
Report No. FAA~D-74-124
 

, ' 
~,\~.:~;,," 

'.. 

'" .' 

TECHNIQUE'S FOR DETERMI NI NG AI RPORT
 
AIRSIDE CAP·ACITY AND DELAY
 

:,;tAFIG 
LIBRARY 

016'18 

Fi na I Report 
June 1976 

Document is available to the U.S. public through 
the Nationa I Technical Information Service, 

Springfield, Virginia 22161. 

Prepared for 

u.s. DEPARTMENT OF TRANSPORTATION
 
FEDERAL AVIATION ADMINISTRATION 

Systems Research & Development Service
 
Washington, D.C. 20590
 



NOTICE
 

This document is disseminated under the sponsorship 
of the Department of Transportation in the interest 
of information exchange. The United states Govern
ment assumes no liability for its contents or use 
thereof. 

The contents of this document reflect the views of 
the authors who are responsible for the facts and 
accuracy of the data and techniques presented herein. 
The procedures, techniques and definitions presented 
herein are not to be regarded as superseding any 
existing standards, specifications or regUlations. 



Technical Report Documentotion Poge 

1. Repo,t No. 3. Recipient· .. Co,olog No.2. Go....nft'll.n. Ace•••'on No. 

FAA-RD-74-124 

4. Titl. ond s..b'itl. S. Repor' Do'. 

June 1976Techniques for )etermining Airport Airside 
6. PerforMing Orgonization Code

Capacity and De ay 
88277 

t-:;;--:--;--;"7------lr---------------------t 8. P.rfOf'IIlI'n9 Or~oniz.a'ion Report No. 
1. Author' .) 

(See supplement~ry notes.) 
9. Pe..foftft'n, O,.,ani Eofion Name and Addres. 10. Work Uni' No. (TRAIS) 

OR2-Ll21(See supplement~ry notes.) 
J1. Con'roc' or C,on' No. 

DOT FAnWA-2897 
13. Type 01 Repor' and Period Covered 

t-:-:~----:---:-:-_+_____:_:_:_:_------------~
12. SponSO,inll "1I.ney N_~ and Addr... 

Department of T ansportation Final Report
Federal Aviatio~ Administration
 
Systems Researc~ and Development Services
 14. Sponso,ing Agency Code 

Washincrton D.C. 20591 ~PJ)-410 
IS. s..P9I.....n'ory Ho'es 

Douglas Aircraf Co., McDonnell Douglas Corp., Long Beach, Calif. in associ
ation with Peat, Marwick, Mitchell & Co., San Francisco, Calif.; McDonnell 
Doucrlas Automat'on Co., Long Beach, Calif.; and American Airlines, Inc., 
"6. ""s'roc' New Yor , New York. 

This repor contains procedures for determining the capacity 
of the airField and its components and for determining delays 
to aircrafl~ operating on the airfield. This report is struc
tured to p~rmit the user to choose the method of analysis 
most suite~ to the complexity of the user's problem or the 
level of d~tail desired. 

17. Key W....ds 

Airfield capaci~y, airfield delay, 
runway componen~, taxiway component, 
gate component 

Document May be released to 
National Technical Information 
Service, Springf1eld, Virginia 
22151 For sale to public. 

19. Security Clossil. (01 '" • _t) 20. Secu,ity CloosH. (01 thi. pag.) 21. No. 01 POll'" 22. Price 

Unclassified Unclassified 
176 

F... DOT F 1700.7 (8 72) 



- ----

------

-----

--

------

METRIC CONVERSION FACTORS 

---._--

Approximate Conversions to Metric Measures M
 

'"' Approximate Conversions from Metric Measures -
- '"' - '"'	 Symbol When Vou Know Multiply by To Find Symbol-Symbol When Vou Know Multiply by To Find Symbol	 ---- 

- ;:;
----	 LENGTH--_._..~ ~--

~-
LENGTH	 

-
mm mill imeters 0.04 inches in 

- ::: em centimeters 0.4 inches in 

m meters 3.3 feet It 
--.-~-.----in	 inches "2.5 centimeters em 

m	 meters 1.1 yards yd~It	 feet 30 centimeters em -	 km kilometers 0.6 miles mi
yd	 yards 0.9 meters 

- -_._~---

mi	 miles 1.6 kilometers km ~ ~-

-----	 AREA
AREA	 - ::: 

em' square centimeters 0.16 square inches in2 

in2 
square inches 6.5 square centimeters em' ~ m' square meters 1.2 square yards yd' 

It' square feet 0.09 square meters m' km' square ki lometers square mi les mi2-	 0.4 
yd'	 square yards 0.8 square meters 2m'	 :!: ha hectares (10.000 m ) 2.5 acres-
mi 2	 square miles 2.6 square kilometers km'
 

acres 0.4 hectares ha 
~ 

1-"	 MASS (weight) 
1-" 

MASS (weight)	 ---- = ~-
g	 grams 0.035 ounces oz 

oz	 ounces 28 grams g ;::::::= _._---	 kg kilograms 2.2 pounds Ib
Ib	 pounds 0.45 kilograms kg 

t lonnes (1000 kg) 1.1 short tons
short tons 0.9 tannes t 

(2000 Ib)
 
~ 

VOLUME	 VOLUME-
a> 

-
tsp	 teaspoons 5 milliliters ml = ml milliliters 0.03 fluid ounces fl oz 

Tbsp tablespoons 15 milliliter.. ml 1 liters 2.1 pints pt 

fl oz fluid ounces 30 milliliters ml I liters 1.06 quarts ql 

cups 0.24 liters I .. 1 liters 0.26 gallons gal 

pt pints 0.47 liters I - m cubic meters 35 cubic feet 
- 3	 1,3 

qt	 qlwrts 0.95 liters I - ----- m3 cubic meters 1.3 cuhic yards yd 3 
-

gal gallons 3.B liters I 
3
1t 3	 cubic feel 0.03 cubic meters m 

:: 
yd 3	 cubic yards 0.76 cubic meters m 3 TEMPERATURE (exact)"' -

TEMPERATURE	 (exact) :: 
:: .. °c Celsius 9/5 (Ihen Fahrenheit "F 

temperature add 32) temperature 
OF Fahrenheit 5/9 (alter Celsius "c M-

temperature	 suhtract iog temperature - OF 
32) - of 32 9B.6 212

'"' -	 -40 
I I , 0 

I , , 40 , , BO , , I, I I~O, I I I~O I t
, 2~0 ,[I 

" III ::; 2 },q !r·>\,],.llyl. I or (l11\l~1 ")(011:1 U)lIVfl!SlIlll:-' ,J11(I,I\[I[(' d'~I.lII"d 1;L1l1,">, :-"'1' NB~; MI..,c. PIJIJI. ;'i·m, I I I I I 

1 
, I I iii I I 

LJl\ll~ 01 WUl!lllb dl\(J MI).J:---'lIrr'~" PIIU) S.2.1.~J, SD Cd1;ll"!l No. C:1 :l,l l):2H(J. -40 -20 0--	 - 20 40 60 BO 100 
~ °c	 37 °cI 

i\.,	 \ 



PREFACE 

This report was prepared for the Federal Aviation Administra
tion's Systems Research and Development Service as part of its 
broad research program to develop new and improved methods 
which will provide a basis for determining how best to increase 
capacity and minimize congestion on the airfield. The report 
represents the joint efforts of a project team consisting of 
Douglas Aircraft Company in association with Peat, Marwick, 
Mitchell & Co. (PMM&CO.)i McDonnell Douglas Automation Company 
(MCAUTO)i and American Airlines, Inc. In addition, Professor 
Robert Horonjeff of the University of California, Berkeley, 
served as general advisor to the project team. 

As part of the project team's coordinated efforts on the overall 
project, each organization carried out specific project respon
sibilities, as summarized below. 

Douglas Aircraft Co. American 
Organi McDonnell Douglas Airlines, 

zation Corporation PMM&Co. MCAUTO Inc. 

Overall Prime contractor; Capacity and Interactive General 
project overall technical delay model graphics sys advisory, 
respon direction and proj development; tem and real overall 
sibility ect management; data handbook de time simulator project 

collection support; velopment; feasibility 
computerized section management of studies; delay 
of handbook data collec model ATC al

tion and anal gorithm; model 
ysis; software software de
review, modi velopment; 
fication, and data process
development; ing; software 
training documentation; 

training 

The project team appreciates the assistance they received from 
the Federal Aviation Administration's Airports Service, and 
other participating branches of FAA, as well as the airlines, 
various airport sponsors, and other interested organizations 
who contributed to the efforts of this project. 
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CHAPTER 1. INTRODUCTION
 

1.	 PURPOSE OF REPORT. The purpose of this report is to pre
sent procedures for determining the capacity of the air 
port airs ide and for determining delays to aircraft 
operating on the airside. The term airside refers to the 
airfield and its components (i.e., runways, taxiways, and 
apron-gate areas). 

The procedures in this report are based on field obser
vations at 18 high-activity airports in the United States, 
both air carrier and general aviation. Background and 
detailed assumptions used in the development of the re
port are presented in three companion reports. l ,2,3a 

2.	 BACKGROUND LEADING TO THE DEVELOPMENT OF THIS REPORT. 
Predecessor docllments for estimating capacity and delay 
include, "Airport Capacity," June 1963; FAA Advisory Cir
cular 150/5060-lA, "Airport Capacity Criteria Used in 
Preparing the National Airport Plan," dated July 8, 1968; 
FAA Advisory Circular 150/5060-3A, "Airport Capacity 
Criteria Used in Long Range Planning," dated December 24, 
1969; and "Airport Capacity Handbook," second edition,' 
June 1969. 

These documents are based on analytical models developed 
in the early 1960s and the inputs used for the development 
of charts in these documents are based on observations 
at selected airports made at about the same time. Since 
that time, widebody aircraft have been placed in service, 
requiring the revision of aircraft separation rules to 
account for the strong wake vortices generated by these 
aircraft. 

In addition, the predecessor documents are primarily con
fined to determining capacity and delay on the runways, 
whereas this report also covers capacity and delay on 
taxiways crossing active runways and apron-gate areas 
where airline aircraft park. 

a. For numbered references, see Paragraph lIon page 17. 
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3.	 SCOPE OF REPORT. The airfield planning process may in
clude several stages from preliminary assessment to 
detailed evaluation of airfield performance. This report, 
therefore, is structured so that the user can choose the 
method of analysis best suited to his needs. 

The report contains four chapters and five appendixes. 

a.	 Chapter 1. Introduction. Chapter 1 outlines the 
purpose and scope of the report; defines the air 
field and its components; explains the terms used; 
and suggests uses and limitations of the report in 
airport planning and development. 

b.	 Chapter 2. Analysis of Capacity and Delay. Chap
ter 2 describes a series of procedures using charts 
for estimating capacity for a wide range of airfield 
components (i.e., runways, taxiways, and apron-gate 
areas). The chapter also contains procedures for 
determining hourly, daily, and annual delays to 
aircraft on these components. 

c.	 Chapter 3. Computerized Techniques to Determine 
Hourly Capacity of Runways and Annual Delay to 
Aircraft. Chapter 3 presents computerized tech
niques for determining the hourly capacity of the 
runway component and annual delay to aircraft on 
the runway component. 

d.	 Chapter 4. Airfield Evaluation by Computer Models. 
If a more detailed evaluation of capacity and de
lay is required than that possible from either Chap
ters 2 or 3, the evaluation can be made by computer 
models. Chapter 4 briefly summarizes the scope of 
FAA simulation and analytical models used to compute 
the capacity and delay values in this report and 
presents a summary of model inputs and outputs. 

e.	 Appendix 1 - Preliminary Analysis of Capacity and 
Delay. This appendix describes a simplified pro
cedure for estimating capacity and delay for a 
number of typical runway configurations. 
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In general, the use of Chapters 2 or 3 is encouraged 
rather than Appendix 1. Appendix 1 was prepared to 
provide a simple procedure for estimating runway 
capacity and annual delay in preliminary planning 
when	 a very approximate estimate of capacity or 
delay is all that is needed. 

f.	 Appendix 2 - Effect of Ceiling and Visibility on 
Runway Capacity. This appendix presents a pro
cedure to estimate the hourly capacity of a single 
runway and certain two parallel and intersecting . 
runways when ceiling and visibility conditions are 
extremely poor. 

I 

g.	 Appendix 3 - Effect of Navigational Aids on Runway 
Capacity. Appendix 3 presents a procedure to esti 
mate the hourly capacity of a single runway and 
certain two parallel and intersecting runways in 
IFR conditions without a radar environment and/or 
an ILS. 

h.	 Appendix 4 - Evaluation of Runways Without Minimum 
Exit Taxiways. This appendix presents a simple pro
cedure for determining the hourly capacity for 
single runway general aviation airports without the 
minimum taxiways assumed in Chapters 2 and 3. 

i.	 Appendix 5 - Runway Restricted Use. The procedures 
presented in Chapters 2 and 3 are based on the 
assumption that all runways can be used by a major
ity of the aircraft using an airport. The hourly 
capacity of parallel runways where some classes 
of aircraft are restricted from using a particular 
runway may be determined using Appendix 5. 

4.	 THE AIRFIELD AND ITS COMPONENTS 

a.	 Airfield. The airfield is defined as a system of 
components (i.e., runways, taxiways, and apron
gate areas) on which aircraft operate. A simpli
fied diagram of the airfield and its relationship 
to the adjacent airspace is shown in Figure l-l.a 

a.	 Both figures used in this chapter (Figure 1-1 and Figure 1-2) 
are located at the end of this chapter. 
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b. Runway Component. Air traffic control procedures 
(including those reflecting the effects of wake 
vortices) are major factors that influence runway 
component capacity and delay; therefore, the run
way component encompasses the common approach and 
departure paths to and from the runways. 

c.	 Taxiway Component. The capacity of the taxiway 
component usually is much greater than the capac
ities of the runway or apron-gate components, with 
one exception--taxiways crossing an active runway. 
Thus, this report only covers capacity and delay 
on a taxiway crossing an active runway. 

d.	 Apron-Gate Area Component. Because general aviation 
aircraft do not operate on a fixed schedule, general 
aviation parking times in the apron area fluctuate 
widely. Therefore, this report covers only the 
capacity and delay on an air carrier aircraft park
ing apron. For simplicity, the apron-gate area 
component is hereinafter referred to as the "gate 
component." 

e.	 Component Independence. For determining capacity 
and delay, the operations on the runways, taxiways, 
and gates at most airports can be considered inde
pendent of each other and analyzed separately.I,3 
For planning purposes, it is sufficiently accurate 
to assume that the capacity of the runways is not 
affected by operations on either the gates or the 
taxiways. 

Because operations on one airfield component gen
erally do not affect the capacity of another compo
nent, the capacity of the entire airfield is governed 
by the capacity of one of the three components (i.e., 
the "weakest link" or as hereinafter sometimes re
ferred to--the "constraining component"). Procedures 
for identifying the constraining component are pre
sented in Paragraph 25 on page 40. In addition, be
cause operations_on one component have little in
fluence on the delay to aircraft on another compo
nent, the total delay to aircraft on the entire air 
field can be estimated by adding the delay to air 
craft on each individual airfield component. 

5.	 DEFINITION OF TERMS. The principal terms used in this 
report are as follows: 
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a. Hourly Capacity of Runways. The hourly capacity of 
the runway component is defined as the maximum 
number of aircraft operations (i.e., arrivals, de
partures) that can take place on the runway compo
nent in an hour. The maximum number of aircraft 
operations depends on a number of conditions in
cluding, but not limited to, the following: 

(1) Ceiling and Visibility. For purposes of this 
report the terms "VFR" and "IFR" are used as 
measures relating to ceiling and visibility. 

In the airspace adjacent to an airport with a 
control zone, VFR (visual flight rules) condi
tions occur when the ceiling is at least 1,000 
feet and the visibility is at least three stat
ute miles. During VFR conditions, pilots space 
themselves according to what they consider safe 
except where aircraft are sequenced by radar 
such as in a Terminal Control Area (TCA) or 
where Stage III radar sequencing servicea is 
provided. 

IFR (instrument flight rules) conditions occur 
when the ceiling is less than 1,000 feet and/or 
visibility is less than three statute miles. 
During IFR conditions, the air traffic control 
system assumes responsibility for providing 
safe separation between aircraft and specifies 
the minimum spacing between all ~ircraft. 

In IFR conditions, the occurrence of certain 
poor ceiling and visibility conditions (e.g., 
ceiling is less than 500 feet and/or visibility 
is less than one statute mile) may affect run
way capacity. Procedures for the determination 
of hourly capacity of runways during these poor 
conditions (referred to herein as "PVC") are con
tained in Chapter 3 and in Appendix 2. In addi
tion, in this report it is assumed that opera
tions in IFR conditions are conducted in a radar 
environ~ent and that arrivals operate on at 
least one runway equipped with an instrument 

a. For information on the service provided see Reference 4. 
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landing system (ILS), except in Appendix 3. A 
procedure is presented in Appendix 3 for deter
mining hourly capacities in IFR conditions 
without radar and/or an ILS. 

(2)	 Runway Use. Runway use is defined in terms of 
the number, location, and orientation of active 
runways (i.e., runways in use at a particular 
time) and involves the directions and kinds of 
operations using each runway. The definition of 
runway use is further illustrated in the example 
in Paragraph 2l.a.(2) on page 22. 

(3)	 Aircraft Mix. Aircraft mix is defined in terms 
of four aircraft classes: A, B, C, and D. 

Class A includes small single-engine aircraft 
(i.e., aircraft weighing 12,500 poundsa or 
less). Class B includes small twin-engine 
aircraft (i.e., aircraft weighing 12,500 
poundsa or less and Lear jets); Class C in
cludes large aircraft (i.e., aircraft of more 
than 12,500 poundsa and up to 300,000 poundsa ); 
and Class D includes heavy aircraft (i.e., 
aircraft capable of weights of 300,000 poundsa 
or more). 

A list of typical aircraft in each class is pre
sented in Figure 1-2. 

(4)	 Percent Arrivals. The percent of all aircraft 
operations that are arrivals has an important 
influence on the hourly capacity of runways. 
For example, a runway used exclusively for 
arrivals will have a different capacity from 
a runway used exclusively for departures or for 
mixed operations (i.e., arrivals and departures) 
A procedure for computing the percent arrivals 
is presented in Paragraph 2l.a. (4) on page 23. 

(5)	 Percent Touch-and-Go. A touch-and-go operation 
refers to an aircraft landing and then imme
diately taking off (without making a full stop). 
Because a touch-and-go is both an arrival and a 
departure, it is counted as two aircraft opera
tions. A procedure for computing percent touch
and-go is presented in Paragraph 2l.a.(4) on 
page 23. 

a. Maximum certificated takeoff weight. 
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In general, significant numbers of touch-and-go 
operations do not occur at airports used predomi
nantly by air carrier aircraft; therefore, the 
influence of touch-and-go operations in plan
ning such airports may not be important. How
ever, touch-and-go operations are important at 
airports used almost entirely by general aviation 
aircraft. 

(6)	 Exit Taxiway Location. Runway occupancy time
 
can affect the hourly capacity of runways. Be

cause the location of exit taxiways affects run

way occupancy times, exit taxiway location can
 
be important in determining runway capacity.
 
The location of an exit taxiway is measured in
 
feet from the arrival threshold of the runway.
 

In Chapters 2 and 3, it is assumed that as a 
minimum, an exit taxiway is located at both ends 
of each runway; however, the user must identify 
the locations of other exit taxiways. A pro
cedure for determining runway capacity at general 
aviation airports where exit taxiways do not 
exist at both ends of each runway is presented 
in Appendix 4. 

(7)	 Other Operating Conditions. In Chapter 3, certain 
additional operating conditions also must be spe
cified (e.g., wet or dry runway). For purposes 
of this report, all other operating conditions af
fecting runway capacity (e.g., pilot performance 
and air traffic control procedures) are assumed 
to be constant. 

It is important to point out that the definition of 
hourly capacity of runways in this report differs 
from the definition in predecessor documents listed 
in Paragraph 2 inasmuch as the definition of capacity 
herein contains no assumptions regarding "acceptable" 
levels of delay to aircraft. In predecessor documents, 
levels of average delay for arrival and departure air 
craft are specified for different mixes of aircraft 
and weather (e.g., four minutes delay for aircraft in 
IFR); the aircraft demand (aircraft operations rate) 
corresponding to these predetermined levels of delay 
was defined as "practical hourly capacity." 
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b. 
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Capacity as defined in this report expresses the 
maximum physical capability of an airfield or any 
one of its components (i.e., a saturation capacity). 
It is a maximum aircraft operations rate for a set 
of specified conditions and is independent of the 
level of average aircraft delay (actually, when 
traffic volumes reach capacity levels in an hour, 

..-:-0.'delay to aircraft may average from 2 to 10 minutes). 
Consequently, for the same specific conditions, 
the capacity values in this report may tend to be 
slightly higher than in the predecessor handbook. 

There are several reasons for choosing this defini
tion of capacity. First, there is lack of agree
ment on what are "acceptable" levels of delay ap
plicable to all airports and their airfield compo
nents. Because constraints differ from airport to 
airport, the amount of "acceptable" delay differs 
from airport to airport. 

Second, because the pattern (i.e., fluctuations) 
of demand within an hour can vary widely, there 
may be large variations in average delay for the 
same level of hourly aircraft demand. Thus, for 
the same physical facility (e.g., a runway), the 
"practical hourly capacity" would be different each 
time the pattern of demand changed. 

This report provides the user with comprehensive pro
cedures for determining capacity and delay to an air 
craft for a wide range of conditions, and includes 
the flexibility of determining the demand (aircraft 
operations rate) for any desired level of service 
(i.e., level of average delay). An example of such 
a calculation is shown on page 53 of Chapter 2. 

Hourly Capacity of Taxiway Crossing an Active Runway. 
The hourly capacity of a taxiway crossing an active 
runway is defined as the maximum number of aircraft 
operations (i.e., crossing movements) that can take 
place on a taxiway crossing an active runwpy in an 
hour. The maximum number of aircraft operations 
depends on a number of conditions including, but not 
limi ted to: 

(1)	 Intersecting Taxiway Location. The ~ocation of
 
a taxiway crossing an act1ve runway 1S measured
 
in feet from the threshold of the active run

way. 
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(2)	 Runway Operations Rate. Runway operations rate 
is expressed in terms of the number of aircraft 
operations per hour (i.e., arrivals, departures, . 
touch-and-go) on the active runway. 

(3)	 Aircraft Mix Using Runway. Information on the 
aircraft mix using the active runway is required 
for the determination of taxiway capacity. 

(4)	 Other Operating Conditions. For purposes of 
this report, all other operating conditions 
(e.g., width of active runway, visibility, pilot 
and controller performance) are assumed to be 
constant. 

c.	 Hourly Capacity of Gates. The hourly capacity of 
gates is defined as the maximum number of aircraft 
operations that can take place on the gate compo
nent in an hour. The maximum number of operations 
(i.e., arrivals to the gates, departures from the 
gates) depends on a number of conditions including, 
but not limited to, the following: 

(1)	 Gate. For this report, a gate is defined as 
an-aircraft parking position adjacent to a 
terminal building used by a single aircraft 
for loading and unloading passengers, cargo, 
and mail. If an aircraft parking position is 
used regularly by two (or more) aircraft at the 
same time (i.e., "double parking"), two gates 
(or more as appropriate) are defined to exist. 

(2)	 Number of Gate Groups. For this report, those 
gates used by one airline are referred to as 
a gate group. Occasionally, a gate group may 
accommodate more than one airline. 

(3)	 Numbers and Types of Gates in Each Gate Group. 
Gate types are expressed in terms of the sizes 
of aircraft they can serve. In this report, 
it is assumed that all gates are one of two 
types--Type 1, those gates that can be used 
by widebody aircraft (e.g., B-747, DC-10, 
L-10ll); and Type 2, those gates that cannot 
be used by widebody aircraft. In addition, it 
is assumed that non-widebody aircraft may 
also use Type 1 gates. 
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(4) Gate Mix. The gate mix is the percent of non
widebody aircraft (e.g., all aircraft except 
DC-la, L-IOll, B-747, etc.) using each gate 
group. 

(5) Gate Occupancy Time. Gate occupancy time is the 
time spent by an aircraft at a gate. The time 
varies depending on the size of the aircraft, 
and whether the scheduled flight of the aircraft 
originates or terminates at the airport or 
whether the aircraft is making an intermediate 
stop at the airport. 

(6) Other Operating Conditions. For this report, 
all other operating conditions are assumed to 
be constant. 

One operating condition that can significantly 
influence the hourly capacity of gates is the 
scheduling practices of the airline(s) using 
the gates. For this reason, the results of a 
gate capacity analysis should be reviewed with 
the appropriate airline if gate capacity is 
considered critical. 

d. Hourly Capacity of Airfield. The hourly capacity of 
the airfield is defined as the maximum number of air
craft operations that can take place on the airfield 
in an hour. The maximum number of operations depends 
on the conditions indicated previously for each of the 
airfield components. The hourly capacity of the air
field is governed by the capacity of its "constrain
ing component," as described in Paragraph 25, on 
page 40. 

e. Annual Service Volume. Annual service volume is a 
level of annual aircraft operations that may be used 
as a reference in preliminary planning. 

As annual aircraft operations approach annual service 
volume, average delay to each aircraft throughout the 
year may increase rapidly with relatively small in
creases in aircraft operations, thereby causing 
levels of service on the airfield to deteriorate. 

When annual aircraft operations on the airfield are 
equal to annual service volume, average delay to each 
aircraft throughout the year is on the order of one 
to four minutes. A more precise estimate of actual 
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average delay to aircraft at a particular airport can 
be obtained using the procedures described in Para
graph 29, on page 71, or Paragraph 33, on page 154. 

If the number of annual operations exceeds annual 
service volume, moderate or severe congestion may 
occur, similar to that experienced at several of 
the airports surveyed during the development of 
this report (including Chicago O'Hare International 
Airport, LaGuardia Airport, and William B. Hartsfield 
Atlanta International Airport). 

For analyses of airfield improvements, aircraft 
delays also can be important at levels of annual 
aircraft operations less than annual service volume. 
Therefore, delays to aircraft should also be con
sidered in planning and evaluating airfield improve
ments at levels of annual operations less than an
nual	 service volume. In some instances, when annual 
demand is expected to approach one-half of annual 
service volume within the planning horizon, nominal 
construction costs of airfield improvements may be 
balanced by savings in aircraft delay costs. 

f.	 Demand. The demand is the number of aircraft that 
desire to use the airfield (or one of its three com
ponents) in a given interval of time (e.g., one 
hour) . 

g.	 Delay. Delay to aircraft is defined as the difference 
betwe~n the actual time it takes an aircraft to oper
ate on an airfield (or component) and the time it 
would take the aircraft to operate without interfer
ence from other aircraft on the airfield (or component) 
under the conditions described previously in Para
graphs 5.a, 5.b, and 5.c. Delay is expressed in 
minutes. 

h.	 Hourly Delay to Aircraft. Hourly delay is the total 
delay incurred by all aircraft on the airfield (or 
component) during a period of one hour. For de
termining hourly delay to aircraft on an airfield, 
information is needed concerning the delay to air 
craft on the runways, taxiways crossing an active 
runway, and gates. The sum of the delay on the 
components represents the delay on the entire air 
field. 
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i.	 Daily Delay to Aircraft. Daily delay is the total 
delay incurred by all aircraft on the airfield (or 
component) during a day. Daily delay on the air 
field is the sum of the daily delays on the runways, 
taxiways crossing an active runway, and gates. 

j	 . Annual Delay to Aircraft. Annual delay is the total 
delay incurred by all aircraft on the airfield (or 
component) during a year. Annual delay on the air 
field is the sum of the annual delays on the runways 
and gates. 

6.	 RELATIONSHIP BETWEEN CAPACITY, DEMAND, AND DELAY. As stated 
previously, hourly capacity is defined in this report as 
the maximum number of ,aircraft operations that the airfield 
or one of its components can accommodate for specified 
operating conditions (e.g., aircraft mix). It expresses 
the ultimate physical capability of an airfield and its 
components and is independent of both the magnitude and 
fluctuation of demand and the level of delay to aircraft. 
In this context, demand is independent of capacity and 
the level of delay to aircraft. 

Delay, on the other hand, is dependent on capacity and 
the magnitude and fluctuation in demand. For example, de
lays can occur even when the demand averaged over one hour 
is less than the hourly capacity. Such delays occur be
cause demand fluctuates within an hour so that during some 
small intervals of time (i.e., less than one hour), demand 
is greater than capacity. 

If the magnitude and fluctuations in demand are fixed, the 
only	 way to reduce delay is to increase capacity. On the 
other hand, if demand can be manipulated to produce a 
more	 uniform pattern of demand (i.e., reduce peaks in de
mand), then delay can be reduced without increasing capac
ity. Thus, estimating capacity is an integral step in 
determining delay to aircraft. 

Numerical examples of this important relationship between 
capacity, demand, and delay are presented in Chapter 2. 

. , 

/ 
'-~/ 
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7.	 THE USE OF CAPACITY AND DELAY IN AIRFIELD PLANNING. Capac
ity is an important index of performance of an airfield but 
should not be used as the sole criterion for determining if 
additional airfield improvements are required. 

In preliminary planning, several alternative airfield 
improvements are usually considered. Capacity is a use
ful criterion for initial screening of the alternatives 
and for selecting airfield improvements for further 
analysis. 

When	 demand approaches capacity, delays to aircraft build 
up very rapidly. Because of the congestion that may be 
associated with rapid buildups of delay, users of this re
port	 should exercise caution when planning for airports 
where demands are expected to approach capacity levels for 
more	 than very short periods of time. Also, because of 
their economic importance, estimating the magnitude of de
lays	 usually is much more important in determining the jus
tification and requirement for airfield improvements than a 
determination of capacity. 

In summary, the operational and economic implications of 
delay to aircraft generally dictate that delay to aircraft 
be included in airfield planning studies considerably before 
demand is expected to reach capacity levels. , 

8.	 AIRFIELD PLANNING AND DEVELOPHENT. One principal objective 
of the report is to provide the user with guidance in de
termining an efficient means to increase capacities and 
reduce delays. Since each airport site is unique (e.g., 
existing facilities, topography, noise sensitive areas), 
the procedures in this report are structured to help the 
user identify ways to improve the airport under study. 
For example: 

a.	 Exit Taxiways. One airfield improvement frequently 
considered to increase capacity and reduce delays is 
the construction of additional exit taxiways. The 
studies leading to the development of this report 
show that the location of exit taxiways can have an 
important effect on runway capacity, particularly in 
VFR conditions. 

Another important conclusion is that the type of exit 
taxiway (i.e., perpendicular or angled) has a rela
tively small effect on runway capacity under exist 
ing air traffic control rules and aircraft operating 
procedures. However, angled exits may be preferred 
for other operational reasons. 
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Consequently, the procedures in Chapters 2 and 3 ac
count for the effect on runway capacity of exit taxi
way location. In Chapter 2, the sensitivity of runway 
capacity in relation to exit taxiway location is evi
dent from the capacity charts for each runway use. 

Another important taxiway analysis concerns the staged 
development of a simple airport (i.e., a minimum fa
cility consisting of a runway without a parallel taxi
way) into a basic airport layout (i.e., a runway with 
a parallel taxiway and one exit taxiway in between) . 
The procedures in Chapters 2 and 3 assume that, at a 
minimum, an exit taxiway is located at both ends of 
each runway; therefore, a special procedure for evalu
ating runways without exit taxiways at both ends of 
the runways is presented in Appendix 4. 

b.	 Restrictions on the Use of Runways. Another applica
tion of the report may involve analysis of capacity 
and delay at an airfield when the use of the runways 
is restricted by environmental or physical constraints 
(e.g., preferential use of runways for noise abate
ment, or limited runway length or strength). 

In Chapters 2 and 3, a number of runway uses are pre
sented to enable the user to select the specific run
way use in effect at his airport. 

Another type of restriction to the operations on an 
airport may be a limitation on the use of certain run
ways by large aircraft because of existing strength or 
length. 

A method for determining capacities of runways when 
large aircraft are so restricted (referred to as "run
way restricted use") is contained in Appendix 5. 

c.	 Wake Vortices. Extensive flight tests undertaken 
by FAA and NASA, demonstrated the necessity for pre
venting aircraft from flying too close to large or 
heavy aircraft. To avoid hazardous conditions caused 
by wake vortices, the FAA has specified minimum 
separations between various sizes of aircraft. 
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These separations generally prevail regardless of 
weather conditions and are greater than the mini
mum separation required in IFR conditions if there 
is no hazard from wake vortices. 

Knowledge of the specifics of the separation cri 
teria is not required for users of this report 
since the criteria are incorporated in the pro
cedures in Chapters 2 and 3. However, an under
standing of the impact of these separation criteria 
on capacity may be determined by examining capacity 
estimates for different runway uses. 

For example, one sensitive criterion relates to the 
spacing (lateral separation) between parallel runways 
used	 by a significant volume of heavy aircraft. When 
the runway spacing is less than 2,500 feet, a minimum 
separation distance is required behind a heavy jet 
aircraft on one runway and an aircraft on the other 
runway. This minimum separation is not required if 
the runway spacing is greater than 2,500 feet." There
fore, wake vortices (in relation to runway spacing) 
may be important in a particular planning study. 

9.	 CAUTIONS IN THE USE OF THIS REPORT. The material con
tained in this report is primarily intended for airport 
planning. The values of capacity and delay obtained from 
the report cannot and should not be construed as precise 
values for a particular airport. Rather, the capacity and 
delay values reflect operations at a wide variety of 
U.S.	 airports. 

a.	 Detailed Investigations. In the event a detailed air 
field evaluation is required beyond that required in 
most airport planning studies, the capacity and delay 
models described in Chapter 4 should be used. Simi
larly, analyses of complex, high-activity airfields 
may warrant or require the use of these models, par
ticularly if analyses are critical in determining the 
justification of costly or environmentally sensitive 
improvements, or if the analyses involve investigat
ing possible changes in operating procedures at such 
airports. 
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In addition to delays estimated using Chapters 2 or 
3, delays on the airfield due to (1) lack of capac
ity in the airspace; (2) maintenance and construction 
projects; (3) transition from one runway use to 
another; and (4) saturation or closure of a destina
tion	 airport can be evaluated using the simulation 
model described in Chapter 4, provided that model 
inputs are adjusted to reflect such conditions. 
For those periods of time when the airport is closed 
due to ceiling and/or visibility being below operat
ing minima, it may be appropriate to perform separate 
analyses to determine (1) the' delays to aircraft due 
to aircraft holding while the airport is closed, 
(2) the delays due to aircraft being diverted to 
other airports, and (3) the number of flight cancel
lations and diversions. 

b.	 underlying Assumptions. In developing general plan
ning procedures for the report, a number of assump
tions were made. l ,2,3 These assumptions were based 
on a large number of field observations and are 
representative of typical operations at high~activity 

airports in the united States, both general aviation 
and air carrier. Users of these techniques are en
couraged to develop an understanding of these under
lying assumptions so that if specific circumstances 
at a particular airport vary from assumptions herein, ..~' 

the user can account for the significance of such 
variance. 

c.	 Consideration of Other Factors. Although information
 
on airfield capacity and delay is clearly important
 
for justifying airfield improvements, other fac~ors
 
(e.g., environmental impact, financial implications) 

may in the final analysis be of equal, or possibly 
greater importance. Although these other factors 
must be considered before final decisions are made 
on airport planning and improvements, they are not 
treated in this report. 

10.	 CANCELLATION. This report supersedes the Letter Report, 
"Use of Runway Capacity and Delay Models: Performance and 
Assessment Techniques," February 1976, in its entirety. 
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FIGURE 1-1 THE AIRFIELD AND ITS COMPONENTS 
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Aircraft 
Classi
fication 

Class A 

Class B 

Class C 

Class D 

Types of Aircrafta 

Small single-engine aircraft weighing 
12,SOO Ib or less (e.g., PA18, PA23, 
C180, C207) 

Small twin-engine aircraft weighing 
12,SOO Ibb or less and Lear jets (e.g., 
PA31, BESS, BE80, BE99, C310, C402, 
LR2S) 

Large aircraft weighing more than 
12,SOO Ibb and up to 300,000 Ibb 
(e.g., CV34; CVS8; CV88; CV99; DC4; 
DC6; DC7; L188; L49;DC8-10, 20 series; 
DC9; B737; B727; B720; B707-120; 
BAll; S210) 

Heavy aircraftC weighing more than 
300,000 Ib (e. g., LIOll.; DC8-30, 40, 
SO, 60 series; DCIO; B707-300 series; 
B747; VCIO; A300; Concorde; IL62) 

a. For aircraft type designatoFs, see FAA Handbook 
No. 7340.1E with changes. 

b. Weights refer to maximum certificated takeoff 
weight. 

c. Heavy aircraft are capable of takeoff weights 
of 300,000 Ib or more whether or not they are 
operating at this weight during a particular 
phase of flight. (Reference FAA Handbook 7110.6S 
wi th changes.) 

FIGURE 1-2 AIRCRAFT CLASSIFICATION 
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CHAPTER 2. ANALYSIS OF CAPACITY AND DELAY
 

20.	 GENERAL. This chapter describes procedures, using charts, 
for estimating capacity and delay for a wide range of air 
field configurations. These procedures can be used to ob
tain the following information: 

Hourly capacity of runway(s) 

Hourly capacity of a taxiway crossing an active 
runway 

Hourly capacity of gates 

Hourly capacity of an airfield 

Annual service volume of runways 

Hourly delay to aircraft on !unways, taxiways, 
gates, and airfield 

Daily delay to aircraft on runways, taxiways, 
gates, and airfield 

Annual delay to aircraft on runways, gates, 
and airfield 

21.	 INFORMATION AND DEFINITIONS FOR ANALYSIS OF CAPACITY AND 
DELAY. Input required for the computation of capacity and 
delay is shown in Figure 2-1. a Each item is summarized 
briefly in the following paragraphs. 

a.	 Hourly Capacity of Runway. The following informa
tion is required for e~timating the hourly capacity 
of runways: 

(1)	 Ceiling and Visibility. For purposes of this 
chapter, ceiling and visibility conditions are 
classified as either VFR (visual flight rules) 
or IFR (instrument flight rules) in accordance 
with the definitions in Paragraph 5.a. (1) on 
page 5. Sources of information on the occur
rence of ceiling and visibility conditions at a 
particular airport include the appropriate of
fices of the National Weather Service and the 
Flight Service Station, as well as the National 
Climatic Center in Asheville, North Carolina. 

a.	 All figures used in this chapter (Figures 2-1 through 2-102) 
are located at the end of this chapter. 
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(2)	 Runway Use. Runway use is defined in accordance 
with the definition in Paragraph 5.a. (2) on 
page 6. To further illustrate that definition, 
consider the following example: 

An airport has the following runway configuration: 

RUNWAY CONFIGURATION· 

Assume that the runways at this airport are nor
mally used in four different ways as shown in the 
following diagrams (i.e., reflecting prevailing 
wind conditions, etc.): 

I---_,'-;========:J + 

C::=:=:=======::::JI +	 C=========:::JI ¢ 

"'1-------....--"¢	 + 
.. CI=======::JI ¢ 

o ARRIVALS CAN OCCUR ON RUNWAY INDICATED. 

+ DEPARTURES CAN OCCUR ON RUNWAY INDICATED. 
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Each of the four diagrams represents a runway use. 
In this report, the symbol ~ is used to de
note that arrivals can occur on the runway indi
cated, and the symbol + is used to denote that 
departures can occur on the runway indicated. The 
lack of a symbol means that such operations wi~l 

not occur. 

A complete listing of runway uses is shown in Fig
ure 2-2. Possible sources of runway use informa
tion at a particular airport include field obser
vations, FAA air traffic control tower personnel, 
or airport management. 

(3)	 Aircraft Mix. As defined in Chapter 1, aircraft 
mix is expressed in terms of four aircraft classes, 
i.e., A, B, C, and D. Sources of the mix of air 
craft for a particular airport include air traffic 
forecasts, field surveys, and air traffic activity 
records. 

For purposes of determining runway capacity using 
this chapter, information on aircraft mix must be 
converted to a mix index according to the follow
ing formula: 

Mix	 Index = [Percent of Aircraft in Class C] 
+ 3 x [Percent of Aircraft in 
Class D] 

or, 

Mix	 Index = Percent (C+3D) 

(4)	 Percent Arrivals and Percent Touch-and-Go. Per
cent arrivals and percent touch-and-go are com
puted according to the following formulae: 

__ A + ~ (T + G) 100Percent Arrivals A + D + (T + G) x 

and, 

= (T + G) x 100Percent Touch-and-Go A + D + (T + G) 

where, 

A number of arrival operations in one hour 
D = number of departure operations in one hour 

T+G = number of touch-and-go operations in one 
hour 
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Sources of information concerning percent arrivals 
and percent touch-and-go for a particular airport 
include field surveys, air traffic forecasts, and 
published flight schedules. 

( 5) Exit Taxiway Location. Information on the loca
tion of exit taxiways is needed to determine ca
pacities for certain runway uses. In this chapter 
it is assumed that, as a minimum, exit taxiways 
are located at each end of all runways. 

b. Hourly Capacity of Taxiway Crossing an Active Runway. 
For determining the hourly capacity of a taxiway cross
ing an active runway, information on intersecting taxi
way location, runway operations rate, and aircraft mix 
using the runway is required (see Paragraph 5.b on 
page 8). Sources of this information include airport 
base maps, field surveys, and air traffic activity re
ports. 

c. Hourly Capacity of Gates. The following information 
is required for estimating the hourly capacity of 
gates: number and types of gates in each gate group, 
gate mix, and gate occupancy time (see Paragraph 5.c 
on page 9). Information on these items may be ob
tained from the airlines. 

d. Hourly Capacity of an Airfield. For determining the 
hourly capacity of an airfield, information is needed 
concerning the capacity and the utilization of the 
three airfield components (i.e., runways, taxiways 
crossing active runways, and gates). 

e. Annual Service Volume. For the calculation of annual 
service volume, it is necessary to compute hourly ca
pacities for the various operating conditions (i.e., 
runway use, ceiling and visibility, etc.) that occur 
throughout the year. Also, it is necessary to develop 
information on monthly, daily, and hourly aircraft 
operations. These data may be approximated from air 
traffic activity records and air traffic forecasts. 

f. Hourly Delay to Aircraft. For determining hourly de
lay to aircraft on an airfield, information is needed 
concerning the delay to aircraft on the three airfield 
components (i.e., r~nways, taxiways crossing active 
runways, and gates). The following information is re
quired for estimating hourly delay to aircraft on each 
component of the airfield: 
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(1) Hourly Demand. Sources of hourly demand data 
for a particular airport include air traffic 
forecasts, field surveys, and/or air traffic 
activity records. 

. .~ 

(2) Hourly Capacity. The hourly capacity of the com
ponent is a prerequisite to the determination of 
hourly delay to aircraft. 

(3) Demand Profile Factor. The characteristics of 
demand within the hour are reflected in the de
mand profile factor. The demand profile factor 
is the percent of hourly demand occurring in 
the busiest IS-minute period, and is computed 
according to the following formula: 

Demand Profile Factor = g xH 100 

where, 

Q = demand by aircraft (i.e., operations) 
for use of the component in the busiest 
IS-minute period of the hour. 

H = demand by aircraft (i.e., operations) 
for use of the component in the same 
hour. 

Sources of information on the demand profile fac
tor include field surveys during the busiest 
hours of the day and published airline schedules. 

The demand profile factor for the high-activi~y 

airports primarily serving air carrier aircraft 
typically ranges from 35 to 45; for airports used 
primarily by general aviation aircraft, the demand 
profile factor typically ranges from 25 to 35. 

g. Daily Delay to Aircraft. Estimates of daily delay to 
aircraft on each of the three airfield components (i.e., 
runways, taxiways crossing active runways, and gates) 
are required for a determination of daily delay on an 
airfield. The following information is needed for de
termining the daily delay on each airfield component: 

(1) Hourly Delay to Aircraft. Information on the 
hourly delay to aircraft on the component is 
needed for those periods of time when hourly de
mands do not exceed the hourly capacity of the 
component. 
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(2)	 Hourly Demand. Hourly demands on the component 
for the hours of the day are essential for the 
determination of daily delay to aircraft. 

(3)	 Hourly Capacity. The hourly capacity of the com
ponent for each hour of the day is required. 

h.	 Annual Delay to Aircraft. Prerequisite to the deter
mination of annual delay to aircraft on an airfield 
is the annual delay on the runway and gate components. 
The following information is required for estimating 
annual delay to aircraft on the runways or gates: 

(1)	 Representative Daily Demands. Estimates of daily 
delay for various representative daily demands 
are aggregated in the determination of annual de
lay to aircraft. The selection of representative 
daily demands is described in Paragraph 29 on 
page 71. 

(2)	 Annual Demand. Information on the annual demand 
on the component is essential for the determina
tion of annual delay. Sources of annual demand 
data for a particular airport include air traffic 
forecasts and/or air traffic activity records. 

(3)	 Seasonal Variation in Demand over the Year. 
The seasonal variation can be accounted for by 
determining the representative daily demands as 
described in Paragraph 29 on page 71. 

(4)	 Hourly Demand During the Day. The percentage of 
daily demand in each hour may be derived from air 
traffic activity records or air traffic forecasts. 
These hourly percentages should be representative 
of daily activity throughout the year. 

(5)	 Hourly Capacities. It is necessary to compute 
hourly capacities for the various runway uses 
occurring throughout the year. The percent of 
time each runway use occurs is also required; this 
information may be determined from discussions 
with FAA air traffic control personnel and/or air 
port management. 

/ 
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22.	 PROCEDURE FOR DETERMINING HOURLY CAPACITY OF RUNWAYS. a 

The following procedure is used in the determination of 
the hourly capacity of runways using Figures 2-3 through 
2-64 located at the end of this chapter. 

For	 each runway use under consideration: 

a.	 Select the ceiling and visibility condition (VFR 
or IFR). 

b.	 Identify the runway use from Figure 2-2. From 
this figure, find the appropriate figure for de
termining capacity. 

c.	 Determine the mix index. 

d.	 Determine the percent arrivals. 

e.	 If VFR conditions, determine the percent touch
and-go. 

f.	 Determine the location of exit taxiways. 

g.	 Estimate the hourly capacity from the appropriate 
figure. 

Examples to demonstrate the use of the procedure in the 
calculation of hourly capacities for several different 
runway configurations under different conditions are pre
sented in the next six pages: 

Example Hourly Capacity for 

I Single Runway, VFR 
2 Single Runway, VFR 
3 Parallel Runways, VFR 
4 Intersecting Runways, VFR 

a.	 Corresponding procedures for determining the hourly, daily, 
and annual delays to aircraft on runways are presented in 
paragraphs 27 through 29, beginning on page 47. 
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Example 1, Hourly Capacity,a Single Runway, VFR 

Determine the hourly capacity of a single runway (10,000 feet 
long) in VFR under the following conditions: 

Aircraft Mix: 35% A, 30% B, 30% C, and 5% D
 
Percent Arrivals: 50%
 
Percent Touch-and-Go: 0%
 
Exit Taxiway Locations: 3,100 feet, 3,900 feet,
 

4,700 feet, 5,500 feet, 6,250 feet, 7,000 feet, 
and 10,000 feet from arrival threshold 

From Figure 2-2, select Runway Use Diagram No.1. The 
corresponding figure number for estimating capacity is 
Figure No. 2-3 (as illustrated in the reproduction of 
Figure 2-2, below). 

RUNWAY USE 
DIAGRAM 

¢' '. 
DIAG. 

NO. 

1 

RUNWAY SPACING A FIGURE ,10, 
III FEET FDR CAPACITY I FOR DELAY 

(!) VFR IFR I VFR I IFR.. ...... 

N.~ 2-3 )-43 2-70 2-d5 , 
./ 

¢' 
~. 2 

B 
700 OR MORE 2-4 2-44 2-71 2-66 

The mix index for the assumed aircraft mix is Percent 
(C+3D) = 30 + 3 x 5 = 45. 

