ~~ -~ i_- 
~~ 

N

LU

i-i



~~~~~~~~~~ —- — --S—---, —‘-,--- —-,-

I - i i  i i ’  -
i

I m I - _ I l  I l l — i LA l i t  5 I I I -  I ,  ‘ s ’ —~’ , I - g - -~ I 1~~~
\ ‘lIi l i t  < I - i l  i ’ I ’  5 , ‘ t I \ 5  ~l l’i i l  I

*I _ l i n k  (_ i t  v — 
I ~~~~~ t t  t’-

i i  r I i t  I t i~ St  i —, i i  i — - I’ -~ h u t  n I nl

1— 2 P o r t  smoi i t  ii  i i i  ph i  s t  -
~ - - I I s ’ I to i i i  ( I S  I I  i r i s B l v d . ) a n~ i — ‘ I

l v i ’ , ’ Si - - k  R d .

II ig li St r i - - I  l o t  Win o I v i e  5 i - i  k R d .  , i n n , l  1 ’
~ — ( 2 ~

‘ t O t  u i r d R u

5— 6 l l i , d i  St  r i  i - I  I - I  u, ’ i ’ , ’ i t  S t , t no~~u i r d  R d .  m d  —
( ‘ t .’ t i , i l ’ I , i l - , i s ’

i—S  l I Lt Si r - e r  l u - t i - i ’ s - t i  i l ,  i r  tin e arid ~~~~‘ —

t k i v er s  i de  D r . )  —

9— 10  t h i c h P t  r i - i t  l i u ’( w i ’ en  ( k i t - I ’ s i l 5 ’ D r . )  — -~

a nd 1- i en ’  I u ’k II I vd

• 11—11 l i p S  St  res t I s - t  i~. ’ , e  ni I i - , ’ s r  j R r i l y d . 1 —

. i t t 5 i  A h r  I. i n c  B 1 , - a .  - ‘
l i — I  l , i t n d o n Ill ’ ,’~i , I u ’ - t t , ’ i - - t n D i g it S t  ci s t  nind —

((1 - i l - o w  ‘it  - I -

1 5 — 1 6  I , s it i , k,n Blvd . b e t w e s ’ u t  ( P l o s g o w St - ) i - t i —

- i , i n ’ bor B lv i i . - - ‘

l i _ I ~ I i , i c h o r 5! ‘ ‘ I  - l i s ’ t w t -e n  I , i i t i i l s u t t  l i t  V i  I i i ’  I , ‘i —

~i t - - - l s - S t .

1 9—1 1 H a r b o r  
- 
6 1 : 1  - i u i ’ t - e e t i  s t - -n i  i - ’ S t  . i t h  — 5 ’

t o t  1 Wi - i v e  .

L i t h i u m  B i d .  i i- t l ~~~, H 1 l , i r o t i n a  At e .  —

s l t t i l  t i l  p 1 . 1 / i l

2 l~~. 1 s’ n I olk - t i l t  ,i~ - n i l iii , - I he m i s s ’ s - i t  t s i 1 p1 - i t ,  I , imi i i  - — S

1- t e l  g in A v u  -

2 5 — I t t  D t i l t ’wt t i l t s  I I , ~ t 15’ i ’ c t t  ( k - i  l e i i t l  - I  ni~~i ( X~ —

tlompt iii lii

1 -‘— 1 5  I l i tn t l i t s ’u i l l  i t .  ‘ s ’ t s s ’ u ’ l i  R c , i t t i l u l t ’ t , ’ u i  , \i~~- . t o i l  — ~l l
F r  i i i  s ’ s .  , \ t l i l s ’ R u .

‘ 1 —  3t )  I l t i j l t s i l i  n h  ‘ 1 _  s - I  s i - u i  i t ’ l u s - t ’ —. ,~ . \ nn t  l i i i , ~_,
(~j  — ~l I

- i n ,  ~‘ ,‘ t Ii ‘- s I

t~~— 3 2  I I  l ’ 1 u t i u l i  l I  vii . I ’ s t w. s - t i  . ‘ i t  St  . o s , i i  I S t i t  I t .  u l l ~ —

3 1 — I t  I I , 4 Cl , u l s ’ f l  i l  1 .  ‘ s i t  Wi s - - I i ti - n  - i m P  ~ l , ’ — - I  i
’

. l , ’ s i - t ’ l , t i  ( l s ’ . i . ’ i i !

— t , I ’ i 1 1 i  I - ‘ I I  l ’ ~ vii - it i5 - . ’ - n ,  i ‘ - s t  t - s i Q t i  I t  s — i  s i t  I I — —
, L l l s I  1 —‘ l i s t  s ’ l i s t  —

1 1 —  3~ l h . t t i h s I  ‘ i i  s I  ‘ i t ,  l is t s ” ’ i ’ I t  ‘ l i s ’ t  ,‘ 11 , 1 .  I m i i i  - - ‘
I . i t r 1 ’  i ‘ I-’ I d

1 .1 90 s i~~ I I I  i t  - 1 s t  i , s ’e I I I I  I ,  I I ,~~-k  1,1 . , m i i , l  ~ i
S h i l L s  s - n a i n i , i l  l v s t .

~ 

,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • ,



vi

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4.

F_ li t ~ 
i L i l t  i m n t u ’ d )

I I i lk ~ ( : i t  v • lii ’s l i s t  i ’ 5 ’ , l IP

i ‘s i t  i i i  l , i r n k  St  n i - s - i , ; •‘uid i I ’ i i S — S t  s i t  n i t -  r - s s - i i s s i n s

\ , ‘ i ’ t s u l k  l i v  m i m i l i v ! .  i i e i i v m - s ’ n i A i r l  in I s ’ i ’ o’, j i i a l  (Vi ’ — 5 ,
51 v d ,  , I l i s l  i - \ ! l  i n  SI  . ) ‘ -

‘

I — s i  I I , i i t , ~ ’ i s s t l  iHv d . ‘ s t  W s ’ s ’ i l  1 S t  h e m  S I . )  , m i n , l  ( x  -.

A s i f l l .  I i S , , l I  I l l  i s i .

1 s — -os  \ s l i i , ‘ ( a n s i  t l I v s t . l i s ’ t ’ ,-’ e s ’ ’, i t a m p t s n n  B u st . • i s ’ — 7
l iii i i i  h t i l t  ch it ~,te ‘i i’ s’

• - — iS  ‘i s l n .  ‘ l , i , i s j  g II [V i i . h e t i s ’ i ’ i - i  tIn u sIa  ~s ! 1s ’ . i l l d  5 ’ — 1 7
n u l l  n’ url w ,mv I

- ‘ — 5(1  I — * s ’ s  l i e n  Si ’ s ’ in I sm  ill i ‘0 1 5 , 1 ’ , ) a n n u l  A l  i I I ni  • I 5 ’ — I X
a i n i - i l ii h i’ i i .

u t SI ‘ “ i i  l ’ s ’ ’ nis ’ s t i  S i n ai ’ i e t ’ :’ u t l I , i l  R l ’ :sI . , u t u t  ~~l , — I S
5—i t  I c  m ri - s -k t~i i -

- m i i i  - ,\‘i i ’ - I s’ (‘0 , - n i I — s Ir ish - s ’ J i l  — , 19
‘ s — i t s  — ‘ - - t , , - I t , s n - m n  , n i i t t i v  \ \ s ’ . - I n s t  i t t  to ~~! — ~I I

i i- s - i - k  ‘ I - I  -

5 ) 5  , - ‘~~- , t l i ’ t L u , ’ l i  l i t  I , ’  n e c k  lid . , m t t u i ’t ~ h i l t ’— .‘~~ — ,~i i i .

- 5 5 ,  s - I n  l i i i .  I s - ’ . ‘ i t ’ m l i i  ( i , ; i n , , s - n ’  “~
‘
~ — II

o h  — u s , ’ I — n  lii ’ t w. - ‘ i i  i - I - -- e r  s i ’ . I m u s t  ( l i s ’  ‘ ,, I u s - i  R e I —

I I I  ‘.‘ - . —

i s  , l i i ’  t win O i p s ’ m k s  R I  vd . iu s t  I S — 1 1
I t ’ s  i t t _ -v  , ‘, . , )  -

ms ’ i~~~s - s -  
c :’ .

’ ‘ s a w s ’s -n  t i t o n l I , ’ i ‘ i v ’ . )  , m t i u l  N ’ r v i e ~ — ( 5

l i — m i t ’  I ‘ - ,  s , ’ t i , s ’ s ’ ’ , l  5 , - I _ i s ’ is -s s . ,  i t i s l  ( I s ’ t’ l i —  ‘i ’ s - ) ‘, S — ~ _ ‘ -i

i , i _ 7 i  I — ’  ( W i - s - t i  i i  s - ” . , i ’ , , \’:s ’ . )  , m , t d  ~I ! l j i , i r y  .‘‘i  —

- 
l i i  - , , ‘i, - , i  -

7 1 — , ’ .’ I ‘ . t s ~ n t , -~~ , i i  “ i t  m l i v  t l i p l i w ; i v  111th cx — ~2 5 ’
( I i  ‘ ‘ l i n u s ’ l i t  ‘s i ,  —

7 1 — , ,  I — i l , ’ ’, ( w i -i - i n  t i n t  c u t  , \ V u - . )  os • f ~~ — ‘
i l i ’ s ’ ’ i ’ , , \ i t n l s ’ ii’!.

7 1 — ;  i s - m l  5 i 5 i ’  I i s s ’ s f l  5 i h o c , - - , - . \ i u o m  - Bit , ; i t t 1 i  \~— ‘ , - ‘i —

7 7 — i S - — s ’ s hi t si ’ s - t m  - — l ’ s ; m u s l  N i ’i, t s i n s ’ ; is i s 1  ‘5 ’ — ~I 7

‘ I —  I V i  r g l i n  1 . 1  - ‘ I s ’ s ’  t v’ s ’ s ’s I l s - i s t s s w n i Sit . l i n t I ‘ i v  \ ‘~ e - I — ( I S

C l — - I  ‘, — s ,  h e t w s  s -n I l ’ s ’”  ‘ i t ’ s ’ , I .u n u i S i t  s t i i i i l s ’k  R d .  t , ,’~ I — I 5

I— ‘i:- 5 ‘s l i s t s ’ s - s - n t  Win , - l i m b , I I i i . , t t n h  I si ~l i ( S — -

l i - m t I

I 0



is i i

‘ ::. - 
,.. ,

~~ ~~~~~~~~ ~~~~ $~~~~~ 4 ’7i- ~~~~~
. Cq~~~~ ~~~~~~~~ sm~~~cs~i-” Sin~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1 , 6 1  ~
. 2 i i  s ite I oils - il)

I. in k 0 C i t y  l i u m w n i ,  I r s - s --u
I I s i s  0 I s t i  , 1 ,  j l i l t  - C nec  10 o i l  Sn — ‘ i ‘ s i  - 

, i i  - - n. , -
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or  a b s en u t i - i i i ’ a bus s t o p  on the near or far side of t i l e

intersection should he noted.

M e l  r~ ,p o U L m i l  j o p i i l a t L u :  ‘Fine popul tntion 0 1  t h e  c i t y  or
tiii ’ t r o p o t i t a n  a rea  in w h i c h  the network is located must be
ule I i ’  r nnn it i ed

Fi gu re  3 i l l u s t ra lc s  the p h y s i c a l  c i m a r a c t e r i s t ic s  of roadway l i n k s .

O p e r a t i o n a l  C har a c t e r i s t  it - s

In addi t ion to t h e  p h v s i s  al ch a r a c t e r i s t i c s  d e s c r i b e d  above , t- a c l i
link will possess opecational characteristic s that musl also he known
or assumed Ins input to  l i ne  assessment  process .  In a l l , 11 s u c t m  c l l a r o c —
teristjcs must be determnn ined as indicated and defined below:

• Demand vo lume : The number of vehicles  pass ing  any g iven

~~T~~~o~~ EEd link in the course of an hour . Demand volume
will vary with the hour of the day .

• Operati~~~~~~~,d: ‘Flit’ hi ghest speed in miles per hour at—
E~f b T~~on~~E’~ link consistent with the operational and
physical characteristics of the link.

• P r o p o r t i o n  of h e a v y — d u t y  vehicles: Percentage of demand
volume t h a t  cons is ts  of buses and heavy—dut5 trucks (three
sir more axles).

• Pro,p,o rt i on of t um n i n g v e hic l e s :  The percentage of veit icles
t i n ; i t  t u r n  l e f t  or ri g h t  at the  downs t r eam i n t e r s c - i - t  io n .  Thi-
proportion i u f  turns is computed separately for cacti approach
elennent (through or turn only) . Exclusive throug h or t u r m i
lanes will have a zero proportion of turns associated with
t hem.

S a t u r a t i o n  s i -m v i ci’ volume : The maximum nunnibe r of i’i~li ic les
i i i ’s l r e l  i c a l  lv a b l e  to pass t h r o u g h  an u n c o n t r o l le d  [n t u - c s e c —

t io n d u r i n g  an h o u r , consistent with the p h y s i c a l  i- h o r n e t  u - n —
[s t ie s  of t he  approach  and a s s u m i m n g  a mu nx im n m t r ;m l  t i c  l s ’ ,~~i

C i ij i a c i t v  : ‘Fhie maxim um tiumbec i t t  ve h i  he i t S  ~Is ’ tua  i t ’ s •ih I s  t i

pass through an i n t e r~~ei - t  ion consistent is’ i L In p tn~’s is - m 1  and
ops-rat ional characte mist [vs and d u - p n u ~e i _ i t  c e nt  r i_t i , m i l d
assuming a maximum traffic load .

Ty,pu’ of s - o n t r ol :  The t i -p c  of c oot  ru I It ra I f  ie  s i  gi l~i l , iii i m p
si r y i s ’ 3d sign , toll hitot ln i _ u n gate , or other) to w h i c h  I i nk
Iral lie is stib~ u’ i ’t a t  t I n e  c lowi i s t r et im h n l e r s e u - b  io n mtis  h t ’
dett ’rmineii . In i’onn m’ctiiun w jt tt u-iig rt i I iz e d  c oO t  roll i -r n , 11 mm’
I’d towing in Is’ c nl ;at ion must he oht a m e d

12
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— 5 1 1 . 1 1 1 , 1 1  t \ ’ I i e :  ‘ l i i ’  st ’ s - I ’ l l ’  t ’.’ p i -  ( t  i , xed , l u l l ’ ,’ o r s e i t n n i —

~m e t l i . m t  u ’ s! , i r l u ,(cessi I,- ,.’ , c o t t i p u t e r i / t ’ d  , e L , ’ . ) o l  ann ’5
t r - I I I i c s i gtna I

— I : V - l ~~- . 1 _s t i g t h n : ‘Fi t e 1u ’ t i l ’ , t II u t  t i nle t or tb t i ’  I rat’ l i e  s i gtia l
t o  p in s  t l i c o u g b t  a l l  i t s  s e p a r a t e  plnases .* in  hie c a s t -  o t

veh i d  u — i c  I n t t  led s i  5t lii 1 , 11 mm. ’ i t i , i ,~ inn ull i C Sc le let igtln shiou] ii
he det  i’ r n r i n n u - d .

— U n ’n -ei l  ( h i n t ’ :  ‘ l ’ h t e It - , i s ; t l m  of t ime cl _i n i re - c I v I l  s i g n a l  c y c l e
v i s i t a i- u r n t  r o t  l i _ •d approac h i _ I  t- t ti _ mir i-Ni i r  l u t i s ’ u ’S . m  gr e~ - i t

sLl t l ,i I . In time s ’ , m s s ’  s i l  a v e-In i cl e — a c t inil t e u l signa l , th~’
um in im nim g r e e n  I ime silotil d be detect ; i i;s ’ d . A si- hianat e m int ’ s -si
time Is I1SSOC ialed s’jth i_ sm e ll signti l p lm asm.i .

• 51 011~ i: lhe number of veh I d e s  that slop at  t ine  downst  rea t t m
i t t  I s ’ r sec  I ion during ar m I n c u r .

• l I e  l i v :  The t itne ( in ses - uinds) spn’m n t on t ue link by an a l - i -  r i i g i -
l v  I t ’ iii t’ Xc e s S  of t i n e  I l I t re t i l a l  v’,’itld be spent wit ino uni in—

I e’rsec F ion cont  r s m  I

• Queue ngth : The ~i Vi_
5 r i l g e  1 s - n g t h  ( i n  S i t  u 5 r s ) oh’ the line of

vt- iiL- le s stopjicil at t h e  duuwni-itrea nti itltecscctjor .

• \/m.’h I u ’ Ie  c i i  I es t r a ve , li- d : i l’s’ p r o d u c t  o i~ demtmtnd vo l  m i nre  aind
I i n k  i i  ti gth n r t l l s l  he  d e t e r m i ne d  I n c  e i , ’h J i m i k .

(It the -h a r a e t e r i s t  i , ’ s , lu ’ss - r i l u t ’ d  above , t i m o s t -  t h a t  a c ’  n ot  prim cnv
inputs to t u c i  c o n s t t n r p t i u n i  and .i  i r  qu a ( 1t \ ’  , m , - H i ’o ,H n i t ’l t t  a ;~ ss’ co n d a r v  l _ n l p l t t

used i ti  t h e  t i s - c i v a t i o n  0 1  t i l t ’ p r in i a r 5 -  in p t l t  i t l r l l r n l u l l t s i r -I .  Co n  i- l n mrit v , ‘si

have ci ni ~st’n1 to  I r e t i  I on I v I lie p r i m a c y  in ip i t  t s  I r i t i s ’ h s s d v  u i  t he r ep o r t
r e l e g m n t  ing  t r e a t n i e t i t  of s e c o n d a ry  i n p u t s  to  s\ p p i’ndix A. liii- anal vst has
t I re i-hol cc o I u s i n g  t h e  ‘so r k s it e e l s  in i.;s p i _ m l i l  i x  ,\ st t ’ c i t  ~i in  lug t l t s ’ pr [ma c ’ ,-
i t i p tI t o d ir e ct lv from oil ou lsids - soi, i ‘ i’s , I’ , x p u - c u i _ ’ n n e s - s I  t c , i ! f l u  a n v i l vs t s

f a m i l  i i r  w i t h  I s - -a l t i e - - t w o r k  c s i n d u i  i s i s  sh o u l d  he . ‘ , ‘ n r s u i l ( i’d , it pos.ni lnli ’,
t O  o p t  i t I t i Z e  t I l e  ac cur a s -v  u I  l i r e  i n l p u t  d~mta .

i i p s ’ c . m t 05 1 1 0  t cl t~1c ,m, ’ t i _ - c  1st ie~ o h I o  i n n - u i  u ’ h  t h e m  d i  cu - , t I y o r  ‘I id I n e t  I y
si t o l l i d  app ly to a single lt o itr of  t i m e  da t -  w h i t - I t  Si s n a I l , call m s t u , s l v  t s , m m m c .

One on . m5 ’r m . ’ S l l s ’ I i  St  O i l y  I i ,  t s  it o- I n -  s ’ h lo sen l  to l ’ ovu ’r t i n t  p e r i o d s  d i t t ’  i t ip

win t m ’t i g i l - e n  I r~l t i sp o r t ’ . m t  h i to s t i l l  I O f l S  w i l l  lie o t n e n i t t ’ i o t ia 1 . ‘lit is  n, I I 1 tn t ’ t r —
mit 1 1 i l ’ s  u sn e  m m -  t t toi ’ e u s !  I I t s - po lk hour s , nmom n I ng ;l n u i  t ’ v t ’t i I m g  -

n f l ,  i t  i s  ui oh ‘u va I c ;I I i m it  ‘ ps  r a t  i 011 1 I c I n t i  n, l e t  u - c  i s  r I s ’s ,u t n e t  v i  rk
l i n k s  s l i t  m i n i m  l i v  I’m , mI ,t ‘ ,  h i t s - d  I t ’ u u u __ i l m i n l i _ i I l , i l  P i l l i l i i ’ ‘so t ’ ks m i ~ t t a b ’ l 1 ,  i t t —
g i r l s - s i - i n g  I s  ~~~~ t n - - i l l

*
i - s ’ .—, I I l l  - - i t  l 5 ’ t l  s ’ I I 5 1 5 1 1 _ l i  s ’ ’ s e l m ’ n I t  s s l i t  i i i  S ; u  — ,pi ’i ’j  I i i ~ I I ’ , I t  I I I ’

mmi v • -015 - i t t  , i I ’  I’; I H F 15 11 1 , I m l  I ( l I t ’ u ‘ t i  I V , ‘ H i  on gii - m m - I  I s I  I
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Mm m m i ’ ; . m l  4 , ’ m t - ,  tn i n i g — — B m i . si ’ l i ti e  Ct 1 lcu l ~1l i s l tl

‘lu  n,l;l u - c l  , i S S t ’SS t l i i ’ i i i I I 1 ~~m c l s  m i f  ‘ , ‘ ‘ i n i u l i s  t c ;Iti, s l m r t i r : i u m n l  ‘ ‘ I l l  l o n i ~~ ,
1 i t . i S u ’ l  i l l s  , l i l i l l  VS is olust l i t  I ’ ~~~ 

omnned. liii’ p u rp o s ’. ’ s I t  t i n e ho , e l  ( t i e  ant i I—
‘. 5 1 5  is  t~ ’ s ’ I ’ o ld .  F i r s t , i t  is m n u - c s - s s , ’ m c v  I i ’  i n d h c ~ m t . e t H u  s m - m i s t  ir Ig  l c t - ~t l i s ,
sr n o — s l p t  h I L l  S 1 t i t ~~i t  jul11 , .m g i imls t ‘,5 l j u ’ I I  t o  0 I , ’ , i S l l t ’ s ’ O~~~t ion  m I t e s t i l - i s I s ’ ’, ’ - .

Ss ,’ cuit i d , i t  1 tn ’o’,’i dt ’ ,~ a ’ m t l e — L  ( lii i ’  J~ - ti _ -m ’u’ i i ; I u m t i o m l  m l  pt - t ’ — ’:m ’ t i c l e  L i ; s . m c l  , ‘ . ‘ t t ~ -h
C a n In c used is t I l t ’ b a s i , ,  t o m  r i g i d  sc r ee~l i t m g  of  . i  ‘ f i n e l y  ut s - p t  f o I l S .  H u e
pr ,’ced ure for l i i i ’ basu-l~ ne anal y s i s  is d e s c r i  I ’ , :u as l i i i  lows . s nd  o u l l  I s i n - c I
Schn ema t  L- , i I i v  in  F i g u r e  !i_ ,

~~~~~ 1 :  - 
s, ,5ts’d, ly i l l  I l t j l L s L  P a l  .1——For d i n - ’ I use 1mm t I l e  l o l l - o c t  - m S n i - s s —

i0t ’fl t , t i me f i n  I t I i . i r y  i n n 1 i i l t  Ha L a  I c r  e a t l i l  l i nk  s h ou l d  s f  :iss0 ’~h l , -~i or t i l e

, - i l l l u I ; l o i n  i n  a f o r n ~n a t  similar to t h a t  ol  i i o l , i  Shed 1 l s I , m t a  s l i t ’ s - I  S Inep la
on pag t -  2 i i  . ks’rkshieets ; f o r  dcr .i . ’5 ’ t u g pm u s o t ’ y  1ii~~si du t a umc c p r u  n e t m t t ’d i l l
s\ p p e n d i x  A .  L i n k s  shou lit be i d e n t  i i  ied by t iumb er  as a C r o s s — n i ’  f t - r i - mis - c
to t he t i e t o , -o rk  s c i i u ’ t t t , m t i c .  A s i ’ lt ; sr a t e  b a s e l i n e  m n ; m l y ’ s i s  m u s t  H & . - p e n  t o r nit -d
f o r  eat -h t : s r g u ’t  vt ’~mr  in  w i l i c l m  t r a n s p o r t a t i o n  opt  i st i s  a r e  to be t e s t t - J ~n
the  n e t w o r k , - , ,

Step 2 :  CaI,. umloLL.n of  Fm ,uel Consumption——TIne n it - f of  I u i ’ t cons ursn p—
t ion  ‘, - , m r  l e S  w i t h  th e  m s i d s,- in ‘.-,‘ l m i c h  a v e l n i u , l e  o p er a t t - s .  The  p r i n v  i pa l
modes a r e  acce l t ’c 5 I l  ion , , I i - s ’ i ’ l e r a t  ion n , c r u i s e  and id ii- . Fue l  c o n s u m p t i o n
also depends  on p i m v  L c , m l  c h a r r i ” t e r i s t  i i ’s o f  the no ,i’i , such  as grade  and
c i Ir ’,’ a t i u I c i ’ . ‘F eu-hltl i il ’ies f u r  q u a n i t i t a l  i v e l v  , i ’ S .-, i !si’ it i g ,  v e h i ’ l e  r u n n i n g  c o sl s ,
i n c l u d i ng I u el  consun-i ip t  ion , h- m i t -  ‘eu- n  de ” t’loped in Ps . ’ !  erences I and 2
On t h e  b a s i s  of t h e s e ’ t ec h n  i q u i e t — and smigi i n ~: ru - s i - a r ch  u nt  S R I  • we h a v e
c o n s t r ue  Led Fi g u r e  ‘3 (page 2 8 )  atid L i t  .1 SI e s - I  2 , ~hi i s - I n  t .- u , m t n  I c  H e t e rt u ,i no-
t i o n  of h o u r l o  l i l t 1 cons inn ip i  ion i  on each ne I s o  rk  I ink as , m I on i c t I ott of the
p r i m a r y  i n p u t  i n f o r m a t i o n  l i s t s  H on Da ta  SH e e t  1. F I t  ee l s  or c I ’ , ’ i c i s , ’ tmt t d
c u r v a t u r e  have been ,i~I s Inted nn ’g I  ig  ib l e  f u r  t H e t v p i c : m  i s O u l ’  ‘ t t  u ’  corridor.
Fuel consumption est iuit~m te S for line ’ b a s e l i n e  S~~l I t i m t  i o t n  s l l o r l  i i  he made f o r
each link by f i l l  ItIg out Hat ,l — u ’ s  t 2 in I t c c o r d t l l i , - , ’  S l I l t  t i l t -  , i t o .’ , l t I u l l , i f l v  i t i g

i n s t r u c t i o n s .

S~~~,2,__,,~3: C o l s ’ i m l l L i o n  i t t A i r  ? m u m  l i i  l n t p i s : — — I ntl 1k I i _ h  s ’ s ’ t l s u n tp t  I m O

wh ich has si g t i i f i c l m n l  e p r i n l I n i h ’ s -  in  I u ’rm s i t t ‘i s n i t m n i t l , i t  i ’ ,’ i- ‘s ’alt~e’ ( o r  t i l t ’
uii- t ’si_’rk . a i r  po il n .it [m i i i  i I lu ’~ I s  tI tl ist l i e  u ’ s m m m s i ’ , l e n s  U s u m  l,5 m t l m m r isg i ,i ls. i I
(networkwide) and i loc a l ( s i t s ’ —~~-p e s ’ i t  m o i  basis. P, - t ’ t ’ t n a l  , i m i , t l v s i c - i  i n
t e r m s  c f  totai t m i u t i ’ ’ m m m  t i l l  

~
u s  1 1 ’ ’  L i l t  151,  i t  t I ‘I  s i v s ” t  r I i ’  n m s -~~s’. ’r k  Is  ‘ m u - i ’ ;  I i  I m l

assessing time i t ; l f n m i c t  01 p - l s s t - t n i l t ’r t r a n s p o r t  I t  in n  - ‘p r  in ,  rt’L it i’:c I s ’ 1 m t h e r

reg i s m n a l  a i r  q u a l i ty  i : l t l l r s l ’ , ’ en n i -n l p t  s ’ ’ t ’ ’n n i s .  s ’  s I  anal y si s is ‘i npu t i n t l
p a r t  i u: I i  I . i r i ’ s ’  i ti  t he 0 at -  o h  ia ch i l l  mnnu ’ rms ’ ~ i s i c , be-catiso t t I I t ’ i - s  I i- i-u t i nIp s t s
on peop le o c c u r  r u s t  an  m t’ n - g l m m n a l  t s i t a l , h m , i  r a i s i n i t ’  a ~ i_ i , i i  izs -d t o , , 1  1, - I

in li lt i o n i c - i l l  - I t t ’  V i  u’ j t l l t v  o f  s ’ I t m l g i ’ s t u -u i  roach l i n k s  c r 1  l O t s ’ ! —, s ’ s ’ l  lim o s O —

proach es. St’p•m n l t  i ’ p r o c e dt t r e ’ s a r t -  ennp los’t’d i s I c  cs ’ l I i ’ ’’t~ i l ~m miil l s m c ; s l  aii m l ’s ’ s  ~s.

Re,,~~i o n a I  l tnj iac t S~~~~~
’s\ ’ i i t ’O r r i i m t c p o  d l i  iOn  I s  I i s  nt -u a r m -  os h m t ~’ ‘ o n i —

s H i m ’ s - si . .1 q u o - s t  i o n i  is c u t  l i n t  r a i n s - s i  an  t u s  l l o ’ , - t e n t  I s ’  L i _ s I  h
HIs ’ I s t  100 w I l l  c h i n m m g u - t i l e  re- g L u t - m t  hni r’H ml I I I  i~ I p o l  h i t  a n t s .
‘s i  I s  - I ii ~~H 5  - S I lO ll  ‘a ii  he ’ - m O - -i_ cs - I i r i s h  I r s - c ’ ’ , lv I I I  ‘ 5 t n ’ S  01  eh ,  t i l l s  S

in t r i ps or ve ’ l i i e l u -  I i  l i - S  t c , m u , ’ s ’ l s ’ s I . s m r  i t l n u ’ c t l v  i t t  I s  t t ,s,. s i t  t I m e

I ’ )
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ci n ;m nigi ’  l i t  t o  Iii I .i 11 1 1 1  1 s i t  10 1 l i i a i t t  m il l  i t . t m ’ s ]  I i ’ I I , ’ . ‘ I ’ O \s’ i t ] s  - . ‘I wo
i m s u  I I  i l l  , i , l t  S ~l d s ’ t i s u i l  I s ’ ~I I I ’ d  m ime i m n t e c , -s t it ’n c m l  a t  h t m l  I 0 o h I o

155 ’ b e c , i u st ’ o f  I l l s - tu n Is ’ I m n m m l l l l n t  i s O  m m f  t i m e  i r  r u - g i s .i i l u m l  h , t r d e n

, i t t r r b c m t , i t , l u - u i  i l l I t s i  t ’~1I I 5 S t m l I I 5  i l i ~ f i r - I  i t  I I I u ’Si’ , c - m r b o n
m o n so t i d e , i s  , m t l r i ] n t t , I ’ , m l e u m l ; I m i m s t  u ,- ; - : u - l u s i ’ ,- t- i v  t m  t h e  au t o  and
I sm s .1 d i n u ’ , ’ L  t s r  fo ci  s ’t i l u t e  me a l t I  i l l st ’miSIliv e m d i v  i ’ l l i , ’ Il S .

l ’ h t u -  secsmnd , h ’s’i l i ’ s ’ s ( m c i - I l , I S i - i 1 i i I .’ s~ ii’ I I , I l  l e s s  51.1Cc I I  I c t u t b . - l i l t

and  i n  lo t  m i l n e c t l v  i ’ s,- L m t c - i I  I s  i e u m l . l h i  e f f e s l t s , h i n t  is a cr 1 ’ ’ :

c t m m i s l h  t e nt  in thi’ p Iiu t L o - ’tieflhis ’~ i l  p r 1 t i ’ss m .’s 1s- s~i i n g  t .,  L I l t ’ fur ;lI,m—

I Lot i s i t  i m t - o l t l i — ,’ i f f e c t  j u t 1 :  p O l i L i t o i l I t - , K m l i ”,s ’ n m  is lml ’ , l s l O t l l S ,  ~, , i t  i l i t i ul l
S t , I l t , t  n i H  l I , l ’,’ e 11, 5 11 S e t  f o r  i ’ t l t t s e l I I  c a t  ion s  s f  c , i n l i , ’n  s l i m l y I s t i ’

alIt1 01’, l d . l l t L  i i i  l i t ’ nil) i t u n t  o l i n .

