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PREFACE

This AIRPORT CAPACITY INVESTMENT HANDBOOK prov ides a standard

methodology fcr estimating the benefits and Costs of investments

made under the Federal Airport Development Aid Program that are

in tended primaril Y to improve airport capacity. The user of this

Handbook supp lies bas ic information such as the IFR and \‘FR

capaci ty of the airport before and after the investment , the pro-

jected traffic level and aircraft mix at the airport , and the cost

of the investmert. Following the procedures laid out in a series

of Workshee ts , he then obtains estimates of the economic benefits

expec ted to accrue due to reductions in delays and diversions

broug h t abou t by the capac it y increase. These benefits , and the

associ at ed cos ts , are discoun ted and summed over a twenty year

period to obtain a net benefit/cost estimate for the investment .

The tables and char ts in th i s Handb oo k were gene ra ted by two
compu ter models , the Airport Performance Model (APM) and the

A irpor t Network Flow Simula tor (AN FS ) ,  References (1) and (2). The

models were developed at the U.S. Department of Transportation ,

Transpor tat ion Sys t ems Cen ter , for the Federal Aviation Administra-

t ion , Office of Avia tion System Plans. It is recommended that

users of this Handbook review the underlying computer models

referred to in order to obtain an understanding of the m e t h o d o l o g y
before using the Handbook.
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1. INTRODUCTION

This  handbook has be~ n developed for use by a i rpor t  planners
and t r a n s p o r t a t i o n  a n a l y s ts .  It s  purpose is to provide a s tandard
methodology for  e s t i m a t i n g  the magnitude of cer ta in  types of bene-
f i t s  a r i s i n g  from inves tments  in a i r s ide  capac i ty .  The methodology
has been reduced to s imp le ca lcula t ions  car r ied  out on prepared
Workshee ts , provided in the Appendix and i l lus t ra ted  in the text .
Together  wi th  a guide to a i rpor t  capac i ty ,  such as “Airpor t
Capac i ty  C r i t e r i a  Used in Long Range P l ann ing , ” Reference (3) , it

forms a self-contained tool for benefit/cost analysis of invest-

men ts in airpor t capaci ty.

1.1 TYPES OF INVESTMENT BENEFITS TREATED

Th is handbook trea ts three d i f f e r e n t types of airpor t capac ity
b e n e f i t s .  F i r s t , the handbook presents  a techn ique for es tima ting
the b e n e f i t s  of runway delay reduc t ions  on a rr iva l  and depar ture
brought about by the capacity increase. Second , a method is pre-

sen ted for quan ti f ying the spec if ic  bene f it s of cross wind run ways
in reducing a i rpor t  d ivers ions  due to h igh  winds. Finally, long
delays in scheduled opera t ion s at one a irpor t can lead to fur ther
departure flight delays at airports served by continuing flights.

This handbook provides a technique  for e s t ima t ing  the  bene f i t s
of reducing these “cascading ” or airport system wide delays. The

end product of these procedures is an e s t ima te  of the to ta l
capac i ty- re la ted  b e n e f i t s  over a 20-year  economic l i f et i m e  of the
inves tment , and the de te rmina t ion  of the ra t io  of proj ect b e n e f i t s
to projec t  costs.

1.2 LIMITATIONS OF THIS HANDBOOK

The charts and tables of this handbook are based on the

assumptions of the underlying computer models and on the necessar-

ily limited data available. Hence the results must be considered
only an approximation of the true benefits to be derived from any

1



given investment . In particular the procedure is confined to the

three types of benefits describe d above , and does not include the

effects of noise on the surround ing community, or of changes in

the  l eve l  of a i r  and water pollution. In most cases more accurate

estimates of benefits can be der ived by e x a m i n i n g  d e t a i l e d  a i r p o r t -
specific factors in a framework developed for a particular airport.

Such ana lyses  are n e c e s s a r i l y  e x p e n s i v e  and t i m e  c o n s u m i n g .  For
many investments , the procedures presented in this handbook can

be used to deve lop  a p p r o x i m a t e  a i r p o r t  i n v e s t m e n t  b e n e f i t s  q u i c k l y
and at  l i t t l e  expense .  For c e r t a i n  i n v e s t m e n t s , the a i r p o r t
p l a n n e r  may choose to  make use of t he  computer  p r o g r a m s  (documented
in  R e f e r e n c e s  1 and 2)  t h a t  u n d e r l i e  t h e  t a b l e s  and  graphs of  this

handbook , and which can he used to deve lop  more  a c c u r a t e  e s t i m a t e s
of c a p a c i t y  improvemen t  b e n e f i t s .  These  c o m p u t e r  p r o g r a m s  a re
p r e s e n t l y  in o p e r a t i o n  a t  t he  Federa l  A v i a t i o n  A d m i n i s t r a t i o n ,
O f f i c e  of A v i a t i o n  Sy s t e m  P l a n s .

The computer program used to develop the airport delay charts

(Reference 1) is a deterministic digital simulation of arrival

and depa r tu r e  queues at 31 selected U.S. airports. The results of

many runs were grouped by airport type to produce the delay charts

of Sec t ion  3. The computer program used to develop the sy stem-wide

delays and benefits of Section 5 is a simulation of delay prop-

agat ion throughout a network of fibS U.S. commercial airports.

Again the chart in Section 5 is the result of severa l runs of the

su m ul a t o r .

1 .3 PROCEDURE

The user  of t h i s  handbook mus t  g a t h e r  da t a  d e s c r i b i n g  t he
operating environment at the airport being analy :ed. This infor-

mation deal5 with current and projected runwa~ processing rates

with and without the investment under consideration , the mix of

p r i v a t e  and c o m m e r c i a l  aircraft using the airport , and other items

t h a t  are s p e c i f i e d  in the  f o l l o w i n g  T ab l e  1:

.-

~
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TABLE 1. REQUIRED AIRPORT OPERATI NG DATA

Data Required Worksheet/Page

Total Airport Operations , 1st and 10th
Year of Invesmtnent 1/1

Scheduled Aircraft Operations , 1st and 10th Year 1/1

Mix of Scheduled Aircraft Types 1/1

Mix of Nonscheduled Aircraft Types 1/1

Fraction of IFR Weather Days 1/1

Fraction of VFR Weather Days 1/1

Processing Rates Without Investment 2/1

Process ing Rates With Investment 2/2

A irport Wind Rose (Figure 26) 8/1

Cap ital Investment , By Year 11/1

O p e r a t i n g  Expense , By Year 11/1

Opera t ing  Receipts , By Year 11/1

In most cases this information has been tabulated previously for
a number of airports. In other cases , circulars and guides for
airport planning can be used to develop the necessary information .
The user ’s professional judgment is required in some cases to
forecast certain aspects of the airport operating environment in
future years.

It should be noted also that some calculation s, such as those
involving aircraft operating costs , employ dollar values that were
current at the time of Handbook preparation . It may he necessary
to adjust some of the constants employed in the Worksheets used
in the calculations. The constants that may need adjustment are
given in the following Table 2:

3



TABI,E 2. ADJUSTABLE COSTS

C o n s t a n t s  W o r k s h e e t / P a & e ’

H o u r l y  Operating Cost on Landing,
By A i rc r a f t  Type  S/ I

H our 1 v O p e r a t i n g  Cost  on
T ake n  t I , By A i r c r a f t  r ype S/ I

V a l u e  of P a s s e n g e r  T i m e  b /i

V~’lue of Passenger Time /3

Cost per Diversion , A i r Ca r r ie r 9/ 1

Cost per  D i v e r s i o n , Air Taxi 9/ 1

f Cast per I) i ver s ion , G e n e r a l  Av i at  ion
• and M1 1 t t a r~

The c o m p u t a t  ion  r e q u i r e d  t o  use this handbook  c an  be per -

t o r m e d  eas i l v  without t h e  use  of a c o m p u t e r  - - t h e  U ’.er i~ s i t ’ipl v
I t ’~ j U  i red t ~‘ gather the spec i l i e d  d a t a  and read del av and ~l i v e r s  on

r e d u c t  ion  i m p a c t s  from f i g u r e s  and tables. The econom ft benefit

of a i r p o r t  capacit y p r oj e c t s  a re  c a l c u l a t e d  t l i r e c t l v  u s i n g  t he
• w o r k s h e e t s  p r o v i d e d  in A pp end i x A. Sample cal culations a re

carried out throughout the text for a hypothetical investment at
YN G , Young st own Ohio Mun i c i pal A i rpo rt

4 1 . 4 HANDBOOK ORGAN 1:AT ION

t h e  f l o w  c h a r t  shown in F i g u r e  1 sh ows  the  s t e ps  r e q u i r e d  in

ev.I I u a t  i ng an a i r p o r t  capac  i t  c i n v e s t m e n t  . Each box in t he
F i g u r e  c o r r e s p o n d s  to  a S e c t i o n  of the  handbook  and t o  one or more
Worksheets . Seperate Sections are  devoted  to the  d e v e l o p m e n t  n t
benefits from the reduction of: (1) airport runway dela y s , (2)

aircraft diversions , and (3) system wide or “cascad ing ” airport
delays due to capacity improvements. Note that benefit s from
reduced aircraft diversions will he generated primaril y from
investments that improve airport capacity during condition s of

4
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high  wind or poor weather. System wide delay reduction benefits

will occur only at airports having scheduled aircraft service. In

general , an airpor t inves tm en t wi l l  no t a lways  genera te a l l  three
• types of benef its , and the handbook user ma y choo se to use only

some of the sections of this handbook in evaluating the desirahil-

ity of a specific airport investment . The sections he chooses ,
however , must form a comple te pa th f ro m the top of the char t to
the bottom .

Sec t ions 3, 4, 5, and 6 of th is h andbook develop benef its

for the first and tenth year of airport operation with the invest-

ment under consideration. These annual benefits are combined

us ing a methodology contained in Section 7. of the handbook to

.1 
yield total investment benefits over a 20-year period. The hene-

( fits over this 20-year time span are discounted to equivalent

dollars at the time of the initial investment. In Section 8 the

time stream of investment costs is calculated and similarly dis-

counted to the time of the initial investment. A comparison of

total benefits and costs of the airport capacity investment is

made in Sec t ion 8, where the Benefit/Cost ratio is calculated . In

employing  th is ra tio it should be re al ized tha t on ly  th ree types
of benefits have been included , namely airport delay reduction ,

‘1 system-wide delay reduction , and diversions reduction . The

r e s u l t i n g  B e n e f i t/ C o s t  r a t i o  is on ly  an a p p r o x i m a t i o n  of t he
B e n e f i t/ C o s t  r a t i o .



2. GATHER DATA

The user of this handbook must provide certain information
about the airside operating characteristics of the airport. The
major items to be provided deal with runway processing rates ,
weather , number of operat ions , mix of aircraft , and numbe r of
passengers , as listed in the preceding Section .

The impact of an investment on an airport ’s performance will
be examined for the first and tenth year of use for the proposed
investment , so airport demand and capacity information must be

• forecast for both these years. Throughout the handbook these years
will be referred to as YEAR 1 and YEAR 10. The user should be
aware that YEAR 1 is the first full* year in which benefits can
accrue to the investment and may be several years after the first

• year in which costs are incurred. The difference between first
year of costs and first year of benefits will be accounted for in
Sections 8 and 9.

• The data gathered in this Section will be entered on Work-

• sheets #1 and #2 , provided at the end of the handbook . The
information required for these Worksheets will now he described .

2.1 ANNUAL AIRCRAFT OPERAT IONS

• The number of annual aircraft operations to he served at the
airport must he provided in analyzing the airport investment bene-
fits. Projections of airport operations should be i rovided for

• scheduled operations (by air carriers and air taxi), and non-
• scheduled operations (made by genera l aviation and military air-

craft). Projections of activity for many airports are provided
directly by the Terminal Area Forecast (Reference 4). Traffic

*Jf the improvement reaches operational status in the first six
mon ths of the year , it should he assumed to have been operating
from the beginning of the year. If It begins operation in the
second six months of the year , it should be assumed that operation
does not begin until the start of the next year. Either fiscal or
calendar years may be employed in using this Handbook , hut not both.

7
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‘1 t o t e c a s t - .  i n  t t i t - .  r e f e r e n c e  are In t h e  p rope r  fo rma t f o r  deve lop-
i i~g t h e  i l i t 0 F ili.t I I t i l l  n e e d e d  Ii~ th i s ha ndbook . ‘t I rport t i . t  I t i c p l O  -

i ccl i o t t ~. mu -. t be p tot t dod for t h e  t I r st and tenth rca r cit a i r p o r t

opt’ ta t i on  w i t ti the I l i V e  -. ti flolI t in p1 ace and opt’ rat t om t I . *

2 .  2 .\ 1 R I’O R T  L I  I l l  MIX

• Flit’ in i~ ii ic r a ft t rpos operat ing at an at r p o r t  i J e t  m e d  I I )

h t —. h an d b o o k  t o  inea t i  t he t t i l t t ion  o t t o t  a 1 an n u a  a i i p o  r t  o p e r a  -

I t i l t - .  m a de  h r  ea~ h o I a ~.or i es 0 t s even  a t rc ia ft ~at t’co r i o - .  - The
a t r p o r  t t i e e t  n i t  ~ proi ccl tons are to he made  separate lv for

sche~lu l ed  a n d  t i o t i  -.~ t ie J t i  l e d  a t i c  a I t  , and  t h en  comb t n ed  i t - .  t n g  I

Op eta t ton- . dat a previous l y tiovi ’ loped. Al rport fleet nit ~ m u st  he

p rot ec tcd t or  the t irs t and t e n t h  ve i l  r of a i rport ope rat ions a f t e r

lit ’ liv o — . I m o n t  t i n d e r  con ~. i de  t a t  ion i s i n  p l a c e  and  op t ’ rat I ona 1

\ t rpo i t  t I oct n i t  ~. h a - .  be en  pro t oct od to the rear 2000 fo i o t t ’  F
1(1 (1 I I . . i t  t ç ’o r t  I I I  I~t’ t ~ F en c e  S . it p r e t  t o l ls  pro l oct t O r t s  01

.t i r p o r t  I loo t m i x  have not boon made , the anal yst lut ist use pr otes—

t t in t 1 i ttd gt’inoti t ~ r i d  k i io t ~ I ed~~’ in dove l o p i n g  11  oct tnt x p r o i  cc t tons

or  t I to  i i  rpi it t i’ t I I t t  0 t e s t  . li t sto I’ ica I dat a on scheduled ti oct

m i x  t .  t lo~~ttliit’ll tt’d p e i’tod t callv in A i i ~p o rt  Ac t  i v t t v  Stat i s t i ~~s

(Ret o r e i t c e  U )  ; and the ’~e lia~.t report s may he used a s a g u i d e t o

tle ct nit x pr ot e c t ions t o r  scheduLed operat ions . Prolec t i o n s  of

a t rc raft Fl ee t m ix t or non sth~ dUL~ tI ope rat ions can he der I ted

s l it  tat lv I ts  t f l~~ h i .. t  t ’l  Ic .il records o I airport op e r a t  i o n s  h r  general

at  a t  ion or nti I i t .irv a I ic tat t . The ai rcraft cat ogor it ’s used liv

t h i  h a n d b o o k  are dot t ned in lab Ic  3. 
-

.~~. 
S A I R P O R T  I IR /VE R WI ATIIER ERFQIII NCY

4 c
W e a t h e r pla ~ -. a s i gn i ficant role in influencing airport t h ’l av s .

t ’ond t t tons of los cc’ I I  l u g  and v is i hi . I I tv c a u s i n g  I n s t  ru m en t  El i ght
Ru te ’ s ( I F R )  oi’o r a t  i ng p r o c e d u r e s  c a n  i n c r e a s e  the t ime requ I red

b e t w e e n  a I rc r a t  t opertt t (tins and thereby increase dela ys . Airports

e x p e l i t ’n c t n g  l i i i  w e a t h e r  a h ig h percen tage of the  t i m e  shou ld  he

#Tbe same t r a r f m c  i s  to  he assumed to  occur  w i t h o u t  the i n v e s t m e n t
as w i t h  i t  ‘.ti t h a t  1 val id comparison of d e l ay  r e d u c t i o n  may he
oh t a t nod

8

_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _~~A



Lr-

TABLE 3. D E F I N I T I O N S OF AIR CRAFT CATEGORIE S

A i r c r a f t  Ca tegory  Typ ica l  A i r c r a f t  I n c l u d e d

1. 4 Eng ine , Wide Body JET B - 7 4 7 , B - 7 4 7 F

• 2. 2 , 3 Eng ine , Wide Body JET  L - l 0 l l , DC- b , A300B

3. 4 Eng ine , Standard  Body JET B - 7 0 7 , D C - B

4.  3 E n g i n e , Standard  Body JET B - 7 2 7

5. 2 Engine , Standard Body JET B -737 , D C-9 , B A C - l l l

6. Large  Turboprop , P i s ton  L- 188 , (‘V-S8 0 , M - 4 0 4 , e t c .

Smal l  ( < 1 2 , 500 ib)  Beech 99 , PIIC T w i n  O t t e r ,
Piper A :tec , etc.

I
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expected to have d i f f e r e n t  a i r p o r t  de l ay  c h a r a c t e r i s t i c s  t h a n
a i r p o r t s  r a r e ly  expe r i enc ing  IFR w e a t h e r . h i s t o r i c a l  a i r p o r t
wea the r  c h a r a c t e r i s t i c s  have been t a b u l a t e d  f o r  2~~l U.S. airports

• in Reference  7 , and a i r p o r t  planners can make  use of this source

in es t ima t ing future weather characteristics for an airport.

For t h i s  handbook , the r e l e v a n t  measure of airport weather i s
the fraction , f~ , of the t ime IFR weather i s  in effect over an
“average” year. IFR weather is defined as ceilings below 1500

feet or visibilit y less than 3 miles. One minus the fraction , ft.,
of VFR weather. Planners without access to R e f e r e n c e  7 may be

able to approximate these fractions by examining the data presented
in Table 4 for a range of U.S. locations. Care must he exerci sed
in employing Table 4 because local conditions , such as bodies of

9 water , nearby mountains and airport altitude can c ause t h e  c e i l i n g
and visibilit y conditions at the airport to dif t e r  mark edl y from

those  in the  s u r r o u n d i n g  r e g i o n .  The local Ie’tle ral Iseather Serv ice

station may provide assistance for obtaining accurate data.

2.4 RUNWAY PROCESSING RATES

Airport runway processing rates are d e f i n e d  he re  to mean t h e
maximum number of a i r c r a f t  a r r i v a l s  and d e p a r t u r e s  that can be

served in an hour by an a i r p o r t  ~ 5 runwa  sy s t e m . To evaluate the

b e n e f i t s  of an a i r p o r t  i n v e s t m e n t , t he  u s e r  of  t h i s  handbook must

p r o v i d e  the runway  p r o c e s s i n g  r a t e s  f o r  I E R  and  \ E R  w e a t h e r  f o r
• the airport runway s y s t e m  w i t h  t he  addi t ion  of  the investment under

c o n s i d e r a t i o n , and for  c o m p a r i s o n , w i t h o u t  the investment . These

proces s ing  r a t e  est ini a tes  titus t be pro t  ided for the I i  rst aii~I tenth

year that the investment is scheduled to be’ operational , as shown

on Workshee t  # 2 .

• The procedure of Worksheet #2 i s  o n l y  one o t ’ several possible

procedures for estimating IFR  and \FR proces sing rates , I t  a mor e
accurate or more convenient procedure is available to the user , he
may employ it , prov ideti it give s average I FR and  \ P R  p r o c e s s  in g

rates for Year 1 and Y ear  10.

I I)
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TABLE 4. REPRESENTATIVE VALUES FOR FREQUENCY OF IFR CONDITIONS

Eas t South
Bangor 19. 7 Montgomery 10.0
B u r l i n g t o n  8 .4  Shreveport  11.4
New York 16.5 L it t l e  Rock
Rochester 11.3
Washington DC 11.5 Southwest
Pittsburgh 17.1 Tulsa 9.0

Dallas 8.7
Mid-West Corpus Christi 12 . 7

De t ro i t  14.1 Lubbock 8 .0
C i n c i n n a t i  14.5 Albuquerque 1.1
Chicago 16.3 Phoenix 0.4
Minneapolis 11.5

Des Moines 12.2 Great Plains
St. Louis 11.1 Kansas City 10.0

Wichita 10.5
South Fargo 12.0

Tampa 6.7 Bismark 10.5

Atlanta 14.5 Rapid City
Winston-Salem 13.7 Sioux Falls 12.5
Nashville 10.1

-‘ ‘ Rocky Mountains Pacific
• Pueblo 5.3 San Diego 19.3

Cheyenne 9.2 Los Angeles 25. 7
Billings 5.7 Fresno 9.2

• Helena 2.4 San Francisco 15.5
Boise 4 . 7  Portland 11.0

• Salt Lake City 5.5 Seattle 16.3
Las Vegas 0.3 Spokane 14.3
Reno 1,6 Juneau

Anchorage 8.8
• Fairbanks .9

Honolulu 0.5

Source : Reference 4 .

11
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Man) airports have sexeral different operat ing configuration s
that are used under different wind conditions. When an airpor t
has sever al different processin g capacities because of alternativ e
runway use patterns , the u s e r  should estimate the percentage of
time each configuration is used , and use these fractions to
de v e l o p  a n n u a l  a v e r a g e  p r o c e s s i n g  r a t e s  f o r  I F R  and \ ‘FR c o n d i t i o n s .