From Figure 2-3, determine hourly capacity: 

c* x T x E = Hourly capacity: 

where, 

c* = Hourly Capacity Base
 
T = Touch-and-Go Factor
 
E = Exit Factor
 

a.	 Examples 10 and 13 on pages 49 and 57 illustrate the pro
cedures for the calculation of hourly and daily delay for 
similar conditions as Example 1. 
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For the assumed aircraft mix and percent arrivals, the 
hourly capacity base (C*) = 65 operations per hour. For 
zero percent touch-and-go, the touch-and-go factor (T) = 
1.00. With four exit taxiways located between 3,000 feet 
and 5,500 feet from the arrival runway threshold, the exit 
factor (E) = 1. 00. 

Therefore, hourly capacity = 65 x 1.0 x 1.0 = 65 opera
tions per hour (as illustrated on the reproduction of 
Figure 2-3, below). 

EXIT FACTOR E 

T 0 U C H & GO'ACTO R T 
,"-rcent ":I.. Inde"- TOUC~~'ACTOR T

Touch. , Go Percent (C+30l, o to 180 X::I1 to 10 , '0 70 

11 to 20 'to 70 1.10 

21 to 30 , to 40 1.20 

31 to 40 , to 10 1.31 

4.1 to 50 'to I' 1.40 

(J. :U N i. 4 or ..are. E:dt FactOr. 1.0(, ) 

4. It N i. leas then 4. ~.ter1l.tne E:dt 'setor fro- table below for 
spproprlate lIIix index an~ pereent errivala 

III C· X T X E = Hourly Capacity ....... 

\ 

To determine EJu.t F.",tor E 

1 Dete""i_ ••it r.nq" tor appropri.te lIl!x index trOfl1 table below 

2: POl' arrival run"'.y., determine tM averaqe "nWllber or exitaeN) which 
are: la' within appropriate exit rar.qe, and Cb) a.parated by at 
1••at 750 teet 

H 0 U R L Y CAP A CIT Y BAS E C· 

120,----,---,.-----r--r--r-,.-r-.,-----, 

1l0~+--_+_--+-+-_+_-+-I---+---" 
i r- PERCENT ARRIVALS 

1001\\-+--+--+----,f-++/-t--t----t---i 

~ I I 
t,~ 90'-':\\+_-+--+-+--+1---+--+---+----1 
- a: \\\ 

~ ~ 80~~\\I,---+---+--+-+-_+-I__+____1 

~ 
~ '\~ 
0. 70 ~\. / 

~ ~ liO  - ~~~ I 4~ 
~ ~ I I 5O..~t-"---+,---+--+--+ 
<it.s 50 I 60 
B II 
:J:: 40 I 

30 f-+--++-+---j-+--+--+--+-"1 
I 

' 

I 
20 ~&-+.:'---+.:----,!;,~".......,~.,.J,:-,,.,J,;-""':o 20 40 60 80 100 120 140 160 180 

MIX INDEX -  PERCENT (C+3D) 

Mix Indell·
PereentlC+JDI 

o to 20 

21 to so 
51 to 80 

U to 121) 

121 t.o IOC 

EllSt Jlanqe 
(f"eet trOl'll 
threshold) 

2000 to 40000 

3000 to 5500 

)500 to 6500 

5000 to iOOO 

5'500 to 7500 

EllfT f"ACTOR E 
400' ...rrivals SO, Arrivals , Arrivals 

111-0 Ill-I N-2 N-Q 1\1-! N-2 Ill-a N-l 1\1-2 
or) or) or) 

0.72 0.87 0.94 0.70 0.86 0.94 O.Ii] 0.84 0.92 

0.79 0.B6 0.94 0.76 0.84 0.93 0.72 0.81 0.90 

0.790.86 Cl.92 0.7.6 O.B:' 0.91 1).7) O.U 0.90 

0.B2 0.89 0.93 0.80 'J.BB 0.!'4 0.77 0.B6 0.93 

0.B6 0.94 0.98 0.B2 0.91 1)'~6 0.7~ 1).910.97 

FIGURE 2-3 HOURLY CAPACITY OF RUNWAY USE DIAGRArv,S NOS. 1, 54 
FOR VFR CONDITIONS 

Example 2, Hourly Capacity, Single Runway, VFR 

Determine the hourly capacity of the runway in Example 1 
on page 28, under the following conditions: 

Aircraft Mix: 35% A, 30% B, 30% C, and 5% D
 
Percent Arrivals: 50%
 
Percent Touch-and-Go: 15%
 
Exit Taxiway Locations: 4,500 feet and
 

10,000 feet from arrival threshold 
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The mix index for the assumed aircraft mix is Percent 
(C+3D) = 30 + 3 x 5 = 45. From Figure 2-3, the hourly 
capacity base (C*) in VFR conditions is 65 operations 
per hour. Also from Figure 2-3 for 15% touch-and-go, 
the touch-and-go factor (T) is 1.10. With one exit 
taxiway located between 3,000 feet and 5,500 feet from 
the arrival runway threshold, the exit factor (E) is 
0.84. 

Therefore, the hourly capacity of the runway is 65 x 
1.10 x 0.84 = 60 operations per hour. 

It should be noted that with the addition of three exit 
taxiways appropriately spaced between 3,000 feet and 
5,500 feet from the arrival threshold, the exit factor 
(E) could be increased to 1.00. Thus, the addition of 
exit taxiways could increase hourly runway capacity for 
the conditions in this example to 65 x 1.10 x 1.00 = 
72 operations per hour, an increase of some 20%. 

Also it should be noted that the effect on capacity of 
varying percent arrivals is illustrated graphically on 
each of the hourly capacity figures (Figures 2-3 to 
2-64). For instance, if the percent arrivals in this 
example was changed from 50% to 40%, the hourly capacity 
base (C*) would increase from 65 operations per hour to 
67 operations per hour, a difference of some 3%. For 
other runway uses this difference can be much larger. 

Example 3, Hourly Capacity, Parallel Runways, VFR 

Assume that a new parallel runway (10,000 feet long) is 
added to the airport in Example 1 on page 28. The spacing 
between the two runways is 3,800 feet, as illustrated 
below. 

EXISTING RUNWAY 
I I 

.03~80~. NORTHLT--------------J 

NEW RUNWAY 

- I 
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Assume the following two runway uses. In this example, 
it is assumed that operations do not occur off the west 
end of the new runway, because of local constraints. 

EXISTING RUNWAY EXISTING RUNWAY 
¢ [:'==========::::Jilt +[:1==========:=1' ¢ 

______________ J.,. L JVr---- -----:- - - --- ..... - - ------------ /l, 

NEW RUNWAY NEW RUNWAY 

" EAST FLOW " " WEST FLOW " 

Note that from Paragraph 21.a. (2) on page 22, the symbol ~ 
is used to denote that arrivals can occur on the runway 
indicated, and the symbol + is used to denote that de
partures can occur on the runway indicated. 

Determine the hourly capacity of the two runways in VFR 
under the following conditions: 

Aircraft Mix: 35% A, 30% B, 30% C, and 5% D 
Percent Arrivals: 50% 
Percent Touch-and-Go: 0% 
Exit Taxiway Locations for East Flow: 
Existing Runway--3,100 feet, 3,900 feet, 4,700 
feet, 5,500 feet, 6,250 feet, 7,000 feet, and 
10,000 feet from arrival threshold 

Exit Taxiway Locations for West Flow: 
Existin~ Runway--3,000 feet, 3,750 feet, 4,500 
feet, 5,300 feet, 6,100 feet, 6,900 feet, and 
10,000 feet from arrival threshold 

New Runway--4,500 feet, 5,500 feet, and 10,000 
feet from arrival threshold 

From Figure 2-2, Runway Use Diagram No. 5 is selected 
for the "east flow" and Runway Use Diagram No. 7 is 
selected for the "west flow." (Note: the "west flow" 
illustration above coincides with the reverse image of 
Runway Use Diagram No.7.) The corresponding figure 
number for estimating capacity for the "east flow" is 
Figure 2-6, and for the "west flow" is Figure 2-8. 
The ~ix index for the assumed aircraft mix is Percent 
(C+3D) = 30 + 3 x 5 = 45. 
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From Figure 2-6, the hourly capacity base (C*) of the 
two runways for "east flow" is 91 operations per hour. 
Also, from Figure 2-6, for zero percent touch-and-go, 
the touch-and-go factor (T) = 1.00. With four exit taxi
ways located between 3,000 feet and 5,500 feet from the 
arrival threshold of the existing runway, the exit fac
tor (E) = 1.00. p..s a result, hourly capacity for "east 
flow" is 91 x 1. 00 x 1. 00 = 91 operations per hour. 

From Figure 2-8, the hourly capacity base (C*) of the two 
runways for "west flow" is 120 operations per hour; the 
touch-and-go factor (T) = 1.00 for zero percent touch-and
go. With four exit taxiways located between 3,000 feet 
and 5,500 feet from the arrival threshold of the existing 
runway and with two exit taxiways within the same range on 

the new runway, the average number of exits (N) = 4~2 = 3. 

Therefore, from Figure 2-8, the exit factor (E) is 0.96. 
As a result, hourly capacity for "west flow" is 120 x 
1.00 x 0.96 = 115 operations per hour. 

Example 4, Hourly Capacity, Intersecting Runways, VFR 

Consider an intersecting runway configuration as illustrated 
below. 

o 
o 
o 

1000 FT. ~LrI 

FT. 

The following runway uses are in effect: 
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CASE A CASE B 

Determine the hourly capacity in VFR of the intersecting 
runways under the following conditions: 

Aircraft Mix: 50% A, 30% B, 20% C, and 0% D
 
Percent Arrivals: 50%
 
Percent Touch-and-Go: 0%
 
Exit Taxiway Location for Case A: 1,500 feet,
 

2,500 feet, 3,900 feet, 4,900 feet, and 
7,000 feet from arrival threshold 

Exit Taxiway Location for Case B: 1,900 feet, 
2,900 feet, 4,000 feet, 7,000 feet, and 8,000 
feet from arrival threshold 

Before selecting the appropriate runway use diagrams from 
Figure 2-2, it is necessary to determine the intersection 
distances "x" and "y" for both cases. For Case A, "x" and 
"y " equal 4,900 feet and 6,100 feet, respectively; for 
Case B, "x" and "y" equal 7,000 feet and 1,500 feet, 
respectively. 

Therefore, from Figure 2-2, Runway, Use Diagram No. 47 is 
selected for Case A, and Runway Use Diagram No. 45 is 
selected for Case B. The corresponding figure number for 
estimating capacity for Case A is Figure 2-31 and for Case B 
is Figure 2-29. The mix index for the assumed mix is Per
cent (C+3D) = 20 + 3 x 0 = 20. From these figures, for 
zero percent touch-and-go, the touch-and-go factor (T) 
is equal to 1.00. 

From Figure 2-31, the hourly capacity base (C*) for Case A 
in VFR is 78 operations per hour. With two exit taxiways 
between 2,000 feet and 4,000 feet from the arrival threshold, 
the exit factor (E) = 0.94. Therefore, hourly capacity = 78 
x 1.00 x 0.94 = 73 operations per hour. 

From Figure 2-29, the hourly capacity base (C*) for Case B 
in VFR is 82 operations per hour. With two exit taxiways 
between 2,000 feet and 4,000 feet from the arrival threshold, 
the exit factor (E) = 0.93. Therefore, hourly capacity = 82 
x 1.00 x 0.93 = 76 operations per hour. 
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23.	 PROCEDURES FOR DETERMINING HOURLY CAPACITY OF A TAXIWAY 
CROSSING AN ACTIVE RUNWAY. The following procedure is 
used in the determination of hourly capacity of a taxi
way crossing using Figures 2-65 and 2-66 located at the 
end of this chapter. 

For each taxiway crossing under consideration: 

a.	 Determine the distance of the taxiway crossing from 
the threshold of the active runway. 

b.	 Estimate the operations rate on the active runway 
(i.e., arrival, departure, and touch-and-go opera
tions per hour). The operations rate cannot exceed 
the hourly capacity of the runway. 

c.	 Determine the mix index on the active runway. 

d.	 If operations on the active runway include arrivals, 
as well as departures and/or touch-and-gos, estimate 
the hourly capacity of the taxiway from Figure 2-65. 

e.	 If operations on the active runway do not include 
arrivals, but only departures and/or touch-and-gos, 
estimate the hourly capacity of the taxiway from 
Figure 2-66. 

Example 5, Hourly Capacity, Taxiway Crossing an Active 
Runway With Arrivals 

Determine the hourly capacity of a taxiway crossing an 
active runway 1,000 feet from the threshold of the run
way,	 as illustrated below. 

1000 FT. 
~I1-

OPERATIONS RATE = 70 OPERATIONS PER HOUR 
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The active runway is used for arrivals, departures, and 
touch-and-gos. The peak hour operations rate on the run
way is 70 operations per hour and the mix index on the 
runway is 40. 

Figure 2-65 is appropriate because operations on the active.. 
runway include arrivals, departures, and touch-and-gos; 
the chart on the lower left-hand portion of the figure 
(i.e., Figure 2-65C.) is appropriate because the assumed 
operations rate on the runway (i.e., 70 operations per 
hour) is between 56 to 75 operations per hour. 

From Figure 2-65C. the hourly capacity of the taxiway is 
35 operations per hour (as illustrated in the reproduc
tion of Figure 2-65C. below). 

FIGURE 2-65C FIGL 
RUNWAY OPERATIONS RATE 
56 TO 75 OPERATIONS PER HOUR 

250 ,------,-------,-----::-rDr-sT-A-NC-E-O-F-T-Ax-r-WA-Y-F-RO---'M 

DEPARTURE END OF RUNWAY 

t: ~ 200 f---+--+---+-+--+-!f-+---+-f-------1 

u", II""'UJ 
~c.. 

U '" 150 f--+-+--+--+-t+-+-+--+--t 
~~ 
"">
x~ 
""'UJ 
I- c.. I 

o 100 f--+--+--+---+--++-I--+----,f---+_-I 

" ~O Ur--n=t°±:±:::bdd 
~ 1000 

~OOO' 

00 5 10 15 20 25 30 35 40 45 
MIX INDEX - PERCENT(C+3D) 
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24.	 PROCEDURES FOR DETERMINING HOURLY CAPACITY OF GATES. The 
following procedure is used in the determination of hourly 
capacity of gates using Figure 2-67 located at the end of 
this chapter. 

For each gate group, perform the following steps: 

a.	 Determine total number of gates in the gate group. 

b.	 Determine the gate mix (i.e., the percent of non
widebody aircraft using the gates in the group) . 

c.	 Determine the percent of gates that can accommodate 
widebodyaircraft (e.g., B-747, DC-IO, L-IOll). 

d.	 Determine the average gate occupancy time (in 
minutes) for non-widebody aircraft. 

e.	 If operations include widebody aircraft, determine 
the average gate occupancy time for widebody air 
craft. 

f.	 If operations include widebody aircraft, determine 
the gate occupancy ratio, R, by the following for
mula: 

R = 

where, 

r = average gate occupancy time for w widebody aircraft 

r =	 average gate occupancy time for 
n non-widebody aircraft 

g.	 If operations do not include widebody aircraft 
(i.e., non-widebody aircraft only), assume 
R = 1.0. 

h.	 Estimate the hourly capacity of gates from 
Figure 2-67. 

To determine hourly capacity of all gate groups at an air 
port, add the hourly capacities of all gate groups. 
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Example 6, Hourly capacity, Single Gate Group 

Determine the hourly capacity of the gates at an airport 
served by one airline (i.e., there is only one gate group) 
under the following conditions: 

Number of Gates: 10
 
Gate Mix: 60% non-widebody aircraft
 
Percent Gates that Can Accommodate Widebody
 
Aircraft: 20% (i.e., 2 gates)
 

Gate Occupancy Time for Non-Widebody
 
Aircraft: 40 minutes
 

Gate Occupancy Time for Widebody
 
Aircraft: 55 minutes
 

The gate occupancy ratio, R, for the assumed gate occupancy 
r 

times is r 
w 

= 55/40 = 1.38. 
n 

From Figure 2-67, determine hourly capacity: 

G* x 5 x N = Hourly Capacity 

where, 

G * = Hourly Gate Capacity Bas-==
 
5 = Gate SiZE? Factor
 
N = Number of Gates
 

Note that on the left-half of Figure 2-67, information 
is presented for values of R = 1.0, 1.2, 1.4, and 1.6. 
In this example, therefore, the value of R should be 
considered to be 1.4, i.e., the value of 1.38 for the 
assumed conditions is closer to 1.4 than to 1.2. 

As a result, for the assumed gate occupancy times and 
gate mix, the hourly capacity base (G*) = 2.6 opera
tions per hour per gate~ with the assumed percent of 
gates that accommodate widebody aircraft, the gate 
size factor (5) = 0.43. 

Therefore, the hourly capacity of the gates is 2.6 x 
0.43 x 10 = 11 aircraft per hour (as illustrated in 
the reproduction of Figure 2-67, on the following page. 

Chap 2 
Page 37Par 24 



R=1.4 

[ 
AVERAGE GATE OCCUPANCY TIME] 

FOR WIDEBODY AIRCRAFT 

[ 
AVERAGE GATE OCCUPANCY TIME] 

FOR NON-WIDEBODY AIRCRAFT 

---• 

(2) IF OPERATIONS DO NOT INCLUDE WIDEBODY 

AIRCRAFT, GATE 11lX = 100 AND R 3 1. a 

(l) R = 

NOTES: 

NUMBER OF GATES IN) 

l,0r---.....,~_....,.-..,-r--:::o-r.....,.....~ 

0.2r-==__1r----+--=..""f-\--+---j 

GATES THE THAT 
0.0 E WIDEBOD7 AIRCRAFTI 

a 20 40 60 80 100 
GATE MIX 

(PERCENT NON-WIDEBODY AIRCRAFT) 

t 6 

S; 0.4i"""=----+-----j--~'t---"""*--__1 
"-' 

5i 

PERCENT NON-WIDEBODV 
AIRCRAFT 

PERCENT NON-WIDEBODV 
AIRCRAFT 

4. ar----,----r--,--------.---, 
• w"' .... 
-~ 
"-''''~w§i 3, 0f--=!o..,---_+--7''-f---+-----1 

«:", 
~wu: 2,0,f-----j---+-'----+--+--"""""'i
~8"' .... 
~; - R=1.0 
53 1.0'------f.o;------,J;~--,!;;---,J;,_-----.!
"'35 40 45 50 55 60 

liON-WIDEBODY AIRCRAFT GATE OCCUPANCY 
<MINuTES) 

~ '8 4.0,----,----,--P-E-RC-E'NT-NO-N--W'I-OE-.-OO-Y-, 

......,. ~ AIRCRAFT 

"-'", 

~ If 3.0 
t: g ~§~~;:::-t--IIIT-I 
u" 
~~ 
~ ~ .2.0'~-----J---=1-~§~~i§ 
~~ 
>-<--,'"""w
53 1.U1=---..J,~-~---d=-----.,~----'! 
'" 35 

PERCENT HON-wlDEBODY 
AIRCRAFT 

~ ~ ~ ~ ~ 
NON-WIDEBODY AIRCRAFT GATE OCCUPANCY 

<MINuTES)
4. 0r-----,--,-------,----,-----, 

~~ 
-~ 
"-'", 

~If 3,0
~ g ,..,.-~o::_-_+----+t'---+-----1 

C:;"
«:", 
5~ 
"-' '" 2·°p"'_a......~...r,iIf'-=oI:::'=-o4;;;;::=""" 
~~ 
~ffi 
53 1. Q,'------,J;c--....",,..-----~--+._----,J.
'" 35 40 45 50 55 

NON-WIDEBODY AIRCRAFT GATE OCCUPAIKY 
(MINUTES) 

FIGURE 2-67 HOURLY CAPACITY OF GATES 

Example 7, Hourly Capacity, Two Gate Groups 

Determine the hourly capacity of the gates at an airport 
with two airlines and two gate groups, as follows: 
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Airline A Gate Group 

Number of Gates: 10 
Gate Mix: 80% non-widebody aircraft 
Percent Gates that Can Accommodate Widebody 
Aircraft: 20% (i.e., 2 gates) 

Gate Occupancy Time for Non-Widebody 
.< Aircraft: 40 minutes 

Gate Occupancy Time for Widebody 
Aircraft: 52 minutes 

Airline B Gate Group 

Number of Gates: 3 
Gate Mix: 100% non-widebody aircraft 
Percent Gates that Can Accommodate Widebody 
Aircraft: 0% (i.e., no gates) 

Gate Occupancy Time for Non-Widebody 
Aircraft: 45 minutes 

Gate Occupancy Time for Widebody 
Aircraft: Not applicable to this example 

For airline A, the gate occupancy ratio, R, for the assumed 
r w 52 

times is r = 40 = 1.3 (Note that for airline A, the value 
n 

of R for the assumed conditions is equally close to the 
presented values of 1.2 and 1.4. For such cases, the 
lower of the presented values should be used (i.e., for 
airline A the value of R should be considered to be 1.2). 
For airline B, operations do not inQlude widebody air
craft; therefore, the gate occupancy ratio, R, is assumed 
to be 1.0. 

From Figure 2-67, the following is determined: 

Hourly Gate Number 
Capacity Size of Hourly Capacity 

Base Factor Gates of Gate Groups 
(G*) ($) (N) G* x $ x N 

Airline A 2.9 0.85 10 25 operations per hour 
Airline B 2.7 1. 00 3 8 operations per hour 

-
33 operations per hour 
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The hourly capacity of all gates at the airport is the sum 
of the capacities of the gate groups, or 33 operations per 
hour. 

25.	 PROCEDURE FOR DETERMINING HOURLY CAPACITY OF AN AIRFIELD. 
The hourly capacity of an airfield is governed by the ca
pacity of its constraining component. To determine the 
hourly capacity of an airfield: 

a.	 Determine the hourly capacity of each of the airfield 
components (i.e., runways, taxiways crossing active 
runways, and gates) in accordance with procedures in 
Paragraphs 22, (or Chapter 3), 23, and 24. 

b.	 Estimate the percent of airfield operations that occur 
on each component by dividing the number of operations 
that occur on each component in one hour by the number 
of operations that occur on the runway component in one 
hour. 

c.	 Identify the constraining component which governs the 
operations rate on the entire airfield by dividing the 
hourly capacity of each component (Paragraph 25.a) by 
the percent of airfield operations that occur on the 
component (Paragraph 25.b). The component which yields 
the lowest quotient governs the hourly capacity of the 
airfield. 

d.	 The hourly capacity of the airfield equals the lowest 
quotient from. Paragraph 25.c above. 

Example 8, Hourly Capacity of an Airfield, VFR 

From field surveys, the following was determined to be typi
cal of busy period conditions at an airport in VFR: 

Number of 
Operations per Hour 

on Component 

Runways	 50 

Gates	 25 

Taxiway Crossing
 
Active Runway 3
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Determine the hourly capacity of the airfield in VFR, 
assuming the capacities of the airfield components in 
VFR are as follows: 

Hourly Capacity 
of Component 

(operations 
~' per hour) 

Runways 80 

Gates 60 

Taxiway Crossing 
Active Runway 10 

To estimate the percent of airfield operations on each com
ponent, the number of operations on each component is di
vided by the number of operations on the runway component 
as follows: 

Number of Operations on Percent of 
Component .- Number of Airfield Operations 
Operations on Runways on Component 

Runways 50 .- 50 = 100% 

Gates 25 .- 50 = 50 

Taxiway Crossing 
Active Runway 3 .- 50 = 6 

The percentages above indicate that 50% of the operations 
on the airfield are by air carrier aircraft that use the 
gates and that 6% of the operations on the airfield use the 
taxiway crossing. 

To determine the constraining component, divide the hourly 
capacity of each component by the percent of airfield opera
tions utilizing the component as follows: 
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Capacity 
Percent of 

Airfield Operations Quotient 

Runways 80 . 100% = 80 

Gates 60 50% = 120 

Taxiway Crossing 
Active Runway 10 . 6% = 167 

The lowest quotient (80) is for the runway component; 
consequently, the constraining component is the runway 
which governs the operations rate on the airfield. 
Therefore, the hourly capacity of the airfield equals 
80 operations per hour. 

26.	 PROCEDURE FOR DETERMINING ANNUAL SERVICE VOLUME OF RUNWAYS. 
The following procedure is used in the determination of the 
annual service volume of the runway component: 

a.	 Determine "weighted hourly capacity" of the runway com
ponent in accordance with the following steps: 

(I)	 Identify the various operatinq conditions 
(e.g., VFR, Runway Use Diagram No.4; IFR, 
Runway Use Diagram No.1; etc.) under which 
the airfield component may be used during 
a year. Include those conditions when 
weather is below landing or takeoff minima 
and the hourly capacity of the runways is 
zero. a 

(2)	 Determine the percent of time that each 
operating condition occurs annually. Any 
condition that occurs less than 2% of the 
time may be ignored if the percent is added 
to the percent of another condition. 

a.	 For airports used on a seasonal or part-time basis, also 
include those conditions when the airport is closed to 
operations and the hourly capacity of the runways is zero. 
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(3)	 Determine the hourly capacity of the runway 
component for each operating condition in ac
cordance with procedures in Paragraph 22 (or 
Chapter 3), as appropriate. 

(4)	 Identify the hourly capacity for the operat
ing condition that occurs the greatest per
centage of the year (i.e., the predominant 
capacity) . 

(5)	 Determine the weight to be applied to the 
capacity for each operating condition from the 
following table: 

Weight 
Percent of Mix Index 
Predominant in VFR Mix Index in IFR 

Capacitya o to 180 o to 20 21 to 50 51 to 180 

91 or more 1 1 1 1 
81 to 90 5 1 3 5 
66 to 80 15 2 8 15 
51 to 65 20 3 12 20 
o to 50 25 4 16 25 

a.	 Predominant capacity is the hourly capacity for the 
operating condition that occurs the greatest percent
age of the year. 

(6)	 Calculate weighted hourly capacity, C ' of thew 
runway component by the following formula: 

where, 

= the percentage of the year 
that operations are carried 
on under Conditions 1, 2, 

,N. 
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C , C • • • , C the hourly capacity correl 2 , 
N : 

sponding to Conditions 1, 
2, ••• ,N. 

: the weight determined from 
the table on page 43 corre
sponding to Conditions 1, 
2, • • ., N 

b.	 Determine the ratio of the annual aircraft operations 
to average daily aircraft operations during the peak 
month (i.e., the daily ratio). If data are not avail 
able for determining the daily ratio, typical values 
are as follows: 

Mix Index Daily Ratio 

o to 20 280 to 310 

21 to 50 300 to 320 

51 to 180 310 to 350 

c.	 Determine the ratio of average daily aircraft opera
tions to average peak hour aircraft operations of the 
peak month (i.e., the hourly ratio). If data are not 
available for determining the hourly ratio, typi
cal values are as follows: 

Mix Index Hourly Ratio 

o to 20 7 to 11 

21 to 50 10 to 13 

51 to 180 11 to 15 

d.	 Compute annual service volume, ASV, from the fol
lowing formula: 

ASV : C x D x Hw
 
where,
 

C = Weighted hourly capacityw 
D = Daily ratio 

H = Hourly ratio 
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Example 9, Annual Service Volume, Runways 

Determine the annual service volume of a parallel runway 
configuration under the following conditions: 

Operating Condition 
(i Ceiling and Mix Percentage Hourly 

No. Visibility Runway Use Index of Year Capacitya 

9' 1+ 
1 VFR 150 70% 

1+ .9' 

2 VFR 
¢I 

150 20% 72 
1+ 

3 IFR 
¢I 180 8% 62 

+ 

4 IFR Below minima 180 2% 0 

a. Operations per hour. 

Assume that historical monthly traffic records indicate the 
following: 

Monthly 
Aircraft No. of Days Average Daily 

Operations in Month Aircraft OperationsMonth 

31 998January 30,938 
28 973February 27,244 

March 30,442 31 982 

April 29,850 30 995 
May 31,310 31 1,010 
June 30,600 30 1,020 

July 31,775 31 1,025 
August 32,550 31 1,050 
September 30,660 30 1,022 

1,005October 31,682 31 
982November 29,460 30 

December 31,093 31 1,003 

Total Annual 367,604
 
Aircraft Operations
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Also assume that daily traffic records for August (the 
peak month) indicate the following: 

Daily 
Aircraft Peak 

Peak Hour 
Aircraft 

Daily 
Aircraft Peak 

Peak Hour 
Aircraft 

Date Operations Hour Operations Date Operations Hou'r Operations 

August 1 
2 
3 

1,095 
1,135 
1,040 

1500 
1200 
1600 

to 1600 
to 1300 
to 1700 

78 
83 
65 

August 16 
17 
18 

1,093 
1,045 

983 

1100 
1600 
1600 

to 1200 
to 1700 
to 1700 

82 
81 
70 

4 
5 

992 
1,012 

1600 
1500 

to 
to 

1700 
1600 

80 
71 

19 
20 

1,091 
996 

1500 
1500 

to 
to 

1600 
1600 

83 
71 

6 
7 

1,055 
1,087 

1600 
1700 

to 1700 
to 1800 

71 
77 

21 
22 

1,082 
1,067 

1600 
1600 

to 1700 
to 1700 

77 
84 

8 990 1500 to 1600 65 23 1,096 1200 to 1300 70 
9 1,123 1200 to 1300 83 24 1,031 1600 to 1700 71 

10 1,042 1500 to 1600 77 25 987 1600 to 1700 68 

11 
12 

993 
1,093 

1600 
1500 

to 1700 
to 1600 

72 
78 

26 
27 

1,079 
1,011 

1500 
1500 

to 
to 

1600 
1600 

77 
72 

13 
14 

1,053 
1,040 

1500 
1600 

to 1600 
to 1700 

68 
77 

28 
29 

1,077 
1,043 

1600 
1600 

to 1700 
to 1700 

74 
70 

15 1,088 1700 to 1800 77 30 1,069 1600 to 1700 72 

31 ...hill 1600 to 1700 -!! 
Total 32,550 2,319 

Average 1,050 75 

For the assumed conditions, the predominant capacity 
occurs in Operating Condition No. 1 and is 93 opera
tions per hour. From the table in Paragraph 26.a. (5) 
on page 43, the following weights for each operating 
condition are determined. 

Hourly· 
Operating Capacity Percent of 
Condition (operations Predominant 

No. per hour) Capacity Weight 

1 93 100 1 

2 72 77 15 

3 62 67 15 

4 a a 25 
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Therefore, in this example the weighted hourly capacity is: 

z 66 operations per hour 

For the assumed condition, the ratio of annual aircraft 
operations to average daily operations during the peak 
month is: 

= 367,604 = Daily Ratio	 350,1,050 

and for the assumed conditions, the ratio of average daily 
aircraft operations to average peak hour aircraft operations 
of the peak month is: 

= 1,050 = Hourly Ratio	 14.75 

Therefore, the annual service volume is: 

ASV = C x D x Hw 
= 66	 x 350 x 14 

= 323,400 operations per year 

27.	 PROCEDURE FOR DETERMINING HOURLY DELAY TO AIRCRAFT ON RUN
WAYS, TAXIWAYS, GATES, AND AIRFIELD. The following proce
dure is used in the determination of hourly delay to air 
craft using Figures 2-68 through 2-102 located at the end 
of this chapter. 

This procedure is applicable only when the hourly demand(s) 
on the component(s) of the airfield (i.e., runways, taxi
ways, and gates) does not exceed the hourly capacity(s) of 
the component(s). If the hourly demand(s) on the component(s) 
exceeds the hourly capacity(s) of one or more of the compo
nents, it is more appropriate to consider delay to aircraft 
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for a period greater than an hour; therefore, the proce
dure in Paragraph 28, on page 58 should be used. 

a.	 Hourly Delay to Aircraft on Runways. For the runway 
component under consideration: 

(1)	 Identify the runway use from Figure 2-2. From 
this figure, find the appropriate figure for 
delay. 

(2)	 Estimate the hourly demand on the runway com
ponent. 

(3)	 Determine the hourly capacity of the runway 
component in accordance with procedures in 
Paragraph 22. 

(4)	 Calculate the ratio of hourly demand to hourly 
capacity (i.e., the hourly D/c ratio), for the 
runway component. 

(5)	 Determine the arrival delay index and the de
parture delay index from the appropriate figure. 

(6)	 Calculate the arrival delay factor, ADF, by the 
following formula: 

ADF = ADI x [D/C] 

where: 

ADI = arrival delay index 
D/C = hourly D/c ratio 

(7)	 Calculate the departure delay factor, DDF, by 
the following formula: 

DDF = DDI x [D/C] 

where: 

DDI = departure delay index 
D/c = hourly D/C ratio 

(8 ) Determine the demand profile factor in accor
dance with the procedure presented in Para
graph 2l.f(3) on page 25. 
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(9)	 Estimate the average hourly delay for arrival 
and departure aircraft from Figure 2-68. 

(10)	 Compute the total hourly delay to aircraft, 
DTH, by the following formula: 

DTH = HD {[PA x DAHA] + [(1 - PA) x DAHD]} 

where, 

HD =	 hourly demand on the runway component 

PA =	 percent arrivals ~ 100 

DAHA =	 average hourly delay per arrival 
aircraft on the runway component 

DAHD = average hourly delay per departure 
aircraft on the runway component 

Example 10, Hourly Delay to Aircraft on a Single Runway, VFR 

Determine the total hourly delay to aircraft in VFR using 
the single runway in Example 1 on page 28 under the follow
ing conditions: 

Hourly Demand: 59 operations per hour
 
Peak IS-Minute Demand: 21 operations
 
Hourly Capacity: 65 operations per hour
 
Percent Arrivals: 50%
 

From Figure 2-2, select Runway use Diagram No.1. The 
corresponding figure for estimating delay is Figure 2-70. 
(as illustrated in the reproduction of Figure 2-2 below). 

RUNWAY USE 
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""--"'" 

¢===y=

•• 2 
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_/ 

The ratio of hourly demand to hourly capacity is 
59 -;. 65 = 0.91. 

From Figure 2-70, for a mix index of 45, the arrival 
delay index is 0.71, and the departure delay index is 
0.88 (as illustrated in the reproduction of Figure 2-70, 
below) . 
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Thus, the arrival delay factor is 0.71 x 0.91 = 0.65, and 
the departure delay factor is 0.88 x 0.91 = 0.8. 

For the assumed peak IS-minute demand, the de~and profile 
factor is (21 -;. 52) x 100 = 40. Therefore, from Figure 
2-68, the average hourly delay to arrival aircraft on 
the runway is 2.2 minutes, and the average hourly delay 
to departure aircraft on the runway is 3.8 minutes (as 
illustrated in the reproduction of Figure 2-68 on the 
next page). 
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FIGURE 2-68 AVERAGE AIRCRAFT DELAY IN AN HOUR 

Therefore, the total hourly delay to aircraft on the run
way is: 

DTH = HD {[PA x DAHA] + [(1 - PA) x DAHD]} 

= 52 {[0.50 x 2.2] + [(1 - 0.50) x 3.8]} = 156 minutes. 
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Example 11, Hourly Demand Corresponding to a Specified 
Level of Average Hourly Aircraft Delay, VFR 

Determine the hourly demand (i.e., aircraft operations 
rate) corresponding to an average delay of three minutes 
to departure aircraft in VFR, for a single runway under 
the following conditions: 

Hourly Capacity: 49 operations per hour
 
Aircraft Mix: 5% A, 5% B, 45% C, and 45% D
 
Percent Arrivals: 50%
 
Demand Profile Factor: 35
 

From Figure 2-2, select Runway Use Diagram No. l. 
The corresponding figure for estimating delay is Fig
ure 2-70. The mix index is Percent (C+3D) = 
45 + 3 x 45 = 180. 

In determining an hourly demand corresponding to a speci
fied level of average delay, a brief trial and error pro
cedure is used. This procedure involves initially select
ing an estimated demand and determining the associated 
average delay. If the average delay associated with the 
estimated demand is higher than the specified level of 
average delay, then the estimated demand is reduced and 
the process is repeated. Conversely, if the average de
lay associated with the estimated demand is lower than the 
specified level of average delay, then the estimated demand 
is increased and the process is repeated. The process is 
repeated until the average delay associated with the esti 
mated demand equals the specified level of delay. 

In this example, assume the initial estimated demand 
is 49 operations per hour. 

The ratio of hourly demand to hourly capacity is 
49 7 49 = 1.00. From Figure 2-70, the departure delay 
index is 1.00. For the initial estimated demand, the 
departure delay factor is 1.00 x 1.00 = 1.00. There
fore, from Figure 2-68, the average delay to departure 
aircraft on the runways associated with the initial esti 
mated demand is 5.6 minutes per aircraft. 

Because the average delay associated with the initial 
estimated demand is higher than the specified level of 
delay, the process is repeated with a lower demand. 
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Assume for this example that the second estimated demand 
is 40 operations per hour. The ratio of hourly demand to 
hourly capacity is 40 ~ 49 = 0.82. From Figure 2-70, the 
departure delay index is 0.88. For the second estimated 
demand, the departure delay factor is 0.88 x 0.82 = 0.72. 
Therefore, from Figure 2-68, the average delay to de
parture aircraft on the runways associated with the 
second estimated demand is 2.0 minutes per aircraft. 

Because the delay associated with the second estimated 
demand is lower than the specified level of delay, the 
process is repeated with a higher demand. 

To assist in making the third estimated demand, it is 
possible to graphically interpolate from the results 
of the previous estimates as follows: 

0---.......- ......-----

_ 

......--o 10 20 30 40 50 60 

DEMAND 
(OPERATIONS PER HOUR) 

Using a third estimated demand of 43 operations per hour, 
the ratio of hourly demand to hourly capacity is 
42 ~ 49 = 0.86. From Figure 2-70, the departure delay 
index is 0.94. For the third estimated demand, the de
parture delay factor is 0.94 x 0.86 = 0.81. Therefore, 
from Figure 2-68, the average delay to departure air
craft on the runways associated with the third esti
mated demand is 3.0 minutes per aircraft. 
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As a result, the hourly demand corresponding to an 
average de~ay of three minutes to departure aircraft on 
the runways is 42 operations per hour. (As a matter of 
information, the average delay to arrival aircraft on the 
runways is 1.1 minutes when the demand is 42 operations 
per hour for the conditions assumed in this example.) 

It should be noted that the trial and error procedure 
described in this example is applicable to those cases 
where the specified average delay is associated with a 
demand that does not exceed capacity. In the event the 
average delay specified is associated with a demand ex
ceeding capacity, delay must be considered for a "satu
rated period" of two hours or more as described in Para
graph 28.c.on page 59. In ~uch cases, demand in each 
hour of the &aturated perioa may vary and must be con-

f,· .,	 \ 

sidered; t~refore, no single hourly demand can be asso
ciated with'a specified average hourly delay. 

,ft~;~ 
b.	 Hourly(D~lay to Aircraft on Taxiwa: s and Gates. For 

each com;onent under cdns1derat1on: 
i	 \ { 

(1)	 Estimate the hourly demand ob the component. 
Note that the demands on the· various compo
nents may differ for the same hour. 

( 2) Determine the hourly capacity of the component 
in accordance with procedures in Paragraphs 23 
or 24 on pages 34 or 36, as appropriate. 

(3 ) Calculate the ratio of hourly demand to hourly 
capacity (i.e., the hourly D/C ratio) for the 
¢omponent. 

(4)	 Determine the demand profile factor in ac
cordance with the procedure presented in 
Paragraph 2l.f. (3) on page 25. 

(5 ) Estimate the average hourly delay per aircraft 
on the component from Figure 2-68. Note the 
delay factor for the taxiway or gate components 
is equal to the hourly DIC ratio. 

( 6 )	 Compute the total hourly delay, DTH, to aircraft 
on the component by the following formula: 
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DTH =HD x DAH 

where, 

HD =	 hourly demand on the taxiway com
ponent, or one-haIfa of the hourly 
demand on the gate component, as 
appropriate 

DAH =	 average hourly delay per aircraft on 
the component 

c.	 Hourly Delay to Aircraft on the Airfield. To deter
mine the total hourly delay to aircraft on the air 
field: 

(1)	 Determine the hourly delay to aircraft on each 
component of the airfield in accordance with 
procedures in Paragraphs 27.a and 27.b on 
pages 48 and 54. 

(2)	 Compute the total hourly delay to aircraft on 
the airfield by adding the hourly delay for 
each component. 

Example 12, Hourly Delay to Aircraft on Airfield, VFR 

Determine the total hourly delay to aircraft in VFR on an 
airfield consisting of the single runway in Examples 1 
and 10 and the 13 gates in Example 7 for the following 
conditions: 

Hourly Demand on Runway: 52 operations per hour 
Hourly Demand on Taxiway Crossing: Not applicable 
to this example 

Hourly Demand on Gates: 19 air carrier operations 
per hour 

Demand Profile Factor on Runway: 40 
Demand Profile Factor on Taxiway Crossing: Not 
applicable to this example 

Demand Profile Factor on Gates: 35 

Hourly Capacity of Runway: 65 operations per hour 
Hourly Capacity of Taxiway: Not applicable to 
this example 

Hourly Capacity of Gates: 33 air carrier operations 
per hour 

a. Assumes only arrival gate operations 
influence of gate capacity. 

are delayed due to 

Chap 2 
Par 27 

Page 55 



From	 Example 10 on page 51, the hourly delay to aircraft 
on the runway is 156 minutes. 

For the assumed conditions, the ratio of hourly demand to 
hourly capacity for the gate component is 19 7 33 = 0.58. 
As noted in Paragraph 27.b. (5) on page 54, the delay factor 
for the gate component is equal to the hourly DIC ratio, 
or 0.58. 

From Figure 2-68 the average delay to aircraft on the 
gates is 1.0 minutes. Therefore the hourly aircraft 
delay on the gates is 1.0 x [0.5 x 19] = 10 minutes. 

Adding the runway and gate delays, the total hourly de
lay to aircraft on the airfield is 154 + 10 = 164 minutes. 

28.	 PROCEDURE FOR DETERMINING DAILY DELAY TO AIRCRAFT ON RUN
WAYS, TAXIWAYS, GATES, AND AIRFIELD. The following pro
cedures are used for determination of daily delay to air 
craft using Figures 2-68 through 2-102, located at the end 
of this chapter. 

The procedures are equally appropriate for determination of 
delay to aircraft for time perids of from two hours up to 
a day. 

a.	 Comparison of Demand With Capacity. A prerequisite to 
determining the delay to aircraft in a day (or other 
shorter time period) is the comparison of the hourly 
demand to the hourly capacity of each component of the 
airfield under consideration. 

The following procedure is used in this comparison for 
each component: 

(1)	 Estimate the demand on the component for each 
hour of the day. Note that the demands on the 
various components may differ for the same 
hour. 

( 2) Determine the hourly capacity of the component 
for each hour in accordance with procedures in 
Paragraphs 22 (or Chapter 3), 23, or 24, as 
appropriate. 

(3 ) Calculate the ratio of hourly demand to hourly 
capacity (i.e., the hourly DIC ratio) for the 
component for each hour. 
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(4)	 If the hourly DIC ratio does not exceed 1.0 
for any hour, estimate the delay to aircraft 
using the procedure in Paragraph 28.b below. 

(5)	 If the hourly DIC ratio exceeds 1.0 for any 
hour, estimate the delay to aircraft using the 
procedure in Paragraph 28.c on page 59. 

b.	 Daily Delay to Aircraft on Runways, Taxiways, and 
Gates When Demand DOES NOT EXCEED Capacity. If the 
hourly DIC ratio does not exceed 1.0 for any hour, 
the following procedure is used to determine the 
delay to aircraft in a day (or other shorter time 
period). 

For each component of the airfield under considera
tion: 

(1)	 Identify the hourly demands, capacities, and 
DIC ratios for the appropriate component from 
the results of the procedure described in Para
graph 28.a on page 56: 

(2)	 Estimate the total hourly delay to aircraft on 
the component for each hour in accordance with 
the procedure in Paragraphs 27.a and 27.b on 
pages 48 and 54. 

(3)	 Determine the daily delay to aircraft on the 
component by adding the hourly delays to air 
craft computed for each hour. 

Example 13, Daily Delay to Aircraft on a Single Runway 
in VFR, Demand DOES NOT EXCEED Capacity. 

Assume a single runway accommodates a daily demand in VFR, 
as illustrated on the next page. 
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Determine the daily delay to aircraft using the single 
runway under the following conditions: 

Hourly Capacity: 65 operations per hour (i.e., 
assumed constant for the day) 

Aircraft Mix: 35% A, 30% B, 30% C, 5% D 
Percent Arrivals: 50% 
Demand Profile Factor: 40 (i.e., assumed constant 
for the day) 

From Figure 2-2, select Runway Use Diagram No.1. The 
corresponding figure for estimating the arrival and de
parture indices for delay is 2-70. The mix index is 
Percent (C+3D) = 30 + 3 x 5 = 45. 

For the assumed conditions using Figures 2-70 and 2-68, 
the daily delay to aircraft is determined as follows. 
Because of the repetitive nature of daily delay calcula
tions, a tabular format is used in this example. 
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Total 
Average Hourly Delay Hourly 

Arrival Arrival Departure Departure to Aircraft Delay to 

Hour 
Hourly 
Demand 

Hourly 
Capacity 

Hourly 
Dlc Ratio 

Delay 
Index 

Delay 
Factor 

Delay 
Index 

Delay 
Factor 

Arrivals 
(minutes) 

Departures 
(Minutes) 

Aircraft 
(",inutes) 

0000 to 0059 6 65 0.09 0.71 0.06 0.53 0.05 0.1 0.1 1a 
0100 to 0159 6 65 0.09 0.71 0.06 0.53 0.05 0.1 0.1 1 
0200 to 0259 0 65 0.00 0.71 0.00 0.53 0.00 0.0 0.0 0 
0300 to 0359 0 65 0.00 0.71 0.00 0.53 0.00 0.0 0.0 0 

0400 to 0459 0 65 0.00 0.71 0.00 0.53 0.00 0.0 0.0 0 
0500 to 0559 6 65 0.09 0.71 0.06 0.53 0.05 0.1 0.1 1 
0600 to 0659 26 65 0.40 0.71 0.28 0.53 0.21 0.4 0.3 9 
0700 to 0759 26 65 0.40 0.71 0.28 0.53 0.21 0.4 0.3 9 

0800 to 0859 39 65 0.60 0.71 0.43 0.61 0.37 0.9 C.7 31 
0900 to 0959 52 65 0.80 0.71 0.57 0.75 0.60 1.5 1.7 83 
1000 to 1059 52 65 0.80 0.71 0.57 0.75 0.60 1.5 1.7 83 
1100 to 1159 52 65 0.80 0.71 0.57 0.75 0.60 1.5 1.7 83 

1200 to 1259 39 65 0.60 0.71 0.43 0.61 0.37 0.9 0.7 31 
1300 to 1359 26 65 0.40 0.71 0.28 0.53 0.21 0.4 0.3 9 
1400 to 1459 13 65 0.20 0.71 0.14 0.53 0.11 0.1 0.3 1 
1500 to 1559 26 65 0.40 0.71 0.28 0.53 0.21 0.4 0.3 9 

1600 to 1659 39 65 0.60 0.71 0.43 0.61. 0.37 0.9 0.7 31 
1700 to 1759 52 65 0.80 0.71 0.57 0.75 0.60 1.5 1.7 83 
1800 to 1859 52 65 0.80 0.71 0.57 0.75 0.60 1.5 1.7 83 
1900 to 1959 52 65 0.80 0.71 0.57 0.75 0.60 1.5 1.7 83 

2000 to 2059 39 65 0.60 0.71 0.43 0.61 0.37 0.9 0.7 31 
2100 to 2159 26 65 0.40 0.71 0.28 0.53 0.21 0.4 0.3 9 
2200 to 2259 26 65 0.40 0.71 0.28 0.53 0.21 0.4 0.3 9 
2300 to 2350 13 65 0.20 0.71 0.14 0.53 0.11 0.1 0.1 _1 

Total Daily Delay 680 

a. DTH •	 HD { [PA x DAHA] + [(1 - PAl x DAHD]} 

• 6 { [0.50 x 0.1] + [(1 - 0.5) x 0.1] } • 1 min • 

Therefore, total daily delay to aircraft = 680 minutes. 

c.	 Daily Delay to Aircraft on Runways, Taxiways, and 
Gates When Demand EXCEEDS Capacity. If the hourly 
DIC ratio exceeds 1.0 for any hour, the following 
procedure is used to determine the delay to air
craft in a day (or other shorter time period) . 