‘ l i me di l l u ’ s i f  fN l  1 l i n t  t i m i  I sf111 l 55  i s I t I  v : m  c i  es I,’; i t  I t  s I c  i v !  t i p  l l l , .’ t I i  10 a
ot ,m n l t it ’n s i m m i i i a r  l u  L l t l i t  t m f  f u t -l c t m m n s l t n i p l i s m n .  l e s  i l t i l i l u e S  I o n
as s c - s s in i g  n s u l l u t a n t  t - n m t i , s s i i l n s  by  d r i v i m t p t t l I ’ i l t  ha’i~ hi-en ,li: —
Vi lo O s s i i l l H i l t ’ ns ’ nla ’e 3 .  in  t i l e  a s  i s  ‘f  l i en s ’ Lso c,’l tn ii ]mit S , ‘ ‘ i-

l l  C u t ’ If ’  I r t  t i t  d i n e  I ~‘~ l F i g tn  n - ct -u 6 and 7 ( pageS 31 and ‘32 )  a n ’  I ILl I , m
‘- C i t ’ s ’1 1 , S, I i t P l  ~n a h l e  ,Ii t e c ; o i t m : i t i s j n o f  c;icli ~’t t m ontoxidu umn d
I I - ,’ , ! n i l , - , m n ’ I s o n m  tb r , l i s s i l : i n  p e n  ln o u n , on i- ac ; ;  n u - t ’ .,s ’ck  l i n k  i s  a I ’ : ; l c —

I hu n u I  l i l t ’ r i o ’ , m r ’ .’ i n n p u L  i t i l s i  C I t .  I t  io m l l i s te d  ot ;  D a t a  Sh ie s - I  1.
Psi! lot iutt u ’ t t t l s s l s l t l  i_ n t !  ‘ , , i t s ’ ,s for L h n ~ bane] I n n s ’ s I t m i , ; t  j o n  s i m o u l d
he  I l , l ’ , t s ’  I s i r  s , m c t m I ink by f i l l i n g  O I L  Dal i S]it’eL 3 ia  accord an i s : t -
L [ 1 t  m ’ c s ’ r . u p - m n l \  1 I , ~~ i t i S t  r t i c t  t o l ls .

l i i , I l  O , i s i 5 ’ t  l i t ’ b e d  i r l p u i l t  o f  t r o m m m s p c u r l t m t  I~~m t n  s m p t  i s ’ t l s  i s
i n S ,  ‘‘ ‘ it i s ’ I ml I s ’ runs ii! 1 Lal p i ’i  l u t a n  1 s t Il l 11 i ’s! 1” , i ’ d  t i e  net-

s’s ’ r • ‘ i i i ’  c , i  I ‘ IC  n ’ mt I t ’ r it m m-i I i f  p o t  l . u t m t ~~ I c u n c u r l  I I i Lu l l s  in  th ie
- mg mo , i ’ I I hiP s I~fliI l i i i  i t i t t ’ d s i ’ s ’ t  i , ’t t  L n p p t ’ 5 ’ , l i ’ l m t ’ S .  S i n c e

c , m r h , s , i  , . ‘ c t i i s y i d e  l u-i L i i i - , i t i l , i — c m s l , s t e t l  p o i l t l t a m i t  s’i t h i  I l l s  ~, n i n t e n t

d i  r e - c  t i t s ’ s  I t i i  ill l fm ..lC I , i t  c m be m I n i -I t IS :n su i t  oh I s ’ I n dt -y po l  l t t l—
- m i l l  s i n  , u , s m’ ’ , s i n g  t I n s ’ I s i c o l , I n o p p u u s s ’d t o  n s - g i , ’ t t , ’ i l  . 0ll~ I t s  o f
m u ’ 1 - . . ’ ’ k i , l s S s .’ u n g m ’r  t r a n s p o rt a t  i o n .  Teu -h n i i q ’ - - I o n  e L  m o a t  m u l l

, l r ’ h s s m m  fl ts l t t s i X l c i t ’  ‘ ‘ s it s ’ , ‘ i t  r , i t  i o n  m l e a t  road l.i nmk - u [151 m t  r su .’ i - t  t e n s
have ’  l i _ i ’ll mis-i ’ u ’l opt’d in lls ~~ t ’ t m . ’ t m  s u n  s t I lt ’  s ’ u s p i .  7 .  ‘

~~,‘ 1 s t - i  t h : t t  a
d e t , i I l s ’ u i  u m m t , m l v s i s  u t  ] c u ~’ u m l  i m l u l m u i c t  is li e - - I  d ,mni i s in an m I t t  u i t tt ,I tm d

( c o m p t l t  o t t O  m ’~!) “ L l f l t i e d  U S ing  tile ilt e t]i u ic! Si’ w i l l  5!m ,- s c r i h e  l , I t t ’d
in t h is ti ~I,sirt . \n  m i  JC d i i  ( m l : r m ’ i ’ hn i qu t ’ , I i O’,s’ i \ ’ i, ’ t , 3 c i u t i v e r t l —

cu l t m d u m s l l re  of  1ui m~u i l  i mp m c t  eon  h i ’ ,‘lt a i t i ed by f i l l  105 0111 Data
S ] l s ’ e t  “5 i t t  a cci u r d , l ’ t c m - v i  L i t  t i t i -  Os  ‘ ‘ C  l s i i I I ) i i f l ’ l i t . ’ 1 t in t rti cl ions. 1 mc
h I m  l q t l t - ’ I ’ m u s i s t  s of t o t  [ma t ir u g i - i t  ‘O h  II s t i s ’l’l i t i s ’ I ’ I ’ i l s t’t i I  t i l t  l i m I t

, m t  r oads  I d s ’  , 10 m t - t e n s  f r o m  i i i , - e m I t  el ’ 1.Iiie i i i  .‘ m g i l - u - m i  I in k ,
u n d e r  advu - csu ’ moot ~-oro I ss ical coni h it i s - I ’ S  t ’xg m’ s’ted t i m  r e s u l t  m i
h i g ]ie n — L l m , m m t - — , m ’ s ’ e c , t~t i ’ s, , m m i c s ’ nt  r a t  I o n s . S m m s ’h d i ’ ; m u l S  i s i s  v a l u es  can
i- O s i l v  be s s ] ,t a  i n s , , ]  t in m n t u i l I v  ‘i s  i t t ’  D~h l , l  ~- l i e c t A , ; t t s i  c li i  Se cv c

as ~m io u - I l l  a ir  q u a l i l  v meul, ;iicu ’ I s i r c5 sm t t p , In i suul i 1! t n : n m n s l ” s l r t a t i o t l
l i p t  l m s  e- I I i ’ c t l ’ ’ t ’ni ’ - u ,~ . ,\ p j ’ c ’ u ’ , il  ] I ’i D~~~- m ’i n \ ’  ide ’s ; m i l d  i t  i i ~ t t , ’l I g u i d a n c e
f , m n  (‘S i h u nt  t r i g l s m s ’ ,’ m l  a i r  q i n a l  i t s  inp i ’ ’I

S t m .’j -I: , A s i j . i  ‘ t n l - - n u l  i n  F I n e  ‘l ’ u ’ - m m ’ s — — F i g u t d s - S p , j i ~~i 2 5 )  s I l l Fig uc i ’ i - u
6 l O l l  I ( p i l e s  11 am i d  12 )  s d  I t i e 1  e o i m s m m t t t l i t  so t  m i i i  a I r  1 1 1 1 1 1  t v  s ’ st  I t t u m i t  ls ~u
are  based 510 v e l m i e  i t ’ c l n u l c , I I  l e n i s t i c s  i ’ m l  i s i  I n  l d I 7 H . lS , ms t ’ l i m i e  s- s l i t - - i t  ~~~
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f o r  f u t u r e  vn ’ , lr s  w i l l  c e q Ui r e  an ad j t i s tm e r it  to the  n e - s u i t s  o h l m m  m e d  f r i l l
In si’ ill these figures. We are nnot aware of any satisi actory utme i his id for
pr o  l u - c t  i i -tg f u e l  ecortonty in to  the. f u t u re  and re so o mitroend t h a t  mc v - m i n t - s  l i e

used uimadjusted for future basel line anal ysis. hu ~ the case  o h a i r  p o l I o —
t h i n  f u t u r e  a d j u st n n e t i t  is f e a s i b l e  basto d on manda t ed  enlissl Oul contr si ls for

u t u r i - m odel  y e a r s .  F a c t o r s  f o r  a d lu st m er l t of  a i r  p o l l ut  ion v a i n - - i  I or
f’ t r t u r e  h ,m , -i e I [tie a n a l y s i s  can be ob t a i n e d  f r o m  ‘l’oble  3.

Table 3

m~DJUS’l’lDEN’F OF POLLI1T,\N’l’ E M I S S I O N S  TO FUTURE Yi’APS

Model  Yeumn Correction Factors * (Base Year 1975)
f o r  L i n k  P o l l u t a n t Emiss ions

Low Altitude High s\lt itude Low Altitude , High Al t ;lt id~- ,
Year  N m m rj — C a lj f o r n i a  N o n — C a l i f o r n i a  C a l i f o r n i a  Cal  i form in

1975 1.00 1.75 0 . 9 9  1 . 7 5

1976 0 . 8 7  1.55 0 .86  1 . 5 4

1977 0.76 1.36 0.73 1.33

1978 0 . 6 3  1.15 0 .6 1  1.11

1979 0.53 0.96 0.50 0.91

1980 0.42 0.76 0.40 0.73

1985 0.15 0.23 0.33 0.20

1990 0.07 0.07 0.07 0.07 -
~~~

*These cor n - c 110 11 factors reflect t h e  impos i t  loll oI in t e r i n n t  I m i l e r a l
emissiunn standards (for time low—altitude and h i gh — a l t i t u d e  d r i l l s )
throtng h model year 1977 and the statutory standard thereafter. Ft ,l n
C a l i f o r n i a , the correction lat- Lors reflect the Cuml ilor n ia interim
s t a n d a r d s  t h r o u g h  the 1977 model year and the statutor y standards
t h e r e a f  t e r .

St s.p 5 Ca1cul mii tioti Of (’omtiuut’sfr Cost s-~’°l ’ht ’ o m t t — m i f — I l n c ’  poi ’ke t i ’ O S t  s

a s s o m - i : m t e d  w i t h  Ci t m n ’ , ’ l t u ’ t r av e l  u~ re only a part mi t  t h e  t o t a l  c s -u I  s 01 t r I m - - —
p o r t a l  ion op t  ions .  They ar e  i m p o r t a n t ,  in  t h a  t t h e y si-rye’ In pro t ’  i d e  S N —

cc li e- nt quant i ta t  I ye m i i i  u ’ n i a l  f o r  market ing programs dc-s igtied t it i’ t l u ’ s ’ m n  d , l g t ’
r i .d e— smm ,ir ing . One- time timod of pri ’t-uen t j u g  ant omimob iii’ c o s t  s is t i m  id i ’n it it v
t i n s -  niarg i m i ; i l ~- s ’sts to comtnute by p rivate atit omo hm i Ic , wh ic h iOu ’1 l O l l ’  mi ii I v
Ilie ’ lmu t—o f—potl kel cxpc-n cl i t u r i_ -s f u r  fu e l  , o i l , t i ’ l  Is , i , m r k i n g  u no ch a] l u 5’—
arice s for t i n i -o . t ’ m , l i n t e t i u l n c e , m d  r i - p a i r s .  ~lI n t ’ 1I i n m a l  c s u s t s  t , m k s -  Ul t s) I s  —

coon t t I t a  t a l o i n  ge tmm in rihe r sit — cu i n n t rn i t i  t en s  n i  r e ady  u ’wm i  an a t m  onilsib 1 Ic , sI n  - hi -

or h o t  i t  Sc-h-yes as t i l s ’ hr pri ntarv cmu n rl m lllu- nto de ’ , tI t i t  I b u t t  i ’ i m S t  S I or Itis m tI - —
Iris ’ s ’ 1 1Cm- mm -l u ’ , I cues , at id tl i ’p n s - c i u i t  ion ,lnu - ti nt inc 111515 ’ !  ill I l I e i  I s ’ s u s t  ‘ I
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t r i o s - I  t o  n5’s) r k .  ‘ 101, 11 d i t t O  ‘ s i ~~~t 5  . 1 m m ’  ;l , m t m ’ m -  . i p p d l s l m t ’ l u m t e  i f  I l l s ’ I s l l l i  I ’ ;

i t p e t ’ .i t s ’s an s - y t r u ,  s i r  f o r  - ‘ s ’ 1 1 ” l - I t  t f l s ’ ( h e r  117 i i i  s \ t u l e r i m t u i l m — i  5 t h  ‘ I  ms,’nu-
t l i u m t i  O t I s  c u m r  in  19 7 A )  . C s i s t  s I . . m ’ : m l t l i s u , m  l u - r u - - u  I m i s ’ I s i t - p e r — I ’m  l i t -  r t ,~~~r i i i  i p

s~o t  s ~l~- r i v e s l  f r o m  i ’x i S l  i l l s  ‘ , , m l t i m s l i i l  S t t t i ; 1 1  l s s m I S  t l I r o s t g l l s i u u t  t h e  c ’ouim t r v .
Im t ,n_ Iul i he c sm s t s b r  ‘;,mius i t i c l i m , l s ’ a l l  C i u s i S  I s s ’ c u m i m s c -  I t s ’  v _ i l l  15  l . i ’~~- i b
s pe ci t  I s ’ , l I  I . or connmu ls - trav i- 1 . N um rg,i tu m l  m o s t  ‘ i l in t ’ u - I i i r gi 1 f Il l ’ m m .t ’ s u u m ) a  I
l iS t ’ o f  ‘L ati n by t i l t ’ d r i v e - n on s’u ’ t - k u - t i , l s  I n t l  c v e l l i t i g t t . I n  t h i s  S t  i t O ’ , ’ , u l mi t s ’
u . l nid v ,mi n c o st s  o i d t’ b o t h  c u m i . m .-u la ted Dv ‘u umss t -nmg t -r—Iti i l u ’ s  t r u m v i - I e m l  atmd S l l t l l t l l , l t  —

i zed on an a i m n m n a  1 h u m s  i s  . Btiv costs um ne- based ott es l ah l  i s it ed  f a n ’  - s I or
eu l  t I l t  zotme 01 1 n , m  ye 1.

The d a t a  r e q u  I rent nt ’un Is umnmil calt’ula t ions rim r Ii purl t ip  comm u I s - h  u - m i S t  5

f o r  u -a t - l i  nitodi- of t n ’l m\ ’ s ’l l Ir e ’ iden l i f  l i - i l  in Data 5111-i- I ‘)

OIlier costs , miot  i n c l u d e d  in tinis analysis h u t  i m p o r t - l i n t  t , ‘ t r , m t i S —

porta tion p l an tm er s  for evonluat inmg various unodes at I n . m - o s ’ !  , i d i ’ t h e -  c m p i —
tat and operating costs assoc iated w i t h  altertmativ~- t rum i t sp. i nt o~ ion op t  m int- ,.
These al- c p a r t i c u l a r ly i m p o r t a n t  when assessing new S v s t -  is- ( 5 1 1 0 1 1  ,.ms iii—
stall imm p ties ccitt i pmetm t, adding new bus lines , or mi tm dertzmk lflp t I l l  d o s ’  i 115

p r o g r a m s )  , or  unak ing  m a j o r  m o d i f i c a t i o n s  to exist ium g syst iflit- (such as
providing express bus lanes on existing umrt i- ri ,m i s or add i ng a tm ew t ra ft ic
si gimal or making routine maintenatice) . ‘l ’ho tmg h no t  p r e s i  t m t t ’d i n  t b  i- - i  r i —
p o r t , t ime p r o c e d u t r i ’s f o r  c a l c u l a t i n g  c a p i t a l  and u u p e r u l L  i ng  s ’o st  S , i n e  Se I I
doc u m e n t e d  (see R e i e r e m i c i .- i-i 8 and 9 ) .

In i t  i u m l  t r a n s i t  t’x p en d i t u re s  can 0 1  1 dm  mean 1k-  success  or l u l l l u r e
m i t  a s y s t e m .  M a r k e t i n g  Co s t s , f u > r  e x a m p l e , could i n  I l t t e n c e  r i . d e rsh ip  si l l

new or cx i st  i l l s  t r a n s i t  sys I u ’t t i S , th us t u b  O r i t l  i t  i m i g  wl ie  t i m e r  t - i nt- — ho ;-; dt’\’s-mm ue ,s

w i l l  s u c c e e d  in meet  ing o p e r a t  ing  c o s t s  ovt -r  tine- h u i s i g I , i ’ r t t i . b-S i i Ic t h i s
may or nnay no t  be t ime  c u m s e  a t  h a r t  icu la r  N a v a l  in n s t a l . iat  loui s , 1. 1 is pos-
s ib l e to measu re  the  m a r k e t i n g  e f l e - c l i ’ : en i t - s s  Dv nunim b r  i n g  rei-em i t t r ans -
portation marketiimg efforts and record tine re t-omits O V i d 11115 .’ .

S t e - p  6: i d c - n m t i t ’ i5 ’ u m t  i l i um o f  l a u d  Use R e l a t  i u u n s l t i j u s — — C i m n r n p u i n e s i  is’ i t h  t h i s ,

abo vi - c n i t . e t -ia , Ih e  land u se d i r t - e l k ’  a s so c iu t l e d  w i l h n  c o m m m n t , . ’ t d . m v t ’ 1 i s
c h i f f l i l u l L  to  a n a ly z e  o b j e c t  k- e l y . M o s t  t r u n s - - u p o r t a t i m m t i  t i s - t s o r k s atm d r i l Ih I  5—

of—w ui v m,m y( ’ h i ’ s - t i  in u ’xiS li ’n i ci - in  u r b a n  ar t ’. ls touch  i i u i m p m - r  I l ~~in c - m i r r e t m t s ’o fl i—
m itt s ’ patterns ii  u I  a t e ’ . f l a s k -  n e t w o r k  p a t t e r s  ( r i g h t s — o f — w a y )  w e d s ’ s i t ’S lpmm i - sl
t m  Io nci l ita te t ;ii , s .’ t -n ni - m i t into m .ntid tinr imu gh s’ities. l I lt ’ 1 u ImVSis ’t11 ch im n - l c t e d i s —
I ii ’s mm I 1k t’oum s . lw:m ’’ ’-. , m i ’ y - i ’ y u ’  I ’ , l i n t ’ moore ~i i ,- p etm ~~~ ~ I ’ll tine- i t uion it i t i i i  I l ’s- ’
in m g i ‘ ‘ i ’ l l  S i i’s - c t  I s i l l  , timi d i t in i I i  i s  a sp i ’ s - I  of land u se  111 (11 unnod i ’ I sin m I
( s i t ’ r u l e  shar i m p )  aim um I I s i b  I I I i ’ S t  d r - m s - m t  i s - I l l  I ’ ,’ . For e s xim ttt l l] s , tint - 01)11011
i i i  pn s m\ ’ ’tding pub i Ii t t ’ , i t i s  i t  I ’ m ’  I ’ t t ’ ’ s ’ i m d . i S i I i i ;  n ’ide u-Snaring itn ;mv l ’ s ’ s ’ l v i  W s ’ t ’ i’

W s ’  i ,ght i n  t I n s ’ O’~’ i  l i m i t  15)11 I i  , I i ’ , ’ l ’ ’ , i ’ l l t I  i’ a i m ’ m ’ I h i m -  is Imu u~vi. 1 ‘,‘ i’oi t g s  o - t  ed u l t n s i

I , l , a ,’~S t h e  m u s t s - S I t  ~
‘ o h  a u I e h i m ig  a l an e  on  L n r n p m ’ i m v i t l ’ ’ I r t l i  I i c  u nt i l t’ oi d i v  j e s t-n .

I ,am n ul— ’i n t’ p .Iumnining a u i s i  n i - s t  r u t  k’ s ’  u s - t n  n u ll son ,ilso c i t  ‘ ‘ u ’ t i m  l o t  l ’ i s ’ n , ’e
di ’ ,isl wa’ 5’ c h a r , m u - t s - r i s t  l e n  Dv t ’ l i , ’ s i i l d  15 111( 1 d i ll 1 , 1 1 1  511 mm ii ‘ s h t i l l l l e l - 0 1  /
i m n i h i t s L  ri ;i l 1 ) 1 1 1  s ’i ’ m l l -  I l t a t , l r s ’ l t l s l l s  m m  le st - i  c o n m l m m s - i l ’ s’ t s s  m i i i s ’ r m u , i t  j v s - t t i5 m I s  m-

1 i f  t t u i v i ’ l  . h m i m h i s t r i , i l  m , i ’k s  m m m i i l I i ’, I m — s h s ’ i I s i I y  t i ’ n i  ‘ “ i t  i u m l  u l r , - ,ls , I s s i  c - I-

Otmi p I s ’ , , lI ’ s ’ 5-o nmqm , i t  l i i i s - w i t h  ii m ’ p s ‘— ~~ I i  I m i l l s -  I~ t s r  i i  I m m ’  p1mb I i s - t t mit - . jn mm m 1,11 1 . 1 1



s \ ’ s l i t t l S , w h e r e  t u i w — d e u m s i t y ,  t-i i i m g l u ,’ — I  om i l y d evs~l o p t m u c - n t s  ar i d ra indo n t i ] y s i t  e~d
t- o m n m e r s ’ i u m l  t ’ s t u i b l i s l n m i - n t s  lir e- bet h r  ,— i u i t m . ’cl to p r iv Imte automobile m c i’ .

lii ru - i ’ s- m i t  S i l l  ns , se ve rn  I i n m n o v u m t i ye I a n s i — u s e -  t e i l h i n i  i i~t m t ’s h i u m y t ’  SO rved
t 5 i in  f I uenm~cm I rummispo rta t ion dcvii i op itn en t  pa I I er i m s  . Sortie of  t l e s t ’  I n il tide ’
I I s c u l  I i tm m - e m m t  i Sen f o r  m u ’  r eased i ’ so tm t e r  ( li ly  de ’v c - l o p b n e sn l s u c h  u m > the- I rhaim
Rem imewt,m I i’rogrumun and Community Development Program ins t i tim ted by t l t e -  I ) e ’ I i , m n t  —

m o n t  0 1 H o u S i n g  tm n ci U r h m i n  D e v e l o p m e n t , and other i r t c u - u n t  i v es  s u c h  1 1 5  t i l t ’

mm . — or low—cost parking facilities along transportation corridors (coIn —
non lv r e l ’er r e d  t i n  as p a r k — a n d — r  ide  l o t s )  f o r  t r a n s i t  p a t r o n s  and ride—
s b m a r i i m g p n u s g r l l n l s  . Dis  m u - emi t ly c-  l a n d— u s e  p rog ram s  on e  i l l  si t  b e i n g  I r i e ~d
soc- li as l i m i t  i n m g  p m r k i u m g l mt ’ t -ommoda t  ions nea r  l a r g e  w o r k  l s i c , m t  [o t i s .  ‘1 h e s s

d i s i n c i - m it i v e  p n m i g r a n n n s  are-  b e i n g  en c u t u r a g e d  by t i n e  Ei mv i r o m m m e m n l l m l  P r o t  m i t  ion
A gency  in t i u c - i r  p a r k i n g  m a n m a g e m e n t  g u i d e l  tiles f o r  met  ropol  it a i m  m r i ’a s.

Time me t h od for detorunitm ing tIne relationshi p be tween  l a n d — t i s i -  ami d
various trans”-artatioim options is to first estumb lis im a bmisel In c  mit ’ e X i  Sl-

ing land— u se characteristics along tim e commute corridor being analyzed
and theim is-b [mate the clnanges associated w i t h  eu i&’lm o p tio n  c o n s i der e d .
Da tum requirements and calculdmt ions are identified on Data Slit-el 6.

St  s -p  7:  Ohmtaiim Cumi m la t [ye l’er—V ch i cle Foe tors——Oim u - t- t i n e  basi l i t m e
d a t a  i l l i v e  mt -en  t - s t a bl i sh i e d  f o r  each  of t I m e  c n i h i - r i u m  h e i t i g  t n n e a s t mr e d  , um

s ummary  s l it - eL  should be p r e p a r e d  (Dun ta Slice 1 7)  t l ma  1 p r c s eu m t s  t h e  c s t t t i p u l
a t i ve  f a c t o r s  f o r  e x i s t i n g  t r a n s p o r t a t i o n  c o n d i t i o i m s .

S t e p  8: Inile r ,prel.m t ion of Il u msi -l j n€’ Ks-sm i hts— —W h i e i m t ime  hmam-i e 1 iim e’ t m n u n  I —

ts-is Ir i s  he- sat  camp I e I i i i  , u m l i  t l i e ’ n ’t u ’ i ’ s ’ss um r y  iii fn r m a  t i o nm w i l l  be at Im uin d
to  u t s SC s t l  ne t  so nk  t r t n f  f l u ’ ~‘ b m t m r a i -  t i - n i  c t  j  en  i5X S St 111 5 be ’ i side ’ tine in  I rst~luu - —
t ion o f  ul p vt - r n  t r o m n m s p o r l . l t i o n  o p t  i o n .  ‘1 k’ basi l l i m o  d a t a  l i n u s - l i l t - ss ’ v i - r m l
t y p e s  o f  u se  f iii in f ii  m u m  t ion

‘l ime ne 1, 11 i vii i b i s  i t u m b i  I i  I V  0 1 oil  ter lmtl I iv e-  t’o tt lmt l t e ro u t  i’S u - m i m i

he , ms s e s s et s i  in t e r m s  si f t ravel t inne , c i e gr i ’ i ’ m .m f t n t  s -r r u  p1 i n un
anil ft i i -  I i,- u ’m nomv

• Points at m t  roe hs i s .’ L i o n of o p t i o n a l  veh ic  1€’ modes u m i  o n g

sp eu ’ i f  i i - rstu it ’  m liii he ch osen to m ax i m  i Xi’  S3V m ugs  i n  f m i s  I ui i md
min i I [t a pe ’  , m i r  qua l i t ~ ’ probl,eiims

• P e r — v e h i c l e  p o i  h i t  a n t I  e m i s s i o n  and  f u e l  i’ o n S u n n l l t  h u n  I ul s ’ ti u rs ,
- ms we]  I u n-n m i se r  i i i  s t  u--i , e’ l l t m  hi ’ dii r i v s - s I f r e m m base ’ I iris’ d ern umtisl
vii i t mutm es f i u m  cli rci- t app 1 is - i  I ion to a l u l l ’  to t  v s i t  opt i s i l t S .

• st ima I s ’S m i n i be made i t t  I Ypi’s and V u u  I mi m es s h (  modi’ I s i m  i I t s
n s - q l i i  r i - m i  t I m  u i e h i i s ’ v s ’  u s’s h r ed t’ i ’ s m i l  t s.

‘l i i i -  r e - l i t  l v i  s i  I s i t  l \ ’ m l i i ’ ’ -i t-t ot  t i — t I n t - U t v i — r s nl ’ - u  l o u t r , I n t t s  i t
a It s -rn I t  I ye- i-i s - t in l i e ’ l i t - i n s ’

• I ’ i s ’  i i  \‘ s - i - i I I t l ~~’ s ’  s I I s m e hi at t ge i - N  I St  l115 c~ onnt nim i t s’ p i t t  s - r i m s  u ’ - in  i s ’

I’ ll m m i i  l v  d i ,-i s ’m is ni ’sI in  I s - l ’ l m m s  01  q u l . l m i t  i t  j u l  u l l . t s - t ’ m i , I I , ~ \‘ e ’ S .

1 (1 



> I u i n u t i  1 Si ’ rOc ul i 1 n 1 1 — — ,-\ n l l  I vs  i n i i  Ii ;m I j ~an

t i i i e s ’  t h i s ’  hi .  ise  l I m i t ’  m m - i - , b e t - n  s - s t  ;il~ l i s I m e ~u I , m v ut d i e t  y s i t  m l  t e r m i u m  I i ve t ;
l i i  b a s e l i ne ’ e’ m i m m t i t e  i u m t t u ’ i ’t ms u - o i t m  hi ’ I i , - ’ - i t u ’ t I  f , u r  r i - l o t  i ’ s’ s i t  u - e t I l ’ t ’ f l e ’ S l-i lii

I u ’ i’ m - i S  a t  I uc 1 i t  s s l i s u n l t ’ :  and rnuirg i nil s o s  tn  , i n  wi 1 1 as o I r C~I i I I  I i t  - ,‘ an d 1 a nt i
l I S s ’  i t l t l ~ i’i u y e 1 m t e n t ’ 5. l u ~ ’ g e u i t ’n ~m l  a p p m o a s ’ h i  t a r  ‘ m e - i i- smt i s l l f l n p l  l s l t t  ami d a i m -

qua li t v i s  to ohio in  t i i i ’  c m t m u ’p s ’ ill Imal i i i ’  , ‘ t i  1 l l I l t s ’S Ot i  c m ,  ii I itO-t 0! 11

g i v e n  i- imm mmi t  ii m u l l  t t ’ r e s i n  I t ing I rottn t h e  iu m t r s u m i m m s ’ t ion i i i  an um lt  e r t i a t  lv i ’
tru ,m u m s i t  l’n ssdi ’ u i  t n , m  o s ]  p a lt  cr t ’u. Fue l c o n s l i l n u p I  kin  un tm d air m i m i , i  I i i  \i I ’ i s I I  I
iru g t ron t ime  ~m 1 t t n u t l  f 1 s i w  c a um thn e n ’i hic  u - otI I~) u mr e -d w it  Ii b u m s t - l t n e  or w i t  I I  t ’Ott l —

~tiIi [Ill op t  i m i l l - i  t i  , l 5~~ s ’55 re k it  I It ’ i - I I c i t  I \‘ t ’ i l s a - i S .  l’his ana l vs is sl Ol l  be -
per  I or ’ I l e~ l qu i t s  n _ t i m i i  I v is’ i t  I i c t m t : u i i l a t  lvii  p e r — - ’ e-h ie Ic  I ts’ t o r n  der  iv e - d  f rs i t t t
I b i s ’  h ,i~ el tume , tu mum l ,‘ ,~ i m , i n s  i m m g  D a t u m  P i u s - c t  7 in lmccor dlu t nl’ s’ is’ i t i i  t h e  u m e s ’ o m n m —

‘ . i t t v i t I I ’ [I n s t  nm u e t i o i m s .  I ’o t t u t m u m t s  c ost s , as de- st ’ r t h i ’ u h  a lm ovi - , l I r e  u - a l c u l u m t t ’ s i
i l i  p O n ’ -Is ’ I i g s ’ d — t l t i h i s  t r a v e l e d  f i r  c o H n  L t ’a u m s p s s i ’ t d l i o i m  o p t i o u m  m m m d  ineos m i u ’ ed
m go in s t  t I n t - h u m c s ’ I m  is ’ s ’u~ t s .  P pt - u - i  f i c  l a t m d  use  imp l ic a t  ions of alt ert ium—

t i c  m p t  i - i n s , 511011 as m u m  ok  i n g  r e - q u i i r e m m e i m t s  , u m r u -  measured  w lm e r e  p o s s i b l e
m ) t i i s ’ r  c l , i  t l u m n s h i ps a r e  l i v i s u t l n e s i z e d  f o r  i~u m c b i  o p t i o n  and conupared with
s ’1- t i S ~. i u mg ‘ s ’ i t t t  ~ t t o i l s .

n - k i t , :\ r  s - I  te l s ’ t ’ r m m a t  i so—— t o r each opt ion b e l u m p  c o n s i d e r e d , a p p r o —
pr I .m i~ ’ ma tk - I is t eas nnnusl inm ~ ‘ l iii s t - n m  . m\um ot i g u m — d e s  I m t  ti n s u r v ey  m u s t

si ’ t t i .m ~b~- to S t  t- rut in  - b i t ’ cu - I i s  t ing  amid po ten t t m  I loca t ions  of dla ndl  ida I s ’
esi m’ li t lli t i ’m p o p i m  l u i t  ions uitm cl  t ine ir  c u s ton ia r ’o r o u t e s  and modes c u f  travel , in
. m d t h  i I I st tm lo  , i  ‘, ‘ ,m i l a b  I I  i t  ‘~

‘ a f s-md isl a It ’  comnn u u te  rs , an im p o r t a n t  cons ide r a—
ion in  m~mr ’ u - tuib i ’L i t  v w i l I be eas e  01 cemm lnuite . From t ine  i n f o r m a t i o n  c o i m —

a i m i e d  i t t  A p pu .-n d I :-: A t n i , h  f r o n t  t h e  1 i nk  speed ai’ncl d e l a y  d a t a  on Data Sh ee t
d i  I f j e t s !  t common , s ’ ‘ i s-I, C’ S I. aj m be ide - n I l  i f  led  to u i id  itm time m a r k e t - m i t  ii  it v

st u d  i s ’s .  I , a n d — t i . --n,’ . l v , m  i I  m l i i i  i t ’.’ w i l l  l i t ’ an i m n r p o r t a u m  t c o n s i d e r a t i o n  w h ne m m
. I ss t ’ s s i ng  t ine t t m o r k e - t a h i l [ t v  o f  a d e v e l o p ing c o r r i d o r .

P ‘ ‘ l I e ” Pc- l, e u - t i  ,~ ‘, i — — ~~l n u - n  t h e  nra r k t - are as h ave bee-n t’s tab i  islmed , i t
s i l l  i s ’ m m t s ’ is ,siu~m r v  I s m  cs - I  ‘c t s ) i m ,-~, S i h b o  rou ti- ’ ;  ( s m i d -ce n s i s i l i s  i u f  l li ik s )  a f —
I e ’ u - t s - d  Dv t i n -  op t  i n t l . 1 N l m t l l p  l e s  w o u l d  be i ’ossibl .e  r o u t e s  b r  s’ :-:pu ’e’l-n s
bu s t ’s , c m i r p o o l s , an sI d l m nu l us) o t u - l , or routes t r I l \ ’ i ’ I s’ t l  b y suhj s ’ t - t s  of lu l ’ i s i m s i ,ce’ tl
St. I ilP ’ ‘n i ’ sI \, ‘ s l  d l<  i ng I n m t u r  u m r o s r a n t s  • I n  dii he- run bum i t n p  vu  lmtmtue > a i t t - n u t t  1 5 ) t l  , opt  i ot i t i  1
t ’ t i i i i s ’  n i u s t s - n  wi I I is - u i-ne il i n  t o n  ~ i m t t i ’ t  ion w i t h  e l-l i t-I t i m i g  r o m u l  es I si t ’ ;  w l n [ c b i
e m i t S  i i l , I t  t s ’ s ’t l i t i l l l t i ’d 5  wj i , l , l ie’ s i d i l S i l .  ( ‘ o t is e s h i i e - t i t ,I v , t h e’ s u m  l ; 1 1 m 1 — u h s ’ s I  i m m u i t  h u h
S k i n V i V , whi m ‘ t m  S e n ’ ,’i ’s I s S  t ! u e ’ ‘ i s i s - i  f u r  se- lec t  it i g  o p t  i nn  s c m  v i e s ’  ar ~ ’uc - ~ , i n m n i s t

i t i i ’ I ’ i u j e ’  5 1 5 5 1  i i i ’ k i t  oI’ t I l , l I  i m ’ l i  On t o t a l  r o u t e  1) 1  I r a v e l  f r o m  or i g imm t m  eli-s-
t i ti - I l  lot i , ut I ( I i i ;  w i t  In l m i ’ i ’ u r u m t  e work l ion n s  ul ata

V s i l u i i i t -  , ‘, l t i - n i t  I s i t i — — Omi ’ ’ i ’ t i l t ’  , i l i p r u i p m i u l t s ’  r u n t  i ’s lu uive l i e - i - t m  -~~- l  i - d ud

t i m , -  1,0 1 ‘ I t O s ’  i l  t u - r u i f _  m o f l  sun  i’ . m c h i  1 i u k  n u m i s t  be d e t e r m i n e d .  I. l i n k s  w i l l  m ui i sh i ’r pu m
n u t  v o l  m i t t s ’  n’ s - m i n i  I ion in u - omnni,i t s - r n  m - I i m i n g c  i t n s u m h m ’ s.  Por ts ’ c i  I l t u - I l i ’  w i l l  I m , i v ~-
t h e i r  vo lu mn m e-  t e- u his - I i s i t i t s  ~~I j t ’. I i t  I :  0 1 fse’ t h ’ I nc  a d d i t  i m s m m  @ 1  v a t —i h i m i ~~s ’ tu ,

‘n  ot  I~~’ r inn i t  h p - i  ‘ i i  ‘ I I  55 ’ d vs - l i  I i s ’s • ‘ ‘ m l  I m m  l o s  i s  of  m ‘ ‘ l u i t  i 1 0  I i s ’  I i ’ o m m s n l m n n p —
I ion ,mm msl i i i  I n  t o i l  cli i  i t - i l l  t o l l S  • t i  D ims mo o r Ins ’ ‘ s a n n  l e t  m l  ~“ l i v . m  I en t  t o  I u i t n m l
1 y I n  I I i  I . 5 i I n ’ss ’t i; ’,s ’ r s ’ i i  s ( S i ’S’ R~’ fs -ri ’mi s ’i’n I I I  a nd  I I

2 1  