Pre vious airport capacity studies (such as Reference 3 and 8)
can  he u s e f u l  in e s t i m a t i n g  t h e  a i r c r a f t  p r o c e s s i n g  r a t e  fo r
d i f f e r e n t  runwa t’  c o n f i g u r a t i o n s . These s t u d i e s  a l s o  i n d i c a t e  how
airport fleet mi x changes affect processing rate. If an airport

p l a n n e r  a n t i c i p a t e s  a s i g n i f i c a n t  c h a n g e  in a i r p o r t  f l e e t  m i x
between the first and tenth ~ears of airport operation with the
new investment , t h is f l ee t m i x change  may result i n process i n g
rate changes between the two t ime periods for the same runwa

configurations.

the procedure tor gathering the data and f i l l i n g  in W o r k s h e e t s
‘1 and #2 is illustrated by the following hypothetical investment

~i t  \ N C .

2 .5 SAMPLE CALCULATI ON : ANNUAL AIRCRAFT OPERATIONS

C o n s i d e r  a h y p o t h e t i c a l  a i r p o r t  runwa y  i n v e s t m e n t  in  l9~~” at

\ o u n g s t o w n  O h i o  M u n i c i p a l  (\ ‘N G) . A l t h o u g h  the  f i r s t  expenses  -ire

incurred in 19’” , the anal ”st assumes that 1979 would he the first

year of airport operation with the new runway in place if the

investment is made. Therefore 1988 would he the tenth ~‘ear of

a i r c r a f t  o p e r a t i o n  w i t h  the  i n v e s t m e n t .  The a n a l y s t  d e t e r m i n e s
the volume of aircraft operations to he accommodated liv using the
T e r m i n a l  Area  Fo reca s t  [R e f e r e n c e  4 ) .  A c t i v i t y  p r o i e c t i o n s  fo r
1N~ f rom t h a t  Reference are reproduced on the following page.
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F r om t h i  ‘. i t i t ouma t i o n  t he anal~ st  I e a r n s  t h a t  \ N (  i s p rot ec ted to
h a v e  9 ’ 0 0 0  + 1 ,000 10 ,000  o p e r a t  io n s  liv .i i r  ~‘a r r  t e t ’  and a i r  taxi

~ I ‘
~~) . th t’st ’ J F t ’ t ak t ’n t ~ lie the t’nt  r e ly  o I sc h e d u l e d  opera -

t OTi~’ I I I  I’~ . ~h~’ t e n t i t i d e  i of tota 1 op eta t tons in 19”9 , or
11$ • 0 0 9 -  10 • 0 0 9  — 10$ , 010 0 o p e r at  iOn s  are  mad e li general av i at ion
and in t 1 t tar ’ a ire ra ft • an~I are r e f e r r e d  to as nonscheduled opera  —
t tens . l’he ama 1 ‘st ~Ie~ e lop s the fo i l ow t ng  a t rpe rt o p er a t  ions
p r o t e c t  i o n s  f r o m  th t’ ter m inal Ar ea loreca st inforinat ion from YNC :

j~~~a t  lOfl’~ 1 9 9  1988

Sch e d u l e d  10 , 000 13 ,400

Nonschedul ed 108 . (100 19.’, .100

t ot a l 118 , 00t ) 05 ,800

i n  order t o  ob t a i n  t h e  p r oj  ect  ions  f o r  1988 , which are  not
given in the forecas t , it i~as as~ umcd t h a t  t r a f f i c  cont  inues  to
grow be y ond  108” at  the same rate it i s projected to increase front

j 1’~$2 to 195” . Vh is rate i s  approximatel y ~l 2 , 000 - l0 , 0tl01/ 5 $tl0
ope  r.i t toils pet yea i’ to t a i t  c an ’  i c r , 0 t’or .i i r tax i , and
a p p l o x  i mat e lv [1 9ct .0 0 1 0 —  14 . 000)  / 5 9  , $00 ep e r a t  i ons  per y e a r  t o t a l
Thus the scheduled t t a t  l i e  p r o t e c t  ton for 1988 is 1 3 ,400 operat tons

.tnd the tot a l tr a t f ic 1’re l oct ton is 205 ,800 operations.

T he . i l ioy e pro t ections are entered o n t o  Worksheet 1 on lines

1. and . \oits~ heJtiled operat ions , lin e 3 . ,  are  o b t a i n e d  b
s u b t ra c t  t o n .  I t ties 4. and 5. , the frac t ion of s chedu led  and non-
‘.c ht’du Led operat i otis • are  obta i ned liv U iv Id ing lines 2 . and 3 . 1w

I tnt ’ 1. • and w i l l  he used  later.

13



ix/x

—~ _

• WORKSHEET #1
1/1

WORKSHEET ‘1: OPERATIONS ~ W E A T H E R  DAT .~
YEAR 1 YEAR 10
1,glqT (i98p1

OPERAT I ONS

[1] -Total Operations - iI~~, 0O~
• (2J -Scheduled _Operation s /O~ 0O0 I - ~Ai0C

(3] -~~n-Scheduled 0j’èTàTjons— L l]- ( 2 ]  — / 0 8 , 000 I~l~.2 ,400

[4 1  — Fraction Scheduled [2]/[l) — . Ot~5 .

[ S I  -Fraction Non-Scheduled
( 3 1 / E l i  - . 9 1 5

AIRCRAFT M I X , SCHEDULED

[~~) 4 eng ine  w i d e  Body Jet - . .O0
( “ 1  -2 , 3 engine Wide Body J e t  — . 00 .00
[8j -4 engine Standard Body Jet - .oo
[9) -3 engine Standard Body Jet = ..7.5 . 30

[10] - engine Standard Bod~ Jet - .45  .50
[Ii] -Large Turboprop , riston - . 30  ..W
[ 1 2 1  — S m a l l  ( < 1 2 , 500 i b )  .00 .00

AIRCRAFT M IX , N O N - S C H E D U L E D  i . 0 0  / 0 ~~

[13]  4 engine Wide Body Jet - • 00 .00
[141 2 , 3 engine Wide Body Jet - .00 .00
[1 5 ] -4 engine Standard Body Jet - . 00  .00
[16] -3 engine Standard Body Jet - . 00  .00
[171 -2 engine Standard Body Jet - .00 .00
[18] -Large Turboprop , Piston - • /0  . 10
[19] —Small (<12 ,500 lit) — .~~0 . fo

A I RCR A FT M I X , TOTAL 1. 00 , 0 0

[20 1 - [4 1 x [~ J + [51 x 1131 - .00 .0*,’
[2 1]  — [ 4 ]  x [ 7 ]  + [5)  x [14] — .oc’
[ 2 2 ]  — [ 4)  x [ 8)  + [SI x [ 15 ] — .0*.’
[23 1 — [4 1 x [9 1 + [5]  x ( 16 1 — .c~~.. .c~..i[ 2 4 1 — [4] x [10) + [5]  x [17] — .~~~t .c ’.~[ 2 5 1  — [4 )  x [11] + (5] x [18] — .12. • 1 I
( 2 6 1  — [4 )  x [12 1 + (5 J  x [19] — ~~~~~

WEATHER FRA C TIONS “~~~~

( 2 7 ]  - F r a c t i o n  f of I FR weather  — ~~~~~~

[28) -Fraction f ~, of VFR weather  - .~~q . 79
(l .0- (27J

14

I”



- -
~~~~~~~~

-—-— -~
--‘---- - 

~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~~ T ~~~~~~~~~~~~

2.6 SAMPLE CALCULATION : AIRPORT FLEET MIX

C o n t i n u i n g  our h y p o t h e t i c a l  example  u s i n g  YNG , the  analyst

would first consider the rescheduled fleet mix . Data found in
R e f e r e n c e  6 i n d i c a t e  the t r e n d s  in scheduled a i r c r a f t  o p e r a t i o n s
at 1MG as shown in Table  5:

TABLE S . TREND IN SCHEDULED AIRCRAFT MIX AT ING

A ircraft Type Percent of Annual Operations

1971 1974

1. 4 Engine Wide Body JET 0.0 0.0

2. 2 , 3 , Eng ine W ide Body
JET 0.0 0.0

3 . 4 Eng ine Standard Body
JET 0.0 0.0

4. 3 Engine Standard Body 12.7 24.0

JET
5. 2 Eng ine Standard Body

JET 59.8 44.1

6. Large Turboprop , Piston 27.5 31.7

7. Small (<12.500 ib) 0.0 0.0

100.0 100.0

Based on this information (and no judgment as to the probable equip-
ment replacement actions to be made over the next 10 years) , the
analyst can develop a projection of scehduled aircraft fleet mix
over the next 10 years. One plausible scheduled aircraft fleet
mix for  1979 and 1988 m igh t be as fo l l ows  (Table 6) :

TABLE 6. PROJECTED SCHEDULED AIRCRAFT MIX FOR YNG (PERCENT)

1979 1988
3 En gine , Standard Body JET 25 50
2 Eng ine , Standard Body JET 45 50
Large Turboprop , Piston 30 20

100 100

is



C o n s i d e r  n e x t  the  n o n s c h e d u l e d  a i r c r a f t  m i x .  For a i r p o r t  p l a n n e r s
in certain states or regions , the mix of nonscheduled aircraft can

be projected by reviewing the fleet mix trends revealed by surveys

of general aviation/military fleet mix characteristics at the air-

port being considered . H o w e v e r , not all states have carried on such

surveys in the past , and airport p lanners in those areas must use

more approximate methods for forecasting an airport ’s future non-

scheduled aircraft fleet mix. A brief review of the aircraft based

at an airport will in most cases help an analyst get a clear idea of

th e range and relative group size of the types of aircraft that

perform most of an airport ’s nonscheduled operations. For the

samp le  ca l c u l a ti on , as seen in lines 13. through 19. of Worksheet
• 

~1 , the analyst has used averages of 10 percent large turboprop

or piston , and 90 percent small aircraft types (less than 12 ,500

pounds gross take off weight) in both 1979 and 1988.

The scheduled and nonscheduled aircraft fleet mix projections

for 19~ 9 and 1988 must now be combined to form the total airport

fleet mix using the fractions of total annual operations made by

scheduled and nonscheduled aircraft as weighting factors , as

shown in the calculations detailed on lines 20. through 26. of

Worksheet #1. The result of this weighted average for the sample

investment problem for YNG is shown in Table 7 below and on the

sample Worksheet #1.

TABLE 7. TOTAL AIRPORT FLEET MIX PROJECTIONS (PERCENT)

1979 1988

(23.) 3 Engine , Standard Body JET 2 2
(24.) 2 Engine , Standard Body JET 4 3

(25.) Large Turboprop Piston 12 11
(26.) Small (<12 ,500 lb) 82 84

100 100

16
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2.7 SAMPLE CALCULATION : AIRPORT IFR/VFR WEATHER FREQUENCY

The data shown below for Youngstown Municipal Airport have been
reproduced in Table 8 from Reference 7. They indicate that IFR

conditions have been observed 2 0 . 8 %  of the time his tor ica l ly  from
1948 through 1964 at YNG . VFR conditions have been observed 100%-

20.8% = 79.2 percent of the time . These two percentages are seen
at the bottom of columns (1) and (2). The frequency of occurrence

of IFR and VFR wea the r condi t ions are referred to as f
1 and

respec tively in later portions of this handbook. Their values for

YNG have been entered in lines (27.) and (28.) of Worksheet #1.

2.8 SAMPLE CALCULATION : RUNWAY PROCESSING RATE 
•

~ -

For th is sample calc ula tion , assume that YNG has a single run-

way with the addition of a second crossing runway under considera-

tion. For the sake of discussion , assume the orig inal runway will
be desi gnated runway 7/25 , and the proposed crossing runway w ill be
designated 12/30. The analyst studies airport wind rose data and

es t ima tes tha t 65 percen t of the t ime , the new runway configuration
will be used with the intersection of the runways occurring at the

near threshold. The remaining 35 percent of the time the runway

intersection will occur near the far threshold with a resulting

decrease in operating capacity . Without the investment , the air-

port runway capacity is that of a single runway facility, and the
capac ity in either direc tion of opera tion is the same .

1 

The airport planner has decided to employ the procedure out-
lined on Worksheet #2 rather than develop independent estimates of

• net processing rates with and without the investment he has already

estimated the mix of aircraft to be served at the airport in YEAR 1

and YEAR 10 , as he entered on Worksheet #1 , l ines 20 . through 26.
The es t imates  as to airpor t flee t mix and direc t ion of a i rc ra f t

operations are laid out with runway configuration diagrams in

Figure 2. as an aid to visualization . The airport planner uses

these  assumpt ions  in con junc t i on  w i t h  a i r p o r t  capac i ty  p l a n n i n g
manua l s  (such as References  3 and 8) to d e t e r m i n e  hour ly  IF R and
VFR runway processing rates for the airport in 1979 and 1988,

17 
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WORKSHE ET #2
1/2

WORKSHEET # 2 :  PRO CES SI NG RATES

PROCESSING RA FF S WITHOUT INVESTM ENT

RWY _IEAR 1 YEAR 10 /% USE\ YEA R J~~ 
Y EAR 1Q

CONF. \‘FR IFR  V FR IFR X~~ iaa / VFR ~FR \‘FR IFR

A ’ 7  
~~~ ~ 3 qq .ç3 x (  ~~~ ) • ~~~~~ ~~~~~~,

0-’’7 J

A ~~~~ ‘,q g~~ 
y~ 53 x (  35)  • 35. iq, ~s /~~

- • x (  ) •

x c ) —

x ( ) .

) •

x (  ) s

x (  ) a

NET PRO CESSING RATES 4?9 53 qq 53
WITH OUT INVESTMENT -

k (29] (30) [31] [321
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WORKSH EET #2
2/2

PROCESSING RATES WITH INVESTMENT

RWY YEAR 1 YEAR 10 x ~~% USES YEAR 1 YEAR 10
~‘FR IFR VFR IFR  I 100 1 V FR IVR VFR I1~R

• j15 •7i il,5 7!  x (  ) • 1iq ~~~ 
,i ’/  4é

(7.7 55 4~9 55 x (  ) • ~4 i9 3’# ‘‘7
D- .30)

x( ) —

x(

x (  ) -
‘4’

x (  ) •

x ( ) -

) -

x (  ) —

NET PROCESSING RATES / s~9 ~S / L 1 . 8a WITH INVESTMENT -

[33]  [34)  ( 3 5 )  [3 6 ]

20

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



-‘I

- 
,i with and without the i n v e s t m e n t  in a new runway. Using Refe~ence

3, the a i rpor t p l a n n e r  de ter m ines the IFR and VFR p roces s ing  r a t e s
for 1979 would be 53 and 99 operations per hour for the airport
without the new runway . In 1988 , the fleet mix changes do not
substantially alter the IFR and VRF processing rates according
to Reference 3, again assuming no new runway investment. These
numbers are entered onto page lof Worksheet #2 .

Calculating the IFR and VFR runway processing rates with the
new runway is slightly more involved because processing rates are
influenced by the direction of aircraft operations. When the wind
is such that the runway intersection is near the end of the runway
used at po in t of touchdown on landing and brake release on departure ,
the LFR and VF R hour ly  p rocess ing  r a t e  w i l l  be 1 and 175 opera t ions

1 per hour in 1979 , acco rd ing  to  Refe rence  3. If runway operations
take place in the opposite direction , the runway intersection will
be at the opposite end of the runway from touchdown and start of

• takeoff roll. In this instance Reference 3 gives  the I FR and ~‘FR
processing rates to be 55 and 99 o p e r a t i o n s  per hou r .  The a n a l y s t
estimates that the runway intersection will be located near the

start of runway operations 65 percent of the time (as illustrated
in F igure 2) , and the runway p ro cess ing  ra tes are combined on page
2 of Worksheet #2 , using the assumed frequency of use percentage

• for each runway configura tion. Therefore , in 1978 , hou r ly IFR
processing rates will be 0.65 x 71 + 0.35 x 55 • bS.4 and the VFR

processing rate will be 0.65 x 175 + 0 . 3 5  x 99 — 1 4 8,4 .

The procedure used to derive the processing rates for 1988 is

the same as was illus trated for 1979 operations. It will be noticed

that , in the YNG example , the 1988 processing rates are  the same as
those for 1979 , because the projected fleet mix in 1988 is similar
to that in 1979.

L 2 !



Without Investment 7~~~~~~~~~~~~~~~~~
Direction of

ions

~‘1eer Mix -~12~ Small ~~~ Sm~i11

I ~‘t Large Pr~’p. 11 large Prc*p,

4’t i.arge .~ ~~. targe 2

En gine .let a Fn~ I ~e , J 5~t .d

2~ Large 1 .‘ . l,argt’ I

Ingine J e t s  ~:ng In c Jet a

W ith investment

• Direction of ~~ 65% ~~
0perati~~s ~~ — 35% -

Fleet Mix -82% Small M•~ Sma l l

12~ Large Prop. Il~ large Pr ’ p .
+~ Large 2 l~ l a r ge  -

,

Engine J e ts  Engine .Ie t s

2~ Large 3 .~~ large

Engine Jet s Eng ine le ta

FIGURE 2. AIR PORT RUNWAY CONFIGURAT IONS (SEl~ DIS C USSION
IN SAMPLE CALC ULAT IONS)
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3. EST IMATE AIRPORT DELAY REDUCTION

Thi s  sec ti on of the handbook desc rib es the me thod of es t im ati n g
red uc ti ons in a i rpor t delay from an a irpor t inves tmen t . The process
is laid out on Worksheets #3 and #4. In Worksheet #3 , the user
develop s meas ures of airport congestion with and without the invest-

ment  for  YEAR 1 and YEAR 10. In W o r k s h e e t  #4 , these  measures  of
congestion are used to estimate the average delay per aircraft

opera tion at the airport first without and then with the new invest-

men t. Total annual aircraft delay can then be computed for the air-

por t for bo th the “Investment” and the “No Investment” scenar ios ,

for  YEAR 1 and YEAR 10.

3.1 QUANTIFY RUNWAY CONGESTION

The Airport demand , weather and process ing  rate info rmation

developed in Worksheets #1 and #2 are used in this section to
evelop four rough measures of the airport operating environment
for YEAR 1 and YEAR 10. The procedure is carried out in four steps
on Worksheet #3. The steps are:

STEP 1.
F irs t the a irpor t ’s average hourly processing rate is cal-

culated by comb ining the airport ’s IFR and VFR processing rates ,
using the historical frequency of occurrance for IFR and VFR

• weather as weighting factors. Designating the hourly IFR and VFR
• processing rates as P1 and P,~, and the historical relative frequency

of occurance of IFR and VFR weather as f1 and ~V 
(where f1 +

1.00), the average hourly processing rate for an airport (designated
as ~) is calculated using the relationship

STEP 2.

The second step , calculating airport traffic intensity ~
simply uses the total volume of annual airport operations VT and the
average runway processing rate ~ in the relationship

p — V1/(8760 
.
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WORK SHEET #3
1/2

WORKSHE ET # 3 :  AIRPO RT CONGESTION MEASURES

QUANTIFY RUNWAI CONGESTION , WITHOUT INVESTMENT

YEAR 1 YEAR 10

STEP I :  ~ - f 1p 1 ~~~~~

[ 2 ” J x [3 0 J  — ( I i i )  [ 2 7 1 x [ 3 2 J  — ( 1 1 . 1
+ J~~~ 

x [291 ( 79~~ ) + L281 x [311 — ( ~~~~~
~ total — (~~q.3) — total — ( S9.3 )

13~] [38]

STEP 2 :  p

— [IL yr  1. p — [1] yr  10
8 t ~O . f 3 ~~J 8 7 6 0. [ 3 8]

I
— ( / / 9, o o~~) — ( ~ O5~~~~~)
8 0.(~~~M 8”60.(~~9J)

- ( ~~~~~~~~ ) - O.~~63

[39] [ 4 0 ]

STEP 3 : r

r - [30] / [29] r — [ 32 ]  / [ 3 1 ]
- (s.~.)/(qq ,) - (53.)/ (’~c?.)
- ( c’.’-~~~ ) - ( C’ . ’~3~ )

( 4 1 )  [4 2 ]

STEP 4: y - V
N /VT

— [5 ]  yr 1 — [5] yr 10
- ( . ‘?/5~ ) - ( .q3~

[43] [44]
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WORKSH EET #3
2/ 2

QUANTIFY RUN WAY CONGESTION , WI TH INVESTMEN T

YEAR 1 YEAR 10

STEP 1: f • f1p1 +

[27] x[ 34] — (/3.~~) [27J x [36] — (/3 .’)
(281 x 133] — ~~~~~ J~ 8] x (~ 5J — (,/~.q)— total • (/3O.~) ~ • total — (/ k .~)[45] [46]

STEP 2: p — VT/ ( 8760 p)

p — ]~fl yr 1 p • (1) yr 10
8~60. [45] 8760. [46)

• ( / I S , 000 ) - L.lo•5~~ 0Q)
8760 (l ~o.~ ) 8760 (s~ o.~)

- ( 0 , / 03  ) • ( O . l W 0  )

• [47] (48]

STEP 3: r -

• r = [3 4 ] / ( 3 3 ]  r — 136]/[35]

— (~~s.)/(,’#L) ( ‘s . ) / ( ”~.)
- ( O. ’#39 ) • ( o. .#39 )

[49] [50]

STEP 4: ‘~ - VN /VT

y — [5] yr I y - [5 1 yr 10

• (o.915 ) - ( 0•qj s )

(51] [ S 2 J
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c designat es the total a n n u a l  r a t e  of o p e rat  ion divided by t h e’
nax imum po~; s ib It ’ number ot runway operat ions for the year (average

proce ssing rates t iflies the ’ nunibe’r of hours per rear)

SIFI’ 3.

the rati o of IFR process ing rate to  t h e  V1R processing rate
t o y  t h e  a i r p o r t  i s  d e s i g n a t e d  as r .  The value for i- is determin ed

d i r e c t  Iv from tht’ a v e r a g e’ I FR and VFR process  in g  rates and P,~.
p rev i ous l v  dev e’ 1 oped is fo Ii ows

— p / I\.