In this procedure, the hours of the day are divided 
into groups of one hour or more. These groups are 
defined as: 

Saturated Periods--one or more consecutive•
 
hours when demand exceeds the hourly capacity 
of the component plus the subsequent hour(s) 
required to accommodate the residual demand 
(i.e., demand in the previous hour(s) not yet 
served) . 

Unsaturated Periods--periods other than the•
 
saturated periods defined above, consisting of 
one or more consecutive hours when the demand 
in each hour does not exceed the hourly capac
ity of the component. 
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For each component of the airfield under consideration: 

(1)	 Identify the hourly demands, capacities, and 
D/C ratios for the appropriate component from 
the results of the procedure described in Para
graph 28.a on page 56. 

(2)	 Determine the saturated periods and 
unsaturated periods. 

(3)	 For each saturated period, determine delay to 
aircraft in accordance with the following steps: 

(a)	 Determine the duration of the "overload 
phase" (i.e., the number of hours in the 
saturated period, minus the number of con
secutive hours required to accommodate the 
residual demand). 

(b)	 Calculate the average ratio of hourly de
mand to hourly capacity (i.e., the aver
age D/C ratio) during the overload phase. 

(c)	 If the taxiway or gate component is under 
consideration, proceed immediately to 
Paragraph (i) below. 

If the	 runway component is under considera
tion, determine the average percent arrivals 
for the saturated period in accordance with 
the procedures set forth in Paragraph 2l.a. (4) 
on page 23. 

(d)	 Determine the arrival delay index and the 
departure delay index for the saturated period 
from the appropriate figure for delay indi
cated on Figure 2-2. 

(e)	 Calculate the arrival delay factor, ADF, 
for the saturated period by the following 
formula: 

ADF = ADI x [AD/C] 

where, 

ADI = arrival delay index 

AD/C =	 average D/C ratio during the 
overload phase 
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(f) 

(g) 

(h) 

Calculate the departure delay factor, 
DDF, for the saturated period by the 
following formula: 

DDF = DDI x [AD/C] 

where, 

DDI = departure delay index 

AD/C = average D/C ratio during the 
overload phase 

Estimate the average delay per arrival and 
departure aircraft for the saturated period 
from Figure 2-68 or Figure 2-69, as appro
priate. 

Compute the total delay to aircraft, DTS, 
on the runway component in the saturated 
period by the following formula: 

DTS = IHD I + HD 2 + ..• + HDS \ 

x I [PAS x DASA] + [(1 - PAS) x DASD] \ 

where, 

HD l ,HD 2 , . . . , HD S = hourly demand on 
runway component 

the 
in 

Hours 1, 2, . . . , S 
of the saturated 
period 

S = the number of hours 
in the saturated 
period 

PAS = average percent ar
rivals for the 
saturated period 100 

DASA = average delay per 
arrival aircraft 
for the saturated 
period 

DASD = average delay per 
departure aircraft 
for the saturated 
period 
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(i)	 If the runway component is under considera
tion, proceed immediately to Paragraph (4) 
below. 

If the taxiway or gate component is under 
consideration, the delay factor is equal 
to the average D/c ratio. 

(j)	 Estimate the average delay per aircraft 
for the saturated period from Figure 2-69. 

(k)	 Compute the total delay to aircraft, DTS, 
on the taxiway or gate component in the satu
rated period by the following formula: 

DTS	 = [HD I + HD2 + . . • + HD ] x DAS
S

where, 

HD l ,HD2 , . . . , HD = hourly demand onS the taxiway compo
nent or one-half 
the hourly demand 
on the gate compo
nent in Hours 1, 
2, . . . , S of the 
saturated period. 

S =	 the number of hours 
in the saturated 
period. 

DAS =	 average delay per 
aircraft for the 
saturated period. 

(4)	 For each unsaturated period, determine delay to 
aircraft in accordance with the procedure in 
Paragraph 28.b on page 57. 

(5)	 Determine the daily delay to aircraft by adding 
the total delays computed for the unsaturated 
period(s) and the saturated period(s). 

Example 14, Daily Delay to Aircraft on Two Parallel Runways 
in VFR, Demand Exceeds Capacity 

Assume two parallel runways accommodate a daily demand, as 
illustrated on the following page. 
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Determine the total daily delay to aircraft using the run
ways under the following conditions: 

Hourly Capacity: 80 operations per hour (i.e., 
assumed constant for the day) 

Aircraft Mix: 10% A, 30% B, 50% C, and 10% D 
(i.e., assumed constant for the day) 

Percent Arrivals: 50% (i.e., assumed constant 
for the day) 

Demand Profile Factor: 30 (i.e., assumed constant 
for the day) 

From the illustration, for the assumed hourly demands and 
capacities, the overload phase is identified as the period 
from 1600 hours to 1859 hours. 

The duration of the unsaturated and saturated periods are 
determined using the assumed hourly demands, capacities, 
and DIC ratios as follows: 
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Residual
 
Hourly Residual Demand
 

Hourly Hourly DIC Demand Accommodated
 

Hour Time Demand Capacity Ratio in Hour in Hour
 

1 0000 to 0059 10 80 0.13 0 0 
02 0100 to 0159 10 80 0.13 0
 

3 0200 to 0259 10 80 0.13 0 0
 
4 0300 to 0359 10 80 0.13 0 0
 

5 0400 to 0459 10 80 0.13 0 0
 
6 0500 to 0559 10 80 0.13 0 0
 
7 0600 to 0659 20 80 0.25 0 0
 
8 0700 to 0759 40
 80 0.50 0 0 

9 0800 to 0859 60 80 0.75 0 0
 
10 0900 to 0959 50 80 0.63 0 0
 
11 1000 to 1059 60 80 0.75 0 0
 
12 1100 to 1159 50 80 0.63 0 0
 

0 0
 
14 1300 to 1359 50 80 0.63
 
13 1200 to 1259 50 80 0.63 

0 0
 
15 1400 to 1459 40 80 0.50 0 0
 

016 1500 to 1559 70 80 0.88 0 
~ ~ 

>epo
17 1600 to 1659 110 80 1. 38* 30 0 ::ro<: 

1700 to 1759 120 80 1. 38* 40 0 I:» I:» (l) til18 o Ul 0.. ~'t11:»1. 38* 20 (l) I (l) rt19 1800 to 1859 100 80 
.... _ 10--j- ~c

20 1900 to 1959 70 80 0.88 0 " 90 ~.~ 

01:» 
o..rt 

(l) 

0..4021 2000 to 2059 40 80 0.50 0 
0 4022 2100 to 2159 30 80 0.38 

j 
,~

23 2200 to 2259 20 80 0.25 0 0 
24 2300 to 2359 10 80 0.13 0 0 

110+120+100 
*The average DIC ratio during the overload phase 1.3880+80+80 

During the overload phase, the hourly demand exceeds
 
capacity by 30 operations between 1600 and 1659 hours;
 
by 40 operations between 1700 and 1759 hours; and by
 
20 operations between 1800 and 1859 hours. Thus, a
 
total residual demand of 30 + 40 + 20 =.90 operations
 
must be accommodated in the subsequent hours.
 

In the next hour (i.e., 1900 to 1959 hours), the demand
 
is 70 operations, or 10 operations less than the hourly
 
capacity (i.e., 80 operations per hour); therefore, it
 
is assumed that 10 operations of the total residual de

mand of 90 operations are accommodated in this hour,
 
leaving 90 - 10 = 80 residual operations to be accom

modated in ensuing hours.
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Similarly, between 2000 and 2059 hours, the demand is 
40 operations, or 40 operations less than the hourly 
capacity; as a result, it is assumed that 40 of the 
remaining 80 residual operations can be accommodated 
in this particular hour. Therefore, 80 - 40 = 40 
residual operations that must be accommodated in the 
ensuing hour. 

Finally, between 2100 and 2159 hours, the demand is 30 
operations, or 50 operations less than the hourly 
capacity. Therefore, the remaining 40 residual opera
tions can be accommodated in this hour. 

Thus, the saturated period is from 1600 to 2159 hours, 
and the remaining hours of the day are an unsaturated 
period. 

From Figure 2-2, select Runway Use Diagram No.2. The 
corresponding figure for estimating the arrival and de
parture indices for delay is Figure 2-71. The mix index 
is Percent (C+3D) = 50 + 3 x 10 = 80. 

For the assumed conditions, the average delay to air
craft in each hour of the unsaturated period is de
termined using Figures 2-71 and 2-68. Because of the 
repetitive nature of the calculations, the tabular 
format at the end of this example is used. 

Using the average DIC ratio during the overload phase 
(i.e., 1.38), from Figure 2-71 for the saturated 
period, the arrival delay index is 1.0 and the departure 
delay index is 0.58 (as illustrated in the reproduction 
of Figure 2-71 below). 

~ ARRIVAL DELAY INDEX' 1.00 

DEPARTURE DELAY INDEX 

l.0Il¥""ARRIVALS~l.O.50%ARRIVAlS ~l.O.''''ARRIVAlS 
(I,ll ~ 0,8 ~ 0,8 

0.6 O/CIl.ATlO ole IlAHO' ~ 0,6 OnMTlO . 
OTOl.l..... OTOI.I..... btOI.) 

O.~ ~ 0.4 ; 0,4 

~ ~ 
0,1 0 2040 60 80 IDJ l2{)ll(llf£j 18J~ 0,2 0 20406080 lOOm ll(llBJ l8'J~ 0.2 0 2040 60 80 100 ~ll() lffllID 

~IX IM[l£X--PERCEIH «(+301 I'I/X INDEX--PERCENl ((+3(1) M!X INDEX--PERCENT (C+3D) 

FIGURE 2-71 
DELAY INDICES FOR RUN~~AY USE DIAGRAMS NOS_ 2, 32, 33, 
67,72,73,97,98 FOR VFR CONDITIONS 
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Thus, for the saturated period, the arrival delay factor 
is 1.0 x 1.38 = 1.38, and the departure delay factor is 
0.58 x 1.38 = 0.80. 

For arrival delay per aircraft in the saturated period, 
the chart on the lower left portion of Figure 2-69 is 
appropriate because (I) the arrival delay factor during 
the overload phase (i.e., 1.38) is greater than 1.0, 
and (2) the duration of the overload phase in this ex
ample previously was determined to be three hours. 
Therefore, from Figure 2-69, the average delay to arri
val aircraft in the saturated period is 35.0 minutes 
(as illustrated in the reproduction of the lower left 
position of Figure 2-69 below). 

DURATION OF' OVERLOAD PHASE 
THREE HOURS 

40 ....--__...,......__--.-__.....,....__---,.--,.,...-----. 

~ JI-oo--<-----f--~--Io--.--~-_.-+-------1 
<=:> = 
8 30 1-----+---+---+ 
<=:> w 
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;:;2 
=> 
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25 f----+---+-(I) 
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FIGURE 2-69 AVERAGE AIRCRAFT DELAY OUR 
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For departure delay per aircraft in the saturated period, 
Figure 2-68 is appropriate because the departure delay 
factor during the overload phase (i.e., 0.80) is less 
than 1.0. Therefore, from Figure 2-68, the average de
lay to departure aircraft in the saturated period is 
2.1 minutes (as illustrated in the reproduction of 
Figure 2-68 below). 
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The total delay to aircraft in the unsaturated period 
and the saturated period is then determined, as sum
marized below. 

Total 

Arrival Arrival Departure Departure Average Hourly belay Hourly 
Hourly Hourly Hourly Delay Delay Delay Delay to Ail::cr.aft Delay to 

Hour Demand Capacity ole Ratio Index Factor Factor Arrivals Departures Aircraft~~ 

0000 to 0059 10 80 0.13 1. 00 0.13 0.58 0.08 0.1 0.1 
0100 to 0159 10 80 O.ll 1. 00 O.ll 0.58 0.08 0.1 0.1 
0200 to 0259 10 80 0.13 1. 00 0.13 0.58 0.08 0.1 0.1 
0300 to 0359 10 90 O.ll 1.00 0.13 0.58 0.08 0.1 0.1 

0400 to 0459 10 80 0.13 1. 00 0.13 0.58 0.08 0.1 0.1 1 
0500 to 0559 10 80 0.13 1. 00 0.13 0.58 0.08 0.1 0.1 1 
0600 to 0659 20 80 0.25 1. 00 0.25 0.58 0.15 0.2 0.1 3 
0700 to 0759 40 80 0.50 1.00 0.50 0.58 0.29 0.4 0.2 12 

0800 to 0859 60 80 0.75 1. 00 0.75 0.58 0.44 1.6 0.3 57 

0900 to 0959 50 80 0.63 1.00 O. G3 0.58 0.35 0.9 0.2 28 
1000 to 1059 GO 80 0.75 1. 00 0.75 0.58 0.44 1.6 0.3 57 

1100 to 1159 50 80 O. G3 1.00 O. G3 0.58 0.35 0.9 0.2 28 

1200 to 1259 50 80 O. G3 1. 00 O. G3 0.58 0.35 0.9 0.2 28 
1300 to 1359 50 80 O. G3 1.00 O. G3 0.58 0.35 0.9 0.2 28 
1400 to 1459 40 80 0.50 1.00 0.50 0.58 0.29 0.4 0.2 12 
1500 to 1559 70 80 0.88 1.00 0.8a 0.58 0.51 2.9 0.4 116 

1600 to 1659 110 80 
1700 to 1759 120 80 } ,.,,}
1800 to 1859 100 80 
1900 to 1959 70 80 1. 00 - 1.38- 0.58- 0.8.0.--...... 35.0 _ 1.1-..... 8,4844

0.88 

2000 to 2059 40 80 0.50 
2100 to 2159 30 80 0.38 
2200 to 2259 20 80 0.25 1. 00 0.25 0.58 0.15 0.2 0.1 
2300 to 2359 10 80 0.13 1.00 0.13 0.58 0.08 0.1 0.1 

8,863 

a. Total delay to aircraft, DTS, in the 8aturated period 181 

OTS • IHo + H0 + H0 + H0 + H05 + HOG I x llPAS x OASAI + [11 - PAS) x DASOII1 2 3 4 

• Iuo + 120 + 100 + 70 + 40 + 30 I x 110.50 x 35.01 + III - 0.50) x 1.111 

• 8,484 minutes 

Therefore, total daily delay to aircraft = 8,863 minutes. 

d.	 Daily Delay to Aircraft on the Airfield. To deter

mine the total delay to aircraft on the airfield in
 
a day (or other shorter time period) :
 

(1)	 Determine the total daily delay to aircraft for 
each component of the airfield in accordance 
with Paragraphs 28.a, 28.b, and 28.c, as ap
propriate. 
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(2)	 Determine the total daily delay on the airfield 
by adding the total daily delays for the run
ways, taxiways, and gates. 

29.	 PROCEDURE FOR DETERMINING ANNUAL DELAY TO AIRCRAFT ON
 
RUNWAYS, GATES, AND AIRFIELD
 

The manual procedure for computation of annual delay to 
aircraft in this chapter can be a very time-consuming task 
involving a lengthy calculation process. For this reason, 
the annual delay procedure also is available in computerized 
format; a tutorial version is included in Chapter 3 and a 
batch model version is described in Chapter 4. To save time 
the computerized format is recommended for those who have 
access to a computer or remote computer terminal. Also, a 
simplified procedure for obtaining annual delay to aircraft 
is presented in Appendix 1 for use in preliminary planning 

, when a very approximate estimate of annual delay is all that 
is needed. 

The computation of annual delay to aircraft requires ac
counting for the seasonal, daily, and hourly variations 
in demand and capacity throughout the year. Ideally, if 
the individual hourly demands and hourly capacities are 
known for each hour in a year, daily delays for each of 
the 365 days can be computed by the procedures described 
in Paragraph 28 on page 56. The annual delay is then 
the sum of the 365 daily delays. Clearly, this ideal 
approach would require a very large amount of data and 
time for analysis. 

a.	 Representative Daily Demands. The annual delay pro
cedure in this chapter (and in Chapters 3 and 4), 
therefore, assumes that the demands in each of the 
365 days of the year can be characterized by a much 
smaller number of representative daily demands. 
Stated another way, each representative daily demand 
is typical of a number of days in the year. In the 
procedure, the daily delay for each representative 
daily demand is determined, and is then multiplied 
by the number of days "represented" to determine the 
total delay associated with each representative daily 
demand. The annual delay is the sum of the total de
lay for all representative daily demands. 

The number of representative daily demands for a par
ticular airport depends on (1) the variability of 
daily and hourly demands through the year, and 
(2) the desired level of refinement in estimating 
annual delay. 
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In this chapter, each representative daily demand 
corresponds to the typical demands in the days of one 
month. Typically, daily demand may differ in VFR con
ditions and IFR conditions. Thus, up to 24 represen
tative daily demands are assumed (i.e., one demand in 
VFR and one demand in IFR for each of the 12 months) 
in the manual procedure described in this chapter. 

b. Annual Delay to Aircraft on 
following procedure is used 
annual delay to aircraft on 

Runways and Gates. The 
in the determination of 
runways and gates. 

For each component of the airfield under consideration: 

(1) Determine each of the representative daily de
mands as follows: 

(a) Determine the annual demand. 

(b) Estimate the demand for each month. 

(c) Estimate the average 
each month. 

daily demand for 

(d) Determine the percent of time VFR 
conditions occur in each month. 

and IFR 

(e) Determine the number of days represented 
(i.e., the number of days in each month 
multiplied by the percent of time VFR or 
IFR conditions occur, ~s appropriate). 

(f) If average daily demand differs in VFR and 
IFR conditions, determine the representative 
daily demands for each month by the following 
formula: 

DDV 
=: 

X 
DD 

+ (Y x Z) 

DD 
I 

=: 
X 

Z x DD 
+ (Y x Z) 

where 

DDV 
=: representative daily demand 

VFR conditions 
in 

DDI 
=: representative daily demand 

IFR conditions 
in 
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DD = average daily demand 

X = percent of time VFR conditions 
occur in the month 7 100 

Y percent of time IFR conditions 
occur in the month 7 100 

Z = the ratio of daily demand in IFR 
conditions to daily demand in 
VFR conditions 

(g) If average daily demand is the same in VFR 
and IFR conditions, the representative daily 
demands in VFR and IFR conditions equals the 
average daily demand. 

(h) If IFR conditions do not occur in a particu
lar month, then the representative daily de
mand in VFR conditions equals the average 
daily demand and the representative daily 
demand in IFR conditions equals O. 

(2) For each of the 24 representative daily demands: 

(a) Identify the different runway uses under 
which the airfield component may be used. 
Do not include those conditions when weather 
is below landing or takeoff minima. a 

(b) Determine the percent of time each runway 
use occurs. b Any condition that occurs 
less than 2% of the time may be ignored if 
the percent is added to the percent of an
other condition. 

(c) Identify the percent of daily demand 
ring in each hour. 

occur

a. 

b. 

As noted in Paragraph 9.a on page 15, separate analysis 
of such conditions may be appropriate. 
Information on the percent of time each runway use occurs 
during peak periods should be used, if available. 
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(d)	 Calculate the demand in each hour of the day, 
HD, by the following formula: 

HD =	 DD x P 

where, 

DD =	 representative daily demand 

p, =	 percentage of representative 
daily demand occurring in the 
particular hour 7 100. 

(e)	 Calculate the hourly capacity for each run
way use using the procedures presented in 
Paragraphs 22, 23, or 24, as appropriate. 
For determining hourly capacity, assume 
50% arrivals. 

(f)	 Determine the daily delay for each runway 
use in accordance with the procedure in 
Paragraph 28 on page 56 (assuming each run
way use occurs for an entire day). 

(g)	 Estimate the daily delay, RD, for each repre
sentative daily demand by the following 
formula: 

RD = ( F1 x D1) + (F 2 x D2) + . • .. + ( FN x DN) 

where, 

=	 the percent of time 
operations are carried 
on under Runway Use 1, 
2,. ., N 7 100 for 
the representative 
daily demand and appro
priate ceiling and visi 
bility condition (i.e., 
VFR or IFR). 

=	 the daily delay corre
sponding to Runway 
Use 1, 2, ., N for 
the representative 
daily demand and appro
priate ceiling and 
visibility condition 
(i.e., VFR or IFR). 
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(3) Estimate the annual delay, AD, 
by the following formula: 

on the component 

AD = (D1 x RD1) + ( D2 x RD2) + . • • + ( D2 4 x RD 2 4) 

where, 

the number of days represented 
by Representative Daily De
mands 1, 2, . .. , 24. 

= the daily delay associated 
with Representative Daily 
Demands 1, 2, ... , 24. 

Example 15, Annual Delay to Aircraft 

Determine the annual delay to aircraft using the runways 
illustrated below if the annual demand is 240,000 air 
craft operations. 

L O~r-I__......ll '--__----, 

RUNWAY CONFIGURATION
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The following operating conditions and hourly capacities 
are assumed: 

Runway Use Hourly
 
Case Diagram Condition Capacitya
 

1 
¢I	 VFR 100'.
<>1 '..,

2	 VFR 54 

.. 
~ 

¢'	 IFR 59 
• 

a.	 Operations per hour, assuming 50%
 
arrivals.
 

In VFR conditions, Runway Use 1 occurs 95% of the time, and 
Runway Use 2 occurs 5% of the time. In IFR conditions, Run
way Use 3 occurs 100% of the time. 

Also assume the following: 

Aircraft Mix: 10% A, 20% B, 45% C, and 25% D 

Demand Profile Factor: 35 

Assume that historical monthly traffic records indicate 
the following: 

Average Daily 
Aircraft Operations 

Monthly As a Percent 
Aircraft No. of Days Average Daily of Annual 

Month Operations in Month Aircraft Operations Aircraft Operations 

January 9,300 31 300 0.200
 
February 9,072 28 324 0.216
 
March 10,788 31 348 0.232
 

April 11,940 30 398 0.265
 
May 13,919 31 449 0.299
 
June 14,940 30 498 0.332
 

July 16,182 31 522 0.348
 
August 18,507 31 597 0.398
 
September 13,410 30 447 0.298
 

October 12,338 31 398 0.265
 
November 10,440 30 348 0.232
 
December 9,300 31 300 0.200
 

Total Annual
 
Aircraft
 
Operations 150,136
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In addition, from discussions with FAA air traffic control 
personnel, air traffic activity records and/or analysis of 
historical weather data from the National Weather Service, 
assume the ratio of daily demand in IFR conditions to daily 
demand in VFR conditions is 0.75. Also assume the percent 
of time VFR or IFR conditions occur and the number of days 
represented by each daily demand are determined as follows: 

No. of Daye Percent No. of Days No. of Daye Percent No. of Oaye 
Month in Month Condition of T1me Represented Month in Month Condition of Time Represented 

VFR 26.4" July 31 VFR 100 31. 0 
IFR 15 4.6 IFR 0 0.0 

February 28 VFR 90 25.2 August 31 VFR 100 31. 0 
IFR 10 2.8 IFR 0 0.0 

March 31 VFR 90 27.9 September 30 VFR 95 28.5 
IFR 10 3.1 IFR 5 1.5 

January 31 85 

April 30 VFR 90 27.0 October 31 VFR 85 26.4 
IFR 10 3.0 IFR 15 4.6 

M"y 31 VFR 95 29.5 November 30 VFR 85 25.5 
IFR 5 1.5 IFR 15 4.5 

June 30 VFR 100 30.0 Deceraber 31 VFR 85 26.4 
IFR 0 0.0 IFR 15 4.6 

o. 31 • 0.85 • l6.4 

Also assume that historical daily traffic records indicate 
the following typical hourly distribution of daily traffic. 

Aircraft Percent of Daily 
Time Operations Aircraft Operations

Aircraft Percent of Daily 
Operations Aircraft OperationsTime 

1 1200 to 1259 30 50000 to 0059 6 
1300 to 1359 30 50100 to 0159 6 1 
1400 to 1459 36 6

0200 to 0259 0 0 
1500 to 1559 36 6

0300 to 0359 0 0 

1600 to 1659 42 7
0400 to 0459 0 0 

1700 to 1759 48 80500 to 0559 6 1 
1800 to 1859 42 7

0600 to 0659 12 2 
61900 to 1959 360700 to 0759 30 5 

52000 to 2059 300800 to 0859 36 6 
2100 to 2159 30 5

0900 to 0959 42 7
 
1000 to 1059 42
 7 2200 to 2259 12 2
 

1100 to 1159 36 6 2300 to 2359 12 2
 

Total 600 100 
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For the assumed annual demand of 240,000, the average daily 
demand for the 12 months are estimated from the historical 
monthly traffic records on page 74, as follows: 

Average Daily Average Daily 
Aircraft Operations Aircraft Operations 

As a Percent of Average As a Percent of Average
Annual Aircraft Daily Annual Aircraft Daily

Month Operations Demanda ~lonth Operations Demanda 

January 0.200 480 July 0.348 835 
February 0.216 518 August 0.398 955 
March 0.232 557 September 0.298 715 

April 0.265 636 October 0.265 636 
May 0.299 718 November 0.232 557 
June 0.332 797 December 0.200 480 

a. Operations 

For the assumed ratio of .daily demand in IFR conditions to 
daily demand in VFR conditions (i.e., 0.75), and the assumed 
percent occurrence of VFR and IFR conditions in each month, 
the 24 representative daily demands are determined as fol
lows: 

Representative Daily Demand Representative Daily Demand 
(operations per day) (operations per day) 

Month VFR IFR Month VFR IFR 

a b 
January 499 374 July 835
 
February 531 398 August 955 °
 
March 571 428 September 724 543°
 
April 652 489 October 661 496
 
~lay 727 545 November 579 434
 
June 797 December 499 374
° 

DD 480 
a. X + (Y x Z) 0.85 ... (0.15 x 0.75) 

499 

Z x DD "'--nT0:..:.;-;7c.:S;..".:;x:..,...i4.;;;8:::0---;;---";,, = 37 4 b. ~X-+~Y~(~Y~X~Z~} = 0.85 + (0.15 x 0.75) 
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Based on historical daily traffic records on page 75, the 
hourly demands for each representative day are calculated. 
As an example, the following are the resulting hourly de
mands for the January representative day: 

Percent ofPercent of Hour1Ya 
Daily Aircraft Demand Daily Aircraft ~~~~~~a 

Time Operations VFR IFR Tir.\e ~Ooerations VFR 

b
0059 5 4c	 1200 to 1259 5 25 19 

1300 to 1359 5 25 190000 to 1 
0100 to 0159 1 5 4
 
0200 to 0259 0 0 0
 1400 to 1459 6 30 22
 

0300 to 0359 0 0 0
 1500 to 1559 6 30 22 

0 0 0 1600 to 1659 7 35 26
0400 to 0459 

5 4 1700 to 1759 8 39 29
0500 to 0559 1
 
0600 to 0659
 2	 10 8 1800 to 1859 7 35 26 

25 19 1900 to 1959 6 30 22
0700 to 0759 5 

6 30 22 2000 to 2059 5 25 19 

7 35 26 2100 to 2159 5 25 190800 to 0859 
0900 to 0959 
1000 to 1059 7 35 26 2200 to 2259 2 10 8
 

1100 to 1159 6
 30 .22 2300 to 2359 2 10 8 

Total Daily Demand 499 374 

a. Operations 
b. 499 x	 0.01 = 5 
c. 374 x	 0.01 = 4 

Using	 the procedure in Paragraph 28 on page 56, the daily 
delays for each operating condition are determined, and 
the daily delays for	 each representative day and annual de
lay may be estimated	 as summarized on page 78. 
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Runway Use 
Percent Dady Delay 

Daily Delay for 
Representative 
Daily Demand No. of Days Total Delay 

Month Condition Case of Time (minutes) (minutes) Represented (minutes) 

January VFR 
VFR 

1 
2 

95 
5 

88 } 
217 

94 a 26.4 2,482 b 

IFR 3 100 116 116 4.6 534 

February VFR 
VFR 

1 
2 

95 
5 

104 }
280 

113 25.2 2,848 

IFR 3 100 143 1~3 2.8 400 

March VFR 
VFR 

1 
2 

95 
5 

122 }
369 

134 27.9 3,739 

IFR 3 100 170 170 3.1 527 

April VFR 
VFR 

1 
2 

95 
5 

166 }
681 

192 27.0 5,184 

IFR 3 100 249 249 3.0 747 

May VFR 
VFR 

1 
2 

95 
5 

226 }
1,428 

286 29.5 8,437 

IFR 3 100 371 371 1.5 557 

June VFR 
VFR 

1 
2 

95 
5 

301 }
3,002 

436 30.0 13,080 

IFR 3 100 544 544 0.0 0 

July VFR 
VFR 

1 
2 

95 
5 

343 }
4,791 

565 31.0 17 , 515 

IFR 3 100 641 641 0.0 0 

August VFR 
VFR 

1 
2 

95 
5 

521 }
44,226 

2,706 31.0 83,886 
---' 

IFR 3 100 1,083 1,083 0.0 0 

September VFR 
VFR 

1 
2 

95 
5 

223 }
1,393 

282 28.5 8,037 

IFR 3 100 365 365 1.5 548 

October VFR 
VFR 

1 
2 

95 
5 

167 }
700 

194 26.4 5,122 

IFR 3 100 253 253 4.6 1,164 

November VFR 
VFR 

1 
2 

95 
5 

122 }
369 

134 25.5 3,417 

IFR 3 100 170 170 4.5 765 

December VFR 
VFR 

1. 
2 

95 
5 

89 }
221 

96 26.4 2,534 

IFR 3 100 118 118 4.6 543 

Total Annual Delay 162,066 c 

a. RD = (F1 x D1 ) + (F2 x O2) = 0.95 x 88 + 0.05 x 217 94 

b. 0 1 x RD1 26.4 x 59 = 2,482 

c. AD = 10 
~ 1 x RD 1 ) + (02 x RD 2 ) + . • + (024 x RD 24 ) 
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Example 16, Aircraft Delay Savings 

Assume that a new parallel runway is added to the airport 
in Example 15 as illustrated below. 

IJOO~T,....-I__ 

RUNWAY CONFIGURATION 

Dete+mine the savings (reduction in delay) on the runway 
component under the following conditions: 

Runway Use	 Hourly 
. a

Case Diagram Condition Capaclty 

0'====:::J'. VFR 1001 
0C'===='. 

2 VFR 100
 

¢<:::'==== 
3	 IFR 59====:::J'. 

a.	 Operations per hour, assuming 
50% arrivals. 

Using the same procedures as in Example 15, the annual 
delay savings to aircraft for the parallel runway use is 
162,066 minutes (Example 15) minus 77,373 minutes = 
84,693 minutes of aircraft delay 

Chap 2 
Par 29 Page 79/80 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

INFORMATION REQUIRED FOR COMPUTATION OF 
CAPACITY AND DELAY 

Outputs 

Hourly capacity of runway(s) 

Hourly capacity of taxiway 
crossing an active runway 

Hourly capacity of gates 

Hourly capacity of an 
airfield 

Annual service volume of 
runways and gates 

Hourly delay to aircraft 
on runways, taxiways, gates, 
and airfield 

Daily delay to aircraft on 
runways, taxiways, gates, 
and airfield 

Annual delay to aircraft on 
runways, gates, and airfield 

Inputs Needed 

• Ceiling and visibility 
• Runway use 
• Aircraft mix 
• Percent arrivals 
• Percent touch-and-go 
• Exit taxiway location 

• Intersecting taxiway 
location 

• Runway operations rate 
• Aircraft mix using runway 

• Number and type of gates 
in each gate group 

• Gate mix 
• Gate occupancy times 

• Hourly capacity (Outputs 
No.1, 2, and 3) 

• Hourly capacities 
• Occurrence of operating 

conditions 

• Hourly demand 
• Hourly capacity 
• Demand profile factor 

• Hourly delay. 
• Hourly demand 
• Hourly capacity 

• Annual demand 
• Daily demand 
• Hourly demand 
• Hourly capacities 
• Occurrence of ceiling and 

visibility conditions and 
runway use 

FIGURE 2-1 CAPACITY AND DELAY INPUTS 
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103 I ~ 30 liLA. I 2-6 I 2-45 I 2-73 / 2-91 
66 [5llOfo 80001 ~ 4000 I 2-9 I 2-44 I 2-70 I 2-90 

0-14' < 3500 2-40 I 2-5486 2-87 I 2-100QC::;=;:=+
 
0-14 I.::,.
 3500 2-40 I 2-56 2-87 I 2-10187.O,-~+ +=00>15-29 I < 2000A 2-87 I 2-1002-40 I 2-5488 +=00>FIGURE NO. 2-44 2-74 I 2-90ILA, 2-8N.A.104DIAG'I RUNWAY SPACING +v c::::;::;¢RUNWAY USE 15-29 I .::,. ,~2-87 I 2-1012000 2-40 I 2-56 122 ItA, I N,A, 2-41 2-44 I 2-88 I 2-9089NO, IN FEETDIAGRAM (5) :> 30 N.A, 2-40 I 2-56 2-87 I 2-10190 .~ 

+=c=¢

2-77

2-77
2-77
2-77

2-56
2-56

2-56
2-54

2-14
2-14

2-14
2-14

< 2000 

ILA, 

~ 3500 

~ 2000

0-14 

~ 30
15-29
15-29

106
107

109
108

105 0-14 < 3500 2-14 2-54 2-77 2~100N,A,ILA. 2-17 2-44 2-79 I 2-9091 
Q~+ 2-101¢~ +,:  ¢l:Q--'-=2-71 2-902-4 2-44700 OR MOREQ~+l 67 Z-100
~~ 2-101- 2-101-

LEGE~D :
68 1 700 TO 2499 I 2-9 I 2-44 I 2-70 I 2-90 

¢ Indicates that an arrival (or landing) cal1 occur on the runway indicated. 

~~: I 69 2500 TO 3499 2-10 2-48 2-70 2-94. + Indicates that a departure (or takeoff) qm occur on the runway indicated. 

_ I 70 3500 TO 4299 2-10 2-49 2-70 2-95 I The lack of a symbol means that aircraft operat~ons will not occur from the runway indicated. 

Indicates a variable runway spacing.71 4300 OR MORE 2-10 2-50 2-70 2-96· 
C Indicates runway spacing category 700 to ~499 feet. 

D Indicates runway separation in feet. 

X, Y Indicates intersection distances. 

8° Indicates the angle between nonparallel runways. 

;l.~\. Not applicable.
 

-< Indicates" less than".
 

~ Indicates "greater than or equal to".
 

For those cases in which the majority of aircraft are restricted from using one Or more runways, see Appendix S. 

For footnotes A and B see next page of this handbook. 

FIGURE 2-2 RUNWAY USES (CONTINUED)FIGURE 2-2 RUNWAY USES (CONTINUED) 

I 
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Figure 2-2 (cont.) 

Footnote A: 

Minimum Centerline Spacing: The minimum centerline spac
ing is 700 feet for simultaneous operations on parallel 
runways used by all aircraft classes. Minimum spacing is 
reduced to 500 feet for parallel runways used by Class B 
and Class A aircraft and to 300 feet for parallel runways 
used by Class A aircraft only. If the spacing is less 
than these minimums, the two runways should be considered 
as a single runway. 

Footnote B: 

Dual Lane Runways: In accordance with definition in Dual 
Lane Runway Study, Report No. FAA-RD-74-80, May 1974. 
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H oURL Y C APAC I T Y BAS E C· 
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=>
0 
:::I: 

40
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20
 
60 80 100 120 140 160 180 

MIX INDEX -- PERCENT (C+30) 
0 20 40 

FIGURE 2-3 
FOR VFR CONDITIONS 

T 0 UCH & G 0 F ACT 0 R T 
Percent Mix Index- T 0 U C H . G 0 F A C TOR T 

Touch & Go Percent (C+3D) 

0 o to 180 1. 00 

1 to 10 0 to 70 1. 04 

11 to 20 0 to 70 1.10 

21 to 30 0 to 40 1.20 

I 

31 to 40 0 to 10 1. 31 

41 to SO 0 to 10 
I 

1. 40 ..... 
C· X T X E Hourly Capacity= 

~ 

E X I T F ACT a R E 
To determine Exit Factor E: 

l. Determine exit range for appropriate mix index from table below 

2. For arrival runways, determine the average number of exits(N) which 
are: (a) within appropriate exit range. and (b) separated by at 
least 750 feet 

3. If N is 4 or more, Exit Factor· 1.00 

4. If N is less than 4, deterrnine Exit Factor from table belo.... for 
appropriate mix index and percent arrivals 

Exit Range E X I T FACTOR E 
Mix Index- (Feet from 40% Arrivals 50% Arrivals 6 % Arrivals 

Percent(C+3D) threshold) N-O N-l N-2 N-O N-l to;-2 N-O N-l N-2 
or 3 or 3 or 3 

0 to 20 2000 to 4000 0.72 0.87 0.94 0.70 0.86 0.94 0.67 0.84 0.92 

21 to SO 3000 to 5500 0.79 0.86 0.94 0.76 0.84 0.93 0.72 0.81 0.90 

51 to 80 3500 to 6500 0.79 0.86 0.92 0.76 0.83 0.91 0.73 0.81 0.90 

81 to 120 5000 to 7000 0.82 0.89 0.93 0.80 0.88 0.94 0.77 0.86 0.93 

121 to 180 5500 to 7500 0.86 0.94 0.98 0.82 0.91 0.96 0.79 0.91 0.97 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 1, 54 

220 

200 

~ 

L~160 
~'" 

::> 
0 

~:I:140 
<x:'"
""UJ 
>-1>
t- ",120
-zUo
<X:_ 

3EI00 
>-~ 
Ci!3 80
 
=>

0
 
:::I:
 

60 

40 

20 

H0 URLY CAP AC I T Y BAS E C· 

180 \ r PERCENT ARRIVALS 

\ II 
\ \ 

1\\ \ I
\' '" I" r!!£.

'"~ r- r-50 ""' 1'00.. 

" - f- -60..... -
0 20 40 60 80 100 120 140 160 180 

MIX INDEX - PERCENT (C+30) 

III
 

T 0 UCH & G0 F ACT 0 R T 

~T 1. DO 

..... 
C· X T X E =Hourly Capacity 

~ 

E XI T F ACT 0 R E 
To determine Exit Factor E: 

l.	 Determine exi t range for appropriate mix index from table below 

2.	 For arrival run....ays, determine the average number of exits (N) which 
are: Ca) within appropriate exit range, and (b) separated by at 
least 750 feet 

3,	 If N is 4 or more, Exit Factor· 1.00 

4.	 If N is less than 4, determine Exit Factor from table bela.... for
 
appropriate mix index and percent arrivals
 

Ex! t Range E X I T FACTOR E 
Mix Index-- SOt Arrivals 6u, Arrivals(Feet from 40t Arrivals

Percent (C+3D) threshold) N-2 N-l N-2 
or 3 

N-O N-l N-O N-2 N-O N-l 
or 3 or 3 

0.62 0.790.79 0.90 0.90 

21 to so 
2000 to 4000 0.90 0.62 0.79o to 20 0.62 

0.83 0.93 0.72 0.83 0.93 

51 to 80 

0.83 0.93 0.723000 to 5500 0.72 

0.75 0.84 0.92 

81 to 120 

0.92 0.75 0.84 0.92G.75 0.843500 to 6500 

0.94 

121 to 180 

0.94 0.80 0.87 0.94 0.80 0.870.80 0.875000 to 7000 

0.97 0.971.00 0.83 0.93 0.83 0.935500 to 7500 0.94 1. 00 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 2, 67, FIGURE 2-4 72,73,97,98 FOR VFR CONDITIONS 
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220 
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t:~160 
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40
 

20
 
0 20 40 60 80 100 120 140 160 180 

MIX INDEX -- PERCENT (C+3D) 

180 , I PERCENT ARRIVALS 

\ I 
1\ \ 
\\ \ I 
\' " 4~\. -"-" -""--50, 

60- -

III
 

T 0 U C H & G 0 F ACT 0 R T 
Percent Mix Index-

Percent (C+3D)Touch & Go 

0 to 1800 

0 to 701 to 10 

0 to 7011 to 20 

0 to 4021 to 30 

0 to 1031 to 40 

0 to 1041 to 50 .....
 

,T 0 U C H G 0 FACTOR T 

1.00 

1. 03 

1.05 

1.09 

1.15 

1.20 

C· X T X E =Hourly Capacity 
~ 

E X I T F A CT 0 R E 
To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits(N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor - 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

Exi t Range
Mix Index- (Feet from 

Percent (C+3D) threshold) 

0 to 20 2000 to 4000 

21 to 50 3000 to 5500 

51 to 80 3500 to 6500 

81 to 120 5000 to 70~.0 

121 to 180 5500 to 7500 

E X I T FACTOR E
 

40\ Arrivals
 60, Arrivals 
N=O 

50\ Arrivals 
N-l N-ON=2 N-l N-2 

or 3 
N-l N 0 N=2 

or 3or 3 
0.62 0.79 0.62 0.79 0.90 0.62 0.790.90 0.90 

0.72 0.72 0.93 0.72 0.83 0.930.83 0.93 0.83 

0.75 0.75 0.84 0.75 0.8_40.84 0.92 0.92 0.92 

0.87 0.87 0.94 0.80 0.87 0.940.80 0.94 0.80 

0.97 0.83 0.93 0.970.85 0.96 0.98 0.83 0.93 

HOURLY CAPACITY OF RUNWAY USE DIAGRAM NO.3
FIGURE 2-5 

FOR VFR CONDITIONS 

HOURLY CAP A C I T Y BAS E C· 

200 

" 
r--. 

I180 \ 

80 

60 

40 

20 

\ I 
\ \ 
l\1\ I 
\ \ 4b -"" ""

50 

60 --

r- PERCENT ARRIVALS 

~ 

t,~160 
'-"", 

:::> 

~~140 
<1:",
<:OUJ 
>-0.. 
f- ",120 
~z 

'--'0<1:_ 

~~100
'--'", 
>-UJ
--,0..
"",3= 0 = 

0 20 40 60 80 100 120 140 160 180 
MIX INDEX -- PERCENT (C+3D) 

T 0 U C H 
Percent Mix Index-

Percent (C+3D)Touch' Go 

0 to 1800 

1 to 10 0 to 70 

11 to 20 0 to 70 

21 to 30 0 to 40 

31 to 40 0 to 10 

41 to 50 0 to 10 

~ 

&	 G0 F ACT 0 R T 
,T 0 U C H G 0 FACTOR T 

1. 00 

1. 02 

1. 04 

1. 08 

1.13 

1.17 

III C· X T X E =Hourly Capacity 

~ 

E X I T F ACT 0 R E 
To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table be low 

2.	 For arrival runways, determine the average number of exits (N) which 
are: (al within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor" 1.00 

4.	 If N is less than 4, determine Exit Factor from table be low for
 
appropriate mix index and percent arrivals
 

Exi t Range
Mix Index- (Feet from 

Percent (C+3D) threshold) 

o to 20 2000 to 4000
 

21 to 50
 3000 to 5500
 

51 to 80
 3500 to 6500
 

81 to 120
 5000 to 7000
 

121 to 180
 5500 to 7500 

E X I T FACTOR E 

40% Arrivals 50' Arrivals 60% Arrivals 
NcO N=l N""2 N-O N=l N-2 N=O N-l N-2 

or 3 or 3 or 3 
0.62 0.79 0.90 0.62 0.79 0.90 0.62 0.79 0.90 

0.72 0.83 0.93 0.72 0.83 0.93 0.72 0.83 0.93 

0.75 0.84 0.92 0.75 0.84 0.92 0.75 0.84 0.92 

.0.80 0.87 0.94 0.80 0.87 0.94 0.80 0.87 0.94 

0.83 0.93 0.97 0.83 0.93 0.97 0.83 0.93 0.97 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 4, 5, 74, FIGURE 2-6 
75,76, 77, 78, 99, 100, 101, 102, 103, FOR VFR CONDITIONS 
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T 0 U CH & G0 F ACT 0 R T 
Percent Mix Index-

I Percent (C+3D)Touch Ii Go 

a 0 to 180 

1 to 10 0 to 70 

11 to 20 0 to 70 

I 21 to 30 0 to '0 

31 to 0 to 10'0 

41 to 50 o to 10 
I ~ 

~ 

C· X T X E = Hourly Capacity 
~ 

E XI T F ACT 0 R E 
To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table below 

2.	 FOr arrival runways, determine the avarage number of exits(N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor - 1.00 ,.	 If N is less than 4, determine Exit Factor from table below for
 
appropriate mix index and percent arrivals
 

Exi t Range
Mix Index- (Feet from 

Percent (C+3D) threshold) 

a to 20 2000 to 4000 

21 to 50 3000 to 5500 

51 to 80 3500 to 6500 

" to 120 5000 to 7000 
I121 to 180 5500 to 7500 

40% 
N-O 

0.75 

0.83 

0.85 

0.89 

0.97 

.T 0 U C H G 0 FACTOR T 

1. 00 

1. 02 

1. 05 

1. 08 

1.11 

1.14 

E X r T FACTOR E 

Arrivals 
N-l 

0.88 

0.91 

0.91 

0.93 

1. 00 

N-2 
or 3 
0.94 

0.97 

0.96 

0.97 

1. 00 

HOURLY CAPACITY OF RUNWAY USE DIAGRAM NO.6FIGURE 2-7 FOR VFR CONDITIONS 

50\ Arrivals 6 % Arrivals 
N-lN-O ON""2 I N.-O 

r 3 
0.72	 0.86 69 

0'''1°'
0.80 0.89 0.960.77 

0.89 0.950.790.82 

0.87 0.91 0.9~ 1,0.84 
0.91 0.99 0.900 97 

N-2 
or 3 

N-l 

0.84 0.93 

0.86 0.94 

0.87 0.93 

0.89 0.95 

0.980.96 

H oU RL Y CAP AC I T Y B AS E C· 
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T 0 U CH &	 G 0 F ACT 0 R T .T 0 U C H G a FACTOR T 

1.00 

1. 02 

1. 05 

1.08 

1.11 

1.14 

Percent 
Touch Ii Go 

• a 

1 to 10 

11 to 20 

21 to 30 

31 to '0 

41 to 50 

Mix Index-
Percent (C+3D)
 

a to 180 

0 to 70 

0 to 70 

0 to '0 
a to 10 

a to 10 

~ 

C· X T X E = Hourly Capacity ...... 
E XI T F ACT 0 R E 

To determine Exit Factor E: 

1.	 Determine exi t range for appropriate mix index from table bela..... 

2 .	 For arrival runways, determine the average number of exits (N) which 
are: (a) .... ithin appropriate exit range, and (b) separated by at 
least 750 feet 

3 •	 If N is 4 or more, Exit Factor - 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

E X I T FACTOR
 
Mix Index-

Exit Range 
(Feet from '" Arrivals 50\ Arrivals 

Percent(C+3D) threshold) N-O N-l N-\ I N""O 
or 3 

N-l 

0.75 

O. B3 

0.85 

0.89 

0.97 

a 88 

0.91 

0.91 

0.93 

1. 00 

o.9~,1 0.72 

0.9r"0.95 0.82 

0.960.87 

1.00 0.90 

0.86 

0.89 

0.89 

0.91 

0.96 

N-2
 
or 3
 

a to 20
 2000 to 4000 0.94 

21 to 50 3000 to 5500 0.96 

" 
0.94
 

to 120
 

51 to 80 3500 to 6500 

5000 to 7000 0.96 

121 to 180 5500 to 7500 0.98 

E 

60\ Arrivals 
N-O N-l N-2 

or 3 
0.69 0.84 0.93 

0.78 0.87 0.95 

0.80 0.88 0.94 

0.84 0.90 0.95 

0.88 0.95 0.98 

HOURLY CAPACITY OF RUNWAY USE DIAGRAl'vlS NOS. 7, 8, 
FIGURE 2-8 79, 104 FOR VFR CONDITIONS 
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T 0 UCH & G0 F ACT 0 R T 
Percent Mix Index- T 0 U C H G 0 FACTOR T•P~rcent(C+3D)Touch & Go 

LaO
 

1 to 10
 

o to 180° 
1. 04o to 70 

1.10to 70
 

21 to 30 to 40
 

11 to 20 

I 
° 

1.20 

1. 3131 to 40 to 10 

41 to 50 0 to 10 
II 

° 

L- ~ ,.....
°	 

1,40 

C· x T X E = Hourly Capacity 

~ 

E X I T F ACT 0 R E 
To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of ex! ts (N) which 
are: (al within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor'" 1. 00 

4 •	 If N is less than 4, determine Ex! t Factor from table below for
 
appropriate mix index and percent arrivals
 

E X I T fACTOR E
 
Mix Index-

Exit Range 
6 ,	 Arrivals(feet fr.:lm 40\ Arrivals 50\ Arrivals 

Percent (C+3D) threshold) N-2 
or 3 

N=O N-l 

o to 20 2000 to 4000
 

21 to 50
 3000 to 5500
 

51 to 80
 3500 to 6500
 

81 to 120
 5000 to 7000
 

121 to 180
 5500 to 7500 

N-O N-l N"'2 N-O I N-1 N-2 
or 3 or 3 

0.72 0.87 0.94 0.70 0.86 0.94 0.6~lO.84 0.92 

0.79 0.86 0.94 0.76 0.84 0.93 0.72 

1 

°.81 0.90 

0.79 0.86 0.92 0.76 0.83 0.91 0.730.81 0.90 

0.83 0.89 0.93 0.80 0.87 0.94 0.770.86 0.93 

0.85 0_93 0.98 0.81 0.91 0.97 0.780.89 0.97 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 9, 66, 68FIGURE 2-9 FOR VFR CONDITIONS 

H0 U RL Y CAP ACIT Y BAS E c:.
 