~~~~~ ‘ - -~~~~~- -- -



F u c I  C s i t i s t m ; t m l i t  i m u m  and .\h r Po llim t i o mm — — Whie-mi I mc v i i  1 m i t t s ’  ‘ m  I I t -  i’ s t i s  i l l S
h u , m v s - D ci i i dot  i-run s!  l i d , e o r n s - s 1 u i i u m , b  11mg s ’ h l . I m m g es i i i  f i s h  cs lm m ’ m lnlnl l i t 11111 ‘ m u s t  l i d
q u o  I i i  c au m be d i i  i - m u  i n s -e l I i d  I l l s ’ ro u t e  i l l  s l i l e ’ n t  loin. ‘ s~~~~~i h l  I , - I s  L i e —
t a r s  i h i - t e r n n i m n e ’il f ro m t i n e  bas s- I i n s - sh s iu i ld m n 5 ’r una l I i  lie i i i  s u n u  t t e l  s n  1’ ’ —
eurau -v I :  r i - l o t  l v i ’ u - O itm~~i i r 1 S o lms , l d s ’ t c u  bii made .  On - r e - a t  I v  . ‘ ‘ t n ~’, , - s t , -ih
1 inkn-i Slit ’ t ’s v~i I u n n c -  u i l  te~r u i t i o u m  t I l l ’ ’  s ’ s ’ ; u ’ ’ s i v a b ly  s’ l m . i m t i ’ s ’ u s ] s - r . m t  i n n s l  u ’ I m u l r , m , ’ —
l er i s l  ics l u  the  ben t-l it sf  t i m e  s m i t  i r e -  l i n k  vo lume , s ’ i I ’ ’ i i l , m t  i m u n s  i n
t e rumis 5 ) 1  t I n e ’ ,u I Is’ red vim lunne eon  be per forme-d  

-“-“ -“- -., ‘~~~~~~~ - -~~
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D a t u m  ‘s h m e i _ t  2

NETWORK FUEL Ci INSUM P ’I ’I ON t’L\ I’ I MA T I ON
(STUDY H OUR)

L i n k  [ m i s  ‘lo St D i i lYM O~~~~~OnSUmptiOfl I o t a l  

-

I . D .  C o n s u m p t i o n  

4 

Idle~~~~~~~~~~~peed CImange 

C~~~~~~~~~~~~n

( 1) ( 2 )  , I

I

I ,

- m
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I N S  i ’ [LC ’I ’  i l L S  l-’OR DA’1’5\ Sh EET 2

NI - : I P O R K  i L k - l i ,  ( : O N S U M I ’ ’h ’ I I ) \  l- :S’i I ~I~i I  I O N

D a t , m  [Iii’ s-I 2 s’o u m s i s t s  o f  5 s’oJ,uulmns . Colunin I 1) is se - lI  c t-l i) l i t  i t  sin’ ,’ ,

iumd i - l i t  i n i - ~ t me ’ t i um im e r a ~
‘ I l i i ’  l i n k  to w li 1cm t me-  km f c m r m a  I i m m n  in t - i m m h s e q i t i - n r

co lu tu n i ns  app I h-s  . Co lumum s (2  ) I l i r o u gh  ( 4 )  re’qu i r e -  f ut- i s’ on s u n m p t  ion i l-i t 1 —

mat  c’s I or  l i i i  st cm rum te unp i- rum I ion u ’m 1 unodes o f  c r u i s e  , i d l  e , and s t i e d  cu - t i
I ’ ’ l m a m n  ( 5 )  w i l l  5- o u m t a i n  an esl  I f l l o t ’ s’ of  t o t a l  f u e l  u - u t i s l i t t l p t  i o t m  inn t i l e ’ I i n k
oh t I m  m e d  ~m s t ine  sum of  t h e  minod al consump I ion r a t e s  . I l i t ’ s- St hula ti’s I I  ii

o b t a i n e d  as f o l l o w s :

• Cruise ~Ii ’udi ’  C o n s u m p t i o n .  U s i n g  F i g u r e  5, i- t i t e r  t n t  t I n e  ho l  t o m
w i t h  t h e  l i n k  e n l i s t -  speed m i  r ,m l i t s  per h o u r  f r o m  Da ta  Sh te s ,’t I . l’roeu i ’ s l

v e n t  I c O l l’s’ to i u m t s ”r se c t  t ime  C r u i s e  slum”e , th en proceed  l iar  i o s ’ t i  I i i  Iv to

t I n e  r i g h l  to  o h t u m i u i  the  c r u i s e  mode f u e l  co n s u m p t  iou r a t e  iii gull Inns pi-r
1, 111) 1) vi i i  i c  [a ml  i c - s .  M u l t i p l y  th i s  value by l i imk  v t - l u  j t ’l~ m i l e s  f r u i n  I l u m l t m
Shee t  I and divide ’ tIme pr o d u c t h’5 1, 000 to o b t a i n  t ime c r u l i s m o  c o n s u t n n p t  [Ohm

in ga l lons. Enter the results ium column ( 2 ) .

D e l ay  Mo dt ’ Consurn~~~ioim——I d le. En t e r  F igure-  5 a t  t t m s ~ bo ltonn w i t h
j u t s - m i - m e e t  ion d e l ay  in seconds I’rom D a t a  Sh eet 1. i’roceed v e r t i c a l ly  to

in ts-rsec t l i i i ’  Idle curve and th en l m o n i -io n ta l l y to  t ime  l e f t  to m u b t a  In t i n e
t m v c m ~m ge-  i d l e  e o n m s u n n p t  ion r a t e  in  g u m i  lons per 1,000 v e ln i c le s .  Mt t it i p I v
t h i s  v a l u e  by 1 i n k  demand vo lunne  f r o m  D a t a  Sh eet  I and divide tine res u lt
Isv 1 , 000 10 o b t a i n  t ime  i d l e  consumli t ion in  g a l l o n s .  En ler  t ine  r e su l t  in
u -a l umum ( ‘I )

lk-Lny Mu ~Ie C on s u n n i p  I i s m u u — — S,peed Ch i in [e .  EnI em F i g u r e  5 a t  t I n
s ot  torn wi  t I m m s  r in s e lion  tie-  i , i ’~’ in seconds I’ n m  D a t  a S l i est  1,_ P t ’i i s ’ i- i i l

cu r t  i cal ly  I ~m i u m l  e’ m s -c  I I I i i ’  S l id- i -u i ( : h o m m g e - u - m u  ry e  amid t h i e ’ t m  h m em r i zoum 101 lv  to
t i n e  l e f t  to  o b t a  ii i  b i t e  sh u t - c i t  c h u u u m  u ’ cons inmp t ion d u m t e  i n  gal  l o in s  h e r  1 , 1 1 ; ) ; )

s l i m p s . Mu I t  ip  1 v t l u  is  ‘so  l m m s ’ Dv t h e  s ln p p  I t u g  m u l t i -  f r o m  Dot  a Simeet I an sI
S j~~ l , i ’  by 1 , 000 t o  o b t a i n  t i m e -  speed c l n a u m g e  m ’ s u t m s ’ i t t l p l ion i i i  g , t ,i I ons .  ‘ h u t i ’ d

t I ns - r s ’ s m u l t  in  u - o l m i m n  ( 4 >

• I ’ s i t m b  I : o i m s i i r n p t i o n .  Sum s- i m t i i m n n u u s  ( 2 )  , ( ) )  , and ( - i l t o  a b t  I l i u m  I l n e ’
- m l  I s i t - I  s ’uun m -mtl n l lm t join on 1 1 1 5 ’ 1 i n k  s i n n r i u m g l I n t ’  si  o i ly  l t o m t m ’ . I _ tm I s - n ’ I Iii ’ l’ s ’ —

sit  I t  in  ‘ n i  um im ( 5 )
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iL[iRL , ’C ’ I ’ ii i N ‘OR i ) , - \i ’ 1\ si ii ~i-:’i 3 
—

\ C [L O R K  i O l , i , l  ,\N l i - : k I S S J O N  1-1 5 1’

cu s s ’ I I c u o n s  i s t  o f  ~l c i i  l u n t n t t i s  - C o l u m n  ( 1)  is  ~i-1 I— eix i )  I u m t i ,  I s - n ’ s ’ ,

i md i ~
- , m  1 [t ug u s , ’ m m m i u u u h e r  u) t I l l s ’ I i um k t o  wIn i~~h i t mu i at ‘ru ,. i t  j o n  iui - sini m st’ koe’ul t

5 ’ O l u l l t i t i s  a p p i  i s S .  C o l m t n t t t i ~ ( 2 )  L h n u u u m g l n  ( ‘ i )  a t id  ( I ) ) t l m n m s u m g i i  (5)  m e q m n i n t -
p ’ ’ l l u t u l m i l  u ’ t t t l s S  iof l  t ’st i ttt ,l t e~5 Ion l i i ’  t- , i ’b ) , m n u s t s ’ a l i t - n u l l  i nu ma l  modes s u l  i : m m m i ~~~c ,

I d l e ’ , and ‘n 1ies - ui c t l , u m u s ’ . Co l im unnuu s  ( 5 )  anuS ( 9 )  w i l  i s’ou m t , u l i n m  s -st i t is u i t e l u  o l

t o t u m  I j i s )  I I  . i l u i , I ~- n I m iss t o n i  on t m c -  i inm k o h I o  [neil as t h e ’ sm mm of  this ’  n n o d u m  1
e t t t i s s j i ~ uu r a t s ’s. ‘I ’l i s ’ est  Lu t n a l s ,’ s a r e  obta [nmi,-ci u i - s  follows:

I

u ’ n ’ m t i ~~~~~- M , ’ 5 i s - ; l i , H l , u s m l l s .  I ’ s i m m g  F i gure -  6 or F i : - u u i r e  7 , as d p h i r d m h m n i , m t e ,

s’ O t s ’I ’  I I  t ‘~ ‘- t  t u ” t d u5’ i t  1 t h us ’ l i nk  c r u i s e  speesl  in mu les per m o o r  fron :i D a t a
[ h m e ’ ~ - t  1. r e t -ed y e - n t  i c , m i  l v  to  i n t e r s m s t’I t i m e  C r u ise  ,‘ u r vi- , t h e n  p r i c e s - s I
h n o m i s s u i t m l  I ”  t h e  r i g l n t  to o b t a i n m  t i m e  c ru i s e  mode e m is s l o im  r a t s ’ m m  k i  I i i —
, ‘I I ’ m h s  pet’ I , Ou I ( I  ‘cu - h i m -i c  m i l e s .  M m m l t i p lv  t h is value Dv l i n k  vcIm ie le n ih Les
f r m u m  d u l l  i [h i s ’ s ’t  1 u n n u l  d i v i d e ’ I h i e  p r o d u c t  l iv i, , 000 to o h t a i u m  t .h e  m ’ r l m i s s ’
nns u ti t’ 5 ’t : l ss j sifl5 i n  k i  lu i g r a u n s . E n t e - r t h e  r i - st i l t  in co lun in  ( 2 )  s u n  ( I i

Dcl iv  Ms m d i - u : t , t i s s  i o n — —  I d l i ’ . E n t e -  r Fi g u r s -  6 sir 7 at  t i e ’ b a t  tom
W I t  Ii l i i  I t ’ i’ se’e t ion delay iu m s e e s m i u d  s f monn Do b u m  S I i s s~t 1. I5 n’ou ’ s’ t ’d \‘s’ d I i cal  lv
to  i h m t i - r s s ’e I  t I n e  Isile c u r v e  atmd l i m e - n i  h o r i l c , m n m t l m l  l y  t u u  time ie~t’t Iii  o b t a i n
t i l e  . u y s ’ n , I e n , i l e  e m i s s i o n  r u s t s ’ in  k i l o g r u n n i s  pet ” 1,000 v e l m i i ’ l , e s .  M u l t i p l y
t h i s  val I s ’ Dv l i n k  u i s - t i u l m n t l  ‘s’o lun ne  I man n Data Sheet 1, l m t u u t  d it ’  [Sc’ l i i i -  r e s mu l  I
h v  1 , 000 I s u  u s b t u n i n  t I ne  i d l e  e m i s s i mm n  in k [logra tu s . E n t e r  t i m e  n i - s t i l t  j i m
c o l u m n  ( 3 )  s u m  ( 7 )

Dc lay Moul t ’ ,tt tis sl on——S pied Ci m a t mgs  . Eum I en Fl g u m  me 6 or 7 a t  t h e
h o t  t o n I  w i t h  i nt s - r s i - s ’ l i o n  de I s v  in  seconds  f r o m  D a t a  Sh ee t  1. i’ mocs - i-d
vs-mt h ea l  l v  to ititer sec t tine Speed Chsum n ge  - -u r v e  oti S t i n e t u  i m~ d I son i  t o  l i v  to
lh5 ’ is ’ f t  I s - obtait u tine speed c han g s ’ e in i s s i o t i  r a t e  h u m  k i  I ogr aumis  l i t -n  1, 000
stops . Mutt iplv l I t  is va l i m e  by t in c- m s t o p p in g r o l e - f m I m i  Dat ul Slmes ’t I u su mu l
divide by i , 000 to o b t a i n  the  speed change  emiss  ion  i n  k i  I o g r u s m t i s . Eu le r
th~’ r i - - o m i t  i n  e o l i m m t i  ( 4 )  or  I S )

‘I’ o l u m l E m i s s i o n m . Sunn s’ o i i u n u n n u s ( 2 ) ,  ( 3 ) ,  m m m d ( 4 )  amid  c o l m u n n i u s  ( 6) ,
(7 ami d (8) l u ~ o b t u m i u n  t h u s ’ tota l l ms h J , utati t e nu i s s in n  i O n  t h u  I i u m k  d u r i u n g
t I m e  u t  nm d v i i u ’ m m r  • I - n t c ’ n t ine  SCUll S ~~‘si  c o l u m n s  ( 5 )  ~n nd 1 k )

I ))
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FIGURE 7 GRAPHICAL CALCULATION OF HYDROCARBON EMISSIONS

32



5—
.

5 — I t

I-

— 
‘
~~

-
- 

I

is-

. ‘f, -

t5~It 

~~~~~~



IN S’I’h-IIJCT Ii i5 S FoR l ) s \ ’ I ’ s\ SIIEE ’I ’  4

E S I ’ I M .- \ I  INC l OCAl, (:,\RR ON M )NOXIDE ilON (1I’ N’I RATIONS

l ) u m t a  S h i i ’el 4 - u u n m s  i s ts  t i t 9 u - o luu r t n s .  Iii t i t e  u ’o I . m l f l nu n  I m m c u i c i e ’ d  Bau ’k~’t ’ s ’ i mii s u

an esi  i n n a t e  s in imu ld  l i t - e um t er e d  of  w o r m u l  — u-ase l — l n o u u m  a v e r a g e  b a c k g r o u n d
s ’ s i m i s ’cnt mat jima a p p r o p r  j , s t  e to t i m e  s I m d v  is au  r u m n d  local  ion m m f s-au ln I ink.
Thmes s ’  v a l u e s  s h o u l d  he obtained from stats ’ o r  h i u u -a l  u s i n  pe .i l u t  IOu e sOl t m i m i
u u f  f he j u s i  S u m r  s. C l  i.n’la ILed w i l l s  pt - a t  s-ssional u i s s i s t a n u - s- . Once the bai’k,’, n ’ omm nd

inns bet ’ii c’s I i  unt o Lcd , t i l e  r m,-ma in i ng  5 - u n  l m m m n s  on I l l s -  I om nn niay be 1 1 11 ~-d out
to es t  [m a t e  t i m e ’ l o e u m l  caum i c e a t m u s t i o n  a d d e d  1st h a c k g m s u u m n d  Dv \ ‘ c h i  i c m i l , m r  e n n i s —
stuns an a g iven  road l i n k .

H is ’ f i r s t  s t e I n  i um t i n e  l oca l  i z eu l  a n a ly s i s  is to es I innate ’  , m q u u a n l  i t  v
c al  li _ ti 5’t n u i s s i o n  deuns  L t v  , w h i ch  is I t i c  a m a i m n t  of  p o l lt l t an t  e m i t  ted p er
me te r  of  link length and per second of time . Emission densit y is com-
p u t e d  s e p a r a t e ly  f o r  c r u i s e  and d e l u s v  (speed c h a n g e  p l u s  i d l e )  m a d e - s .
The  enniss  ion  d e n s i ty  f o r  s’ m m l ’i s e  mode can be o b t a i n e d  f r o m  D a t a  S I n e s - i s  1
and 3 b y d i v i d i n g  c,’srbo um monoxide  c r u i s e  emi s s ions  b y a f a c t o r  ,-\ , where-

A = 5796 x LINK LENG’I’iI .

The em I s s i u u u t  d eu m s i l v  f o r  d e l ay  nnode can be o b t u m i ned f r o m  D a t u i  S h e e t s  1
and ‘3 by d i v i d i n g  e ,m r b o n  m o n o x i d e  deia 1 t - m i s s f i m m m s  by us f a c t o r  II , wln~- me-

B = 3. 6 x QUEUE LEN G T h .

As t h e’ n m p p m o p n i a t e  emiss ion  d e rs s i t  ies f o r  cruise auiui d e l ay  mumdc- i-t umn s-
u u b t u u i n e d  f o r  cat ’ I m  l i n k . t in ey  should  he e u m t e r e d  i n  c o l m u n n u m s ( ‘3 )  and  ( ‘,
on D a t u m  Shee ’ I 4 t u m i d  added to  p r o v i d e  l ime  t u u t m ni e un t i s s i a t i  dens  I t  v , v I m  I ch
is t - n t s - n i ’ uI  in c o l u m n n  ( 5 ) .  T i m i s  t o t u i l v a l m .ie i s  m u s s u u n t i s - ul  t o  a p p l t ’  an t h e
i n t s ’ rsi ’ u ’l ion  - m p ~m i ’i m u m c I m  ove r a u l i s t a u u u ’c equal t i n  th ne q u I t - m i s ’ l e n g l i n .  ‘l ’ l ì c
cm i  ss iou ts ’n i s  i t  i s ’ s  o b t a i n e d  i’an t hen  be used ti n s-s I I m a t e  r o ad s  ide e u u t u ’ t - t i ~~
t r u s t  i o n m  as )‘umll ows:

( ‘ I i s m b t ~~ i i i  0 r o u m s i s i c l e - e o n i t ’emi b r u i t  in n  i- s t  l t u~u s l c ’  - i t  u u n  i u m t s ’r si - e t  l s s t t

, m l u h u ’ s , ms ’ l i  , un u m I t  I i l  v total cnn i ss m i n i  u e n s  i t  v b I ~i 
‘
~ t i n o u t  I l i u m  t i n e  ‘oi l  u ’ t i —

r u n t , i on i n  u n t i l  I I C  d un Its pen ’ m.-uh i c t ic L e n ’ . En I c t -  t i m e  ‘s-ui l u t e  oh t l i i i ’ s i in s ’ s u 1 —
um m u m (7) mm ) t h u m ’  I)alui She -I

I ’ s u  ohu ’. . , i u m  it r i u u m t l s i d c ’  u ’ a tm ’ - u - n ’m t n ’ u m t  i e t n  ~st I t t i u m t s -  u i h s n n m g  us I i m m k  uu’ i t h

m u i n i u i t s ’ m r i u p t s - ,h I I v  (um a s i , ’, m i , sls at- s i g u m s )  s m  a t  t n n i d b i u n u ’k ( li e- t w i n - u n  H i t s ’ i ’ —

~~~‘ - t l o t u s )  a I ouu~ an m t  i’m r n l p  t s_ u i  I i n k , nnntull i p I v t l i i ’ u n t i l  si s I l t iso iom u 1 ‘nt- . i t  V

l iv  I -~ S t i n  m u b l a  in  liii. ’ i ’Oui s ’ s ’ti t m u l l  I m ii i  jim n i l  I i i gmumnis ~ e’ n ’ - u k  I s ’ tn ‘ L e t ’  . 1 t n t  s i ’

i s ’ vu l i i i ’ s l i t . 1  j n e ’ m h  I n  s i n  I mmmn ( 6 )  a l  t h u s ’ d u i t m i  s h u t ’ s - I  . ‘ I Iii ’ v o l  i n s ’  I ~S i s
On e’S t i t n u i t c s  is i , ii ls ’ w i t h  t bn u ’ [PA ’s ii IW, -\Y minuus ie l  I Ri ’i ’ s’ ds ’ t is ’ u’ ( i )  ,

Dig ml ‘~‘j t d  m l i v  I mu g ‘ m l  in n a ng le ’ sO j o  ulu ’gI ’s’ s’s t i n  tI m u’ I i u n k  mi i i’ s’ I

t s m s ’ s I I  u t 2 i s m - I s i ’s : ‘~ - m  - u s ’ ’ ‘ s s nu - ~~. Cm n nt r i i m m u t  l u m t i ~ I ’ r s sn : t I ‘ m l  I i u m k s  snu b ss iit



- -  ‘..~~~~~~~ -- ‘_ - - -_-~~~~~~~~~~~~~ ‘ -~~~~-‘- - -~~~~~— - — - . . —- -“ -“ ‘ - - .- -  -~~~

at utarbom i t t u s n m t m x  i s i s , - other than t i m e ’ I i u m k  in  qu estion are umsn-i umed to hs’
a c c o u n t ed  fo r  iu m t i me t  back gr a n m t u d  est i nna t s ’

A f t c - r the  s’st i n m a t e s  a t  back- c m s i t u m m d  au th 1 i m m k  c a n t r i b u m t i o n  m u m v i -  been
eu ’m t e r e i h  ons  t ins ’  dum tu l  s in c e- I , t i m e - v s i m u n i l l  d l ie -  m i i i  i’d t in  u u h l  a i  mm t i n e  t o t a l  i a—
pac t , wIn i c i u  is  e n t e r e d  in cal , u u n m n n s  ( h o  and ( Y  . ‘F lu  i - ‘ i u m n p i m c t  v a l m n c ’  s imou ld
n at  be c u n t i s i d e m e d  r s ’p r e s s - n t 5 m t  i v u ’  i i i  u m y  ide re g ion su m r o u i n d  i u ’sg t ine  l i n k .
It applies aun l is’ to t i m e  i t n n m e d i a i s ’  V~~ C ituit v c m l  t i n e  l i u m k  i t s e l f  and is in—
tetmeled as a c o m p a r a t i v e  i n d e x  o l  e f f e u ’ t i v s - m m c ’ s s  t o m  testing t r a v e l  o p t i o n s .

_ _ _ _ _ _ _ _ _ _ _ _  -



I ‘f -
I r~~ -

is
5’-

—5 -
‘ I t .  - It

— 

- fl~~
_ ’

- ‘,it —5

—

~~ ;~~~~~~ -
- -

It ‘-— . It -

-‘ “I
u_i

I’— - - — - - — —  - —

- ~~~~~~0 -

X -It .~

- t~

- -
~ - -

It
2
- ~ou

• — - -—

- 
. ,s, _ is

_
i - -‘

- --- - ---‘ “--,.-“
~~~~~~~~~~~~~ -- - “ ~~~~ --- - - - - --.—-



I~~s ’l ’Ruo ;’ i I i  i N S  FOR l)A ’F , ’s 511CC 1’ 1

( ‘ iCU- l t ’ ’I .1- i (Nil -Fl ’ LS ’L ’ t kH,’I ’ ON

i ) , m t u s  Sh ee t u ’ s m f l i - u i s t s  of 5 , i si c  c o l u m n s , s ’ i t h m  s t m l ’ . t i ’ s ’ i s u s u t m ’  s s n t s l m ’ t ’
t w u u  c , m t s ’~~s i t ’ I c O  t o  tl e - I [ i m e u i t c  l i s t ’ dit Iems ’nnc s ,’ s hm et v eu -uu i nt hivisl u m I Ls ’ s i t s  u s l

t r .  l ’ s ’ s’ I . i n i l o  r u— , u , u t i on  5 i counu p Ic Ic columns ( 2  ) , ( I) , u s u a l  ( ‘
- ) is p l ’ s’ i i  )ii’ I s - u s

e, s h i m t t t ; t  ( u )  i s  t h e ’ me - su i t  i - I  m u u I n l t i p i v i n n g c i m h t i n n i m s  ( i)  u m m n u l  0 - ’, )  u m t n , t  t i t s t m  ui , I s t —

i n n y  t u s h  or - ‘ . m n k l n m g  ‘ s ’ s ’ ’ . t o  f l u i d  t o t a l  d u m i 1’ .’ e i u i t u t ; l t i t i ’  C o s t s  . A n s u n ’ , u , m i  e O t u L ~~,

- i t ’ s ’ e S t  u i ’ l  I S  s - i l  h is’ u ’ , u I t (p  lv ing d , u  L i  is’ c o s t  Dii  , ‘ -~ () v i m  n ’k d u t ’ ,’ s. ‘ - . s u ’ i u ’ , ’

e, u s l  s’st jtt i,m ts ’is, mn ’ , is bi mi mmc d s t-s t ol lu m w s :

.\g g : ’ ’ , , u . i I~ L s u t t t n ~i u m l u ’ L i n k s .  Fun ’ p t n m p o s m ’ s  of  I i g I r i m u g  ‘ s i ttiisHl ti ’n ’, ‘s t  s t~ ms - ~s - l u om .i l e  e s m ’ t i n t u i  I i ’ I i n k s  i , l & ’ t i t  I f i  i-cl ium F i p i m r s - 2 m i s  ‘1 55’ 1 5 .1 I s-il

I S )  n e - j m m s - s C - n t  m v - n a g s -  t r i p  d i s t u u u i c e s  I o n  e m m n t u t ’ m u m l s ’ r s  t I s I I t ~~ c i ,  i n  i c  t’ t ’ l , l -  ‘u’ .
F u r  s ’ ’, i ”t : ’ls - , in I N s ’ Ii d s ’~’um ts ’ r , ‘ , l si ’ t t m i ’ n c ’  w s su l e l  i t ’  t h i r e s ’ ’ l i s i  n u t  H I

g I . ’ ~~~~~~~ i ‘ - I i n ks :  - ‘ i t s ’ bc ’g i u m m n i u ig i i i  I’ u t ’ t s s s u u u i  H s t  m i t ,  ‘, s ’ c l I s u i i  ) O m u u !
m u i m m n i u m p  t o  - - - i - i l l s  P e m i t i l — m p ( m n s u ” : i u u m . i t  s - i s  .2  m u s s ;  t u s-  o s - a o l  I i n k  u s ’ —

• g i n m n i n i g  in  m c m i  i , ~ N ’ a 5  I n u s t  i u m t e r s c - ,- - t  s i t u 11 i N s t  m u m n u n  ( n u t  L i l t ’  Ss ’ice h i s
Pa i m mt _— ,m i i I nm u x ima t c l v  I (i~~ S nn i  I i ’s ; m i n d  t h e  t i n  i md n u t  in uti i ng tnt k r  I o l k  m I

itm t en si’ et immr n .‘ o t o  ke ’~~c ’ l l . - ; Ps u i t i I — ~~s u i t t m s  3 . 5 m l  l s ’ s~ . losi : -n  O s i t i s s ’ I m l s ’ t I t  i t  5’ —

m u g  ‘ is is  itm cim i t im nu m m 2 u t a m  t -~u . ’h . i g g n ’ s ’ c m t e  I iunk anal e - u m l i - m  t h i s -  e , u m n ’ s ’ , - - ’ , , n i c l —
ing rui lu - Igs- di s t - m i t s ’ s’ in s’oh m,u n mmu (I) fun m s i ’  I i  link ids ’n; if led . ~l e m 1 t i p h v
Dv 2 to olit s m m m d —t rip nm i I s ’ .’ig e

• A’s’5 ’ r igs’ C is s I ‘ i ’m N I 1 s’ l iv  Nab m l  r,i v i ’  I . F t - u ’  I l l s ’  I i i i  I s  s is
cIa 10 * ;m n n c t l u s t  m m - .’ I i s i nis I s )  camp h e ’ L s ’ co lu unimm 4 1

— A u t o :  n u u m u n g i u m a l  m a s t s  = 1.0. 3 t e n t s ~is - r m i l e  (imue’lumde ~~
3 . 5 ce m l  S t a r  m i i i , 1) 11 , md t i n s ’ — , and S. ‘m ce’mm ts i , t - l ’

Ii ia L ti I i ’ I t , i i m e c and n c -pus Ins ) ; u ’ u I I cu u st H 1s .~ ) ce ’n t s  n5 - m
t u t t l e  ( I n c l u d e s  l i c e n s e ’ , i t m s u t r u m t m c s ’ , i m m t s - r i - s t  • ut ah s l i p  c ’—
c t u m  t ’ i O u

— C5-’mrpa ol 10.3 5 u r  5 . 9  s ’ s ’ m t t s  d i v  I s i s - sI Dv I 3 . -s - ‘ i s  h .
ceu i t s  p e r  m i l e ’ .