S F1 1’ 4 .

t h e’ tr ac t ion ~ I total a i rport operat ions made ~~ nonschedu I ed

.1 rc ra I t i s  des  t gnat ed hr the s mh ol . For each year ~~ i ng con -

s ide red • I s  Je t em int’el us ing the pro j cc t ion of tot at scheduled

.itid iou ~ liedu I eJ opt’ r u t ions \‘ ~~aoJ \ as t o 1 1 oi~ s

- / (v +v~ - ‘N v
1

Ihese thre e’ t e r m s  • ,~~, r and ire ’ important det erm inant s of a t  rp o r t
r u n w a y  de’ l a y , and a re  used in es t  m a t  in g  the ’ l ev e l  of  runi~av delay

fo r the’ .m t rpo rt be i ng eva I tint ed

5 . 2 ~iF FIRM 151 C1IAN~~1S IN A V F RA ;F RUN W AY UI LA Y

‘lhe’ h an d b o o k  u s e r  w i l l  est  i m a t e  at rport runway del avs us ing
Isorksh eet ‘1 and the graphs at the ’ end of this sect ion. These
gr o u p s  g i V t ’ ave rage’ arr i Va I and departure del a’ as a func t ion o

• , r an d  . Airport s diff er in their dela y chara cte ris t ics because
o I weat her and level of act i v  i t v  , so this handbook c o nt  a in s  arri va l

and departure dela~- graphs for 24 d i f f e r e n t  a i rport t vpe s . lab 1 ’  9
intl i c a t e ’s t he  p roper  p a i r  of g r a p h s  to  he u sed f o r  d i  ffei-ent a ii -

por t  c a t e g o r  i .  Separate graphs ar e  c o n t a i n e d  in this handbook
for a u r p or t  s w i t h  di t f e r e n t  s chedu led  volume and I FR went her fre

quenc it ’ s • as shown hr  t h e  first two column s of lab l t ~ ~) . In  add i -

I ion , separ.u te g r a p h s  are  p r e sen t ed  for  d i f f e r e n t  v a l u e s  ot r , t h e
ra tio of I F R  to ~ RF runwa y  p r o c e s s i n g  r a t e s .

- _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _
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WORKSHEET #~

WORKS HEET ~4 :  RUNWAY DELAY REDU CTIONS 

1/3

YEAR 1 YEAR 10

— (2 ] — ( l O ,oee) [ 2 ]  ( /3  ‘~c~
f~. • [28) - ( .7~~

) f~, — [ 2 S ] ~~ ( •~ ‘ q)
W ITHOUT 

r . (41) - ( .53 ) r - [ 4 2 )  - ( .53 5)
INVEST- 

~~~~~~~~~~~~~~~~~~~ F i g u r e s  c~~~and t.~
[43]  • ( 9(5 ) - [4 4 ]  • ( L/ 35)

r • [391 — ( . ici ) P — [40]  ( .~~~b 3 )

Arr Delay - ( , ~~ ) Arr Delay - ( ,, 7C )

153] m in /  [54]  m in /
o p e r a t io n  o p e r a t i on

Dep Delay • ( 
~~~~~ 

) Dep Delay — ( .Li )

[55 1 m i n /  [56]  m in /Operati on operation

V 5 — [ 2 ]  — ( / O , ecc ) — [ 2 ]  — ( s ~q
~’..)— ( 2 8 ]  ( .1 ’C ) — [2 8 ]  ( .

• WITH — [4 9 ]  — ( ~ q) r — [5~~] — ( . L~~)

INVEST- Figures ’PSan d 9.2 Figures ‘7.! and ’?.~MENT
. (51)  — ( • ‘115 ) [ 5 2 ]  — ( ,‘/3~~)

P - i [4 7 J_ (~~~~~~)

Arr Delay - ( ~~ 1 Arr Delay — ( .lo )
(57) min/ [58 )  m i n/opera t i o n ope r a t i o n

D e p D e l a y - ( ,~~3 ) Dep flelay • ( ,
~

, 9 )
[59] min / [60] m in /op erat ion operatio n
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WORKSHEET #4
• 2/3

DE LAY REDU CTION PER OPERATION

YEAR 1 YEAR 10
Arrival Delay Arrival Delay

R e d u c t i o n/ Op e r a t i o n  R e d u c t i o n/ O p e r a t  ion

— [53) - [5~~] • [54 ]  - [58 1

— ( O. .~5 ) • ( /.70 )

- ( 0, ! q 1 - ( 0.70 )

— ( O.I ~o ) ( 1.00 )r [ 6 1] mm /operation [62] m m / o p e r a t i o n

Depar ture Delay Departure Delay

Reduc tion/Operation Reduct ion/Operat ion

— [55]  - [59 ]  [56]  - [60]

— I. ~~~~
“

~~
- ) — ( Q. Io )

- I. ô .~~~~ ) - ( 0.69 )

— t. D. ’9 ) — ( i . ”/  )

[63] m m / ope ra t i on  [64 ]  m m / o p e r a t i o n
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WORKSH EET #4
3/3

• ANNUAL DELAY REDUCT ION

YEAR 1 YEAR 10

A r r i v a l  De lay  A r r i v a l Delay

Reduct ion/Year Reduction /Year

= 1 [61)  x [1] yr  1 • i [ 6 2 ]  x [1] yr  10
12 0

- ( .00/3 ) ( .00S 3 )

x ( i1~~, OD0 ) x ( .aOs, 0cc 1

I - ( /51.3 ) L — I i 17/ ~~. )

[65 ]  a c f t  h r / y r  [6 6 )  a c f t  h r / y r

Depar tu re  De lay D e p a r t ur e  Delay

I i  Reduction/Year Reduc t ion /Year
• — 1 [63]  x ( 1] yr  1 — [ 4 ]  x [1] yr 10

— ( , 00 / S ) — ( ,0/I~ )

( , I V~ 000 ) (~~05 , Coo )

T - (
~ 
,~~6 .9  ) T - ( ..

~,‘/ i9, )

- [67] acft hr/yr - [68] a c f t  h r / y r

TOTAL - [ 6 5]  + [67)  • [66] • [68]
- ~~~ 1Li1 / ) - ( ~

( ,~~33
[69]  a c ft  h r / y r  [ 7 0 ]  a c f t  h r / y r
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TABLE 9. AIRPORT CATEG O R I E S  FOR ESTI MATION OF RUNWAY DELAYS

I F A NNU A L SCHEDULED FREQu ENCY I - OF .-\ND RAT IO P1 / P~- USE RUNWAY DEl AY
VOLUME V I S B E TW E E I N V E R W E A T H E R ’ I S OF I FR TO VPR PRO - (RAPII IN FIGURE NOS BET W E E N C E S S I N G  RA TE IS

0 - 10 0 , 000 84~. - lOO ~ 0.~ - 1.0 4
0 . 5  - 0.69 5
0.5 — 0.49

0-100 ,000 ~84 - 0.’ - 1 .0
0.5 - 0.69 8
0.3 - 0.49

100 .000-200 ,000 S9~ - l00~ 0. - 1.0 10
0.~ - 0 . 6 9  11

• o.3 - o .~~ 12

100 000-200 ,000 S4~ • S 9 .  
• 

0. - 1. fl 13
0.5 - 0.69 14
0 .3  — 0.49 15

I 100 ,000-200 ,000 < 8 4  0. - - 1 . 0 16
0 . 5  - 0.69
0.3 - 0.49 18

~200 ,000 S~~• - I00~ 0. - 1.0 10
0.5 - 0.69 11

~~ I 0.3 - 0. 49 12

~2 00 , 000 84~- . 8 9  0 .  - 1.0 19

~ 0.5 - 0.69 20
0.3 - 0.49 21

-200 .00() <84°, 0. - 1. 0 2 2
0.5 - 0.69 23
0.3 - 0.49 24

m 
—• __________________________________________ _________________________________________

30
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Once the proper pair  of delay graphs has been located , the
• handbook user develops est imates of runway arrival and departure

delays directly from the graphs simply by using the appropriate
value of y and p , and reading the resulting values of runway delay
directly from the graphs . Worksheet #4 provides space to enter the
graph-selection parameters V~, f1~, r, to note the corresponding
figure from Table 9, and to enter the arrival and departure delay
read off the two graphs of the figure. Runway delay reductions are
then calculated on the next page of the Worksheet . Finally, on the
t h i rd  page of the Worksheet , the user mult ipl ies  these runway delay
reductions by annual arrivals and departures (from Worksheet #1) to
obtain total annual delay reduction in aircraft hours per year.
The factor 1/120 converts minutes to hours and annual operations

.1 to annual arr ivals  (or to depar tures) .

3.3 SAMPLE CALCULATION : AIRPORT CONGESTION MEASURES

The runway congestion measures for YNG are developed on Work-
sheet #3 , based on the previous results. The first page of the
Worksheet #3 is devoted to congestion measures without the invest-
ment , and the second page to congestion measures with the invest-
ment . The following steps are carried out on each page for YEAR
1 and for YEAR 10.

STEP 1.

The average processing ra te ~ is obtained by mul tiply ing the
VFR and IFR processing rates from Worksheet #2 by the weather fre-

• I quencies from Worksheet #1.

STEP 2.

The total operations for YEAR 1 and for YEAR 10 are divided by
the respective average processing rates calculated in STEP 1, to
yield the traffic intensity factor p , entered in items (39.) and

(40.).

STEP 3.
The ratio r of IFR to VFR processing rates is calculated from

Worksheet #2 data for YEAR 1 and YEAR 10.
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oc ~ s -~ tu g ra t e i n c  t o  a ~ ~~~~

4 s ) pe F Itout - t o I S i per hout - and the t r a t  I i c t nt ens i t v (actor d r o p s

t ’ v  ahoti t SS pts t~ oi l  I

S . 4 sAMPI .t CAICI? i:~ I I ON IW N WAY (I F l A Y  REI ) UCT 1 ON s

II.i v i ug ~1ev o I opt’d t hi’ n t e a , u l es of r u n w a y  congest ion on W o r k s h e e t

• t (~~ a~~ i v  ~
. t i -‘ ~i r e p a  t e d  to est jinat e the actua l dep arture and

.11 F i v a l  do l i v .i t \ NC to r 1 9 ’ s) and I 9 8 8 .  lIe i i  r st  t ransc r i l i e s  the

h i e o  ~ t i . i n  t it t o - - V , t and r o n t o  Work sheet ~ 4 • t or \iAR I a n d 10 ,
‘S V

t5 it ( t o u t t h~ ~~~ ~t in~~ t and wit Ii t he’ t iives tmen I . US I ug these three

he t h e n  solec t .~ t h e  p r o p e r  1 I g L I F t ’ nti inht’r I r on  F a t ’  t o  9.
I t gtiros apI’oa r in pa t r-~ • o ft ’ t o t depart t i l t ’  d c i  av  and  ou t ’

o F . 1 1 1  1 V a I do I a v

I i i  o r d e  F t o  e x t  i-act J o t  ~;v ~ I ron the I i gut es , two congest ion
n i o . i s t i r t ’~ .in i  ~ i roin Worksh eet $ . a r e  needed for each ti gure . The

v a (ito o I t -. I t i c  at e’d on t he ho i- i t ’ i t  t a t  a x  i s and the curve cor

‘ 
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in so loc t lug t hi’ curve t o  correspond to 
~ , i t u nece,.sat- v t o

i ut erpo ta t e hotw~ t’ti v at nec 01 
~ . For i’xampl e • it is seen front item

30~ 1 on Wo r k , -h e e  t 14 • that C for l IAR I , w i t  hout investm ent , i s
I ~~. lit i i , ;  in Id was- between the curves t ~~ . 10 and C— . 20

on Fi gure 8. h ence a cut-ye for ~~~~ . iS may hi’ sketched in idwav between
those tot 

~ 
— . 1( 1 and . 2 0 , as shown in F tgurc 3 . 1 w I t ichi is a c o py

o I F ig u lo S .  I’he’ departure do Lay is tead from the sketched curve.
I • (Note that the i n s e r t e d  c u r v e  i s  5/ 10  of the di stanc e f r o m  t he ’

o .  10 to .20 cui v ec , ~t s m e a s u r e d  by a linear scale rather than by
the iog~ir ittant c “ cale of t h e  figure). The arrival deta is similarl y
i-cad o f f  I- I gu i- c’ S . 2 (or the same value of ~ and ‘

~
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If the required value of p is . 1 8 , as in  i t e m  ( 4 8 . )  f o r  YEAR
10 , wi th investment , then the inser ted cu rve s h o u l d  he loca ted  8/ 10
of the distance from the curve for p= .I() to the curve for p .20 in

Figure 9. Similar intermediate curves have been selected for the

othe r cases of p . 2~ and p— .10 in Figures 8. and 9. and the

resul tant arrival and departure delays per operation entered onto

page . of Worksheet #4.

rhe delay reduc tions per operation are calculated on page 2

of Workshee t #4• It can he seen that arrival delay reduc t i ons  due
to the hypothetical investment at YNG would he .lb minutes and .19

minutes in 1979 and 1.0 minutes and 1.4 minutes in 1988 . The
larger delay reductions in 1988 are due to the projected increase

I) in t r a f f i c .

Finally, the annua l de l ay  reduc ti ons are o b t a i n e d  on page 3
of Worksheet #4 , by mul ti p ly ing t he d e l a y s  per opera t ion by a n n u a l

o p e r a t i o n s  in the four  cases. These annual reductions , in aircraf t

hours , are labelled L and I for use in the next step.

:4

1
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4. EST I MATE THE VALUE OF AIRPORT DELAY REDUCTION

- I 
A reduc tion in airpor t runway delays produces two types of

economic benefits to be treated here - - more efficient aircraft
operation , and reduced passenger time lost to delays. The magni-

-~ I tudes of both types of benef i t s  are related to the changes in run-
way delays experienced at an airport , but airport specific fleet
mix and aircraft load factors also influence their final value .

4 .1  AIRCRAFT OPERATING COST REDUCTION

Aircraf t opera t ing cos t reduc t ions are based on the type of
aircraft serving the airport and on the amount of delay time saved
for  a i r c r a f t  a r r i va l s  and departures. The aircraft operating cost
savings , S, are g iven by the relationship

S - K • L  + C •T

where K and C are the average aircraft operating costs on landing
and on t a k e o f f , Table  10 , and L and T are the delay reductions for
l and ing  and for  takeoff calculated in Section 3. K is greater  than
C because a i r c r a f t  fue l consumption is grea ter  during landing and
approach than du r ing  idling prior to takeoff. The sizes of K and

C for  a particular airport depend on the airport fleet mix. Table
10 shows a i r c r a f t  hourly opera t ing  costs for the seven classes of
aircraft considered in this handbook. A good estimate of K and C
can be obtained by averaging the operating costs for all the air-
craf t serving an a irpor t, using airpor t fleet mix data from Section
1, Worksheet #1 to weight the costs for individual aircraft types

shown in the Table. This process is carried out on Worksheet #5.

4.2 PASSENGER DELAY REDUCTION BENEFITS

Sav ings  in passenge r time due to reduc tions in takeof f  and
landing delays depend on the number of passengers on board the
aircraft as well as on the size of the delay reductions. It is

assumed that all aircraft sizes share equally in the de lay .  There-
fore the annual aircraft delay , developed in Sec t ion 2 , must be

multiplied by the average number of passengers on board during an
operation . The process is carried out on page 2 of Worksheet #5 ,
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TABLE 10. AiRCRAFT OPERATING COSTS AND SEATING CAPACITIES (1)

‘ I OPERATING COSTS~
2
~ , DOLLARS / HOUR

AIRCRAFT LANDIN G TAKEOFF SEATING
CATEGORY COST , K COST , C CAPACITY

3 E n g in e  W i d e  Body Jet 2055 1F1 352

2 , 3, Engine Wide Bod~’ Jet  1-1 2~’ 839 236

4 Engine Standard Body Jet l0T’8 712 144

3 Engine Standard Rod Jet 811 5’3 122

2 E n g i n e  S t a n d a r d  Body .Jet 646 4 ’  89

L a r g e  Turboprop , P i s t o n  385 351 46

S m a l l  ( — 1 2 , 500 I b )  2 3 19 8

~
1
~~A n a 1y s i s  of d a t a  found in A i rc ra f t Opera ti ng Cos t and Per formac e
Repor t (U.S. Civil Aeronautics Board) Vol . X , July 1976.

~~
1 Costs are expressed in 19Th dollars. Adjustments to a base
yea r , i f  necessa ry , w i l l  be made in Sec t ion  6 . Da ta  on S m a l l
aircraft taken from Reference (1), Section 3.6.
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WORKSHE ET #5

1/2

WORKSHEET # 5: AI RCRAFT AND PASSENGER BENEFITS

YEAR 1 YEAR 10

AVERAGE HOURLY OPERATING COST ON LANDING , K

$2055 x [20] — C .oo ) ( .oo )
1427 x (21]  — ( .oo ) ( .oo )
1078 x [ 2 2 ]  — ( •~,o ) ( .00 )
811 x [23] (~~~5~ ) (ie...u. )
646 x [24]  (a5.94) ( iq j ,-~~)385 x [25]  (~~,..ao) ~~~~~~23 x [261 (‘v.8’) ( i 9~~3.~..)

st,,~~~)fHR 5Tq7..~.7 TH R
[71) [72]

AVERAGE HOURLY OP ERATING COST ON TAKEOFF , C

$1171 x [20] ( • oo) ( .oo )
839 x [21] — C .oo ) ( .oo )
712 x [22 ]  ( .oo) ( 0 0)
573 x (23 ]  ( + i . ..~&) (, I .s~ )
472  x [ 2 4 ]  a 

~~~~~~~~~~ ( iq  . i~ )
351 x [25)  (‘& i. i~~)  (5~~~

.b l )
19 ~ [261 — (15-.cg)  ( ic .Q~ )

‘1 [73]

Y FAR 1 YEAR 10

ANNUAL OPERATIN G COST REDU CTI ON

K L  — [71]x [65fl— (l1,~qb) [72]x[66] — (I~~,vI)
+C•L a [73]x[67]).+(,~,~%) (74Jx [68] —+ (gq3~ç’9q)

• $ (
~~ 

Ij(
~ ~ ( ‘~eo,iiT~

[75]  [76]

I i

8]. 
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WORKSH EET #5
2/2

YEAR 1 YEAR 10

ANNUAL PASSEN GER DELAY REDU CTI ON
352 seats x [20]  — C .O0 ) ( c’o )
236 seats x [21] ( oo ) ( •oo )
144 seats x [ 2 2 ]  ( 

•~~~~~ 
) ( .00 )

122 seats x [23] ~~~~~~ 
) C ~~~~~ )

7 89 seats x [24] — (
~~.c~~) ( .~.67 )

46 seats x [25] a 
(5 ~5~~) ( 5~~~, )

8 seats x1~~J =+ (~~.c~~) +( ~~~ )
(Seats per a c f t)  - (17.gS ) ( /6 .~~? )

x( load factor ) x (  .~~5)  x( .50 )
— (Pax per acft ) = (9. O5 ) = ( g . 35 )

[77] [78]

Annual Pax Hours
Saved [77]x[69] = [78]x[70]

= (  277o,) = (3 • #) Sf/ )
(79] pax hrs [80]pax hrs
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as will now be described .

In order to estimate the average number of passengers on board

for takeoffs , (assumed to be the same as for landings), the seating
capacity data of Table 10 is employed. The number of available seats
for each of the seven aircraft types is multiplied by the aircraft
mix fraction for the type , developed in Worksheet #1. These weighted
seating capacities are summed to give an average seating capacity
for all types. The analyst then estimates the average load factor
at the airport and multiplies the seats per aircraft by the load
factors. The result is then multiplied by the total annual air-
craft hours of delay reduction to give the annual savings of pas-
senger time due to the investment. The calculation is carried out
for  the f i r s t  and tenth years in which the investment is operation-
al.

The fina l step in obtaining passenger delay reduction benefits

is to m u l t i p l y  by the value of passenger time . A uniform value of
$12 .50  per hour is allowed for passenger time , in conformance with
current (1976) usage by the Federal Aviation Administration.

4.3 TOTAL VALUE OF DELAY REDUCTION BENEFITS AT THE AIRPORT

The total of aircraft operating cost reduction and passenger
delay reduction occurring at the airport due to the improvement is
obtained on Worksheet #6, based on the results of Worksheet #5.
These totals will be used in Section 7.

4.4 SAMPLE CALCULATION : AIRPORT BENEFITS

The total delay reduction due to the investment at YNG were
estimated on page 3 of Worksheet #4 , to be 344 aircraft hours in
1979 and 4,133 a i r c r a f t hours in 1988. These will now be converted
to dollar benefits on Worksheet #5 , using the formula given above
in the text.