200R-+--+-f--+--+-f---+---+---l 
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§33 ciOI--!--!--!---I---\---\---I---I-----'I 
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200':--"'20"""""'4'=-0~50:--:8:':-0---:1,..,:0-=-0 -=-12::::0c-1::-c"4-=-0~1-:!-:60""-1::-:!80 

MIX INDEX -- PERCENT (C+3D) 

T 0 UCH & G0 F ACT 0 R 1r 
Percent 

Touch , Go 
Mix Index-

Percent (C+3D) 
T 0 U C H G 0 FACTOR T 

° o to 180 1. 00 

1 to 10 o to 70 1.04 

11 to 20 1.10 

21 to 30 

31 to 40 

41 to 50 I ~f:i~J 
1. 20 

1. ),1 

1.40 

III C· X T X E = Hourly Capacity 

E X I T F ACT 0 R E; 

To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits (N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor - 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for
 
appropriate mix index and percent arrivals
 

E X I T FACTOR E 
I Mix Index-

Exit Range 
6uI ArriVal_50\ Arrivals(Feet from 40\ Arrivals

Percent(C+3D) threshold) N-2N-O N-l N·2 N-O N-O N-1N-l I:r""2]
or 3 or 3 

2000 to 4000 0.94 0.70 0.67 0.84 0.920.72 0.87 0."!0.94I	 ° to 20 
0.81 0.900.79 0.86 0.94 0.76 0.7221 to 50 ]000 to 5500 0841°.93
 

51 to 80
 0.83 0 91 0.73 0.81 0.900.79 0.86 0.92 0.763500 to 6500 

0.930.80 0.88 0.94 0.77 0.860.82 0.89 0.93
 

121 to 180
 

5000 to 7000~12() 
0.970.79 0.910.98 0.82 0.91io.965500 to 7500 0.86 0.94 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 10,11,12,FIGURE 2-10 
69, 70, 71 FOR VFR CONDITIONS 
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E X I T F ACT 0 R E 
To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival run....ays, determine the average number of exits(N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor - 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for
 
appropriate mix index and percent arrivals
 

Mix Index-
Percent (C+3D) 

0 to 20 

21 to 50 

51 to 80 

81 to 120 

121 to 180 

Exit Range 
(Feet from 
threshold) 

2000 to 4000 

3000 to 5500 

3500 to 6500 

5000 to 7000 

5500 to 7500 

40% 
N-O 

1. 00 

1.00 

1.00 

1. 00 

1. 00 

E X I T FACTOR E 

Arrivals 6u\ Arrival. 
N-1 

50\ Arrivals 
N-2 

or 3 
N-O N-1N-2 N-1 N-2N-O 

or 3or 3 
0.790.93 1. 00 0.62 0.901. 00 1. 00 0.73 

0.83 0.930.95 1. 00 0.721. 00 1. 00 0.82 

0.840.84 0.94 1.00 0.75 0.921. 00 1. 00 

0.941. 00 1. 00 1.00 0.80 0.871.001. 00 

0.83 0.93 0.981. 00 1.00 1. 001. 00 1.00 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 13, 14 FIGURE 2-11 FOR VFR CONDITIONS 
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To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits (N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor - 1.00 .. If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

Exit Range
Mix Index- (Feet from 

Percent (C+3Dl threshold) 

0 to 20 2000 to 4000 

21 to 50 3000 to 5500 

51 to 80 3500 to 6500 

81 to 120 5000 to 7000 

E X I T FACTOR E
 

401 Arrivals
 501 Arrivals 6u, Arrivah 
N-O N-2N-1 N-2N-O N-1 N-O N-1 N-2 

or 3 or 3 or 3 
0.76 0.88 0.94 0.65 0.83 0.93 0.62 0.79 0.90 
0.83 0.90 0.96 0.72 0.83 0.94 0.72 0.83 0.93 

0.85 0.91 0.96 0.75 0.84 0.92 0.75 0.84 0.92 

0.90 0.94 0.97 0.82 0.88 0.940.95 0.80 0.87 

121 to 180 5500 to 7500 0.93 0.98 1. 01 10.91 0_97 .99 8 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 15 85 110FIGURE 2-12 FOR VFR CONDITIONS	 ' , 
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To determine Exit Factor E:
 

1- Determine exit range for appropriate mix index from table below
 

2.	 For arrival runways, determine the average number of exits (N) which 
are: (aJ within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N 15 4 or more, Exit Factor" 1.00
 

4 .	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

Exi t Range
Mix Index- (Feet from 

Percent (Col-3D) threshold) 

o to 20
 2000 to 4000
 

21 to 50
 3000 to 5500
 

51 to 80
 3500 to 6500
 

81 to 120
 5000 to 7000
 

E X I T F1\CTOR
 

50% Arrivals40% Arrivals 
N-O N-2
N-l N-2
 N-O N-1
 

or 3
 or 3
 
0.76 0.88 0.94 0.65 0.83 0.93 

0.83 0.90 0.96 0.72 0.83 0.94 

0.85 0.91 0.96 0.75 0.84 0.92 

0.90 0.94 0.97 0.82 0.88 0.95 

E 

6 % Arrival. 
N-O N-2
 

or 3
 
N-1
 

0.62 0.79 0.90 

0.72 0.83 0.93 

0.75 0.84 0.92 

0.80 0.87 0.94 

• 0<121 to 180 5500 to 7500 0.9] 0.98 1.00 0.90 0.97 .99
 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 16, 17,
 
FIGURE 2-13
 19,20 FOR VFR CONDITIONS 
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T 0 UCH & G0 F ACT 0 R T 
Percent Mix Index- T 0 U C H G 0 F 1\ C TOR T.

Touch , Go Percent (Col-3D) 

0 1.00
 

1 to 10
 

o to 180
 

1. 03
 

11 to 20
 

o to 70
 

1. 05
 

21 to 30
 

o to 70
 

1.11
 

31 to 40
 

o to 40
 

1. 20
 

41 to 50
 

o to 10
 

1. 26
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C· x T x E =Hourly Capacity ..... 

E X I T F ACT 0 R E 
To determine Exit Factor E:
 

1- Determine exit range for appropriate mix index from table below
 

2.	 For arrival runways, determine the average number of exits(N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor - 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

E X I T F1\CTOR E
 
Mix Index-

Exit Range 
50\ Arrivals 60\ Arrival.(Feet from 40\ Arrivals

Percent (Col-3D) thresho1dl N-2
 N-2
 N-O N-l N-2
 
or 3
 

N-O N-O N-1
N-l 
or 3
 or 3
 

0 to 20
 0.762000 to 4000
 0.88 0.94 0.65 0.83 0.62 0.790.93 0.90
 

21 to 50
 0.8,33000 to 5500
 0.90 0.96 0.72 0.83 0.94 0.72 0.83 0.93
 

51 to 80
 0.853500 to 6500
 0.91 0.96 0.75 0.84 0.92 0.84 0.92
 

81 to 120
 

0.75 

5000 to 7000
 0.90 0.94 0.80 0.87 0.94
 

121 to 180 5500 to 7500 0.93 0.98 1. 00 0.90 o 07 In.'
 
0.82 0.88 0.950.97 

.R8 0' 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 18,21,22, 
80,81,82,83,84,105,106,107,108,109 FOR VFR CONDITIONS 
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FIGURE 2-15 
FOR VFR CONDITIONS 
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To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits (N) which 
are: (al within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor" 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

Exi t Range
Mix Index- (Feet from 

Percent(C+3D) threshold) 

0 to 20 2000 to 4000 

21 to 50 3000 to 5500 

51 to 80 3500 to 6500 

81 to 120 5000 to 7000 

121 to 180 5500 to 7500 

40% 
N-O 

0.75 

0.82 

0.83 

0.88 

e.9l 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS rJOs. 23, 26 

T CI U CH 

E X I T F~ACTOR E 

Arrivals 
N-l 

0.88 

0.89 

0.90 

0.92 

0.97 

N-2 
or 3 
0.94 

0.96 

0.95 

0.97 

0.99 

60% 
N-O 
50% Arrivals 

N-l N-2 N=O 
or 3 

0.72 0.86 0.93 0.69 

0.79 0.87 0.95 0.76 

0.81 0.89 0.95 0.78 

0.85 0.90 0.95 0.83 

0.88 0.95 0.98 0.85 

& G 0 F ACT 0 R T 
T 0 U C H G 0 FACTOR• 

1. 00 

1. 01 

1. 02 

1. 03 

1. 04 

1. 05 

Arrivals 
N-l 

0.84 

0.86 

0.86 

0.89 

0.94 

N 2 
or 3 
0.93 

0.95 

0.93 

0.95 

0.97 

T
Percent 

Touch & Go 

0 

1 to 10 

11 to 20 

21 to 30 

31 to 40 

41 to 50 

Mix Index-
Percent (C+3D) 

0 to 180 

0 to 70 

o to 70 

0 to 40 

0 to 10 

0 to 10 ..... 
C· X T X E =Hourly Capacity 

~ 

E X I T F ACT 0 R E 
To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits (N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor - 1. 00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

Exi t Range
M.ix Index- (Feet from 

Percent{C+3D) threshold) 

o to 20 2000 to 4000 

21 to 50 3000 to 5500 

51 to 80 3500 to 6500 

81 to 120 5000 to 7000 

121 to 180 5500 to 7500 

E X I T FACTOR E
 

40% Arrivals
 50% Arrivals 60\ Arrivals 
N-l N-2 N-2 N-ON=O N-l N-2N·O N-l 

or 3 or 3 or 3 
0.75 0.88 0.94 0.72 0.86 0.93 0.69 0.84 0.93 

0.82 0.89 0.96 0.79 0.87 0.95 0.76 0.86 0.95 

0.83 0.90 0.95 0.81 0.89 0.95 0.78 0.86 0.93 

0.88 0.970.92 0.85 0.90 0.95 0.83 0.89 0.95 

0.91 0.97 0.99 0.88 0.95 0.98 0.85 0.94 0.97 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 24, 25 FIGURE 2-16 
FOR VFR CONDITIONS 
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FIGURE 2-17 91,116 FOR VFR CONDITIONS 
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To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits(N) which 
are: (al within appropriate exit range, and (b' separated by at 
least 750 feet 

] .	 If N is 4 or more, Exit Factor"" 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

Exit Range
Mix Index- (Feet from 

Percent (C+3D) threshold) 

0 to 20 2000 to 4000 

21 to 50 3000 to 5500 

3500 to 650051 to 80 

5000 to 700081 to 120 

121 to 180 5500 to 7500 

40' 
N""O 

0.75 

0.82 

0.83 

0.88 

C.9l 

T 0 U C H 
Percent Mix Index-

Percent (C+3D)Touch & Go 
0 o to 180 

0 to 701 to 10 

0 to 7011 to 20 

]0 0 to 4021 to 

0 to 1031 to 40 

0 to 1041 to 50 

.......
 

E X I T FACTOR E 

Arrivals 
N"'l 

0.88 

0.89 

0.90 

0.92 

0.97 

Ne2 
or 3 
0.94 

0.9fi 

0.95 

0.97 

0.99 

50% 60\ Arrivals 
N-2 N-O N-1 N 2 
or 3 or 3 
0.93 

0.95 

0.95 

0.95 

0.98 

0.69 

0.76 

0.78 

0.83 

0.85 

0.84 

0.86 

0.86 

0.89 

0.94 

0.93 

0.95 

0.93 

o~ 
0.97 

N=O 

0.72 

0.79 

0.81 

0.85 

0.88 

Arrivals 
N-1 

0.86 

O. 87 

0 89 

0.90 

0.95 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 27, 28, 

&	 G 0 F ACT 0 R T 
T 0 U C H & G 0 FACTOR T 

1. 00 

L 04 

1. 10 

1. 20 

1. 31 

1. 40 

C· X T X E =Hourly Capacity 

~ 

E X I T F AC T 0 R E 
To determine Exi t Factor E: 

1.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits (N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor - L 00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

E X I T FJ..CTOR EExit Range
Mix Index- (Feet from 50% Arrivals 60% Arrivals40' Arrivals

Percent (C+3D) threshold) N-1N-2 Ne2 N-2N-O N-O N-O N-1N=l 
or 3 or 3 or 3 

0.87 0.942000 to 4000 0.72 0.94 0.70 0.86 0.67 0.84 0.920 to 20 

0.79 0.86 0.76 0.84 0.93 0.72 0.81 0.903000 to 5500 0.9421 to 50 

0.730.79 0.86 0.92 0.76 0.83 0.91 0.81 0.903500 to 650051 to 80 

0.9] 0.94 0.77 0.930.82 0.89 0.80 0.88 0.865000 to 700081 to 120 

0.790.98 0.82 0.91 0.96 0.91 0.970.86 0.9.4121 to 180 5500 to 7500 

HOURLY CAPACITY OF RUNWAY USE DIAGRAM NO. 29 
FIGURE 2-18 FOR VFR CONDITIONS 
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Percent 
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To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits (N) which 
are: (al within appropriate exit range, and (b) separated by at 
least 750 feet 

3 •	 If N is 4 or more, Exit Factor" 1.00 

4 .	 If N is less than 4, determine Exit Factor from table below for
 
appropriate mix index and percent arrivals
 

Exit Range E X r T FACTOR E 
Mix Index- 60\ Arrivals50% Arrivals(Feet from 40% Arrivals

Percent (C+ 3D) threshold) N-2 
or 3 

NsO N-2N==l 
or 3 

0 to 20 0.872000 to 4 000 0.72 0.92 

21 to 50 0.79 0.86 0.90 

51 to 80 

3000 to 5500 

0.90 

81 to 120 

0.79 0.86]500 to 6500 

0.930.82 0.895000 to 7000 

0.970.945500 to 7500 0.86121 to 180 

N==O N'=l N==2 N-O N-1 
or 3 

0.94 0.70 0.86 0.94 0.67 0.84 

0.94 0·.76 0.84 0.93 0.72 0.81 

0.92 0.7f, 0.83 0.91 0.73 0.81 

0.93 0.80 0.88 0.94 0.77 0.86 

0.98 0.82 0.91 0.96 0.79 0.91 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 30, 31FIGURE 2-19 
FOR VFR CONDITIONS 
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To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table belo.... 

2.	 For arrival runways, determine the average number of exlts(N) ....hich 
are: (a) wi thin appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor" 1.00 

4 •	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

E X I T FACTOR EExit Range
Mix Index- 50\ Arrivals 6u\ Arrivals(Feet from 40. Arrivals

Percent(C+3D) threshold} N-lN-2 N-O N-2N-1 N-O N-2 N-1N-O 
or 3 or 3or 3 

0.79 0.900.90 0.62 0.79 0.90 0.620.62 0.792000 to 4000o to 20 

0.93 0.72 0.83 0.930.72 0.830.72 0.83 0.933000 to 550021 to 50 

0.92 0.75 0.84 0.920.75 0.840.75 0.84 0.923500 to 650051 to 80 
0.940.870.87 0.94 0.800.87 0.800.80 0.945000 to 700081 to 120 
0.970.930.83 0.93 0.97 0.831. 000.94 1.005500 to 7500121 to 180 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 32, 33 FIGURE 2-20 
FOR VFR CONDITIONS 
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To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

G0 F ACT 0 R T 
T 9 U C H GO FACTOR T• 

1.00 

1. 02 

1. 05 

1. 09 

=Hourly Capacity 

For arrival runways, determine the average ' . are: (a) within appropriate exit range, and 
least 750 feet 

3.	 If N is 4 or more, Exit Factor - 1.00 

4.	 If N is less than 4, determine Exit Factor 
appropriate mix index and percent arrivals 

number of exits (N) which 
(b)	 separated by at 

from table below for 

E X I T FACTOR EExit Range
Mix Index- (Feet from 60, Arrivals50% Arrivals40% Arrivals 

Percent (C+3D) threshold) N-O N-2N-l N-2N=2 N-lN 0 N-ON·l 
or 3 or 3 or 3 

0.90 0.62 Q.790 to 20 2000 to 4000 0.62 0.79 0.90 0.62 0.79 0.90 

0.72 0.83 0.93 0.72 0.83 0.9321 to 50 3000 to 5500 0.72 0.83 0.93 

0.75 0.84 0.92 0.75 0.84 0.9251 to 80 3500 to 6500 0.75 0.84 0.92 

0.870.80 0.87 0.94 0.80 0.9481 to 120 5000 to 7000 0.80 0.87 0.94 

0.970.83 0.93 0.97 0.83 0.930.98121 to 180 5500 to 7500 0.85 0.96 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 34, 35 FIGURE 2-21 
FOR VFR CONDITIONS 
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T 0 UCH & G0 F ACT 0 R T 
Percent M.ix tndex- T 0 U C H • G 0 FACTOR T 

Touch" Go Percent (C+3D) 

0 0 to 180 1. 00 

1 to 10 0 to 70 1. 03 

11 to 20 0 to 70 1. 09 

21 to 30 0 to 40 1.14 

.... 
C· X T E Hourly CapacityX = 

~ 

E X I T FACTOR E 
To determine Exit Factor E: 

l. Determine exit range for appropriate mix index from table below 

' . For arrival runways. determine the average number of exits (N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3. If N is 4 or more, Exit Factor· 1. 00 

4. If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

Exit Ranqe E x I T FACTOR E 
Mix Index- (Feet from 40\ Arrivals 50\ Arrivals 60' Arrivals 

Percent(C+30] threshold] N~O N-l N-2 N-O N:l N-' N-O N-l N-2 
or 3 or 3 or 3 

o to 20 2000 to 4000 0.76 0.88 0.94 0.72 0.86 0.94 0.64 0.82 0.93 

21 to so 3000 to 5500 0.83 0.90 0.96 0.80 0.88 0.95 0.72 0.83 0.93 

51 to 80 3500 to 6500 0.85 0.91 0.95 0.82 0.89 0.95 0.75 0.84 0.92 

81 to 120 5000 to 7000 0.89 0.93 0.97 0.87 0.91 0.96 0.81 0.87 0.94 

121 to 180 5500 to 7500 0.94 0.98 0.99 0.92 0.97 0.99 0.89 0.96 0.98 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 36, 37, 38 
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T 0 UCH & G0 FACTOR T 
111. Index-"1'Oeftt 

'ro\lch , Go Percent. (C+1D) 

o to 1800 

1 to 10 0 to 70 

0 to 7011 to 20 

21 to 30 0 to 40 

~ 

r 0 u c H GO FACTOR T• 
1. 00 

L03 

1.10 

LIB 

C· X T X E = Hourly Capacity 

~ 

E XI T FACTOR E 
To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits(N) Iorhich 
are: (a) within appropriate exit range. and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more. Exit Factor· 1.00 

4.	 If N is leas than 4, determine Exit Factor from table belo.... for
 
appropriate mix index and percent arriviSle
 

Exit kange
Mix Index- (Feet from 

Percent(C+3D) threshold) 

o to 20 2000 to 4000 

21 to 50 3000 to 5500 

51 to 80 3500 to 6500 

81 to 120 5000 to 7000 

121 to 180 5500 to 7500 

E X I T FACTOR E 

40' Arrivals 501 Arrivals 60% Arrivals 
N=O N=::2 N-2 

or 3 
Ns 1 

or 3 
0.76 0.88 0.93 

O. B3 0.90 0.93 

O. B5 0.91 0.92 

O. B9 0.93 

0.98 

N-O N 1 N=2 N=O N·1 
or 3 

0.94 0.72 0.86 0.94 0.64 0.82 

0.96 0.80 0.88 0.95 0.72 O. B3 

0.95 O. B2 0.89 0.95 0.75 0.84 

0.97 0.87 0.91 0.96 0.81 0.87 0.94 

0.94 0.98 0.99 0.92 0.97 0.99 O. B9 0.96 

HOURLY CAPACITY OF RUNWAY USE DIAGRAfyi NO. 39 FIGURE 2-23 FOR VFR CONDITIONS 
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0
 

Touch & Go 

1. 00
 

1 to 10
 

0 to 180 

1. 03
 

11 to 20
 

0 to 70 

1.10
 

21 to 30
 

o to 70 

LIBo to 40 J 
~ 

C· X T X E = Hourly Capacity 
~ 

E XI T F ACT 0 R E 
To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table below 

2.	 FOr arrival runwaye, determine the average number of exits (N) which 
are; (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or mOre, Exit Factor - 1.00 

4.	 If N is Ieee than 4, determine Exit Factor from table below for
 
appropriate mix index and percent arrivals
 

EKit 
Mix Index- (feet

Percent (C+3D) threshold)

RAlnqe E X I T FACTOR E 
f~ 40\ Arrivals 50\ Arrivals 60\ Arrivals

N-O N-1 N-2 N-O N-1 N-2 N-O N-1 N-2
or 3 or 3 or 3

4000 0.76 0.88 0.94 0.72 0.86 0.94 0.64 0.82 0.93

5500 0.83 0.90 0.96 0.80 0.88 0.95 0.72 0.83 0.93

6500 0.85 0.91 0.95 0.82 0.89 0.95 0.75 0.84 0.92

7000 0.89 0.93 0.97 0.87 0.91 0.96 0.81 0.87 0.94

7500 0.9-4 0.98 0.99 0.92 0.97 0.9t 0.89 0.96 0.98 

o to 20 2000 to
 

21 to 50
 3000 to
 

51 to 80
 3500 to
 

81 to 120
 5000 to
 

121 to 110
 5500 to 

HOURLY CAPACITY OF RUI\lWAY USE DIAGRAM NO. 40 FIGURE 2-24 FOR VFR CONDITIONS 
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FIGURE 2-25 FOR VFR CONDITIONS 
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T 0 UCH & G0 F ACT 0 R T 
Percent 

Touch' Go 

0 

Mix In4ex-
Percent (C+)D) 

o to 180 

T 0 U C H , G 0 

1.00 

FACTOR T 

1 to 10 o to 70 L03 

11 to 20 0 to 70 LID 

2l to 30 o to 40 1.18 

.......
 
C· X T x E = Hourly Capacity 

~ 

E X I T F ACT 0 R E 
To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table beloW' 

2.	 For arri.val runways, determine the average number of exits (N) which 
are: (a' .... ithin appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor'"" 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

Exit Range
M.ix Index- (Feet from 40% 

Percent {C+3D) threshold} N=O 

o to 20 2000 to 4000 0.75 

3000 to 5500 0.822l to so 

51 to 80 0.843500 to 6500 

5000 to 7000 0.8881 to 120 

0.92121 to 180 5500 to 7500 

E X I T FACTOR E 

Arrivals 

HOURLY CAPACITY OF RUNWAY USE DIAGRAM NO. 41 

N'l 

0.88 

0.89 

0.90 

0.92 

0.96 

N·2 
or 3 
0.94 

0.96 

0.95 

0.96 

0.97 

50\ Arrivals 60\ Arrivals 
N-1 

0.86 

0.87 

0.88 

0.90 

0.94 

N-O 

0.72 

0.79 

0.81 

0.86 

0.89 

N·2 
or 3 
0.93 

0.95 

0.94 

0_95 

0.96 

N-O 

0.69 

0.77 

0.79 

0.85 

0.90 

N-1 

0.84 

0.86 

0.87 

0.90 

0.96 

T 0 U CH & G 0 F ACT 0 R T 
Percent Mix Index--

TOUch & Go Percent (C+3D) 
0 o to 180 

0 to 701 to 10 

0 to 7011 to 20 

0 to '021 to 30 

0 to 1031 to 40 

41 to SO 0 to 10 

......
 

,
T 0 U C H G 0 FACTOR 

1.00 

1. 04 

1.10 

1. 20 

1. 31 

1.40 

N-2 
or 3 
0.92 

0.95 

0.94 

0.96 

0.98 

T 

C· x T x E =Hourly Capacity 

~ 

E X I T F ACT 0 R E 
To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table belo.... 

2 .	 For arrival runways, determine the average number of exit.s{N) ....hich 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor" 1.00 

4 •	 If N is less than 4, detennine Exit Factor from table belo.... for
 
appropriate mix index and percent arrivals
 

E X I T FACTOR E 
Nix Index-

Percent (C+3D) 

Exit Range 

o to 20
 

21 to SO
 

51 to 80
 

&1 to 120
 

121 to 180 

6u, Arriv 10(Feet frOll! 40t Arriv.ls 50' Arrivals 
threshold) N-2N-2 N-1 N-O N-1N-1 N-O N=2N-O 

or 3 or 3or 3 
0.94 0.86 0.94 0.67 O. B4 0.922000 to 4000 0.72 0.87 0.70 

3000 to 5500 0.79 0.94 0.76 0.84 0.93 0.72 0.81 0.900.86 

0.76 0.91 0.73 0.81 0.903500 to 6500 0.79 0.86 0.92 0.83 

0.80 0.94 0.77 0.86 0.935000 to 7000 0.83 0.89 0.93 0.87 

0.780.98 0.81 0.91 0.89 0.975500 to 7500 0.85 0.93 0.97 

HOURLY CAPACITY OF RUNWAY USE DIAGRAM NO. 42 
FIGURE 2-26 FOR VFR CONDITIONS 
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T 0 U( H & G 0 F A( T 0 R T 
Percent Mix Index-

Percent (C+3D)Touch' Go 

0 to 1800 

1 to 10 0 to 70 

0 to 7011 to 20 

0 to 4021 to 30 

31 to 40 0 to 10 

41 to 50 0 to 10 

~ 

T 0 U C H G 0 FACTOR T. 
1. 00 

1. 03 

1. 06 

1.13 

1. 26 

1.33 

C· X T X E = Hourly Capacity 

...-... 
E X I T F A( T 0 R E 

To determine Exit Factor E; 

l.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits(N) which 
are: (a) within app~opriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor" l.00 

4.	 If N is less than 4, determine Ex! t Factor from table below for 
appropriate mix index and percent arrivals 

Exit Range.
Mix Index- (Feet from 

Percent (C+3D) threshold) 

2000 to 40000 to 20 

3000 to 550021 to 50 

3500 to 650051 to 80 

5000 to 700081 ro 120 

121 to 180 5500 to 7500 

E X I T FACTOR E 
50\ Arrivals 

0.71 0.83

0.71 0.85 

0.75 0.84

0.80 0.87

0.85 0.94

6 , ArrivalsArrivals40' 
N-2N-2N-O N-l N-O N-I N=O N-lN"2 

or ,or 3 or 3 
0.880.86 0.94 0.80 0.85 0.93 0.93 

0.84 0.91 0.98 0.71 0.85 C.92 0.92 

0.81 0.91 0.97 0.76 0.85 0.91 0.91 

0.83 0.90 0.95 0.80 0.86 0.92 0.92 

0.93 0.99 1. 00 0.84 0.94 0.98 0.98 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 43, 49 FIGURE 2-27 
FOR VFR CONDITIONS 
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T 0 U( H 
Percent Mix Index-

Percent (C+3D)Touch & Go 

0 o to 180 

1 to 10 o to 70 

11 to 20 0 to 70 

0 "to 4021 to '0 

0 to 1031 to 40 

41 to 50 0 to 10 

~ 

& G 0 F A( T 0 R T 
T 0 U C H , G 0 FACTOR T 

1. 00 

1.03 

1.10 

1.17 

1. 28 

1. 36 

C· X T X E =Hourly Capacity 
...-... 

E XI T F A( T 0 R E 
To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits(N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 7 50 feet 

3 •	 If N is 4 or more, Exit Factor" 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

Exit Range
Mix Index- (Feet from 

Percent (C+3D) threshold) 

0 to 20 2000 to 4000 

21 to 50 3000 to 5500 

51 to 80 3500 to 6500 

81 to 120 5000 to 7000 

121 to 180 5500 to 7500 

E x I T FACTOR E 

50\ Arrivals 6u\ Arrivals40. Arrivals 
N-2 N-ON-O N-l N-2N-O N-l N=2 N-l 

or ,or 3 or 3 
0.81 0.88 0.95 0.78 0.86 0.740.94 0.85 0.93 

0.91 0.92 0.97 0.87 0.92 0.870.99 0.75 0.98 

0.94 0.96 1. 00 0.77 0.89 0.97 0.72 0.82 0.91 

0.96 0.97 1. 00 0.81 0.88 0.93 0.80 0.87 0.92 

0.99 1.00 1. 00 0.84 0.94 0.97 0.85 0.94 0.97 

HOURLY CAPACITY OF RUNWAY USE DIAGRAl'vlS NOS. 44,50FIGURE 2-28 
FOR VFR CONDITIONS 
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T 0 U CH &	 G 0 F ACT 0 R T 
,T 0 U C H GO FACTOR T 

1. 00 

1.03 

1.10 

1.17 

1. 28 

1. 36 

Percent 
Touch, Go 

0 

1 to 10 

11 to 20 

21 to 30 

31 to 40 

41 to 50 

Mix Inclex-
Percent (C+3D) 

o to 180 

o to 70 

o to 70 

0 'to 40 

0 to 10 

0 to 10 ,... 
C· X T X E = Hourly Capacity 

~ 

E X I T F ACT 0 R E 
To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2.	 For a.rrival run....ays, determine the average number of ex! ts (N) which 
are: (a) within a.ppropriate exit range, and (b) separated by at 
least 750 feet 

3.	 rf N is 4 or more, Exit Factor'" 1.00 

4.	 If N is less than 4, determine Ex! t Factor from table below for 
appropriate mix index and percent arrivals 

Exit Range
Mix Index- (Feet from 

Percent (C+3D) threshold) 

2000 to 4000o to 20 

3000 to 550021 to 50 

3500 to 650051 to '0 
5000 to 7000Bl to 120 

5500 to 7500121 to 180 

E X I T FACTOR E 

Arrivals 50% Arrivals 60' Arrivals 
N·2 N-1 N~2 N:::O N-2 
or 3 

N-1N·O 
or 3 or 3 

0.78 0.93 0.74 0.840.94 0.86 0.92 

0.91 0.97 0.99 0.80 0.94 0.980.99 

0.9] 0.74 0.82 0.911. 00 0.83 1. 00 

1. 00 0.97 0.80 0.920.89 1. 00 0.87 

1.00 1. 00 0.86 0.94 0.971. 00 0.95 

40'
 
N-O
 Ncl 

0.81 0.88 

0.970.94 

0.95 0.97 

0.98 0.99 

1.00 1. 00 

HOURLY CAPACITY OF RUNWAY USE DIAGRArv.S NOS. 45, 51FIGURE 2-29 
FOR VFR CONDITIONS 

T 0 U CH 
Percent Mix Index-

Touch , Go Percent (C+3D) 

0 to 1800 

0 to 701 to 10 

11 to 20 0 to 70 

21 to 30 0 to '0 

o to 1031 to 40 

o to 1041 to 50 ,...
 
C· X T X 

& G 0 F ACT 0 R T 
T 0 U C H , G a FACTOR 

1. 00 

1. 03 

1.10 

1.19 

1. 31 

1.40 

T 
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E X I T F ACT 0 R E 
To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits (N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor'"" 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

Exit Range
Mix Index- (Feet from 40%

Percent(C+]D) threshold) N-O 

0.74 

21 to 50 

2000 to 40000 to 20 

3000 to 5500 0.86 

51 to 80 3500 to 6500 0.90 

Bl to 120 5000 to 7QOO 0.94 

121 to 180 5500 to 7500 0.98 

E X I T 

Arrivals 
N-l 

0.86 

0.88 

0.91 

0.95 

0.99 

N-2 
or 3 
0.92 

0.92 

0.96 

0.98 

1. 00 

50% 
N-O 

0.70 

0.83 

0.79 

0.80 

0.84 

FACTOR E 
Arrivals 
N-l N-2 

or 3 
0.84 0.92 

0.910.86 

0.88 0.97 

0.86 0.92 

0.94 0.97 

6 , 
N-O 

0.67 

0.74 

0.72 

0.80 

·0.85 

HOURLY CAPACITY OF RUNWAY USE DIAGRAl'vlS NOS. 46, 52FIGURE 2-30 
FOR VFR CONDITIONS 
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0 to 1031 to '0 
0 to 1041 to 50 

.........
 

T 0 U C H G 0 FAC.TOR T• 
1.00 

1. 03 

1.10 

1.19 
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1.40 

C· X T X E = Hourly Capacity 

~ 

E X I T F ACT 0 R E 
To determine Exit Factor E: 

l.	 DeteIilline exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits{N) which 
are: (aJ within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor" 1.00 

,. If N is less than 4, dete:nnine Exit Factor from table below for 
appropriate mix index and percent arrivals 

E X I T FACTOR EExit Range
M.ix Index- (Feet from 50% Arrivals 60% Arrivals'0. Arrivals 

Percent(C+3D) threghold) N-O N-2N-O N-l N-2N-O N=2 N-lN 1 
or 3 or 3 or 3 

0 to 20 2000 to 4000 0.73 0.88 0.95 0.71 0.87 0.94 0.68 0 as 0.93 

21 to 50 3000 to 5500 0.89 0.87 0.90 0.94 0.840.92 0.95 0.940 89 

51 to 80 3500 to 6500 0.96 0.97 0.99 0.95 0.96 0.98 0.89 0 94 0.97 

5000 to 7000 0.9781 to 120 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 O. 92 1.00 

5500 to 7500 1. 00 0.94 0.98121 to 180 1. 00 1.00 1. 00 1. 00 1. 00 0.84 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 47,53FIGURE 2-31 
FOR VFR CONDITIONS 
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To detennine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits (N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor'" 1.00 

If N is less than 4, determine Exit Factor' . appropriate mix index and percent arrivals 

Exit Range
Mix lndex- (Feet from 

Percent (C+3D) threshold) 

o to 20 

21 to 50 

51 to 80 

81 to 120 

121 to 180 

2000 

3000 

3500 

5000 

5500 

to 

to 

to 

to 

to 

4000 

5500 

6500 

7000 

75'00 

40% 
N-O 

0.74 

0.90 

0.97 

1. 00 

1.00 

E X I T 

Arrivals 
N-l 

0.88 

0.9] 

0.98 

1. 00 

1.00 

N-2 
or 3 

0.95 

0.97 

1. 00 

1. 00 

1.00 

50% 
N=O 

0.72 

0.88 

0.95 

1. 00 

1.00 

from table below for 

FACTOR E 

Arrivals 
N-l N-2 

or 3 

0.87 0.94 

0.91 0.95 

0.96 0.98 

1.00 1. 00 

1.00 l.00 

HOURLY CAPACITY OF RUNWAY USE DIAGRAM NO. 48 FIGURE 2-32 FOR VFR CONDITIONS 
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6 % Arrivals 
N-O 

0.69 

0.86 

0.92 

1. 00 

l. 00 

N-l 

0.85 

0.90 

0.97 

1.00 

1.00 

2 

N-2 
or 3 

0.93 

0.95 

0.99 

1. 00 

l.00 
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To determine Exit Factor E: 

l. Determine exit range for appropriate mix index from table belo..... 

2. For arrival runways, determine the average number of exits (N) .....hich 
are: (a) ..... ithin appropriate ex! t range, and (b) separated by at 
least 750 feet 

3 • If N is 4 or more, Exit Factor" 1.00 .. If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

Exit Range
Mix Index- (Feet from 

Percent{C+3D) threshold) N-O 

0.86a to 20 2000 to 4000 

0.8821 to 50 3000 to 5500 

0.8451 to 80 3500 to 6500 

81 to 120 0.835000 to 7000 

1.00121 to 180 5500 to 7500 

E X I T FACTOR E 

'0' Arrivals 6 , Arrivals
 
N-1
 

50% Arrivals 
N-2 

or 3 
N-2 N-2 N-1N-O 

or 3 or J 
0.84 0.920.87 0.94 

N-1 N==O

0.77

0.73

0.78

0.83

0.92

0.82 0.85 0.93 

0.86 0.940.73 0.86 0.940.91 0.96 

0.87 0.930.87 0.78 0.87 0.930.93 

0.960.900.90 0.96 0.83 0.90 0.96 

0.97 1. 001. 00 0.92 0.97 1. 001. 00 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 55,61FIGURE 2-33 
FOR VFR CONDITIONS 
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To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runway9, determine the average number of exits (N) which 
are: (a) within appropriate exit range, and (b) separated by at 
lea9t 750 feet 

3. If N i9 4 or more, Exit Factor'" 1.00 .. If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrival9 

Exit Range
Mix Index- (Feet from 

Percent (C+3D) threshold) 

2000 to 40000 to 20 

3000 to 550021 to 50 

51 to 80 3500 to 6500 

81 to 120 5000 to 7000 

121 to 180 5500 to 7500 

40% 
N=O 

0.79 

0.96 

0.93 

0.93 

0.97 

E X I T 

Arrivals 
N-l 

0.89 

1.00 

0.96 

0.96 

0.99 

N-2 
or J 
0.95 

1. 00 

1. 00 

1. 00 

1.00 

50\ 
N=O 

0.76 

0.91 

0.80 

0.83 

0.93 

FACTOR E 

Arrivals 
N-1 N-2 

or 3 
0.88 0.95 

1. 00 1. 00 

0.90 0.97 

0.90 0.96 

0.97 1.00 

60\ Arrivals 
N-l N-2 

or 3 
N=O 

0.74 0.86 0.~4 

0.78 0.92 0.97 

0.78 0.87 0.93 

0.83 0.90 0.96 

0.92 0.97 1.00 

HOURLY CAPACITY OF RUNWAY USE DIAGRAM NO. 56 
FIGURE 2-34 FOR VFR COI\lDITIOI\lS 
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To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits (N) which 
are: Ca) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor - 1.00 

4.	 If N is less than 4. determine Exit Factor from table be low for
 
appropriate mix index and percent arrivals
 

Exit Range E X 1 T FACTOR E 
Mix Index- (Feet fr,:)In 40. Arrivals 50\ Arrivals 6u' Arrivals

Percent(C+3D) threshold) N=O N-1 N-2 N-O N-1 N-2 NoO N-l N-2 
or 3 or 3 or 3 

o to 20 2000 to 4000 0.83 0.89 0.95 0.81 0.88 0.95 0.79 0.86 0.94 

21 to 50 3000 to 5500 1.00 1.00 1. 00 0.98 1. 00 1.00 0.85 1. 00 1.00 

51 to 80 3500 to 6500 0.95 0.98 1.00 O. B7 0.97 l.00 0.78 0.87 0.93 

81 to 120 5000 to 7000 0.95 0.98 1. 00 0.90 0.97 1.00 O. B3 0.90 0.96 

121 to 180 5500 to 7500 0.97 1.00 1. 00 0.95 1. 00 1.00 0.92 0.97 1.00 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 57,63FIGURE 2-35 FOR'VFR CONDITIONS 
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To determine Exit Factor E:
 

1- Determine exit range for appropriate mix index from table below
 

2.	 For arrival runways. determine the average number of exits(N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor· 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropri'ate mix index and percent arrivals 

E X I T FACTOR EExit Range
Mix Index- (Feet from 50% Arrivals 6 % Arrival.40% Arrivals

Percent (C+3D) threshold) NzO No2 N-2N-l N=l N-2 N-O N-1N-O 
or 3 or 3 or 3 

0 to 20 2000 to 4000 0.78 0.89 0.95 0.75 0.88 0.95 0.72 0.86 0.94 

21 to 50 3000 to 5500 0.98 0.98 0.830.96 0.96 0.95 0.95 0.94 0.98 

51 to 80 3500 to 6500 0.97 0.780.90 0.93 0.81 0.90 0.96 0.87 0.94 

81 to 120 5000 to 7000 0.98 0.83 0.90 0.96 0.83 0.900.92 0.95 0.96 

0.97121 to 180 5500 to 7500 0.98 1.00 0.92 0.97 LOa 0.92 1.001.00 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 58, 64 FIGURE 2-36 FOR VFR CONDITIOI\lS 
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To detennine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits(N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor· 1.00 ..	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

Exit Range E X I T FACTOR E 
Mix Index- (Feet from '0' Arrivals 50\ Arrivals 6o, Arr val.

Percent (C"'3D) threshold) N-2N-O N=l N-2 
or 3 or 3 

o to 20 2000 to 4000 0.78 0.94 

21 to 50 3000 to 5500 0.89 0.95 

51 to 80 3500 to 6500 1.00 1.00 

81 to 120 5000 to 7000 1.00 1.00 

121 to 180 5500 to 7500 0.98 1.00 

N-O N-1 N-2 N-O N-1 
or 3 

0.89 0.95 0.75 0.88 0.95 0.72 0.86 

0.92 0.97 0.87 0.91 0.96 0.86 0.90 

1. 00 1.00 1.00 1.00 1.00 0.92 0.99 

1.00 1. 00 1.00 1.00 1.00 0.90 0.97 

1.00 1.00 0.98 1.00 1.00 0.92 0.97 

HOURLY CA~ACITY OF RUNWAY USE DIAGRAMS NOS. 59,65FIGURE 2-37 
FOR VFR CONDITIONS 
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To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runwilys, determine the average number of exits (N) which 
are: (a) within appropriate exit range, and (b) separated by at 
leilst 750 feet 

3.	 If N is 4 or more, Exit Factor - 1.00 ..	 If N is less than 4, detennine Exit Factor from table below for 
appropriate mix index and percent arrivala 

E X I T FACTOR EExit Ranr;Je
M.ix Index- (Feet from 6 ,	 Arrivab50\ Arrivals40\ Arrival.

Percent (C"'3D) threahold) N-2 N-1 N-O N-1 N-2 
or 3 

N-O N-1 N-O N-2 
or 3 

0 to 20 
or 3 

2000 to 4000 0.78 0.94 

21 to 50 3000 to 5500 0.87 0.95 

51 to 80 3500 to 6500 0.98 1.00 

81 to 120 5000 to 70"00 1.00 1.00 

121 to 180 5500 to 7500 1.00 1.00 

0.89 0.95 0.75 0.88 0.95 0.72 0.86 

0.92 0.97 0.85 0.91 0.96 0.83 0.90 

0.99 1.00 0.99 0.99 1.00 0.97 0.98 

1. 00 1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 0.92 0.97 

HOURLY CAPACITY OF RUNWAY USE DIAGRAM NO. 60 
FIGURE 2-38 FOR VFR CONDITIONS 
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To determine Exit Factor E:
 

1- Determine exit range for appropriate mix index from table below
 

2.	 For arrival runways, determine the average number of exits (N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor'" 1.00 

4.	 If N is less than 4, determine Ex! t Factor from table belo... for
 
appropriate mix index and percent arrivals
 

~. - ,---- 
Exit Range

Mix Index- (Feet from
 
Percent (C+3D)
 threshold) 

0 to 20 2000 to 4000
 

21 to 50
 3000 to 5500
 

51 to 80
 3500 to 6500
 

81 to 120
 5000 to 7000
 

121 to 180
 5500 to 7500 

E X I T FACTOR E 

40\ Arrivals 50% Arrivals~ 60\ Arrivals 
N-O N-1 N=2 N-O N-1 N-2 N-O N 1 N-2 

or 3 or 3 or 3 

0.70 0.86 0.93 0.67 0.85 0.92 0.64 0.83 0.91 

0.96 1.00 1.00 0.91 1. 00 1. 00 0.78 0.92 0.97 

0.93 0.96 1.00 0.80 0.90 0.97 0.78 O. B7 0.93 

0.93 0.96 1.00 0.83 0.90 0.96 0.83 0.90 0.96 

0.97 0.99 1. 00 0.93 0.97 1.00 0.92 0.97 1. 00 

HOURLY CAPACITY OJ: RUNWAY USE DIAGRAM NO. 62 
FIGURE 2-39 FOR VFR CONDITIONS 
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~~250 ~ 

I	 
~c>:'"

CClUJ 

E XI T F ACT 0 R E\~~~~220 
-zUo To determine Exit Factor E:c>:_ \ I 1-	 Determine exit range for appropriate mix index from table below ~l'....5~180 2.	 For arrival runways, determine the average number of exits (N) which 

are: (a) within appropriate exit range, and (b) separated by at 
........
~ >-~ '\ "  least 750 feet""'~ r- c:!2140 3.	 If N 1s 4 or more, Exit Factor =- 1.00:::> ~........... --r-a 4.	 If N is less than 4, determine Exit Factor from table below for= appropriate mix index and percent arrivals50 r----100 -	 E X I T FACTOR EExit Range

Mix Index- (Feet from 6 ,	 ....rrivals50' Arrivals40' Arrivals
60	 Percent (C+3D) threshold) N-O N-2 N-2 N-2 

or 3 
N-1 N-O N-1 N-O N-1 

or 3 
0 to 20 

or 3 
0.75 0.87 0.94 0.64 0.82 0.62 0.79 0.902000 to 4000 0.93 

20	 21 to 50 3000 to 5500 0.81 0.89 0.96 0.72 0.83 0.93 0.72 0.83 0.93 

51 to 80 0.84 0.923500 to 6500 0.95 0.75 0.84 0.92 0.750.81 0.90 

81 to 120 
0 20 40 60 80 100 120 140 160 180 

0.945000 to 7000 0.97 0.81 0.87 0.94 0.81 0.870.88 0.92

MIX INDEX -- PERCENT (C+30) 0.985500 to 7500 0.89 0.96 0.98 0.89 0.96121 to 180 0.93 0.97 0.98 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 86, 87, 88, 
FIGURE 2-40 89,90,111,112,113,114,115 FOR VFR CONDITIONS 
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To determine Exit F'actor E: 

l.	 Determine exit ra.nge for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits (N) which 
are: (aJ within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 rf N is 4 or more, Exit Factor - 1.00 ..	 If N is less than 4, determine Exit Factor f rom table be low for 
appropriate mix index and percent arrivals 

E X I T FACTOR E 
Mix Index-

Exit Range 

0.62 0.79 0.90 0.62 0.79 0.90 0.62 0.90

0.72 0.83 0.93 0.72 0.83 0.93 0.72 0.93

0.75 0.84 0.92 0.75 0.84 0.92 0.75 0.92

0.81 0.87 0.94 0.81 0.87 0.94 0.81 0.94

1. 00 1.00 1. 00 0.89 0.96 0.98 0.89 0.98

6 , Arr val.(Feet from 50\ Arrivals40% Arrivals
Percent (C+3D) threshold) N-2 

or 3 
N-1 N·2 N-O N-1N-O N-O .·1 N-2 

or 3 

0 to 20 
or 3 

0.79 

21 to 50 3000 to 5500 

2000 to 4000 

0.83 

51 to 80 3500 to 6500 0.84 

81 to 120 I 5000 to 7000 0.87 

121 to 180 I 5500 to 7500 0.96 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 92, 93, FIGURE 2-41 117, 118, 122 FOR VFR CONDITIONS 
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To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table belo...... 