— V , in p ‘i i I : S c t n t  I s  ger on I Ic- i tic - I ‘ m d c’S ,mut; i ’ r I t ‘ i l  vi - b i l e  I c ’
cos t s , f i u ~’ 1 o i l , t i m e s . 1 Ies ’t isu ’ , ,i m id ii ism uru it n , - s ’)

— Bm us : I i i ’  p e r — u l m v  f , m r s - , , i ssnunn u i t m t t ‘uls ss ’migs ’mh c u t  s - i l k  t

t h i s - j r  
~
i ti -k—n i p pa i l i t

* ‘ l i t - s i ’ m ’ s u s l  s ’ u h n i u u i l d  u s ’  mt 1 u, I u t s ’ uh u u t n t i t i , m l  i v .  ‘I h i ’ Ss ’i t l ’ cs ’ l i i i ’ I Ine ’ I i g m t n  - ‘ 5

q l o t  ed in t I n  is ‘ u ’ , ’ r I  is  I l t s m’t  ,t ( ‘ a mp l i i ’ s ’  i t t i t i m l u  I I l i t  I - ‘ s u f l s ’  m om I i l l  c m i m i ’ s  I

re- i m i s r l



C a l  c ui l a t ions:

— Auto; Mii i tip l y dail y rotund—tri p mile m sge Ii ’aluinutm (‘3 ) J
by per—mile costs (above) to tbtain daily miit-ogc ’ m a s t s .
Add mnny toll or parking fees. Show both nmun rgiu ’ma i cos t s
and fu ll costs.

— C a r p o o l :  Repea t  auto s u ’a l c ul a t  jun 11 amid divide Dv average
nnuumb ers of riders——2 , 3, or 4.

— VanpooL: Multipl y d a i l y  r o u n d — t r i p  nn i l s - u sg c ’  by 5—10 c ents
(depend imi g oum e s t a b l i sh ed p e r — m i l e  r a t e  f i n n  t he  a r e a )  to
obtain daily mileage costs. Add one—twelfth of toll and
parking fee if applicable.

— Bus : M u l t i ply  one—way f a r e  by 2 to o b t a i n  d a i l y f a r e .

Annual Commuter C o st s  b y Mode of T r a v e l .  Multiply columnmn (4)
by 240 days to obtain annual average commuter costs for each mode of
trusvel

hR

_ _
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I N S  l ’ RI t C’ I ’  I ON S l~i , )k D~\ I ,\ S i l l -  . 1  6
I,ANLt USE RELA ’F I IJNSH I PS

D a t u m  S l m c ’ t - t  0 ) c o i m s i s t s  o f  t k n s ’ u -  b a s i c  c ’ o l - m I t , : m s  m i t i u m l i u m t n i ; i L  i o n : ( I )
a d e t ’ i n i t i o u m  t n l  c o m u n u t e  s- o n n i , ds u m  m u u u ’ k s ’ t  a r s - u m s , ( 2 )  , m q u I n t  i t - i t  ( i i- ( u s s ’ n s ’ s )
d e s c r ip i  ion of e x i s t i n g  b ind—us c c 5 m t i ’ ~’, si m I e s  i s a ’ s t i ck  m u u , s r k s - I  i n s - i It1’ mt I—
f ied , a umd ( ‘3) a q ua n t  1 t a t  i ’s ’s’ d i i  u s s r p t  io u m of  u , m n ’k lint ’ , nm’ q i m n I ’ s-mal l t s at  I lie
work  lin t _ m t  i o n  I s u t ’  s’ , m s ’ I u  u:u iu d s- - u u t cu o n n n n n u m t c -  m , ,s’s s l .  L and—u n- - i ’ s-s t in n a l e s  t i n s ’
obtaiuied tin follows :

Idetu t if y Market Are - u i .  Market m r s - u s  u m n u ’ s i t - I  i u m ~ ’~I l i v  : ls s e ’s s i ui p
e x i s t i n g  aind p o L i - n u t i a l  Uu s’a t i o t i s  m i t  c a n e i i d  I t 5 ’ c s i t t i O m i t t ’ p u n p m l l a t  ion s. i ’k- : isl  —

ing c n t m n n i m u t i ’  p a t  t e r n s  c a u m  be obta l imed  I rain omi g in—des t iuuat i n n  s u m - e l- v d a t . s
For pu r p o s e s  of a im u i l v s  is i t  is  he’st t o  s - s t a h l  i s l u  h e n u n d , s r  ie’s m m  f t , u s t ’ k~ - t
a r t -os a c c o r d i n g  to r e s i i I i - t m t i u i l  d i s t r i h m u t i o m n  o f  ‘~ m t t t t ’ t ’ u I e ’ r s  ( t  m u m  e x s m t n n i n l s ,
carp oci  Is - m s and v a n p o o l e r s  sh i o u l  ci l i v e ’  W i t h  in 1—4 m i l e ’ s  o f  and ’ , iin s s t h i s r)
and with in a fe- ,ms ible a c e d- sn  ame ’ ,i t o  t h e  i. r a t i s p a r t a t  l s m t m  c o r r i d o r  hi’ lun g
stm ,m ci ied.

• Identif y E x i s t  i n g  L a u m d — ( ’ sc- [ha n ’ ms ’ t c ’ r i s t  l i ’s.  C o u m l , i , ’ t  l i i i  u l u n m l
meg ional  p l u n u m n i n g  ogi ’n c i i ’s I i i  o h t ; i l u m  ] 5 s m m d — u i s c  m a p s  ansI  il I u m  f o n ’ u s ’ s  01

t i me  m a r k e t  u d r e u l s  iu i enu . i f  led in col. u rn n ui ( I )  - Popu l i i  ( c i t  I , m u m d — m n  - ‘si do t i  s. I
be a v a il a b le -  his ’ c e n s u m s  t r a c t  or iv a u i o t l n e r  p r - il i - t i ’ m n n u i u t s ’ui cnii l ; “ i L  I s  ru n .
C a l c u l at e  t h i s ’ m u ’ n ’ s ’um gi ’  s i t  h a n d  u i t i s i t ’ i ’  s ’ , l s ’h o f  t l u s  , ‘; l t s’ -,’s r is-s in  , ‘ s i h u u u m t n i  ( 2 m
for each m a r k e t t i m e - a .

• Parkii!_ Re
~
uireinIents . Refer t o  u u r i g i i i — sl s - n’i t l i t - m t  l s s n i  s u m n ’ s ’ s - ’ s  I

d ix  B) to n h t a i t m  aim e s t i u n u l t s ’  of  c- o r n n m l u t t ’ ~m u m t t c ’ r i m s  Dv n - s u d s - . N i ’s ’  s - s l e m u i  I i i

the p a r k i ng  space ( i n  sqcs~m u ’ e f t  I, )  r e q u i r e d  l i n t ’ c m l i  ‘ . m s s s ’ n u g s ’ r  ( i ’ s nt ’ , ’ ! i i t s ’ n  I
using t h e  f o l l o w i n g  e s t i m a t e ’s:

I s i n g l e — p _ m s s e n n g u - r  m m I  s u u n t u u h l  Is ’  = 12 1) sq I

I c s m r p o a i ’ r  (1 s i n i g ,l , s ’ — l n , m : u , u e i n c ;c ’r  v e h i c l e ’  : 3 )  = . 3 0 1  sq ft

I v u u u m p o m )  ic r (ISO : I 2 ) = I 2 . 3 sq m t

I push  1 i c ~ b us  r ik e’ m ’ (4(0 : .‘~I) 1 = 10 sq f t

IlL - - - - ,, , , , ,, ,,,~~~~~ -
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I N S ’  RUC ’!’ I 1) N l -  FOR PA I A  SFIE E’ l’ 7

C u u M l ’  I L A T I u ) N  OF [ ‘E R — V I - P I I C L E  FUEl .  i ) N S I ’ M l ’ ’ I ’ l o ) N
, \N l )  POLLU ’l ’ .\N ’F E M I S S  I O N  FACTORS

D a t u m  S i n e - e l  i c o n s i s t s o f’ S columns . In column ( 1)  t i m e  t u u m u t u h i e  u s - i
a l l  l i n k s  a l o n g  ti g i  vt- m u comulluts ’ r o m m t e  sh ou m 1 u I he’ ente med i t t  a rile - r , l e g  i i i—
n i n g  st  and p r o c e e d i n g  away f m o n n  t h e  rou te -  shesl  it iat  ion . O n l y  l i n k s  di-
m e s - t ed  towu ird  t h e  ds ’ St  i ma l ion shout  id bs ’ I I st ed . I n u coi umns ( ‘  ) t i u r o m u g l n
( 5 )  en t  r lt ’S us me ’ made of dennand vol nine , t o t a l  p em—ve hm Is’ ’l c’ I t ie- I u:imnismu t uu l n t i omm
and t o t u i l  Im e m — v e h i t ’le p o l l u t a n t  e m i s s i o n s  l a m  e-u ,sch  l i n k .  P~- r — ’’ s -hm i c  Ic
va l umes a re  o h t a i u m e c h  b y d iv id ing  the  a p p r o p r i a t e  i i t s k  t s s t , i l s  I ro om D a t u m
Sines - I s 2 and 3 b y  l i nk  demand volume . I n  cal uu nn u m s ( 6 )  t h m o u g l t  ( 8 ) , cmi —
m u i l a t  ivc -  sm n unus o f  the  l i n k — h i s — I  ink p e r — v e h i c le  va lues  are- entered , b e g i n —
n i ng  w i t h  t i m e  de s t i n a ti o sm  l i n k .  These c u m m u l a t  i ye v u u l u e s  m d  i e u m t e  t i m e
Its s ’i c o n u s u u n - ied or p o l l u t a n t  e m i t t e d  b y u n v e h i c l e  en t e r i n g  t i m e  r o u t e -  a t
t h e  ii ~ m n t  r e t u r n  end of a l i n k  and p r o c e e d i n g  alou m g the romite to t i m e  dest I—
nation. 

‘ - - -



N i ,  ‘ I l O i t s  ‘ I , U I ; ’ l  I)ENONS’I’R~’m ’i ’ I

As a t e s t  of  i t s  n c ’ u m s o m n , m b l e n e - ss and uu de t im i m t ’t s t  r a t i o n  a i Is u s p p  I l s ’ t i —
b l i l t y  t m  a r eal  s I t u a t i a u m , we employed  t h e  m e t h o d o l og y  in  aim a u i a l v s i - ’ s
of s i m u i l u i t e ’ d  t r an s p o r t a t  toni o p t  lou ts  f o r  tim e T ,ide- w ,mt €- r aria . ‘I wo eorr id s u r
roui t c’s W e r e  cho sen  as sit t u p l e  n e t w or k  f o r m s . One t a tt l e . . m h u . r s m u ’u j ma t i- I  - 2 3
m i l e s  l o n g ,  be g. i nun  a t  t h e  s l m i .i r e  iti  V i r i n i a  Be ach  sin ai en d s  m t  t t n t -  l i m I  s - n  —
Se c t i o n  of A dn u l  maul Tauss  i g B t ’u s l e v a r d  and l h t m m p t o n  Boin I s ’v . i  rd at  Sc s i ’ I i s
P o i nt .  ‘thus r ou te is  ch a r a c t e r i z e d  by u n l u m t e r m u p t e d  i L u’ ,5- U h t i n i ,, ’ l i ’ - ’ i t~~k —
a c ces s roadways. The second r o u t e , a p p r o x i m 1 u a L ~ ’1 y 14 m i i i ’s  l o l l - I , ~s ‘ I  m s
~m l  lie m i t e - m ci ’ li on  of H i g h  S t r e et  and ( d m 11 1  mis l ij u i  i e’s’, m y d  , Pci t-t .sm ootn t In ,
and s ails a t t ime i m m t e ’msec  L i o n  01’ Admira l ‘I’auss i g Buu ls’s’ uird ;mnmd j im I nh r  - I s I s ’
Aven ’m e at Sewelis  Pt m i ui t . Th is r o u t e  was chos e-n m b e” u iu s~” si t  i t s  s i -n v ’ “i-
to  u m  d e ve l o p i n g  area in P o r t s m o u t h  sm nd f a r t h e r  ss,’st in  S u s f u ’ o lk .  I t  i s
also of i tit er e s t  as a n - o t t  e t m a r u s c t s - n i z e d  b y m l  s ’ m r n m i s t s sd t Ian- dims ’ to a
v a r i e l  ‘ ,‘ s i t ’ on u t r s i l l e d  i t u t c r n s -c t i s m n s  and a t a l l  tunnel s M i d t s u n e n i  I uni t -I)
The l O s S m a i m  Li ’s t ime .S lmOwii in  F i g u r e  1.

I Inu ce the roumts ’s Wi ’ r i  15 S e- l i , - s — ‘ us u I - s b  I s d m t  a n - s r i ’ g i l  hue u’ i’th a t m  I h u e ’
p h n ’ s s i c s l  , u u i u l  a~s ’ r i t j u ’ n u u m 1  s ’~~5, .N -u ~ ’ t s ’ i ’ i n ~ i t ’s  ‘ m l ’ inc r o m P ,  vs. l b o u n ’ lv  t r u i f f i r

S we u - c eub t , i  inm ’~I f m a n n  I he  Vi  r u  i n  i - s  i t ’  - g m r t t m ’ : , 1 01 I t I  u’ uW ,m ‘,‘s m u l l n i t ’s —

part I tion , and infon ::u,it ioiu on n ’ n u I u l O ’ u I \  d i ’ s t~~ l o u t s  t i m i d  j u t  m ’ n - ’ s , - e t h Oti ‘ n i t  r o l
s ’ s  ice ’ s was obt si i ned I r ut: , I o c a  I t nul l’ I I s ’ u g u ’ m m c  1 u ’ :  5 ‘mu ‘ 1  - ‘ i t t i • do m l i i  I k ,

and V i r g i u i i ,n Bi - a ch  W i t u i  ~~~ ~~~ i i~ I l ls ’ \ . m v v  F,m ~- i i  I l l c ’~ En g i m i 5 - 5 - u  lu i g Cisr~m i n u d .  ‘u ’ l i u ’ d u e ’ s ’  also p r i m ’ s - h I s  d tr aIt lu- St t u d l e : 5  and u n ’f g i:s -- ‘P stinat f i n  ilal
rel ust i’d t o  Si ie~-I i s Psi m t

biased on l I e i’ , ,m r u n , ul i o n  t m u : , s ~~ia h 1 s’ . I s ’ u s , iS ’ s ’ ; l p p l f u ’ l  t j i s ’ ‘ i t  ‘ I s So :, mg v
de ’scr  l b s - 5i i- - i n  i t - i ’ , i l i u i : i g w i t l m  l I m e -  w o r k s h ee t s  m u  Ap i s u s  ix , ‘i ‘ emil  t’ i gm i r u - -, i t t
A p g e n u i  ix 0, I i ’  an , m n ~ t I ‘s’si ‘ of t i e  i l u i m n i u g  uc,m ’g , ‘ u m u u t n f l m m l s ’ m u n u m r  ( - S uu . m u.  I n - s
a h , us s ’ l ine .  H u n - , - .lu clv t -- i’ gf ls  m I s  wi t’ s ’ si- I c- c It-uI t ’~~ rt th e ’ In’, ’ ‘‘ - r i ’ P m
r e l I e s , as ‘ies~ ribed in ,-\ h m l us .’umd ix B. TI m e i~e u u k — l i a u m r dus t a as l u  r i ’ s’ 5 - d I s  s u i m m ’ I i
t h e -  flms ’ I } t u u i h u n h u n g v  i n s - l t i t ~ [ m u s s - i as .\ p i sndi x C. In ilPPI’~’ It i uI he s t m s u s i s I a g v

was , i ~~s u i s t s - i l . f u r  t h e  o a ks ’ ~i f  s i - n p h i t  i c u m l i m m u , L i s t  a l l  t n , m ; f i  t u ~~s ’ , In s
L i u m ’ u u u i y h i  t u mi t ~ -~ ,su 1 t i l e  n t -- s ’ I o n u s  , m t t u l  h at  m c  t iva t i ’ I 5 i gmm ,i is w i n  - - I I -, s ’ , u i i i
rnd~ imunm ev e is ’ timid nL a l i lmumm p ln as i ’ I eum gt i t .  Buis c- si a n n  t I s ’ i s  i d — h i m  t’ s ’s n i  I t . ’,
a ~it’ n— ~ t ’Inic I a  i ’ s’ u ’ r a gs’ s i t ’ I m e l e d m i m s u i t l i p t  i , s n m  m i i i l m o l I u t , m : s  i’i: u ) o s j u m n  S u i t ’ s  c m l i —
t~~~i t ’ u -cI  f e r  i ’, i u  u m  I i t u k  amid ,s c-uom uu l uut ftc n - m t , i l  o b t s u j t m u ’d m u !  s i t - t i  — ‘ ‘ m c i i  n’ , ’ I u t u ’
int ’l’sc’cLjon ( t r c - , m t e - sl  i s  ‘ m i  o n i g l i u n u s u j u l )  stud t h e  Su ’wt ’ l I ~ P u u i t n ~ t mi m i t~t s ’ r r n i u m m u s .  l ie  m~~i :utuil,i t ~~‘s’ i’ p a i ’ —u ’ s’ h i j c l m -  ‘s’ , i h i l s ’ S  i n c  g iv e ’mm 1mm ‘ i ’ , m l i I  s ’s u t a h3. ( - o m m u t e r  i n s t  s ( ‘o h  Ic 7) ,i t ’ , u l u uii ii uss ’ ms h , . t H n t ’i , d m j im _s ( 1dm I - I ’ - t m s ’ s ’ t Ii ,A p p e n u l i x  B) n’s - r e  t u l s a  ,mnsu ’sss’ mI I s - n ’  e x i s t  ing c s i t t i m m i t s s I i u i t t s - m u s .

‘In ci s ’: tmssn ls I n . i  I i ’  I i i -  ! u ’s I I ng s i t
’ ap t  i t i t u s , six h v p s m  I R I  i c , m l  Pu I p h  1 m m  ( D l i ’

s, i n t l  is I 5 ) 5  We’ u’ s - i s ’  ‘ :e’ I sp s’ui u m s s 5 mi t I I t a - b i n  A p in e-ne i  ix  B.  1’ i ’  in ss ’eu u ,l i ’ i i  i t i ’, ’ , m  I
mode- sw it c i i i  ng o u t  l i i  m m . m  ,‘ 5 ‘ m i t u s m  i s :  t m p t  j  aim u I  r i ’s  i l  i i ’s - i  a I m i l l  g un it’ a I ’ t I n  t o s



c o r m ’ i u i s u r  r a n t s  ~~. i - s  r i - o m i t  s s t  t l m s  mode- ,~‘.5’iI c Imi n g is a s P o n g e  iii l i n e -
n u m m h s -r  o f  V s ’ i u h s  I s ’ s  s ’ I t t s t ’ h g  l i i i ’  s i r r i s l i u m  r u t  i- . Cv u s p j m s u u ’t i o u i in g  t h e
vs ’i u i c l s m u u l t s ’ n .u t h a i l S  t s u  - u s -c i i  H I n t ’ s ’ r ’ se ct  H u n t s  ~~s e m l t r v  m s m l f l l S , t h e -  p e r —
yeh is ’ l e -  t u i c t , u u s  in  I - i b i s ’ s i mnn,I i S i t s ’  t m s c - u i  IC) i - s t  l a u l l u ’ total s i t ’ 1  i ’On
sunli t iou u  ati~i p a l  1 m m  t s i l t  s ’ini In s  i o n  hi ’  t_ S’s’ s ’fl s c an - s  r i o  or i g im m t m u m t ’ l - ie’~ I i l u s t  tOil ,

s m m j  u i m b i s n t  r s ’ , m c j s  i s l e ’  c t i m i s u sn  ‘ , u n n s u y  i s i s - c s u m m , ’ s ’ n m  t r o t  ion  a t  t I n e ’ worst h u t s - n —
s e - i l  L ou u i l u u u u c  liii’ n s s u m t e .  H i s ’ r e s u l t s , as , - , u - u t t u , u r  L~s’mI i n  ‘ I , s t , ,le s  6 a umd 7 ,
e n n ui h i  ~ ‘ a eonnpam i s i n  sit t mi’ r5 - I it  i’.’ s - i t  I s’ s ’ t , j e s u s ’ ’ , s a f op t  ions I mom a tn
cii ’s- i r o u m r n e n t a  I p no t i - c t  m a im SI  h i S  s m  m t

_ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _  —-44



Tahm l s m 4

I , H 1VC m- ’ t ’ h . i ,  ( , U N S L I N I ’ t  I t t ,\ AND l’ u )l,I,IIIAPI 1- 21155 IoN ’5

FAC ’I ’ m ) i ~t 5 FOR ‘1’ 1 Dl - :PATER CONMC’I’h; CORR I DOR I

(H o rum i n n u t  Peak  Com nmu te  H o u r )

P o l l u n  t a tm t Emi  ss ion
Pui :t s ible Fumc ’ l Consuit op t i on  ~ s I’ p s ’r  100 P u i s s s - t m g e r  ( . u i r s

Cot i ummute  O r i g i n  t OO Passenge r Cars  (k i l o,~ r a r n s )
In t e r se c t i o n s  (~~~~ L on s )  

- 
CI )  1l (

35 104.8 4 9 . 4  4 . o
‘34 9 8 . 4  4 7 . 0

33 83 .6  4 1 . 2  3 . 9

32 7 7 . 6  3 5 . 7  3 . 7
‘31 o9 . 3  3 5 . 2  .4

3 m )  ,.S . 2 2’ i . m ” 2 . 0

29 5 2 . 11 2 0 . - m 2 , -

2 5  + .i . 5 2 2 . 6  2 . ?
2 7  4 1 . t ) 20 . 0 2 . 0

26 12 . 9  16.4 1 . 6
25 28 . 5 13.9 1.3
24 2 3 . 1  10.9 1 .0
2 3  1~~ .7 8 . 7  0. 5
22 ...4 6 . 6  0 .6
21 h I .  1 4 . 6  0 . 4
20 —— —— ——
19 -- -- --
18 —— —— ——
17 —- -- --
I C  —— —— --

Figums ’ 2 .

- ‘~~~~~~~~ - ‘ - ‘ ‘ - ‘-  ‘ ‘  
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Table  5

CtTh lU h ,A’FI VE FUEL CONSUM1 ’h i O N  ANI) P O l , h , C ’I ’A N T  EM ISS b u d
FACTORS FOR ‘I ’ I DEWATER CONNU ’I ’l-~ CORR I DOR 2

( M o r n i n g  Peak Commute -  H o u r )

P o l l u n t a m i t  E m i s s i on
P o s s i b l e  Fuel  C o n s u mp t i o n  per per  100 P a s s e ng e r C u i r s

C o m m u t s ’  O r i g in 100 P a ss e n g e r  Cars  ( k i l o g r a m s)
I n t e r s e c t i o n s  ~~a1lons) CO HG

1 74.8 44.5 3.6
2 7 3 . 4  4 3 . 8  3 .5
3 68 .8  41 .3  3 . 3
4 5 7 . 8  35. ’3 2 . 9
5 5 5 . 5  33 .9  2 . 8
6 5 2 . 7  3 2 . 6  2 . 6
7 4 8 .5  31.0 2 . 5
8 4 2 . 3  2 8 .0  2 . 2
9 3 . 2  2 4 . 2  2 . 0

10 34 .5 2 2 . 4  1.9
11 2 9 . 9  19.6 1. 7
12 2 7 . 7  18.1 1.6
13 2 3 • 9  15.7  1 . 4
14 16.6 11.2 1.0
15 1 4 .9  10.1 0 . 9
16 4.0 3.5 0.3
17 0 0 0

* Se-t F i ci , i ri 2
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Table  7

CO~ 1UTER COSTS FOR TIDI-:wA’I’kl< C OMHLI ’IE
CORR I DORS Ia , lb . AND 2

(Annual Costs per Commuter)

Single—
Passenger Carpool

— 
Au to (with 3 riders) Vanpool — Bu s

Com m j s i i  La m* $ 285.60 to $ 9 5 . 2 0  $ 13 9 . 20  52 6 4 . 00
( 5 . 8  m i l e s )  f * 526.18 f 175.39

C o r r i d o r  lb to 950.40 m 316.80 403. 20 312 .0 ( 3
(16.8  mi le ’s )  1 1, 644.00 f 548.00

C o r r i d o r  2 m 576.00  m 192 .00 22 0 .80 2 8 5 . 0 0
( 9 . 2  mi les )  f 955 .20  318.40

*m — marg tnal costs
f  — full costs

.4,5
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lip to  t i n  i s-i li sm m t we c i s c  d e a l t  u-~i t h  tin , -  dci’s- I s s ~m ’ sus ’ .ut , m ; i i Silt s’ 01 1I , m n i : t m l
, u m , m l ’ s ’ s i s  Le s u’ h n l s l t u s ’s f o r  i l m u i c t  asss’ns n ni enm t . Nu m n i m a l t s ’c i u ; t  i q u m e - s I m r a ’ ,’ i  I s

nn u n t n l m c r a I b e n e f i t  s , t in lu ot ig wiu m cim u s rs’

>1 in j im m ~. u m  t I a tm of um na I ‘ s m ’ s  i s  u - l i s t

Fa t u i I, L m t ’ i , : , n t  iou  w i t h  t I m e ’ u m u n - u l y t i c  p r oc e s se s

I ’ l  s -n i l m i  l i t ’ s ’  o f ’ tip im i ! s’S t t  man .

Cs - s m  is a s ’ i i ’  t m  j t u  i i  u: m 1 1 , s aws’ ‘s e - n ’, t lie mum t i m t s i T  a pp moac Ii be-u’s mitts’ s ‘ u s t  I~sr san su s-
i s ,! t 5 ~ I l o ss  tO ; I t i c  it iu i I ‘s’u ’;is c i  en n t e n l s  ( l i n k s  at m d j t m t s ’m ,s u ’c I i o n s)  a n d  t h e

e m u ”th i n u t t u , m t i s u n  s ’sH i s ’l m the -v - sr i ,’ ‘sine -i l  ( m o u l t  s -s  t imid  apti.osms) lul , ’t’ s’ . ms -us ’ i i i

im u i m b e  r . ‘ U I i , - n ’ s’ In n r u  • I, a produce- u i s ’ m o s t  g e n e r a l  lv uu pp 1 is-aIm l i~ s’s- st  s ’u u
p m u l c t  i c u u l i l e- , t i n t  , u u i t s m m a t s u d  ( c s i n t u p i m t  ~‘r i z e u l ) ‘c s-ms i s m n  o f  I b i s ’  t i tmul  I s i s  ‘ss ’ I lns md—
H uge i s ds- s i r , u i m b s - . ‘I ’ I m i s  ss’ ct ju :u de scrib e-s in u r i s - I  t 1 m c  , mnmm j i m u i s ’ r i , :s-s ~

u - - I  b u o d s  s l i ’ ’ s ’ e ’l op e’ u I  in  t i n s  p m ’  l e s t ,  t h u s  ant , i ’ s : , i t e ’ sj  un pp n ’s i m s ’im is i n t e - n n d a d
I i i  ‘ s - on n p le m e -mt t rust I nc t h an  T’ t ’ l ’ i , l i ’ s ’ I l l s  f l t t i l m u I u i J um l ms r ou n s ’ I .  ‘l ine  a u m l s m n n a t s’ si
m i m i ’ s - i s  ‘ a r  p a l  l ’ u i a i m t e l h i i ,- ’ s s b o ’ u s  and  i n s t ‘. ‘ t u . s t n t t p t  15) 11 u i n s -  e ’n s e n i t  j u l i e  t i m e
sonic’ u m s  t i n e ’  m o d e l  u ’s u t s s ’d j Im l i m e  t t , m u t t i ’ m  I m a p n i s i s ’h .  T i m e ’  p m i n m s - i,pa l  s s I ’ s : u : t t , s g s’
ot  u i u t o n u o  t j o r u  I n i ’s iu m t I n e  ‘sib i i  L I  ‘s t ~ i t su n d l  5 ’ s’Oi ti~~ 15 >1 , s’ > t l e ’ tm S i ’s ’s’ , ti mid n ’s’—
p at  i t  1 vi -  ann a  1 yn  i s ’ s I

As tins ’ P u s  i s  I or  p r a c s ’ss u n i t  s~u u , l t  i on m , We ’ n i c e ’  cs u m u u b l , t , . , i  s - i s - u ’ s - li t s i u t

I ’ s s ’ ’  s ’>t i ,- - t i n u g S R I  , I - l I m i t e r  p r og r a ms . ‘th e fin- st u s t  I b s s - s i ’ s n o g t ’~ s - : ,

Ski ’s i S  I n puut I ins ’ -‘ ‘ I s -  i i i ’ s’s I - ‘ 5  1 5’ i m t i r t w  I et - is I H ’s 01 I I i n k - s  on,I lii i i ’  m I S s ’ s ’ —
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Ap p e n d i x  ,\

OPERAT I ONA I - CHA RAC’I’ERI SI’ I CS OF NETWORK ’ RAFF I C FLOW

‘Ia e s t i m a t e  t ime f u e l  coumsu t l np t  ian and pa1 Iu~ mus t c-us- i s-- is ion c h a m u m c t s  r i s —
tics of cand idate highway commu te options , i t is neces suir’,’ to de l e r n h i n s i ’

certain conditions of traffic t’low experienced by a typ i s ’al vehic le- on
the  n e t w o r k .  Wh en t r a f f i c  flows freely, fu ns ’ilita ted by isiw trusf t ’ iis vol—

nine or good roadway des ign , c o n g e s t i o n  wi l l  be n t in i m i z e d , as wil l f ume .-l
consump t i o n  and a i r  po l lu tan t emi s s ions .  When c o n g e s t i o n  o c c u r s , in t h e
case of heavy t r a f f i c  or poor roadway  desi gn , f u e l  c o n s u n n p t i o u m  and p o i —
lu t a nt  emissions are increased because  of a d d i t i o n a l  t r a v e l  t ime and
Less e f f i c i e n t  ope ra t ion  of the automobile engine .

In geumera l , the problem of im e - t w o r k  des ign  and t r o l l  i c  f l o w  is - u
comp lex one . I t s  f u l l  t r e a t m e n t  is h c v o m m d  t ime scope i f  t h i s  r i -p o r t , and

• interested readers are referred to Refereimces 12 aumd 13. ‘l’hens - t i n - , m ow—
ever , basic ch aracteristics of traffic flow which , m”s ’ ic nt without proles—
sional assistance-, can be eust imated by a nonpro  f ess iona l  f o r  env ironmemmtu il
s c r e e n i n g  of c a n d i dat e  t r a n s p o r t a t i o n  o p t i o n s .  Time m e t h o d o l o gy  p r e s e n t s- sI
h e r e  is based primaril y on the ’  m a t e r i a l  p r e sen t ed  i, n t ime Hi ghway ( ‘ , m i m , l s - i I ’ s

Man ual ( R e f .  12) , w i t i m  a d a p t  ions  d e v e l o p e d  in R e f e r s ’m i s - s ’s 1 t 1 n m i ’u i m ~ -, lu P m m d
R e f e r e n c e  13. The obj e c h  of t i n e  m e t h o d o l o g y  is t ime  e s t i m a t i o n  of  two k s - v
f low c h a r a c t e r i s t i c s  f o r  each mm etwork sms-gment (link) aflc-c ted by si eu ui mdi —
d a t e  op t ion . The f i r s t  i u f  t lmes c -  ch a r a cl e r i s t  [Cs , wim i ch i we’ shal 1 I s - m m
f r e e  f l o w  5 m m  c r u i s e  speed , is l ime ave rage  speed w i t h  w h i c h  s- ’eh i c  I i ’ s - ,  s ’ u ’ s u  I d
t r a v e r s e  t h e  l i nk  in  t i m e -  a P s e -n c-c u m l ’ f l o w  i . n t e r r u m p t  ion  u u t  [li t e’ r s s ’e I i o n m s
Time second c h a r a c t i - r i s t  b e  is  t h e  d e l a y ,  or e x c e s s  t ime s p e - t m t  on t i m e  l i n k
by those v e h i ss li-s whose- f l o w  is  -i n t e i ’ r m s p t s ’ d  by r e q u i r e d  st o p s  i t  I c m l i
boot ’lis, signals , or signs.