The coefficients K and C of average aircraft operating costs
are obtained on page 1 of Worksheet #5 by multiplying the hourly

operating cost for each type of aircraft by its mix fraction , and
adding . Because of the lack of heavy jets at YNG , the costs are in
the range of $80 to $112. It should be noted that both 1979 and - 

-
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I
WORKSHE ET #6

1/1

WORKSHEET #6: VALUE OF AIRPORT DELAY REDUCTION

YEAR 1 YEAR 10
AIRCRAFT OPERATING
COST RED UCTI ON {75]~~$(3~ i3~~~~ ) [76]=S (3w ,~~,7)

ANNUAL PASSENGER

HOURS SAVED [79]= ( I,Lsq) [80]= ~~~~~~~x S 12 . 50 / ) - I R x $ 1 2 . 5 0  x $12 .5o

ANNUAL PASSENGER
DOLLAR BI~~r FIT = $(  /5 , 737 )

[81] [82]

TOTAL AIRPORT
B E N E F I T  OF
INVE ST M ENT = [75]+[81] = [76]+ [82J

- $ ( q 9 ,~~~~~~7 3 )

[83] [84 ]

84
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1988 operating costs are expressed in current dollars.

When delay per year is mul tiplied by operating cost , the re- -j
sults are savings of $34 ,136 for 1979 and $360 ,717 for 1988, as
seen on page 1 of Worksheet #5. The annual passenger delay reduc-
tion is then obtained on page 2 of Worksheet #5. First , the average
seats per aircraft are calculated. These figures are substantially
the same in 1988 as for 1979; a slight reduction occurs because of
the increase in small aircraft expected. A slight increase in
load factor , from 45 to 50 percent is projected by the analyst.
The annual passenger hours saved , however , increase more than 10
t imes .

Finally, the total airport benefits of the investment are
ob tained on Workshee t #6 by adding the aircraf t opera t ing cos ts
savings to the passenger delay savings (the latter at $12.50 per

I 
- hour) to obtain $49 ,873. in 1979 and $543 , 592 in 1988. This  10/1

increase in annual savings is due mainly to the fact that the
planned runway would avert major delays at YNG which would have
occurred because of the projected increase in general aviation
traffic in 1988.

-t
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~~. ESTIMATE THE VALUE OF SYSTEM—WIDE DELAY REDUCT ION

The sy s t e m - w i d e  b e n e f i t s  c a l c u l a t e d  here  are those  due to t h e
— r educ t i on  in ga t e  d e p a r t u r e  l a t e n e s s  at the  inves tmen t  a i r p o r t ,

and at t hose  a i r p o r t s  t h a t  a re  d o w n- l i n e  f rom it. For simplicity ,

gate departure lateness will be termed B-Delay . Reduction of
B - D e l a y  r e s u l t s  in a sav ing  of t ime to  those passengers waiting
to board th e delayed a ircraf t , but does not result in a reduction

of aircraf t operating costs.

5 . 1 PROCEDURE
( The c a l c u l a t i o n s  for  YEAR 1 and YEAR 10 are  l a i d  out  in Work-

sheet  ~~. The procedure , wh ich is the  same for  bo th  years , w i l l

now be e x p l a i n e d .

First , the average d e l a y  per o p e r a t i o n  is c a l c u l a t ed  w i t h o u t
i n v e s t m e n t  and w i t h  i n v e s t m e n t .  The d e l a y  per ope ra t i on  is s i m p l y
the average of delay per arrival and delay per departure , both
of which were obtained in Section 2 , items ( 5 3 . )  t h r o u g h  ( 6 0 . )  of
Worksheet ~4.

Next , on page 2 of W o r k s h e e t  ~~~~~, F i g u r e  25  is used to  o b t a i n
B - D e l a y  fo r  each a i r c r a f t  t ype .  The average  d e l ay s  per o p e r a t i o n
( 8 5 . ) ,  ( 8 6 . ) ,  (8~~. ) ,  ( 8 8 . )  c a l c u l a t e d  above are  l oca t ed  on t he
ho r i zon tal ax i s , and the B-Delays are read off the vertical axis

for aircraft types 1 , 2 , 3 , types 4 , 5 , type 6, and typ e . The
results are entered onto page 2 . The B - D e l a y s  w i t h  in~~e s t m e n t
are subtracted from the B-Delays without investment and entered

as the  B - D e l a y  r educ t i on  at  the  b o t t o m  of t he  page .

T h i s  is the central step in calculation of system benefit s .

The c h a r t  was o b t a i n e d  by s i m u l a t i o n  of t he  p r o p a g a t i o n  of g a t e

departure lateness arising from landing and takeoff delays at the
subject airport . In ~leter m ining the passenger hours lost in
B-Del ay, the s imula ti on a l l owed  for  aircraft seating capacit y ,
the size and number of down-line airports served by each aircraft
type , and the load factors at those airports as a function of
aircraft type and t ime of day. The simulation is described in
Reference 2.

86



F / - - -
~~~~~~~

--

AD—A 066 332 FEDERAL AVIATI ON ADMINISTRATION WASHINGTON 0 C ocncE—Etc F/S US
AIRPORT CAPAC ITY INVESTICNT HANDBOOK. Cu)
DEC 78 .1 F BEISANTONI, I. ~ Fuckits

UNCLASSIFIED FAA—AS P—fl—S TSC—ffA A—7 S—%8 st

2~~2

tt _
_ _ _

_ ~fl_F! I!. ~
a____________________



• WORKSH EET #7
1/3

WORKSHEET #7: SYSTEM-WIDE BENEFITS

YEAR 1 YEAR 10
AVERAGE DELAY PER OPERAT ION

Arr Delay - [53]-  ( .35 ) [54] .( /.7 )
Dep Delay [55]— ( .q~. ) [56] — (  .~~./ )

WITHOUT Total -(  .77 ) Total ( 3.8 )
INVEST- Avg Delay - ½(Total) Avg Delay ½ (Total)• MENT

- ( .3e5 ) ( b ~o )

[85] minI [86] min/
operation operation

Arr Delay - [57] -(  .19 ) [58] -( .70 )

WITH Dep Delay — [59] — (  •.~3 ) [60] — (  .6? )

INVEST - Total -(  •4’~. ) Total -(/.39 )
MENT 

Avg Delay - ½ (Total) Avg Delay - ½ (Total)J 
— ( ..~_ J ) = C .7o )
[87] minI [88] min/• operation operation
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WORKSHE ET #7
2/ 3

I
YEAR 1 YEAR 1O

B-DELAY PER OPERATION FROM FIGURE 25
— 

Avg Delay [85) Avg Delay [86)

WITHOUT Acft Type B-Delay Acft Type B-Delay

INVEST - 1 , 2 , 3 ( . .
~6O) 1 , 2 , 3 ( 1.75 )

MENT +

4 , 5 ( , o7~#) 4 , 5 ( l ’s  )
6 ( . 0 /3  ) 6 (O’50)

7 ( .oOo ) 7 ( ,ci )
— pax hr s  pax hrs

— 

Avg Delay (87] Avg Delay = [88]

WITH A c f t  Type B-Delay Acft Type B-Delay

INVEST- 1 , 2, 3 ( , Ic~ ) 1 , 2 , 3 ( • 55V )
MENT

4 , 5 ( .015 ) 4 , 5 C .~3o)
6 ( •~~~~, )  6 C .0/7)
7 ( . o ~~) 7 ( , o c ~~)

pax hrs pax hrs
— 

Acft Type B-Delay Acft Type B-Delay

B-DELAY 1 , 2, 3 ( . ( ~o)  [89] 1,2,3 ( / .~~o ) [89]
REDUCTION 

— 
4 ,5 ( .~~ 9) [~ 0] 4, 5 ( ,q

~. 
) [90]

6 (,013 ) [91] 6 ( ,43)(91]

7 ( . v cv)  [92] 7 ( ,~~~~ 
) [92]

pax hrs pax hrs

88
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WORKS HEET /17

3/3

YEAR 1 YEAR 10

AVERAGE K-DELAY REDUCTION PER OPERATION

Acf t Sched . B-Delay
Type Mi x Reduc t .

1 x [89] — ( .oo ’~
) ( ~ooo )

[ “ 1  x 189] — ( .C~ o ) ( .Ooc’

3 [81 x [89] — ( .ooo ) ( •Ooc’ )

4 [ 9] x [9 0] — ( •Oi q ~’)  ( ..~7t )

5 [10] x [90) — ( . C ~).65) ( .‘1~’o )

6 [111 x [91] a ( .oo~, 9) C .t~~~ )

7 [121 x [92] — ( ~~ ) C . c’oc~ 
)

AVG. B-DEL” - ( .L”~5 ) ( •~~~Q )
REDUCTION [93] pax hr/op [94] pax hr/op

B-DE LAY REDUCTION BENEFIT

Scheduled Average
Volume x B-Delay - [2]x [93] [2]x [94]

Reduction
— ( 45c~ ) ( l / ~~ i5 )

x(Value of Pax Time) x( $12.50 ) x( $12.50 )

TOTAL SYSTEM-WIDE

BENEFIT — $ (  ~~~~~~ ) $ ( i ~~7, ~ s)
[95]  [96]
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The B-Dela reductions for each aircraft type obtained on

page 2 of Wo rkshee t # ‘  are next combined on page 3 using tl’e mix

of scheduled aircraf t types and annua l vo l ume of scheduled

operat ions , as deve l oped in Sec t ion 1 , Worksheet •1 , items (6.)

through (12.). In general , bo th the s chedu led  a i r c r a f t m ix  and
the B-Delay reduction by a i r c r a f t type w i l l  d i f f e r f rom Y E AR I to
YEAR 10. The sum of the products gives the average B-Delay reduc-

ti on ove r aircraft types , fo r ea ch y ear .

F in a l l y , at the bottom of page 3 of Worksheet # 7 , the average

B-Delay reduc tions in passenger hours per operation are multiplied

by t he an nual schedul ed volume s and t he hour l y va lue  of passenger
t ime to yield the total system -wide B-Delay reduction benefit ,

in d o l l a r s , for YEAR 1 and YEAR 10 of the investment ’s opera ti onal
life . These resul t s w i l l  he u sed in Sec ti on ‘.

5. 2 SAMPLE (‘A l ( ’1ILAT I ON : S Y S T E M - W I D E  B E N E F I T S

C o n t i n u i n g  t h e  e x a m p l e  of a new runway a t YNG , the system-wide

benef its of reduced gate departure delays are calculated on

Work sheet ‘‘.

First , the arr ival delay and departure delay, per operation ,
are averaged to obtain a delay average of .385 minutes per opera-

t ion without the investment in 1979. By 1988 , however , this is

expec ted to increase to 1.9 minutes per operation , as seen on the
Workshee t #~ items (85.1) and (86.). The investment will reduce

these losses to .16 minutes per operation in 1979 and .70 minutes

per operation in 19’9 and .70 minutes per operation in 1988.

Nex t , each of these de lays  per opera ti on i s loca t ed on the
horizon tal axis of Figure 25 , and the vertical axis values are

taken off of the curves for the four groups of aircraft types ,
and entered onto page 2 of Worksheet #~~~. Subtraction gives the

B-Delay reduc tion by aircraft type. These are then multiplied

by the relative frequency of each of seven aircraft types for

scheduled t r a f f i c , from Worksheet #1 , and entered at the top of

Worksheet #7 , page 3 and suiinned . It is seen that the B-Delay

reduc tion in 1988 is about 20 t imes that in 1979.
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6. EST IMATE THE VALUE OF REDUCED AIRCRAFT DIVERSIONS

Aircraf t occasionally must divert from landing at an airport

due to high winds in a direction perpendicular to the approach

path. New airport runways added primarily for capacity reasons are

frequently aligned in a different direction from existing runways

so t ha t a i rpo r t opera t ions can be carr ied ou t under a w ider range
of wind conditions. This effectively reduces the expense and

inconvenience of aircraft diverting to other airports , and these
benefi ts should he considered along with delay reduction benefits

in evaluating the overall desirability of the runway investment.

The numb er of diversions reduced by the cons t ruc t ion of a new
runway can be estimated by jointly analyzing the historical pat-

terms of w ind direction and velocity together with the runway o n -

entation of the airport with and without the proposed runway .

The econom ic benefits of reducing these diversions can he estimated

for d ifferent types of operations , and the resulting total diver-

sion reduction benefits can he included in project evaluation.

~.l IRPORT WIND DATA REQUIREMENTS

Historical records of airport wind characteristics are con-

ven ti o n a l ly  d isplayed i n the form of an a i rpor t w ind rose , as show n

in Figure 26. The wind direction is specified by 16 equal sectors

of 22.5° and wind speed is ind ica ted by concen t r i c  c i rc les  w it h
d iameters proportional to different wind velocities . The ce l ls
formed by the d i f f e r e n t c i r c l e s  and radi i correspond to d i f f e r e n t

ranges  of d i rec t ion and veloc it y, and the f requency of observa ti on
of these w ind ca tegories  is shown by the da ta presen t ed in each
cell.

Th is information is used to estimate the percentage of oper ations

occurr ing for each combination of wind direction and velocit y at

an airport.

6.2 CALCULATING CHANGES IN NUMBER OF AIRCRA FT DIVERSIONS

The first step in estimating the changes in aircraft diver-

sions from new runway construction is an analysis of wind rose
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data to determine the frequency of time dif ferent ai rcraft w i l l
Jj  y~ rt , t i rs t w i t h  t he  e x t  st  i ng at rpo rt runway c on ft gurat ion , a n d
then  fo r  the  r u n w ay  in  p 1 ace .  Th is i. 1 1 1  requ i re Sc I ec t i on o t .i

cr it i cal crosswind speed that vi 11 cause d i v e r s  ons for spec i ft c

a ircraft types. This presents somewhat of a problem because i n

real ity different p ilots fly ing the same type of aircraft may el ect

to divert at diffe rent levels of crosswind. There is no one cross

wind velocity that w i l l  cause diversion s for a ll of a cert ain cl a ss

of a i r c r a f t , bu t  i n s t e a d  t h e r e  is  a d istr ih ut ton of ve loc it ies

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

Wh i l e  r e c o g n i : i n g  t h a t  t h e  c r i t  i c .t l c r o s s w i n d  v e l o c i t y  l e a d i n g  t o
a i r c r a f t  d i v e r s i o n  w i l l  v a ry  w i t h i n  an a i c c r a f t  category , i t  i s

u s e f u l (or t h e  purposes  of  this h an d b o o k  to  d e a l  w i t h  a s i n g l e
ye b c  i t v  per  a t  rc t a  f t  c l a s s  r a t h e r  t h a n  w i t h  a d is  t r i h u t  ion  o I
v a l u e s . In  t h a t  s p i r i t , i t  i s  assur ’ed t h a t  for VFR weather .il l
sm all .i i rc r a f t  ( l e s s  t h a n  1: , S00 l b s .  g r o s s  t a k e L l  t~ I we ~h t  w t I l
d i v e r t  when the c r o s s  r u n w a y  component of wind v e loc i ty e\ct ’t’ds

15 m i tes per h o u r  and t h a t  a l l  l a r g e r  n i  rc ra ft w i l l  no t  d i  ye rt
unt i l the crosswin d vel o cit y components exceed .~5 miles per h o u r .

Figure 2~ shows a wind rose modified to determine the fraction
of time a given crosswind v e l o c i t y  is exceeded for a specif ic

runwa con f i  gu r a t  ion . In  t he  F i g u r e , t w o  l i n e s  h a v e  been drawn

p a r a l l e l  to  t h e  l i n e  p a s s i n g  t h r o u g h  t he  c e n t e r  of  t h e  c i r c l e
and crossing the circumference at the 150° and 330° points . The
lines are tangent to the c irci e corresponding to t h e  15 m i  10 per
hour w ind speed . All points lying outside the two lines

correspond to wind direct ion and velocit y comb inations s u f f i c i e n t

to cause d ivers  ions  f o r  s m a l l  a i r c r a f t  opera t  ing on a runwa y
with a 150 0 / 3 3 0 0  or l e n t a t ion . S i m i l a r  1 ine s  a re  a l s o  drawn  in t h e
F i g u r e  to  i n d i c a t e  o p e r a t i n g  c o n d i t i o n s  fo r  l a r g e  a i r c r a f t . i ’h t ~
second se t of p a r a L l e l  L i n e s  is  t a n g e n t  to a c i r c l e  c o r r e s p o n d i n g
to a wind speed of 3 miles per hour , and t he  l i n e s  ar e  , i l s o
or ien ted in a 150°/330°directton . The construction of a new

runwa y with a different orientation would result in a reduction

in the number of wind speed and direction combination s that could

resul t in diversion , and this can he reflected by the addition of
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two new parallel lines , as ~n Figure 28 , having the same orienta-

t i o n  as  t h e  new r u n w a y  and s e p a r a t e d  by t h e  a p p r o p r i a t e  d i s t a n c e .

The c h a n g e  in t h e  number  of a i r c r a f t  d i v e r s i o n s  a f f e c t e d  hr
t h e  new r u n w a y  can he c a l c u l a t e d  by d e t e r m i n i n g  t h e  percentag e Cf

t i m e  w i n d  c o n d i t i o n s  w o u l d  r e s u l t  in  d i v e r s i o n s  for  a s p e c i f i c
ty p e  of a i r c r a f t , f i r s t  fo r  t h e  e x i s t  ing  r u n w a y  and t h e n  fo r  the

a i r p o r t  c o n f i g u r a t i o n  w i t h  t h e  new r u n w a y .  T h i s  i n f o r m a t i o n  can
he estimated from t h e  c e l l  “ f r e q u e n cy  of o c c u r r e n c e ” p e r c e n t a g e s
on the wind rose. The change in the percentage of t ime a class of

aircraft will divert due to  h i g h  cr o s s w i nd s  is c a r r i e d  out on

page I of Worksheet 8. It is done separately for the two class es

ot aircraft because of t h e  different critical crosswind velocities

~ f l a r g e  and s m a l l  aircraft.

r 
The n e x t  s t e p  on page 1 of W o r k s h e e t  “ S  c a l c u l a t e s  t h e  n u mh er

of s m a l l  and l a r g e  a i r c r a f t  approaches  a t  t h e  a i r p o r t , u s i n g  t o t a l
o p e r a t i o n s  and m i x  d a t a  developed in Section 2 , W o r k s h e e t  “ 1 .
T h i s  is  done on the assumption that only the  i t i n e r a n t  p o r t i o n  of
n o n s c h e d u l e d  approaches  need be cons i dered for d i v e r s i o n . F i r s t ,

4 t h e  f r a c t i o n  of s c h e d u l e d  s m a l l  a i r c r a f t  approaches  is  o b t a i n e d  by
mul t i p l y i n g  the  e s t i m a t e d  s c h e d u l e d  o p e r a t i o n s  ( i t e m  1 2 . 1  of

1 W o r k s h e e t  ~ l )  by h a l f  of the f r a c t i o n  of s c h e d ul e d  a i r c r a f t  t h a t
are s m a l l  ( i t e m  [12.1 of Wo rksheet Il). Next , the tr action of
nonscheduled small aircraft (item 119. 1 of W o r k s h e e t  ‘I) is multi ~
p l ied by the estimated number of nonscheduled approaches , obtained

by subtracting scheduled operations from itinerant operations ,
and multi plying by 1 / 2 .

The f a c t o r  of 1 / 2  serves  to  conve r t  op e r at  ions to a p p r o a c h e s .
The i t i n e r a n t  o p e r a t i o n s  f o r  t h i s  c a l c u l a t i o n  mar  be obtained ft-on
R e f e r e n c e  4 . ,  as i l l u s t r a t e d  on Page 13 .

F i n a l l y ,  t he  number  of l a r g e  a i r c r a f t  a p p r o a c h e s  a t  the airp ort
i s  o b t a i n e d  by suht  r a c t  ing  t h e  numb er  of  sma l I a i r c r a f t  a p p r o a ch e s
from h a l f  the  numb er  of itinerant operations. These calcula -
t ions are carr ied out fo r YEAR 1 and YEAR l~ on page 1 of Work-
shee t ~~~
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WORKSHEET #8
1/3

WORKSHEET 18: REDUCED D I V E R S I O N S

FRACTION OF A I R C R A F T  D I V E R T E D  (FROM W I N D  DIAGRAM)
WITHO UT W I T H  CHANGE DUE TO

IN\ ’F STHENT IN V EST M ENT IN VEST M ENT
SMALL ( , i I 2 .  ) - ( .c’.1~vL ) ( .0~~ ) [9~’]

LARGE = C .oi .~. ) 
- ( ~~g 

) = ( • XS’) ( 9 8 ]

YEAR 1 YEAR 1 0

NUMBER OF I T I N E R A N T  APPROACHES BY S I E

BY SM A LL ½ (2]x [12] 000 ) = (  0 00  )

+ ~ ( I ] x [ 1 9 )  + (  ~ i,C50 ) + ( 5 o,~~/ 0  )

- i~ [ 2 ] x [ 19 ] - (  ‘4,500 ) - ( 6,c30 )
= (Total) = ( .~ 1,,SSo) ( ~~~~~~ ~[ 9 9)  [100)

BY LARGE ½ [ I ]  - [99]  =( 7, ?5o ) = ( ‘i , &.~o)
1101] [ 1 0 2 ]

NOTE : (I] indicates annual Itinerant operations as given
in Reference (4) for YEAR 1 and YEAR 10.
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WORKSHEET #8
2/ 3

YEAR 1 YEAR 10
NUMBER OF APPROACHES BY USER CLASS

AC AT AC AT
½ /Annual \
(OperationsJ = (c’,50c1 ) ( 

~ Co) (4,~ oo)  ( 500 )
\Ref. 1 /

[103 ] [106] [109] [112]

% SMALL = ( c~ )% ( 0 )% ( o )% ( a
[104] [107) [110) [113]

% LARGE = ( /00 ) % C f O o  ) %  C /00 )% ( (00 )%

( 1051 [108] [1111 [114]
% TOTAL = 100% 100% 

- 

100% 100%

SMALL 11 03]x [104] [106]x[107) [109]x[110] [112]x [113]
= ( c,.o ) ( e.o ) ( 0.0 ) C o.o )

[115] [117] [1191 [121]

LARGE [103]x[105] [106]x[108] [109]x[1111 [112]x[114]
• - (  4,50o ) ( 500 ) =( ~~~~~ ) ( 500 )

[116] (1181 [120] [122]

GA/ MIL GA / MIL
SMALL [99]-[11S1- [117] (100]-[119]-[121]

= ( a&,s-~O ) -( 44~, ~go )
(1231 [124]

LARGE [l 01]-[116)-[118) [102]-[120)- [122]
= ( a,q5o ) -( 4 9ao )

[125] [126f
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WORKSH EET #8

\ 1A R I \L AR 10

NUMB I R 01’ Ii t vi :g s  I ONS A VE RTFI1
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S
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• Ci • 3 RFIflICT I ON I N  L ) I V E RS IONS BY US E R CLASS

In  order to calculate the costs of diversions averted , it Is

nec essary to break down further the number of approaches by large

and small air craft that were obtained at the bottom of’ pag e 1 of
W o r k s h e et l $~ Approache s in these two sire categories mus t he

fur ther divided into those of Air Carrier (AC), Air Taxi (AT)

and GeneraL Aviation and Nil itary (GM). This is  done on page ,
where the user calculates the number of approaches for AC and AT

hasiLl on the pr oiected traffic obtained from Reference 4. He then

est imate s the percentage of AC that Is small (usually 0%) and

large ( u s u a l l y  lOOt). Similar estimates are made for AT. The

number of s m a l l  AC and AT approaches is subtracted from the total

number o f ’ sma ll aircraft approaches at the airport to yield the
• n umbe r  of ’ GM approaches by small aircraft . The sam e i s done for

l arge ’ aircraft approaches and the results appear at the top of

page’ 3 of’ the Workshee t.

As i’ seen in the Worksheet , t he above es t ima te s are car r i ed ou t

sep ara te l y fo r  Y E AR 1 and Y E AR 10.

• 4 VAL UE OF REIMI CU! ) Al  R CRA F T D I V E R S I O N S

The procedure used in this handbook to quantify the value of’

reduced a i r c r a f t  d i v e r s i o n s  wa s  developed in a p rev ious  s tudy
(Re f e rence ~) and i s based on t h e  d e l a y s  and cost s  a s s o c I at e~l
w it h d i ver t in g an a i r cr a t ’t to a different airport . For commercial

operations , these costs include added passenger hand ling costs ,

rev enues lost due to subsequent cancelled flights , and a i r c r a f t

repo~~i t to ning expenditures. Passenger delay costs and Increased

a ircraft operating costs are inc luded in the diversion costs [or

both commercial and noncommercial aircraft operat i ons . The

calculat i ons are done on Worksheet 09 , based on the reduced total

numb er of diversions obtained on page 3 of Worksheet 08.

The uni t cost per diverted aircraft is estimated (ustng the

me thodology developed In “9” to take the following values:

I 1)1

L —•—--- -~~~ - — •— --..‘~~



Air Carrier Diversion s

at Huh Airports - $ 55 0  + $148 n

at Non - Flub Airports - $506 + $148  n
A ir Taxi Diversions

$30 + $96.50 n

General Aviat ion Diversions

$20 + $46.25 n

where n Is the number of deplaning passengers on the affected
fl ights. The analyst can evaluate the magnitude of n from fleet

m i x and load fac tor i n f o r m a ti on or b y us i ng the f o l l o w i ng sys t em
averages [Reference 9)):

Type of Flight Number of Deplaning
A ir Carrier Passen gers.1 n

Large Huh 54.0

Medium Huh 38 .1
Small  Huh 9. 7
Non-Huh 8.1

Air Taxi 6.3

General Av iation 5.0

The resul t of the calculation of Worksheet #9 will he an estimate

of the total benef it due to reduced d i v e r s ions a t t he a i rpor t in

Ii 
YEAR 1 and YEAR 10 of the investment ’s produc t ive life. These

resul t s w i l l  he used i n Sec ti on .

6.5 SAMPLE CALCULATION : CHANCE IN NUMBER OF AIRCRAFT DIVERTED

Consider once again the Investment in an additional runway

(12/30) to augment the existing one (7/25). Figure 29 shows the

wind rose diagram wi th both the crosswind rectangles for the

exis ting 70°/250° runway and the extentions produced by adding

the rectangles for the 12°/300° runwa y. The width of the narrower

rectangles in each case corresponds to a crosswind component of
15 knots. The width of the larger rectangles corresponds to a

• 13 knot crosswind .

For the original runway (70 0/2500) it can he seen from Figure
29 that wind condition s fall outside the smaller rectangle about

• 11.2 percen t of the time , producing about an 11.2 percent diversion

102
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WORKSHEET #9
• 

• 

1/1

• WORKSHEET # 9: VALUE OF REDUCED DIVERSIONS

YEAR 1 YEAR 10

A I R  C A R R I E R

• PAX/ FLT — n - ( 2 ~/ .9  ) n = ( 27,3 )
‘~,)S’ l ’/ f l lVE RSj ON — $55O+$i48n_$ (~,l~~ )* $550+14 8 n .~$ (4S9O)*

~ D I V E R S I O N S  AVERTED = 
— 

1139] x (  /5 ) [ 1 4 2 ]  x (  ~5)
A I R  C A R R I E R  B E N E F I T  — $ (  )

15,9~o / / ~ , 75o
: \ IR  ‘t A X I

• PAX/FLT - n - ( 8,~,t 1 n - ( ‘t.~~ )
S/DIV FRSIO ,\ $30~~$ 9 ” n — (~~~5) $30 + $97 n  — ( ‘?~~~. )

x D~VERSI0NS AVERTED - 
- 
(140] x (~~ ) [143] x( ~~~-

AIR T.\XI BENEFIT — $ (  1 $(
/~9o / P ) LI1s1

GA AND ~I 1L I T A R Y
PAX /FL T - n - ( 5”.o 1 n — ( ~~~
S / D I V E R S I O N  — $ 2 0 + $ 4 6 n  I. ~5o) $lO~ $4Cin — ( ~ ç0 )

x D I V E R S I O N S  AVERTED a [141] x (~3~ 8) [144] x(3917 )
G M M I L  B E N E F I T  - $(  )

SS1,ooo ‘r 7q , cc’c~
TOTAL B E N E F I T

r • AC + AT + GM — $ (  1 $ (  1
/, 0cc.

[145) 1146]

A
For Non-Hub airpo rts use $506+$148n
See text for representative values of n.
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rate for small aircraft. For large aircraft , however , only about
1 .2 percent of the time are diversions necessary. These fractions

(.112 and .012) are entered onto Worksheet 08 , wi thout investment .

When the investment is in operation , however , it is estimated that
the two smaller rectangles together cover all hut 2.4 percent of
wind conditions. The two larger rectangles , moreover , cover a l l
hu t about .08 percent of wind conditions. (Note that it is

occass ional ly necessary to prorate the percentages in a wind rose
sector by the fraction of the area that is covered by the cr ossw i nd
rectangle in question ). The two fractions , .024 and .008, are a l s o
entered onto page 1 of Worksheet 08 , and the d i f f e r e n c e s  t aken as
indicated.

The second step on page 1 of the Worksheet calculates the

number  of i t i n e r a n t  approaches  made by s m a l l  a i r c r a f t , u s i n g  t h e
i tinerant operations data from the Terminal Area Forecasts ,
Re ference 4, reproduced on page 13 and the small aircraft mix

from Worksheet 1. For 1979 a total of 34 ,500 approaches (1/2 of
69 , 000 operations) will he made , of which  about  2 6 , 550 w i l l  he by
small aircraft.

In 1988 , t he p ro jec t ed 55 ,900 i t i n e r a n t approaches w i l l  he
composed of about 44,280 approaches by small aircraft.

The approaches by large aircraf t are obtained simply by

sub t rac t ing from the total Itinerant approaches the number ,iust
obtained for small aircraft approaches. It will he seen that on
page 2 of the Workshee t , the analyst determines from Reference

4 the expected number of carrier and taxi approaches in 1 9 9 and

enters these as items (103.1 and (106.) respectively. For 1988

he estimates that the numbers will he 6,200 and 500 respectively

• and enters these as items (109.) and (112.). He then exercises

his judgment to determine how each of these four estimates will
he divided between large and small aircraft . The Worksheet shows
he expec ts all carrier aircraft to he over 12 ,50(1 lbs. and all air

tax i aircraft to he over 12 ,500 lbs. in bo th years (items (104 .),

(105.), (107 .), (108.], [110.1, (Ill .), [113.1 ’, [114.1 ). This leads

to the values shown for small and large aircraft approaches in the
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two years by air carrier and air taxi (items (115.) through (122.)
on Worksheet 08).

The last step on page 2 is to obtain estimate d General Avia-
tion and Military approaches by subtract ing the air carr ier and

a ir taxi approaches from the total estimated approaches for the

year , for bo th small and large aircraft .

Finally, on page 3 ot ’ Workshee t #8 , the nunher  of approaches
by Small Carrier , Taxi , and General Aviation is multiplied by the
fractional change in diversions determined on page l of the

Worksheet to get the number of small aircraft diversions averted
by the three user types. Th i s is repeated for large aircraft , and
then the total number of diversions averted is obtained (items
(139.) through (144.) on page 3’i .  As expected , s m a l l  Gen e r a l  Av ia -
ti on accoun t s fo r  the vas t ma jority of reduced diversions in both
years .

8.8 SA~’IPI . F i ’AL CtILATION : RFN F1 ITS 01’ RFDI.ICI D Dl VERS 1ONS

The econom ic value of reduced diversion s is calculated on

Worksheet #9 ,

The analys t mus t first estimate the average number , n , of
passengers per flight. Based on statistics published for his air-

port by the air carriers and air taxis serving it , he estimates
‘