2.	 For arrival runways, determine the average number of exits (N) which 
are: (a) within appropriate exit range, and (b) sepa.rated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor'" 1.00 .. If N is less than 4, detennine Exit Factor from table below for 
appropriate mix index and percent arrivals 

E X I T FACTOR E
 
Mix Index-

Exit Ra.nge 
(Feet from '0' Arrivals 501 Arrivals 6 t Arr vah

Percent(C+]D) threshold) N-2N-ON-O N-1N-1 I:r""2
J 

r N-O N-l I:r-2
3 or 3 

o to 20 2000 to 4000 0.62 0.62 0.79 0.90o.7'IO·'~IO'62 O,,,!O,'O 

21 to 50 3000 to 5500 0.72 0.83 0.93 0.72 0 93 0.72 0.83 0.93 
0'''1 •
 

51 to 80
 3500 to 6500 0.75 0.840.920.75 0.84 0.92 0.75 0.84 0.92 

81 to 120 5000 to 7000 0.81 0.870.81 0.94 

121 to 180 
0.B~I'~.94 1O.Bl O.8~ 1,~.94 

5500 to 7500 0.,60.,8io.89 0.96 0.980.89 0.89 0.96 0.98 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 94, 95, FIGURE 2-42 96, 119, 120, 121 FOR VFR CONDITIONS 
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To determine Exit Factor E; 

l.	 Determine exit range for appropriate mix index from table belo.... 

2.	 For arrival run....ays, determine the average number of exits(N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor - l.00 

4.	 If N is less than 4. determine Exit Factor from table below for
 
appropriate mix index and percent arrivals
 

Exit Range
Mix Index- (Feet from 

Percent{C+3D) threshold) 
2-43,2-50 

2000 to 4000 

21 to 50 

o to 20 

3000 to 5500 

51 to 80 3500 to 6500 

81 to 120 5000 to 7000 

121 to 180 5500 to 7500 

E X I T FACTOR E 

40\ Arrivals 
N-O N-2 

or 3 
N-l 

0.81 0.91 0.96 

0.79 0.86 0.92 

0.81 0.87 0.93 

0.83 0.89 0.94 

0.980.86 0.94 

501 Arrivals
 
N-O
 N-l N"'2 

or 3 
0.83 0.95 0.99 

0.77 0.85 O. 112 

0.77 0.83 0.91 

0.80 0.86 0.92 

0.83 0.91 0.96 

60 % Arrivals
 
N-O
 N-l N-2 

or 3 
0.92 l.00 1. 00 

0.89 0.98 1. 00 

0.90 0.98 1.00 

0.83 0.91 0.97 

0.79 0.89 0.95 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 1,54FIGURE 2-43 FOR I FR CONDITIONS 

H0 UR L Y CAP AC I T Y BAS E C· T 0 UC H & G0 F ACT 0 R T 
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50 .... 60 E X I T F ACT 0 R Ef-C/) 
-z r--Uo To determine Exit Factor E:<C_ 
a... I  40 l. Determine exit range for appropriate mix index from table below<CO<{
Ucr: 2. For arrival runways, detennine the average number of exits(N) which 
>-w are: (a) within appropriate exit range, and (b) separated by at
---,0.. least 750 feet
0::3 30 3. If N is 4 or more, Exit Factor - 1.00=> 
0 4. If N is less than 4, detennlne Exit Factor from table below for.= 

2n appropriate mix index and percent arrivals 

Exit Range E X I T FACTOR E 
Mix Index- (Feet from 40\ Arrivals 50% Arrivals 6u% Arrivals

10 Percent (C+3D) threshold) N=O N-l N-2 N-O N-l N-2 N-O N-l N-2 
or 3 or 3 or 3 

o to 20 2000 to 4000 0.98 1. 00 1. 00 0.98 1.00 1.00 0.98 1. 00 1. 00 

0 21 to 50 3000 to 5500 0.90 0.96 0.98 0.90 0.96 0.98 0.90 0.96 0.98 

0 20 40 60 80 100 120 140 160 180 51 to 80 3500 to 6500 0.91 0.97 1.00 0.91 0.97 1.00 0.91 0.97 1. 00 

81 to 120 5'000 to 7000 0.91 0.98 1. 00 0.91 0.98 1.00 0.91 0.98 1. 00 

MIX INDEX - PERCENT (C+3D) 121 to 180 5500 to 7500 0.92 0.97 1. 00 0.90 0.97 1. 00 0.90 0.97 1.00 

FIGURE 2-44 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 2, 3,4,6,9,61,62,63,64,65,66,67,68, 
72,73,74,76,79,85,91,92,93,97,98,99,101,104,110,116, 117,118,122 FOR IFR CONDITIONS 
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To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2 •	 For arrival runways, determine the average number of exits(N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor'" 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

Exi t Range E X I T FACTOR E 
Mix Index- 50% Arrivals 6u, Arrivals(Feet from 40% Arrivals

Percent (C+3D) threshold) N-DN-D N-2 N-D N-2 N-2N-1 N-1N·1 
or 3 or 3 or 3 

1. 000.98 1. 00 1.00 0.98 1. 00 1.00 0.98 1. 00o to 20 2000 to 4000 

0.980.96 0.90 0.96 0.98 0.90 0.9621 to 50 3000 to 5500 0.90 0.98 

0.97 0.97 1.000.91 0.97 0.91 1.00 0.9151 to 80 3500 to 6500 1. 00 

1.000.98 1. 00 0.91 0.98 1.00 0.91 0.9881 to 120 5000 to 7000 0.91 

0.970.97 1. 00 0.97 1.00 0.90 1.00121 to 180 5500 to 7500 0.92 0.90 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 5, 75, FIGURE 2-45 77, 78, 100, 102, 103 FOR IFR CONDITIONS 
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To determine Exit Factor E: 

l. Determine exit range for appropriate mix index from table below 

2 • For arrival runways. determine the average number of exits (N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor - 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent 

Exi t Range
Mix Index- (Feet from 40.

Percent(C+3D) threshold) N-O 

0 

21 

51 

81 

121 

to 

to 

to 

to 

to 

20 

50 

80 

120 

lSO 

2000 

3000 

3500 

5000 

5500 

to 

to 

to 

to 

to 

4000 

5500 

6500 

7000 

7500 

1.00 

0.98 

0.9R 

0.98 

1. 00 

1.00 

0.99 

0.99 

0.99 

1.00 

arrivals 

E X I 

1. 00 

1. 00 

1. 00 

1. 00 

1. 00 

T FACTOR E 

Arrivals 50% Arrivals 6 % Arrivals 
N"=l N=2 N'O N 1 N·2 N-O N-1 N-2 

or 3 or 3 or J 

1. 00 1. 00 1.00 

1.00 1.00 1. 00 

1.00 1. 00 1.00 

0.98 0.99 1. 00 

0.97 0.99 1.00 

1.00 

1. 00 

1. 00 

1.00 

0.97 

1. 00 

1. 00 

1. 00 

1.00 

1.00 

HOURLY CAPACITY OF RUNWAY USE DIAGRAM NO.7
FIGURE 2-46 FOR IFR CONDITIONS 
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To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average 
are: (a) within appropriate exit range, and 
least 750 feet 

3.	 If N is 4 or more, Exit Factor· 1.00 

4.	 If N is less than 4, determine Exit Factor 
appropriate mix index and percent arrivals 

number of ex! ts (N) which 
(b)	 separated by at 

from table below for 

E X I T FACTOR EExit Range
Mix Index- (Feet from 50% Arrivals 

N:2 N-O N-l N-2 N-O N-l 
or 3 or 3 

60, Arrivals40% Arrivals
Percent (C+3D) threshold) N-2N-O N=l 

or 3 
o to 20 2000 to 4000 1. 00 1.00 0.98 0.99 1.00 

21 to SO 

0.99 1.00 1. 00 0.99 

3000 to 5500 0.98 0.99 0.91 0.97 0.99 

51 to 80 

0.95 0.98 0.99 0.93 

3500 to 6500 0.99 1.00 0.92 0.98 1. 00 

81 to 120 

0.95 0.98 1.00 0.94 

5000 to 7000 0.94 0.99 1.00 0.93 0.99 1. 00 

121 to 180 

0.96 0.99 1.00 

0.945500 to 7500 0.98 0.95 1.00 1. 00 0.99 1. 001. 00 1.00 

HOURLY CAPACITY OF RUNWAY USE DIAGRAM NO.8 
FIGURE 2-47 FOR IFR CONDITIONS 
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To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits(N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor" 1.00 

4 •	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

Mix Index-
Percent (C+3D) 

Exit Range 
(Feet free 
thre.hold) 

E X I T FACTOR E 

o to 20 

21 to 50 

51 to 80 

81 to 120 

121 to 110 

2000 to 4000 

3000 to 5500 

3500 to 6500 

5000 to 7000 

5500 to 7500 

E = 1.00 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 10,29,69FIGURE 2-48 
FOR IFR CONDITIONS 
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To determine Exit Factor E:
 

1- Determine exit range for appropriate mix index from table belo....
 

2.	 For arrival run....ays, determine the average number of exits(N) ....hich 
are: (a) ....ithin appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor - 1.00 ..	 If N is less than 4, determine Exit Factor from table below for
 
appropriate mix index and percent arrivals
 

E X I T FACTOR EExit Range
Mix Index- (Feet from 60, Arrivals40% Arrivals 50% Arrivals

Percent(C+3D) threshold) N=2 N-1 N-2N=O N2 1 N-O N=2 N-O N-1 
or J or 3 or 3 

o to 20 2000 to 4000 1.001.00 1.00 1. 00 1.00 1.00 1. 00 1.00 1.00 

21 to 50 3000 to 5500 1. 001.00 1. 00 1.00 1. 00 1.00 1. 00 1.00 1. 00 

51 to 80 3500 to 6500 1. 00 1. 00 1.00 1. 00 1. 00 1.00 1. 00 1.00 1. 00 

1.00 1. 00 1.0081 to 120 5000 to 7000 1. 00 1.00 1.00 1. 00 1. 00 1. 00 

5500 to 7500 0.97 1. 00 1.00 1.00 1. 00 1. 00 1.00121 to 180 0.89 1.00 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 11,70FIGURE 2-49 
FOR IFR CONDITIONS 
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To determine Exit Factor E:
 

L Determine exit range for appropriate mix index from table below
 

2.	 For arrival runways, determine the average number of exits (N) which 
are: (a) .... ithin appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor" 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for
 
appropriate mix index and percent arrivals
 

E X I T FACTOR EExi t Range
Mix Index- (Peet frOll1 50' Arrivals 60' Arrivals.0' Arrivals

Percent (C+3D) thre8hold) N~2N~lN~O N-2 N~O N-2 N-O N-lN-l 
2-.3,2-50 or 3 or 3or 3 

2000 to 4000 0.81 0.91 0.96 0.83 0.95 0.99 0.92 1.00 1.00o to 20 

3000 to 5500 0.79 0.86 0.92 0.77 0.85 0.92 0.89 0.98 1. 0021 to 50 

3500 to 6500 0.81 0.87 0.93 0.77 0.83 0.91 0.98 1.0051 to 80 0.90 

0.9. 0.80 0.86 0.83 0.91 0.9781 to 120 5000 to 7000 0.83 0.89 0.92 

0.86 0.9. 0.98 0.83 0.91 0.79 0.89 0.95121 to 180 5500 to 7500 0.96 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 12,71
FIGURE 2-50 FOR IFR CONDITIONS 
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To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table belo..... 

2.	 For arrival run.....ays, determine the average number of exits (N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor - 1.00 ,. If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

E X I T FACTOR E
 
Mix Index-

Exit Range 
(Feet from 

Percent (C+3D) threshold) 

o to 20 2000 to 4000
 

21 to 50
 3000 to 5500 E = 1.00 
51 to 80 3500 to 6500 

81 to 120 5000 to 7000 

121 to 180 5500 to 7500 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 13, 15,.
FIGURE 2-51 16,23,24,26,27 FOR IFR CONDITIONS 
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To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways. determine the average number of ex! ts (N) which 
are: (a) .... ithin appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor· 1.00 ,. If N is less than 4. determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

E X I T FACTOR EExit Range
Mix Index- (Feet from 

N-O N""l N=2 N-O N"..l N-2 N-O N-1 
or 3 or 3 

60, Arrivals50\ Arrivals40% Arrivals 
Percent(C+3D) threshold} N-2 

or 3 
o to 20 2000 to 4000 1.00 0.98 1.00 1.00 0.98 1.00 1.00 

21 to 50 

1. 00 1.00 

0.90 0.96 0.98 

51 to 80 

3000 to 5500 1. 00 1.00 1.00 0.96 0.98 0.90 

0.97 1.00 

81 to 120 

3500 to 6500 1. 00 1.00 0.91 0.97 1.00 0.911.00 

1.00 

121 to 180 

1.00 1.005000 to 7000 1.00 0.91 0.981.00 1. 00 1. 00 

0.97 1.001.00 1. 00 1.00 1.00 0.905500 to 7500 1.00 1.00 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 14,28FIGURE 2-52 
FOR IFR CONDITIONS 
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To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2 .	 For arrival runways, determine the average number of exits{N) which 
are: (a) within appropriate exit range, and (bl separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor - 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

E X I T FACTOR E 
Mix Index-

Exi t Range 
(Feet from 

N-1 N-2 N-O N 1 N=2 N-O N-1 N~2 

or 3 or 3 or 3

0.99 1.00 0.98 0.99 1. 00 0.98 0.99 1. 00

0.96 0.98 0.90 0.96 0.98 0.90 0.96 0.98

0.98 1.00 0.92 0.98 1.00 0.91 0.97 1. 00

0.99 1. 00 0.92 0.99 1. 00 0.91 0.98 1.00

0.99 1.00 0.90 0.97 1. 00 0.90 0.97 1. 00

60, Arrivals50% Arrivals40% Arrivals
Percent (c+3D) threshold) N-O 

2000 to 40000 to 20 0.98
 

21 to 50
 3000 to 5500 0.90
 

51 to 80
 3500 to 6500 0.92
 

81 to 120
 5000 to 7000 0.95
 

121 to 180
 5500 to 7500 0.95 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 17,20,25,
FIGURE 2-53 31,36 FOR IFR CONDITIONS 
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To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits(N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor - 1.00 

4 •	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

o to 20 

21 to 50 

51 to 80 

81 to 120 

121 to 180 

E X I T FACTOR E
 
Mix Index-

Exit Range 
(Feet frOll\ SO, Arrivals 6u, Arrivals40' Arrival.

Percent (C+ 3D) threshold) N-2N-O N-ON-1 N-1 N-O N-2N-1N""2 
or 3 or 3 

2000 to 4000 
or 3 

1.00 0.98 1. 00 1. 00 0.98 1. 00 1.00

0.98 0.90 0.96 0.98 0.90 0.96 0.98

1.00 0.91 0.97 1.00 0.91 0.97 1.00

1.00 0.91 0.98 1. 00 0.91 0.98 1.00

1.00 0.90 0.97 1. 00 0.90 0.97 1. 00

0.98 1.00
 

3000 to 5500
 0.90 0.96
 

3500 to 6500
 0.91 0.97
 

5000 to 7000
 0.91 0.98
 

5500 to 7500
 0.92 0.97 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 18,21,80,
FIGURE 2-54 

82,86,88,94,105,107,111,113.119 FOR IFR CONDITIONS 
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To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table bela..... 

2.	 For arrival run.....ays, determine the average number of ex! ts (N) .....hich 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N Is 4 or more, Exit Factor. 1. 00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

E X I T FACTOR E 
Mix Index-

Exit Range 
(Feet from 

Percent (C+3D) threshold) 

o to 20 2000 to 4000 

21 to SO E = 1.003000 to 5500 

51 to 80 3500 to 6500 

81 to 120 5000 to 7000 

121 to 180 5500 to 7500 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 19,30 
FOR IFR CONDITIONS 

/ 
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2. For arrival runways, determine the average 

::J~ 
are: (a) within appropriate exit range, and 

0:::3 80 
least 750 feet 

::::l t' 
3. If N Is 4 or more, Exit Factor - 1.00 

a - .. If N is leS8 than 4. determine Exit Factor::r: 

50 50 
appropriate mix index and percent arrivals 

-40 50 

20 
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...... 
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E XI T F ACT 0 R E 
To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table below 

number of exits{N) .....hich 
(b)	 separated by at 

from table below for 

E X I T FACTOR EExit Range
Mix Index- (Feet from 50\ Arrivals 60\ Arrivals40\ Arrivals 

Percent (C+JD) threshold) N-2N-2 N-DN-O N-l N=2 N-lN=O N-l 
or 3 or 3or 3 

0.98 1.00 1.000.98 1.00 0.98 1.00 1.002000 to 4000 1.00o to 20 
0.980.98 0.90 0.960.90 0.96 0.98 0.90 0.963000 to 550021 to SO 

0.971.00 0.91 1.000.97 1. 00 0.91 0.973500 to 6500 0.9151 to 80 
0.981.00 0.91 LOO0.98 1.00 0.91 0.985000 to 7000 0.9181 to 120 

1.000.90 0.970.90 0.97 1.000.92 0.97 1.00121 to 110 5500 to 7500 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 22, 81, 83, 84, 87, 
FIGURE 2-56 89,90,95,96,106,108,109,112,114,115,120,121 FOR IFR CONDITIONS 
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To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits(N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3 •	 If N is 4 or more, Exit Factor - 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

Exit Range E X I T FACTOR E 
Mix Index- (Feet from 40% Arrivals 50\ Arrivals 6U% Arrivals 

Percent(C+3D) threshold) N-O N-1 N-2 N-O N-1 N=2 N-O N-1 N-2 
or 3 or 3 or 3 

o to 20 2000 to 4000 0.98 1.00 1.00 0.98 1. 00 1.00 0.98 1.00 1.00 

21 to 50 3000 to 5500 0.90 0.96 0.98 0.90 0.96 0.98 0.90 0.96 0.98 

51 to 80 3500 to 6500 0.91 0.97 1.00 0.91 0.97 1.00 0.91 0.97 1.00 

81 to 120 5000 to 7000 0.91 0.98 1.00 0.91 0.98 1.00 0.91 0.98 1.00 

121 t.o 180 5500 to 7500 0.92 0.97 1.00 0.90 0.97 1.00 0.90 0.97 1.00 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS, 32, 33, 34, FIGURE 2-57 35,37,38,39,40,41,42 FOR IFR CONDITIONS 
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To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits (N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor· 1.00 

4.	 If N is less than 4, detennine Exit Factor from table be low for 
appropriate mix index and percent arrivals 

Exit Range E X I T FACTOR E 
Mix Index- (Feet from 40' Arrivah 50' Arrivah 6u' Arrivals 

Percent (C+3D) threshold) NcO N-1 N-2 N-O NE 1 N-2 N-O N-1 N-2 
or 3 or 3 or 3 

o to 20 2000 to 4000 0.98 1.00 1.00 0.99 1.00 1. 00 0.98 1.00 1. 00 

21 to 50 3000 to 5500 0.92 0.99 1. 00 0.91 0.99 1. 00 0.92 1.00 1.00 

51 to 80 3500 to 6500 0.91 0.98 1. 00 0.90 0.97 1.00 0.92 0.99 1.00 

81 to 120 5000 to 7000 0.94 0.98 1.00 0.91 0.97 1.00 0.91 0.97 1.00 

121 to 180 5500 to 7500 0.95 1.00 1.00 0.92 0.99 1.00 0.91 0.99 1.00 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 43, 49,55FIGURE 2-58 FOR IFR CONDITIONS 
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T 0 UCH & G0 FACTOR T
 

T = 1.00
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C· x T x E = Hourly Capacity 

E XI T FACTOR E 
To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index frOm table belo.... 

2.	 For arrival runways, determine the average number of exits (N) ....hich 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor" 1.00 

4.	 If N is less than 4, determine Exit Factor from table be 10.... for
 
appropriate mix index and percent arrivals
 

Exit Range
Mix Index- (Feet from 401 

Percent(C+3D) threshold) N"'O 

o to 20 2000 to 4000 0.98 

3000 to 5500 0.9221 to 50 

51 to 80 3500 to 6500 0.91 

81 to 120 5000 to 7000 0.94 

121 to 180 5500 to 7500 0.95 

E X I T FACTOR E 

Arrivals 60\ Arrivals50\ Arrivals 
N-O N-2N-2 N-1 N=2 N-1N-1 N'O 

or 3 or 3or 3 
1. 00 1. 00 0.99 1. 00 1. 00 0.98 1. 00 1. 00 

0.99 1. 00 0.91 0.99 1. 00 0.92 1. 00 1. 00 

0.970.98 1. 00 0.90 1.00 0.92 0.99 1.00 

0.97 0.91 0.97 1.000.98 1. 00 0.91 1.00 

0.91 0.99 1.001.00 1.00 0.92 0.99 1.00 
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HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 44, 50,56 
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To determine Exit Factor E: 

1.	 Determine exit range for appropriate mix index from table belo.... 

'2.	 For arrival runways, determine the average number of exits(N) ....hich 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor· LOO 

4.	 If N is less than 4, determine Exit Factor from table belo.... for
 
appropriate mix index and percent arrivals
 

E X I T FACTOR EExit Range
Mix Index- (Feet from 50' Arrivals 6u\ Arrivals40' Arrivals

Percent(C+3D) t.hreshold) N-2 N-O N-O N-2N-O N-1 N-1 N-2 N-1 
or 3 or 3 or 3 

0 to 20 2000 to 4000 0.99 1.00 1.00 0.99 1.00 1.00 0.98 1.001.00 

2l to 50 3000 to 5500 0.96 1.00 1.00 0.92 0.99 1.00 0.93 1.00 1.00 

51 to 80 3500 to 6500 0.93 1.00 1.00 0.90 0.97 1.00 0.90 0.98 LOO 

81 to 120 5000 to 7000 0.99 1.00 0.91 0.97 1.00 0.91 0.97 l.00l.00 

0.92 1.00121 to 180 5500 to 7500 1.00 1.00 1.00 0.92 0.99 1.00 0.99 
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To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits (N) which 
are: (a) within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor. 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for
 
appropriate mix index and percent arrivals
 

E X I T FACTOR E
 
Mix Index-

Exit Range 
(Feet from 40\ 

N-1 N-2 NoO N=2 N=O N-1 
or 3 or 3

1.00 0.98 1.00

1.00 0.93 1.00

1.00 0.90 0.98

1.00 0.91 0.97

1.00 0.92 0.99

Arrivals 50\ Arrivals 6 % Arrivals
Percent (C+3D) threshold) N·O N 1 N-2 

or 3 
o to 20 2000 to 4000 0.94 0.95 0.991.00 1. 00 1.00 

21 to 50 3000 to 5500 0.95 0.98 1.00 0.93 0.99 1. 00 

51 to 80 3500 to 6500 0.92 0.97 1.00 0.90 0.97 1. 00 

81 to 120 5000 to 7000 0.96 0.98 1.00 0.91 0.97 1.00 

121 to 180 5500 to 7500 0.98 1. 00 1.00 0.92 0.99 1. 00 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 46, 52,58
FIGURE 2-61 FOR IFR CONDITIONS 
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To detennine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table below 

2.	 For arrival runways, determine the average number of exits (N) which 
are: (al within appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor· 1.00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

Exit Range
Mix Index- (Feet from 

Percent(C+3D) threshold) 

0 to 20 2000 to 4000 

21 to 50 3000 to 5500 

51 to 80 3500 to 6500 

81 to 120 5000 to 7000 

121 to 180 5500 to 7500 

E X I T 

40' Arrivals 
N=2N-O N-1 
or 3 

1.00 1.00 1. 00 

1.00 1.00 1. 00 

1.00 1.00 1. 00 

1.00 1.00 1.00 

1.00 1.00 1.00 

FACTOR E 

50\ Arrivals 60\ Arrivals 
N-O N-2N-2 N-1 

or 3or 3 
1.00 0.98 1.00 1. 00 

1.00 0.91 1.00 1.00 

0.99 1.001.00 0.92 

1.00 0.91 0.97 1.00 

1.001.00 0.93 0.99 

N~O N-1 

1. 00 1.00 

0.97 1. 00 

0.94 1. 00 

0.98 1.00 

1. 00 1.00 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 47, 59 
FIGURE 2-62 FOR IFR CONDITIONS 
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HOURLY CAPACITY OF RUNWAY USE DIAGRAMS NOS. 48, 60 
FIGURE 2-63 FOR IFR CONDITIONS 
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To determine Exit Factor E, 

1.	 Determine exit range for appropriate mix index from table bela..... 

2.	 For arrival run.....ays, determine the average number of exits(N) .....hich 
are; (a) .....ithin appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor - 1. 00 

4.	 If N is less than 4, determine Exit Factor from table below for 
appropriate mix index and percent arrivals 

Exit Range E X I T FACTOR E 
Mix Index- (Feet from 40% Arrivals SOt Arrivals 6 , Arrivals 

Percent (C+3D) threshold) N-O N-l N:o:2' N-O N-l N-2 N-O N-l N-2 
or 3 or 3 or 3 

o to 20 2000 to 4000 1. 00 1. 00 1.00 1. 00 1. 00 1. 00 0.98 1. 00 1. 00 

21 to 50 3000 to 5500 1. 00 1. 00 1. 00 0.97 1. 00 1. 00 0.91 1. 00 1. 00 

51 to 80 3500 to 6500 1. 00 1. 00 1.00 0.94 1. 00 1. 00 0.92 0.99 1. 00 

81 to 120 5000 to 7000 1. 00 1. 00 1.00 0.98 1. 00 1. 00 0.91 0.97 1. 00 

121 to 180 5500 to 7500 1. 00 1.00 1.00 1. 00 1. 00 1. 00 0.93 0.99 1. 00 

T 0 UCH & G0 F ACT 0 R T 

T = 1,00 

.......
 
III C· x T x E =Hourly Capacity ...... 

E XI T FACTOR E 
To determine Exit Factor E: 

l.	 Determine exit range for appropriate mix index from table bela.... 

2.	 For arrival runways, determine the average number of exits(N) ....hich 
are: (a) .... ithin appropriate exit range, and (b) separated by at 
least 750 feet 

3.	 If N is 4 or more, Exit Factor" 1.00 

4.	 If N is less than 4, determine Exit Factor from table bela.... for
 
appropriate mix index and percent arrivals
 

E X I T FACTOR E
 
.Mix Index-

Ex.it Range 
(Feet from 50\ 

0.91 0.96 0.83 0.95 0.99 1.00 1. 00

0.86 0.92 0.77 0.85 0.92 0.98 1.00

0.87 0.93 0.77 0.83 0.91 0.98 1.00

1. 00 1. 00 0.98 1.00 1.00 0.97 1.00

1.00 1.00 1.00 1.00 1.00 1.00 0.99 1.00

Arrivals 60\ Arrivals404 ArrivalsPercent (C+3D) threshold) N-O N-l N-2. N-l N-O N-2 
or 3 

N-O N-2 N-l 
or 3 or 3 

0 to 20 2000 to 4000 0.92
 

2l to 50
 

0.81 

3000 to 5500 0.79 0.89
 

51 to 80
 3500 to 6500 0.90\
 

81 to 120
 

0.81 

5000 to 7000 1.00 0.91
 

121 to 110
 5500 to 7500 0.92 

HOURLY CAPACITY OF RUNWAY USE DIAGRAM NO. 53 
FIGURE 2-64 FOR IFR CONDITIONS 
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FIGURE 2-65A 
RUNWAY OPERATIONS RATE 
oTO 35 OPERATIONS PER HOUR 
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FIGURE 2-65C 
RUNWAY OPERATIONS RATE 
56 TO 75 OPERATIONS PER HOUR 
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FIGURE 2-658 
RUNWAY OPERATIONS RATE 
36 TO 55 OPERATIONS PER HOUR 
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FIGURE 2-650 
RUNWAY OPERATIONS RATE 
76 to 95 OPERATIONS PER HOUR 
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FIGURE 2-66A FIGURE 2-668 
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FIGURE 2-76 
DELAY INDICES FOR RUNWAY USE DIAGRAMS NOS. 15,85,110 

FOR VFR CONDITIONS 

ARRIVAL DELAY INDEX 

40% ARRIVALS 50% ARRIVALS 60% ARR IVALS 
;:: 1, 0 .--..--..,.......,.........,..........,.......,-,......-..,........,
 

S \ 
~ 0, 8 ~ ~ 0, 8 ~-+--I----+--+--\--I----+-+--l 

: 0,6 ~+--+--f-+-~-\4- D/c - ~ 0,6 -L c--- ;: 0 6 RAnD
:3 l"--1.o --' FOR D/c RATIO OF 0 TO 1.5 I :3' FOR D/c RATIO OF 0 TO 1.5 

LJ.J 1'--0.8 OR LESS ~ ADI - 1.0 ~ ADI • 1.0 

: 0.4 r--+--+--f-t---+-+----J,.,,;;;;;r-- --' 0, 4 1--+--+---!-+---+---+---!~-i---1 --' 0, 4 1-+--+--+-+--+-'--1---+-+---1 

~ FOR D/c RA~~ ~Fl.l~2 OR ~RE I ~ 0 2 : 0,2 L----I._L-..L.....L......J._L-..L.-.....L.--l 
"" 0,2 L.......L---1.---''---.l..-...L.......L--I_.l.....J ~ , OL--L-...J..--...l.-l..-...L-....L.......I_.L-...J C 

C 0 20 40 60 80 100 m 140 160 W 20 40 60 80 100 m 140 160 W 0 20 40 60 80 100 m 140 160 lro 
MIX INDEX--PERCENT (C+3D1 MIX INDEX--PERCENT (C+3D1 MIX INDEX--PERCENT (C+3D1 

DEPARTURE DELAY INDEX 

40% ARRIVALS 50% ARRIVALS 60% ARRIVALS 

i O. 8 ~+--+---+-!-I--+-+--+--+--l 

~ 1. 0 I;:~:l~~l=+=f:::r~r::::l ;5 1. 0 r--....---.----.-r-....---.----.-,............ ~ 1. 0 ole RATIO 

e ~fl~~t=±:t:t=~l--=J e r--"-I--I---+--~ I-- e MOR~\l- 1.0 OR 

~ 0.8 1= ~\ C;5 o. 8 ~~~~~~l--f-=jI--S~~=1 ~ 0.8 f'" o.~ :\\I---.\--+--l----J 
~ 1'\\ ~ \\1\ D/c ~ ~ r--... O.6'\~~t::~RATIO 

;: 0.6 r-+--+-+-.f--l-<+ D/c RATIO - S 0.6 t"--~:: i--t- S 0,6 "- ~j,..-.....-I--
:3 \(-0.6 w 1\ I w """-= c-I:-1 

~ I ~0.4 OR LESS 0 I '--0.4 OR LESS ~ 
W O. 4 I----+--+---+-+--+---+-~-+__f w 0, 4 ~+-+-+-1-+--+-+-+--l w 0, 4 ~-!---I--+-+--sT"-+--1---!---I--~ 
~ FOR DIe RATto OF 0.8 OR MORE §5 FOR DIe RATtO OF 1.0 OR MORE §301. 4 CRI"LESIS 
b;: DDt - 1.0 I- DDt· 1.0 ~ 

cO.2 '----'--L........I_.&..--L--L.--L-L..-ol ~ 0, 2 cO, 2 L-...I-...J-.....J._L-..L-...J-.....J._l.......J 
~ O~~WM~mOO~~Eb O~~WM~mOO~~~ O~~WM~mOO~W 

MIX INDEX--PERCENT (C+3D1 "" MIX INDEX--PERCENT (C+3D1 MIX INDEX--PERCENT (C+3D1 

DELAY INDICES FOR RUNWAY USE DIAGRAMS NOS. 16,17,18,19,20,
FIGURE 2-77 21,22,80,81,82,83,84, 105, 106, 107, 108,109 FOR VFR CONDITIONS 
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40% ARRIVALS 

ARRIVAL DELAY INDEX 

50% ARRIVALS 60% ARRIVALS 

::::::: 1. 0 ~~3~=t==tES ::::::: 1. 0 n~::::J:~:::::t==F:;=Ml ::::::: 1.0 n"""J::J:3=::F=F=r-n 
:s Io-E~j:=:f:l~~ffA:S ::.-I--U--+H-+--r-r-,:S ......---~ -l 1 I~ 0.8 ~ i:j 0,8 1...-  I i:j 0,8 ~ ,\ DIe RATIO --+--+---1 
~ 1\\\ ~_ • __1--'  \\\ DIe RATIO ~ \\...1.0 

~ 0, 6 ~~=--!:t-"::::;;;ooL-.j...~1~~~,;:::-\:D/;;:'e-:RA:T:::IO~ :3 0, 6 ~ \\\... 1.2 ~ ~ 0,6 \.. 0.8 DR LESS 

W ·\\\'-1.4 OR MORE w ~ Lol I w 
C> 0.\...1.2 I I C> 0.8 DR LESS C> 

-' 0.4 t-+--+---+---+-+'I\:'<:-.-1. 0 I! -' O. 4 ~+--+---+--+--+--+-t-+----1 -' O. 4 1--+---+---+--+--+--+--1---1----1 
§ L 0.8 ,§ FOR DIe RATIO OF 1.4 OR MORE :;: FOR ole RATIO OF 1.2 OR MORE 

0.6 DR LESS ADI - 1.0 ;;:: ADI • 1.0 
~ 0, 2 ~ 0, 2 OL..-.......--'---"-L..--'---'-~-J.........J "" 0, 2 L..--'-........-L__......~--'---'---:-"":-' 

OW~~~DmOO~~ W~~~DmOO~~c OW~~~DmOOB~ 
MIX INDEX--PERCENT (C+3Dl MIX INDEX--PERCENT (C+3Dl MIX INDEX--PERCENT (C+3Dl 

40% ARRIVALS 

DEPARTURE DELAY INDEX 

50% ARRIVALS 60% ARRIVALS 
;; 1. 0 r::::Cr:r::+:=F=f==r11 ::::::: 1. 0 .--..-..,.-..,.......,....--.---,--..,......I"""''''' ::::::: 1. 0 ....... 
e ~ 1\ e ""1o...4-+~Lh-\+-+:J-+--t::!:::1 e i-..+-+\-+-+-t-t-_I 
~ 0,8 t-+--+--t-t---\-\+-D-/e'-RA--ITI-o-+---1 ~ O. 8 ~::t::::t=+::::r\(t"-II,,-r'l i:j 0, 8 ~t::t=t=~&:~'1::~.--~ 
z: 0.4 DR LESS z: l\ DIe RATIO ~ \ \ ~_I--

o 6 l\"- 0 8 I-~-l--+=F~~rr-C\- DIe RATIO 
~ . t-+--+--t-I--_I_-+--t-t--I ~ 0,6 ~+--+--+-I---+r "-1 0: 6 lOR LESS ~ 0,6 f\\=~:: I I 
L.W 0,4 ~_I_-+--+-I--_I_-+--+-t--I L.W 0,4 I'-+--+-+-+--+--+--+-+--I L.W 0,4 1\ 0.4 DR LESS 
§5 FOR DIe RATIO OF 0.6 OR MORE §5 FOR DIe RATIO OF 0.8 OR MORE §5 FOR DIe RATTO OF 1. 0 OR MORE I 
I  DDT" 1.0 ~ DDT - 1.0 ~ DDT'" 1.0 
:;'i 0.2 '---'---'--L_L..-.................-L_............ cO. 2 '---'---'--L--''--........--'-~_........... cO, 2 I.-..L---'---"_L-..L---'-~_L.......J 
~ 0 20 40 60 80 100 m 140 1m ~ Eb 0 20 40 60 80 D m 140 1m ~ ~ 0 20 40 60 80 100 120 140 1m 180 

MIX INDEX--PERCENT (C+3Dl C> MIX INDEX--PERCENT (C+3Dl MIX INDEX--PERCENT (C+3Dl 

FIGURE 2-78 
DELAY INDICES FOR RUNWAY USE DIAGRAMS NOS. 23,26 
FOR VFR CONDITIONS 

ARRIVAL DELAY INDEX 

40% ARRIVALS 50% ARRIVALS 60% ARRIVALS 
~ 1, 0 r--.,...--.-......-........--,-~-r--.,...-..., ~ 1. 0 r--.,...--.-......---r---r~-r--.,...-.., ~ 1. 0 

:5	 :5 :5 
i:j 0.8 ,\ i:j O. 8 bt-":J_*=~=P~:::t=+:+:_~ 
C> -.J--4--+-~'\~\-r-iT-J C> ~ z:	 I-I- ;::; 1"0- \ \~'D/e RATIO 

O 6 ~=t::;;;;:F*~~~"'ii7<~~9 \ 1. 2 rr->-	 ~ O. 6 ~+--+--+---+---'t\ >:5 . ,\\ DIe RATIO -	 :5 ' 
~ ~~i:ir+oRKlRE ~	 I\(~:~ORLESS ~ 
-' 0, 4 ~+--+-+-+---'tV.\"-- 1. 0 -' 0,4 I-+--+---+-+----+--+----l-t--l -' 0, 4 
§: \'-0.8 § FOR ole RATIO OF 1.4 OR MORE :;: 

a:::: L 0.6 OR LESS ~ ADI - 1.0 
:;'i 0.2 "" 0, 2 L...--'---'-~_L--'--'---I_.L.-...J 

OW~~~D12000~~c OW~~~DmOO~~c O~~~~DmOO~~ 
MIX INDEX--PERCENT (C+3Dl MIX INDEX--PERCENT (C+3Dl MIX INDEX--PERCENT (C+3Dl 

DEPARTURE DELAY INDEX 

40% ARRIVALS	 50% ARRIVALS 60% ARRIVALS 

I--I--~ 

Io---l--+-h\-+-t-'_I--I- 
i:j 0, 8 F-+_=I--~,,\'I'-!--+"""F=t--+-j 

...... \ 

'----+--+--+--f'",\\ DIe RATIO_"0 6 .  ,- 
\'--1.0 

Lo.aORLESS 
I I I 

FOR ole RATIO OF 1.2 OR MORE 

ADI - 1.0 
g§ 0, 2 L...-..L---'---"_.L.-..L---'---I_........... 

I I I 
;; 1.0 "'--""'-""""'--"-""'--'-""""'--"-T"_--" ;; 1. 0 ""r-~_-.----r-....,....--,.-,....--,-....,....--, 

e	 \ _:.- e 1\ 
~	 0.8 ~_I_-+---+-+-4..-\ DIe RATIO - i:j 0.8 ~:t:4:=+::::R~-t""1=ll ~ 0,81==+=:t=t==H~~=f--M 
z:	 "- 0.4 OR LESS ~ \: ~ \_

I 0 '--+--+--t-1--4'\'" DIe RATIO - 0 6	 DIe RATIO_O 6:3 . 1--+--+--+--+-+--1--1---1----1 5 ,6 .- \ '-- 0.6 I I :3'	 ,\'- 0.8 I I
L.W	 \... 0.4 OR LESS L.W 1\"-0.6 
~	 ~ Q I '-- 0.4 OR LESS 
L.W 0, 4 ~+_-+---I--+---+--+---I--+--_j L.W 0.4 L.W O. 4 ~_I_-+---I--+---+--+---+-+__I 
"" FOR DIe RATIO OF 0.6 DR MORE "" FOR DIe RATIO OF 0.8 OR MORE "" FOR DIe RATIO OF 1.0 DR HORE 

~ DOl - 1.0 ~ DOl - 1.0 ~ DOl - 1.0
 

:;'i O. 2 ~~__':_--'__......-'--'----"':--'--..... :;'i O. 2 ~~__':_--'-L..-....I--'---'-........... .................---'
:;'i 0, 2 '--....I-........~-"- ........_"-
~ OW~~~D12000~~Eb OW~~~DmOO~~~ OW~~~DmOO~~ 

MIX INDEX--PERCENT (C+3Dl MIX INDEX--PERCENT (C+3Dl MIX INDEX--PERCENT (C+3DlC> 

DELAY INDICES FOR RUNWAY USE DIAGRAMS NOS. 24,25,FIGURE 2-79 27,28,41,91, 116 FOR VFR CONDITIONS 
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40% ARRIVALS 

ARRIVAL DELAY INDEX 

50% ARRIVALS 60% ARRIVALS 

~ 10'"' \ I -L-r;;..--' 