Ems ’s’ Fl ow C i m - ur , m , -tert st ir s——Time ’ I i n s t  sI  u’p in t i m e ’ pn s i c e d u t ’ s ’ i s  t i m e
sls ’t e m n n l i t i a t l ’ n  m ’f I r i m ’ I l s m ~’ or - -m iss’ si’s- i - si sum s - i s i s I i n k .  ‘ I m m c - m l e u u - m t  su n
c m i i  he u i s ’ s ’ m n : p l t si ms ’ I  ss t is i  m s ’c su r d e d  by  cum nip l s t  b r i g  lu ’ u m t ’ k ” s l s u ’ s ’t  A — I  in  con j uts -c’ —
t i o n  w i t i n  tIne’ a c s ’al : p u m n u v i n g  i t m s t  r i m e t  i o n s  and p r s m e m -u h s , n s ’ ’ s .

Ch m m ’ - i s - E s - n  i s~ t I c s  at hut sr- - s - s - E l  s m ut D e l iv—— It m un du l it 1 i n  t 0 t h i m ’ I I ’ m ’ s ’ I I suw

s’ I i , n ” , m - ’ t e ’ r i ’ , i  ic s , s - m a l i  I i n t -: muts t P s  ‘ i u m l u a t i - sI  n s - h , m t i ’ , - s-  t , - c h a r - m e t s - n  1 st  I s ’s
, n I  ‘ s h Iv  s - c - u p s - r i  m - s u s ’ s’ s I  i t  C - s i  ds u w i i s t , r’ s u u m i t l t s ’ n s s - , t i on . s u i t -  n s - i ’u ’ I i n n  ~t ’ I i s -
c u l t )  u n  r n , u  1 l v  l i i ’ m m ’ a li- c t end on 1 1 imk s ;~ m l ’ s’ I l i i  a i m p lu t rtu I I ie  I m , u : s t’ i s  - i n  l i n t s i —

r ’ m p t e - sh r j ’ l u t — m u t ’ — u, ’ , i ’ s’ . For I i m P s ”  sill  W i ) i s ’i n 1 1 , 1 1  I I s ’ I I s s s ’  i i-, r ’ s l m l I i ’ s -J f~~i ~ 1~ ’sp
l a m  - I is m i s t  emil at l ine’ i i , , - I s j - - u n ~ I , si g u m  • i t  a , - a I s ’ I I I m s m s ’ I I t , I me ’ li - i s i s

e i u , i r m s - t u - r  I - s t l u ’S i ’ t  i t m t e r s - s s ’ct  I ’ll d e l - m v  c iii be s ’v , ii n i - u l m ’ , j m i s i n u u ’ u  K , ’ m ’ k ’ d m m
— 2 i a s ’t m I n uli ’ t ‘ii w i t  Ii t l u  i i  e , i :: m m i , m u m ’ s _ i  n t g  I l u s t r s m ,  I I s ’ n m s -  u m m u s l  tm ‘ ‘ - ‘ I  m ’ c~~ ,

K , ’ l ’ l - , , l s s ’ a l  i \ — 2  ‘ - a m I s s ‘ I s  s s I  t win I’ s r t n ~u , I ’ , i r l I o r  & ‘S l  P i t  m m m i ’ , l I l l s  u -  I l ’ s

m c m l ’  m -  i t ’ s ’  u n i s l  i’ u m r’t  I I I mum .  s ’ s I j nm ,m t I u t p  s ’ I m u i m ’ , m m  l e t ’  i — s t I i ’ s i n  lIit ‘ l ’ s ’ s I l o i n  , I s  h _ m v
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Workshee t A— I, c o n s i s t  s of I is-’e- ca l i m n : s i m s  . I tm t i m e ’ I i  r st  cc ’ I iin u im is
en te red  an i d e n t il ’yi ,ng n u m b e r  f o r  e’a c b n  I i n k  f o r  w h i c h  a s : a l c u l a t i s s m m  01
c r u i s e  speed is to be made .  t n  t I n e  l a s t  fs mmr c o l u m n s , i n t a r m a t i o n  t o m
a g i ven 1 ink is c-nt  e red 5 m -i I nd i m ile -il b y t i n e ’  cci lm t mn n Inc-ad i ng  . N n u m ’ s I n s ’  ms  i n  -

paren t lu e - se s  be low time i ’ s ’ 1 umn I m e~~d i ng s  r e t  s r  to  s O  is rs -sp o t m el ing s ’ mc l e d  i m u m u n u — -

h e-red  p r o c e d u r e ’s f a uu m d on C- i c’ D u p e ’s imnt e’u h i a t  s - I c  f o l l o w i n g  time w o r k s i , s ’ m - t  . -
N u m b e r s  in i s-r a c k e t s  i n c h i c u n t e  an a r i t i m n n u e t  is: o p e r u l t  ion i n v o l v i n g  the ’  ‘ s ’ u i l t m e s
c o n t a i n es i  in a p p r o p r i a t e ly  n u m b e r e d  c’o l inmns of  t ime w o r k s ln e e t .
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L i n k  Demand Volume ‘ Capac  i t v  Dema ’,m d/ C a p a u - i t  y Cmi i i se’ Speed
1.0. (veh ic les  ( v e hi c  Ii’ s R a t i o  (mi l e s  p e r
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C: ia  si ms1’ ,’ im u ’ smr s l i -’c u Ouucl s-’ s u  h um s - c  i s  I lie num n i i b s - r  ‘ 1  s - l i  Ic  h e ’ s nat mc is miu ml  l’s’
‘ l ’ s ’,’ , i -- s  t : m c - l i n k  i l l  ‘

~ 
i , ’st  i s ’ u 5  e h s i m i t n g  a s-.pe - s’j  ii: h e ,u t -  u m l d e ’ r ,— t u s l v .  I_ i n k

I r , k l t i s ’ V s s I ’ m t i u , - s (e ’ m n ’ r s ’ l i I  - i n  p r ’ ; s -s ’ t s ’ih I ‘ - m u m  u s a _ t i  h ’ ~ he ’ o b t , m i t i s ’sh I rout : a
- l  I s ’ s - i l  t r ; t t f j e  s - m i s c  m i n c e - r i n g  c I a ; ’  m r t ’ : s a u m :  h n s s - ~h , u t l  p e r i o d i c  t r , i f i c

‘0,111 s s r  t n ’,u~ Ic nmoil t’l l u n g  s lu sh Ii ’ s .  ~‘haui m m m s u m r — h , v — i u s u i m m  I rum I t  ic  h u t  o r n m u u u —
t i s - n  is , ms - ’ - m i l , l h h e ’ , SUi’ um int ’o rmis,i t ion s - e’, i m t I - c  sisad di ri - s t l ’s as the itounj\-
dc - r u. ti n - h Vs ’j  u-s e  . “ l i e - n  s u n l  ‘s’ I s in  — s-ui - i n s - u t -  s - s  I o va  r,ie u - do i i ’s ’  i r I  1 I s ’
is t s-’ . u i l  t h Ie , is i s  t ’ n ’i’ q m m e n t  i ’ , I s :  s ’ i ss  , F i g u r m  . \ — “ O i l  s e -  i s s ’s! I s ’  a sh —

t ime s s ’ , t k  t i l eb  , u f t ’—p s - ,ik i e m s - u u r r s l  ‘s ’OIIm; ,e ’ s. i i )  - i ’ 5 e ’ “ u : surs - ‘u— I , s -tiler ,mt
i s ’  u s - n t  t a m  s~’ I t i l  t ‘ u s ’  t ’,,’ , m — w ur,’ - ‘sAl) In s ’r I , i i ss l’~ 

u r  s m ’ t I m e ’ r i u , i s l  ‘-a :s - uau m h i n
q u a s h  1 -  1 , p r o c s - t - h  y e - m i  t ’ ’ ,i I ly to i lm I - [- ‘c cl the i j n j m t ’ ’ ~~I’ u i t s ’  s ’ u i t ” s’e- u m t i , l  l I m e - n
pro - s- s- h I m s i r i z o n t um l h l u  i s i s ’ I s - f t t o  m u - t i m  -mn u - s t l ; - i r m  i i :  t i m ’ ’  s i s m i - — S ’ , m ’ , ’
tr o t t i e  per 1 , mu’ ,s’ i t m t i n e’ pc-ak c i i ’  s m t ’ f—pe- mk iiir e ’,- t m ’ s , I t should he- m m - - t a d
t i t o  t F i C i m m e ’ ‘u— i is v . m  l id  I m r  ~i t ’-’p j e t -i l  t ” C i s i  i t  in p r s  si su n us i f l o u t  I s  ‘~~

‘ in  O f l e ’

d i r s ’ s - t i s m i t  s h i m m i n g  t h e  ‘e lk h o u r .  S i t e  t : m e ’ n ’ s ’  i t s -  e’ ’-~~ u s t  L i n u s — - to time- h ’ ~~p i —

sri 1 5 i t  uul t ion , l esu r I v I run f t  i i ’ i n !  s m l i l u , i  I j a i l  ‘-s u i u n u t  l s ]  s i ’  s o m i g i m  t , i u m s h  used SIns ’ me
,i’s’,m ils nh le ’ .

0 
Cl’ s ’s ,’ t l o w  eu uj u , m e  I I v  rife -ms 10 C - m m  m u s - I x i m u m  : 1 5 , 1 - a r  ‘ ‘ I  ‘s - j u i c es t h a t

arc phvsi~ , i I  1’ ~- cu l l s m i -ic of I r a v e ’r s i lm g t i m e ’  l i nk  hi m g i v e n  , s , ’ m , r . ‘i c e  f h o w
e il). i , ’ i t\’ us -ui’,’ be- i - S t  ItUil Lee! s-Is 2 , 000 ‘s ell i s - It ’ s pc- r s,suu I ’ I- s r l,iims’ f s ’s multi—
isnim e- 1 itmks and 1, 001) ‘s ’ s - i l  i c  l i - s  per  m aim l a m  s I n s - g l t - — l ~~u i e ’ l i mmk s , s ’ s n l  I- a c h e - u I
by ‘l’u i h l e - ’-s , \— and , \ — 2  or  m i m a d s i - _ I s ’ s.ih s l  n m t s ’ t i s s u m s  anuh i s s - , i V \  — c h i l l y  ‘s’ s - i s i s - l i -
miss ’ . For ts rm- p u t r p o s s ’ i l l  t h e  ca p u i e ’i t v  s ’ u u l s ’ l t i ul I  h u n t , a I i r i ’ c ’ — l u t t i e  r s u , m s l  w i  t i n  ‘I

ui ~- u i  m n ’ s’, l ‘ ‘ s m i l e r  h u l l s ’ may  h i ’ t r e , i t e d  as t h o m i p i n  it wi n’ s -  m m l i -  h _ i nc i i i  s _ _ I s _ i s

ii j t’ e e t i sins - . I ’ t i a  fr i - c - I I s i S ’  e 5 l p u m c  it y is oh t t n iun- s i , I b i s - m i , by  n n m m l  I i pi s- ’ i uu - .- tin . ’
n unh en  r s i t  I - l i m e ’ S b y t h e  a p p r o p r i s u h  s’ p e r — l u m n e -  vol inc ‘a is i ’ s ’ s t i - cl ur  t i c  s

_
s m  rc l s m n u ’e’

wi t is ‘Futh 1 s s , \ —  1 mmd , \— ‘

( 1 r u i~~e spe c- s m m ’ mi  ,n link m ain he aht umi une ’d t r am Fi s t s 5 ’ ,- \ — 2  s a m  t It s ’ l i u i ~ i s
i s ’ m m ’ t ’ s ’ ; u s ’ of  m ’ s - i i  and t I m e -  es-s t inn  t ed r u t  i ’  a t  s l c m n t t m n l  y s u  I ‘ m c i i ,  to s ’ - e m ’  i t  V .

to - ‘ S m - t i n s ’  F i - g I n ’  • s - I l l s I ’  i t h e  ho t  t i’m w i L i i  I t s ’  r o t  Ii ’ - ‘ I  5 m s i b  yo I si s - u s ’
tO h u m - - . I I s a  h o ’ ,,’ C u n l ) , t c i t \ ’ , ~ 5 ’Ci ’ s ’sh Vs ’rt ieu m l h - ,- t o  I i l t s - r ’ - s - u ’ t  C - i a  . m p p u - ’ ; - m m —

L a  c s m t ’ Ve- . u: m - I i S i s ’ ’ , n luo r 1 , ‘ si n m t i  I I s- I s ’  oh h ui in m r  a c t  ~~~~ h i ’ a s ’ f l i l  sa t-~~’ s- s ’ul
S i n n es’ F i g u r e , \—2 r s -~u m ’ s- se - m m t s  l ’ s p i m ’ s u l  C - n m n s l [ t  j s m s t ” u  s m r  .1 ‘. i n  t a t ’ s ’  s r I is i m i u l l
is u ’  i s i  it’ stid it I u r n s  • 1 m m ’  s o t  m : s u u  t ‘ - ‘ s u I t I eh h s ’ i n n up i’ o’s’s ’ s I  aim b y  I - u s  - i t  5 5 ’  c i  l~ s u t u - m ’ I ’ ’ s ’ s ’ s b
s m i l e ’ I ’ , I I i n )  g 5 ~ s’ e- s l s- u I ‘i s  I i s -  i ’ s i u t s i  in 5 j 5  i s ’ s - f l  i i m u m n  , b I s m l u m m  - 1 5 t I a u m  i s , I s - ’ , m  i i t h u  1
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:,ORRI I l - - ’
~ OF FRI-:I -: FLOW CAPAC ITY

FOR h ,A , \ [ C h u l l  AND ROAD S I D E  OBS’I ’RUC ’l’ i ON

A d j u s t m e n t  F a c t s ’r  , C , fi um l,ane’ Wid t im
and L a t c r , u l C l e - a r a nm e s -

Distance from Obstruct 10mm on One Side I sb st  r u s t  j a n u s  on llo tt u :- j d u - ~~
T r a f f  I c Lane Edge u s f  O n e — D i r e - c l  j s i t s -  Runauiwa ’s’ D i  Out s—Ui reel ion k , s , , c s - -.’ , s ;

to Obstruction [ 2 — F t  l I — F t  1 1 ) — F t  m ) — F t 12—Ft i l — I- h 1 : — I t  “— Ft
( f e e t )  Lanes !, ant s ’ o min i - s Lanes  Lanes  l, ti m te s - s  m i s c ’s i Ot a ’ ,

(a) 4— Lane- D ivided  F r e s -s - - ’ , u ’ - , One  P i r e c t i on ol ‘l ’ r , mvi ’l

6 1. 00 0 . 9 7  0 .91 11 . 81 1.00 0 . 9 7  0 .91  0. 81
4 0.99 0.96 O . q s I  0 . -SO 0. ’~8 s ) . ’ ) S  0. 89 I ) . 7 ’ )

2 0 . 9 7  0 . 9 4  s I .88 0 . 7 0  0 .0 4  0 .91 O. 8(s- 0.76
0 0.90 0.87 0.82 0.73 ().iSI 0.79 0.74 0 .0mm

(b) 6— and 8—Lane D i v  ids i Free-wa’s, i l i e ’ , t j t ’ s ’ s t i s u i t  s i t
’ Tray s- i

6 1.00 0 .96  11 .89 0 . 7 8 1 .00  0 .96  o. ;—;~; 0 . 7 8
4 0 .99  0 . 9 5  0 . 88 0 . 7 7  0. 0° 0.9-+ 0.87 11 . 7 7
2 0 . 9 7  0 . 9 3  0 .87  u . 7 h 0. ’F-s 0.02 0 .85  .7 5
0 0 .94  0.91 0 .85 0 . 7 4  0.91 0. 87 0 .8 1 0 . 7 0

(c) 2—Lane Hij~ iwa . One D i r e c t i o n  a t  h ’ ravc- l

6 1.00 0 .88 0 .81 0 . 7 6  1 . 0 0 0 .88 (1 .81 ( 1 . 7 6
4 0.97 0.85 11 .19 0.74 O.~)4 0.83 0.76 0.71
2 0.93 0.81 0.75 0.70 0.85 0.75 ).o~) I) . ( m ’- ,

O 0 .88 0 . 7 7  0 .71  0 . 6 6  0 . 7 6  0 . 6 7  0 . 6 2  0 .5$

( i t
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‘I - R , \ CL  ) , i - , Nh R , \ I IZ ED , \ht , h F S ’ I ’ M l - ~ .’I 1- ’ ,-\C ’I ’ ( Jl-u S FOR
l - IEA V Y—DI , ’’ l ’’m ’ V E H I C L E S  iCc FRI - ;tcC A\ ’S ‘uN I i  m - :XI ’RE$SC5\ YS

AN D ON i’C~) - I  A N I ,  I i l t d i d ’ ,\’u S OVER h - : X ’l ’ m - :Nh’ - i ’ o  S[C’I s I N  I I - ,NC ’I’lIS

F,i~ t a r , ; , or  A ll
P e r c s ’ m m t u m g i ’ of  i , s - y - ,- , I o o l  s - ’ a r v i ,,’c ’

He -s i ’s-v — D i m l y  - i ’ s -  - - R i  1 1 lug D o m u i m  La~ nous
\‘e - l i  i s  l u -s  ~ r r , m  I I e r r - u  i n  ‘i ’ e r ra  i n

(s - m I  
- 

I-d’ ce w, ~~~~ s~,i i .t.:p m u ’ s  s S ’u I V s

17  0 . 9 0  0 . -_,17 0 . 9 1
- s 2 Q . 9 , S  0 . 94  0 .88

3 0. 97 0 . 9 2  0 . 8 3
4 0 .96  0. -° j  0 . 7 8
5 0 . 9 5  0 . 8 7
6 0 . 9 4  0 .85  0 . 7 0
7 0 . 9 3  0 . 8 3  0 . 6 7

• 8 0 . 9 3  0.81 0 . 6 4
9 0. 92 0 . 7 9  0 .61

10 0 .91  0 . 7 7  0 . 5 9
11 0 .89 0. 74 0 .54
14 0 .88 0 . 7 0  0 .51
16 0. 46 0. 6~ 0 . 4 7
18 0. -° 5 0 . 6 3  0.44
20 0 . 8 3  0 . 6 3  11.42

(b )  2 — I - u rn s ’  H i g i n w u i vo

1% 0 .9 9  0 . 96  0 . 9 0
2 0 .98  0 . 9 3  0. 82
3 0 . 9 7  0 . 8 9  0 . 7 5

0 . 9 6  0. 86 0.6)
5 0.95 0.83 ( 1 .6 4
6 0 .9 ’s 0.81 O. h m u
7 0. 0 1 s ) . 7 8  0 . 5 7
8 0 . 9 3  0 . 7 6  0 .53
9 0.0 , ,’ 0 . 7 4  0 . 5 0
10 0.01 0.71 0 . 4 8
12 0. 89 0. 18 0. 4 1
14 0. 88 (1 .1,4 0. 8)

16 0.81 0.6 1,  0. Di
i c  0.85 0.58 0.14
20 0. 8 ’ ) 0 . 5 6  0 . 1

I ’ I
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FIGURE A-2 GRAPHICAL ESTIMATION OF CRUISE SPEED AS A FUNCTION OF LINK
DEMAND/CAPACITY RATIO
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IN S 181/L i I s I N S

i / ou ’k s b u e -e t A — 2  c s i m t s i -;t s  s m f  l\ s ’ s ’ p a n t s  a ’ i t ln  a t s s t a l  of 1, 6 c o l u m n s .
‘l ime I irst s’s,ilumm’t in  s u c h  pat ’ t r e ’ q u m  l u ’ s-s I li e C l i  t~ i’ s-’ o m ’ um ul i de -n t L i i v ing 115 m u : —
ber (‘or each link oim w hu icim a - , i i s ’ t m l , m h  i o n  s u f  du ’ l ,m ’ s ’ cinanac t s,’ris t I c ’S ~ S I ’ ’

be nmade . In  t ime r e m a i n i n g  e’s r l u m m n i s  , i n f o r m a L  i o n t  f o r  i ’ u m a l m  I iil k is ents -red
as iimd ica ted by t I n e  c o  l u t m m m  i m e ’ t m s b  i um g . Ci r i le - il numbs ’ r s  he - low t i m s  s o ]  mnhtlt l
hue -ad i n n g s  r e f e r  to s inn l [sir  I y u l u n u h e n e c h  s- r s m e a d u n ’s - c  f o u n d  on t u i ’ p u m i c e ’ s  in—
me-cl l a t e- i  v f o l l o w  i m u g  I, ni- workslues’ t . C i r i  led n u t n n n b c ’r s  j im b r u i c k s ’ h i s m d  i c t h s -
an an i thnme  I is  ape r a t  ion i n v olv  ing ‘s-ui lim es -i s’ott hum m e d  in ulppropr ia hi - I  V n m m m n —
bered c s u l u m n s  of  t h e  w o r k s b n e - s’ t .
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R’O R K : ~c i l l - ; l - ’ l ’  ,\ -2

I’ Soc 1-c I C:  RES

a t  c o n t r o l  m oe - s lums tile ’ di’ s i g n a t  ion  of  aim i n t e r s e c t i o n  can l  no I
dev ice  urn u rn s’ of t ime f o  I 1,o win g :

T r a f f  is s i gna l

Stop or y ield s i gn

‘ l o l l  b o o t h  or gaLs’ .

‘flue t s- pc’ of i-mi nt no 1 manda t ium g s t o p s  a t  s num ium I s ’ I’ s - s e c t  ia n  wi  I I deLi- m m : 1 ,15

t I n e  n a t u r e ’  of tine calculu itio um s I s O c i  i m u g  to  an esti ul su ul e u if c 1 s ’1~ t v

* Inter section approu ui ’Ii wid th is tins- ‘ l u ’ s - s i e m I  i s ’i i lt h , i n  I s e t , o f  t i n e ’
road segment tinder control sit tim e jim t i-rise-u ’ I ion. hu m tIme’ c,ise - , ‘ t  s i  g u s
gal s’s , or  t o l l  booths , it iS u o r n u u i  I iv this ’ fu l l  is’ d E l i  o i  tI me inu t i’m- -s -c h j a i l
a p p r o a c h , a l ti lo ug im c’ c ’ r t a i u m  ss ’ g u i u s - i m t s , s u m s - l i  as s- ’-, i m m s  1 - ‘ i ’ t u r n  l u m u l s  5 5)1’ h u t s
a mmd c’arpool  lu ,ii us- s-c , win 1cm are ’ f i’ s ’ s ’ ‘ I  c u s S  t ro I , m - u l i o u u m  I i i  be ’ a xe ] n i d e c l  . I n
t h e  case of ’ s i g n a l s , s e p a r a te -  m i i u m 5 i  se’~’mli s - u s t  S may l ’ s -  , - , ‘ m m l  n’ s ’ l  h eel (uv ss ’ p t i
signal pinases . in su ch s ’ u i s o S , s-us ’ h i , m n ’ u l t s s  s m 1 u p m i u u i s ’ h u  u5’ i d i i i s  ~ ( u s m ’ u l s I  be’ i l ’ , s ’ 5i

f o r  t ine  i n d i v i d u a l ly  s i m m t ro 1 led ‘4e ’gru e ’ mu 1

Metropolitan popu latianm re - I i r s  t ”  t i n e  n u nm b ~- r  a t  t s ” ~ l - l i n t  s o f  I i i

community or nte t ropo 11 han arc -uI in wh I i- it t i l e ’ mou m d I iink s i t ’ c u u m m e  s’ rim Is- .
located .

Urban los-’si tio nm re fers I s ’  I l l i ’  si ’s - i ’ i f  1 c I s u e s i t  ~u’ ni , )uy I umni l mI’ ,a I

of tlis ’ I , i u uk at c - s ’un s ’ern wit It i n  Lim e eontu mumn its- ’ am ’ nm e h  m ’ o h i s m  I i t  an l u ~~~~ I , ,’’ a—
t ion stnou ld he di’s lgnats’d as one i l l  t l ie  f u i  1 I s ’is ’ l ung:

Cent r a l Rmm s [ness D i s t r i c t  — —  Hi m I tart jim ‘ s ut um nntu m mn i s  i p , t  I i t  ‘s-

in whii’h t lie da t u m i n t a u n  t I utm ucl cisc ’ i s la O, s - i n s - u s ’ h u m u s  i m u s s  i s ’ I I ‘s’ it

F n i m l i ,~e’ —— ’ l ’ l iu m I pu s r I ion m i t  u i  m m i i i  c I I u u u  lit v iuulis ’ s l  i l l  a I v , u s m  1 s I s 1 ’

t ime  u ’e i m t r u u l b u m s  i i i i ’ s - us - u  d i s h  r i - - h  , u t  wh I u ’ I i  t i n e - i ’ s - i s ~ .1

r a u l g s ’  s u  f i ) m i s  m u s s  O s ’ h iv  i t  ‘s ’ , ‘ s ‘ i t s -  ‘ u  I I i u m e  i iii l un g u s - i 1 1 s u i t  —

m e - ri- j ul , 1 1 1 : 1 1 i i m d i m s t n j u m  I • war e h i t u m s  1 1 m g ,  s m u t  s ’ u m s s ’ I ’  I I s ’ - - - r’s- i ,
- m c I iv it Is’s , stud j ill s - i s I s ,  -d 1 , s  a 51 r i p di’ ‘ s e  I - ‘ 1 / i i i u ’ i )  I , - m We’ I I
sonic’ a s u m u s  cml ru n I s s i  l’t ’ -s i , u  u-il l ~~i I s i n ’ - i s .

m m m l i v  I i i ) ’  I)~t s i u i s ’ss D i s t m ’ i s ’ t —— ‘ I ’ h , m t  p u n  h i l l  c m l  0 m u t l ’m l s ’ ipa l I t v .
sm u ’ r n m .i l lv ss - i ’ i u - u l s ’ d  u :  m ”, u , i i u u j e , i l  lv h’s’ S’i ’ i m I s ’  il l s - i l i u m - a h u m :  h i ts ’

s ’ s - In t r u I lists u ,u s ’ss d i s h  r i c h  ,m nmu l i I 5 1 i I u s u , ’ ’ ‘ sn ’ s - - i , I t  is lu is Ii h ut ’
pr  m u ’  i p , i I  I , s m m n u l  ‘en s’ is - s  I s u m ’  i i m m u s  i ma ‘s i s  h l v i  l v .



_ _ _ _ _ _ _ _ _ _ _ _ _  
~~~~~~~~~~~~~“.‘

Resident ial Area— — ’l’inah portion of a ln mm m n i.i :ipsnlity , or sum
s ire -a  w i t h i n  tIme i n ( l i m e n c e  of SI m u n i c i p a l i t y ,  imm w i l i c i l  th em
siominant land use is residential development , him t wIn e-re’
small  bi m s i t m e s s  a n e u n s  may he included .

( cV ~-h  len~~t hm m um e- ans the ’  t i m e  mequ i r i-d  f o r  a t no f f l c  s i gnu m I ho pass

throug h all i t s  p luases  (grci e nm , red , a m b e r , a r rows , e t c . )  . Cyc l e’ length
will frequent I v  change dsmring the course of the  day  to accom ln u im s i s i t  s’ time
va ry ing t r a f f i c  v o l u m e s .  Time cy c l e  l e n g Lh  used should be- t h a t  f o r  E u -
h c u i m u ’ 01 concern  ( u s u a l l y  peak or o f f — p e a k ) .

For a given road segment under control , vehicles will expeniens’-
a green signa l f a n  a i’ c- r t a i ,n  p o r t i o n  of the total signal cycle’ . ‘l’hn i s
I raction of green t ime is called time g,~e e n/ cyc 1 e  r at i o  and is s - x i i r e s s e - i l
as a decimal fraction.

Saturation service volume is the maximum number of v e h i c l e s  p - n
hour tina t can t i n e o r e t  is’al lv pa s - - s t i n r o u g h u  an m t  s- r u s e - u ’ t ion on t ine  a p p m o a e h n
segnnent of c o n e s - r im in  t i n e  :mbss ni -c- o f  c o n t r o l .  The sa tem r a t ’ion s c ’n ’s ’ i e a
volume depends s ’ iu  t he  ch a r ,m e  I er i s h  ics d ea l t  is ’i t i n  in  i t e m s  ® t i n m o u g im ®
of Wuurk sbmeet A—2 , as well as a im t u r n i n g  move -m e -n It  s s i t  t i m e  i n t e r s e’c I i a u m
and on t ime p e r c e n t u m ’g s s -  of lns - u i v v — d u t y  ve -h i i :I, es ( I  rucks aimd bsise’i-u ) in I l ie
traffic stream. Fi gure ,-\— ‘3 e i m a b l e s  i t s  cali’ulat i on  under  typical i’onmd i—
t ions  a s suming  um gri m m / c y c l e  n u l L  i i  of  1.0.

1u ~ t e r~~e - t i s s n s -  c d l v i i - i t v  means  t i ne  u m m ui x  inium u m n m n n b e  m o I’ veIn  i s  I c-s t i u u i  t u -aim
th e o r e t  i i’u n 1 Is - ’  p~~~4 L u  r s i u u g i t  t ime ’  i n t e r sec t  ion out t i ne ’  u i l l i m n a 5 n c b n  s-le s ’ , Smus ’ u t  t of
concern  g i v e n  t h e  mc: tual u s - g r e - i -  uu ( c omm I ro l  p ress - n t  . F [g u n ’  A — 3  i ’lmu ii ) h ’ s --s
the graphical estimatiomn of capsic I tv f a r  s i g m t s m l  i - i c ’ sI in L e r s ec t  ion u i p p r s s m e i m
s e g m e n t s .  C a p a c ih s- ’  e s t i m a t e- s  f o r  s igned  t n t s ’rsoi: t ions  ca lm he i i h t u n  hued
f r o m  the  same f i g u re by t r e a t i n g  t lmem as t h o u g im Lb s -v wi - r e  s i gn a l  1 ;cs ’ d v i  t i m
a g r e e n/ e s - -c le  r a t  [ m m  of 0 . 7 5 , hsms ed aim sug~c u ’ s L i o n s  n o n m t a  [ned in R e f s ’r s - n m s ’ e-
12. Traffic halted by a stop or Yield sign may proceed tlmroimg h t i n e  l i m I e r —
section onl y a t  a r a t e  c o n s i s t e n t  w i t i m  t i m e  v , 1m m n m e of  t I m e  u n i n t e r r u p t e d
c r o s s — s t r e a m  t r a f f i c ’ . The 51. 1 u a t i o r n  can be Ituuud led by  dc-fining um q u l u n i t —
t i t  ‘-- t h n a t  is’s’ sha h 1 t e r m  c r o s s — s  I r e -t i n t  Li t 1 e r s m i t c - e ’  , equal La tine ’ di f fe: reams’ s’
between cross—st re-urn free f l o w  cap a c  it s- and c i s u m s - i s — 5  I ream demsnim d v u ’  I time-
A correction fuic t or nn u us t  he a p p l i e d  f o r  si g n e s i — i n l i - r s e ’ c t  ion  e’ ip a c  i t  v
Fi gm u r e A— I embodies a gr s i p h i u - u u i  a h u p i  i c - m t j olt a t  a i ’iuris s’s ’t iou I , i e t ~~’I ’  l’ , ms s ’ s I
on (‘u’ ui ss—s tneartn toler anci- . ‘ l o l l  h o o t h u  cu ,n p u m c  I t ’s’ i s  l m un i m d l s d  s i m m  a p s ’ n — g u i t s -
b u s  i s  wi tIm a gum Li’ c m  p i l e  [I  y (C g )  u~ ’~~u~~ l 5 0  u S

= (v e l u ,/ s c s m I u - / h i s )

‘ l i i i ’  q s i , m n  L i  L v  H i s  i l m ~ ’ (c ut  Ii m m ’ , m s l ~s’ , i s - ’  • 1_ l i i i  is , time’ ut \ ’ i’ i ’ , i ( ’ s ’  I I tune ’ i mu i s ’  n ’ -,’ , m
(iii se’i’u m l ’lds) h e h w s ’ e ’ m t  vs - i n Is ’ I s ’s-i h s ’ u m v  ing th , ’ u I  I s ’

S t  c is- nismin d ‘,‘o l s m u ’ u i ’  is sli t ji t e - si uus b lue ’ s l i ’ n u t , n m t d  v o l  u s - i s sit t n i t  I i s  on

t u s s ’ 5 n p p r s s s i s - i m  -~ s ’ u c u u s s - u m t  c s ’ m m o t  i t u u t  1 m m - , ’ l i t - ru s s m t s ’ su t l i n t  s - u  s ’ : u I  . / u s  ssmch i t  nim i sc h t

l i t ’  t i m s  ‘ c ut  1 rs ’ ii u ’n m n ;tm n i l vo I m s u: m s ’ m m m i  t s u  - I I i n k , h u t  s’Im s ’ ru ’  uu “ s h u t ’ I I I i ’ re -ui h ’  5

I i  /
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b e i n g  ,u i u t l s - -’ , ’se-ci ( s u c in  as a c o m n t u u m t s ’  s- o n r i d s m r  r s ’ u m h e -  10 , m s 1me ’ , - i f  i i ’ s I s ’ ’~~t i l na—
t i i i n i )  , ap p r o a c h  s e - g u s s - m i t s  i’ u l n n s - ’ i n g  c-i-S c ’ lu ms ive l s - ’ I ru t  I ’ m i s  t u r n i n g  I rsmm t ie-

rou te’ in c1uestion (imont llrotlgl’m t m - if l i s - )  i - s lum h i ’ i x i ’ l , udeii  t r i m :  t i n e  e a l i i - i i  Y

and dc l  u i v  u m n u , m  I s - s e - s .

St a ~,p~~n,~ r a t e .  Depend i u u g  s s u t  t i l e ’  t Y p e  s i l  i’ m m m m t r o l  , sill or a port ion
or vein id es eim cou umt er 11m g the  coot  no I led i n  Li ’  msc -s  t i ‘ ‘ m m  v i  I I  t s  n e q s m  i r i - c l  t o

s top . In t ime case’ of s igned  i m u h c ’ r s -se ’s’h ions , it i s ds-a-usim i ’ -~ t h a t  h t m l ’ i f
time approaching vehicles stop. 1 um liii’ case o i toll boi,u I lus , a pa r t i e mmm
01 sippnoacining ve-l’m ie les u:s un s-’ imave I hs ’  pm iv i i  e -gc-  s i t  m m n i n t  s ’mnu mph ed mo -e s - m i s- n m
t h r o u g im t he  b o o t h .  I n  t i m e ’  c isc’ 01’ si g n a l i L e ’c l i u t l e r s - s e s - t  i o n s, t i m e -  j i r u s h u c u m —

Lion of vehicles stopp inmg w i l l  i lep eumd on t h e  c l n u m n a d t c - r i s t  ic’ s oh  t i m e ’  s
nal . F igu r s ’ A — 4 enable’s  es t  h u m  t ion  ci f t i n e  n u m b e r  c u t  ‘s’e’l m i s ’ les sL i t ‘h ~ i ll s

in t h e  h o u r  of s’ancern , based on t ims -  r at i o s  i - sm l c u l u m h e d  i n  i t e m s  ,

and s i f  C o r k sl u e e t  A — 2

~~~~~~~ Because of t ime  i n t e r r u p t  ion  cu c i -a sian e d  by t h e  u s - h a r s m c’ t e - m i s —
t i c s  of time i im t e r s e c t i e m n , ve’ Im i c l i ’ s s t o p p i ng  w i l l  u’x p e n i en e s s  a d i e - l a y  Oven’
the  t ime t h a t  would he spen t  i_ - nm t h e  l i n k  in time ah sme nm u’e of interruption
to the flow. An average value oh ’ cli’ isi s - ’ per vehicle can be obtui mmci! from
Fi gures  A—5 and A — h , b ased aim i n f o r m a t i o n  c ’ l s - t s m i n e d  omm W orks lmee t  ,- \ — 2 .
Toll bootim capaci ty is handled on a It e m— gate has is with ii gate- c u m p a c  i ts
(Cg) computed as

- ‘160(1
(,g = ‘i’i 

- ( v e h n / g u i t s - / h n r )

The q u a n t  i ts- ’  H is th e g u l l  c Iu s- uic lwu i s -’ , I h u n t is , Lime ’  d’s’s ’ ru u g i - t inne iii he m s - ui I
( i n  s econds )  h e t w e e m m  ve in  id es hi- u,’ing L i uc ’ g a t e - .  F u r  t o l l  b o o t h s , Fi g u i r s ’

A— 6 should  h s ’ used in coo l  u m u m c  1 1 ‘ mu wi  b In m d  ivldtm al mgi  Ic cu ip ,i u ’ i t  s- n u l l  l i e- n ’
than  t o t a l  s i p p r o u t c l n  s’a p sts ’  i t s  , and a nmi n innum delay eqiia 1 to gu i I s ’  im e u n e l w a v
should be assumed.