~~~ 

‘ 

the average carrier passenger load to he 24 .8 and the average air
• taxi load to be 8.4 in 1979 . He considers these data to he reli-

able and emp loys them in place of the average value s given above

in the text. For 1988 an expected increase in average load factor

brings the air carrier estimate to 2” .3 and the air taxi estimate
to 9.2. For general aviation , howeve r , he has no other reliable
d a t a  and uses the 5.0 passenger s/fli gh t given in the text.

Having entered the value s of n onto Worksheet 19 , the cost
per divers i on is calculated and multiplied by the number of

• diversions averted from the previous Worksheet. The result is the
diversion reduction benefits for each c l as s of user in 1979 and
l98R . it is seen that the greatest benefits accrue to General
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Aviation because of the large number of diversions averted for
that user class: 2349 in 1979 and 3917 in 1988. As a result ,
the General Aviation benefit is seven times that of Carrier and

.~ Taxi combined in 1979 and eight times their benefits in 1988 due
to the projected relative increase in GA traffic in the 10 years .
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7. ESTIMATE TOTAL B E N E F I T S

4 Previous sections of this handbook have presented methods of
estimating the size of three types of airport investment benefits.
The overall desirabilit y of an airport investment can he examined
by comb ining the different types of benefits and comparing the

tesult with proiect costs over the project life . In t h i s  sect  ion ,
the three types of benefits are comb i ned and d i scoun ted t o a
single base ~‘ear benef it. In subsequent sections , project costs

w i ll he estimated and compared to the combined benefits.
• The approach u sed in the previous sections developed benefit

estimate s for the 1st and 10th years of pro lect life because
forecasts of important airport characteri stics are generall y

pro ie cted only 10 to 12 years in the future. ~1ost airport pro-
Ject s have econom ic lives greater than 10 years . however , and the

ohi ective of this handbook is to estimate benefits for 20 ~‘ears.
The methodolog y used here ’ deals w ith this problem by introducing
two simplif y i ng assumpt ions . F i r s t , benefits in the 11th through
the 20th years of pro l ect operation are assumed to he equal to
the annual benef it s for the 10th year of project operation . T h i s

• is a conservative assumption since many airports wil . have in-
creasin g tra f fic volume s over time and most benefits are prop o r

tiona l to traffic volume. Annual benefits for these airports

~i 1l cont inue to increase after the 10th year of p r o j e c t  l i f e
because of normal  a i rpor t t r a f f i c grow th , ‘~o the assump ti on of
constant annua l benefits for the 10th through the 20th ~‘ear o t’

project life prohahlv understates project benefits.

The se’ond assumption is that annua l benefit s incr e~ise

lin ear l~’ between the 1st and 10th ~‘ears ot’ p roie~t oper ating
life . This assumption allows the anal yst to estimate 10- ear
benefits by examining airport operat ions for only two years .

The procedure used to estimate total investment benefits

uses a mathematical formula based on th? tot al annual b en efit s
for the 1st and the 10th years of pro ject operation. When the
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mathematics have been comp leted , the analyst has an estimate of
the total benefits of the investment over a 20-year period , dis-
counted to the first year of project use. The formula implicitly
uses a 10 percent interest rate to discount the 20-year time
stream of benefits to the net present value of project benefits.
These benefits will be compared with the net value of project
costs developed in Section 8 of this handbook . If the project
costs begin before the YEAR 1 of project operation , then the
benefits must be further discounted to the first year of project
costs , termed the Base Year. When both costs and benefits are
discounted to the Base Year , a benefit/cost comparison may he
made (Section 9.)

1 METHODOLOG\

To describe the method of evaluating the time stream of
benefits , assume that at this point in the handbook the airport

I’~lanner has evaluated the benefits of reducing runway delay ,
aircraft diversions , and system-wide airport delays for the 1st
and 10th y e a r s  of airport operation after the construction of a
new runway . The estimated savings resulting from the use of the

new runway are entered onto Worksheet h O .  The total savings for
the first 20 years of airport operation are then estimated using
the following equation:

Twen ty - Year
Airport Operation - 3.98 B 1 

+ 5.40 B 10
Benefits

where B1 and are the total henefit s of the new investment for
YEAR 1 and YEAR 10 of investment use at the airport. The formula
develops a time-di scoun ed total of the 20-year stream of airport

investment benefits based on the assumption that annual benefits
increase linearly from the 1st to the 10th year and are constan t

from the 10th to the 20th year of operation with the new invest-
ment . It also includes the assumption ot’ a 10 percent discount
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WORKSHEET #10
1/1

WORKSHEET # 10:  ESTIMATE TOTAL BENEF ITS

YEAR 1 YEAR 10

TOTAL AIRPORT BENEFITS
from Workshee t P6 , p 1/1 [83) —$(~9,n3) [84) =$(~~14cQ..2~

TOTAL SYSTEMWIDE BENEFITS
from W o r k s h e e t  ‘~~~, p 3/3 [95]  a ( ~~~~~~ [96] (/37,~3c)

TOTAL D I V E R S I O N  B E N E F I T S
f rom W o r k s h e e t  19 , p 1/1 [145]  ( s ’ ~ [146] a

TOTAL IN V ESTMENT B E N E F I T S  B 1= $ ( 7 a o ~i’~8) B 10 -$ (/ ~777,/2.~

TWENTY YEAR B E N E F I T , DISCOUNTED TO YEAR 1*

= 3 . 9 6x ( B 1) + S .4 0  x (B10)

$ ~~~~~~~~)
[149 ]

I
* This formula is for a discount rate of 10%. If a discount
rate other than 10% is to be emp1o~ed , then the formula is: •

C 1 x (B1
) + C10 x (B

10)

where

C1 - coefficient of B1 from Table 11 , page 1,1.

C10
- coeffic ient of Bio 

from Table 11 , page !11.
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rate , prescribed by 0MB Circular A-94, March 27 , 1972. The re-

sult is the net 20-year operating benefit of the investment ,
discounted to YEAR I of operation.

If a discoun t rate of other than 10 percent is to he used ,
then the value s in the following Table 11 should replace the
constants 3.96 and 5.40 in the prece~ ing formula for Twenty-Year
Airp ort Operation benefits.

TABLE 1 1. COEFFICIENTS OF B1 AND B 10 FOR VAR I OUS DISCOUNT RATES

Discount Rate Coefficient Coefficient

-_
(percent)_

— 
of B 1 of B10

1 4 . 8 7  13 .36
2 4. 75 11.93
3 4.63 10.69

4 4.52 9.61

5 4 . 4 2  8 . 67

6 4 32 7 84

7 4 22 7 12
• 8 4.13 6.47

9 4.04 5.91
10 3.96 5.40
11 3.88 4.96

12 3.81 4.56
13 3 .74  4 . 2 0
14 3.67 3.88
15 3.60 3.60

• 16 3 .54 3.34
17 3.48 3 .12
18 3.42 2.89

19 3.37 2 . 7 0
I t 

20 3.31 2.53
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7 . 2  SAMPLE CALCULATION : ESTIMATE TOTAL BENEFITS

I t  is now p o s s i b l e  to ca lcu la te the total benef it s for  the
• proposed add ition of runway 12/30 at YNG . The dollar benefits
1 f rom Workshee t s  #6 , #7 , and #9 are entered Onto Worksheet #10 .

• The greatest benefits accrue to reductions in a i r c r a f t  d i ve r s i o n s ,
• which are 92 percent of the total benefits in 1979. In 1988 ,

however , they are only 61 percen t of the total benef it . Th is is

because diversion benefits increase in proportion to the traffic ,
• bu t airport and system-wide delays increase even more rap idly as

tr a f f ic exceeds capac ity.

The 20-year benefits of $12 ,456 ,000 are obtained by multi-

plying the 1st year benefit by 3.96 and the 10th year benefit

by 5 . 4 0 .

• I

k
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8. ESTIMATE I NVE STMENT COSTS

8.1 INVESTMENT PROJECT COSTS

The estimated project cost should reflect the total addi-
tional airport capital and operating expenditures required by the
investment. If a cost or receipt includes projects other than
the one under cons idera tion , then onl y the por tion rela ted to
the present project should be considered. This may require

prorating some costs for land , taxiways , safety equipment , and
drainage , etc.

Costs should include all funds spend by both Federal , state ,

and local governments. Funds spent for land acquisition , p lanning
and engineer ing serv ices , and actual construction should be in-
cluded in total capital expenditures. The costs of maintenance

and recurr ing repa irs for the inves tmen t should also be included
for each year when the magnitude of these expenses can be estima-
ted. Land ing , rental and other fees to be paid directly by

airpor t users should also be included each year as revenue.

8 . 2  DISCOUNTING COSTS

When expenditures are projected over a number of years , the
various expenditures must be discounted to the same Base Year as
the benefits to allow cost/benefit comparisons . Worksheet #11

should be used to tabula te and discoun t project cos ts , starting

in the Base Year B and continuing through the 20th year of

investment operating life . The investment operating life starts

at YEAR 1, the first full year that the construction is complete
enough to incur benefits (whether or not it actually does), and
extends 20 years from that date. In general , YEAR 1 w i l l  occur
from 0 to 5 years after the Base Year B on Worksheet #11. The
las t year for wh ich cos ts are en tered on Workshee t # 11 must co in -
cide with the 20th year after YEAR 1.