...........
I~ 

I I 
ole RATIO 

- 1.2 
_ 1.0 DR LESS 

I I 
FOR ole RATIO OF 1.4 OR MORE 

ADI • 1.0 

~ 0.8 

""= 
S 0.6 
UJ 

"" -' 0,4
:; 
~ 0.2 

~~~w~moo~~<C o~~~~~moo~~ 
MIX INOEX--PERCENT (C+30) MIX INOEX--PERCENT (C+30) 

V I-
\ ~ ~ 

I..-' 
.... \' I,..-10'"' 

~- \1\\ 

~ 
ole RATIO 

."-- 1.4 OR KIllE 

1.2 I--+-
'- 1.0 OR LESS 

I 

~ 0.8 
"" "" 

~ 0.2 ~ 0.2 
0<C 0 20 40 60 80 ~ m 140 160 ~ 

MIX INDEX--PERCENT (C+30) 

~ 0, 8 hJ,...~~~::::-~+---J,..4~ 

""= 
sO, 6 t--::::!;;;;....-+.....j~p-ooo:::--+--+-----t 

UJ 

"" -' O. 4 ~+--+--+--+-p,<C 
;::; 

40% ARRIVALS 

DEPARTURE DELAY INDEX 

50% ARRIVALS 60% ARRIVALS 

-~ -<'" .
-

~1..-- ........ -~ 

'-~ ~ Ie RATIO- ~'g:: I 
0.4 OR LESS 

FOR ole RATIO OF 1. 0 OR MORE 

I • OOI - }.o I I I 

~ 0.8 

""= 

::: 1. 0 
"" e 

s O. 6 I-~:l:::+=+--$; SO. 6 

~ ~ 
UJ O. 4 ~+--+--+---+-j--+--+-----r----l UJ 0.4 
~ ~ 

~ DDI - 1.0 ~ 
~ 0.2 ................................---L_................................---' ~ 0.2 

~ 0 2~IX4oIN;~X_~~E~~ENlf(~~0~ ~ ~ 0 

FIGURE 2-80 
DELAY INDICES FOR RUNWAY USE DIAGRAM NO. 29 
FOR VFR CONDITIONS 

I 
.~ 

ARRIVAL DELAY INDEX =1.00 

DEPARTURE DELAY INDEX 

40% ARR IVALS 50% ARRIVALS 60% ARRIVALS 
::: 1. 0 

~ ~ ~ ~I.<r-..... - ::;;..-.-
I"--

~ 
I--"'" 
~ ole RATIO 

. 1.0 OR MORE

1'\= 0.8 1 I 
0.6 OR LESS 

::: 1. 0 
ole RATIO 

l.0 OR MORE-
0.8 OR LESS~ 

~ ~I,....---
;::: .- .....---

::: 1. 0 
"" e"" e""e 

~ 0,8~ 0.8 ~ 0.8 
"" =="" "" ""- - -
>- 0.6 S 0,6 S0,6S 
UJ w UJ 

"" 0,4w "" 0.4w "" 0.4UJ 
~ ~ ~ 

=> =>=>
l- I I

~ 0.2 ~ 0,2 ~ 0.2 

ole RATIO 
a TO 1.5 - f\ 

\ --\ -
20 40 60 80 ~ m 140 160 180 ~ 0 20 40 60 80 100 m 140 160 180~ 0 
~IX INOEX--PERCENT (C+30) "" 2~IX4oIN~~X!~PE~E: (~~3i~ ~ ~ 0 MIX INOEX--PERCENT (C+30) 

DELAY INDICES FOR RUNWAY USE DIAGRAMS NOS. 34, 35
FIGURE 2-81 

FOR VFR CONDITIONS 
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60% ARRIVALS 

FOR D/c RATIO OF 0 TO 1. 5 
ADI = 1.0 

::::: 1. 0 r---r---r--r-""""'--,.-r---r--"'T""""" 
<=l 

::5 
i':i 0, 8 ~+--+-+-t-+--+---I-+--I 
<=l
:z 

FOR DIe RATIO OF 0.6 OR MORE 

:5 0.6 
w 
<=l 

-' 0.4 r-+-+-+-t--+-+-+-t-----I 
<l: 
:> 

ADI - 1.0 I ~ 0,2 
20 40 60 80 100 120 140 160 180 <l: 0~2...o--:""4o----:6'-0"'"':8...0-100-'--....120--1....40-1....60---'180 

MIX INDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) 

ARRIVAL DELAY INDEX 

50% ARRIVALS40% ARRIVALS 
::::: 1. 0 ~ ~ 1. 0 '---;--;--"'---"'--""--;I-;--I~ 

~ t-+--+--r-r--\\ I I I I ::5 - \ I 1
i':i 0,8 r-+--+-+-t----'Y--+-+I-t--I i':i 0,8 r-+--+-+-t--+--+-+-t--I 
~ 1\ D/c RATIO ~ \ 'D/c RATIO 

I "-- ,0.4 OR LESS ~O.4 OR LESS 

~ 0.6 ~ 0,6 I I 
-' 0.4 r-+--+-+-t-+---+--+-t--I -' 0.4 r-+--+-+-t-+--+-+-t--I2: FOR ole RATIO OF 0.6 OR MORE ::;: 

c:::: ADI -= 1.0 ~'=" 0.2 l...-..L..-....L......L_L-..L.-....L......L_L-..J "'" 0 2 
- 0 20 40 60 80 100 120 140 160 180 <l: • 0 

MIX INDEX--PERCENT (C+3D) 

60% ARRIVALS 

20 40 60 80 100 120 140 160 180 
MIX INDEX--PERCENT (C+3D) 

DEPARTURE DELAY INDEX 

50% ARR IVALS40% ARR IVALS 

i':i 0.8 r-+--+-+-+--+--+-+-+---j 
<=l 
:z 

::::: 1. 0 r---r---r--r-....,...--,.-t-rr---,-r-=.. ~ 1. 0 r---r---r---r-......,..--,.-r---r--..,......., 

e r-+-+-+-!"""'I\:r e r--..._ _~-4---i-;-"1 
i':i 0.8 r-+--+-+-t---'lc---+C-t-+-4 i':i o. 8 1oo-'"i';::"4::t:::~~±~=H
<=l \ DrC RATIO <=l I -""\ 
:z "- 0.4 OR LESS :z _ _ "'""\[\"""" 

> O. 6 t--+----I--+-l--+--+-+-~ 0 6 I"'-..,~-t--I f\\ D/c ~ 
:5 FOR D/c RATIO OF 0 TO 1.5 :5 . I I :5 0.6 I\'(~:: 1 1 

~ DOl - LO ~ ~ I \.~.4 OR LESS 
w 0.4 r-+--+-+-+----,+--+-+-r--t w 0,4 r-+---+--+-+--+--+-+-t--I w 0,4 r-+---+--+-+--+---+-'-'-tc::....:r:-=-=---l 
g§ g§ FOR Dfc RATIO OF 0.6 OR MORE g; FOR DIe RAtIO OF 1. a OR MORE 

be be I DOl • 1. 0 I I I- DOl - 1. 0 
<l: O. 2 L-:l-~~:"""":'l:-..I-....L.-:-1-L-..J <l: O. 2 ~-'-............L_L-..L.-....L......L_L-.... ~ 0,2 L..-..L..-....L......L_L-..........L......L_.L.-.l 
~ 0 20 40 60 80 100 120 140 160 180 ~ 0 20 40 60 80 100 120 140 160 180 ~ 0 

MIX INDEX--PERCENT (C+3D) <=l MIX INDEX--PERCENT (C+3D) <=l 

FIGURE 2-82 
DELAY INDICES FOR RUNWAY USE DIAGRAMS NOS. 36,37,38 
FOR VFR CONDITIONS 

ARRIVAL DELAY INDEX 

40% ARRIVALS 50% ARRIVALS 60% ARRIVALS 
::::: 1. 0 ::::: 1. 0 [~:E==F=t;:A~=:E:3 

~ c:t=1=1=$~~f4-=1 i':i~:::::-~0, 8 F-+--+-+-t--"!I'\~-I-ID--,-/C-lRA-TI-I-o-li':i 0.8 L ~ 
~ \[\ D/c RATIO ~ ~+--+-+-t--+L-\:: ~,:~ OR ~ESS:5 0,6 r\"-1.0 -r- :5 0.6 I I 
lJ.J 0.8 OR LESS lJ.J 

<=l I I I <=l
-' 0.4 -' O. 4 ~+--+-+-t-+--+--f-t--I 
;;: FOR D/c RATIO OF 1. 2 OR MORE ;;: FOR D/c RATIO OF 1. 2 OR MORE ;;: 
02 ADI • 1.0 02 ADI - 1.0 ~ 

~ 0,2 0 20 40 60 80 100 120 140 160 180 ~ 0.2 0 20 40 60 80 100 120 140 160 180 ~ 0.2 0L-2..1.o--l4o-6J..0--l80:-::1OOi:-:-12O:-L:--:-14OL:-:l~60~18O 
MIX INDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) 

DEPARTURE DELAY INDEX 

40% ARRIVALS 50% ARRIVALS 60% ARRIVALS 

FOR D/c RATIO OF 0 TO 1. 5 
ADI • 1.0 

i':i o. 8 ~+--+-+-+-+--+-+-t--j 
<=l 
:z 

:5 0,6 
W 
<=l
-' 0,4 1--+--+-+-+-+--+--t-+---1 

::::: 1. 0 r--....................--.-,.............................-....." ::::: 1. 0 _ ~ 1. 0 ~
 e --rr::.....l-- e 1----t-l-~-+-rl-t-t"1:::J e L .............. _ ~ 1.0 OR MORE
 _ 
-~ 1 \ _1--- 8

i':i o. 8 F=~;;;j;;---f-I~~---'-;~I;4;;-;;;;;, i':i o. 8 t-::+=+=+:::~~'!:+I;::::; i':i o. """~r-"1 I~I ~,..-
<=l \ "- DO.C6 RATIO §2 ~t-:::j:=~t::t:~~l,.-~ 1---- ~ I --_ _ __ -- I~ 
:z:: "- \ DIe RATIO ~ __ ~~~ 
:5~ 0.6 ~+--+-+_t-+-_-10.4IOR LESS :5 0.6 0 6 ~ >- 0.6 1--"

w \\...0:6 I· ~ "'"- ~~ RATIO 
<=l \... 0.4 OR LESS - \ \ \ -1--+--1 

w O. 4 ~+---+----+--I---l--+----+-t--I w 0, 4 r-+--I--I---+-+-- w 0.4 \::0. B I 
§3 FOR DIe RATIO OF 0.8 OR MORE g; FOR DIe RATIO OF 1.0 OR MORE §5 \'-0.6 

be DOl - 1.0 be I DOl - 1.0 be 0.4 OR LESS 
<l: 0.2 '--..........L......L_L-..................L_L-... <l: 0, 2 <l: 0,2 L..-..L.-....L......L_L-.............---'_L-... 

~ 0 20 40 60 80 100 120 140 160 180 ~ 0 20 40 60 80 100 120 140 160 180 ~ 0 20 40 60 80 100 120 140 160 180 
~ MIX INDEX--PERCENT (C+3D) ~ MIX INDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) 

DELAY INDICES FOR RUNWAY USE DIAGRAMS NOS. 39,40
FIGURE 2-83 

VFR CONDITIONS 
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60% ARRIVALS 

FOR D/c RATIO OF 0 TO 1. 5 
ADI .. 1.0 

~ 0.8 t--t---t--+--+--+---j-j---j-----1 
c::> 
z: 

:::: 1. a........--..,....-..,.........,..................,...---r----r---. 
c::><t: 

ARRIVAL DELAY INDEX 

50% ARRIVALS 

~ 0, 8 1--+--+--+--+-+---+-1---1--1 
§2 

40% ARRIVALS 
:::: 1.0 K 
~ V -1 I rr-=::r-. 
~ 0.8 ./ ./ r-... 
§2 [ / \\ ' D/c RATIO 

V \\..1.2 
SO,6 1.Q OR LESs SO,6 FORD/c RATio OF o TO 1.5 SO,6 

2!5-l 0.4 I I I 2!5 ADI' 1.0 2!5-la, 4 ~+-"+--+--+-+---+--l--+--I -la, 4 1---I--t----t--+--+-----1r--t---t---i 
~ FOR DIe RATIO OF 1.4 OR MORE ~ :;: 

ADI - 1.0 - -
~ 0.2 L...-..L-..L--L-----'----L---I_'---'--... ~ 0.2 L...-.l...-...1...-....l---'----I.--'_'--..L-... ~ 0.2 L...-...L-..L--'----'----L---'_-'----'--.... 

o~~~w~moow~<t: o~~~w~moow~<t: o~~~w~moow~ 
MIX INDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) 

40% ARRIVALS 

DEPARTURE DELAY INDEX. 

50% ARRIVALS 60% ARRIVALS 

-

~;::~ 1. a ::.-::::::~?f1 I :::: 1. a 1"""lI::'T"-..,---r--,.....-----r---r-....,....---,....---, :::: 1. a ~ :::: c::> r-.... D/c RATIO § D/c RATIO 

8 r-... I "r--.. r 1.0 OR MORE ~ 1.0 OR MORE 

~ 0,8",............. \\\=\\ODfaC RATIO ~ 0.8 -r-~a ---1-+---+----1 ~ 0.8 ~.--"Ij;/ o.a+I-+--+--I-~ 
S'- . I ~... .1 1..- ~ ,~ j;., ~:~ OR LESS 

;: 0.6 \ 0.6 .L......--t--+---l a 6 a 6" /,
:5 0.4 OR LESS S ' \\...'0.6 S ~ ."'" 
2!5 I I I 2!5 \... 0.4 OR LESS l!5 ' ~ ......... 
w 0.4 1---I--+--+--+-+---+-+--+---1 w 0,4 I--+--+--+--+--+---+-t---I---i w O. 4 
g§ FOR DIe RATIO OF L 0 OR MORE ~ ~ 

~ DOl - 1.0 b;;: ~ 
<t: 0, 2 L...-......-.L--'----L---''--.L-...J--L........ <t: 0, 2 '---'----'---'-----'-..........---I_'--...L-... <t: 0, 2 '---'---'--'-----'-..........---1-'---'--... 

~ a 20 40 60 80 100 m 140 1f:£J ~ ~ a 20 40 60 80 100 m 1l() 1f:£J 1ro ~ a 20 40 60 80 100 m 140 1f:£J ~ 
c::> ~IX INDEX--PERCENT (C+3D) c::> MIX INDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) 

FIGURE 2-84 
DELAY INDICES FOR RUNWAY USE DIAGRAMS NOS. 43, 49, 
55,61 FOR VFR CONDITIONS 

ARRIVAL DELAY INDEX 

60% ARRIVALS 

:::: 1.0 K I5 V 
~ 0.8 nVI4/-+---'1-+---1---+--+--+--1 
§2 '\ D/c RATIO 

- L 1.0 OR LESS 

40% ARRIVALS 50% ARRIVALS 
:::: 1. a I ......., ~ 1. a "C,v 
~ V~K'"~ ~ /V~ 
~ 0,8 v V ~ 0.8 V ~:- vi\\ ~ V \\ D 

1 
/.C

2 
RATIO:::. Vl/ I \ ,\ D/c RATIO 1\ 

S 0,6 V \\:1.4 OR MORE ~ S 0,6 1.0 OR LESS S 0,6 I 
w \ -1.2 w I I I w 
:: 0I 4 L 1. 0 OR LESS :: 0.4 :: 0 I 4 1----I---+--+--+-+-----1,---I-+__--1 
~ 2: FOR D/c RATIO OF 1. 4 OR MORE ~ FOR D/c RATIO OF 1. 2 OR MORE 

~ O. 2 ~ 0,2 oL-.l...-...1...-....l-
AD 
-L 

1 
--...L 

1 
._ 

0 
-L.......J--l..---l ~ 0, 2 L--..I....-....L..........L._ 

AD 
...L 
1 

_-....l 
1 
L.... 

0 
----'----l_.......... 

<t: a 20 40 60 80 100 m 140 IE{) ~ 20 40 60 80 100 m 140 1f:£J ~ <t: a 20 40 60 80 100 m 140 1f:£J l8J 
MIX INDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) 

40% ARRIVALS 

DEPARTURE DELAY INDEX 

50% ARRIVALs 60% ARRIVALS 

FIGURE 2-85 
DELAY INDICES FOR RUNWAY USE DIAGRAMS NOS. 44,45,46, 
50,51,52,56,57,58,62,63,64 FOR VFR CONDITIONS 
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60% ARRIVALS 

C;S O. 8 ~+_----j;;,"""'f---\-'[-----+-_+--+-t---i 
Cl 
:z: 

ARRIVAL DELAY INDEX 

50% ARRIVALS 
:::: L a.---.,....-..,.....,__.....,....---r----.__,.....-.,....-.., 
Cl 

"" 
C;S 0, 8 ~_±._""'F'__+~I-:::....."'F___+-t---i 
Cl 
:z: 

:s 0.6 
w 
Cl 

--' O. 4 ~+-_+__+-t--'F 

~ 

:s 0,6 DIe RATIO 

w 1..2 

:: 0, 4 ~_+_---!---+-+-+--l.O OR LESS 
~ FOR DIe RATIO OF 1.4 OR MORE 

AD - .0 
a: 2 ~ 0,2

20 lj() 60 80 100 120 1lil 160 180 ~ 0, 0L-2.l..0---l.lj().......J6L...0-8.L0-1....L00---l12O~1.Llil-1..L60---l18O "" OL..-2..LO---L40-6L...0-8....0---LlOO---'12O'---1....lj()-1....60-..J1al 

MIX INDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) 

40% ARRIVALS 

C;S O. 8 ~-+--'''''''''=+-'ll---+--':=ot..-+-=F-/ 
Cl 
:z: 

> 0, 6 ~+---:::l;;;-+"""'P;;->,j-
:5 
w 
Cl 
--' O. 4 ~+_--+-__+-l--+ 

~ 

~ 0,2 
a 

40% ARRIVALS 

DEPARTURE DELAY INDEX 

50% ARRIVALS 60% ARRIVALS 

20 40 60 80 100 120 1lil 160 180 
MIX INDEX--PERCENT (C+3D) 

DIe RATIO 

~ 
....1"--. 

LO OR MORE_ r-....... 
0.8 ...... 
0.6~ ---
~ 

.... --b-~ 
I,..

0.4 OR LESS J 
j I I 

c;s 0.8 
§2 

:::: LO 
Cl 

8 
C;S O. 8 ~+_-+--+---1e--'1""'-+-----="-""""-f---...ooj 

§2 

:::: La .---,....--,-...,.........,....---r----r-,.....-.,....-.." 
Cl 

8 
C;S 0, 8 I-+--+-.....,,=-t-\--b....,.,,'-::;;j.~r----I 
Cl
:z: 

:s 0. 6 .....oi=+of4--\-'t'- :s O. 6 "",",;J=;;P""",!","'---t-=~"t :s 0.6 

~ ~ ~ 
w O. 4 ~+--+---+-+-+--+-----L-t---l w 0, 4 ~+----!---+-I--+--F w 0,4
§5 ~ FOR DIe RATIO OF 1. 0 OR MORE g§ 
t- t- DDI : 1.0 t

~ 0.2 L..-...l...-....L......I._L..-...l...-....L........L_L......J ~ 0,2 L..-...l...-....J..........I._L..-...l...-....L......I._L......J ~ 0.2 
~ 0 20 40 60 80 100 120 1lj() 160 180 ~ a 20 40 60 80 100 120 1lil 160 1al ~ 0 

MIX INDEX--PERCENT (C+3D) Cl MIX INDEX--PERCENT (C+3D) Cl 

FIGURE 2-86 
DELAY INDICES FOR RUNWAY USE DIAGRAMS NOS. 59, 60, 65 

FOR VFR CONDITIONS 

20 40 60 80 100 120 1lj() 160 180 ~ 0,2 0 20 40 60 80 100 120 1lj() 160 180 
M1X INDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) 

60% ARRIVALS 

FOR DIe RATIO OF 0 TO 1. 5 
ADI = 1.0 

:::: L 0 r---r-..,..-......,...--,-,...--...,.........,....--,---, 
Cl 
::; 
~ 0,8 
:z: 

:s 0,6 
w 
Cl 

--' 0, 4 ~+--+--+-+-+---+---+-+----l 

~ 

FOR DIe RATIO OF 0 TO 1.5 

ADI - 1.0 

ARRIVAL DELAY INDEX 

50% ARRIVALS 

c;s 0, 8 ~+---+--+-+--+---+----t-+-----l 
Cl
:z: 

DIe RATIO 

1'--1. 0 OR LESS 

40% ARRIVALS 

:s 0,6 
w 
Cl 

--' 0, 4 ~+--+-__+-I--+---+-__+-+---l 
FOR DIe RATIO OF 1. 2 OR MORE :;: 

AD! - LO 

~0,2 ~0,20 
"" O. 20 40 60 80 100 120 1lj() 160 180 

MIX INDEX--PERCENT (C+3D) 

:::: L 0 r--.,....--r--.,.........,...~--,-,...__""T"'"""-, 

~ i--""'"....+-1~t-+-+-+-+-1 
; 0,8 I"'V,--+-+---+.--.\\f---+--+-+--+---1 
Cl 

:z: \:s 0.6 
w 
Cl 

--' 0, 4 ~+--+---+-t-+--+---+-t---l 

""> 

40% ARRIVALS 

DEPARTURE DELAY INDEX 

50% ARRIVALS 60% ARRIVALS 
:::: 1. 0 ....--r-~""""'T-r--..,....-~......,..-r-_--, ~ L 0 ...... ~ :::: 1. 0 ........,....--,--,.-.,--,-....,...---r-..---,8 ~ DIe RATIO 8 DIe RATIO 

~~--t:::i==h;::i::tj::~i.---~ I '\ 1. 0 OR MORE r 1. 0 OR MORE 
~ O. 8 ~I--", _~_ c;s 0,8 _"'- ~ _ ~ 0,8 r,--+-t-+----t----t/L 

r O• 8 t-t-
:z: , _ \':;I-;::D/--cRATIO ~ I ............ _ - '-.... /; IrO.6 I I_"'\\ _ ,...... 1/'rO.4 OR LESS:s 0, 6 \ 0.8 I :s 0, 6 _ "\ _ :s 0, 6 r::-......__+~t........__+-¥+Af----+-----+-r---l 

2"f i(:~:~ oJ LESS 2"f __ "\'-0.8 2"f E.........=1r---...::et~'~/=P~~9w 0, 4 ~+----+----+-+---+---j----1---r- w 0, 4 o. 6 ~ 0, 4 __ 
§5 FOR DIe RATIO OF 1. a OR MORE g; L O. 4 OR LESS :::J 

f- DOl • 1. 0 I t;::: I Iff
~ 0.2 "" 0, 2 ~ 0,2 L..-..L--L..--L_"--...L--L.--'_........... 
~ 0 20 40 60 80 100 120 1lj() 160 180 [b 0 20 40 60 80 100 120 1lj() 160 180 ~ 0 20 40 60 80 100 120 1lj() 160 180 

MIX INDEX--PERCENT (C+3D) co MIX INDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) 

FIGURE 2-87 
DELAY INDICES FOR RUNWAY USE DIAGRAMS NOS. 86,87,88, 
89,90,111,112,113,114,115 FOR VFR CONDITIONS 
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ARRIVAL DELAY INDEX = 1.00 

60% ARRIVALS 

(';S O. 8 1---+--+---+--+---+--1-+-+--I 
S2 ole RATIO 

o TO 1.5"\ 

::::: 1. a~"T"""......................,.-.--"T""""""'''''''''--' 
<=l 

e 

DEPARTURE DELAY INDEX 

50% ARRIVALS 

FIGURE 2-88 
DELAY INDICES FOR RUNWAY USE DIAGRAMS NOS. 92,93, 
117, 118, 122 FOR VFR CONDITIONS 

ARRIVAL DELAY INDEX 

40% ARRIVALS 50% ARRIVALS	 60% ARRIVALS 
1. a ,-"l-"I=::::Ir-:-1-t==:::::r:_--r--r-, ~ 1.a.---.......--r----=:r-r-""""",,----r-rr.---rt----r---, ::::: 1. a ~"""'-""""""""""""""""""'-r--"--"""""""
:::::	 ...... <=l 

~ __ 1--1-1""'-- r-r- ~	 .  ~ 
~ 0.8	 I'--t-. 1/1 -..... a 8 (';S 0,8 1---+---+--+---+--+-+---+--+----1 

ole RATIO~ ....1-,rL- r.... ~ , <=l -=1.0 OR LESS ~:::	 jrr-I--r-.- :::
SO, 6 ole RATIO /1/ Sa.6 1--+---+--+---+-+---+---+--+----1 S 0,6 

FOR ole RATIO OF 0 TO 1. 5 
UJ ADI ;; 1.0~ 1.4 OR MORE ~v ~ Cl 

-' 0.4 1. 2	 -' 0.4 1---+---+--+----+-+---+--+--+---1 -' 0, 4 1---+---+-_+_--t--+--+--+-_+_---1 
<t:FOR D/ C RATIO OF 1. 2 OR MO!\E:;: 1. 0 OR LESS J	 :;: :> 

ADI - 1.0 '"'I a:: 0, 2 L..-..............--'----L---'~-'---L-...............
 ~ 0.2 L..-.L--...L-.....L......L----L---I_L..--'--....J a:: a 2I I	 '"' 
<t:	 a 20 40 60 80 100 120 140 160 100 <t: • a 20 40 60 80 100 120 140 160 100 <t: a 20 40 60 80 100 120 140 160 100 

MIX INOEX--PERCENT (C+30) MIX INOEX--PERCENT (C+30) MIX INOEX--PERCENT (C+30) 

DEPARTURE DELAY INDEX 

40% ARRIVALS	 50% ARRIVALS 60% ARRIVALS 
::::: 1. ar--.,--...,........,...........---r---;-r-,--, ::::: 1. a~"T"""-r-...............,.-.--"T"""...............--,
 ::::: 1. a ole RATIO I--
Cl	 <=l e e e 1. 0 OR MORE ""\ I ....) ........1---" 
x a8 '"-::::;;J;;;:;;;;;;p+'""'fI;-+-+-t-+--l x a8 x a8 ~7'T""--r---+---I:::::;;;001o. 8~
~ . k'--.-L....j.--jf-f.'\~-+-!-r1 ~ . .........1-"" L-+-+~\--+-r-r"1 ~ , 0.6 -:lii""" 1---1---
:= - 1\\\ ole RATIO = VI---" '\. ::: ...... ,.......... ......... '~v _l.
S 0.6 I---+---+--+--+""",\-"d"=.~ 0.8 -il-+--I S 0.6 __"'""" -\"- g:~ RATIO - S 0.6 _/ \_I---",~:,-_ 
UJ ,e- 0.6 ~	 \::: 0.6 ~..- _---::::::1---,...

O 4 0R:: 0.4 '- 0.4 OR LESS _ UJ 0.4 1---+--+---+--+---l---I_._t----'i'-LE,:,,:ss-I UJ 0.4 ~_ ~ 
g§ FOR DIe RATIO OF l.0 OR MORE §§ FOR DIe RATIO OF 1.0 OR '10RE §§ -- 0.4 OR LES.S~ 

~ DD! - 1.0 ~ DDI == 1.0 ~! l ~ 
<t: 0.2 L..--'---l-................---L-I_L..-.l....-....J <t: 0, 2 L..-::':--l-..................--'----'~.L.--..........J ~ 0,2 L..--'---l-.....L.-:'---'----'C-.L.--.........l
 

~	 0~~~W~12000l601OO~ 0~~~W~12000l601OO~ 0~~~W~12000l601OO 
~IX INOEX--PERCENT (C+30) MIX INOEX--PERCENT (C+30) MIX INOEX--PERCENT (C+30) 

DELAY INDICES FOR RUNWAY USE DIAGRAMS NOS. 1,53,54
FIGURE 2-89 FOR IFR CONDITIONS 
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ARRIVAL DELAY INDEX = 1.00 

DEPARTURE DELAY INDEX 

40% ARRIVALS 
:::: 1. ar---r--..,......,.........,......,...,....--r--'I---'~ ......""'" 
Cl j....-_
8 _~~ 
~ 0.8 ~I--
:z: 

50% ARRIVALS 
:::: 1. a"--""'-"T"'""-r-...,..........,.........,........,.---,---, 
Cl 
e 

60% ARRIVALS 

[:j 0, 8 r-+-+-+--+--+-+-+---1f----1 
Cl
:z: 

FIGURE 2-90 

DELAY INDICES FOR RUNWAY USE DIAGRAMS NOS. 2, 3, 4, 6, 9, 
32,33,34,35,36,37,38,39,40,41,42,43,49,55,61,62,63,64,65, 
66,67,68,69,70,71,72,73, 76,79,85,91,92,93,97,98,99,101, 
104,110,116,117,118,122 FOR IFR CONDITIONS 

ARRIVAL DELAY INDEX =1.00 

:::: 1. a.--.,....-..,.........,..........,.........,.........,....---..---,---. 
Cl e 

40% ARRIVALS 

.DEPARTURE DELAY INDEX 

50% ARRIVALS 
:::: 1. ar---r--"T"'""-r-...,.......,.........,..........,.---,---, 
Cl 

e 

60% ARRIVALS 

[:j O. 8 ~+-'o/+c-RA-ITI -O -1--+--+-+---1--1 [:j O. 8 ~+-o-/C+RA-T-iID----I-+--+-+--I----I [:j 0.8 r-+-o-c/C+RA-T=IO,,----f--+--+-+--+--1 

~ 0 TO 1.5\ ~ ~ 0 TO 1.5 '\ ~ 0 TO 1.5\ 

~ O. 6 r-+-+-_-I~----'k-C;--+~-I-_-::::;;oj.""""9'----j ~ 0.6 \ ~ ~ 0,6 

~ O. 4 ~t::+=+_-+-__+_--+-+~---l ~ O. 4 I--~ ~ 0, 4 r-+-+-+--+-~-'.i/--~----I:_~---ii"'-""l 
i= ~ ~+-+--rl i= 1--+--+-r"T 
~ 0.2 L...-.l...-...l..-....L......L.......L.......L.---L---I--l <to 0, 2 ~'!':-"":-~........-L----L.---:-'"---'---' ~ 0,2 .L-.l...-...l..-....I--L.....L-........L----L---l--l 
~ a 20 40 60 80 100 120 1l() llil 180 it a 20 40 60 80 100 120 140 Iff) 180 ~ a 20 40 60 80 100 120 140 Iff) 180 

MIX INDEX--PERCENT (C+3D) Cl MIX INDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3Dl 

FIGURE 2-91 
DELAY INDICES FOR RUNWAY USE DIAGRAMS NOS. 5,19,30, 
75,77, 78, 100, 102, 103 FOR IFR CONDITIONS 
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ARRIVAL DELAY INDEX = 1.00 

DEPARTURE DELAY INDEX 

40% ARRIVALS 50% ARRIVALS 60% ARRIVALS 

~ :': t::::::~F1 I I ~ ::: ~----:::::~~::::! ::: ~::::;" ,~:: 
~ . ~ \1\ D/c RATIO ~ ~~ ...-:::; ~;......-' ~. I 0.6,\1\ I v _~:;....-
- 6 \~0.80RMORE - :,...0 ,\' 0.40RLESS,\\0.-"V :..::::::;....- ......... 
>-0. \~0.6 I :;;:0.6....-: V ,\\D/CRATIO :;;:0.6 ~t..V"~:...-y 
~ 0.4 OR LESS uj:;"" ,,\l\~ 1. 0 OR MORE uj D--'" 
C> I C> I\~O.8 -+ C> ;;:;...::~:;......-
~ O. 4 I I I ~ O. 4 \'-- o. 6 ~ O. 4 b:::::;;..-~--F'--+-t---1~----+-----t-----i 
~ ~ '- 0.4 OR LESS ~ 

~ 0.2 ~ 0.2 I ~ 0.2 L-...L..-....I-..----I._L--...L..-....L.----..L_L......J 

~ 0 20 40 60 80 100 J20 140 160 lOO ~ 0 20 40 60 80 100 J20 140 160 100 ~ 0 20 40 60 80 100 120 140 160 180 
~IX INDEX---PERCENT (C+3D) MIX INDEX---PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) 

/ 

FIGURE 2-92 
DELAY INDICES FOR RUNWAY USE DIAGRAM NO.7 
FOR IFR CONDITIONS 

60% ARRIVALS 

ARRIVAL DELAY INDEX 

50% ARRIVALS40% ARRIVALS 
::: 1. 0 '--"'-"""-""""""""--"--"I-r--...-..., ::: 1. 0 r--..,--..,--...,.."""""--"--'-'-"'--"" ::: 1. 0 ~f=f::E=t=7t=i=l=+=J 

~ ~~~~::~f~~~~ 5 ~ r .....~ i:j 0,8 E I\~~ :::;: i:j 0.8 r--_ (; i:j 0.81-J--+-~--Jl1/++:::'""1~-~ 
c> I \ ~ __ ._ c> c> D/c RATIO / 
z: ~I-<: 1\ D/c RATIO z: D/C RATIO /V/ z: 1.0'// 

6 r-::+=++--+~\\,=\. 1. 0 I :I /,r; 0 6 ,1'--+---+---+-+---+---1> 0 ~ \ I I :::: 0.6 1.0-/ ::::. 0.8 OR LESS"'"g , \\=~:: 2 o.~=! 2 I I I 
-' 0.4\ 0.4 OR LESS :: 0.4 0.6 OR LESS :: 0.4 I--+---+--+~I--+--+--+~t------i 
:;: FOR ole RATIO OF 1.2 OR MOREl ~ FOR DIe RATIO OF 1.2 OR MORE :;: FOR ole RATIO OF 1.2 OR MORE 

ADI - l.0 c::: ADI - l.0 ~ ADI - 1.0 
~ O. 2 l..-...L..-....J...---L_L--...L..-...J...----I._~ a: O. 2 ~ O. 2 '--...L..--'----'-_.L...-.....-'----'_.L........J 
d: 0 20 40 60 80 100 J20 140 160 180 d: 0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180 

MIX [NDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) MIX INDEX---PERCENT (C+3D) 

60% ARRIVALS 

DEPARTURE DELAY INDEX 

50% ARRIVALS40% ARR IVALS 

i:j 0.8 I--+--+--+-f--+--+--+--Ir--l 
c>
z: 

~ 1. 0 rlrITIt-iI::::J:::::::T....., ~ 1. 0 ~I-'" _ 

e L.--I--r-r-KI I e ~+--+--r_~_~ '-
i:j O. 8 t--+--+--+~I---+--+--+~t---l i:j O. 8 w.>._t-" 
52 1\ ole RATIO 52 \ \ 

I "-0.4 OR LESS ~ \~'D/C RATIO 

§ 0.6 FeR O/c RATIO OF 0 TO 1.5 § 0.6 I--+---+--+~I--+--+--+I~i---I § 0.6 \"- 0.8 I 
~ DDI • 1.0 ~ I ~ I \... ~:: OR LESS 
UJ O. 4 I---+--+- UJ O. 4 UJ O. 4 1--+---+--+~+-+---+---t~r---1 
§5 §3 [FOR ole RATIO OF 0.6 OR MORE ~ FOR ole RATIO OF l.0 OR MORE 

t;::: I DDI - 1.0 I- DOl - 1.0 
d: O. 2 ~ O. 2 ~ O. 2 ~...L..--'---L_.L...-.......-'-~_L......J 
~ 0 20 40 60 80 100 120 140 160 180 ~ 0 20 40 60 80 100 120 140 160 lOO ~ 0 20 40 60 80 100 120 140 160 180 

~IX INDEX---PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) 

::: 1. 0 .....-...-...,...-...,.......,...---..........-.--..,--..., 
c> e 

FIGURE 2-93 
DELAY INDICES FOR RUNWAY USE DIAGRAM NO.8 
FOR IFR CONDITIONS 
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----

40% ARRIVALS 
::: 1.0 
c:> 
:3 
c;s 0,8 
c:> 
:z:-
~ 
UJ 
c:> 
--' 0.4 
<1: 

2: 
~ 0,2 

I l"'-I;~ t::::~I--.. 
I I I If; -.......;; 
DrC '<.ATID !

0.6 r-t 1.2 
1.0 - tJ0.8 OR LESS-

FOR 'Jlc RATIO OF 1. 4 OR MORE 

I DDi = 1.0 

20 40 60 80 100 120 140 1aJ 100 0 20 40 60 80 100 120 140 1aJ 100 <1: 0 20 40 60 80 100 120 140 1aJ 100 
MIX INDEX--PERCENT (C+3D) 

40% ARR IVALS 

2~IX40IN;~X_~OpE:EN~(~~l)aJ
 

ARRIVAL DELAY INDEX 

50% ARRIVALS 60% ARRIVALS 
::: 1. 0 ::: 1. 0 

c:>c:> 
:3 :3 

c;s 0,8c;s 0,8 
c:>c:> 
:z::=:; -
~ 0,6~ 0,6 

FOR D/ C RATIO OF 0 TO 1. 5--' --' 
UJ UJADI - 1.0 c:>c:> 

--,0,4--,0.4 
<1:<1: 

> 2: 
~ 0,2~ 0.2'"' 

FOR Die RATIO OF 0 TO 1.5 
ADI = 1.0 

0 

;:::; 1.0 
§l 

:::08UJ' 
c:> 
:z:-
>- 0.6 
:5 
UJ 
c:> 
UJ 0,4 
=>"" 
I-

~ 0.2 
~ 0 

.. ::: 1. 0 
c:>~I--- e ~V ::±t: lZ=-- e 
x 0,8 ~ ___ - ,...... I I I 

~ ole RATIO ~ ~t:::e::::~:::::::::~f-~ 
0.8 I >- 0,6 _ ~ f!j

\:: 0.6 :5 ...- ole RATIO -~f)I 
0.4 OR LESS ~ l.0 ()R1MOR~~
 

FOR Die RATIO OF 1.0 OR MORE
 UJ 0.4 I O·~...II 
~ o.~=!DO! - 1.0 ~ 

I I I I t:;:: 0.4 OR LESS 
<1: 0,2 

MIX INDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) 

DEPARTURE DELAY INDEX 

50% ARRIVALS 

20 40 60 80 100 120 140 1aJ 100 
100 ~ 0 MIX INDEX--PERCENT (C+3D) 

60% ARRIVALS 
ole RATIO 

1.0 OR MORE :\ 
_ 0.8 

0.6 OR LESS ~ 

~ I-
~ --l-I-":::.-f-

::: 1.0 
c:> 

c;s 0.8 
~ 

~ 0.6 
UJ 
c:> 
UJ 0,4
""=> 
I-

~ 0,2 
~ 0 20 40 60 80 100 120 140 1aJ 100 

MIX INDEX--PERCENT (C+3D) 

DELAY INDICES FOR RUNWAY USE DIAGRAMS NOS. 10,29,69
FIGURE 2-94 FOR IFR CONDITIOI\lS 

40% ARRIVALS 
ole RATIO 

1.0 OR MORE, 

0.6,\ 
0.4 OR :;;;~ 

-t- 0.80.8 /""
,,/

V 
V 

~ 
V 

~ ~:;.....:::: :::::. 
,...... ........... ~::-: ;;..... io"" 

~~~-

::: 1. 0 
c:> e 
c;s 
c:> 
:z: 

>- 0.6 
:5 
UJ 
c:> 
UJ 0,4 
=>"" 
I-

~ 0.2 

ARRIVAL DELAY INDEX = 1.00 

DEPARTURE DELAY INDEX 

50% ARRIVALS 60% ARRIVALS 

ole RATIO 

1. 0 OR M~~~ 1\ 
0.6 OR LESS 

~ ..........: 

~ ~::::: ---~....-:::: ..... 
~ 

::: 1. 0::: 1. 0 
c:>c:> ee 
c;s 0,8c;s 0,8 
c:>c:> :z::=:; -
~ 0.6~ 0.6 

UJ ~c:> 
UJ 0,4 lit 0,4 

=>=>"" I-I-

~ 0,2~ 0,2 

I 
I 

Die RATIO 

~ 1.0 OR MO:~I I 0.8 

0.6 OR LES~~ - -I,..

I ..-~ 

20 40 60 80 100 120 140 1aJ 100 ~ 0 20 40 60 80 100 120 140 1aJ 100~ 0 2~IX40IN;~X_~OpE~~EN~(~~D\aJ 100 ~ 0 MIX INDEX--PERCENT (C+3D) MIX INDEX--PERCENT (C+3D) 

DELAY INDICES FOR RUNWAY USE DIAGRAMS NOS. 11,70
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CHAPTER 3.	 COMPUTERIZED TECHNIQUES TO DETERMINE HOURLY CAPACITY 
OF RUNWAYS AND ANNUAL DELAY TO AIRCRAFT 

30.	 GENERAL. This chapter describes computerized techniques
 
for determining the hourly capacity of runways and an

nual delay to aircraft on runways. The computerized tech

niques require a remote teletype terminal and a telephone
 
connection with a company offering the techniques; the
 
techniques do not require a detailed understanding of
 
computer operations or computer programs.
 

The computerized techniques employ tutorial procedures 
where the computer directs the remote terminal to type 
a data request; the user enters the requested data at 
the remote terminal; another data request is typed at 
the remote terminal; etc. This question and answer se
quence is repeated until the user has entered all the 
required data. The computer then computes the hourly 
capacity or annual delay and directs the remote terminal 
to type the computed value. The computer automatically 
checks certain input data to determine if they are in a 
valid format (e.g., the aircraft mix percentages must 
sum to 100) and requests new data be entered if the for
mat of the original data is invalid. 

The computerized technique for determining the hourly 
capacity of runways permits direct access to the com
puter program used to produce the runway capacity charts 
in Chapter 2. In addition, the technique was designed to 
offer the following capabilities not offered in Chapter 2. 

•	 Any percent arrivals from 0% to 100% 

• Future	 air traffic control systems 

•	 Poor visibility and ceiling (PVC) conditions 

•	 wet runway conditions 

The annual delay to aircraft technique is computerized 
because the	 manual procedure for computing annual delay 
in Chapter 2 is a time consuming task involving a lengthy 
calculation	 process. Annual delay is the sum of daily 
delay for all 365 days. The computerized annual delay 
technique accommodates seasonal, daily, and hourly 
variations in demand and capacity throughout the year by 
considering	 the percent of annual operations in each 
month, the percent of each week's operations in each day, 
and the percent of daily operations in each hour. In 

Chap	 3 
Page	 141Par 30 



addition, the occurrence of three different conditions 
(i.e., VFR, IFR, PVC) is considered in combination with 
as many runway uses as desired. 

31.	 COMPUTER ACCESS AND INPUT GUIDELINES. A complete list of 
companies offering the computerized hourly runway capacity 
and annual delay technique can be obtained from: 

Chief, Airport Design Branch (ARD-410) 
Federal Aviation Administration 
2100	 Second Street, s.w. 
Washington, D.C. 20591 
(202) 426-3684 

Representatives of companies offering the techniques will 
explain the remote terminals used (and how to operate 
them), the telephone number and access procedure, and the 
computer service charges. Most remote teletype terminals 
can be used. 

The access procedure consists of telephoning the company, 
connecting the telephone to the remote terminal, typing 
a user identification number (assigned by the company), 
and typing the program identification code. (Some com
panies may modify the access or program termination pro
cedures defined herein; the company representative will 
define all such program modifications.) The user must pay 
for computer time, connect time, and other costs associ
ated	 with use of the program. 

Once the computer is accessed, the user can calculate the 
hourly capacity of runways or the annual delay to aircraft 
for as many cases as desired without repeating the access 
procedure. After completing a calculation for hourly ca
pacity or annual delay, the remote terminal automatically 
types the question DO YOU WISH TO PERFORM ANOTHER CALCULA
TION? If the user responds with YES or Y, the remote 
terminal automatically repeats the question and answer pro
cedure for the next case. Any other response will auto
matically terminate the calculation procedure, and the 
computer will direct the remote terminal to type informa
tion on the computer time used. The user can disconnect 
the telephone at this time. 

The user should adhere to the following guidelines for 
entering input data for the hourly capacity and the 
annual delay techniques. 
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•	 Enter letters as lower or upper case. 

•	 Correct errors by backspacing and entering 
the correct data before activating the return 
key. 

•	 Separate a series of numbers (e.g., exit taxi
way locations) by spaces or commas. 

•	 Do not use a comma when entering a number 
greater than 999 (e.g., enter 1520 instead of 
1,520) . 

•	 Do not enter more than two numbers to the 
right of the decimal when entering a percentage 
(e.g., 17.426 will be read by the computer as 
17.42). 

If incorrect data (in a valid format) have been entered, 
the user can enter the word STOP, and the remote ter
minal will automatically terminate that input dialogue 
and restart the data request sequence from the beginning. 

After computer access, the remote terminal prints the 
program name, version number, and date of implementation. 
The version identification is updated if the technique is 
modified due to significant changes in air traffic control 
and/or aircraft operating parameters. The companies of
fering these techniques receive updated versions; hence, 
only the most current version is available. The examples 
in this chapter were solved with the following computerized 
technique versions: hourly runway capacity version 2 
(May 1976); and annual delay version 1 (May 1976). When
ever an updated version is implemented, a notice is pub
lished to identify any changes in the techniques, instruc
tions, and examples, as well as any appropriate revisions 
to this report. Detailed information on previous versions 
can be obtained from: 

Chief, Airport Design Branch (ARD-410)
 
Federal Aviation Administration
 
2100 Second Street, s.w.
 
Washington, D.C. 20591
 
(202) 426-3684 
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32.	 COMPUTERIZED TECHNIQUE FOR DETERMINING HOURLY CAPACITY 
OF RUNWAYS. Figure 3-la summarizes the major elements 
of the dialogue between the user and the remote terminal 
for the computerized technique to determine the hourly 
capacity of runways. The elements are: 

•	 Data request statements made by the remote
 
terminal
 

•	 Applicability of the data request statements 

•	 Valid format for the user to enter data 

•	 Error messages typed by the remote terminal
 
if data are entered in an invalid format.
 

Figure 3-2 depicts the various runway use diagrams used 
in the computerized technique, and Figure 3-3 is a sample 
worksheet for the computerized technique to help the user 
prepare inputs. Even though the inputs can be developed as 
the data are requested, the worksheet is recommended for 
first-time use or if several runway use configurations 
are to be evaluated. 

a.	 Data Requests and Acceptable Inputs. The following 
is a detailed description of the data requests in 
Figure 3-1 and the acceptable user inputs. 

DO YOU WANT A LISTING AND IMPLEMENTATION SCHEDULE 
FOR FUTURE ATC SYSTEMS? 

The remote terminal makes this data request immediately 
after the user types the program identification code. 
This request is not repeated if more than one hourly 
runway capacity case is analyzed before termination 
of computer access. If the user enters a Y response, 
the remote terminal will print a description of 
future ATC systems. 

For additional information on future ATC Systems, 
contact: 

Director, Office of Systems 
Engineering Management 

Federal Aviation Administration 
800 Independence Avenue, S.W. 
Washington, D.C. 20591 

a.	 All figures used in this chapter (Figures 3-1 through 3-5) 
are located at the end of this chapter. 
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ENTER PRESENT OR FUTURE ATC SYSTEM 
(P Fl F2 G3 H4). 

The remote terminal always makes this data request. 
If the user entered a Y response to the question 
above and wishes to use a future system in the 
technique, he enters one of the system codes 
supplied by the remote terminal in response to 
the above question (i.e., Fl, F2, G3, or H4). 
The user enters the letter P for the present ATC 
system. 

ENTER VFR, IFR, OR PVC. 

The computerized technique considers three ceil
ing and visibility conditions (defined in Para
graph 5.a. (1), on page 5): VFR, IFR, and PVC. 

The remote terminal always makes this data request; 
valid user responses are: V for VFR, I for IFR, or 
P for PVC. 

DO GA AIRCRAFT FLY A SHORT FINAL APPROACH? 

The remote terminal only makes this data request for 
VFR conditions. The user enters a Y response if the 
majority of general aviation aircraft make a curved 
approach and fly a final approach less than three 
miles on a straight line extension of the runway 
centerline. The user enters an N response if the ma
jority of general aviation aircraft fly (1) a final 
approach of at least three miles on an extension of 
the runway centerline, or (2) the same final approach 
pattern as air carrier aircraft. 

ENTER RUNWAY USE DIAGRAM NUMBER (1-51) 

Figure 3-2 illustrates the 51 runway use diagrams used 
in the computerized hourly runway capacity technique. 
The user enters the number of the appropriate runway 
use diagram. 

ENTER AIRCRAFT MIX (PERCENT CLASS ABC D) FOR EACH 
PRINTED RUNWAY NUMBER 

The user enters the aircraft mix as four integers 
which sum to 100. The first integer is the percent 
of aircraft in Class A, the second integer is the 
percent of aircraft in Class B, etc. Aircraft 
classes are defined in Figure 1-2~ The user should 
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repeat the same aircraft mix for every runway; to 
save time, the user can enter the letter A after 
the aircraft mix for the first runway (e.g., 60 30 
10 0 A), and the remote terminal will automatically 
repeat the aircraft mix percentages. 

If capacity values corresponding to different mixes 
on runways are desired, in general, the user should 
employ the computer simulation model described in 
Chapter 4. 

The most common runway uses involving different 
aircraft mixes on runways are Runway Use Diagrams 
Nos. 5, 12, and 22 on Figure 3-2 (i.e., parallel 
runways with arrivals and departures on all run
ways). A procedure to determine the capacity of 
these runway uses with different mixes on each 
runway is presented in Appendix 5. 

Although the computerized hourly runway capacity 
technique can accept a different aircraft mix for 
each runway, inputting different mixes for each run
way should not be attempted except for certain 
research applications by individuals who are fa
miliar both with air traffic control procedures 
and the fine-grain details of the computer pro
grams used to determine hourly runway capacity. 
The values obtained when different aircraft 
mixes are used should not be considered as 
hourly capacities and are not applicable unless 
modified by complex manual calculations. 

ENTER SEPARATION "s" BETWEEN PARALLEL RUNWAYS (FEET) 

The remote terminal makes this data request for the 
runway uses which have the letter S in Figure 3-2 
(i.e., Runway Use Diagrams Nos. 2 through 12, 17, 27, 
and 28). The value of S must exceed 3,500 feet for 
Runway Use Diagram No. 17. The user must enter the 
separation S as the distance in feet. 

ENTER DISTANCE "X" BETWEEN THRESHOLD AND INTERSECTION FOR 
EACH PRINTED RUNWAY NUMBER (FEET) 

The remote terminal makes this data request for Runway 
Use Diagrams Nos. 23 through 26 on Figure 3-2. The 
runway numbers are identified in Figure 3-2. The 
distance is measured in feet from the threshold (in 
the direction of operations) to the intersection 
point. The user must enter the distance X as an in
teger between 0 and 10000. 
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ENTER ANGLE "A" BETWEEN NONPARALLEL RUNWAYS (DEGREES) 

The remote terminal makes this data request (and the 
next data request) for Runway Use Diagrams Nos. 31, 
33, 35, 39, 42, 44, 46, and 50 on Figure 3-2. The 
user must enter angle, A, as an integer between a 
and 90, i.e., the angle in degrees. 

ENTER DISTANCE "D" BETWEEN THE THRESHOLD AND CENTER
LINE OF NONPARALLEL RUNWAY (FEET) 

The remote terminal makes this data request for the 
same runway uses as the previous request. For Run
way Use Diagrams Nos. 31 and 42, on Figure 3-2, the 
distance, D, is the shortest distance between the 
threshold of Runway 2 and the centerline (or ex
tended centerline) of Runway 1. For Runway Use 
Diagrams Nos. 44, 46, and 50, the distance, D, is 
the shortest distance between the threshold of Run
way 3 and the centerline (or extended centerline) of 
Runway 1. The user must enter this distance as an 
integer, i.e., the distance in feet. 

ENTER PERCENT ARRIVALS 

Percent arrivals is defined in paragraph 5.a. (4') on 
page 6. The user enters percent arrivals as an in
teger from a to 100. 

ENTER PERCENT TOUCH-AND-GO 

The remote terminal only makes this data request in 
VFR weather for Runway Use Diagrams Nos. 1, 3, 4, and 
5. The maximum allowable percent touch-and-go cannot 
exceed either (1) twice the percent arrivals, or 
(2) 200% minus twice the percent arrivals. The user 

must enter an integer no greater than the maximum 
allowable percent touch-and-go. 

ENTER· EXIT DISTANCES AND RUNWAY LENGTH (FEET) FOR 
EACH PRINTED RUNWAY NUMBER. IDENTIFY HIGH SPEED 
EXITS WITH AN "H" AFTER DISTANCE. ENTER "W" AFTER 
RUNWAY LENGTH TO IDENTIFY WET RUNWAYS. 

The remote terminal makes this data request for each 
runway in the appropriate runway use diagram as shown 
on Figure 3-2. Exit distances are measured in feet 
from the arrival threshold. The user must enter 
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exit distances as positive integers in ascending 
order (e.g., 4000 8000 10000). No two exit distances 
may be the same, and any number greater than 11000 
is considered to equal 11,000 feet. 

High-speed exits are those exit taxiways with center
lines at an angle of 30° from the runway centerline 
in the direction of flow. The user should identify 
high-speed exits by entering the letter H immediately 
after the exit distance (e.g., 44l0H). 

Wet	 runwaysa are identified by entering the letter W 
one space after the final exit distance of Runway 1 
(e.g., 3250 44l0A 8430W). Dry runways are assumed 
if the letter W is not entered. 

The hourly runway capacity techinque assumes that an 
exit exists at the end of the runway. If the remain
ing exit locations are unknown or not considered 
important for the particular application of the com
puterized runway capacity technique, the user enters 
the letter S (S is equivalent to exits on a dry run
way at 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, and 
9,000 feet). 

After the above entries, the remote terminal prints 
the	 various outputs of the hourly capacity calcula
tion, as described in paragraph 32.b below. 

DO YOU WISH TO PERFORM ANOTHER CALCULATION? 

A response of Y or YES automatically starts the data 
request sequence for a new configuration with ENTER 
PRESENT OR FUTURE ATC CONFIGURATION (P Fl F2 G3 H4). 

Any	 other response automatically terminates the com
puter access and the remote terminal types data on 
computer time used. The telephone can be discon
nected from the remote terminal at this time. 

b.	 Computerized Hourly Runway Capacity Model Outputs. 
The remote terminal types an input summary immediately 
after valid data on exit location and runway length 
are entered for the last runway. The input summary 
defines the program version number and the inputs 

a.	 Runways with sufficient surface moisture to cause degrada
tion in aircraft braking capabilities, not including snow 
or ice conditions. . / 
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used (without any error messages) and can be used as 
a permanent record of the calculation. 

If the user specifies a runway length below that 
normally required to accommodate the exiting charac
teristics of the specified aircraft mix, the compu
terized technique automatically assumes an increased 
runway length and prints the length used in the cal
culation as part of the output. 

The remote terminal prints two lines of information 
between the input summary and the output which are 
not relevant for airport planning applications. The 
first line is a description of the computer subroutine 
used for the particular runway use configuration. The 
second line defines the version number of the batch 
model used; this number should not be confused with 
the version number of the computerized technique. 

Finally, the remote terminal prints the hourly 
capacity of runways, the arrival component of capac
ity, and the departure component of capacity. 

Example 1, Hourly Capacity, Intersecting Runways, PVC 

Consider an intersecting runway configuration as il
lustrated below. 
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Determine the hourly capacity of the intersecting 
runways in PVC under the following conditions: 

ATC System: Present
 
Aircraft Mix: 0% A, 5% B, 55% C, and 40% D
 
Percent Arrivals: 55%
 
Exit Taxiway Location: 3,800 feet, 5,100 feet,
 

6,500 feet, and 9,000 feet from the arrival 
threshold. 

For the above runway use, from Figure 3-2, Runway 
Use Diagram No. 23 is selected. For the assumed 
condition, the sample worksheet is completed (as il 
lustrated in the reproduction of Figure 3-3 below). 

APPLICABILITY 
OF DATA VALID 

DATA REDUEST REDUEST INPUT 

00 YOU \lANT A OESCR[PTION Aftl!r y or n 
Aile IMPLEMENTATION SCltEDUlE accesslng 
FOR FUTURE ATC SYSTEMS?	 computer 

ErlTERPRESWTOR FUIURE Always p,fl,f2 
ATe SYSTEM (P Fl F2 63 Hill .,sed gJ, or n4 

ENTER VFR, IFR, OR PVC	 All¥ays V. I, or p 
used 

00 GA Al ReRAFT FLY A SIlORT 'FR 
FltlAL APPROACH?	 only 

EIHER Rur,IIAY USE OlAr.RAM Al"'dYs Inte<Jer 
IWHBER (1·51) used 1 thru 51 

ErlTER AIRCRAFT MIX PERCENT For all Four integers 
CLASS A [J C DJ FOR EAel' runways in wnich sum to 
PRUnED RUNloIAY ~lUM[JER tile nmwolY 100. Use the 
1- use diagram same mlX for 
1- all runways. 