T lne f i n a l  i t e m  ( i i  hi ’  s , t l s ’ i m l u i t c c h  is t h e ’ q u e m m e ’  I e u i m g t l m  u t r  h u e ’  ,n ’s ’ i’ r u m s - c s ’
l e n g th  of  t ine ’ l i n e  s i t  c , m r ’ -s w u i i t i n g  a t  an i, in t e ’r s i ’ c ’t Is ’ii . Qu -’u me ’ leg,g, l l i  i s
r e - I a  ted to average’ vehi  h e  I c  de ’ l u u v  an u l  t I m e  s ’ ap sn r  I I  1 / s r  l ine’ a f t ime  j u t  t e r -
se’s-L i o n  a p p r o ac h  . Fig um me A— 7 u ’ m n u t h l  es  5i graphl ic~u I c- st i nluun Is ’ of q ueue’ I e -n mg t I i

based u r n  i n f o r m a t i o n  fr o m m t  s’, s r l  is - r e u u l u n u m s of  W u s - n - i~~s - i I i m ’ u ’ t  A— 2
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1000 I I 
— _________________

SOLUTION O F :  0 3 6 0 0 lV / C ) f 1 / )C -V ) i

E X A M P L E ’ : V 800 V E H I C L E S  PER HOUR /1 -
C 1000 V E H I C L E S  P E R  H O U R

v/C 0,8
D s- 15 SECONDS /j~

~F O L L O W  DASHED LINE

//~I N T E R S E C T I O N  A P P R O A C H  OR TOLL /

BOOTH GATE CAPACITY (v eh icles per ho ur ) (Ci

--

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

,2 15 0~6 0~7 0,8 0~9 1 0
VOLUME/CAPACITY RATIO (V/C l

1 2

FIGURE A-6 GRAPHICAL ESTIMATION OF DELAY AT SIGNED INT E RS FC 1 ’ i ON ~,
AND TOLL BOOTHS
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FIGURE A-7 GRAPHICAL ESTIMATION OF QUEUE LENGTH AS A FUNCTION OF LANE
CAPACITY AND INTERSECTION DELAY WITH A MINIMUM QUEUE LENGTH
OF 40 METERS ASSUMED
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Appendix B

NAVY AREA—WI DE TRANSPORTATIO N STUDY :
DEVELOPMENT OF SCENARIOS FOR EVAI~UA T [t I N
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A p p e n d  h : :  B

N.-\V Y AREA—WIDE I RAN S i~ h< ’h A r I ON ~ ‘I b 1D\ ’
D l- :\ ’i - : I , o1/Nl - :N ’I ’  OF ~CI ’ N , ’5 R I )~ FOR E V A I , I U ’ sT I sN

U s m u g  t Ime  N , i v ’,’ A r e ’ u m — W i i h e  ‘l ’ i’ sil n m s p o r t u u t i on  ‘s e t  i a n u  P lan  d e v e l o iu e ’d  I on
t h i s ’ ‘r i d e -u5 - m t e r  r e g ion in 1975 , S R I  has an t i  iDe-el s i - v u - u - a l  t r a n s p o r t  u s t i o l m
See - S u , m r isis  t o  e u-c t t i n e -  e v a l u a t i o n  m e t ln o s i o l o g y  d u , ’s cr ih e d  iim t h i s  r s -p o n b
h u e  s c e u u , s n i e m s  - ire imypot lneLical tran soi ’ntuit io mm a c t i o n s  mean t to u i c l i l r s ’s:-
ti l e’ “wha t i t ” s i t u a t i o n  t y p i c a l l y  c o n f r o n t  i i ’mg p e r s o n s  I’ us i : ing  a di ’s i s i a n
on I N s ’ e’ f f e ’ c t i ’ s ’s ’nmess  01 v a r i o u s  t r a n s p o r t a t i o n  o p t i o n s  in a reg io mm .
S i n c e  t h e  L r s u n s p u i r t a b  ion plait o u t l i n e d  f o r  ‘r i d e -w a t e r  was p u r p o s e - i s - -
des i gned to be mi mi t imod al , t h e  s c e nar i o s  d c - s c r i b e  u l mix of complemei ’u t a m v
a c t i o n s  L i m a t  m i g i m t  be imp l emented  along a g iven c o r r i d o r .  ‘Iwo p r i : : m u m m v
Na’s”,’ commut e- c o r r i d o r s  were  se-i s -s led  f o r  d e m o n s t r a t i o n  p s u r [i o s e s  ( F i g u r e ’
B — l ) :  S o r r i c h c s r  I is t ime  \ ‘44 1164 route from Virg inia Beach to Se -wells
Point , wimic im has beeim broken into two segments for ana t s-’si s (a c ~i ’ - s ’ —  i l l

segment and a di stant se- gurient) ; (2) Corridor 2 is time deve l s t pi n m : , i - r  I i —
dor of Portsmouth I a  S e-w e l l s  P o i n t  t h m r o u g h  t ime  ~‘I i d t a w n  T u n ne l  . A hvps’—
t h e t i c a l  h o i mn d a r v  v m s  dn u iw mm u i r o u n d  g r i d s  on Lhe r eg i o n a l  map t h a t  551
l u - i  r e p r e s e n t ed  ( 1)  ‘- :~~s-- e’am m u t er s  a c t u a l l y  t r u m ’ s ’s’ h i  u n g  t I s s ’ s’ s m r r  i s i s ’  r
( 2 )  r s ’a l i s ti c  t r a n s i t  m i n I s - c - h  p o t eum t i a l  for tin e - act louis ds-scrihe’i( i s - ’,’ I i i ’
See - n m  r i os  . F u r  i :- , m m ; m  ~~,- , an uissunnp t ion was made that pole-mi t i t  i v a np o s s l  s - m s
w o u m i d  l i v e  w i t h i n  It least ‘s m i l e ’s of one a u m o t h e r  a imd t h a t  ‘ u t e ’ u m t  i i i  o x —
pre ’s- , bus n i I s ’rs  would mos l, l ik e ly  be ’ t imose  persons  l i v i n g  s i o s s ’  Ia t i n e ’
pis k s i t ’ p o i n t  , m lumn g t his ’ corridor.

Tine ii ’ I: : !s- s - rs cm f N o v ’s  commu ters witlmin s’Oi ’I t g r i d  ‘u’ I we-i-c i d e - m i t  i t  i c :
I r i s - us- t h e  raw da lun result trig r am the -  Nays-- ’ s o r i g i u ’ m — d e s t i n a t  i , ’n —u s s my s ’ v
(197 1) ansI S e , i l s ’ cl cm p w a n s i  by 1. ‘s ho i n c l u d e  nonresponse-s . N o d a l  s p l it
wum s n o t  m c  I ud e -d  i n  I I n s -  s t m r v s ’v d a t , i  , so S R I  app ] j ed ~n s h a m h a r e i  m it ihun I
sp i i t r e ’p s m r t e d  by t i n e  N , i ’ s ’ v  c a rpet o l  p r o g r a m  to eacin  g r i d  ~‘eil  . l I m e ’  l ’ , m s e ’—
l i mme- l i l a  ,iru ’ d s-p ic ted in T ab l e  B— I f o r  the  Iwo u ’ s i r r i s l u ’rs  b e i ng  u m n t u l s - ’ ; e ’ul

h ’he ’ f~u l l a w i m n s  h r  i i ’ : l y d ese-r i h e s  e - u m c h  m c d ’ e ’ m m u t r i o  and ide -mi t  I l i s’s a i m ’ s’

u n s s ’ s m p t  i o n s  made ‘i - - i n N i n g  ism u msl, i i shift. ‘H i s ’  b a s i c  , I s d l m u l s [ i h  i on s  h i t  app l s-’
t o  s i l l  s c e i m s i r i s u s  i n - l inde ’ : , m - ‘ s 7 — p s i s a e n g e r  Nt i s - c  u m v s ’ r i g s ’s ~5 I i , m = s s - u u s ’ s r s
( 7 5 ,  s’,npsi e’i ts - ’) ; a I 5 — g i  - - a - s m g m ’ r  ‘ ‘ o u t  w i l l  av er s n g i -  12 p u m s s t ’u m g e r s ;  and m
i’ , m r ~to ol v i  1,1 u i ’ s - c - m i s s ’  2 n I ilu ’r- ~ plus d u ’ i v e r

7 ~~~~~~~ - ,~~i , r’ ~~~~~~ 
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‘I’ah l e  il—I

BASE I ,  I N I-C DA’I’A iiy (IOMI’IU’i’F OP’I ’

Noile’ ~~ii l i t

‘ l o t  um I ( ‘ s i r  iii u s  Ca r p m  m u i l
C o r n i d sj r Gr i d s  C om nn u t c r s * 7 2 .  37 8 . 4 -  i~~. (7

Corridor 1

Segment Ia 29A l i i  24 1  29 Ic’s
B 1 - 1 7 2 4 5  3 3  77
C 153 2 7 6  3 3  74
I) 4 6 ( 1  332 39

‘ 370 167 32 71
C 316 2 2 8  27  61

Sub total la 2,260 1,63] 191 4(6

Segment lb 44 - \ 368 266  Il 71
B 2 2 6  16 3  19 44
C 2 5 2  142 2] -

~~~~

I) 1130 ~
) ‘ S i i  2 3

45~\ 176 1 2 7  15 1-
C 2 34 169 20 ‘ s m

57A 33 3 2’~I) 2’) f m ’ S
1 255 186 22  50
0 

- 
2 1 3  

- -  

134 18 - S I

S u b t o t a l  lb 2 , 190 1, 341  186 “s ,l I

Tot ,ml corridors
la and lb 4, 4))) 1 , 212 ‘H - 9

Corridsun 2 50A 139 lO~ 12 27
B 132 74 8 20
C ~

‘o ~5 -i 6 I S
I) , i4 ! 1 7 1  I I  - 5 7

5 15 1 / )  l 2 ~ 1 15 l ’s
B I R~ 1 ( 7
C t-R-’~ i i - ’, 7 1, ’
1) 108 

- 
7,4 5 1

i ’ o t , m l  s ’ s u I ’ I ’ h c I , i i ’  2 1 . 2 5 s~~’~ 2 1, 8

*Data su i t u-it m m i i  liv uiu ’ li i i ’ 01 1 . I i s- m m m c  h i i , l s  - n e - I )  r e , :, t m  ,s ’S I s ’  i s -  i g i u m i I
s u m  r i- c’s’

Som i r u e -  : N - i  ‘s ’~~ w i d  - i i i  m m m n — d s ’ -u t 111:11 i , m t u  sum m v -v s u  m u s h  ic t s - s  Ii ’ , t i s  F i i t  ii
N i ’  - I I i j  SI r h e  I Ic’ - m c l i i  m m - i n  I s - u  s, I - m t s ’ l  s - v  C ius r , i  I no I ’ ’  r , 1’~ 7 I .
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C o r r i d o r  I —— 8i ’~~n~en t Ia , Nor t a l k  164 I r o u t  N or ’s ’  h e w  A v e m m u e ’  I i i  ~ u - W u ’  h o

P a i n t  . N a ’s ’\’ camt tm im I e rs  I ram gr ids ~~ 29 and 7 30.

Scenar  [ci  I ( C o n r  idon  1_a )

— Bus , a s s u u m u e ’  1 00’- ” i im c n e s i s e ’ in b i n s  h i a t r c m m n u m g s ’

1913 b u m s  r i der s  x 2 = 3(3 6 ( 11 hsmse ’s )

A c t i o n s :  In t e n s i v e  c o r r i do n  n n a r k et i n g  p r o g r a m ,
i n c ne - u i s c -il sc im e d u l  i’d s e r v i c e

— Carposi l , ass u m mmme 1007, ins  r e ’ s m s u ’ in c a r p o o  I i r s

4 3 6  c a r p o o l e rs  x 2 = 872

~\s’ t ions :  Ne w nmu itc lii ng progruim , m a r k e t  i n g ,  j f l s i ’ I I h  I ’ s s

p r s i ,g r u m l i s  i)fl (i s i s-u i’

— Vanpool  , u t s s u m t t e a t t r u m c : t  8/ of  c- j r  dni ’s’s-rs = 1 31 c a m n u s m t s ’ r ~u
(10 v a n s )

A c t i o n :  Imp l e m e n t  vu u impoo  I p r o g  r u m ’s

— Nunnber  of  s i n g l e— o c c u p a n t  ve in  i d es r e s u l t i n g  m n u s u s s  u T h u ’ s ’u ’ I i ’

o t hmer  modes :

1, 631 ca r s  — (19 11 + 436  + 131) = 871

Sc ’ c’ us - s m n is
_ i 2 ( Co r  rider l u i

— Bins , u I s s s m n m e  30/ Ins ’ rs ’ :mse ’  in bus l iu l t r u s :s u i gs ’

193 bus r i d e r s  x 1 .5  2 9 1 )  (9 b uss ’s )

s\ c ’t i i tn s :  Ni ) u i d d h  t i a m u , m l  s e ’r v i c ’ s’ , ‘ - / 1  ~II~~ Ze - e x i s t i n g
s i - n v  i s i ’  t i m  n u u u i g h i  u t t u i n k e t  ing  and s’s t a b i  [ s i n
f l e x  I b l e -  i m u s m i r s  l u l l -  i’ o m n i m m u i h e r s  i n n  g r i d s  I l i i i ,

u ’o o r d l u n u i L e ’  w i t i u  su ’ Iie ’il i m l s ’ cl sc-n’s- ’ l i e ’

— Carp um u l , , issur t t e  507’ i i i s ’ u ’ s ’ u m s u ’ j im c u m r p i ’ s m I u - r s :

4 16 c m r p s ’m a 1 i r s  x 1 . 5 = 6 ‘ u - s-s

“s i t  isuns : limit Hut u -  mti’ w Iui u i t  s - lu j u g  P n u i g i ’ slm t i  , t s i u i  i ke’ I an l s , i u - ,i ’
pr im ’ s -’ I i l s ’  i mi s ’c’mm t i v e ’s

— C u m  r , de’ c ru - u i  u s -  i n n  s i t c h  s ’ — u u s  i ’ u l i  s m u t  -:, ‘ l u  is I s ’s

1 , 6 3 1  , i r s  — ( ° 7  4 7 1 8 )  = 1 , ( 1  ( m

41)

_ _  _ _  _ _  _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Corridor I — — S e g m u u e ’n t  Ib , V-’s amid 1 64 1 rent Rose ’ I uu u i l t  I Road to Se-wells
Point. N :m ’s’v commuh i r s  f r o n m  grids 44, 45 , 57 .

S c e n a r i o  I ( C o r r i d o r  t h )

— Buns , d es  r u - u i s s s  in p a t r o n a g e  of sche-dul i’d hits -i s  r’s’ice, mum o’s’e’
to express buses :

126 bus  r i d e r s  — 25 = 101 (3  l u u m s e - s )

— Carpool , d e c r e - s - m s u ’ 1mm c a rpoo l , move t i m  vanpool:

4 2 3  carpoolers — 127 = 296

— Vanpool , assuitue at t r a i ’ t ‘30/ of i - a n p o o)er s  (127)  and 7/ of
car drivers (111) = 238 ( 2 0  v a n s )

Ac 1101) : imp lemmi eum t vanpoo I o r s i gn a m  and m a r k e t  in  g r i d s
44 , 45 , a mid 57

— Expre- s s  bus , utssui mtm e s i t  L r s lc  t 21 1 , of regu lar schmedu l eel bus
pa t ronage  ( 2 5 )  and ado La t x  i st  ing  6t) n i s l e - r s

60 + 25 = 85 ( 3  buss ’s)

-‘ 
Action : Market e- : - : i s - n s ss b m m s s ’ s-i , p r ay  t i l e  p u m r k  - m m m i i  r i d e

p Ie:kun p ,m ri -i s

— Car , de crs -u i su  I i i  sing i  u ’ — s m c ’ c u m p a m m  t ‘ s e h  i i ’ h e - s

1,581 cars — il l  = 1 ,470

S c s - n , m r  H i 2 ( C o r r i d o r  l i t )

— Bums , 0 5 5 s i u m m e ’  100 i m u u ’ r i - u i -se ’ in b u s p l I  m-onage-

126 h ems r - h I s ’ns x 2 = 2 5 2  ( 8  I u m m s s ’ - u t

s\c t i u ’)ii In t i ’ m u s i ’ s ’ u ’  co r r i d o r  m a r k e t  u i 5  prosram ,
j u t s  n e t s - c u - s i  s s l m e d u m l s ’ u h  se n ’s-H e

— C u m n i t u s u i l  , assunnn e 1(30 - i n c m ’ ea si ’  j u t  ‘ , m r ( i s m s u l  ing :

~~ 3 x 2 = 5-56

A c I 1~~) 1 1 : ll t i L i ui ’u s ’ u 1 s ’~,~ m a t 5 ’ h n  m i s ’ , p m ’s i s ’ , i a s s . s s - , m u k s ’t
I”  r ev  i ‘I  s~’ j u t e- i t t I yes aim h i  O s ’

— I J x 1 m r ’ s - s s  h u m s , Oe-FV i u ’ s’ m’ s - I u i u m i m u s  h i s s ’ , u i t u i s ’ ( s Q  (2 ‘ m i s - O s- c )

— ( u i  r , ‘ h e - s  - m u  - , m s s ’ i n  I rig Is - —i s u ’cm psi n il ‘s~u 
- I m h e  I s ’s

1 ,
’m81 c, m n s - u  — ( ‘ 4 , 1 4 I,’6i = 1, 0 ( 2

81
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Car  n i  s h s i  r 2 — — A  in  Lin e-  Soul  c-y ard t s Se-we I is ‘ i i  i m t  t I n r e m u g h  t h i s ’
Mi u l  town ‘l ’ i i m m m t e ’ 1 . N ay s-’ i ’onl l Imi ,l le  rs I ram g r i ds  31) am md 51.

Ss’encn r i o I ( Car r  ido  r 2 )

— Bums , dec ns ’u i s e - ss’ l med u m 1 usd iuu s  pu n t r o m l u l g e  from mmnO\’ s’ to

ex p r e s s  b u s e s :

94 bus  r i d e r s  — 85 = 9 (1 b in s )

— Carpoo l , ret ina ins t h e  sanme : 2 18

— Vanpo ii  1, ass mm nme a t  L r,mc t (3,5 of car  d r i v e r s :

(813 car  d r i v en s ) ( 0 . 0 8 )  = 65 (5 v u m n s )

A c t i o n :  Imp l e m e n t  vanpool  p r o g r a m  and usia rket

— Express (s-us , as sum nue  su b t r a c t  5% of c c m r  d r i ’s ’c ’ rs  ( - S I ) ,
p lus 90 ,1 u i f  bus  r i d e r s  (85)  = 126 (4 ( s - m i s c’s)

A c t i o n :  [m p l e n m e - nt  and m a r k e t  e x p r e s s  bin s s e r v i c e’ ,
provi de shm utt Ic m-c ervi u: u ’ t o  park mmd niche lot

— Car , decr o , :mse  ‘1_n s i i m g l e — o s ’ i’ u p a n l  vehdc l e t s :

813 cars — (65 + 4 1 )  = 707 -

S e - e m m a  r i o  2 (Cii rr i u l on  2 3

— Bun s , uiss u mm te  100,7 I ns ’ u- co si in b u m s  p u m t  nu s - ima g e-

9-S bus r i i h s,’r s x 2 = 14 ( 3  (6 h u m n s e ’ s )

A c t  ion : I n t e - n s  i’s’s’ s u m  i d o r  mm is n t ’ k e t  i ng  p r i m g r s n m ,
increa se- s i ’ h n e e l u l e d  se’nv  i s ’ s’ I I’ u l e -c i- s s u m r v

— Carpoo l , assume lOs), I u m c ’ r e u m s e ’ ii) c ’ u m r p o O i i ) g :

2 1 8  ca rpao  l i - m s  x 2 = 4 ) 6

Ac t lo in : I n i L Hi Le ’ m ew ma t  s- m i  rig pro m ’ sum , market, am
I t u i s e  , p r m u \ ’  i s I ~ ’ add i t  io m n u n I l m i s ’ e ’ ml t  i V s ’ s - c  aim h i s - u s ’

— Cam ’, she’ ,’ retui ss’ h um si mm g, I e’—au ’d ump sn n ve in IS los:

813 su m s — (94 + 21$) 501

‘lab I e’ I l — N  u-cu m u m t tuua r h ‘u ’ s - c s ,  I u u u m m l u u  I oh  i t  I s , m s s u m u m u i ’ u h  I - s i  s - - i s - Ic s i t  t i s ’ u i b t m v s  -

si ’ s ’u nu ir ios. Hi s ’s--i’ s l ,i t m , t r imm o I - i l  i i i  h u t  i i  c’ s - h u i e  h e -  m l  I s ’s t i , s ’ , s - I s - m i  ui mm d t m c m i  I’ I s ’

I l ow ~‘ i n sn r mi e ’ h e r  i s - u t  i c ’s , s’~’ r s  - t h i s  - p r i  flS) ‘‘s- in )’ mm) 1 0  l i i i ’  :m I g u s  i i t  l n ms -~ l i i i ’  c v i  Iii—
sit ing un i t’ qua i i t  V s ims - si u - m i s ’ m ’ gs-’ s ’o i l — s u i l s l i t  joIn u I  I i ’ s ’ t 5 u t  I m ’u tlus c h m s u i ’  I a t  i m u m n  n i l  e - r —
u l u m l  i v es .  m u t h e r  s- r i h e ’ r i a  ~ u i u ’ I i  as l an d  O s -  c i m uui s ’ - I  s W e - i’s ’ m u  l s ’ i ’ i a t s ’ s i  - s  j i m —
r u n t  c l v  as l i n e - i , ’ a p p  l ’ s  t a e- ,iu - l m i-i s ’ s ’ i , s  r i ’  d s - s c r  i h s - I

4 1
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Tab le  5—2

SUMMAR Y OF MODAh, SHI F’T$ FOR EACH SmIl -IN A R I t )

Scemisi r ii i Ss’ e-um smm ’ i o
Ba se - l i n e  1 2

Corridor 1——Segment 1st

Bus 193 386 290
Carpool 436 872 654
Vanpool 131
Express bus
Car 1,631 871 1,316

Total commu ters la 2,260 2 ,260 2 ,260

Corridor 1——Segment lb

Bus 126 101 252
Carpool  4 2 3  296 846
Vanpool 238
Express bus 60 85 60
Car 1,581 1,470 1,012

Total  commute r s  lb 2 , 190 2 , 190 2 , 190

Corridor 1— —Segment la
and lb combined

Bus 319 487 542
Carpool  859 1, 168 1, 500
Vanpool 369
Express bus 60 85 60
Car 13 , 2 12  2 , 341 2 , 1348

Total comnnnumters
la and lb 4 ,450 4 ,45 0 4 ,45(1

Corrhhor 2

Bits  94 9 188
C u m r p o a l  218 218
1_ c u t  I s - us - s i  I 65
E x p r e s s  I u s m s  126
Car 4 13 ~7p,7 301

Tel -il i-ammnun t e -rs 2 1 , 125  1 , 12 5  1, 125

8’]
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Appendix C

TIDEWATER DEM ONSTRATION DATA
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PART I

MANUAL DATA
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55 ‘

ccc’ u-m u— C
5 5 = --- 5_ _ _ _ ,, _ - — - — - -‘ - -i_i /c C _ ~ - 

-
‘is

c- S -J5 Sc -

;ss-1 ,cs ‘ 77
— Si 5)- — u 4  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ C ’u’ ,~~~~~~C r — , m - -,~~~~ ” C - c N ’ , s i c c r --, 5  

-
~~ ‘ ‘  5,, 2 1 ‘ — cs-i — s--s c-u — —s- c-- s c--u s- s-u us c—i -= ‘u-s c—I — — —

- ,
~
, I

‘-c -i -

- s - S C ’-—
C c - i f- 5) 

‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • -
~J = ~~• ‘5_c 

~~~~ 
-

C

- ‘ 12 ’
- 

~s-j ’~~ f f 1 _ ’  ‘- -~~~~~~~ C - c c c C C : - s- , - m — — c c ’ cc’ :’ S — - ’ - u - --
,,, Z ~~~C x ’ m u ’ - m ” — = -‘ -‘ -‘--‘ ‘ - ‘- ,5, ,c’ ,S’ -,c’ r’ ’ ” ” -’:_’u , _, 5,

“ “ ,c s’ .— s--- l- -- - s ’ s — , — , ” - , , ‘ , “ s - ” ’ ” ’i’ - l s - ,’

- 5.c ,7 ’ 5 ) 5~~~, u s - i i _ ” ’ - ’~~~~ t - - ‘ -l~~~~~~~~~~~~~~’ — -—4 — ---’ —

Si ‘~ - 5,’ ’-’ u — l  : X , - m  i s - c c  - C ’ - I  - i ’ C C ” i  ,. ‘ C ’ ’ ’ ’ S ’ ’ S i  c - i ’
- •— ,,,: ‘-s- ~~m , u - s f ) ” — ,~~~~ ’ 1 ,5’~~~~~ 5 , i ’_ i - - m  ‘ — ‘u , ,  - is’~~~~- ” -

90

_ _ _ _  _  ~~ ‘ - ‘ A



~~~~~~~~~~~~~~~~ ‘ ~~~~~ ‘~~~~~~~~~~~~~ ‘ -~~~~~~~

D a t a  SIm ec t  2

NETWORK F U E l ,  C O N S U M P T I O N  E S’I ’ I MA ’) ’ I ON
(S’ I’L’DY HOUR)

(Inbound Links , 7—8 A .M .)

- 
I Cruise Mode 

- - - 

Delay Mode Consumpt ion t ,,~~~

I . D .  C o n s u m p t i o n  ( g a l l o n s )  
_____ 

C o m t s s n m p h i u m n
N m . I (gallomis) Idle f’Speeui change (gallons)

(1) 
- 

( 2 )  (3 ) ( 4 )  ( 5 )
2 38 .4  — —  —— 3 8 .~~
4 9.6 — —  — —  9 . 6
6 3 2 . 2  1.6 6 . 5  4 0 . 3
8 8 2 . 9  —— —— i 9

10 5 5 4 . 3  2 . 8  10.3 
‘ 

6 7 . 1
12 : 12 .1  1.0 3 .4  16 .5
14 11.1 —— — —  11.1
16 2 2 . 3  — —  —— 2 2 .  3
18 4 1 . 2  - -—  -- 4 1 . 2
20 2 5 . 8  -- -- 2 5 . (3

22 15.5 0 . 9  18.1 3 4 . 5
24 I 3 4 . 0  -— -- 3 4 . ))

26 9 . 7  2 . 7  13 .0  2 5 . 4
28 2 0 . 5  4 . 6 11.6 ) h . 7
30 5 2 . 2  I 12 . 6
32 16 . 2  5 . 7  14 .0
34 I 4 8 . 0  3 . 3  9 . 0  6 0 . 3
16 I - -  - —  94 .9
38 18.0 3 • ,4 11.4 3 3 . 2
40 2 0 . 8  4 .4  9 . 5  3 4 . 7
42 7 7 . 2  — -  5 - —  7 7 . 2

125.3 - 4.6 13 .4 l -~ 3. ’3

46 16.4 1.4 
- 

2 . 9  16 . 4

- ~~~~~~~ — — -______ i _ , _ _ _ ,___ ____ , — --—-‘ ‘ ‘
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F l ’ .~i 5 4 K  11 1cC 5 ‘ m IN I - liM IT ION EST IMA’h’ION
(STUDY H OUR)

( I n b o u n d  L i m m k s , 7—8 A. M . )

- - 

L i n k  Cr - c i s c ’ M u Lt e ’ 

- 

D e l a y  Mode Consumpt ion  T o t a l  
- ‘

~~~~

‘ 

I
1 .  D. - C o m n s u m p t  ion ( g a l l o n s )  (N o n su m p t  ion
4”. (gallons ) 

~~~~~~~~~~~~~~~~~~ 
(gallons) 

T~~~~~~

”

~~~~~~ ~~

‘

~~~~~

‘

~~~~~~~~~~~~~

‘ ‘ 

~~~~~~~~~~

1’-’

~~- 4 5 .4 N/A N/A 45.4
50 181.5 I 181.5
51 9 0 . 7  ‘ - 

9 0 . 7
— I — 5 ‘ 5 —

—
~ 

- 3 0 . 7  ‘ I I 3 0 . ,
56 I 15.4 ‘ 15.4
58 134.8 I I 

134.8
60 53.6 ‘ 5 3 . 6
62 107.1 I 

, 
‘ 107 .1

64 4 0 .6  
- , 40. 6

66 142 .1  I 142.1
68 81 .2  

- 

- 

I - 81.2
70 162.4 , 

I 162.4
72 162.4 162.4
74 4 0 . 6  4 0 . 6
76 4 2 5 . 4  - 

‘ 

4 2 5 . 5
78 129.1  I 

- 
129.1

80 112.9 I 1 1 2 . ’)
82 l29 .~~ 

I I 129.1
84 1 3 2 . 9  l ’ 3 2 . ~

)
86 8 3 . 0  - I 83 .0
88 103.4 ‘ - 1 ( 1 1 . -S

112:8 l 12: K

94 70.6 5 70 . 6
96 35.3 1 1 ‘35. 3
98 7 2 . 9  1 72. ’~
10(1 82.9 - 

- 
I $ 2 . 9

1,02 3 7 .  3 3 7 .  3
104 32.0 ‘ 3 2 . 1 )
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W o r k s h e e t  A—i

ES TIMAT I ON OF L i N K  C R U I S E  SP E LL )

T s Y H0~~ F~~-~ Fiow 
-- -

L i n k  Demand Volume C a p a c i t y  D e m a n d/ C a p a c i t y  C r u i s e  Speed
I . D .  ( v e h i c le s  ( v e h i c l e s  R a t i o  (mi les  per
N o .  per h o u r )  per  h o u r )  h o u r )

( 1)  ( 2 )  ( I )

2 40
4 40
6 40
8 40

10 46
12 40
14 40
16 j For conven ieni t e , posted speeds were  40
I S  used in I’ I ) r t s m o u t h  and a f l a t  25 mph 55
20 in N o r f o l k  as the  basis fo r  our demon ~ 55
2 2 s t r a t i o n .  55

25

30 25
32 I 25

- 25
36 -~ 25

I 25
40 - 15

I 25

-- 
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E S T i M A T i O N  OF I . I N K  C R U I S E  SPEE 1) 

S t u d y  F l o u r  
- 

cl F l u w  —J 1

L i n k  Demand Volume Capa c i t  -it I Dem and /C apa c  i L v  Cru  I -i~~
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I .  D .  ( v e i l  i d es (v e l u c l o s  R a t i o  ( m i l e s  per
N I . I per  h o u r )  per  h o u r )  h o u r )

L ( 1 )  ( 2 )  - [(U :  ( 2 ) ]  ( 3 )
—— — — -— - —_ - _ — . — — _

4~ I 25
50 Posted and observed speed 25
52 i n f o r m a t i o n  was used he re  25
54 1 I 30
Sb  - 30
58 3120 5700 I 42
60 3720 5700 .65 36
62 3720 5700 .65 36
0--  4230 5700 .74  34
66 - 4230 5700 .74  34
05 4230 5700 .74  34
70 4230 5700 .74  34
72 I 423 0 I 5700 .7 4
714 4 230  5700 .74  33
76 - 42 30 5700 .7 4  34
78 3362 4000 I .84 35
330 1162 4000 I .84 35
82 

- 
3362 4000 .84 35

84 - 333 u 1 4000 .86 i i
Sb 346 1 4000 .86 3 i

I 1959 3000 .14 ° 4 1

90 1959 3000 .49  4 3
92 1800 / 1000 .45 45
03 1800 

- 
1000 .45  15

96 1800 - 4 100 .4 5  45
98 1216 - 40(30 - .30 47

100 813 - 4000 .2 0 50
102 813 u000 I . 20  50
104 

- 
S I )  3 4000 I . I 2 5 1 
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SR I N I.:I-I~r ) RK ~IODEL
OF 1\U’I’O~-1O R I  i i-: EX RAUS F -:~~i i i )NS AND CASOL I NI - , CON SUM P T ION

1975 T i d e w a t e r  C o r r i d o r  31St on C o r r i d o r  2 , Base l ine
— f l o u r  0 8 , R a t e  of  Speed Chang es = 5.00 F t/ S e c / S e c .