For example , assume construction starts in 197~~, the Base
Year , and that the new runway goes into use in May 1981. Since
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WORKSHEET # f l~~1Q **

• 
W O R K S H E E T  # 1 1. 1 0  C O S T S  F O R  1 0 %  D I S C O U N T  F A C T O R

(CAPITAL OPERATING OPERATING \ DISCOIThZT
• YEAR ~INVESThEN~ + EXPENSE — RECEIPTS / X FACTOR - ( $x )

(19 )* (4 ,~’oo ,oco 1- 0 — C ) x 1.0000 = (4 ,S~ .o)
( ) ( — ~~~~ ) x .9090 ( 9,!)
( ) ( 4o ooo — ~o o o 0 ~ X .8264 = ( 16.5’)
( 

— ~~~~~~~~~~~~~~~~ ~ 7513 — ( ~~~( ) ( 40 , ~~~~ 3~~~, 000 ) x .6830 
~C ) ( 

~~~~~~ — ~~~, ooo ) x .6209 . ( 5.0)
( ) ( ~.oo , ooo i. ~~~~~~~ — 

;M., Ci00 ) x .5644 a ( i i t , , q )
( ) ( 40 ,000 — 3~ . , c00 ) x .5131 — 

~( 4o ooo •— ~~ coo ~ x .4665 —
( ) ( qo , ooo — 3o , oOo ) x — ( i.i)( ) ( i~o, coo — 3~~, ooo ) X .3855 a ( i.~)( ) ( ~tø , ooo — ~g, (‘00 ) x .3504 — ( 7)( ) ‘to , 000 — ~~, ~~ o ) x .3186 a 

~( ) ( ‘~o, ooo — 3~~, ooo ) X .2896 — ( ,b)
C ) ( 4o, coo s ~, 00° ) ~~ .2633 

. 5)C ( #0 , 00 0  — 3q, coo ) X .2393 — ( ,
~ .)( ) C 4 o , ooo ~3q , c7~v ) X .2176 = ( ..~.)( ) ( ‘~~~, ~~~~ 

— ‘40 ,000 ) ~ .1978 — ( . 0)( ) ( A,l.~~ c’~ ° 40 , ooo ) X .1798 — ( 36 0)C ) ( 40’ coo — ~,LO ,O00 ) x .1635 — ( .0)
( ) ( 4O~

’
00a — 40, 00t) ) X .1486 ( .o)

( ) ( ) x  .1351 * ( )
( ) ( ) x  .1228 — ( )( ) C _______________________________ ) x .1116 = ~ _~~~~~~~

TOTAL COSTS DISCOUNTED ‘ID BASE YEAR * -

*The first year listed is taken to be the BASE YEAR

**See Worksheet #11 .1 through Worksheet  # 1 1 . 2 0  in the  A p p e n d i x  for
discoun t factors of 1% through 20%.
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• use s t a r t s  before Jui~’ 1 , the first full year of operation is

• taken to he l~
)8l. The 20th year of operation , t h e r e f o r e , is the

year 2000. The cost tabulat ion on Worksheet #11 will accordingly

s t a r t  in  1978 (first year of costs) and end in 2000 (last year

• o t  ht~f le t L t life) . Benefits and costs beyond the year 2 000 are

ignored in the calculation . If the tabulation of Worksheet #11

must he extended . succeeding d iscount factors may he obtained by

div i ..ling t h e prev ious one by 1 .1 0. In  most cases , however , the
20th year of operation wi l l  occur before the end of the Worksheet .

if a discount rate of other than 10 percent is to he used ,

t hen Worksheet ~ll should he replaced by one of the Workshee t s
1 1 - 1  through 11 - 20 from the Appendix , depend i ng on the d isc oun t

rate’ employed.

8 . •s SAM P L E CALC1U.A T iON : COSTS

For t h e  hypo t he ti cal  new runway  c o n s t r u c t i o n  at  YN G , it is

supposed on Worksheet ‘11 that the first costs are i n c u r r e d  in
hY S. These  costs include planning, land acqui sition , engineering,

construction , relocat ion of existing fac iliti e s , securit y and

t i r e / cr a s h  equ i pmen t , and i ns t a l l a t ion of new t ax i~ ays. In 1 9 9

the’ construction is completed and the runway goes into operation;

t h e r e f o r e , 1979 i s  Y E AR 1. On l y  partial maintenance costs are• •4~ 
i n c u r r e d  in 1979. The full maintenance cost at $40 ,000/year com-
mences in  1980. The runway mus t  he r e su r f a c e d  eve ry  s i x  y e a r s ,
at  a cost  of $200 , 000. T h i s  shows as add it i onal  inves tmen t bu t

could be considered maintenance if no net improvement (grooving,
sp e c i a l  surface treatment , added drainage) is contemplated.
Operating re cetp t s increase with traffic from $20 ,000 per ( f u l l )

4 year in l’)80 to $40 , 000 per year in 1998. In this example the
base Year for costs is 1978 , t he YEAR 1 of benefits is l9”9 , and
the YEAR 10 of hene ftts is 1988 . The 20th bene fit ~‘ear is 1998.
Costs and bene fits that accrue to the project after 1998 are
ignored in the benefit/cost comparison. Because of the small
discoun t factors beyond 1998, the loss in accuracy is not exces-
sive , especially in view of the difficult y of predicting expenses
and benefits beyond 1998.

115



- —

~~

--. . 

~~~~~~~~~~~~~~~~~~~~~ 
~~~-~--._ -_ w, •~~~— ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—wuI
~~

Having listed the costs and revenues from the Base Year
through the 20th benefit year , a direct multiplication of their
net amount for each year by the discount factor for the year gives
the present values shown in the right-hand column . The sum of the
entries In the right-hand column is the net cost discounted to
1978, the Base Year.

I
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9, EVALUATE BENEFIT/COST RATIO

The benefits developed in Section • and the costs developed
• In Section 8 are now compared. Before doing so , however , the

project benefits , which were discounted to YEAR 1 of investment
operation , must he discounted further to the Base Year of the

• project costs.

9.1 DISCOUNT BENEFITS TO BASE YEAR OF COSTS

If the Base Year of costs t8 precedes the YEAR 1 of benef its ,

• then the Twenty-Year Benefit of Worksheet #10 , item (149.) , must
he multiplied by

1__L
~-_~1 (t i -t

B)
• [ L1() ]

where t 1 is the YEAR I of benefits. For example , i f  runway con-
s t r u c t i o n  costs  are first incurred in 1979 hut the first year of

operation is 1981 , then

t B 1979

and Y E AR I is

= 1981

and the adjustment factor is

‘ 1 =  .82t~
( 1.10) 2

which Is to he applied to the Twenty-Year Benefit of Worksheet
•10. The above adjustment is done on Worksheet #12.

9.2 COMPARE BENEFITS AND COS T S

The benefit/cost ratio is next calculated on Worksheet #12 .

This ratio represents the total of the three types of benefits
(airport delay reduction , system-wide delay reduction , and diversion

ii - ’
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WORKSHEET #12
1/1

WORKS UE ET # 1 2 :  COMPARE B E N E F I T S  AND COSTS

DISCOUNT B E N E F I T S  TO BASE YEAR OF COSTS

( Y E A R  1 OF B E N E F I T S )  - (BASE Y EAR OF COSTS)
= ( ,qlq ) - ( Iqlg )

( I )
( 1 5 1 1

TWENTY YEAR B E N E F I T , DISCOUNTED TO BA SE YE AR *
= [149 1  f ( l . l O ) t r t B
= ( I I , 3’~’# ØoO )

1152)

BENEFIT /COST COMPARISON
ITOT AL B E N E F I T S , DISCOUNTED TO BASE YEAR

TOTAL COSTS , DISCOUNTED TO BASE Y EAR]
= [ 1 5 2 ] / [ 1 5 0 ]
= (  I.5S

* T h i s  f o r m u l a  is  fo r  a d i scount  r a t e  of 10% . I f  a d i s c o un tr a t e  o t h e r  t h a n  10% is to he employed , t h e n  the  f o r m u l a  i s :
t - t

[149)1 (1. + R/ 1 00 )
Where R i s the perce n t d i scoun t ra te.
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reduction ) divided by the total costs attributable to the capa-

cit ’ investment.

In  i n t e r p r e t i n g  the benefit/cost r a t i o  u n a c c o u n t e d  b e n e f i t s
and accuracy of est i m a t e s  sh o u l d  he cons id e re d .

t) 3 IINACCOI INTI P BE N U F ITS

The i n v e s t m e n t  may have benefit s and di shen e tits not ac-
counted fo r  hv this handbook. In p a r t i c u l a r , the user  ma~ have
to  c o n s i d e r  t h e  r educt  ion  or increase of aircraft noise exper i-

en ced (~v t h e  su r r o u n d i n g  c o m m u n i t i e s .  A l s o , t h e  i n v e s t m e n t  ma~
result in new terminal area traffic patterns , with a resultant

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

and d e p a r t u r e .  I t t h i s  d i s t a n c e  can  he c o n v e r t e d  t o  t i m e  l o s t
or g a i n e d , i t  may be m u l t i p l i e d  by o p e r a t i n g  c o s t s  and passenger

time co e ff icients (K and C of Section 4) and then by traffic
l e v e l  to estimate i t s  net b e n e f i t  or dishe nefit . Fina l l v  • t h e
et  fect of t he  inve stmen t on local air and water qual it Y and its

‘~~iit ’ r g i s t i c e f f e c t s  on c o m m u n i t y  economic deve l opment have not

b een inc  luded .

~ 

. 4 ACCu RACY OF 1 S t IMATF.S

Th e a c c u r a cy  of the estimates made hv use o f t h i s  h a n d b o ok

i~~ l i m i t ed h~ s e v e r a l  f a c t o r s . The u n d e r l y i n g  c o m p u t e r  m o d e l ’.
are based on numerous assumpt i ons regarding capacit y , airspace
U t  i li:a t ion , the use of average quantities , and o t h e r  a s p e c t s
w h i c h  c o n t r i h u ’ t’ to the approximate nature of the results ,
Ne veith e ’les ’ ., the models employed are far more detailed than could
he accompli shed by an y manua l calculation.

\ large determ inant of the accurac y of t he  r e su l t s  of t h i s
handbook is the accuracy of the capacit y and t r a f f i c  p r o j e c t i o n s
emp l oyed. The delays calculated are very sensitive to the demand ’
capacit y ratio , particularl y under congested conditions , and ever~
effort chould he made to employ the most accurate demand predic-
tions available.
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Finally, the accuracy of the cost estimates must he consid
ered. In par ticular , opera ti n g revenues are l a rge ly  dependen t on
projected traffic and subject to the accuracy of those projec-

tions.

). S SUM~(ARY

Benefi t/cost ratios substantial ly above 1.00 provide a
reasonabl y reliable indication of the economic soundness of the
investment. Ratios substantially less than 1.00 indi cate that
the economic value of the  i n v e s t m e n t  is  q u e s t i o n a b l e.  I f  t h e
benefit /cost ratio is close to 1.00 (say , between .80 and 1.2)
then it is advisable to take into account the benefits that have
no t been inc luded  in the analysis as discussed above , as well
as to refine the demand and cost predictions as far as possible.

The result should he considered a guide to the economic value of
• the investment rather than a final indication to proceed or not

to proceed with the project.

9 .6  SAMPL E CALC I I LAT ION : B E NEFIT / COST COM PAR I SON

Becau se the Base Year , l9~~8 , for costs is one year e a rlier

tha n the YEAR I of benefits , the total benefits obtained as item

149.) on Worksheet W l 0 must he discounted from 19’9 YEAR 1) to

1 9 8  (Base  Y e a r ) .  The f a c t o r  i s

1 1( 1 . 1) 1 - .909 1

• and the 20-year benefits discounted to the base year are . 9(1 91

times $12 ,448,000 or $11 ,316 ,000.

In o rder  to  o b t a i n  the bene f it/ cost ra ti o , as shown at the

b o t t o m  of W o r k s h e e t  ~ l0 , t he  ana 1~’st d i v i d e s  $ 11 , 316 , 000 by the

total discounted costs from Worksheet #1 1 and obtains t he  r a t i o :

benefi t/cost —
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I
[~~l tR :3R1) B a s e l i n e  And Implementat i on Scenarios, U.S. Depart-

ment of Transportat ion , Federal Aviati on Administration ,
.Tanuarv 19”7 .

I c~l A i r p o r t  A c t i v i t y  S t a t i s t i c s  of C e r t i f i c a t e d  R~ tite A i r  C.n
ri ers, prepared~~io in tlv hv~iE~~1T ej~it~T~int oTT~Ti~Ts1~or t a-t i o n . F ede ra l  A v i a t i o n  A d m i n i s t r a t i o n , and the Ci v il
Ae r o n a u t i c s  Board ( V a r i o u s  e d i t i o n s ) .

VJ  t’e i 1 i n ~~ Vi s j hi l i t \ ’  C l i m a t o 1 o ~~i ca l  S tuds ’  and Sy s t e m
Li l~ancemenf Tactors, prepared by the N~itionil Cl i matic (‘enter

for the U.S. Departmen t of Transporta tion , Federal Aviation
A d m i n i s t r a t i o n , June 19 ’S.

[~~1 Procedures for Determinati on of Airport Capacit y, j~repared
~~ 1’l~ tig1as A i r c r a f t  Company in A s i o c i a t i o n  w i t h  Peat ,
‘t a r w i ck , M i t c h e l l  ~ C o . ,  Mc D onne l l  Douglas  A u t o m a t i o n
Comp any , and Ameri can Airlines for the U.S. Department of
T r a n s p o r t a t i o n , Federal  A v i a t i o n  A d m i n i s t r a t i o n , Ma~ 19 S.

1 9 1 Establishm ent Criteria for Category I lnstruinent l andin
Sy s t e m  ~ILS) , U.S. l1epartment of Transportation , ledera
A v i a t i o n  A d m i n i s t r a t i o n ,  March  197S.
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APPENDIX

WORKSHEETS

Note: Numbers in brackets [ J are used to identify importantintermediate quantities , most of which are employed at sub-sequent points in the 

calculations.A



-~ _~ - -~ _ _ _ _ _ _ _ _ _ _

WORKSHEET #1
1/1

WORKSHEET #1: OPERATIONS ~ WEATHER DATA

YEAR 1 YEAR 10
I 1

OPERATIONS

[1]  -Total Operations —
[2] -Scheduled Operations -
[3] -Non-Scheduled Operations

—

(41 =Fraction Scheduled (21/ (11 =
[ 5 ]  -F r a c t i o n  Non-Schedu led

• 
[3 ]/ [1] —

AIRCRAFT M I X , SCHEDULED

• [ 6 ]  4 engine Wide Body Jet =
E~~1 -2 , 3 engine W ide Body Je t - -
[8) -4 engine Standard Body Jet =
[9] -3 engine Standard Body Jet =

[10] -2 eng ine  S tandard  Body Jet = -
[11] -Large Turboprop , Piston -
[12] — Small (<12 ,500 lb) = -

AIRCRAFT M I X , NON -SCHEDULED

[13] =4 engine Wide Body Jet =
[141 =2 , 3 engine Wide Body Jet =
[15] 4 engine Standard Body Jet =
[16] 3 eng ine Standard Body Je t =

• [17] =2 engine Standard Body Jet = -
[18] -Large Turboprop , Piston = -
[19] —Small (<12 ,500 ib) =
bdRCRAFT M I X , TOTAL

[201 — [4] x [6] + [5] x 113]
[ 2 1 ]  = [ 4 )  x [ 7 ]  + [5] x [14] =
[ 2 2 ]  = [4) x [8] + [5] x (15] -
[23] — [4] x [ 9 1  + [5] x [16] =

[24] = [4] x [101 + [5] x [17] —
[25] = (4] x [11] + [5] x [18] =

[26] = (4] x [121 + [5] x [19] — -

WEATHER FRACTIONS

[27] Fraction f of IFR weather —[28]  -Fraction f~. of VFR weather -
(l.0- [27] ,

A-I



WORKSHEET #2

WO R K S } I F 1 T  ~ : PROCESS I N (~ RATES

PROCESS I N~ R A I l  ~ W I TUO LI T I ~VF ST~% iF NT

l i A R  1 YEA R 10 (~ IISF \  1LU~~L YEA ~~~UL
- \ j: j~ I 1~R \ } :~ }~ ) ‘\T(1117 \‘I R I FR \FR I FR

) =

) =

) =
• —

• x(

) =

) =

NFl ’ PROC ESS I N~ R A I l ~tc I TIRMJT I N\’E~ l~’IENI’ =

[ 2 9 ]  [ 3 0 ]  [ 3 1 ]  [ 3 2 ]

4 1

A-2

___________- -—-‘ ~- •  -•~~ --~—-~~ 
••• -~~~~~



WORKSHEET #2

PROCESSING RATES WITH INVESTMENT

RWY YEAR L YEAR ~~ ~ ~
% USES YEAR 1 YEAR 10

VFR IFR V~ R IFR 100 ) VFR TTR ~~~ TVR
) —

x (  ) -

x( ) -

) —

x( ) -

‘1 -

) =

NET PROCESSING RATES
WITH INVESTMENT u

[33] [34] [35) [36]

A-3
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W O R K S H EE T #3
17 2

WOR KSHEEt 3 : •\ I RPO RT C ONGEST I ON ME AS u R E S

~ tI\NT I El RUNWAY CON (WS 1’ ION , W I T I IOLI T INV E STMENT

YF .\R 1 YEAR 10

I • STEP 1:  ~ = f 1 p 1 + f p \.

[ 2 ]  x [ 3 0 ]  = ( ) [ T ]  x [32] = I. )

• 
+ 128 1~~~j~~91 = 1 + [281 x [311 = ( _ • l

p = t o t a l  = ( ) total =

13 _ i  [ 5 8 1

ST EP 2 :  .‘ - \ T / ( S T h 0 . P )

= yr I. = [ I J v r  10

S~~t~0 [ 3 ” J  8 t ~0 [3 8 1

8 c 0 .  ( ) 8 7 b 0 ~ ( 1

) = (

4 [39 1  [ 4 0 1

ST EP 3: r = P1 /1~.

r = [3 0 ]  I [29] r = [ 3 2 1  / ( 3 1 ]
= (  )I( 1 = (  ) ‘ (

1

[ 4 1 1  (42]

STFP 4 : ‘~ 
= 

~N
A T
= [5 ]  y r  1 = [ 5 ]  y r  10

1 = (  ‘I

[4 3 1  [ 4 4 ]

A - 4
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WORKS HEET #3
2/2

QUANTIFY RUNWAY CONGESTION , WITH INVESTMENT

YEAR 1 YEAR 10

STEP 1: ~ = f 1p 1 +

[27] x ’(34] = ( ) (27]’x [36] = ( )
[28] x 133] = ( ) [28] x 135) = C )

( = total = ( ) 
~ 

= total = ( )
[45]  [46]

STEP 2: p = VTI (8760~
p)

V
p _Ll]~~y r l  p = [1] yr 10

8760- [45] 8760~ (46]

_ _ _ _
) = (  )

8760 ( ) 8760 ( )

= ~ 
147 1 

= ~ 
[48 ]

STEP 3: r =

r = [34]/ [33 ]  r = [36) 1135]

= (  ) / (  ) = (  ) / (  )

) = (  )

(49] [50]

STEP 4: y = V
N

/V
T

y = [5] yr I y — [5 1 yr 10

) = ( )

151] [52]

A-S
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WORKSHE ET #~1/3

WORKSHEET # 4 :  RUNWAY DELAY R E D U C T I O N S

YEAR 1 YE AR 10

• = [2] = ( ) V = [2] =

= [ 2 8 ]  = c = [ 2 8 ]  =
WITHOUT 

r = [41 1  = I ) r = [4 2 ] =
INVEST-

MEN T F i g u r e s  and F i g u r e s  and 
_ _ _ _

Ii 
= [43]  = ( ) = [4 4 ]  = ( )

2 [39]  = ( ) P = [40] = ( )

Arr Del ay = ( ) Arr Delay =

[53] m i n /  [ 5 4 ]  m i n /
o p e r a t i o n  o p e r a t i o n

Dep Delay = I I flep Delay = ( 1

[551  m i n /  [ 5 6 ]  m i n /— o p e r a t i o n  o p e r a t i o n

= ~~] = ( ) V = [ 2 ]  = (

f~ = [ 2 8 ]  = ( ) I = [ 2 8 ]  = (

W I T h  r = [49 ]  = ( ) r = [50~ = (

INVEST-  F i g u r e s  and ____ F i g u r e s  and
MENT

y = [51] = ( ) = [ 5 2 ]  =

= [ 4 7 ]  = C ) = [4 8 ]  = ( )

Arr Delay = ( ) Arr Delay =

[ 5 7 ]  m i n /  [5 8 ]  m i n /
o p e r a t i o n  o p e r a t i o n

• - Dep Delay = ( ) Dep Delay = ( )

[59] mir/ [60] min /

— 

o p e r a t i o n  o p e r a t i o n

A -6

_ _ _ _ _  £4



WORKSHEET #4
2 / 3

DELAY REDUCT ION P E R OPERAT ION

Y EAR 1 Y E AR 10
A r r i v a l  D e lay  A r r i v a l  D e l a y
Reduc tion /Operation Redut. t ion/Opera t i on
— [53] - [57] — 15 4 ]  - 158]

= 1  ) _ (  )

— (  
• —  

) — (
• 

= (  )

[61) nm /operation [62) m m /operation

D e p a r t u r e  D e l a y  D e p a r t u r e  D e l ay
Reduction /Operation Reductio n/Operat ion
— [ 55]  - [59]  — [561 - [601

= 1  ) _ (  )

) - (  )

= 1  ) = (  )

[63] m m / o p e r a t i o n  [ 6 4 ]  m m /operation

A -7



WORKSHEET #1]

3/ 3

ANNUAL DELAY REDUCT I ON

YEAR 1 Y E AR 10
• Arr ival Delay Arrival Delay

Reduc ti on/Year Reduc ti on/Yea r

= 1 [61) x [1) yr 1 = 1 [ 6 2 )  x [ 1 )  y r  10

= ( ) = ( 1

x ( ) x ( 1

• I. = ( ) I. ( )

( 65 1  a c f t  h r / y r  ( 6 ~~ ) ~~~it hr/’sr

• Depar ture Delay Departure PeIa~’

Reduc t ion/Year Reduc ti on/Yea r

— [~~31 x [ 1]  y r  1 = [ 6 4 1  x [1] r 10

= C ) = (

C ) ( )

T =  ( 1 • r —  (

= (6 ’] ac (t hr/yr = 16 8 )  a c t ’t hr/yr

TOTAl. = [65 1  + [6 7 1  J b b )  +

) = (  1

[69 1  a c f t  h r / y r  V O J  acft hr /yr

_ _ _ _ _ _ _ _ _ _  _ _— •
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WORKSHEET #5
1/2

WORKSHEET # 5: AI RCRAFT AND PASSENGF.R BENEFITS

YEAR 1 YEAR 10

AVERAGE HOURLY OPERATING COST ON L A N t I N G , K
• 

$2055 x [20) — ( ) ( )
1427 x [21) — ( ) ( )
1078 x (22 ) — ( ) ( )
811 x [23) — ( ) C )
646 x  [24) — ( ) ( ‘1
385 x [25) — ( ) ( )• 23 x [26] — C ) C _ _ _  

)
- $ (  ) /‘HR )7HR

[71) [72J

AVERAGE HOURLY OPERATING COST ON TAKEOFF , C

• $ 1 1 7 1 x [20] = ( ) ( )
839 x [21] = ( ) ( )
712 x [ 2 2 ]  — ( ) ( )
573 x ( 2 3 )  — ( ) • 

C )
472  x [2 4 ]  — ( ) ( )
351 x [25] — ( ) C )
1 9x [~26 1 — ( ) ( )

C - $( i /HR $1’

[7 3] [~ ‘4]

YEAR 1 YEAR 10

ANNUAL OPERAT IN G COST REDU CT I ON

• K L  — [71]x [65])= ( ) [72)x[66 ) — ( )
~~C •L — [ 7 3 1x [ 67 1) — + (  ) (74)x(68] .+—s-—-

[‘5) [‘6]

A-9

4



W ORKS HEET #5

YF \I~ I \~ 10

ANN ( I A I. P A S S I N ~~FR 1W L A Y RFDUCI’ I ON

3 S 2  -~~~i t ’  ‘ 12 0 1  1
23C ~ s~’. i t~ ~ 2 1 )  — 1

1 4 1  ~~~ i t ~~ ( 1

12 2  ~ e.i t~~ ~ [‘3) 1 I
S~

) seat ~ x 24) ( 1
.1 t~ eat (2 ~ 1 a I I

••
~ 

S i t s \
~

_
~ J = + (  1 ‘ 1

( S e a t s  pe r ac f t  1 a ( 1

• 1 1 ~I d f i c t ~~ r - 1 ‘ I 1 1

I p CI .  ,IC It  1 1 =
I _ — I  [‘~~1

•\ n n u a  I I’ ax  lIou rs
Sa v e d .  1’~~1’ 1~~~1 a

-~ 
V~~1 r ax hrs [ S 0 1p a ~ hi ..

A — 1(1
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~ WORKSH EET #6
1/ 1

WORKSHEET #6: VALUE OF AIRPORT DELAY REDUCTION

YEAR 1 YEAR 10

AIRCRAFT OPE RATING
COST REDU CTION [ 7 5 ] = $ (  ) [ “6 ] - $ (

ANNUAL PASSENGER
HOURS SAVED [ 7 9) -  ( ) [ 8 0 ] —  C )
x $ 1 2 . 5 0 / H R  x $ 1 2 . 5 0  x $ 1 2 . 5 0

ANNUAL PASSENGER
DOLLAR BENEF IT  - $ (  ) -$ (  )

[81] [82)

TOTA L AIRPOR T
BEN EFIT OF
INVEST MENT - (751~ (81) - ( 7 6 J + [ 8 z J

a ”  ) — $ (  )
[83] [841

A -il



_ _

~1

WORKSHEET #7
1/3

WORKSHEET #7: SYSTEM-WIDE BENEFITS

YEAR 1 YEAR 10

AVERAGE DELAY PER OPERAT I ON

Ar r  Delay  = [53]= ( 1 [54 1 = (  )
Dep Delay = [55]= ( ) [56] = (  )

• W I THOUT To ta l  = C  ) To tal = (  )

• INVEST- Avg Delay = ½( T ot a l )  Avg De lay  ½ ( T o t a l )
ME NT

[85] mini [86] mini
operation operation

Ar r Delay  = [ 5 7 ]  = (  ) [58]  ( )

WITH Dep Delay  = [59] = (  ) [60] = (  )

INVEST - T o t a l  = (  ) To tal = (  1
MENT Avg D e l a y  = ½( T o t a l )  Avg D e l a y  = ½ (Total)

• = (  1 = (  1

[87 ]  m i n /  [88]  m i n /
• o p e r a t i o n  o p e r a t i o n

A - 1 2
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WORKSH EET 1/7
2/3

Y E AR 1 YEAR 10

B-DELAY PER OPERATION FROM FIGURE 25
— 

Avg Delay - [85] Avg Delay - [86]
WIT HOUT Acft Type 

~~Ue1av Acft Typ1 B-Delay
• INVEST- 1, 2 , 3 ( ) 1 , 2 , 3 C 1MEN! +

4, 5 1 4, 5 1
6 ( 1 6 (

( 1 7 ( 1
- pax hrs  pax hrs

Avg Delay [87] Avg Delay - [88 )
W I T H  A c f t  Iype B - D e l a y  A c f t  Type B - D e l a y
INVEST- 1 , 2 , 3 ( ) 1, 2 , 3 ( 1MF.NT —

4 , 5 ( 1 4 , 5 C 1
6 ( ) 6 I. 1

• 7 ( 1 ( 1) — pax hr s pax hr s
— 

Acf t Type B-Delay Acf t Type B - D e l a y
B-DELAY 1 , 2 , 3 ( ) [89]  1,2 ,3 C 1(89]

REDUCTION 4 ,5 ( 1 [90] 4 , S ( ) [90)

6 ( 1 (91] 6 ( 1 ( 9 1 ]
7 ( 1 192)  7 ) f 92)

— pax hr s  pax hr s

A -l 3

-



WORKS HEET #7
3/3

YEAR 1 Y E AR 10

H AVERAGE B - D E L A Y  REDUCTION PER OP ERATION

A c f t  Sched.  B - D e l a y
Type M i x  R e d u c t .

1 [6]  x [89 1 = (

2 [ 7 ]  x [89]  = ( ) (

3 [8 ]  x [89] = ( ) ( )

4 [ 9 ]  x [90 1 = ( ) C )

5 [ 1 0 ]  x [90 ]  = ( ) (

6 [ i l I x  [91] = ( )

7 [ 1 2 ] x [9 2 ]  = (

AVG. B-DELAY = ( )
REDUCTION [93]  pax h r/ op  [94 1  p ax h r / o p

B - D E L A Y  REDUCTION B E N E F I T

• Scheduled  Average
Volume x B - D e l a y  = [2]x [93] [2]x[94]

Reduct  ion
= ( ) )

x ( V a l u e  of Pax T ime)  x (  $ 1 2 . 5 0  ) x (  $ 1 2 . 5 0  )

TOTAL SYSTEM-WIDE

B E N E F I T  = $ (  )
[95] [96] •

A-14



W ORKSHEET #8
1/3

WORKSHEET ‘8: REDUCED DIVERSIONS

F R ACTION OF AIRCRA FT DIVERTED (FROM WIND DIAGRAM)
WITHOUT WITH CHANGE DUE TO

INV E ST M ENT INV ESTMENT IN V ESTMEN T
SMALL = ) - I. ) — ( ) — [ 9 7 ]
LARGE = ( ) - i. ) — ( 1 — [98)

YEAR 1 YEAR 1~
N U MBER OF I T I N E R A N T  APP ROACHES BY S I Z E
BY SMAl L — ‘~ [21x (l2) —1 1 — (  )

+ ~ [I]x [ 19) +( 1 + (  5
)

-~~~ [2jx [l 9J - (• ) - (
— (Total) =( 1 = ( 1

[ 9 9 ]  [100]
BY LARGE = ~~[I]- [99] — (  1 — (

[101] [102 ]

• NOTE : [I) indica tes annual Itinerant operations as given
in Reference (4) for YEAR I and YEAR 10.

A- iS

_ JA



WORKSHEET #8
2/3

YEAR 1 YEAR 10
NUMBER OF APPROACHES BY USER CLASS

AC AT AC AT
‘~ /Annua i \
(Operations ) — 1 1 ( ) ( 1 (\Ref. 1 /

[103] [106) [109] ( 1 12 ]

~~SMALL — (  1% ( )~ ( ) % I
[104) [10~ ) [110] [113)

% LARGE ( i t ( 1% ( ) .
~ (

[105] [108) [“1 [1 1 4 1

% TOTAL — io o~ 100% 100% 100%

• SMALL 1l 03]x [l04] [106)x[107] [109]x [11O] 1 1l2 ]x [113 J— (  5) ( 5) — (  5) (
[115 1 (‘1_ I [119] 

~1 21 J

LARG E [ 1 0 3 ] x [ 1 0 5 1  I 1 0 ~~1x 1 l 0 8 ]  [l09)x )111) )11 2 ]x)15 )3 J
1 5) 5)

[116j [118) [120 1 1 1 2 2 ]

‘~A /MI I. GA / M I  I

SMAl L. [99] -( 1 1 5 1 - I  1 1 J  [10 0 1-  [ 1 1 9 )  - ( 1 2 1 ]
( 1 — (  5)r. 
[123) [124 )

LARGE [ 1 0 1 ] - ( 1 1 6 ) - [ l 1 8 ]  [ l 0 2 1 - ( 1 2 0 ] - ( l 2 2 )
5) ( 5)

[125 ) (126]

A - l b
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WORK St .~EET #8

YEAR 1 YEAR 10
N U MBER OF D I V E R S I ONS A VERTED

AC AT GM AC AT GM

SMALL [115] [117] [123]  [119] [121] [124 ]x [ 9 7 ]  ~L97] x [97] 
~J.22J x [97] x[97j

= (  ) — (  ) = (  ) — C  ) = (  ) (
[12’) [128] [129] [130] [131] [132]

LARGE [116) [118] [12 5]  [ 12 0 )  [ 12 2 ]  [ 126 ]
x [9 8]  x [ 9 8]  x [ 98 ]  ~j 98]  498] ~_[I~1~= 1 ) = (  ) = (  ) — C  ) — (  ) = (  1
[133] 1134] 11351 [136] [137] (138]

TOTAL [ 1 2 7 ]  [128]  [129]  [130] [131] [ 1 3 2 ]
+ [133j +fl34] # 11351 +J~l36] + [137] + [ 138 ]

C ) (  ) (  1 C ) (  ) ( 5)
[139] [140] [141] [142) [143] [144]

A - I
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WORKSHEET ~9

1/1

WORKSIILjET ‘9:  VALUE OF REDUCLI) DIVERSIONS

Y E A R  1 Y E AR 10

\~ 
T~ C.\RRI ER

P \ X / F L T  - n = ( 1 n

I~ ’ I S i J I ) I V E R S I O N  = $ 5 5 0 + $ 1 4 8 n $ (  )*  $ 5 5 0 + 1 4 8 n  = $ (  )~
DI V E R S I ONS A VERTED = [ 139 ]  x (  ) [ 142 ] x (
A I R  CA R R I E R  B E N E F I T  = $ ( ) $ ( )

• \\ I

P .\ X / FLT = n = ( 1 n =
S/flIVER~~I(~N = S50+S97n = ( 1 $ 30+59Th =

x D~VERS1O \S •\VERTEI) = [140]  x (  1 [ 143 ]  x (

A I R  FAX ! B E N E F I T  = S (  ) $ (

~.\ AND ‘11~.lTA RY

PA X /ELT = n = (. ) n = ( )
• S/DIV ERSION = $20+$46n = ( ) 520+$46n = 1.

x D I V E R S I O N S  AVERTEI) = 11411 x ( 1 [144] x (
GAE,M JL FENI F IT = 1

TOTAL B E N E F I T
At’ + AT + ~~ = $ ( ) $ ( )

1 145 ]  ( 1 4 6 ]

*
For Non-Hub airports use $506+$148n
See t ex t for  repre sen ta ti ve va lues  of n .

A- iS
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WORKSHEET #10

1/ I

WORKSHEET #10: ESTIMATE TOTAl. BENEF ITS

• YEAR 1 YEAR I (P

• TOTAL A I R P O R T  B E N E F I T S
from Workshe et ~b , p 1/1 [831 — $ (  ) 184 1  — $ (

TOTAL SYSTEMWIDE BENEFITS
f r o m  W o r k sh e e t  # 7 , p 3/3 ( 9 5 )  • C ) [ 96 )  —

TOTAL D I V E R S I O N  B E N E F I T S
H f r o m  W o r k s h e e t  # 9 , p 1/ 1 [ 1 4 5 1  = C ) 1 1 4 6 1  ( )

TOTAL INVESTMENT BENEFITS B1 -$( 5) R
10 -$~

• TWENTY YEAR B E N E F I T , DISCOUNTED TO Y E AR 1*

3.96x(13 1) + 5 4 0  x (B 10 )

— (  1~
H ( 1 4 9 ]

* This formula is for a discount rate of l O t .  If a discount
r a t e  o t h e r  th .~n 10% is to he employed , then the torm u la ~‘~~:

C 1 x (B 1 ) + x ( R
~ n)

w he r e

= c o e f f i c i e n t  of I4~ f rom I’a b l e  11 , p age I I I .

coeff i c i en t of B~~ f rom Table 11 , page 1 1 1 .

A -1 9
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WORKSHEET 11.1

- 1

WORKSHEET #11.1 COSTS FOR 1% DISCOUNT FACTOR

(c~.pIT~j . OPERATING OPERATING\ DTSC (~JNT
YEAR \,INVESThIENT + EXPENSE — RECEIPTS I X FACTOR - ( $ K )

(19 )* ) x 1.0000 I. )
) ( ) x .9901 — ( )

( ) ( ) x  .9803— ( )
( ) ( ) x  •97Q5 ( )
( ) ( ) x  .9609 . )
( ) ( ) x  .95l4 C )
( ) ( ) x  .9420 ( )
( ) ( ) X .9327 ( )
( ) ( ) x  .9234R ( )
( ) ( ) x 