(C02 Emiss ions  at 1971 Leve l s )

L I N K  TOTAL EXHAUST EMI SS i ONS (~~~ )

CC- 3.02 *10 1

1 lebO. 129(15. 204427. 1159 . GALL ONS GAS 116.4

2 1 13’.. 17770. 0f”.43. 2J~~7. GALLONS GAS 34.4
3 388. 39’’,. ho?lb . SilO. L.Ai.L ciNS GAS 4.2
C 533. 51.411. 8544*1. ( 2 * 1 . G ALL ONS GAS 11.2

1 205. 02311. 193825. j b..3, , GALLCN S GAS 115.2
1. 1q 37. 2063’.. 2b’~431. 2~~b H • GALLONS GAS .4(1.0
7 211,2. 22-071. 227143. 4(4~~~ GALLC NS GAS 42.6
8 3086. .004 1 (1. (110003. 4881. GALL ON S GAS
9 1355. 1411-4. ~ u4421. 148.. GALL ONS GAS 117.0

3 0 3265. 351116. 4~~F O 9 b .  30 74. GAL LUIIS GAS -(7.8

13  ~ 1,. 3057. .44091. 3 Q ) ~ GALLO NS GAS 4.7
12 511 . 10354. ‘02030. 13I 7 • GALLONS GAS 1i.3
13 3~~9. 37o?. 33924. 300 . GALLO N S GA S
(4 ~~~~~ 353k. 552.88. 41,4~ G ALLO NS GAS 7.2
(5 (12 469*1. 10141 . 454~ GALL ONS GAS ‘4.8
111 1~~4S. 1 2 . 1 4 3 .  199342. 1b 1o~ 3.-A LLON S GAS 26.0

Os!. 
~
b5?. 359664. 1194 , GALLO N S GAS .10.4

10 10(17. 184 (14. 3~~F 8 5 7 . 3’.5... GALLO N S GAS 42.1
10 487. 47’.4,. 0( 17 8. 083 . GALLONS GAS 11 .2
00 10 o~~. 1 01110 . 180211 . lOb -a . .IILLONS GAS 23.1
21 2.51 . 24..!. 4S1 NI . 504. G AL L O N S  G A S
22 1 315 . 16114. 131412 . 1784. GALLO N S GAS 19.3
23 1 2.04. 133’O8. 166828. 12.90. GALL ON S GAS
24 2300. 44 0(12.. 341572. 2.37(1. GAL LONS UA ~ ‘.5.2
35 157. 1445. 23738. 170 . GAL LONS GAS 3.1

‘6 53’.. 583?. 50132. ~~~~- - . L ALL O N S  GAS

6111 . 66 7’,. (0863. 01, 0 . GALLON S GAS
28 157/ . 11909. 151185 . 1091 . GALLONS GAS 2.1.-.
29 117 1 . 1934e~. .27065. 1341 . L-ALL ONS GAS .30.3
70 3537. 39123. 41/b60. 430o • G ALLONS GAS
21 bIt. 6~~U’I. 02s93. 4.40. GALLONS GAS 8.5
72. 174 5. 20245. 157191. 1011 . GALL ONS GAS 23.2
24 18s1. 1411.1 . ~0tD9H. 

l91,(~ GALLONS 3.-A S -3 5.1
o0~00. 34409. t-00383. 5 0 ( ( 4 • GALL ONS GAS 01 .8

O s 2931. 121333. 39890t. 739*’• GALL ONS 1-AS 53.4
26 I( 7 Il4• 440*- 3(• ~~‘3124. 

511.3.:. GALL ONS GA S 82.5
27 01.3. l’,Q. sbOGo . (‘H2 • GALL ON S GAS 12 .1
28 19’.0. ‘10’,1. 11,0185. 11.114 . GALL ONS GAS 244 . 2
30 3 1 - 3 .  4081,. 30194. 312 . GALL ON S GAS 5.5
‘.1 2101. 114-442. 1118523. 139 1,. GALL it’NS GAS 04.0
‘.1 h At . 144114. 11-3583. 131 - . GA L L r ’ N S  GAS

3450. 46b ?~~. 1 , 00* 9 8 .  3310 , G ALLONS GAS 01.5

‘ 
113 17tH . 18071,• ?1-1383. 19 0* 1. IIA LL I’NS GAS 34.4

4,233. 4 , 7 ( 4 11~ 1124877. 5f5~~• GALLO N S GAS 11 1 .3
15*5. 17451 . 1340264. 3353 . GALL ONS GAS 25.8

4 * 1  0*5. 09(141. 100015. f35~ GAL LO NS 0*5 13.3
.1 . 1 0 1 .  2,1.7, 40911. -~hl.  GAL L ONS GAS 5.3
43 2Jto . 2.OoO. 121 -1515. 20,36. GALL (’NS 0*5
.19 * 1 1 5 .  444’.5• 1 501.23. 1044. OALLON S l~ IIS 20.2
SI) Tlto. 11~~ 1i .• 1 3s5b 1*1 . 12’ I, , GALLON S GAS 16*1.4
51 (111 4 0.  940119. 1302 . GALL ONS LAS 12 .1

~2 .81’.. 4 6 2 1 ? .  7801 95. f’.78~ GALLONS GAS 180.7
5 4  ‘s I ?.  ~0h 3 . 

(4584. V’,2• 
(IA LLONS GAS ‘.1.5

‘‘5 Ibl o. 191o7 . 1 2 c 7 9 7.  30M3~ (oOLL ONS LAS 41 .7
55 2,7. 22.1? . .1104 . 1 1 7 , l~~ GALLONS GAS 5.2
So 1°5~~. 10’~00. 1 71*192. 1b9~~. GAL L ONS GA S 03.0
57 2341. ‘3~~o1 . ,153~ 5. 

5 1 1 7 f l 5 GALLONS GAS 53.2
‘8 600(1. 41055. 574954. $4$~~ GAL L ONS GAS 12(1.7
‘5 140’.. 1)930. 045930. 205,. GALL ON S GAS 31.6

33 35. 3’.42e. 1 , 2 1 7 1 7 . 41411, GAL L N5 9*5 68.3
111 2575 . 2050-9. 311t074. 3(57. .-A ~~~.’,5S 045 44.5
02 4 5 55 .  50647. 7*10195 . 6101 . GALLONS GAS 100.5
03 132 1. 11126 . 143810. 100 1. LA LL ONS LA O 24.9
1-I. 2695. 282.09. 1106387 . 2951 • G ALL ON S 5- AS 03.6

115 2.031. 2810’. 4(11.757. 4800. GA LLONS G A S  511.5

- - -~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~ ----- ~~~~~~~~~~~~ -- - - - -— - - - .  - f l
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3 .3 44 44 TOTAL EXHAUST E M i S SI O N S  (gm )
‘3. CO 3.02 NLJA

eo 6323. 66189. 953548. 6921 . G ALLONS GAS 125.7
# 7  1q64. 14178. 257413. 2b0 7 . GALL ONS 9*5 33.1
00 3575. 37464, 539752. 393 ’ .• GALLONS GAS 71.1
69 3422. 33958. 591505. b’ 49 1. GALLONS GAS 78 .1
75 8t24. 86093, 1240286. 9002. . GALLONS lAS 363.5
71 3233. J2GSj. 558852, 586 4, GALLONS GAS 71.5
72 7710, 81340. 1171618. 8S05~ G ALLONS GAS
23 1022. 10146. 178725. 1(90. GALLONS GAS 22.7
1’. 2457. 2.5122.  370562. 20’0~~• GALLONS GAS 48.8
15 7952. 188410,  1318376. 13~~84. GALLONS GAS 111 .0
16 19340. 202499. 2523228. 21757 . G ALLONS GAS 345 .2
7 7 2099. 2.0646. 375595. 3943~ GALL ON S GAS 47.5
18 5515. 56392. b07503. 743 ’.• GA L L O N S  GAS 315 .0
1 0  1451. 18458, 1214831, 3709. GALLONS GAS 41.2
80 538,. 5773?. 737463. 4023• G ALLONS GAS 30 1.2
6 1  2009. 199116. 345950. 31.73~ G ALLONS GAS 44.5
8~ 5d2~~. 82446. 019530. 5000~ GALLONS GAS 109.5
83 34(3. 1814 1,14 . 330311. 33311, G ALLONS GAS 42.6
44.. 5 4 1 1.  0.355. *12.0919. 4 * 111,• G ALLONS GUS 111.0
#5 13 71 . 13612, 240489. 21290. G ALLONS 3.-AS 311.5

116 4278. 46006. 694064 . 3493• GALLONS IOAS 79.6
1 1 7  2 1 o 2 .  2.1341. 3(8566. 39E l~ GALLONS GAS 1.8.6

48 417 12 . 42291. 490095• 6111 . GAL LONS GAS 430.5
415 25.4. 25111. 440401. 486(1. G ALLONS GAS 51.2
90  4510 . 49756, 4104047. 71lOIl ~ GALL O NS GAS 104.2
51 5110. 9642. 1(3300. 1058. GALLONS GAS
62 2 0 83 .  21 000. 348325. 3187~ GALL ONS GAS 44.8

1444. 1440 0. 258837. 2 l7 * 1~ GALLONS GAS 33.2
44 3111. 31365, 51 (263. 4 ( 44 , GALLONS ((AS t.7,0
(5 759. 6573. 12.5338. 13’.4~ G ALLONS GAS 111.1

1504. 151418. 250476. 230*1. G ALLONS s41) .42.4
57 11~~1. 1705’.. 110203. 3J0s~ GALLONS GAS 39.7
48 30 /4. 30,#7. 5311149. 5’ s 1i~. GALLONS GAS 1,31.4

59 1543. 1Su3o. 21*111 . 3i67 • GALLONS oAS .46.6
110 3,20. 317(31,. 5(1348. *116., G ALLONS GAS 13.,
(Cl 710. 4915. 128178. 1’s57. G ALLONS GAS 18.’.
10 2 1484. 14581. 2 0, 7 6 0 .  2 83 0 . GALLONS GAS
103 67u . 6520. 111 1073, h~~o 1.  U*LLCNS GAS 15.5
101. 1245. 1211,2. 22.3002, 2S044~ GALLONS (0*5 28.6

1 1 3
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Appendix  D

TECHNICAL RATIONALE FOR METHODOLOG iCAL PROCEDURES

The p u r p o s e  of this appendix is to elaborate to some extent tILL -
t i -o -h n i c al  a s s u mp t i o n s  under ly ing f i v e  basic  c o m p o n e n t s  of the assessment
methodology developed in the report:

Link and intersection capacity estimation

In tersec tion delay and queu ing es t ima tion

Pollu tant emissions

• Fuel consumption

Local estimates of air quality .

C~pacity Considerations

The capaci ty of a road link is the number of vehicles able to Fr - i—
verse the link under specified physical and operational conditions. The
Highway Capacity Hanual (Ref. 12) and the Capacity_Analy~’is_Techn4ques
(Reference 13) provide the- basis for the methods used in our assessment
proced ure .

Free flow capacity is compu ted on the basis of the relationship

C = 2000 LWT (D—I)

where C is tile maximum number of vehicles able to traversL- ths- l ink in
the course of an hour , L is the number of lanes, W is an adjustment 101
lane wid th and lateral ciearanl-e , and T is a truck factor to i I - I

fl

- 1~~l W t  I

reduced capacity when h e a v y — d u t y  v e h i c l e s  are in the  stream . Factors t~
and T are provided in Tables A—i -md A—2 of A ppend x A.

Capacity of signed and si gnal ized intersect ions is calculated in
jur methodo ] ogy on the basIs of gr ,-lpI l ica i  t e c h n i q ue s  g iven in i- Ic f l -r - - I I I

11 for signalized intersect ions. Reference 11 prov id1 -c sega r at e  tech—
iui ques f o r  a var [c i  \ of intersection charac to 0 1 5 1. I L  S. Le icove based
our est m ates on the  t e c h n i que fo r  average ~-ond i t  I O f l S  ‘ l l i i s  i st  ing 0 1  ld
F e ft and right turners , 5% Iis- a~-v— du tv V e i l  IC les fri tile Si r l J , ( O i , .1113 no
local bus s t o p s .  Fi g u r e  A— I (Appendix A) is a p p r o p r i a t e  f o r  t y p i c a l
i n t e r s e c t i o n s  of I c~-1’—wa v ro ads  ( 10( 1( 1- t h e  a v e ra g e  - l I d it  i o n 5  sgl - 1 I f l e d .
I l l / I - f l  c o n d i t i o n s  d i f f e r  s u b s  t a n ! 1111 1 V I 01 (51 t l ie  SI’ a s s l I m / LI 10 r o -  , t h e  a l l - I l  v~- I

should  c o n s u l t  t i n -  r c f e r en -es  or  gii i d a / i - c .  Al  t h ou g h  F I 
~

‘ i i  re A— i s  in—
tended p r i m a r i ly fo r signal i/eli l u l l - r i - i s - I t i n s , signed I I I  & - r s l - c t  b u s  arI d 

4
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t o l l  b o o t h s  l iii he t r e a t e d  as t i l o u gh  t h e y  were  -i i gnal ized  i I l t e r i - ~eI - t ions
i f  1 p so - L I d o — v a  I c  11 f g r I - s - n / c  \ ‘I I c  ~~~~~ o i s  chosen to p rope  r I v rep  r s ’ss - n t
the  degree o f  i n i . - r r u l p t i o n . I I I  t h o -  case  of s top  and y ie ld  s i g n s , WI

have assunied t h a t  i n t e r s e c t  Ion ca i )ic j t v  is a b o u t  75Z of s a t u ra t i o n  I low
i t f r s - e  p ssago- t i / r o u g h  ani-- I -r o s s  s t r e a m  of t r a f f i c  is allowed ( R e f .  12 ) .
[ hi i s  i l sn u l f l p i  loll pert /Sit s  t r e a t m e n t  a t  si gned i n t e r se c t i o n s  w i t h  f u l l  c ro s s—
s t re a m  t o l e r a nc e  as signal [zed intersections w i t h  a g r e e n / c y c l e  r a t i o  of
0 .73 f o r  the p u r l / l i s t - 0 1 1 - ap Ic i t  y d e t e r m i n a t i o n. When less t h a n  f u l l
c r o s s — s t r e a m  t o l e r a n ce  p r e v a l  Is , we p rov ide  f o r  a c o r r e c t  i n  based on
t i / I ’ r a t i o  of excess  o-ap i l c  it —- in the cross  s t r e a m  to the f u l l  t o l e r a n c e
capac i ty  of the  si gned In t e r s e c t  i on .  In t h e  case of tool booths , t h e
l - 1 l p ac l t v  of  cas h g a te  is d i r e c t l y  r e l a t e d  to g a t e  headway , t h a t  is , t h e
average t ime  i n t e r v a l  between vehicles exiting t i le  g a t e .  Gate  c a p a c i t y
(Cg) may be c a l c u l a t ed  as

Cg = ( v e h/ g a t e/ l lr )  , (0—2)

w h e r e  H is gate headway in seconds.  In subsequent  ca lcu la t ions  ~f delay
and q u e u i n g ,  i n d i v i d u a l  gate capac i ty  r a t h e r  than f u l l  approach c a p a c i ty
and lane volume rather than link volume must be used to properl y model
t he  t o l l  b o o t h  s i t u a t ion .

Deja’3- Considera tions

Delay a t signalized intersections is typ icall y comp uted us ing model s
f o r m ul a t e d  b y Webs te r  ( R e f .  14) in which delay (D) is g iven b y

D = 
Cy S ( 1- G/ ç ~~~~ + ~~~~~~ VC y

2 
+ B (0 3)2 ( S — V )  SG (SG — VCy)  1 

—

or b y Newel l  ( R e f .  15),  in which

D - + ~~~~~~~~~~~~~~~~~~~~ ~ °‘~~ +- 
2(S—V) SG — VCy 

B
2 

(D-4)

where  = s a t u r i t  ion f l o w  ( v e h u / h r )

I; = green t ime (sec)

Cv cvo le l e n g t h  ( sec )

and V = deniand v o l u m e  ( v e i l / b r )

l )uan  t i t  i s ’s B , and B2 a re  re] . I L  i v ely  snia 11 emp I 1 1  Cal c i  r r e& - 1 11 ) 11 I Ic t o r n
and hhl ( ) is a f u u n c t  ion m e a s u r i n g  t h e  v a r i a t i o n  In v e h i c l e  a r r i v a l s  and
oh ~ h ’ - I r  t I I res

Ill t i l e  m l l n I l l I l  t e l l / f l  i q i i c  ( F i g/ I re  A~~’i , A p p e n d i x  ,\ I 
* t he Wehsl 3 !  t 1 1 ’ 1 l (  -

15 Il sed I or  I / l i d  - r - a p . I c  Lt~ in t e r s es -t  i ons , w h I r l - IS t i u e I l t - w & - i  I model  I s

I I M
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employed in the automated (computer) method. In practice , there  is
li tt le d i f f e r e n c e  in the de lay  est ima tes pr oduced by the two methods.
in the case of overcapacity intersections , li ttle guidance is available
for esLimating delay . We have made the simp le assump t ion tha t in such
si tua t ions , delays up to one cycle length can be treated with the under—
capacity model. Excess delay (D+) is then estimated as the average t ime
required for a vehicle to traverse the qlIs-ue r e m a i n i n g  at the end of any
giv en signal cycle. If the average length of such remaining queues is
assumed equal to one—hall the hourly excess of approach volume over ap-
proach capacity, excess delay in seconds nay be es t ima ted as

0+ = . (D—5)

Excess delay is then added to cycle length as an estimate of total delay
for an overcapacity signalized intersection. The same basic approach is
used in both the manual and computerized methods.

Stopp ing rate and queue length are also important quantities asso-
ciated with intersection delay . The proportion of vehicles (P) that stop
f o r  a signal is given by Webster (Ref . 14) as

p = (D—6)
1 — V / S

so tha t the stopp ing rate or the number of vehicles (N) that stop at the
in tersect ion in the course of an hour is g iven  by

N = P V  . (0—7)

Equations (D—6) and (0—7) are the basis for Figure A—4 (Appendix A).

Queue length at signalized intersections can he computed  on the
basis of the delay models in terms of the arrival rate of vehicles and
the headway or service rate of the intersection , in the automated method ,
queuing is determined by applying a Poisson distribution to ths- arrival
ra te of veh i cles and a p p l y i n g  t h e  Newell  q u e u i n g  mode l ,  i n  t h e  manua l
method , s ince queue  l e n g t h  Is used p r imar i ly to d e f i n e  a l eng th  of i n t e r -
sect ion approach over which  excess emiss ions  app ly , we have used a s Imp i I—
f l e d  a p p r o a c h .  A nu in imunu l e n g t h  of 40 m e te rs  Is de l  i i i t - d  t o  e n com p a s s  ex-
cess emiss ions  due to id l ing  ( s topped ) veh i c l e s  and excess e m i s s i o n S  01111
101 v e l i i c  les a c c e l e r a t i ng  or d e c e l e r a t i n g  at  thi t -  in t e r s e c t  ion  ( I l s I . 71
For queues in excess  a t  40 m et  ers  we have del  in s - si queue l e n g t h  (X ) , in
m e t e r s , as

X = 8 / -~~~~~ - -- = (D- -~)
q \ 3600 / L 450 1

where  the  q uan t  i t \  in p a r en t h e s s -s  i s  t h e  number  01 ~‘t - i i  I c  les in t lie qu le u ls -
the  qtt art t I t Y  8 r e p r e s e n t s  in — ky /-ra ge distance of -~ m et e r s  bet  vt -en t a l l
p I p / - s  , and L is t hi- numb er  o I l anes va [ l a b  Ic to a l  I o n i m l) & i O  I e h it -  qu & ’ u I t -

b - q i u ; I t  ion ( I ) — 8)  . w h i c h  is t l i s -  has is I or F i g / I r e  A— 7 (Append i x  A )  , I 5 S I 1 1 I I I - -1
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t i / a t U , t h e  a v e rag e  d e l  L V  per  vehi  i s l e , can be- t aken  to r e -p r e sen t  t h e
L y e  r a C e  t Inc r eg  I l l  red I or a vein c I e to nu ak e i t s  way t h r o u g l u  1. l ie l s-n g  rh

t lis a v e r I g t -  q u e u e

i1 - r I i ( ’uS i gna I i  /t- ,l in tersect ions , in bot  1/ t lIe m a n u a l  and autoni a  ted
set i od s , d e l ay  ( in  s e c o n d s )  Is c o m p u t e d  on t h e  bas is  of c l a s s i ca l  q u e u i n g
t h e o r y  

3600 VD = --
-fl (~~

- ) (0-9)

L q i i a t  ion ( 0— 9 )  is t h e  has is f o r  F igu re  A — h .  Queue l e n g t h  i.s ob l a i n e d  in
t h e  same manner  t a r  n on s i g na li z e d  as f o r  s i g n a l i z e d  in t e r s s - c t i o n s  as

X q 
= ~~~~~~~ (2-10)

w h e r e  N is  t I le  n u m b e r  o f  v eh i c l e s  in the  queue .
q

P o l l u t a n t  Lmiss ions

The s-t: i i ss j o / i s  suhiuodel of NA FC 0~I is based on a method  of c a l c i i l at  ing
the  amount  sif c a r b o n  monox ide  ( C d )  p roduced  by sp e c i f i e d  d i s t r i b u t i o n s  ot
l i g h t — d u t ~- vehic les  u n d e r  f o u r  o p e r a t i n g  c o n d i t i o n s : c o m b i n a t i o n s  ( I f  con-
s t a n t  speed , acl - s’leration , deceleration , and idling (Ref. 3). The formu—
lot i o n  cen t - r e  a round  an i n s t a nt a n e o u s  emiss ion  r a t e  ~i ( t )  t h a t  is a func-
t i o n  of v e h ic l e  speed ( v )  and acceleration (a). Since speed and acceler—
ation are f u n c t i o n s  of t i m e , t l ì e  emission r a t e  f u n c t i o n  can be expresss-d
as

~ ( t )  = e~~v ( t ) ,  a ( t )]  ( D - l l )

(lv a s s u m i n g  t h a t  speed Is p e r t u r b a t i o n  to  t h e  s tead y — s t a t e  emi s s ion  r a t s - ,
two e q / l o t i o n s  d s - scr ih e  the  emis s ion  r a t e :

e(V ~~ l) = b 1 + + b
3
a + h 4 av + b 5

v

+ h 6a + b 7 v a + h 8a v  + b 5 i ’ v ’ , ( l ) — l 2 1

~- ( v , U ) = b
10 + h 1 1

v + h 12 v~ [ 1)- i I )

wh i t -  Os- E q .  ( 1 — 1  2 )  desl - r i  bes t h e  n o n / e r a— /I - e e l s -  r / I ion e m i ss i o n  0 i l  e , and
E q .  ( 1) — I I )  ,leter m in ss the s t e a dy — s t a t s - em i s s I o n  r a t e - . I n  t h I s  i r i g i i i i l
l o on/I l  l ot i o n , t h e  c li i i I ic 1 s i l  Is  (h 1 to h 1 

) we r -  t h e n  dci en in e h t or 11
d i  f t  e r e n t  vehic  I c — m o d e L  g r o u p s .

i u i s L e a l l  of  using t i u t -  1 1 e i j / I l l  ion s  w i t h  12 l e d  I I c  l t ’ n t s  eai - hi t o
I / - s  r I l i t - t h e  emi ss  ions  f o r  a v a r i a b l e  vehn -  b m i x , N A i l  ~M ISSIIIiII’5 a

1 2 1)
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c o n s t a n t  mix ( [able - D — l )  and t l i e r ~~i 1) 0 0  req/ /ir s-s o i i l  t w o  s e ts  of  coef fi—
-i e n ts  (one fo r  h u g h — a l t i t u d e  s i t s - s  and one t I n  l o w — a l t  itude si t s s )  to

c a l c u l a t e  th ie emiss ion  r a t e .  Table  2 — 2  sh l siws t he  I 55/ s e tS  of b . v a lue s .
1

Table 0—i

.I ) N g F A N I  v E h l l ( : L E  M O I l I - ) .  ~1I N
1Cy U y i - l) IN N AF C O>l  FOR 80111

H I G H —  AN I) L0t~— Al . T  I TUDE SI T l-2~

~h i x
( per c e n t  o f

Model Y ear  t o t a l  v e h i c l e s)

1957—1 967 57 %
1968 10.2
1969 10.6
1970 10.4
1971 11.8

Table  D—2

C O E F F I C I E N T S  OF E 1I S S I ON  RATE EQUATION S

~~~~h A ide Low Altitude

1. 019 0.551

b 2 
—0.056  — 0 . 0 2

b 3 
0 .040 0 .052

0.0 15 1.93 x IO~~
b 5 

0.015 3.41 x l0~~
—0.156  — 0 . 0 3

1.52 x lO~~ 4 .99  x 10~~
b 8 0 .020  3 . 7 5  x 1O~~
b

9 
-2. 1i7 x ~~~~ - 2 . 2 6  x lO~~

b
10 

0.3. 1 0

b
11 

-4 .68  x l0~~ - 3 . 7 5  x 10~~
b 1 2  1.15 x l0~~ 1.16 x l O~~

121
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[he I p j ) n 1 l p r l ~ L t e  c s / c f  t i c  ien ts , 51’l ed , 11151 acceleration rat~~~~~~s- ‘len
app l is - Il L I )  l -aj s .  (0 — 12 1 o r  ( 0 — 13 )  t o  d e t e r m i n e  t ile e n l i s s i - ’ l i  I l l - . S i l i l l-
-l o mis- o / I  t hc co ) .’! f i c l s - a t s  L I I -  ne i lt  ly e , i t  is p s u s s i b l e -  I i n  sons- ol  t h e

s O f l I s S i l i l i  r a t / - s  l o  lie is - g i l  l Y e . lo  p r e v e n t  t h i s , L A b - LO~l c m g . i I l - s t i l e

c i l p i I t s -d c I l l i s s  ion  r a t e  w i t h  a p r e d e t e r m i n e d  m i n i m u m  V . 1 1 1 1 - - nid l i lO l 5s ’~~

t h e  l a r g e r  of t i l e  I W e  t a r  t i l t -  c f l lj s s i o n  r a t e  c / I c u I l l t j O f l S .

m i s s i o ns  ar e  updated I roni bass- v e I r  1971 t o  I i t  i l l  - .~~ - I r s sil l  t i l l
a s s i c i p i  ion  a t  r o -p l ac s -n s - n t  a t  older b I l l -s -er  n i o d s - l  V ) l i ~~- i n  t~~ie ::. I . I t

f i \ s - l r a t e  and a s s u m i n g  that p r e s c r i b e d  e m i s s i o n  ~~t 1 1 1 , 1 1 0 2 5  l i  ~~~~

1 1 ) 1  t he newer  b Ol e  I s .

I n  t h e ’ m a n u a l  n i s - t h i o d  , updated modal emission rates b a s s - I l  s - n  t II
Kunzelntan mach e- i  t R s - f  . I )  a re  po r t  r a v e d  as an a ve - r a g s -  a- s r  t i l l ’ I S s i i i , s S l
t i x  f - i  base- vs -ar  1975 In Fi gslres 6 and 7 ( p p .  31 and 32)  w i t  II  1115 1.11 l u g

to  I I t t / O s  V s a c i - i  I I I  t e r l l I s of f a c t o r s  in la b l e  3 (p .  18),

Local Lst e:iate-s of A i r  du a l i t y

1/s s-st imat ion of  a i r  qsisi l itv at ;i  g i ven  s i  11- i n v o l v e s  th e - s e par a t e
es m a t  ion  of  1,0  c o m pon e n t s :  15 air qualit y back ground due tO p1 - i i  sit an t
emissions ~‘y e t  I l l s -  en t i r s - c o t n m u n i L v  w i t h i n  s-~~i c h  the site is located -1112
the  c o n t r i b u t i o n  Iron soinces in I lls’ inmi edi ite v i c i n i t y  of t h e  s i t e .  i l l ’
two c om p s ln en l s  a re  c o m p u t e d  s e p a r a t e ly  and adds - ti to o b t a i n  total air q u a l —
i t y . F i g / I r s - D — i  (based on R e f .  16) p r o v i d e s  a g rap h i ca l  ‘e t i l o u  for e s t  ~~

—

c it  i ig a i r  qua l i ty  b a c k g r o u n d  on an annual  ave -rage bas i s  of communi tvwfde
1- 1 1  is -~ ion  d e n s i ty  and a n n u a l  a v e rag e  wind speed a r l - k n o w n .  I - i  l a I r s - 0—2 —

I b . ~~ s- , i on R e f .  1 ) p r o -c i l i e s  a g rl lp h i l c a l  ce inve r s  ~ 0fl 01 t h e  a n n u a l  a \ - e r - / g s -
i i e k g r i i u n d  v a l u e - o b t a i n e d  f r o m  F i g u r e  D— l to an e st i m a t e  a t  t I s  I i i  gU e s t
v a l u e  s v ~pe c tec l  i n  the  c o u r s e  at  a y e a r  ( w o r s t  c~iss- )  t a r  d i f f e r e n t  I vs ’ r a g —
i n g  t imes .  F inailv , F i g u r e  1)— ) (based on Re f .  6)  p r Y  I sit -n  a l e - t hod 1 f
s’s L i  m at  i n g  t h e  contribut ion f r o m  n s - a r h v  r oads  i i  t h e  a n g l e  he - t W I - l - f l  the
r i d  and th e- s-m d di  0 c c  1 ion is known , a long w i t h  t h i t -  r - a s l w a v  em iss  is/ li
de ns i i  v and the  n o r m a l d i s t a n c e -  b e t w e e n  road cs - a t  s - r i  [ne and t h e  s i t e  in
q tl es t  I I I f l .  Fi g u r e  1) —I a s sumes  a low w lu sh speed (2 met  s - r s  per ss~1 ‘nd ) to
s i m u l a t e  a w o r s t — c a s e  s (toot j o i n .  F igure- s 0— i t h r o u g h  0— 1 s a n  I I -  used t o
o b t a in  a first . a p p r o x i m a t i o n  of n’o r s t — c a s e  ca rbon  m o n o x i d e -  I l - V e i n  a t  si t s s

in t he  imm t-d late v is- m it V 01 r o a d w ay s .

In the manual  method , I l l  r qu ;i 1  i t v  i s  ca l c l i L l t  s-h a s s u m i n g  a wind iiigL-
of  30 O h s - g r e - I -s w i t h  t I l e  roach ~ls  a w o r s t  O ne , V I s  d i n g  a con , l i t  r at  10th
emission r a t  i l l  I - f  i lp 1 ’I  ox im Ot e’l~- 14 )  I r o b  F l u  Os - I ) — ) .  I n  o ’I I  t n / t  I i s ~~Io I
d e m o n s t ra t i o n , we 5 - s t i m I t e d h  ii c k g r ’ ’ i i i s l  ii ;i n g  Figures 0—2 m l  D — 2  W i  t h l
a - m i s s ion d c i i i - i t  v d a t a  can t o  i t i e d  i i i  R e f e r e n c e  18

12. ~

--
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1 111) 11 t I h i a i a c  c i  I ,~t i  c i—

As c u r r ~- n t l v  s t r l i c t s l l 0 -d , N . \ d / / M  n o - g i l l / s - - i  Ss V e l i  t ype s of input In ) o r —
si t  l o l l :

1)  I h ie i i s im h i e  r at  c a r d s  t e l  h~- re-a o l in to t h e  colnpu t e -r , th i e
( 1 0/ I n  s I t  t h e  d l v  t i  Is m o d e l e d  , t he d . i v  of t h i s -  week , and
t lie t [ l i e  s r  1 ad t - i 5- :11 , 1 5- i s - si

( 2 )  l o i n  e a c h  c h i r - ’. i o n  o f  t r - ~~f t ic Ii i ” -  un .i street segment
( i . e .  , l i n k t  t h e  l i i i ,  I 01 I 111155 ;  :°. , v , - ( ‘o r ,l m a t s - s  ; l i n k
c . l l i i c j t y ;  sp5 ’s’d c o n f l I c t  j ot i s  t o  l l t h i c - r  l i n k s ;  and emis—
S t O / b  b l o t g U t

I I )  Fis h nt  s r s ec  L il / I l  I i - .  spec i t  j ech by  t h i e  e n t e r i n g  l i n k
numbers I ns /ni t h e  uo n tlm , s , I st  , south , . i n o l  w e s t , the  ty p e

0/  c o n t r o L  ( l . s - . ,  none , s t o p s i g n , f i x e d  t ime  s igna l ,
ic t u i  ts-d s ign;/ I) , max i l l / rn  cyc l e  L e n g t  hi i i  si gna l i zed
Rio I~~/I~ signa l. p b / i ns’ lf - n g t h m s  i f  s i gna l  i ze~ci , ye l l ow
c l ear a n c e  i n te r v a l  i t  si g n a l iz e d , and t ime  c a p a c i ty  of

-1 cli  ap p r o a c h  per  h ou r  c I t  gr een .

( 4 )  l o s - a l  area - h e s s  r i p t  i a / I , iu i c  lush ing Vs -I l  c Ic mix , background
carb e in  monox ide  l e v e l s , I t  i t c i ds - a t  S i t s ’ , lot i r u d e  of s i t e - ,
and vertical. c l i f fi i—i on constant.

(5)  The number a f c- i - n l c - l e —  eur r t ’ n t ly  1/ s l u g  a -  i , - h i  l i n k .

(6)  T u e  x , v s-o o r d i i a i t s -s t i l  i 1 - ce lit )r l O c ~d 1 ion s  t a r  w h i c h  ca rbon
n u t i o x i d e  1 o ’ l l l e - n t  r at  ‘ns  at - e t o  be cc in l p ; i t  ed

( 7 )  W i n c h  d i r e c t i o n  1ud - o p s - s - d .  I f  s t ; m h i i i I V  i s  to be s - a l e - u —
1 mt e d  h v  t i l e -  m o d e l , t h e  f r a c t i o u  a t  opaque  -l and s cover-
i n g  t h e  -oio ~~ i s  o h s / i  i n p / i t ;  t l i e - r w i s e  s t ; i h i i l t t v  c lass is

i n p I l L  dire ’- I I  V .

The i n p u t  i n  I o r c i t  iein is p r - v  ich-d l i i  t h e  f o r m  a I s- i g h i t  p u n c h e d  card t y p o - a
The card  t y p e s  l it  l~ ‘ I s - i - c r 1 hed is I / i l l  ows , wi t Im d e t a i l s  of the  card images
provi ded jim ‘l’ab 1~- 0— 1 1

C;lrd T v p / -  / — — h h , - . l d ) - l

T im e  I I r i-i t - l i t  i s _ i  u - - I  f l I  - - i c hi t 11110 5 t 10111 i _ ~i a ae~ mel e- r  s - o r b  ceint l i n  I / h g .
f l ue- sl. m t r -  inch a h o  n i p t / l r  I ~; m t  i d en t  I I  m t - - I  t h tc  r u n . l i m e  d e s c r i p t o r  may
i o n s  1st 01 w v  ill - i  I p l m . - i n i i m e - r II clm ,i ras - t en- -;

-- rd T i- l ie I — — R u i n  Ie ; c 0 i~~ l 1 1 1 1

(-‘or 5511 I i  t iRe  (l~~ t j o Sh t h u ,  I i  l o l l  - r .1 u , i  i s  l o l l  owe- il by e a r , I  t I~
11/  i -o ca r l  I d e n  / I - I l l  1W I / i n  o l  - i ,  - I I  I l l  t l i e o t h m ~’ ca r o l  I V ) I t ’s sliuu I o h UI ’ 

— — . ._ ---.-- —-.- -~~~_ _ --- -
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read for t ha t  t ime  per iod . I f  the  data on a card type cia not chiange
f r o n m  one t ime period to th e nex t , the  ca r d  t y p e  I for t h e second t LI/IC

per iod should have a zero or spaces in the proper columns to indicate
that the data have not changed and no new cards of a particular typo
should be read .

Card type 1 also contains the time of ch~ii- (TOD) and the day of week
(DOW) . The input value for t inc 01 day shun id Us’ t h e  beg inn ing  of t i le
period being s i m u l a t e d ; e’ .g .  , whie’n computing hourl y c o n c e n t r a t i o n s , TOD
is 8 f o r  the  period 0800—090 1) LS . For day  of week , 1 is Sunday, 2 is
Mon sh ;Iv , and so f o r t h .  The l en g t h /  ~i I t in/ c ’ b e i n g  simu lated wiLl s each iter-
a t i o n  of NAFC OM is sp u c i f  ied as T P .  Th u s Va lot’ can he meaningt al l y v a r i e d
f rom 900 seconds (15 m i n u t e s )  L I I  7200 seconds  (2  h o u r s ) .  I n  genera l ,
r;iffic demand s and met s- sino log ic a l da ta line aval l a b b e -  as 1 — I m o u r  suminaris ’s ;

for this reason the usual vlue for (‘1’ is Th0O.

Card Type 2- -Link_Descr~~pL ion

Each d i r e c t i o n  of f l ow  on a s t re et  w i L h i t i  t h e  n e t w o r k  is assi gned
a link number .  A ca rd t y p e  2 i - i  read f or s -aeh i  l i n k  and i n c l u d e s  the  l i n k
number. The average number  of l anes  of t r a f f i c  that make up t h e  l i nk  is
s p e c i f i e d , and link capac ity is determined when such cap a cit y is not input

(at 1200 veh/lane for speeds less th an 70 ft/se -c - ar id 1800 v eh / l an e  f o r
speeds greater than 70 ft/sec).

Coordina tes must be rea c h tha t speci f y each l i nk ’ s end points in the
horizon tal plane . While it wou ld be possible to use different end points

for the two links that define the two directions of flow on a typical
street , we feel such definition would be superfluous and that identi cal
c-nd points should he specified . Coordinates are input eiLher in feet or
in g r i d  un its f r om some arb it r a ry  ori gin and must be positive . If grid
uni ts a re used , a scale factor moist be specified for conversion to feet.

Link capaci ty may he input or left to be computed  by NAF COM . Usua liv
a network is very in sensi t ive to l i n k  capaci ty , in tersection capacity Us’—
ing the c o n t r o l l i n g  v a r i a b l e .  The e x c e p t i o n  is a f r eeway  or o t h e r  l i m i t e d —
access road tha t might be includ ed in  t he  s imula ted  n e t w o r k .

Speed , in ft/sec , on a link indica tes the average spec- Il t i / a t  vs - lu  i - l e ’ s
t r a v e l  d u r i n g  low—use p e r i od s .  Th is  can m i s u a l l y  be e s t i m a t ed  as t h e- opt - s- Il
lim it on the link.

L i n k — t o — i  ink c- onn ec  t i o n s  l i r e - spec i lie-cl f o r  eao ’bi  l i n k  go I ng St r i  i g h m t
r I g h m I , - uid l e f t .  Wi l e - l i  a link does not lead L I )  n n ot h i e  r l i n k , t I m e ’  I - un t i e s ’ —
t ion should be input is z e r o  or 5~~ii 5 s’5

, \ui  cmi ss i on lie - i ghi  t mol s t he i n p u t  Ion s’i s-v . I  t m-c l I Inks . W h i t - t i  f l i l lels- I i ~ig

a f I l l - ( l i t  y I oc at  ed on re’ l ;i I l y e -  I V l i l t  t e r r a  Iii , 00 eml 55 ~~~ hi s ’ I g l m t l (  I - rI’
is  norma l lv  I n p u t  l o i n  a l l  t r ; m t  f i t  l i n k s .  At  p ;  c’sen t  , ds - j a t - i - s & - d  ro;iihw e- s

l i re - t r e a t e d  I/ s  s u n f m c l - e~n u l s s i o T u  sources , w h i l e ’  r o / o l s , - . m v - -o upwind at  s i l l —

il vn~m m i c - b a r r i e r s  n i m y  U5 .IssillIeI h -I t e c t l i - - c -  e m i s s io n  h I l - i g b m t s , 1-I Ion  s - 5 5 . I F  - .

I ’ 7
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card Type 
- 
3— —lil t eni-iet- t ion DeSc~ t~p_t_t_o~~

An intersectiomb chs - -i cni pt i on  is required for each  intersection i n
t h e  n e t w o r k .  An i n t o - m s-c t ion c a l m  he d e f i n e d  as each  c o n n e c t i o n  be twe s - I l
two or mo re l inks . HI s-  l i n k  number s  of s t r e e t s  e n t e r  i/h g  t I m e  i n l e - r s e c —
L i o n  f r o m  t h i e l  n o r t h , t ,ist  , s o u th , and w e s t  a re -  i n p u t  p a r a m e t e r s .
the r e- is rIo 1 ink app  roal -h i n g  f ro / l i  some c a r d  inal d i  rec’t io lb , spaces or
zeros shocild be entere d .

A type of control for each intersection ( I )  moist  he s p e c i f i e d  as
f o l l o w s :

l I’YPC( 1) = —2 m d  i c - a t e ’s ~i -‘4—way ar terial stop.

- 
hT ’i’PC ( I )  = — i  m d  i , I t e ’s - i  2 — W I ly  a n t  o ’r i a l  s top .  T h e  a p p r o a c h

~~i t l i  t h e  l a r g e s t  v o lI InI e-  i—i c ons idered to be
sine s / l i t  r e i l  - 

- sb , w b l I  Ic I l l s  c r o s s —t  r a I l  i c l i n k s
ii rs , i s s m i ~~ e-I  t o )  h ave s t o p  s i g n s .

I TYP C (1)  = 0 1 i , i  i c ,i  t s-s rIo ’  c o n t r o l  on ; i i i v  ; i p p r o a c lm

IT’m’ P C ( l )  = 1 i n d i c a te -s - i  I ixed t i m e  s i g n ,m l  c o n t r o l l e r .

I T Y P C ( I )  = 2 i n ch i c ; i t o ’ s  a v e h i c l e — a c t u a t e d  ( V A )  c o n t r o l le r
w i t h  poss ib le  separate li-I t—tm l rmb phi asc-s for
n o r t h — s o l i t h  and e a s t — w e s t  t r a I l  it ’ .

I T Y P C ( L )  = 3 i n d i ca t e s  a v e h i c l e — a ct u a t ~-d cont  r o l l e r  w i t h
each i n t e r s e c t i o n  a p p r o a ch  c o n t r o l l e d  b -  a
s e p a r a t e  s i gna I phasel  Dm m r  ing  a green phase ’,
i s - f t — t u r n i n g  v e h i c l e s  dci not  h ave 10 cross an
o pp o s i n g  t ra  f t  is’ I lo w a m c d - the o p p o s in g  t r a f —
I i c  e x p e n i e ’ I l c e o  a red s i g n i l

IT\ ’PC , I )  = 4 in ch b i t  c - s  t y l l o - 2 co /utr ll l on the north—south

°l~ I~ 
d l  110 hlzs - I I  id t y p e  3 cant no 1 l i i i  t l ie  e l / S t — W e s t

( 
sippr oa_ -hies . h U e  no r t i — 51 I11 t  Ii I p pr o a - l I s - s  - i r e ’
controlle d by  , m  ‘ehi i c Is ’ — ,l - t il,iLi II , fl/t 1,11 l e n
c t l l r i n g  ph ase- 1 at t i m e  s i g n - m i s’v ~ - I s ’ . I I p h m a se  .3
‘° i - p ’~ i t  ic- si ,5 h/ li ving I t  is - n  111,11) c r01 l I l , i s l -

le~ g t hI , I s ’  I t I l l  ribs In l I ;  t bi t - f l I r t  hi — ‘ I t  h m d i t  s- s —

It s /is lire I lIad ,  during p b l . I s l -  I . I t  u i / - I l -
s p s n - i f  i ed as / ; I V  I up  II Ic 1 0  p h i i e  I c t i g  I l l , t h / c - l b

le f t — t u r n  h u g  veh  i s - i c - s a r l -  ~i s a u n u s - eh t o  1 0 0 1 -  e l / / r -
i n g  p h ase I - inch  s -xpe r  len I -  ip p is l ug  vc ’l i  i c / i l . i r
f low . Phi~m so- s 2 and 4 - I rs - s-N c  b / / i - - i  l i - t~ g r e -eli ~m h i ; i n c s
or th i s ’  e l i O t  01111 w e - s t  l p j i / - o l i I -h l e s , I e~~pe’ct  i , ’ e - I v .

ITYPC ( I ) = 5 i nch i cat e s  t v i a- I I l l / i t  i 0  I on t h it ’ 1,1 r t  h i — s a l t  hi
/ p I - r o a l ’lie s and  t vpe  2 I - I / n t  red a t  t h u e ’ , m s t  — w e s t

a pp r l i : I i - b m s ’ s  . h ’h i , io , ’s I and I m t  s - s o - I m t i -o  i y e -  g i l l - I l

12th
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pha ses co/b t rolling thie nort h and sou t i /  a p p r o a c h e s ,
respec Lively.  ‘ri me east—west lippro ;lchel s arc- dIO/i
t r ol l ed  b y a ve h i c l e — a c t u a t e d  c o n t r o l l e r  d u r i n g
phase 2 of t h e  si gnal  c v i - l e .  i f  p h ;ms e 4 is spec 1—
lied as having other than zero phase’ length , l ef t
t u r n s  f r o m  the eas t—wes t  d i r e c t i o n s  are made dur-
ing this phase. If p h ase 4 is s p e c i f i e d  as h a v i n g
a zero phase l e n g t h , l e f t — t u r n i n g  veh ic l e s  a re
assumed to move during pl-m ase 2 and to exper ience
opposing vehicular flow .

The f i v e  c o n t r o l l e r  types  are  i n t e n d e d  to allow any f i x e d — t i m e  or
vehicle—actated control to he s imula ted . Thie  c o n t r o l ler s  are  s imp l i f i e d ,
however , and canibot be used to e x a c t ly rep l i ca te  le a d i m -m g or lagg ing l e f t —
t u r n  phases , or 8—p h a s e — f u l l — q u a d — l e f t  signal c o n t r o l l e r s .  I t  is o f t e n
possible to a d j u s t  the c a p a c i t y  of an i n t e r s e c t i o n  to compensa te  f o r  the

-s lack of a more soph i s t i c a t e d  s imula ted  signal con t ro l l e r , and p roduce
mean ing ful results. An 8—phase—quad—left control is best simulated by
a type 2 controller.

• Each signal con trol ler  m cm st have a maximum cycle  length  s p e c i f i e d ,
as well as nonzero phase L imes f o r  each o p e r a t i n g  si gnal p ibase. For ex-
amp le , a simp le f ixed—time  signal mi ght have a 60—second cycle t ime and
a 30—second n o r t h — s o u t h  and 30—second eas t—west  phase le/bgtibs .  I i  phase
3 or phase 4 times are set to zero , the  NAFCOM simcmlation assumes left
t u r n s  are made t h rough  o p p o s i ng  t r a f f i c  d u r i n g  phases 1 ambd 2 .  When
spec i f y ing VA control , each phase time represeibts a minimum phase length.
Green time is apportioned among the  p hases in p r o p o r t i o n  to the  la rges t
demand/capaci ty ratio on the cdintrolled approaches. For examp le , a type
2 con t ro l l ed  i n t e r sl - c t i o m b  mi g ht  have a maximum cycle l eng th  of 240 seconds ,
minimum north—south phase I and e a s t — w e s t  phase 2 g reen  Limes of 30 sec-
onds , and mimb imum north—south left—torn phase I and e a s t — w e s t  l e f t — t u r n
phase 4 green t imes of 10 seconds. This  signal could operate at an 80—
second cyc l e time u n d e r  low demand conditions (30+ 30+10+ 10) and at a
240—second  c’vc le  t i m e  c inder  h i gh demand c o n d i t i o n s .  (Actual I i- , i f  t h i s -r s ’
is no demanch for the el/st—West l e f t — t u r n  phase 4 , p hase ski p p ah i i i [v  wi l l
be ass/mmed -inch a 70—second m i n i m u m  -yc le  t ime woc ilsh be p o s s i b l e - . )

A y e l l o w  d o -  I r a n e e -  i n t e-r v a l , Cl ( I ) ,  i s  s p e c i f i e d  f o r  e ;ms ’li eo n t  rol ic r .
Th i is in t o r i I i s  appi  ie-~1 t o  t o l d I l  phase of eachb c -o n t r o l  I en ansI  dec dt - l  --s -s

t h e  t- f te ct lye pree/1 t irns - o f  each  signal p h ase by ( : 1 ( 1 ) 1 2 .

Fou r ~ipproa oh I - / 1 ) 1 1  c it h e s  II/IIV hs spec if is - Il , ens- ton e m  - h I  ~1 pp roll d l
( s I r  p hi ms c - if Lhu e- i/bt s-rsec t ion is s i  giba l i zed ) . I f  l i / i  in p e l  t (‘I m p I I  it 0~

p l / r ;m m s -t e r  i - s  l e t  t b l a n k , NAFC OM w i l l  d e t e r m i n e -  a c a p a c i t y  h i s s - - I  on t h m s ’
numbs- n t i t  lanes eun Ills- approachm link and the type’ I I I  i / b t s ’r ss ’c t  i a / i  l O u t n I l l
( : 1 1 1 1 / c- i t V  o f  si gt m i l  jzed int e- rse - s-t i on Ip p r o a l - h I  can his ’ c h e ’ t t n m i n t ’cl hv se b o ~~ l —
i n g  the - i p - m , - (Iv pe’r h our of gi- s - c- n  based sI l l  t h i s  r ol /~h w i c h t h frar F i ~~ / I l e s
6 .6  I i m r o u gh  6. 1 1 in  the- b h i ~~ i / W :iy C i 1la cb  ty ~i a i i i i ; i l . h I l l ’  0 11 151 0 i t  - - 51) 0 1 1  e d t  I

- l u ; s m i f l l e -s  ( H A  l e t  t —I l mrn in g 1 1 1 1 1  h h ) ~ r i g h t — t u r n i n g  v t - b n c l e s .  N - \ 11l1d - l  ;ic h i l l st s

t h e  i n p / i t  I l i p l i d  i t  y bo i s e - c l em t i m e ’  P e n d s - n t _ l H e  01  i - i l - h I l l  le a . I I t u m . l l  I i- / 1 ) / i t  sd

1 2’i



l e f t  and r I p h I  i n  t mc ’ Il i Od h e led I i s ’ t  WI ) ik. Wimem b Ii 1 or 4 — p h / l I  s~- ;I/b eh t V p O ’  1
or 2 si gna l  I s  spec i f  i s c l  , ;mt id t h i i rd phase’ is assumed to he t h e  n o r t h — s o u t h
I l l  t — t u r / i  p hmas s ’  ;m nct this ’  f o / I r t h i  p h ase ’ is assunis-d to he the’ o o i s t — W c ’ s l  left—

h r / i  p hase .  TI le  I - a p - I c i t i e s  input shioi u ld  he t h t e - / n a x i m u mn  0 1 1  this ’ l e t  I — t u r n  itu g
appro ;i c - h m e a  d u r i n g  t lm c ’ t 1 m b  rd or I o i u r t h i  p h ase . A t y p e  3 l o t  s’nse ’ c t ion assume ’ s
L i m e  t h i  i n c h  and i c i u r t h i  p im ises d oub t ro I the south and east ap p r o a c h m e s  and t i l e -
t i m  i rd and t o u r t h  cap a c it i e s  are t h i s - capac i  t i e s  of t he se  a pp r o ~m e h i e s .

lie’s isl e’s i l l )  a d I b & i s t m e / b t  lo in  /bumb er  of turni rm g v e h i c le -s , N A F C 11~ 1 a s s u m e s
t h e r e  i s  a l e t  t —turn lane where  l e f t — t u r n  p hiass- s are  s p e c i t  led . T h i s  bias
t h i s ’ e’ f l e ’c t  of  i n c r e a s i n g  c a p a c i ty  to t he  t h r o u g h veh ic les , as we ll as to
t h i s ’ I c  I t —turn itug vehis’ lea.

Cal -Il Tvpc i — — L o c a l  Area  Description

hoed . .i re m chs’sc n f pt l I n s  ap p e a r  0/b earch t y p e  5. The user must input
ti me- percent m ge of h e - l I v e — h I l l  

~ 
vehu ic ic -s in the total traff ic , t h e alt itude

and lot it o i ch e of t u e site , and the back ground CO c o nc e n t r a t i o mi s lIt the site.
.\ t u r n i n g  I t s - t a r  is i n p u t  Otb t h i s  card , wh ich can be used to ad j u s t
ll/o d &- ledh  e m i s s ion s , h / s e - b  OrI measured  emi Sslom b s , or to  a d j u s t  emiss  ions
based on d i f f e r s - m i t  ve l m I d o  fl u xes a/bd emiss 11)/b flue-tons found in d ifferemit
p a r t s  of  t b / c  U n i t e d  St a t t -s on othe r cou /btnis -s .

/ :a r d  t i - -p s -  ~ ; m l s o  r e q u  i re’s ~ j u s’ c ii ica t j ob / b of  i oh i st a n ce  r ep r e s s-n t  i n g
m i t  Ia! y e r t i c al  s h i l f i l s i o n .  Suggs-st ed  v a l u e’s for th is parali/eter are iii
t i e  nan gs- o f  3—10 m. I f  a v a l u e  I s -s- s  thi;un 3 m is  i lbpu t , NAI 1( OlI wil I Se t

lie co l is t  a / i t  eq ua l  t d)  I m .

( P m r o h  V~ f~ 8— — V e t / i s  Is ( s I l l / I t  -s

h u e  p m m r p o s e  of t h i s  s- a n d  is I I )  ap e -I - i l y  t i l e - n o in iher  of vc i iie’ l e -o  t h ; u t
I ’u r l - e l l u  l v m l i e t h e  n e t w o r k .  I bis ’ d l i u m f l t s  for m a  m any  :15 t o u r  I iiks s -an  he’
inci mide ch 1)/u 5 I l l h c :mr ch . l’hie d o l l / i t  I l / b  :i h in k  is b r o k e - u i  clown i/ i t o  v e l m i e  ies
t rav e -I  i up  st r i  i g b /  t , tu . inn  lu g  r i p hi  t , on turning Ic I t a t  I lie shown s t  me ant  i n —
ts ’r se ’c / i o n  of  t hue Link wi th u at  l i en  I Ituks . I t  is l ’ O l l y o - h /  i c /u t  t o  1/ic lum d s - Il/c ’
cu ’ m t n t s  o t  t o l in  l l p p r l o l l -h / e S  t o  an in t e l  S et  io u  on , i  c ;m r d  . b l u e  n i p / m t  p l i r l i l l i —
et  e r s  a r c ’:

N o t t  h u a p p / l d i c ’ h i  I ink n / i l l / b e n  ( I . )  a l  I owed h i -  t h e  c o u n t  s sun
thu d -; ~m p p r o i s - h i  t r a v e l i n g  a t  r m i g h m t  r i g h t  , - m n o l  l e f t .

h - , m~~t 4 i h u p r s - i e b I  I iiik / i h l l l / h e ’ r  ( 1 , 2 )  I ol I l I W sIcI  by  th i c ’ 0’ s / I l / i t s  0/i
tb/ is m l I i l r e l : m c l I  I / l i - s i  I /h g s I n - m i g h t , r i g h t , ;itu h i s ’ f t .

• h o u m t hm i p p r a ~ / -  I i  I I lik n o imhi e  r (I I) t e) 11 owe d hi - this c o / / n t  a on
i s  ap p r i s e -h i  / r ; m v e ’ l I f l P  at  r , i  [ p h i l  u i g l t t  , 011 , 1 I t t  I -

• We-o / i p p t a l l h /  I i n k  t i i i u i m im e ’ r  ( -‘4 1 al Ioweel h i- t b / c  I l / i l / i t s  on
t h i s  l l p p n i )m h  t rove- I iuig at raig h t 

* 
right , ouch Il - I t .

l i t )  

--~~~~~—~~~- - -- -~~~~~~~~ -~~~-



Card ’l~ype 9--Recey ton I)eserij?t ion

The x— and y — c o o r d i n a t e s  of  cal hl r e cep to r  b ea t  ion l i r e - i n p u t  on
card t y p e  9 . ‘I he v a l u e s  f o r  these  c o o r d i n a t e s  a re  in feet ansi must be’
pos i t  ive- and based on t h e  same o r i g in uis ech f o r  l ink  coord m a t e s .  I bis ’
user  may s p e c i fy  up Ic) 200 r ecep to r  loc a t i o n s , bu t  a r e c e p t o r  cannot  be
lcb l -a t ed  on or  w i t h u i n  10 m of a t r a f f i c -  l i n k . i’here w i l l  be as many type ’
9 cards  :ms t h e r e  are  redleptors.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Card t v p e  10 c o nt a i n s  t h R me teo ro log ical i n f o r n u a t  ion n e c e s s a ry  l o i n
d i s p e r sj o /b  c a l c ul a t i o mi s .  The user huas  the o p t i o n  of sps’ o - i f y~~cp t l u e  sta-
b i l i t y  class as i m u p u t  or a l l o w i n g  NAFCOM to c a l c u l a te  s t a b i l i ty  c l a s s
from cloud cover and wind speed d a t a .  However , the  s t a b i l i t y  d e t e r m i m i a —
t ion  c a p a c i ty  of NAFCOM can he used omb ly wh en time t ime period being simu—
lated is one hour. TI stabilit\- is to be imiput , one card type 10, w i t h
values for wind direction , wj/bch sliced , aibdI stab i l i ty cla ss, is i n p u t  w i t i m
t r a f f i c  and S i t e ’ d e s c r i p t o r s  f o r  e ac -hm t i m e  pe r iod  ( d u r a t i o n s  of  f r o m  9 ( 1 ( 1
to 7200 seconds are poss ib le ) .  I f  NAFC OM is to calculate stability cl.iss ,
24 t y p e  10 ca rds  c o n ta i mu i n g  obse rva t i ons  of wim u d d i r e c t i o n , wind spee ch ,
and cloud cover for 24 hours of time day are input with the traffic an si
s i te  data  for  t i/ c f i r s t  hour  f o r  w h m i c l u  CO co ibc en t r l / t i o ib s are to be coI /1 1

pu ted . I f  s tab i l  it y  is to be f ound by NAFCOI4 , t b/c ’ m e t e o r o l og i c a l  d , m t m
f o r  all 24 h o u r s  of a day arc’ input togetimer , even i f CO c o m p u tl / t i o n s
are to be made f o r  o n ly  a few hours  of t u e  d ay .

Other Card

Three addit tonal car d  t y p e -s (4 , 6 , ambd 7 )  nob t i n c l u d e d  he re a r c -
r equ i r ed  to  i n v o k e  the  p o t e n t i a l  of time program for z o / u l i l  t r i p a t t r a c t  11) 11!
g e n e r a t i o n; ro u t i n g  of t r a f f i c  throug h t h e ’  n e t w o r k  0) /b 0 le ’ , i s t — t  inm e b a s i s ,
and t r e a tmen t of  pol l u t a tb t s  emit  ted f r o m  v e - h u i c  I c - s  ape t  i t  i /h g i / i  s I r s  lu g
zones. Since e x e r c i s e  o f  these’  n c / s I d l i n g  op t  Ions  was h e v h l / i I b  I l / c ’ sco pe
of t h i s  p a r t  ic -u l~mr p r o j s - d L , we cl ic se not  to  a r t  i c m i h a t e  t h / s ’s e  I e at u r s ’s
in the i lb t er e s t  a t  a v o i d i n g  comi l i l s i o / b . Thue ne- ode- n i i - ;  r e t  s -r r e ch  to R e f .
5 for  a de to  i led t r e a t m e uu t  of  I hess ’ add I I I ü ~~ 1 lea t I / r e - a  1 t I l e  m e d e  h
E x t e n s i o n  of t lue c’u r r e m b t mc L h i o o b o l o g y  1.0 i / b c m d c ’ t h e  d x c  r c  i Se ’ o i l  s l I d h l
f e a t u r e s  w i l l  r e q u i r e  a d d i t  i on a l  r s - s e l / r s h i , ~ sps ’c id I i i -  wi th i no -ape-ct I s /
t he  1 -x  tel l s I O u o f  the f I l e  1 co~u-o u n ip t  i O m i  ap pr o a l - b m .

Ou~~p~i t C ha r a et t - r [s t i e s

A i-i c e m m r e n t l y s t r u c t u r e - cl , t i m e  f l / I  l o w i n g  t y p e s  si t  out p / i t  i t i l o n t u o t h o / l i
a re  a va i l a bl e  f r o m  NAF UO M :

Del av t ime per  ve’h / t e l  e , ( j m l e h m c -  l en g m  hi , t r u t  I h e ’ i-i l )  I u i uit e , l i /us !
c a p h m c  i t ’  t o t -  0 1 , 1 /  m l  e’r s s ct  io t i  al /lin eal -h.

I i i



l’rl mvs- I I ins’ ( seconds 
~~~~~ 

ve h u  i e’ le ) oti eachi I ink I or t h n o u g h t ,
r ighut — t  ui mu i n g ,  l in d i  l e f t  — t l u r n  imp veh is be’ s -

lo ta l  t r ave l  I i/ne , int e r s e c t ion d e l ay , and n u i m b e r  ot  veh i id es
stopped I/fl t h e  n e t w o r k .

[c i t a l  p o l l u t a m it  emiss  ions aflol g:is c’Olb suil lpt  ion  by ne- t~ ark 1 ink.

An exIllIl l) Ic of  p rog ram o u t p u t  is prov icled in  A p p e n d i x  C imu t h e  f o r m
of an a c t u a l  output I mom a rcin u s i n g  t i m e  I i d ew a t e - r den /ona t  r a t  11 11 511111; .

I 12 
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