~~~~~~~~~~ 
( )

• ( ) ( ) x  .9052 ( )
• ( ) ( ) X .8963 ( )

( ) ( ) X .8874 ( I
• ( ) ( ) x  .8786 ( )

( ) ( ) x .8699 — ( )
C ) ( ) x  .8613= (
C ) ( ) x  .8528 ( I( ) ( ) x  .8443~~~~~ I( ) ( ) x  .8360~~~~( )• ( ) ( ) x  .82~~~ C I( ) ( ) x  .8195— ( )
( ) ( ) x  .~~j~ 4a ( 1( ) C ) x  .8034’ ( )
( ) ) x  .7954— c

1UFAL COSTS DISCOUNTED TO BASE YEAR * P.

*The first year listed is taken to be the BASE YEAR

A - 20
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WORKSHEET #11.2

WORKSHEET #11.2 COSTS FOR 2% DISCOUNT FACTOR

(CAPITAL OPERATING OPERATING \ DISCOUNT
YEAR ~INVESThlENT + EXPE1~SE — RECEIPTS / X FACTOR = ( $x )

• (19 )* 
) x 1.0000— 1 1

( ) ( ) x  .9803— ( )
C ) C ) X .9611 ( )
( ) ( ) x  .9423= ( )
( ) ( ) x .9238 

~ 
)

( ) ( ) x  .9057— ( )
( ) ( ) x  .8879 C )
( ) ( ) x  .8705 ( )
( ) ( ) x  5534 ( )
( ) ( ) x  .8367 ( )( ) ( ) x  .8203 ( )

• ( ) ( ) x  .8042 ( )
( ) ( ) x  •7884 ( )
( ) ( ) x  •773~

= ( )
( ) ( ) x .7578= ( )
( ) ( ) x  ~743Ø C )
( ) ( ) x  .7284= ( )
( ) ( ) X .7141 ( )
( ) ( ) x 

~~~~ ( )
( ) ( ) x  .

6
864 ( )

( ) ( ) x  .6729 ( )
• ( ) ( ) x  .6597= ( )( ) ( ) x  .6468 C )

(_ _ _  
( ) x  .8341= _ _ _ _ _

1UFAL COSTS DISCOUNTED TO BASE YEAR * - 
[1501

*The first year listed is taken to be the BASE YEAR

A - 2 1



--

~~~~~

- ••

~~~

• •=•-- 

~~~~T’~~~~~~~?

%~ORKSIII Ii -

W O R K S I I I i E I  $ 11 - 3 I OSTS FOR 3% 1)1 SCOLIN F F\C I~~F~

I CA.P 1 1AI. OPER~Y I I NG OPERA l 1 NG \ U I ~ ~ ~L !~~!
YEAR kINVLSI~

IINI + LXPE\SF — REITIPIS / X I -WR)R I S ~
(19 5) * I ~ I . 5)

• ( ) ( 5) ~‘, 
‘) ~S •

( 5) ( 5) ~~~~~ — 
~,

I ) 1 ~., . I ~’I
( ) 1 5) ‘~ .$~ S-) . 5)
( 5) 1 ) x 

~~:~~~~
—

1 1 X ~~~~~ 5)
( 5) 1 ) ~ .5130 =
1 5) ( l x  ~~~~~ 5)
I ) 1 ‘ • I (~-l — 1 5)
1 ) I 44~~• I

1 i x  . 2 4 =
( ) 

~ 
., . 0l~ 4

( ) 1 5) ~ •~ so~~ ~, 5)
1 ) 1 •

~ ~ .N1 I —
• 1 5) 1 ) ~ .t~4 1S.,

( ) 1 4 ‘ ( 1
• ( 1 ( ‘ ‘ •~~~ ‘~~~ = 5)

( ) I l x  ‘
~
‘
~~~~~~~ 

( 1
( ) ( i x  5’( l ’ .. 1( ) 1 1 \ ~~~~~~ 4( 5) 1 5’~~~ .~

y•:
~• I I

( ) I. 1 \ . ~~~ I( _ _
~~_L I

TOTAl. .‘OSIS Dl Sk\U,1T1) TO BASE \1~\R * = [1 50

*the first Vt ’ ; L r  listed is t~ k’n to he the B.\SF YEAR

A- 2

Li
- --• 
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_ _ _ _ _ _ _ _ _ _

WORKSHEET #11 .4

• WORKSHEET #11,4 COSTS FOR 4% DISCOUNT FACTOR

(CAPITAL OPERATING OPERATING\ DISCOUNT
YEAR tJNVESTh~NT + EXPENSE — RECE I PTS / X FACTOR - ( $ ~ )
(19 )* ) x 1.0000 C )
( ) ( )x  .9615— ( )
( ) ( ) x  .9245— ( )

• ( 5) ( ) x  .8890— ( )
( ) C 1 x .8548— t• ( ) ( ) x .8219. 5)

) ( l x  .7903 ( )
• ( 5) ( ) x  .‘599 (

C ) ( ) x  . ‘306— ( )
( ) ( ) x  . ‘02S ( 5)
( 5) ( )x  .6’SS ( )
( 5) ( )x  .6495 ( )
( ) ( ) x  .6246. (
( ) ( ) x  .6005 ( 5)

5) x .5774— (
( 5) ( ) x .5552” (
( ) ( ) x .533~ ( 5)
( ) ( 5) x .513~’ ~( ) ( l x  493ti’ ( )
( ) ( ) x  .4’4t— ( 5)
( I ( l x  .456~ ( 5)
( ) ( ) x  .4388’ (
( ) ( ) x .421~ ( 5)
_ _ _ _  ________________________ ) x  .40S~’

TC7rAL COSTS DISCPIWIT.DTOBASE YEAR *

*The first year listed is taken to be the BASE YEAR

A- 23
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H WORKSHEET #11.5

WORKSHEET #11.5 COSTS FOR 5% DISCOUNT FACTOR

(CAPITAL OPERATING OPERATING\ DISCOUNT
YEAR ~INVE STMENT + EXPENSE — RECEIPTS / X FACTOR - C $ K )
(19 )* ) x 1.0000 — (

• ( ) ( ) x .9523 . ( )
( ) ( I x .9070 = ( )
( ) ( ) x .8638 ( I

.4 ( ) ( 1 X .8227
( ) ( ) x g~~~ ( )
( ) ( ) x  .~ -I62 C I• ( ) ( l x  .7106 C )
( ) C ) x  .6768 ( )
( 1 C ) x  .6446 C )
( ) ( ) x  ~39Z ( I
( ) ( ) x  .5846 C )
( ) ( ) x  .55b8 C
( ) C ) X . 5303= C )
( ) ( ) x  .5050 ( )
( ) ( ) x  .4810 C )

~ ) ( I x  .4581 ( )
( ) C ) x  .4363 C )
( ) C ) x  .4 155 C )
( ) ( ) x •3~~~

= ( )
( ) ( ) x  .3768 ( 5)
( ) ( ) x  .3589 C )
( ) ( ) x  .3418” C )
( 1 ( ) x  .325S~~~4~

TOTAL COSTS DISCOUNTED TO BASE YEAR * - 1
115 0

*The first year listed is taken to be the BASE YEAR

A- 24
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WORKSHEET #11.6

• WORKSHEET #11.6 COSTS FOR 6% DLSCOUNT FACTOR

(cAPITAL OPERATING OPERATING\ DISCCWF
YEAR ~,,INVESTh1ENT + EXPENSE — RECEIPTS / X FACTOR - ( $~ )
(19 )* ) x 1.000 — (.• ( ) C ) x  .9434 — C )

• C ) C ) x .8900 • ( )
( ) ( ) x  8396 ( )4 ( ) ( ) x .7920 = )
( ) ( ) x  .7472 ( )
( I C ) x  ~7~49 C )
C ) C ) x  .650— C )• C ) C ) x  .6274 — ( )
C ) ( ) x  .5919— ( )
C ) ( I x  .5583 — ( )
( ) ( ) x  .5267 ( )
C ) C ) x  •4969~~~~ C )

• C ) ( ) x  .4688 = (
C ) C ) x  .4423 — (  )
( ) C ) x  .4 172. ( )

$ C ) ( ) x .3936 — ( )
C ) ( ) x .3713— C )
( ) ) x .3503 — ( )
( ) ( ) x .3305 — ( )
C ) ( ) x .3118— ( )
C ) ( I x .2941= ( )
( ) ( ) x .277S ( 1( ) ( ) x .261 8— (

1UFAL~~OSTS DISCOUNTED 1D RASE YEAR *

*The first year listed is taken to be the BASE YEAR

A - 2 5
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WORKSHEET #11.7

WORKSHEET # 11. 7 COSTS FOR 7% DISCOUNT FACT OR

(CAPITAL OPERATING OPERATING\ DISCC*JNT
YEAR ~INWSThIEWF • EXPENSE — RECEIPTS / X FACTOR = C $ x )

(19 )* ) x 1.0000 — ( )
( ) ( ) x .9345 a ( )
( ) ( ) x .8734 = ( )
( ) C ) x .8163 — ( )
( ) ( ) x  .7629 )
( ) ( ) x  .7129 — ( )
( ) ( ) x  .6663 ( )
( ) C ) x  .622 7 — ( )
( ) ( ) x  .5820 = ( )
C ) C ) x .5439 — ( )
( ) ( ) x .5083 ( )• ( ) C ) x  .4~ 5 0 —  ( )
( ) ( ) x  .4440 — )
( ) ( ) x  .4 149 = )
( ) ( ) x  .3878 — )( ) ( ) x  .3624= ( )
( ) ( ) x .3387 = ( )
( ) ( ) x  .3165 = )
( ) ( ) x  .2958 = )
( ) ( ) x  .2765 = )• ( ) C ) x  .2584 = C )
( ) ( ) x  .2415 = ( )( ) ( ) x  .2257 = ( )
( ) ) x  .2109 — 

_ _ _ _ _

1U~AL COSTS DISCOUNTED it BASE YEAR * -

*The first year listed is taken to be the BASE YEAR

A -2 6
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WORKSHEET #11.8

WORKSHEET #11,8 COSTS FOR 1% DISCOUNT FACTOR

(CAPITAL OPERATING OPERATING\ DISCOJNT
YEAR ~INVESThjENT + EXPENSE — RECEIPTS / X FACTOR - ( Sic )
(19 )* ) x i.oooo — I. )
C ) C ) X .9259 — ( )
( ) ( ) x  .8573 C )
( ) ( ) x  .7938 ” ( )
( ) ( ) X .7350 — t. )
( ) C ) x  .6805 ” C )

j ( ) ( ) x  .6301 ” C )
( ) ( ) x  .5834 ” ( )
( ) ( ) x  .5402” ( )
( ) C ) x  .5002 ” C )
( ) ( ) x  .4631 ” C )

• ( ) ( ) x  .4288 C )
C ) C ) x  .3971 C )
( ) C ) x  .3677 ( )
( ) C ) x  •34Q4~ (
( ) ( ) X .3152 ” C
( ) ( ) x  .2918 — C )• ( ) C ) x  .2702 — ( )
( ) ( ) x .2502 = ( )
( ) ( ) X .2317 ( )
( ) ( ) X .2145 ( )
( ) ( ) X .1986 ( )
( ) ( ) X .1839 ( )
C ) ) x .170k — 

- _____

• 

TOTAL COSTS DISCOUNTED TO BASE YEAR * — [iso)

*The first year listed is t aken to be the BASE YEAR

A- 27
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WORKSHEET #11.9

A I I• I ~WORKSHEET #11.9 COSTS FOR 9% DISCOUNT FACTOR

(CAPITAL OPERATING OPERATING \ DISCOUNT
YEAR ~INVESTh1ENT + EXPENSE — RECEIPTS / X FACTOR - ( $ K )

‘
~~ (19 )* ) x 1.0000— 1. 1

( ) ( ) x  .9174= C )
( ) ( ) x .8416= ( )( ) C ) x .7721— ( )( ) ( I x .7084 

~ )
C ) C ) x  .6499— ( )
C ) C ) x  .5962 ( )
C I C ) x  •5470 ( )• ( 5) ( ) x .5018= ( 5)( ) ( ) x  4604 ( )
C ) C ) x  .4224 — ( )( ) C ) x  .3875- ( )
( ) ( ) x  .355 5— 1( ) ( ) x  .3261= C IC I C ) x  .2992= ( )( ) ( ) x  .2745= ( 3
C ) C ) x  .2518= ( )
( ) ( ) x  .23 1(~ ( )
C ) ( ) x  211~ ’ C I( ) ( ) x  .194~ ( )
( ) ( ) x  .178’~ ( )
C ) C I x  .163~ ( )( ) C ) x  .l50~ ( )3 ( ) J x  •13Th

+TOTAL COSTS DISCc*JNTED TO BASE YEAR * - 
~isoj

*The first year listed is taken to be the BASE YEAR

L 

A - 2 8
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WORKSHEET #11.1 0

• WORKSHEET 011.10 COSTS FOR 10% DISCOUNT FACTOR

(CAPITAL OPERATING OPERATING\ DISCOUNT
YEAR ~INVESThIENr + EXPENSE — RECEIPTS / X FACTOR ( Sic )

(19 )* 
5) x 1.0000. I. )

( ) ( ) x  .9090. C )
( ) ( ) x  .8264 — ( )• C ) C ) x  .7513 . ( )
C ) ( ) x  .6830 — 1 )
C ) ( I x  .6209 — ( )
( ) ( ) x  .5644— ( )
C ) C ) x  .5131 — ( )

• C ) C ) x  .4665. C I
C ) ( ) x  .4241 — C IC ) C ) x  .3855 — )
C ) C ) x  .3504. )
C ) C ) x  .3186 . 5)
C ) ( ) x  .2896.~~~ )
C 1 C ) x  .2633 — (
C ) ( l x  .2393— (
C ) ( ) x .2176 — ( )
C ) ( ) x  .1978. ( )
( ) C )x  .1798— i )
C ) C l x  .1635. ( )
C ) ( ) x .1486 — ( 5)

• ( ) ( ) x  .1351 . )( ) C ) x  .1228 — ( 5)( J ) X .1116 L —4
• TCTrAI. COSTS DI SCCJJNTED TO BASE YEAR * 

150

*The first year listed is taken to be the BASE YEAR

A- 29
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WORKSHEET #1 1.11

r. 
•

WORKSHEET #11.11 COSTS FOR 11% DISCOUNT FACTOR

(CAPITAL OPERATING OPERATING\ DISCOUNT
YEAR ~INVESThtEN~ + EXPENSE — RECEIPTS / X FACTOR = C S K )

(19 )*  ) x 1.0000., ( )
( ) ( ) x  .9009 ( )
C I C ) x  .8116 )
C ) ( I x  .7311 C I( I ( ) x .6587.. 1 )
( ) ( I x  .5934~ ( )
C ) C I x  • ‘ =

C C ) x  - =
( I ( I x  =
C I ( I x  . = ( )• • ( ) ( I x ( )
( ) ( ) x  -=
( 5) ( I x . =
( I ) x  . = (

I I x  .2319
? )C I C I x .2090 3

( ) ( ) x .188_
~ ) ( ) x  .1696 )
C ) C I x  .1528= )
( ) ( I x  .1376= ( I( ) ( ) x  .124 I~ ( )( ) C I x  .1117= ( )
C ) C ) x  .1006= ( )
( _ ) C ) x  •pgp~ fTOTAL COSTS DISCOUNTED TO BASE YEAR * — 

[150)

*The first year listed is taken to be the BASE YEAR
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

WORKSHEET #11.12

WORKSHEET 0 11.12 COSTS FOR 12% DISCOUNT FACTOR

(CAPITAL OPERATING OPERATING\ DISCt)JNT
YEAR kINVESThIEWT + EXPENSE — RECEIPTS / X FACTOR = ( Sic )
(19 )* ) x 1.0000 — ( )• ( ) ( ) x  .8928 — ( )
C ) ( ) x  .7971 — ( )
C ) ( ) x  .7117 = (
( ) ( ) x  .6355 = )
( ) ( ) x  .5674 = )

• ( ) ( ~ .5066= ( )
C ) ( ) x .4523. ( ) •

C ) C ) x .4038. )
( ) ( ) x .3606= )
( ) ( ) x .3219. )
C ) ( ) x .2874 — )
( ) C ) x .2566. )
( ) ( ) x .2291. )( ) C ) x .204 . )
C ) C ) x  .1827= (

• C ) ( ) x .1631. )
C ) C ) x  .1456 = )
C ) C ) x  .1300. )( ) C ) x  .1161. )
C ) ( ) x  .1036= )
( ) ) x  .0925. )
( ) ( ) x  .0826. )
( ) •( ) x  .07 . 

F 3TOTAL COSTS DISC(1WIED it BASE YEAR * - [150)

*The first year listed is taken to be the BASE YEAR

A-31
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WORKSHEET #1 1.13

WORKSHEET #11.1 3 COSTS FOR 13% DISCOUNT FACTOR

(CAPITAL OPERATING OPERATING\ DISCOUNT
YEAR !~JNVESNENT + EXPENSE — RECEIPTS / X FACTOR - C $ ic )

• (19 )* 
) X 1.000°. 1 1

) C ) x  .8849 — C )
C ) C ) x  .7831 = ( )
C I C ) x  .6930 = ( )
C I C l x  .6133 = ( )
( ~ ( I x  .542’ ( )

• C I C I x  .4803 ( )
C I C ) x  . 4 2 5 0 — i I
( ( l x  .3~6I— ( IC I C I x  .3328 — C I( ) C I x .2945 — C I• ( ) ( ) X .:t-0 = ( )
C ) C I x .:‘50~~= ( 5)
C 5) ( ) X .2t -4 1— I) C 5) x .18(16. ( )
( ) ( ) x .1598 — (
( ) C ) x .1415= ( )

• ( I C ) x .1252 = 
~ 5)

C ) ( ) x .1108 — ( )
C ) C )x  .0980= ( )
( ) C ) x  .0867= ( )( 5) C ) x  .0768 = ( )
( ) ( ) x  .0679= ( )
C ) ) x  06OI = ç

F I 1UFAL COSTS DISCOUNTED TO BASE YEAR * — ~ 
[150]

*The first year listed is taken to be the BASE YEAR

A - 3 2

-
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WORKSHEET #11.14
I

WORKSHEET #11.14 COSTS FOR 14% DISCOUNT FACTOR

(CAPITAL OPERATING OPERATING\ DISCOUNT
YEAR ~INVESTh1ENT + EXPE4SE — RECEIPTS / X FACTOR • C Sic )

• (19 )* 
C ) x 1.0000 )¶ ( ) ( ) x  .8771 . ( )• ( ) C ) x  .7694 = ( )

• ( ) ( ) x  .6749 — ( )
C ) ( ) x  .5920 — )
( ) ( ) x  .5193 . ( )
C ) ( ) x  .4555 ” ( )
C ) C ) x  .3996 =
( ) C )x .3505 . )
C ) ( ) x  3075 . )( ) C ) x  .2697 — )• C ) C ) x  .2366 — ( )

• C ) ( ) x  .2075 — C )
C ) ( ) x  .1820 — )
( ) ( ) x  .1597 — ( )
C ) ( ) x  .1401. ( )
( ) ( ) x .1228 — ( )( ) ( ) x .1078 — ( )
C ) C ) x  .0945. ( )
C ) C ) x  0829 — ( )

4 ( ) ( ) x  .0727. ( )
( ) ( ) x  .0638 — C )( ) C ) X .0559 — C )
C_____ ) x .0491 — ~

1UFAL COSTS DISCOUNTED TO BASE YEAR * — 
~[1so 

‘I

The first year listed is taken to be the BASE YEAR

A-3 3
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WORKSHEET #11.15

4,
WORKSHEET #11.15 COSTS FOR 15% DISCOUNT FACTOR

• (cAPITAL OPERATING OPERATING\ DISCOUNT
YEAR \INVESThIENT + EXPENSE — RECEIPTS / X FACTOR - ( sic )
(19 )* 

~ ) x 1.0000 ( )
( ) ( ) x  .8695 = C )
( ) ( ) x  .7561 ( )• ( ) C ) x  .6575 C )

• ( ) C ) x  .5717
• ( I C ) x  .4971 ( )

( ) ( ) x .4323 C )
( ) ( ) X .3759 ” C 3

• ) ( ) x  .3 269 C )
• ( ) C ) x  .2842 ( )

( ) C ) x .2471 — ( )
• C ) ( ) x  .2149 ( )

( ) C ) x  .1869 ( )
( ) C ) x .1625 C 1( ) C ) x .1413 = ( )
( ) ( ) x .1228 ( 5)
C ) ( ) x  .1068 ( )
( ) ( ) x  .0929 ” ( )
( ) ( ) x  . 0 8 0 8 — ( )

• ( ) I ) x  .0702 ” C )
C ) C ) x  .0611 ( )
( ) ) x .0531 = C )
C ) C ) x  .0462 C )
( ) ( ) x  .0401~~~~~~

TOTAL COSTS DISC #JNTED TO BASE YEAR * - 
~[1so]

*The first year listed is taken to be the BASE YEAR

A- 34
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WORKSHEET #11.16

WORKSHEET #11.16 COSTS FOR 16% DISCOUNT FACTOR

(cAPITAL OPERATiNG OPERATING\ DISCOUNT
YEAR ~INVESNENT • EXPENSE — RECEIPTS / X FACTOR • C Sic )
(19 )* ) x 1.0000 — ( )

• ( ) ( ) x  8620 . C )
C ) ( ) x  .7431 . ( )
C ) C j  x 6406 • ( )
( ) C ) x  .5522 . )
C ) C ) x  .4761 . C )
( ) ( ) x  .4104 — )
( ) ( ) x  .3538 . ( )( ) C ) x  .3050 . ( )
C ) ( ) x  .2629 . ( )
( ) ( ) x  .2266 . ( )
( ) ( ) x  .1954 — ( )

• ( ) C ) x  .1684 — )
C ) ( ) x  .1452 — )
C ) C ) x  .1252 — (

• ( ) C ) x .1079 • (
• ( ) ( ) x .0930 • ( )

( ) ( ) x  .0802 . )
C ) ( ) x  .0691— ( )
C ) ( ) x  .0596 . ( )
( ) ( ) x  .0513 . ( )
( ) C ) x  .0443 .~~~ )
C ) C ) x  .0381 . ( )

• I C______ •( ) x .0329 — 
___________

TOTAL C~~FS DISCOUNTED it BASE YEAR * 
uso I

*The first year listed is taken to b. the BASE YEAR

A - 3 5
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H WORKSHEET #11.17

WORKSHEET #11.17 COSTS FOR 17% DISCOUNT FACTOR

(cAPITAl. OPERATING OPERATING\ DISCOUNT
YEAR ~INVESNENT + EXPENSE — RECEIPTS / X FACTOR - C Sic )

(19 )* ) x 1.0000 — ( )
C ) C ) x .8547 = ( )

F ( ) ( ) x .7305 ( )
( ) ( ) x  .6243 = ( )
C ) C ) x  .5336 — )
( ) ( ) x  .4561 = 3( ) C ) x  .3898 — C )
( ) ( ) x  .3332 — )
( ) ( ) x  .2847 = C )
C ) ( ) x  .2434 — )
C ) ( ) x  .2080 = )
( ) ) x  .1778 . )
( ) ( ) x .1519 = C )

4 ( ) ( ) x  .1298 = )
( ) ( ) x  ~~~~~~ C )

• ( ) ( ) x  .0948 = ( 5)• ( ) ( ) x  .0811 . )( ) C ) x  .0693 . )C ) C ) x  .0592 = )
C ) C ) x  .0506 . )
( ) C ) x  .0432 . )
C ) C ) x  .0369 . )
C ) C ) x  .0316~~ )
( ) ________________________________________ x .0270 

—

TOTAL COSTS DISCOUNTED TO BASE YEAR * - 
[1501

The first year listed is taken to be the BASE YEAR

A- 36



WORKSHEET #11.18

WORKSHEET #11.18 COSTS FOR 18% DISCOUNT FACTOR

(CAPI TAL OPERATING OPERATINCf~ DISCOUNT
YEAR + EXPENSE — RECEIPTS / X FACTOR - C Sic )

(19 )* ) x 1.0000 = ( )
( ) C ) x .8474 . C )
C ) ( ) x .7181 = ( )
( ) ( ) x .6086 — ( )
( ) ( )x.5157 . I. )
( ) ( ) x .4371 = ( )
( ) ( )x.3704 ( )
( ) ( ) x .3139 — ( )
( ) ( )x .2660 — ( )
( ) ( )x .2254 — ( )• ~ ) ( )x .l910 — ( )
( ) ( ) x .1619 • ( )
( ) ( )x .1372 = ( )
( ) ( )x.1162 — ( )( ) C )x.0985 = ( )
( ) ( )x.0835 — ( )
( ) ( )x.0707 — ( )
( ) ( )x.0599 — ( )

4 ( ) ( ) x .0508 • ( )
‘1 ( ) ( )x.0430 — ( )

( ) ( ) x .0365 — ( 3( ) ( ) x .0309 = ( )
• ( ) C )x .o262 — ( )( 1 •( ~~ x .0222 = 

31UFAL COSTS DISCOUNTED TO BASE YEAR * — 
[150]

• 0The first year listed is taken to be the BASE YEAR

A- 37



WORKSHEET #11.19

WORKSHEET #1 1.19 COSTS FOR 19% DISCOUNT FACTOR 
• 

-
•

(cAPITAL OPERATING OPERATING \ DISCOUNT
YEAR ~INVESTh1ENT + EXPENSE — RECEIPTS / X FACTOR - C $ ic )

(19 )* ) x 1.0(100. ( )
• ( ) ( ) x  .8403. C )

( ) ( ) x  . 0t~1— ( )
C ) C ) x ~~~~ C )
( ) ( ) x  .4986= 1 I
C ) C ) x  .4190— C )
C ) C ) x  .~ S . 1  ( )
C ) C ) x . 95~= I
( ) ( ) x .2486= )
( ) ( ) x .2089= )
( ) C )~~ .F56= )
C ) ( ) x  .14’S— C
C ) ( ) x  .1240= )
( ) C ) x .1042= )

• ( ) C ) x .0S~ 5= )
C ) ( ) x  .0735= (
C ) C ) x  .0618= C )
~ ) ( ) x .0519= )• ) C ) x  .0436— C )• ) C ) x  .036 . )• ( ) C ) x  .0308. C )
C ) C ) x  .0259— C )
C ) C ) x  .0217. ( )
C J I________________________________________ ) x .0183.

TOTAL COSTS Dl SCOUNTED it BASE ‘~tAR * - ~ 150

‘The first year listed is taken to be the BASE YEAR
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WORKSHEET #11.20

WORKSHEET #11.20 COSTS FOR 20% DISCOUNT FACTOR

• 
(CAPITAL OPERATING OPERATING\ DISC(XJNT

YEAR ~INVESTh1EWT + EXPENSE — RECEIPTS / X FACTOR • C Sic )
(19 )* C ) x 1.0000 • 1. )

• C ) C ~ x .8333 — ( )
C ) C ) x  .6944 = ( )
C ) ( ) x  .5787 — ( )
C ) ( ) x  .4822 = 

~ 
)

C ) C ) x  .4018 . 
~ 

)
C ) C ) x  .3349 ” ( )
C ) ) x  .2790 — )
C ) C ) x  .2325 . ( )
C ) ( ) x  .1936 ” ( )
( ) C ) x  .1615 — ( )
C ) ( ) x  .1345 — ( )
C ) ( ) x  .1121 — ( )
( ) ( ) x  .0934 — ( )
C ) C ) x  .0778 — ( )
( 5) ( ) x  .0649 . ( 5)
C C ) x  .0540 .~~~ )
C ) ( ) x  .0450 = ( )

• ( ) C ) x  .0375 )
C ) ( ) x  .0313 . ( )
~ ) ( ) x  .0260. ( )
C 3 ( .0217 . ( )
( ) C i x  .0181a ( )
C ) ) x  .01S0._4

TOTAL COSTS DISCOUNTED TO BASE y~p~ * — (~~ 
isoi ’

*The first year listed is taken to be the BASE YEAR
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WORKSHEET #12
1/1

WORKSHEET #12: COMPARE BENEFITS AND COSTS

DISCOUNT BENEFITS TO BASE YEAR OF COSTS

= (YEAR 1 OF BENEFITS) - CBASE YEAR OF COSTS)

( ) . (  ) •
= C  )

[151)

TWENTY YEAR BENEFIT , DISCOUNTED TO BASE YEAR*

= [149) /(1.1O)tl
_ t
B

= (  I
1152 1

BENEFIT/COST COMPARISON

[TOTAL BENEFITS , DISCOUNTED TO BASE YEAR

TOTAL COSTS , DISCOUNTED TO BASE YE AR]
= [152]/ [lso]

= (  )

* This formula is for a discount rate of 10% * I f  a d i scoun tra te  other than 10% is to he employed , then the formula is:
t -t

4
~ 

[149)/(1. + R/100) 1 B

Where R is the percent discount rate.
• QU 5. GOVCRNMINT PRINTING OPPIC~ $575—SOO~~~~7/ 3O4
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