.-J

um.1I SE!>ARAT[or~ "5" BETWEEtl R/W Use Olaq. Inteqer 
PARALLEL RUNWAYS (FEET) 2-12,17,27,28 

EtHER OISTAtlCE "x." BEn,'E[N R/W Use Dla(j. Inteqer 
TIIRESHOLD 'AND HHERSECTlON FOR 23,24,25,26. under 10000 
lACH PRINTED RUNWAY NU"'llE~ (FEET) For all 
1 runlolays. 
1 

,J 

£liTER A~jGLE "A" BETWEEN R/W Use Diaq. Integer 
:.ONPARALLEL RUt/WAYS (.DEGREES) J1,33,35,39, I thru 90 

42,44,46,50 

WTER DISTAtICE "D" [lEHIEEN TIlE R/W Use Oiag. !nteqe,.. 
TIIRESHOLD AllU CENTERLINE OF ]1,33,]5,39, 
rlQllPARALLEL RUNWAY (FEET) 42,44,46,50 

EIlTER PEflClNT ARRIVALS	 Allolays Inteqer 
used o thru 100 

EIHER PERCENTTOUCII ArlD GO VFR only	 Integer less 
than 2(::: Arrivals) 
and 2(100·% 
Arrivals) 

EliTER EX.IT CISTAtlCES Atm RUNIIAY	 [lased on Inteqers in 
!D1i,TH (FEETJ FOR EACH PRl~lrrD rUIlIoIay use ascending order, 
RtI:l',iAY ~IU'1BER. IOE'lT[FYHli,H	 diag. separated by <I 
SPEED EXITS WITH ~'I "If- AFTER	 space. An 'h' 
CISTA.'lCE. [lITER .\1- AFTER RU~I\lAY	 can be entered 
LENGTH TO IDEtJTlFy WET RUtlWAY	 after any nUI!lDer 
1	 of e.:d ts. A'..,' 
1	 after no. I 
J	 runl¥ClY length, identifies 'oIet 

run..,ays. 

00 YOU LoIlSIl TO PERFORM	 After y or n 
AtWTIIER CALCULATION?	 output 

C{)IFIGURATIQN C()IFIGURATIOH CONFIGURATION CONFIGURATION
 
NO. I NO.2 NO.3 NO.4
 

~ 

~ 

'f' ~ 
Yl 

2 ",~ 

C,),77,40 

3,100 
4,'700 

55 
0 

:'800 
?IDO 
b500
 
9000
 

~n...-
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The computerized technique output, indicating the 
data input dialogue, the input summary, and the 
results for the assumed conditions, is shown below. 
For illustration, all inputs provided by the user 
are circled. 

Two errors were made in the input sequence to il 
lustrate error messages. From the illustration 
below, hourly capacity of the runways is 56.0 op
erations per hour . 

••• AIRFiElD HOURLY CAPACITY HODEL ••• 

VERS!CM 2 (MAY 1976) 

DO YOU W,..T A LISTING AND IMPLEMENTATION
 
SOIEllULE OF FUTURE ATC SYSTEMS?
 

@ 
EITER PIIESUIT IiIl FUTURE: ATC SYSTEH IP Fl F2 G3 HIll 

® 
ENTER 'FR, IFR, OR PVC 

® 
~TER IMWAY USE DIAGRAM NUI1BER (I - 51) 

EHTER AIRCRAFT MIX (PERCENT CLASS ABC OJ
 
FOIl EACH PRINTED RlJiWAY NUHIlER
 
1

(0 5 55 40 l) 

ENTER DISTANCE 'X' BETWEEN THRESHOLD AND
 
INTERSECTION FOR EACH PRINTED RUNWAY NUMBER (FEET)
 
1

~ 
@@ 

~TER PERCENT ARRIVALS 

ElITER EXIT DISTA.~CES A:ID RIJlIWAY LENGTlI (FEETl
 
FOR EAO! PRUITED RUIIWAY IlUI1BER. IDEIl1lFY HIGH SPEED
 
EXITS WITH H AFTER DISTA.1CE. ENTER WAFTER
 
RlJllllAY LENGTH TO IDENTIFY IIET RUIlWAY,
 
1

(3800 51000 6500 9000) 

WARNING: RlJiWAY ExIT DISTANCE OF 51000 SET TO MAXIMUM OF 11000 

ERR: EXIT DISTANCES MUST BE POSITIVE INTEGERS ENTERED IN ASCENDING ORDER 

1
(3800 5100 6500=yooo)
 

••• INPUT SUMMARY -
VERSION 2 (MAY 1976) 

P ATC COIlFIGURATlON 
PVC 
DRY RlJiWAY
 
RUNWAY USE DIAGRAM * 23
 
55 PERCENT ARRIVALS
 
o PERCENT TOUCH & GO 

DISTANCES BETWEEN THRESHOLDS AND INTERSECTION 3TOO 4500 

,R/W AIRCRAFT MIX TYPE
 
SA SB SC %0 OPN EXIT LOCATIONS (FT)
 

O. 5. 55. 40. ARR 3800 5100 6500 9000 
O. 5. 55. 40. OEP 

TWO INTERSECTING, ARR ON *1, OEP ON 12 

BATCH CAPACITY PROGRAM, VERSION 5 

... AI RFIELD HOURLY RlItWAY CAPACITY 
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Example 2, Hourly Capacity, Location of Additional 
Exits, VFR 

Determine the increase in the hourly capacity of a 
single runway in VFR if an additional exit taxiway 
is provided at 3,500 feet or 4,500 feet for the fol
lowing conditions: 

ATC System: Present 
Aircraft Mix: 60% A, 30% B, 10% C, and 0% D 
Percent Arrivals: 50% 
Percent Touch-and-Go: 0% 
Existing Exit Taxiway Location: 2,400 feet 

and 5,700 feet from the arrival threshold. 

This example requires three runs of the computerized 
technique for hourly runway capacity. The first run 
considers the two existing exit taxiways. The second 
run considers exit taxiways at 2,400 feet, 3,500 feet, 
and 5,700 feet; the third run considers exit taxiways 
at 2,400 feet, 4,500 feet, and 5,700 feet. The in
formation typed at the remote terminal for the first 
run is presented on the next page. The inputs for 
the other two runs are identical except for the addi
tional exit locations. 

The results of the three runs for this example are: 

Run 
Exit Taxiway Location 

(feet from arrival threshold) 
Hourly Capacity 

(operations per hour) 

1 2400 and 5700 77.2 

2 2400, 3500, and 5700 81. 0 

3 2400, 4500, and 5700 80.1 
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DO YOU WISH TO PERFORM ANOTHER CALCULATION? 
(j) 

ENTER PRESENT OR FUTURE ATC SYSTEM <P F1 F2 G3 Hlj) 
® 
ENTER VFR. IFR. OR PVC 
o 

DO GA AIRCRAFT FLY A SHORT FINAL APPROACH? 
(j) 

ENTER RUNWAY USE DIAGRAM NUMBER (1 - 15)
CD 

ENTER AIRCRAFT MIX (PERCENT CLASS ABC D)

FOR EACH PRINTED RUNWAY NUMBER
 
1

(60 30 10 0) 

ENTER PERCENT ARRIVALS 
® 
ENTER PERCENT TOUCH & GO 

® 
EtHER EXIT DISTANCES AND RU~WAY LENGTH <FEET>
 
FOR EACH PRirHED RUNWAY NUMBER, IDENTIFY HIGH SPEED
 
EXITS WITH H AFTER DISTANCE. HITER WAFTER
 
RUNWAY LENGTH TO !DENTI FY WET RUNWAY,
 
1

(2400 5700) 

*** INPUT SUMMARY ***
 
VERSION 2 (r-lAY 1976)
 

P ATC CONFIGURATION 
VFR WEATHER
 
DRY RUNWAY
 
RUNWAY USE DIAGRAM # 1
 
50 PERCENT ARRIVALS
 
o PERCENT TOUCH &GO 

R/W	 AIRCRAFT MIX TYPE
 
# %A %B %C %D OPN EXIT LOCATIONS (FT)
 

60. 30. 10. O. BOTH 2400 5700 

SINGLE RUNWAY MIXED OPERATIONS WITHOUT T & G 

BATCH CAPACITY PROGRAM. VERSION 4 

*** AIRFIELD HOURLY RUNWAY CAPACITY *** 

TOTAL = 77.2 ARRIVAL = 38.6 DEPARTURE = 38.6 
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From	 the above, construction of an additional exit 
taxiway increases the hourly capacity of the runways 
by some 3 to 4 operations per hour. Strictly from 
the standpoint of increasing the hourly capacity of 
the runway, an additional exit taxiway at 3,500 feet 
from	 the runway threshold would be preferred slightly 
over	 an additional exit taxiway at 4,500 feet. 

33.	 COMPUTERIZED TECHNIQUE FOR DETERMINING ANNUAL DELAY TO 
AIRCRAFT ON RUNWAYS. Figure 3-4 summarizes the data re
quests and valid input format for the computerized annual 
delay technique. 

All entries to the computerized annual runway delay tech
nique are integers; certain combinations of integers are 
percentages that must sum to 100. The remote terminal 
types an error message if letters or symbols are entered 
or if the appropriate percentages do not sum to 100. 

Figure 3-5 is a worksheet for the annual delay technique. 
Because of its volume, input data should be recorded on 
the worksheet prior to computer access. In addition, the 
user should check that the appropriate percentages sum 
to 100. 

Annual delay to aircraft on runways is quite sensitive 
to a	 number of factors including annual demand, hourly 
and daily patterns of demand, hourly capacities for 
various operating conditions (e.g., runway use, ceiling 
and visibility), and the occurrence of operating condi
tions. Therefore, it is strongly recommended that actual 
data	 for the airport under consideration be used when
ever	 possible. However, optional built-in data concern
ing certain of these factors are available in the compu
terized technique for parametric analyses. The optional 
built-in data are: 

•	 Percent of annual demand-in each month 

•	 Frequency of VFR, IFR, and PVC condi
tions in each month 

•	 Percent of weekly demand in each day 

•	 Percent of daily demand in each hour 

A complete description of built-in data is presented in 
a companion report; 3 in addition, the input summary typed 
by the remote terminal as part of the output includes a 
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listing of any built-in data used in a particular applica
tion of the computerized technique. Nonetheless, because 
of the sensitivity noted above, the user should exercise 
caution when interpreting the results of applications in
volving built-in data. 

a.	 Data Requests and Acceptable Inputs. The following 
is a more detailed description of the data requests 
in Figure 3-4 and the acceptable inputs. 

ENTER ANNUAL DE~ffiND 

Annual demand is the number of aircraft operations 
that desire to use the runway component in the year. 
Aircraft operations include arrivals, departures, 
and touch-and-go operations. As described in Para
graph 5.a. (5) on page 6, a touch-and-go is counted 
as two aircraft operations. As noted in Paragraph 
31 on page 142, commas should not be used when en
tering a number greater than 999 (e.g., enter 225000 
instead of 225,000). 

ENTER FOR EVERY MONTH 

PERCENT OF ANHUAL DEMJ.I..ND 

PERCENT OF MONTH IN VFR, IFR, AND PVC 

JANUARY 

The user should enter four numbers on the line im
mediately below the word JANUARY (e.g., 7.6 96 3 1). 
A space should separate each number. The first 
number is percent of annual demand in January; the 
second, third, and fourth numbers are the percents 
of the time VFR, IFR, and PVC, respectively, occur 
in January. 

The second, third, and fourth numbers must sum to 
100; otherwise, the remote terminal repeats the 
request for JANUARY data. 

The remote terminal requests data for FEBRUARY as 
soon as data in valid format are entered for 
January. This process is repeated until data are 
entered for all twelve months. The remote terminal 
repeats the entire data request if the percents of 
annual demand for the 12 months do not sum to 100. 
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The user can determine monthly and annual demand 
from air traffic activity records or air traffic 
forecasts. Sources on the monthly occurrence of 
ceiling and visibility conditions include the ap
propriate office of the National Weather Service 
and the Flight Service Station as well as the 
National Climatic Center in Asheville, North Caro
lina. Information on the percent of time each con
dition occurs during peak periods should be used, 
if available. 

As emphasized previously, the user should enter 
specific airport data if available. However, there 
are	 seven optional built-in distributions of the 
percent of annual operations per month. These 
built-in distributions are based on historical air 
traffic activity records and can be employed by 
entering the appropriate code letter (defining the 
monthly distribution of operations) as the input 
for	 JANUARY. 

The	 code letters and distributions are as follows: 

PERCENT OF ANNUAL OPERATIONS PER MONTH 

Code 
Letter Distributiona 

A	 Uniform (i.e., the same percentage per month) 

B	 High-activity air carrier airport with a small 
monthly variation (based on data for Chicago 
O'Hare International Airport) 

C	 High-activity air carrier airport with a moder
ate monthly variation (based on data for 
San Francisco International Airport) 

D	 High-activity air carrier airport with a sub
stantial monthly variation (based on data for 
Boston-Logan International Airport) 

E	 High-activity general aviation airport with a 
small monthly variation (based on data for 
Opa Locka Airport) 

F	 High-activity general aviation airport with a 
moderate month Iv variation (based on data for 
Orange County Airport) 

G	 Moderate-activity general aviation airport 
with a substantial monthly variation (based 
on data for Boeing Field/King County Inter
national Airport) 

a.	 Reference 3 contains a detailed presentation of all built-in 
distributions available in the computerized annual delay 
technique. 
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In addition, there are four built-in distributions 
of ceiling and visibility conditions. These built 
in distributions can be employed by entering the ap
propriate code letter as input for January. The 
code letters and distributions are as follows: 

OCCURRENCE OF CEILING AND VISIBILITY CONDITIONS PER MONTH 

Code 
Letter Distri~utiona 

A 99% VFR, 1% IFR, 0% PVC (based on 
for Miami International Airport) 

data 

B 95% VFR, 4% IFR, 1% PVC (based on 
for Tulsa International Airport) 

data 

C 88% VFR, 11% IFR, 1% PVC (based on data 
for Boston-Logan International Airport) 

D 80% VFR, 18% IFR, 2% PVC (based on data 
for Los Angeles International Airport) 

a.	 Reference 3 contains a detailed presentation 
of all built-in distributions available in the 
computerized annual delay technique. 

ENTER IFR AND PVC OPERAT~ONS AS A PERCENT OF VFR 
OPERATIONS 

This data request requires two numbers (each between a 
and 100). The first number is the typical ratio of 
daily demand in IFR conditions to daily demand in 
VFR conditions times 100. 

The second number is the typical ratio of daily demand 
in PVC conditions to daily demand in VFR conditions 
times 100. 

ENTER DAILY OPERATIONS AS A PERCENT OF WEEKLY 
OPERATIONS 

MONDAY 

This data request requires one number (between a 
and 100) be entered. The remote terminal types 
TUESDAY after the entry for MONDAY; the process is 
repeated until the user has made an entry for each 
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day of the week. The remote terminal repeats the 
entire data request if the seven entries do not sum 
to 100. 

The user can determine data on daily and weekly de
mand from air traffic activity records or air traf
fic forecasts. As emphasized previously, specific 
airport data should be used if available. However, 
six built-in distributions of the daily percentages 
of weekly operations are set forth below. These 
distributions are based on air traffic activity 
records and can be used by entering the appropriate 
code letter as the percentage for MONDAY. The par
ticular day of the week which has the highest per
cent of the week's operations has no impact on an
nual delay. More important is the magnitude of 
the seven numbers defining the daily percentages of 
weekly operations. 

PERCENT OF WEEKLY OPERATIONS PER DAY 

Code 
Letter Distributiona 

A	 Same demand per day 

B	 Peak day equals 1.15 m~n~mum day (based on 
data for Chicago O'Hare International Air
port) 

C	 Peak day equals 1.25 minimum day (based on 
data for Orange County Airport>. 

D	 Peak day equals 1.50 minimum day (based on 
data for Opa Locka Airport) 

E	 Peak day equals 1.70 minimum day (based on 
data for Washington National Airport) 

F	 Two days each with 25% of the weekly de
mand; five days each with 10% of the 
weekly demand 

a.	 Reference 3 contains a detailed presentation of 
all built-in distributions available in the com
puterized annual delay technique. 
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ENTER HOURLY OPERATIONS AS A PERCENT OF DAILY 
OPERATIONS 

0-1 

This data request requires one number (between a 
and 100) be entered for each hour of the day. After 
the user enters data for Hour 0-1, the remote terminal 
automatically types 1-2. This process is repeated 
through the Hour 23-24. The remote terminal repeats 
the entire data request if the 24 numbers do not sum 
to 100. 

The user can determine data on hourly and daily de
mand from air traffic activity records, field sur
veys, or air traffic forecasts. As emphasized pre
viously, specific airport data should be used if 
available. However, there are nine built-in dis
tributions of the hourly distribution of the day's 
operations, as set forth below. The user can select 
one of these distributions by entering the appro
priate code letter as the percentage during the 
Hour 0-1. 

PERCENT OF DAILY OPERATIONS PER HOUR 

Code 
Letter Distributiona 

A	 Uniform over 16 hours 

B	 Based on the three highest-activity air carrier 
airports (including Chicago O'Hare International 
Airport and Los Angeles International Airport) 

C	 Based on the fourth through tenth highest-activity 
air carrier airports (including John F. Kennedy In
ternational Airport and San Francisco International 
Airport) 

D	 Based on the eleventh through the twentieth highest
activity air carrier airports (including Philadelphia 
International Airport and Denver Stapleton Inter
national Airport) 

E Based on selected medium hub air carrier airports 
(such as Jacksonville International Airport and 
Nashville Metropolitan Airport) 

F	 Based on selected very high-activity general aviation 
airports (such as Orange County Airport) 

G Based on selected small hub air carrier airports 
(such as Fresno Air Terminal and Toledo Express 
Airport) 

H	 Based on selected high-activity general aviation 
airports (such as Long Beach Airport) 

I	 Based on selected moderate-activity general aviation 
airports (such as Palo Alto Airport) 

a.	 Reference 3 contains a detailed presentation of all built 
in distributions available in the computerized annual delay 
technique. 
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ENTER DEMAND PROFILE FACTOR 

This data request requires one number (i.e., 25, 30, 
35, 40, 45, or 50). The user should derive the de
mand profile factor in accordance with the procedures 
in Paragraph 21.f. (3) on page 25. 

ENTER THE FOLLOWING FOR EVERY VFR RUNWAY USE: RUN
WAY USE DIAGRAM NUMBER FROM FIGURE 2-2, MIX INDEX, 
HOURLY RUNWAY CAPACITY, AND PERCENT OF VFR 

This data request requires one or more lines of data, 
with one line of data for each specific runway use 
in VFR conditions. The user enters the first number 
per line as an integer between 1 and 122 corresponding 
to the runway use diagram number in Figure 2-2. The 
second number is entered as an integer between 0 and 
180 corresponding to the appropriate mix index defined 
in Paragraph 2l.a. (3) on page 23. 

The user enters the third number as an integer between 
o and 500 corresponding to the hourly runway capacity 
of the runways computed using the procedures in Para
graph 22 on page 27, or in Paragraph 32 on page 144. 
The fourth number line is entered as an integer be
tween 0 and 100 corresponding to the percent of time 
in VFR conditions that the corresponding runway use 
occurs. The user can enter any desired number of lines 
of data; the percent VFR must sum to 100. 

The remote terminal proceeds to the next data request 
when the fourth numbers sum to 100. The remote termi
nal requests new data if the fourth numbers sum to 
over 100. 

The user should not consider runway uses which are 
only used during low-activity time periods (e.g., off
peak periods). It is recommended that only runway 
uses occurring for at least 2% of the time in VFR be 
considered. possible sources of runway use informa
tion at a particular airport include field observa
tions, FAA air traffic control tower personnel, or 
airport management. 
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ENTER THE FOLLOWING FOR EVERY IFR RUNWAY USE: RUN
WAY USE DIAGRAM NUMBER FROM FIGURE 2-2, MIX INDEX, 
HOURLY RUNWAY CAPACITY, AND PERCENT OF IFR 

This data request concerns runway uses in IFR condi
tions and parallels the input format of the preced
ing data request. The remote terminal proceeds to 
the next data request when tr.e fourth numbers sum 
to 100. 

ENTER THE FOLLOWING FOR EVERY PVC RUNWAY USE: RUN
WAY USE DIAGRAM NUMBER FROM FIGURE 2-2, MIX INDEX, 
HOURLY RUNWAY CAPACITY, AND PERCENT OF PVC 

This data request concerns runway uses in PVC condi
tions. and parallels the input format of the two pre
ceding data requests. The user should enter data 
for this data request even if PVC conditions do not 
occur (e.g., enter 1 11100). 

The computer automatically computes annual delay to 
aircraft on the runways when the fourth numbers sum 
to 100. 

DO YOU WISH TO DETERMINE ANNUAL DELAY FOR ANOTHER 
ANNUAL DEMAND? 

This data request is made after the remote terminal 
types the output for the previous case. If a Y 
response is given, the remote terminal will type the 
following data request. 

ENTER ANNUAL DEMAND 

The user enters the response as an integer. 

The remote terminal then calculates annual delay 
assuming all other inputs are identical to those used 
in the previous case. If any response other than 
Y is given, the remote terminal types the following 
data request. 

DO YOU WISH TO PERFORM ANOTHER CALCULATION? 

With a Y response to this data request, the remote 
terminal repeats the entire series of data requests 
for the annual delay technique. Any other response 
automatically terminates the connection between the 
remote terminal and the computer; data on computer 
time used is typed by the remote terminal. The user 
can disconnect the telephone at this time. 
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b.	 Computerized Annual Delay Input Summary and Output. 
The input summary is typed immediately after PVC run
way use data are input. The input summary lists the 
data used to determine annual delay; the built-in 
data will be typed if a code letter was used during 
the data entry sequence. 

The output includes the delay distribution, the total 
annual delay, and the average delay per operation. The 
delay distribution lists the percent of the aircraft 
delayed per time interval. The time intervals are 
0.2 minutes each for times under two minutes; there
after, one minute time intervals are used up to 100 
minutes; the last time interval is for all aircraft 
delayed over 100 minutes. The time interval is not 
printed if it has zero percent of the aircraft. The 
total annual runway delay is in hours and the average 
delay per runway operation is in minutes. 

Example 3, Annual Delay, Two Parallel Runways 

Determine the annual runway delay at an airport which 
has the following runway configuration. 

L OO~T.c:========::::J 

This runway configuration is used with arrivals and 
departures on both runways (runway use diagram number 9 
from Figure 2-2) or as a single runway (runway use dia
gram number 1 from Figure 2-2). The annual demand is 
315,000 operations per year. 

The information typed at the remote terminal for this 
example is presented on page 163. The data entered by 
the user are enclosed for illustration. An input error 
was made to illustrate the error messages. The actual 
data	 typed at the remote terminal contains more blank 
lines to separate data and contains over 60 lines for 
the output delay distribution; not all of these lines 
are included in the example printout for brevity. The 
total delay is 31,878 hours and the average delay is 
6.1 minutes per operation. 
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.- COMPUTERIZED ANNUAL DELAY .
VERSIOO I (MAY 1976) 

ENTER ANNUAL OfMANOS ENTER THE FOllOWING FOR EVERY VFR RUNWAY USAGE: 
(315DDD) RUNWAY USE DIAGRAM NUMBER FROM FIGURE 2-2, MIX INDEX. 

HOURLY RUNWAY CAPACITY, AND PERCENT OF VFR DAYS USED 
ENTER FOR EVERY MONTH: 1

PERCENT OF ANNUAL DEMANDS (9 3D 143 85) 
PERCENT OF "'lNTH WHW' IS VFR. lFR. 2
AND PVC ~ 

ENTER THE FOllOWING FOR EVERY IFR RUNWAY USAGE: 
RUNWAY USE DlAGP.AH NUMBER FROM FIGURE 2-2, MIX INDEX, 
HOURLY RUNWAY CAPACITY. AND PERCENT OF IFR DAYS USED 

d-7D 68 95) 
ERROR: INPUT MUST BE FOUR NUItlERS, 2
THE LAST THREE NUMBERS MUST SUM TO 100 ~ 

ENTER THE FOllOWING FOR EVERY PVC RUNWAY USAGf: 
RUNWAY USE DIAGRAM NUMBER FROM FIGURE 2-2, MIX INDEX.• HOURLY R(JlwAY CAPACITY. AND PERCENT OF PVC DAYS USED 

d-80 61 90) 
2
~ 

U* INPUT Sl.MtA.RY -* 
COMPUTERIZED ANNUAL OElAY 

VERSlOO I (MAY 1976) 

ANNUAL OPERATIONS 315000 

% OF MONTHLY WEATHER %ANNUAL 
MONTH OPERATIONS VFR lFR PVC 

JAN 5.3 84 15 
FEB 6.8 87 12 
MAR 8.3 86 13 
APR 9.5 86 13 

ENTER I FR AND PVC DPERATIOOS AS A HAY 9.5 87 11 
~NT OF VFR DPERATIOOS JUN 9.2 89 10 
~ JUl 10.6 91 8 

AUG 10 90 9 
ENTER DAilY OPERATIOOS AS A SEP 11.5 91 8 
PERCENT OF WEEKLY OPERATIOOS OCT 7.5 87 12 

NOV 6.6 90 9 
DAY OCC 5.2 89 10 

tOC 

1
\tl::~Y 

URSDAY 
1 
31 DAY 

DAilY OPERATIOOS (lFR DAY)/(VFR DAY) • 55% 
DAILY OPERATIONS (PVC DAY)/(VFR DAY) • 40% 

DAllY OPERATlOOS AS A PERCENT OF WEEKLY OPNS. 
'''IN TUES WED THU FRI SAT 
14 13 12 12 15 18 

HOURLY OPNS AS A PERCENT OF DAILY OPNS 

SUN 
16 

*TURDAY 

~DAY 
@ 

0-1 
1-2 
2-3 

0 
0 
0 

6-7 
7-8 
8-9 

1.2 
5.4 
8.2 

12-13 
13-14 
14-15 

7.3 
IO.Z 
11.5 

18-19 
19-20 
20-21 

3.2 
1.7 
0.7 

3-4 0.1 9-10 9.3 15-16 10.7 21-22 0.1 
ENTER HOURLY OPERATIOOS AS A 4-5 0.2 10-11 7.4 16-17 9.8 22-23 0 
PERCENT OF DAllY OPERATIOOS 5-6 0.5 11-12 6.2 17-18 6.3 23-24 0 

0-1 
@
@Z 

OCHANO PROFILE FACTOR' 25 

VFR RUNwAY USAGES 

2-3 
@ 

FIG 
NO. 

MIX 
INDEX 

HOURLY 
CAPACITY 

% DAYS 
USED 

3-4 
ID.Tl
M 
<M 

3D 
35 

143 
71 

85 
15 

5-6 
@ 

IFR RUNWAY USAGES 

6-7 
(Q) 
II 
(M) 
8-9 

70 
70 

PVC RUNWAY USAGES 

68 
55 

95 
5 

@ 80 61 90 
9-10 

@ 
80 52 10 

J!k11 ****-* ••• ****** 
<.MJ 
l.!=.12 
~ 
12-13 AIlIWAL SUI1MARY 

<LJ) 
13-14 

@4l 
14-15 

<TI:5l 
lS:T6 
C!Dl 
16-17 

@ 
17-18 

LESS THAN 

0,2 
0, ~ 

0.5 
0.3 

AVERAGE DELAY 
<mIlUTESl 

AT LEAST 

0,0 
0,2 
O,~ 

0,5 

DISTRIBUTION 
PERCENT 

OCCURREIICE 

51. 023 
3,917 
3,300 
2.272 

CQl
18-19 

@ 
19-20 

(Q) 
20-21 90,0 91.0 0,393 

@dl 
21-22 

MORE THAN 100,0 0,483 

ID.Tl 
22-23 11EAN OF AVERAGE DELAY = 6,07 
@ 
23-24 

@ 
STANDARD DrvIA,TIOI! - '1.99 

,gTER DEMAND PROFILE FACTOR AiiiiUAL DELAY 
ANIIUAL DEI1AND 

31877.823 HOURS 
315000 DPERATlQ;IS 

AVERAGE DELAY 5, 07 ~II iWTES-A I RCRAFT 
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Example 4, Annual Delay, Two Parallel Plus an Intersect
ing Runway 

Determine the annual runway delay at an airport which 
has the following runway configuration. 

This runway configuration is used as two parallel run
ways, two intersecting runways, or as a single runway. 
The annual demand is 425,000 operations per year. 

This example makes extensive use of the built-in data. 
It is recommended that airport specific data be used 
whenever possible; the built-in data are provided for 
parametric analyses and where airport specific, data 
are not readily available. 

The information typed at the remote terminal for this 
example is presented on page 165. The data entered by 
the user are enclosed for illustration. As in Example 3, 
not all of the output delay distribution data are printed 
for brevity. The total delay is 28,004 hours and the 
average delay is 4.0 minutes. 

/
---_/ 
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ENTER ANNUAL DEMAND L£MAN D PROFI LE FACTDR • 30 
(425DDD) 

VFR RUNWAY USAGES 
ENTER FDR EVERY MONTH: 

PERCENT DF ANNUAL DEMAND FIG. MIX HOURLY S DAYS 
PERCENT DF MONTH WHICH IS VFR, IFR, ND. INDEX CAPACITY USED 
AND PVC 

9 60 120 70 
JANUARY 43 60 91 25 

@ 1 60 64 5 

ENTER IFR AND PVC DPERATI<JlS AS A I FR RUNWAY USAGES 
PERCENT DF VFR DPERATI<JlS 

ill]Q) 2 95 66 85 
43 95 66 13 

ENTER DAILY DPERATI<JlS AS A PERCENT I 95 54 2 
OF WEEKLY DPERATI<JlS 

PVC RUNWAY USAGES 
ItlHDAY 

lD5 57 92© 110 S1 8 
ENTER HOURLY OPERATI<JlS AS A PERCENT 
OF DAILY OPERATI<JlS 

0-1 
® 

ANNUAL SUI1MARY 
~TER DEMAND PROFILE FACTOR 

AVERAGE DELAY DISTRIBUTIDN 
<fIlIIUTES) PERCENT

ENTER THE FOLLOWING FOR EVERY VFR RUNWAY USAGE: 
AT LEAST LESS THAN OCCURRENCERUNWAY USE OIAGRAM NUMBER FROM FIGURE 2-2, MIX INDEX, 

HDURLY RUNWAY CAPACITY, AND PERCENT OF VFR DAYS USEO 0,0 0,2 25,554 
1- 0,2 0,4 21.128 

(9 6D 120 70) 0,4 0,6 7,360
2 0,6 0,8 8,829 

~,8 1.0 3,278 
1.0 1.2 2,556 

80,0 81.0 0,317 

MEAN OF AVERAGE DELAY = 3,95 
STANDARD DEVIATION = 4,33 

****************************************** 
AliNUAL DELAY 28004, 058 HOURS 
ANI,UAL DEI1AND 425000 OPERATIOI,S 
AVERAGE DELAY 3,95 MINUTES-AIRCRAFT 

(2 105 57 92) 
2

(I 110 51 8) 

.** INPlIT SlM4ARY *** 
COMPUTERI lED ANNUAL DELAY 

VERSION I (HAY 1976) 

ANNUAL OPERATI<JlS 425000 

S OF MONTHLY WEATHER S 
ANNUA~ 

ItlHTH OPERATI<JlS VFR IFR PVC 

JAN 7.8 88 10 
FEB 7. I 89 9 
HAR 8. I 91 7 
APR 8. I 96 4 
HAY 8.4 96 4 
JUN 8.7 98 2 
JUL 9.0 98 2 
AUG 9.0 99 I 
SEP 8.7 97 3 
OCT 8.7 94 5 
NDV 8.4 95 4 
DEC 8.0 90 8 

DAILY OPERATI<JlS (IFR DAY)/(VFR DAY) • 75S 
DAILY OPERATI<JlS (PVC DAY)/(VFR DAY) • 7DS 

DAILY OPERATIONS AS A PERCENT OF WEEKLY OPNS 

ItlH TUES WED THU FRI SAT SUN 

15 13 13 14 16 14 15 

HOURLY DPNS AS A PERCENT OF DAI LY OPNS 

0-1 1.8 6-7 0,8 12-13 5,2 18-19 8,1 
1-2 1.0 7-8 3,1 13-14 5,6 19-2D 8,4 
2-3 0,6 8-9 7,3 14-15 4,5 20-21 6.1 
3-4 0,5 9-10 6,5 15-16 4,9 21-22 3,5
4-5 0,1 10-11 4,1 16-17 6,8 22-23 2,9
5-6 0,3 11-12 5,9 17-18 9.7 23-24 2,1 
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DATA REQUEST 

DO YOU WANT A DESCRIPTION 
AND IMPLEMENTATION SCHEDULE 
FOR FUTURE ATC SYSTEMS? 

EfllER PRESENT OR FUTURE 
ATC SYSTEM (P Fl F2 G3 H4) 

ENTER VFR, IFR, OR PVC 

DO GA AIRCRAFT FLY A SHORT 
FINAL APPROACH? 

ENTER RUNWAY USE DIAGRAM 
NUMBER (1-51) 

ENTER AIRCRAFT MIX PERCENT 
CLASS ABC D) FOR EACH 
PRINTED RUNWAY NUMBER 
1
2
3
4

ENTER SEPARATION "S" BETWEEN 
PARALLEL RUNWAYS (FEET) 

ENTER DISTANCE "X" BETWEEN 
THRESHOLD AND INTERSECTION FOR 
EACH PRINTED RUNWAY NUMBER (FEET) 
1 
2 
3 
4 

ENTER ANGLE "A" BETWEEN 
NONPARALLEL RUNWAYS (DEGREES) 

ENTER DISTANCE "D" BETWEEN THE 
THRESHOLD AND CENTERLINE OF 
NONPARALLEL RUNWAY (FEET) 

ENTER PEKCENT ARRIVALS 

EtHER PERCENT TOUCH AND GO 

ENTER EXIT DISTMCES MID RUNWAY 
LENGTH (FEET> FOR EACH PRI~jTED 

RUNHAY NU~lBER. IDE11TlFY HIGH 
SPEED EXITS \IITH A~l "H" AFTER 
DISTANCE. ENTER "W" AFTER RUm~AY 

LENGTH TO IDENTIFY WET RUNWAY 
1 
2 
3 
4 

DO YOU WISH TO PERFORM 
AtWTHER CALCULATION? 

APPLI CAB ILITY 
OF DATA 
REQUEST 

After 
accessing 
computer 

Always
used 

Always 
used 

VFR 
only 

Always 
used 

For all 
runways in 
the runway 
use diagram 

R/W Use Diag. 
2-12,17,27,28 

R/W Use Di ag.
23,24,25,26. 
For all 
runways. 

R/W Use Diag.
31,33,35,39, 
42,44,46,50 

R/W Use Di ag.
31,33,35,39, 
42,44,46,50 

Always
used 

VFR only 

Based on 
runway use 
diag. 

After 
output 

VALID 
INPUT 

y or n 

p, fl, f2 
g3, or h4 

v, i, or p 

y or n 

Integer 
1 thru 51 

Four integers
which sum to 
100. Use the
 
same mix for
 
all runways.
 

Integer 

Integer
under 10000 

Integer
1 thru 90 

Integer 

Integer 
o thru 100 

Integer less
than 2(% Arrivals)
and 2(lOO-%
Arrivals) 

Integers in 
ascending order,
separated by a 
space. An 'h' 
can be entered 
after any number 
of exits. A 'w' 
after no. 1 
runway length 
identifies wet 
runways. 

y or n 

MESSAGE FOR INVALID DATA 

Any response other than Un" is treated 
as a yes reply. 

ERR: INCORRECT ATC SYSTEM 

ERR: MUST BE VFR, IFR, OR PVC 

ERR: ANSWER MUST BE YES OR NO 

ERR: RUNWAY USE DIAGRAM NUMBER 
MUST BE BETWEEN 1 &51 

ERR: MIX PERCENTAGES DO NOT 
TOTAL 100 FOR RUNWAY REENTER 

The data request is repeated if the 
entry isn't an integer. 

ERR: THRESHOLD TO INTERSECTION DISTANCE 
MUST BE AN INTEGER BETWEEN 0 &9999 

ERR: ANGLE MUST BE AN INTEGER 
BETWEEN 1 & 90 

The data request is repeated if the 
entry isn't an integer. 

ERR: PERCENTAGE MUST BE AN INTEGER 
BETWEEN 0 & 100 

ERR: PERCENTAGE MUST BE AN INTEGER 
BETWEEN 0 & 

ERR: EXIT DISTANCES MUST BE POSITIVE 
INTEGERS ENTERED IN ASCENDING ORDER. 

ERR: EXIT IS TREATED THE SAME AS 
THE PREVIOUITXIT, NO TWO EXITS MAY 
BE THE SAME. REENTER. 

Program automatically terminates for 
any entry except "y." 

SUMMARY OF DATA INPUT FOR COMPUTERIZEDFIGURE 3-1 
HOURLY RUNWAY CAPACITY TECHNIQUE 
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RUNWAY USE DIAG. ADDITIONAL RUNWAY USE DIAG. ADDITIONAL RUNWAY USE DIAG. ADDITIONAL 
DIAGRAM NO. DATA DIAGRAM NO. DATA DIAGRAM NO. DATA 

1 1 2¢I I. 1 1 I. 
2 C 

¢~¢I , 
13 23 X,X3 M 

I. 

¢~ C •I 1 

¢l i 

S 2 S 2
2 • ¢l 

I 
¢*. 

, 
24 X,XS C 

I I. 
143 M •I '.¢l 4 c 

I. 
3 S 

¢! I 
2 S 

I.1 

I .~1 
I 

C '. 8~ 25 X,X,X,X
¢f I 

15 2 X 
1 3 M ••¢! I. I I. 

(} S 4 S ¢f C 
I.I 

.~, c X 

1 ~5~· 26 X,X,X,X
¢I I 

2 X •2 C 
1 I I. ••¢I I. 5 S 3 M 16 

¢f 
S I I.I. 4 C 

¢I '. ._---
1 '.¢I 

1 2 c 
¢f c :. ¢I I 

17 S LEGEND,,3 M,S 
5 6 S '.'a=~ ¢ Indicates that an arrival 

¢~ I i • ,+ (or landing) may occur on 
the runway indicated. 

(,,1 1 • I ndicates that a departure
I (>1 I. (or takeoff) may occur on

2 C ¢r c'. 7 S I 
18 

the runway indicated. 

¢,J 
5 3 M 

I. 1 '. The lack of a symbol means that4 C 
l~1 I aircraft operations will not 

or cannot occur from the 
1 runway indicated., •, 2 C 1 

'VI 8 S Vi 
C :. 

¢,3 
S . 2 S Indicates a variable runway,. .,1 

19 spacing (feet).
3 M 
1 

,.
4 C C Indicates runway spacing

1 (~)! '. category 700-2499 feet.':> '.¢,2 C 
9 S 1 X Indicates distance from 

3 S (''2i=. threshold to intersection'. ¢= • (feet). 

3 M 20 
¢l 

<, L::-----=:::J A Indicates the angle between, 4 C 
nonparallel runways

¢2 C '.'. 10 S (degrees). 

,d S '. 1 D Indicates distance from<, I. 
,2 C centerline of runway 1. 
S ., '. to threshold of far non

¢1 
1 • . 3 M 21 parallel runway (feet) . 

, 2 C 
l",'! , 

11 S 4 CVI '. I. 
3 S M I nd icates runway spacing 

:~ '. I over 3500 feet. 

1 

1 
,:·c=.
,2 C 

(" '. r~ " '. 22,2 C 
.r 3 M

(",'I I. 12 S ,. 
,3 S 

..,. 
4 C

;:.'. ,. <.j I. 

FIGURE 3-2 RUNWAY USES FOR COMPUTERIZED TECHNIOUE 
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DIAG.RUNWAY USE ADDITIONALADDITIONALRUNWAY uSE DIAG.DIAG. ADDITIONALRUNWAY USE 
DIAGRAM NO. DATADIAGRAM NO. DATANO. DATADIAGRAM 

E 
1


27
 S¢~+ :E=C~3 
36
. , 44
 D,A~~.3A \ ,.(I

28
 S¢ S~ + 
¢ ~+ 

1
• :EC:----:¢1
 45

~Lc~ 

\
 37
 
¢I '\:

29
 

, 
~ 

1
\ • 87=cOp:1
 46
 D,A
~~8 

~,.38
 
+1 , 

30
 

f, ~\ ~c~~CJ 47

~~~: 39
 D,A p 

¢I ,+ 
D,A31
 

, 
.* 

1
 

D~ 
JI ~Lc~ 

48
4~, 
¢ol1
 

+, '¢ ~,.,.40
 

\
 
32
 

,. 
CJ L c~g 

49

I~+1 , 

1
 41
 ~ 
8:C=c~+ ,~

33
 D,AD\A 
* 

¢ol ,+ ~:tt: 50
 D,AD,A1
 42

:t=co=:;0 ~,.34


\ , I
, 
:FC~8

1
 li3 51
43
1
8Lc5:
+ 

~~}35
 D,A I)D., 
* 

FIGURE 3-2 RUNWAY USES FOR COMPUTERIZED TECHNIQUE (CONTINUED) 
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'tl 
APPLICABILITYIII

I 
OF DATAlQ DATA REqUEST	 REQUEST

(l) 
DD YDU WANT A DESCRIPTION After
 

I-'
 AND IMPLEMENTATIDN SCHEDULE accessing 
FOR FUTURE ATC SYSTEMS? computer-...I
 

0
 E!tTER PRESEilT OR FUTURE Always 
ATC SYSTEJI (P Fl F2 G3 N~) used 

ENTER VFR, IFR, OR PVC	 Always 
used 

00 GA AI RCRAFT FLY A SHDRT VFR 
FINAL APPROACH? only 

ENTER RUNWAY USE DIAGRAM Always 
NUMDER (I - 5I) used 

ENTER AIRCRAFT MIX PERCENTAGE For a11 
(CLASS ABC D) FOR EACH runways in 
PRINTED RUNWAY NUMBER the runway 
1- use diagram 
2
3
4

ENTER SEPARATION "S" BETWEEN RjW Use Di a9. 
PARALLEL RUNWAYS (FEET) 2-12,I7,27,2B 

ENTER DISTANCE IIX II BETWEEN	 R/W Use Diag. 
THRESHOLD AND INTERSECTION FOR 23,24,25,26. 
EACH PRINTED RUNWAY NUMBER (FEET) For a11 
I runways. 
2 
3 
4 

ENTER ANGLE "A" BETWEEN R/W Use Oi ago 
NONPARALLEL RUNWAYS (DEGREES) 31,33,35,39, 

42,44,46,50 

ENTER DISTANCE "D" BETWEEN THE R/W Use Dia9. 
THRESHDLD AND CENTERLINE OF 31,33,35,39, 
Nm~PARALLEL RUNWAY (FEET) 42,44,46,50 

ENTER PERCENT ARRIVALS	 Always 
use 

ENTER PERCENTTOUCH AND GO	 VFR only 
I 

EllTER EXIT DISTAlICES AaD RU~IWAY 

LBIGTH {FEET> FOR EACH PRINTED Based on 
runway useRUIIWAY :IU~BER. IDelT IFY HIGH di.g.

SPEED EXITS WITH 1.:1 "H" AFTER 
DISTAIICE. EilTER "w" AFTER RUIiWAY 
l!IIGTH TO IDeiTlFY WET RUllliAY 
I 
2 
3 
4 

00 YOU WISH TO PERFORM After
 
() ANOTHER CALCULATION?
 

::r • 
III
 
't:l
 

w 

VALID CONFIGURATION CONFIGURATION CON FI GURATI ON CONFIGURATION 
INPUT NO.1 NO.2 NO.3 NO.4 

y or n 

P, fl, f2 
93, or h4 

V, i I or P 

Y or n 

Integer 
I thru 51 

Four integers 
whi ch sum to 
100. Use the 
same mix for 
a11 runways. 

Integer 

Integer 
under 10000 

Integer 
I thru 90 

Integer 

Integer 
o thru 100 

Integer less than 
2(% Arrivals) 
and 2(100-% 
Arrha 15) 

Integers in 
ascending order, 
separated by a 
space. An 'h' 
can be entered 
after any number 
of exits. A 'w' 
after no. 1 
runway length 
1dent1fies wet 
runways. 

y or n 

FIGURE 3-3 COMPUTERIZED HOURLY RUNWAY CAPACITY TECHNIQUE WORK SHEET 
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DATA REQUEST
 

ENTER ANNUAL DEMAND 

ENTER FOR EACH MONTH: 
PERCENT OF ANNUAL DEMAND 
PERCENT OF MONTH WHICH IS VFR. 

IFR. AND PVC 
JANUARY
 

thru
 
DECEMBER
 

ENTER IFR AND PVC OPERATIONS AS A 
PERCENT OF VFR OPERATIONS 

ENTER DAILY OPERATIONS AS A PERCENT 
OF WEEKLY OPERATIONS 

MONDAY
 
thru
 

SUNDAY
 
ENTER HOURLY OPERATIONS AS A PERCENT 
OF DAILY OPERATIONS 

0-1
 
1 - 2
 
thru
 

23 - 24
 
ENTER DEMAND PROFILE FACTOR 

ENTER THE FOLLOWING FOR EVERY VFR 
RUNWAY USAGE: RUNWAY USE DIAGRAM 

NUMBER FROM FIGURE 2-2. MIX INDEX. 
HOURLY RUNWAY CAPACITY. AND 
PERCENT OF VFR DAYS USED. 

ENTER THE FOLLOWING FOR EVERY IFR 
RUNWAY USAGE: RUNWAY USE DIAGRAM 

NUMBER FROM FIGURE 2-2. MIX INDEX. 
HOURLY RUNWAY CAPACITY. AND 
PERCENT OF IFR DAYS USED. 

ENTER THE FOLLOWING FOR EVERY PVC 
RUNWAY USAGE: RUNWAY USE DIAGRAM 

NUMBER FROM FIGURE 2-2. MIX INDEX. 
HOURLY RUNWAY CAPACITY. AND 
PERCENT OF PVC DAYS USED. 

DO YOU WISH TO DETERMINE ANNUAL 
DELAY FOR ANOTHER ANNUAL DEMAND? 

DO YOU WISH TO PERFORM ANOTHER 
CALCULATION? 

VALID INPUT DATA
 

An integer 

Four number per month. The second. 
third and fourth numbers must sum to 
100 for every month. The 12 first 
numbers must sum to 100. 

Two integers. both between 0 and 100. 

One number per day. The 7 numbers 
must sum to 100. 

One number per hour. The 24 numbers 
must sum to 100. 

The integer 25. 30. 35. 40. 45. or 50. 

The VFR. IFR. and PVC versions of this 
data request use an identical input
format. 

A maximum of six lines of data can 
be input. one line per runway usage.
Each line contains four numbers; the 
following defines the range of each 
number: 

1st number - integer. 1 through 122 
2nd number - integer. 0 through 180 
3rd number - integer. 1 through 500. 
4th number - number. 1 through 100 

The fourth numbers must sum to 100 for 
each of VFR. IFR. and PVC. 

y for yes or n for no. 

Program automatically terminates for 
any input other than y. 

FIGURE 3-4 SUMMARY OF DATA II\1PUT FOR COMPUTERIZED ANNUAL DELAY TECHNIQUE 
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--.:.J 
I\) 

DATA REQUEST 

ENTER ANNUAL DEMAND 

ENTER FOR EACH MDNTfl:
 
PERCENT OF ANNUAL DEMAND
 
PERCENT OF MONTfl WHICH IS VFR,
 
IFR. AND PVC 

JANUARY
 
FEBRUARY
 
MARCH
 
APRIL
 
MAY
 
JUNE
 
JULY
 
AUGUST
 
SEPTEMBER
 
OCTOBER
 
NOVEMBER
 
DECEMBER
 

ENTER IFR AND PVC OPERATIONS AS A 
PERCENT OF VFR OPERATIONS 

ENTER DAILY OPERATIONS AS A PERCENT 
OF WEEKLY OPERATI ONS 

MONDAY
 
TUESDAY
 
WEDNESDAY
 
THURSDAY
 
FRIDAY
 
SATURDAY
 
SUNDAY
 

EtlTER HOURLY OPERATIONS AS A PERCENT 
OF DAILY OPERATIONS 

o - I
 
I - 2
 
2 - 3
 
3 - 4
 
4 - 5
 
5 - 6
 
6 - 7
 
7 - 8
 
a - 9
 
9 - 10
 

10 - II
 
II - 11
 
12 - 13
 
13 - 14
 
14 - 15
 
15 - 16
 
16 - 17
 
17 - 18
 
18 - 19
 
19 - 20
 
20 - 21
 
11 - 11
 
11 - 23
 
13 - 14
 

ENTER OEMANO PROFILE FACTOR 

ENTER THE FOLLOWING FOR EVERY VFR 
RUNWAY USAGE: RUNWAY USE DIAGRAM 

NUMBER FROM FIGURE 2.1, MIX INOEX, 
HOURLY RUNWAY CAPACITY, ANa 
PERCENT OF VFR DAYS USED. 

ENTER THE FOLLOWING FOR EVERY IFR 
RUNWAY USAGE: RUNWAY USE 01 AGRAM 

NUMBER FROM FIGURE 1-1, MIX INDEX, 
HOURLY RUNWAY CAPACITY, AND 
PERCENT OF IFR DAYS USED. 

ENTER THE FOLLOWING FOR EVERY PVC 
RUNWAY USAGE: RUNWAY USE DIAGRAM 

NUMBER FROM FIGURE 1-1, MIX INDEX, 
HOURLY RltlWAY CAPACITY. AND 
PERCENT OF PVC OAYS,,,.u~EO. 

"
DO YOU WI SH TO DETERMINE ANNUAL 
DELAY FOR ANOTHER ANNUAL DEMAND? 

DO YOU WISH TO PERFORM ANOTHER 
CALCULATION? 

VALID INPUT DATA 
CONFIGURATION 

NO.1 
CONFIGURATION 

NO.1 
CONFIGURATION 

NO.3 
CONFI GURATI ON 

NO.4 

An integer 

Four number per month. The second. 
thl rd and fourth numbers must sum to 
100 for every month. The 12 first 
numbers must sum to 100. 

I 

1 

I 

Two integers, both between 0 and 100. 

One number per day. The 7 numbers 
must sum to 100. 

1
One number per hour. The 211 numbers' 
must sum to 100. 

I 

The integer 25, 30. 35. 40. 45. or 50. 

The VFR, IFR. and PVC versions of this 
data request use an identical input 
format. 

A mutmum of six 1ines of data can 
be input. one line per runway usage. 
Each line contains four numbers; the 
following defines the range of each 
number: 

1st number ~ integer, 1 through ]22 
2nd number. integer, 0 through 180 
3rd number - integer, 1 through 500 
lith number· number, 1 through 100 

The fourth numbers mus t sum to 100 for 
each of VFR. IFR I and PVC. 

y for yes or n for no. 

Program automatically tel"fll1nates for F1GURE 3-5 COMPUTERIZED ANNUAL DELAY TECHNIQUE WORKSHEET 
any input other than y. 

\ ( 

" 

III 



CHAPTER 4. AIRFIELD EVALUATION BY COMPUTER MODELS 

40.	 COMPUTER MODELS FOR CAPACITY AND DELAY. The computer 
models used to calculate capacity and delay in Chap
ters 2 and 3 are available· for users wishing more 
detailed information on airfield capacity and delay. 
This chapter briefly describes the models, the re
quired inputs, and the principal outputs, and also 
contains information on the availability of the pro
grams and instructions for their use. 

41.	 BRIEF DESCRIPTION OF COMPUTER SIMULATION MODEL. The 
model simulates the movement of aircraft from the entry 
gate of the common approach path to the gates, and from 
the gates to takeoff. The model is a critical events 
model that employs Monte Carlo sampling techniques. 
Variable time increments are used as the time flow 
mechanism (i.e., clock time is advanced by the amount 
necessary to cause the next most imminent event to take 
place). Running time for the model is therefore depen
dent on the aircraft demand levels and the size of the 
airfield network for any particular application. 

Because of the modular structure of the model, the 
total airfield or its individual components can be ana
lyzed by manipulation of the model inputs. This ap
proach is more flexible and efficient than having sepa
rate	 submodels for the individual components and a 
composite model for the total airfield. 

a.	 Principal Input Needed for Computer Simulation 
Model. Because the model is applicable to any 
airfield layout, it is necessary to input a de
scription of the airfield under consideration 
as a network of paths that aircraft will follow. 
This network is defined by dividing the airfield 
into a series of nodes and links. Other princi
pal inputs to the model include: 
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Aircraft routings 
Runway use 
Exit taxiway usage 
Runway occupancy times 
Aircraft approach velocities 
Aircraft taxiing velocities 
Aircraft gate service times 
Air traffic control rules and procedures 
Separations between aircraft 
Aircraft demand levels and characteristics 

b.	 Principal Outputs Obtained from Computer Simula
tion Model. The principal outputs of the model 
are: 

Total travel times on the airfield for 
arriving and departing aircraft 

Individual aircraft delay; magnitude and 
location (i.e., by link) 

Aircraft delay on components of the air 
field 

Total delay experienced in various loca
tions on the airfield 

Queue lengths for aircraft waiting to 
take off 

Actual aircraft operations rates (as op
posed to desired or scheduled operations 
rates) 

42.	 BRIEF DESCRIPTION OF COMPUTER ANALYTICAL MODELS. Three 
types of analytical models were developed to determine 
the hourly capacity of individual airfield components-
models for capacity of runways, taxiways crossing an 
active runway, and gates. 

Runway capacity models were developed for a large number 
of runway configurations. For determining the hourly 
capacity of a taxiway crossing an active runway, one 
model was developed. Two models were developed for es
timating gate capacity. The first model assumes that 
aircraft can use all gates available; the second model 
assumes that some aircraft cannot use all the available 
gates. 
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These models calculate capacity as the inverse of a 
weighted average service time of all aircraft being 
served. For example, if it takes an average of 45 
seconds for aircraft to be "served" on a runway, then 
the capacity of the runway equals one aircraft opera
tion per ~5 seconds, or 80 operations per hour. 

a.	 Runway Capacity Models. Information needed to 
compute the hourly capacity of runways includes 
the following: 

Runway use 
Separations between aircraft 
Ceiling and visibility 
Aircraft mix 
Percent arrivals 
Percent touch-and-go operations 
Aircraft operating characteristics 

b.	 Taxiway Crossing Capacity Model. The following 
input data are required to compute the hourly 
capacity of a taxiway crossing an active runway: 

Taxiway-runway intersection location 
Runway operations rate 
Percent arrivals on runway 
Headway between taxiing aircraft 
Runway clearance distance 
Taxiing velocity 

c.	 Gate Capacity Models. The major inputs for pur
poses of computing the hourly capacity of gates 
are: 

Number and type of gates 
Gate mix 
Gate occupancy time 

43.	 BRIEF DESCRIPTION OF ANNUAL DELAY MODEL. The annual de
lay model aggregates hourly delays to aircraft on a 
daily basis and then aggregates daily delays to provide 
an estimate of annual delay. Principal inputs to the 
model include: 

Annual demand• 
Weekly demand as a percentage of annual demand• 
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•	 Daily demand as a percentage of weekly demand 

•	 Hourly demand as a percentage of daily demand 

•	 Demand profile factor 

•	 Weather occurrence 

•	 Runway use occurrence 

•	 Capacities for each runway use and weather
 
combination
 

The outputs from the model are the average annual delay 
and total annual delays to aircraft for the annual demand 
stipulated. 

44.	 AVAILABILITY OF MODEL PROGRAMS AND APPROPRIATE INSTRUC
TIONS FOR USE. A detailed description of the models is 
contained in Report No. PAA-RD-76-128, "Hodel Users 
Manual for Airfield capacity and Delay Models," 
November 1976. Validation of the capacitv and de1av models 
at three high-activity airports is described in a com
panion report. 2 

The programs are written in a subset of Fortran IV, and 
consequently, the models can be run on a number of the 
computers available commercially. For information con
cerning the availability of the model user manual or mag
netic tapes of these programs contact: 

Chief, Airport Design Branch (ARD-410) 
Federal Aviation Administration 
2100	 Second Street, S.W. 
Washington, D.C. 20590 

45.-49. RESERVED. 
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1. 

2. 

APPENDIX 1. PRELIMINARY ANALYSIS OF CAPACITY AND DELAY 

GENERAL. This appendix describes a simplified procedure 
for obtaining an approximate estimate of hourly capacity, 
annual service volume, and annual delay to aircraft for 
various runway configurations. As stated in Chapter 1, 
this appendix should be used only when a very approximate 
estimate of capacity or delay is needed. Otherwise, 
Chapters 2 or 3 should be used in lieu of this appendix. 
The following information can be obtained using this sim
plified procedure: 

Hourly capacity of runways in VFR and IFR conditions 

Annual service volume of runways 

Annual delay to aircraft on runways 

Hourly capacities and annual service volumes for a number 
of runway configurations are presented in Figure Al-l.a 
An approximate estimate of average aircraft delay per 
year for any runway configuration can be obtained from 
Figure Al-2. The figures are based on a number of 
assumptions which are described below. It is emphasized 
that if conditions at an airport differ significantly 
from these assumptions, the procedures in Chapters 2 
or 3 should be used. 

ASSUMPTIONS. The assumptions made in the preparation of 
Figures Al-l and Al-2 are as follows: 

a.	 Aircraft Mix. As defined in Chapter 1, aircraft 
mix is expressed in terms of four aircraft classes, 
i.e., A, B, C, and D. Sources of aircraft mix in
formation for a particular airport include air 
traffic forecasts, field surveys, and air traffic 
activity records. 

For purposes of determining runway capacity using 
Figure AI-I, information on aircraft mix must be 
converted to a mix index according to the follow
ing formula: 

a. Figures Al-l and Al-2 are located at the end of this appendix. 
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Mix Index = [Percent of Aircraft in Class C] 
+ 3 x [Percent of Aircraft in Class D] 

or, , 

Mix Index = Percent (C+3D) 

Five ranges of aircraft mix index were established 
for use of Figure AI-I, as follows: 

Mix Index-
Percent (C+3D) 

oa to 20% 
21 to 50 
51 to 80 
81 to 120 

121	 to 180 

b.	 Runway utilization. The hourly capacities shown in 
Figure Al-l correspond to the runway utilization 
which produces the largest capacity consistent with 
current air traffic control procedures and practices. 

It is also assumed that one-half (50%) of the demand 
for the use of the runways is by arriving aircraft. 
Thus, the number of arriving and-departing aircraft 
in a	 specified period of time i·s equal. 

c.	 Touch-and-Go Operations. The following percentages 
of touch-and-go operations are assumed in Figure AI-I: 

Mix Index-- Percent 
Percent (C+3D) Touch-and-Go 

0 to 20% 0 to 50% 
21 to 50 0 to 40 
51 to 80 0 to 20 
81 to 120 0 

121 to 180	 0 

a. All aircraft are of Classes A and/or B. 
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d.	 Taxiways. It is assumed that sufficient taxiways 
exist to permit capacity of the runways to be fully 
realized. 

e.	 Taxiway Crossing an Active Runway. The impact on 
capacity of a taxiway crossing an active runway is 
assumed to be negligible. 

f.	 Airspace and Aids to Navigation. It is assumed that 
there is sufficient airspace to accommodate all air 
craft wishing to use the runways. In addition, it 
is assumed~that aircraft operations are conducted in 
a radar environment and at least one runway is equipped 
with an ILS. 

g.	 Annual Service Volume. The annual service volumes 
shown on Figure Al-l are based on the following 
assumptions: 

(1)	 IFR conditions occur 10% annually. 

(2)	 For Runway Configuration Diagrams Nos. 2 
through 27 the utilization of the runways 
which produces the largest hourly capacity 
is assumed to occur 80% of the year. An 
alternative utilization of the runway which 
produces a smaller capacity is assumed to 
occur 20% of the year. 

A complete listing of runway utilization 
assumptions is set forth in a companion 
report. 2 

(3)	 As described in Chapter 2, annual service 
volume is dependent on the ratio of annual 
aircraft operations to daily aircraft opera
tions during the peak month (D) and on the 
ratio of average daily aircraft operations 
to average peak hour aircraft operations dur
ing the peak month (H). 

The following values of D and H were assumed 
for the mix indices shown in Figure AI-I: 
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Percent (C+3D) D H 

0 to 20 290 9 
21 to 50 300 10 
51 to 80 310 11 
81 to 120 320 12 

121 to 180 350 14 

h.	 Annual Delay. Annual delay to aircraft on run
ways is quite sensitive to a number of factors 
including annual demand, hourly and daily de
mand patterns, hourly capacities for various 
operating conditions (e.g., runway use, ceiling 
and visibility), and the occurrence of operating 
conditions. 

The order of magnitude relationship between aver
age annual delay per aircraft and annual service 
volume depicted in Figure Al-2 was derived from 
historical traffic records for a number of high
activity airports and a range of assumptions on 
likely operating conditions. Typically, the 
upper portion of the shaded band on Figure Al-2 
is representative of airports primarily serving 
air carrier operations (i.e., above the dotted 
curve); airports serving primarily general 
aviation operations may typically fall any
where within the entire shaded band. The 
dotted curve on Figure Al-2 is the average of 
the upper and lower limits of the band indicated. 

In the event a more precise estimate of annual 
delay to aircraft is needed, use of the pro
cedures in Chapter 2 or 3 is strongly recom
mended. 

3.	 PROCEDURES FOR ESTIMATING RUNWAY CAPACITY. The following 
procedures should be used in determining the hourly 
capacity and annual service volume of a runway configura
tion from Figure AI-I. 

a.	 Determine the mix index. 

b.	 Identify the runway configuration from Figure AI-I. 
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c.	 Select the appropriate range of mix index from 
Figure A1-1. 

d.	 Obtain the hourly capacity of runway(s) for both VFR 
and IFR conditions from Figure A1-1. 

I -	 e. Obtain the annual service volume from Figure A1-1. 

Example 1, Hourly Capacity and Annual Service Volume, 
Single Runway 

Determine the hourly capacity in VFR and IFR and the annual 
service volume of a single runway airport with the follow
ing aircraft mix: 10% Class A, 25% Class B, 55% Class C, 
and 10% Class D. 

The mix index for the assumed aircraft mix is Percent 
(C+3D) = 55 + 3 x 10 = 85. From Figure A1-1, the single 
runway is identified as Runway Configuration No.1; the 
appropriate range of mix index is 81 to 120. The hourly 
runway capacity is 55 operations per hour in VFR and 53 
operations per hour in IFR; the annual service volume is 
210,000 operations per year (as illustrated in the repro
duction of Figure A1-1 below) . 

No. 
Runway Configuration 

Diagram 

Mix Index-
Percent (C+3D) 

Hourly 
Capacity 

(operations 
per hrur) 

VFR IFR 

Annual Service 
Volume 

(operations 
per year) 

1

c. 

o to 
21 to 
51 to 
81 to 

121 to 

20 
50 
80 

120 
180 

98 
74 
63 
55 
51 

59 
57 
56 
53 
50 

230,000 ~ 
195,000 
205,000 
210,000 
240,000 

2. o to 
21 to 
51 to 

On 

20 
50 
80 

120 

197 
145 
121 
105 

59 
57 
56 
59 
60 

355,000 
275,000 
260,000 
285,000 
340,000 
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Example 2, Hourly Capacity and Annual Service Volume, ..~ 

Additional Runway 

Assume that another runway is added to the airport in 
Example 1; the additional runway can be either parallel 
or intersecting, as illustrated below. Determine the 
hourly capacity in VFR and IFR and the annual service 
volume for each layout. 

/1'7
I I 

, I 
I I 

3000 FT.~ L---------------.J 

NEW RUNWAY 

LAYOUT A LAYOUT B 

As in Example 1, the appropriate range of mix index is 81 
to 120. From Figure AI-I, Layout A is identified as Run
way Configuration No.3; and Layout B is identified as 
Runway Configuration No. 10. From Figure AI-I, the hourly 
capacities and annual service volumes of the two runway 
configurations are as follows: 

Hourly Capacity Annual Service 
(operations Volume 
per hour) (operations 
VFR IFR per year) 

Configuration 3 111 70 300,000
 

Configuration 10 76 59 225,000
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This example shows that Layout A provides a sUbstantially 
greater capacity than Layout B. 

Example 3, Hourly Capacity and Annual Service Volume, 
Configuration with Three Runway Orientations 

Determine the hourly capacities in VFR and IFR and the 
annual service volume of the runways at an airport with 
the runway configuration illustrated below, with the same 
aircraft mix as in Example 1: 10% Class A, 25% Class B, 
55% Class C, and 10% Class D. 

lO ...,'--_..J 1-

--"'-' c==~ ~===::::::J.... 

g: 

26~IFT ~ NI 

;;:0 N~ 

Over the period of a year, the runways are used as follows: 

Percent of 
Runway Annual Operations 

3-21 5% 
9-27 70 

15-33 25 
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The configurations shown in Figure Al-l do not include 
layouts with more than two runway orientations. There
fore, for those airports with runway configurations in
volving three or more orientations, it is necessary to 
identify the runways in the two orientations used most 
frequently. Possible sources of information on the usage 
of runways at a particular airport include field observa
tions, FAA air traffic control tower personnel, or airport 
management. 

For purposes of a simplified analysis of capacity, the 
contribution to capacity of the additional runways in the 
remaining orientations is minimal and can be ignored. 

In this example,the orientations most frequently used 
are 9-27 and 15-33; therefore, the "effective" two
orientation configuration is as follows: 

lD ~.';:=====::::J
26~IFT. = :
 

::::0 c::=~,~====::J '"N 

As in Example 1, the appropriate range of mix index is 
81% to 120%. From Figure AI-I, Runway Configuration No. 12 
is identified as the "effective" configuration. The 
hourly capacities and annual service volume of the run
way configuration are as follows: 

Hourly Capacity Annual Service 
(operations Volume 

per hour) (operations 
VFR IFR per year) 

Configuration 12 III 70 300,000 
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It is noted that because of the assumptions concerning 
runway utilization made in the preparation of Figure AI-I, 
the capacity of Configuration 12 in this example is the 
same as the capacity of Configuration 3. 

4.	 PROCEDURES FOR ESTIMATING ANNUAL DELAY TO AIRCRAFT ON 
RUNWAYS. The following procedure is used in determin
ing an approximate estimate of annual delay to aircraft 
on a runway configuration: 

a.	 Estimate the annual demand on the runway configura
tion 

b.	 Determine the annual service volume of the runway 
configuration 

c.	 Calculate the ratio of annual demand to annual 
service volume for the runway configuration 

d.	 Estimate the average annual delay per aircraft on 
the runway configuration from Figure Al-2. 

e.	 Compute the total annual delay, DTA, to aircraft 
on the runway configuration by the following 
formula: 

DTA = AD x DAA 

where, 

AD =	 annual demand on the runway configuration 

DAA = average annual delay per aircraft 

Example 4, Annual Delay to Aircraft 

Determine the annual delay to aircraft on a runway con
figuration serving an annual demand of 300,000 operations 
per year which are primarily air carrier. Assume the an
nual service volume of the runway configuration is 375,000 
operations per year. 

The ratio of annual demand to annual service volume is 
300,000 7 375,000 = 0.8. As noted in Paragraph 2.h., on 
page	 4, the upper portion of the shaded band on Figure 
Al-2	 is representative of airports primarily serving 
air carrier operations. Consequently, from Figure Al-2, 
the average annual delay per aircraft may range from 
0.95 minutes to 1.45 minutes (as illustrated in the re
production of Figure Al-2 on the following page) • 
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71---+--+--1-----1---+--1-----1--+--1---+------1 

61---+--+--i-'----I---+--f---+-+--1---+~ 

"'" « 
w 5>

"'" w~ 
a... U) 

w
>-0

4:5~w_ 
0:0:: 
w~ 

'-" « 3"'" w 
>« 

RATIO OF ANNUAL DEMAND TO ANNUAL SERVICE VOLUME 

FIGURE Al-2 PRELIMINARY ANALYSIS OF AVERAGE AIRCRAFT DELAY IN A YEAR 

Therefore, the total annual delay to aircraft may range 
from 300,000 x 0.95 = 285,000 minutes to 300,000 x 1.45 = 
435,000 minutes. 
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Example 5, Annual Delay to Aircraft 

Determine the annual delay to aircraft on a runway con
figuration serving an annual demand of 450,000 operations 
per year which are primarily general aviation. Assume 
the annual service volume of the runway configuration is 
500,000 operations per year. 

The ratio of annual demand to annual service volume is 
450,000 • 500,000 = 0.9. As noted in Paragraph 2.h 
on page 4 of this appendix, airports serving primarily 
general aviation operations may typically fall anywhere 
within the entire shaded band on Figure AI-2. Conse
quently, from Figure AI-2, the average annual delay per 
aircraft may range from 0.6 minutes to 2.2 minutes. 
The average annual delay per aircraft using the dotted 
curve on Figure AI-2 isl.4 minutes. Therefore, the 
total annual delay to aircraft may range from 
450,000 x 0.6 = 270,000 minutes to 450,000 x 2.2 = 990,000 
minutes. The total annual delay to aircraft using the. 
dotted curve is 450,000 x 1.4 = 630,000 minutes. 
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FIGURE Al-l PRELIMINARY ANALYSIS OF CAPACITY 
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Hourly 
Capacity Annual Service 

(operations Volume 
Runway Configuration Mix Index- per hour) (operations 

No. 
- Diagram Percent (C+3D) VFR IFR -- -

per year) 

7. 

t I I ° to 20 295 62 385,000 
700' to 2,499'

• I 

2,500' to 3,499' 
I 

21 
51 
81 

to 
to 
to 

50 
80 

120 

219 
184 
161 

63 
65 
70 

310,000 
290,000 
315,000 

+ I I 121 to 180 146 75 385,000 

8. 
t I I ° to 20 295 119 625,000 

700' 

t 
to 2,499' 

I I 21 
51 

to 
to 

50 
80 

219 
184 

114 
111 

475,000 
455,000 

3,500' or more 81 to 120 161 117 510,000 
t I I 

121 to 180 146 120 645.000 

9. 
t L I 
700' 
,.. 

to 2-,499' 
I I ° to 

21 to 
20 
50 

394 
290 

119 
114 

715.000 
550,000 

3,500' or more 51 to 80 242 111 515,000 
t I I 81 to 120 210 117 565,000 
700' to 2,499' 121 to 180 189 120 675,000 

+ 
I I 

10. 

~~\ 0 
21 

to 
to 

20 
50 

98 
77 

59 
57 

230,000 
200,000 

51 to 80 77 56 215,000 

~ 81 to 
121 to 

120 
180 

76 
72 

59 
60 

225,000 
265,000 

NOTE: ~ Denotes predominant direction of runway operation. 

FIGURE A1-1 PRELIMINARY ANALYSIS OF CAPACITY (CONTINUED) 
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No. 

11. 

12. 

13. 

14. 

Hourly 
Capacity Annual Service 

(operations Volume 
Runway Configuration Mix Index- per hour) (operations 

Diagram Percent (C+3D) VFR IFR per year) 

0 to 20 197 59 355,000 
t ~ 21 to 50 145 57 275,000 

700' to 2,499' 51 to 80 121 56 260,000 

+ 81 to 120 105 59 285,000 
121 to 180 94 60 340,000 

~ 
0 to 20 197 62 355,000

t 21 to 50 149 63 285,000 

2,500' 51 to 80 126 65 275,000 
81 to 120 111 70 300,000 

+ 121 to 180 103 75 365,000 

t ~ 0 to 20 197 62 355,000 
21 to 50 149 63 285,000 

3,500' 51 to 80 126 6S 275,000 
81 to 120 111 70 300,000 

t 121 to 180 103 75 365,000 

t ~ 0 to 20 197 119 370,000 
21 to 50· 149 114 320,000 

4,300' or more 51 to 80 126 111 305,000 
81 to 120 111 105 315,000 

+ 121 to 180 103 99 370,000 

NOTE: ~ Denotes predominant direction of runway operation. 

FIGURE Al-l PRELIMINARY ANAL YSIS OF CAPACITY (CONTINUED) 
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No. 

Runway Configuration 
Diagram 

Mix Index-
Percent (C+3D) 

Hourly 
Capacity 

(operations 
per hour) 

VFR IFR 

Annual Service 
Volume 

(operations 
per year) 

355,000 
2-75,000 
270,000 
295,000 
350,000 

59 
57 
56 
59 
60 

197 
147 
145 
138 
125 

o to 20 
21 to 50 
51 to 80 
81 to 120 

121 to 180 

t 

15. 

than 2,500' 

16. 
~ 

0 to 20 150 59 270,000 
21 to 50 108 57 225,000 
51 to 80 85 56 220,000 
81 to 120 77 59 225,000 

121 to 180 73 60 265,000 

Less than 2,500' 
c::::~ 

17. 

0 to 20 132 59 260,000 
21 to 50 99 57 220,000 
51 to 80 82 56 215,000 
81 to 120 77 59 225,000 

121 to 180 73 60 265,000 

18. 
~ t I 

700' to 2,499' 

+ 
, 0 to 20 295 59 385,000 

21 to 50 210 57 305,000 
51 to 80 164 56 275,000 
81 to 120 146 59 300,000 

121 to 180 129 60 355,000 

NOTE: ~ Denotes predominant direction of runway operation. 

FIGURE A1-1 PRELlIVIINARY ANALYSIS OF CAPACITY (CONTINUED) 
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<.; 

No. 

19. 

2l. 

Runway Configuration 
Diagram 

Mix Index-
Percent (C+3D) 

Hourly 
Capacity 

(operations 
per hour) 

VFR IFR 

Annual Service 
Volume 

(operations 
per year) 

--,tL.__ CI====="'==:::::J
700' to 2,499' 
-r---- I~""";;"'-----"'"
f 

o to 20 
21 to 50 
51 to 80 
81 to 120 

121 to 180 

197 
145 
121 
105 

94 

59 
57 
56 
59 
60 

355,000 
275,000 
260,000 
285,000 
340,000 

t ~ 

700' to 2,499' 

f 
I 

0 to 20 264 59 375,000 
21 to 50 193 57 295,000 
51 to 80 158 56 275,000 
81 to 120 146 59 300,000 

121 to 180 129 60 355,000 

NOTE: ~ Denotes predominant direction of runway operation. 

FIGURE Al-l PRELIMINARY ANALYSIS OF CAPACITY (CONTINUED) 
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-- -- --
No. 

22. 

23. 

24. 
t 

700' 

'+ 

25. 
t 

700' 

'+ 

NOTE: ~ 

Hourly 
-Capacity Annual Service 

(operations Volume 
Runway Configuration Mix Index-- per hour) (operations 

Diagram Percent (C+3D) VFR IFR per year) 

, ~ 
I 

0 to 20 150 59 270,000 
21 to 50 108 57 225,000 
51 to 80 85 56 220,000 

~ 81 to 120 77 59 225,000 
121 to 180 73 60 265,000 

~ 
I I 

0 to 20 132 59 260,000 
21 to 50 99 57 220,000 
51 to 80 82 56 215,000

~ 81 to 120 77 59 225,000 
121 to 180 73 60 265,000 

~ 
I j 

to 2,499' 
I I 0 to 20 295 59 385,000 

21 to 50 210 57 305,000 
51 to 80 164 56 275,000 
81 to 120 146 59 300,000, 121 to 180 129 60 355,000 

~ 
I I 

to 2,499', 

, 
I 0 to 20 197 59 355,000 

21 to 50 145 57 275,000 
51 to 80 121 56 260,000 
81 to 120 105 59 285,000 

121 to 180 96 60 340,000 

Denotes predominant direction of runway operation. 

FIGURE Al-l PRELIMINARY ANALYSISOF CAPACITY (CONTINUED) 
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No. 

26. 

Runway Configuration 
Diagram 

t 

Mix Index-
Percent (C+3D) 

Hourly 
Capacity 

(operations 
per hour) 

VFR IFR 

Annual Service 
Volume 

(operations 
per year) 

27. 

700' to 2,499'--,....--- IC=======::J+ o to 20 
21 to 50 
51 to 80 
81 to 120 

121 to 180 

301 
210 
164 
146 
129 

59 
57 
56 
59 
60 

385,000 
305, aoo 
275,000 
300,000 
355,000 

t ~ 

700' to 2,499' 
20 264 

+ 
I 0 to 59 

21 to 50 193 57 
51 to 80 158 56 
81 to 120 146 59 

121 to 180 129 60 

to~ 

~ 

375,000 
295,000 
275,000 
300,000 
355.,000 

NOTE: ~ Denotes predominant direction of runway operation. 

SPECIAL NOTE: 
(1) The configurations shown above do not include 

layouts with more than two runway orientations. 
Therefore, for those airports with runway con
figurations involving three or more orientations, 
it is necessary to identify the runways in the two 
orientations used 'most frequently. 

(2) Missed approach protection is assumed for converging 
operations in IFR conditions. 

(3) Multiple arrival streams are only permitted on 
parallel runways. 

FIGURE Al-l PRELIMINARY ANALYSIS OF CAPACITY (CONTINUED) 
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RATIO OF ANNUAL DEMAND TO ANNUAL SERVICE VOLUME 

FIGURE Al-2 PRELIMINARY ANALYSIS OF AVERAGE AIRCRAFT DELAY IN A YEAR 
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APPENDIX 2. EFFECT OF CEILING AND VISIBILITY
 
ON RUNWAY CAPACITY
 

1.	 GENERAL. For purposes of determining the hourly capacity 
of runways in Chapter 2, the terms VFR and IFR are used as 
measures relating to ceiling and visibility. These terms 
are defined in Chapter 1. Altho~gh appropriate for the 
vast majority of handbook applications, the use of VFR and 
IFR is a simplification of real-world operating procedures 
and practices. In reality, the effect of ceiling and 
visibility on capacity is complex and varies from airport 
to airport. 

In the planning of high-activity airports, the occurrence 
of poor visibility and ceiling conditions (i.e., poor 
visibility/ceiling or "PVC") may be significant enough to 
warrant further analysis of runway capacity during IFR con
ditions. 

This appendix presents a procedure to estimate the hourly 
capacities of a single runway and certain two parallel and 
intersecting runway uses during PVC conditions. For pur
poses of this appendix, PVC conditions are defined as 
occurring when ceiling is below about 500 feet and/or the 
visibility is less than about one mile. Thus, PVC condi
tions are a subset of IFR conditions. Detailed assumptions 
used in the preparation of this appendix are set forth in 
a companion report. 2 

2.	 PROCEDURE FOR DETERMINING HOURLY CAPACITY OF RUNWAYS DURING 
POOR VISIBILITY AND CEILING (PVC). The following procedure 
is used in the determination of capacity using Figures A2-1 
through A2-1S located at the end of this appendix. 

For ~ach runway use under consideration: 

a.	 Identify the runway use from Figure A2-1. From this 
figure, find the appropriate figure for determining 
capacity. 

b.	 Determine the mix index. 

Appendix 2 Page 1 
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c.	 Determine the percent arrivals. 

d.	 Estimate the hourly capacity from the appropriate 
figure. a 

Example 1, Hourly Capacity, Single Runway, PVC 

Determine the hourly capacity for a single runway in PVC 
under the following conditions: 

Aircraft Mix: 5% A, 10% B, 60% C, and 25% D 

Percent Arrivals: 40% 

From Figure A2-l, select Runway Use Diagram No.1. The 
corresponding figure number for estimating capacity in 
PVC is Figure A2-2, (as illustrated in the reproduction 
of Figure A2-l, below). 

RUNWAY USE· 
DIAGRAM 

DIAG. 
NO. 

RUNWAY SPACING 
IN FEET 

( s ) 

FIGURE NO. 
FOR CAPAC lTV 

IN PVC 

<>, '. 1 N.A. A2-2 

<>: S :. 
2a 

2b 

2c 

700 TO 2499 
2500 TO 3499 * 
3500*r0 4299 

OR MORE 

A2-3 

A2-3 

A2-4 
A2-4 

The	 mix index for the assumed aircraft mix is Percent 
(C+3D) = 60 + 3 x 25 = 135. Therefore, from Figure A2-2, 
the	 hourly capacity of the runway is 47 operations per 
hour	 (as illustrated in the reproduction of Figure A2-2, 
on the following page). 

a.	 For purposes of this appendix, it is assumed that suffi 
cient exit taxiways exist to permit the capacity of the 
runways to be fully realized. An approximate determina
tion of the effect of the number and location of exit 
taxiways on runway capacity in PVC may be made using the 
exit factor (E) portion of the corresponding figure for 
IFR conditions in Chapter 2. 
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CAPACITY IN PVC 

100..--.,.....--r--r-,...---r---.--.....-..,---, 

9Of--+-+-+--+--+--+--+---l-~

I PERCENT ARRIVALS 

1/
~ 10f--+-+-+--+--ff--+-+--+---1 

~ !l 6G---+---+--+--+-A--+~-f---1 .... '" /""' 5 ... 
~ 40 

> ! ~~~i$~~~~~=:j 
~ ~ 401---+--+---+--+-6=0+-+-H-:-+----1
0'" 
::t: ~ il 
~301--+--+--+-+-+-+-H--j--j

I 
I 

I 
101--+--+-+--+--+--+--++--+----1 

o : 
o 0 40 60 80 100 120 140 160 180 

IIIX INDEX - PERCENT (C+3D> 

FIGURE HOURLY CAPACITY OF RUNWAY 
A2-2 USE DIAGRAM NO.1 

Example 2, Hourly Capacity, Parallel Runways, PVC 

Assume that a new parallel runway is added to the airport 
in Example 1. The spacing between the two runways is 
3,550 feet as illustrated below. 

EXISTING RUNWAY 

3,55~~~ 
L 

' 
J 

NEW RUNWAY 

Assume the following runway use: 

C:::=========::::JI ¢ 

L _

+-- ----------,
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From Figure A2-l, select Runway Use Diagram No. 2c. The 
corresponding figure number for estimating capacity in 
PVC is Figure A2-4. 

As in Example 1, the mix index is Percent (C+3D) = 
60 + 3 x 25 = 135. Therefore, from Figure A2-4, the 
hourly capacity of the runways is 73 operations per hour. 

Example 3, Hourly Capacity, Parallel Runways with Thresh
old Stagger, PVC 

Assume an airfield identical to that in Example 2 except 
that the new runway is shifted 500 feet to the east, as 
illustrated below. 

rf
500 FT. 

,EXISTING RUNWAY, 

3~55~T~ 
L _~-------------,
NEW RUNWAY 

Assume the same runway use as in Example 2. 

C:=========:::::J' ¢ 

.. L--------- - ----J 

Determine the hourly capacity of the runways in PVC 
under the following conditions: 

Aircraft Mix: 5% A, 10% B, 60% C, and 25% D 
Percent Arrivals: 40% 

Because the runway thresholds are staggered (offset) by 
500 feet, it is necessary to determine the "effective" 
spacing or lateral separation between the runways before 
the appropriate runway use diagram can be identified. 
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As indicated in the footnote(*) to Figure A2-l, the 
"effective" spacing should be increased by 100 feet for 
every 500 feet of threshold stagger when an arriving 
aircraft is approaching the nearer runway. Conversely, 
the "effective" spacing should be decreased by 100 feet 
for every 500 feet of threshold stagger when an arriving 
aircraft is approaching the far runway. 

In this example, the nearer and far runway are illustrated 
below: 

C::::::=========!l ¢ 

FAR1 fNEARER 

+ CI======~~I
OFFSET 
THRESHOLDSH

Therefore, the "effective" lateral separation is 3,550 feet 
minus 100 feet, or 3,450 feet. 

For the above runway use, from Figure A2-l, Runway Use 
Diagram No. 2b is selected. The corresponding figure 
number in PVC is Figure A2-3. 

As in Examples 1 and 2, the mix index is Percent (C+3D) = 
60 + 3 x 25 = 135. Therefore, from Figure A2-3, the 
hourly capacity of the runway is 68 operations per hour. 
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..
 

I NO 
: RUNWAY 
'STAGGER 

ARRIVALS;+ 
3500 FT.EFFECTIVE SPACING 

+: 3500 1FT. 
PRIMARY 
DEPARTURE 
RUNWAY 

WHEN THRESHOLDS ARE 
STAGGERED AND THE ARRIVING AIRCRAFT IS 
APPROACHING THE NEARER RUNWAY, EFFECTIVE 
SPACING IS INCREASED BY 100 FEET FOR 
EVERY 500 FEET OF STAGGER. 

THERE IS AN EQUIVALENT 
NEGATIVE CORRECTION WHEN ARRIVAL AIRCRAFT 
ARE APPROACHING THE FAR RUNWAY. 

'if 
THRESHOLD STAGGER: 

ARRIVALS 
r-=~=--------'I+ 
~~ FAR :---:. NEARER 

~I----~~ : 
I , ' , , OFFSET, , 
~ THRESHOLDS 
1000 FT. 

RUNWAY USE RUNWAY SPACING FIGURE NO.
DIAG. IN FEET FOR CAPACITY

DIAGRAM NO. ( 5 ) IN PVC 

¢' '. 1 N.A. A2-2 

2a 700 TO 2499 A2-3 

¢ 2b 2500 TO 3499 * A2-3
5 • 3500*TO 42992c A2-4 

2d 4300 OR MORE A2-4 

3 700 TO 2499 A2-3 
¢' '. 2500 TO 3499 * A2-55 4'. 5 3500*OR MORE A2-6 

6 700 TO 2499 A2-3 

¢I • 7a 2500 TO 3499 A2-7 
¢' 

5 
7b 3500 TO 4299 A2-8 
8 4300 OR MORE A2-9 

9 700 TO 2499 A2-3 

¢. '. 10 2500 TO 3499 A2-10 
¢' 

5 '. 11 3500 TO 4299 A2-11 
12 4300 OR f"ORE A2-12 

RUNWAY USE DIAG. INTERSECTI ON FIGURE NO. 
DISTANCE (FEET) FOR CAPACITYDIAGRAM NO. x Y IN PVC 

~ 
43a o TO 1999 o TO 8000 A2-13 

!-v • 

43 b 2~g 4999 o TO 8000 A2-14 

43c 50~~ 8000 o TO 8000 A2-15 

~. 
49 a o TO 1999 o TO 8000 A2-13 
49 b IZU¥l! 4999 o TO 8000 A2-14I-Y 

1SOW 8000* 49 c o TO 8000 A2-15 

LEGEND: 
<> Indicates that an arrival (or landing) can occur on 

the runway indicated. 

• Indicates that a departure (or takeoff) can occur on 
the runway indicated. 

The lack of a symbol means that aircraft operations will not 
occur on the runway indicated. 

Indicates a variable runway spacing. 

X,Y Indicates intersection distances. 

N.A. Not applicable. 

EFFECTIVE SPACING = 3700 FT. 

1000 = 2 x100 = + 200 FT. 
500 

POSITIVE CORRECTION 
( + 100 FT. SPACING FOR EVERY) 

500 FT. OF STAGGER 

ARRIVALS 

...r:a::-;~"(,,,,," 
I , 
, I 
I ' OFFSET 
~ THRESHOLDS 
1000 FT. 

EFFECTIVE SPACING = 3300 FT. 

-1500~0 =' -2 100 = - 200 FT. 

NEGATIVE CORRECTION 
( - 100 FT, SPACING FOR EVERY) 

500 FT, OF STAGGER 

FIGURE A2-1 RUNWAY USES FOR PVC CONDITIONS 
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CAPACITY IN PVC 
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CAPACITY IN PVC 
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CAPACITY IN PVC 
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CAPACITY IN PVC 
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APPENDIX 3.	 EFFECT OF NAVIGATIONAL AIDS 
ON RUNWAY CAPACITY 

1.	 GENERAL. For purposes of determining the hourly capacity 
of runways in Chapters 2, 3, and 4, it is assumed that 
operations are conducted in a radar environment and that 
arrivals operate on at least one runway equipped with an 
ILS (i.e., an ILS approach). 

This appendix presents a procedure to estimate the hourly 
capacities of a single runway and certain two parallel and 
intersecting runway uses in IFR conditions without a radar 
environment, and/or an ILS. For purposes of this appendix, 
if an ILS approach is not available, it is assumed that 
either a straight-in or circling nonprecision approacha 
exists. In addition, for purposes of this appendix, it is 
assumed that one-half (50%) of the demand for the use of 
the runways is by arriving aircraft. Thus, the number of 
arriving and	 departing aircraft in a specified period of 
time	 is equal. 

2.	 PROCEDURE FOR DETERMINING HOURLY CAPACITY OF RUNWAYS WITH
OUT RADAR ENVIRONMENT AND/OR ILS. The following procedure 
is used in the determination of capacity in IFR conditions 
using Figures A3-l through A3-3 located at the end of this 
appendix. 

For each runway use under consideration: 

a.	 Identify the runway use from Figure A3-l. From this 
figure, find the appropriate figure for determining 
capacity. 

b.	 Determine the availability of navigational aids (i.e., 
radar or nonradar environment; ILS approach or type 
of nonprecision approach) . 

c.	 Determine the mix index. 

d.	 Determine the hourly capacity from the appropriate 
figure. 

a. Reference: "United States Standard for Terminal Instrument 
Procedures (TERPS)," Second Edition, with changes. 
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Example 1, Hourly Capacity, Parallel Runways, IFR (with 
Radar Environment and a Circling Approach) 

Consider a parallel runway configuration as illustrated 
below. 

75T:c' ==========:::J 

The following runway use is in effect: 

¢ .....11LI .. 

¢ CI==========::JI" 

Determine the hourly capacity in IFR of the parallel run
ways under the following conditions: 

Aircraft Mix: 35% A, 30% B, 30% C, 5% D 
Available Navigational Aids: Radar environment, 
circling approach 

From Figure A3-l, select Runway Use Diagram No.9. The 
corresponding figure number for estimating capacity is 
Figure A3-3 (as illustrated in the reproduction of Fig
ure A3-l, below). 

~ 
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I 2500 TO 

4300 OR MORE A3-3 
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700 TO 2499 
2500 TO 3499 

3500 TO 4299 
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A3-3 
A3-3 

A3-3 

A3-3 
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The mix index for the assumed aircraft mix is Percent 
(C+3D) = 30 + 3 x 5 = 45. Therefore, from Figure A3-3A 
(i.e., radar environment), the hourly capacity of the run

way = 38 operations per hour (as illustrated in the re
production of Figure A3-3A below) . 

FIGURE A3-3A HOURLY CAPACITY IN 

RADAR ENVIRONMENT 
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Appendix 3 Page 3/4 
Par 2 
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N.A. Not applicable. 

FIGURE A3-1 RUNWAY USES FOR VARIOUS NAVIGATIONAL AIDS CONDITIONS 
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FIGURE A3-2A	 HOURLY CAPACITY IN 
RADAR ENVIRONMENT 

100 

90' 
(I- S1RAIGHT-IN APPROACH 

80 

~	 70 
>-::::> 
f-~ 
::::;	 "" 60 '"o::r:	 ... ..... ~ ~n. I--I-.. 
u	 '" 50 
>-z 
-'~ -

0:::	 ... 

6	 ;;'i 40= ... \n. 
0 

.......	 30
 

20 
I- CIRCLING APPROACH 

10 

0
0 20 40 60 80 100 120 140 160 180 

MIX INDEX -- PERCENT (C+3D) 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMSFIGURE A3-2 NOS. 1,43,44,45,46,47,48,49,50,51,52,53,54 

FIGURE A3-3A	 HOURLY CAPACITY IN 

RADAR ENVIRONMENT 
100 

90 
r+- STRAIGHT-IN APPROACH 

80 80 

~ 70 ~ 70 
::::> ::::> 

>
f 

::::;o::r: 

0
:r 
"" ... 60 -- - I 

>-0 
f :r 
::::; "" 60o::r: ... 

a..o::r: 
u 

n. 

~ 50 
a... n. 
o::r: 
u ~ 50 

> 0- >-0 
-' -' 0::: ... 0::: ... 

6	 ;;'i 40= ...n. 
0 

.......	 30 

20 
l_ CIRCLING APPROACH 

10 

00 20 40 60 80 100 120 140 160 180 
MIX INDEX -- PERCENT (C+3D) 

HOURLY CAPACITY OF RUNWAY USE DIAGRAMS
FIGURE A3-3 

NOS. 2,3,4,5,6, 7, 8, 9,10,11,12 

FIGURE A3-2B 

100 

90 

80 

~ 70 
::::> 

>-0 
f-	 :r 
::::; "" 60o::r: ... a..	 n. 
o::r: 
u	 '" 50 
>-	 ~ 
-'	 0:::	 ... 

6	 ;;'i 40= ...n. 
0 

.......	 30 

20 

10 

0 
200 

HOURLY CAPACITY IN 
NONRADAR ENVIRONMENT 

~ STRAIGHT-IN APPROACH 

\ 
\. ~ CIRCLING APPROACH 

40 60 80 100 120 140 160 180 
MIX INDEX -  PERCENT (C+3D) 

FIGURE A3-3B 

100
 

90
 

6 ;;'i 4= ...n. 
0 

.......	 30
 

2
 

10
 

0 

HOURlY CAPACITY IN 

NON RADAR ENVIRONMENT 

r- STRAIGHT-IN APPROACH 

\ 
L~ CIRCLING APPROACH 

0 20 40 60 80 100 120 140 160 180 
MIX INDEX -- PERCENT (C+3D) 

Appendix 3Page 6 



APPENDIX 4. EVALUATION OF RUNWAYS 
WITHOUT MINIMUM EXIT TAXIWAYS 

1.	 GENERAL. The procedures for determining the hourly capac
ity of runways in Chapters 2 and 3 are based on the assump
tion that at a minimum, an exit taxiway is located at both 
ends of each runway. However, there may be occasions when 
a capacity analysis is required for a runway without the 
minimum taxiways. Typically, such an analysis is important 
in connection with the staged development of a simple air 
port (i.e., a minimum facility consisting of a single run
way without a turnaround or a parallel taxiway) into a 
basic airport layout (i.e., a runway with exit taxiways 
at each end and one exit taxiway in between). This type 
of analysis normally is limited to airports used solely by 
general aviation aircraft. 

This appendix presents a simple procedure for determining 
runway capacity for such airports without the minimum taxi
ways	 assumed in Chapters 2 and 3. The procedure permits 
the determination of runway capacity for various stages of 
improvement of a simple airport. 

Hourly runway capacities for a number of airfield configura
tions are presented in Figure A4-l located at the end of 
this appendix. The capacities in this figure are based on 
a number of assumptions which are described below. If 
conditions at an airport differ significantly from these 
assumptions, the models described in Chapter 4 may be used 
to estimate capacity. 

2.	 ASSUMPTIONS. The assumptions made in the preparation of 
Figure A4-l are as follows: 

a.	 Aircraft Mix. For purposes of this appendix, it is 
assumed that the runway is used exclusively by air 
craft of Classes A and B. 

b.	 Touch-and-Go Operations. In VFR conditions, two 
ranges of percent touch-and-gooperations were es
tablished--from 0% to 25% touch-and-go, and from 26% 
to 50% touch-and-go. In IFR conditions, 0% touch-and
go operations is assumed. 
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c.	 Percent Arrivals. The capacities shown in Figure A4-l 
assume that one-half (50%) of the demand for the use 
of the runway is by arriving aircraft. Thus, the 
number of arriving and departing aircraft in a speci
fied period of time is equal. 

d.	 Airspace and Aids to Navigation. It is assumed 
there is sufficient airspace to accommodate all air 
craft wishing to use the runway. In addition, it is 
assumed that aircraft operations are conducted in a 
nonradar environment and that a circling approach pro
cedure for the use of the runway is available during 
IFR conditions. 

3.	 PROCEDURES FOR ESTI~~TING HOURLY CAPACITY OF A RUNWAY WITHOUT 
MINIMUM EXIT TAXIWAYS. The following procedure should be 
used in determining runway capacity from Figure A4-l. 

For each runway configuration under consideration: 

a.	 Identify the appropriate airfield configuration from 
Figure A4-l. 

b.	 In VFR conditions, determine the percent touch-and-go 
operations. 

c.	 Obtain the hourly runway capacity for both VFR and IFR 
conditions from Figure A4-l. 

Example 1, Hourly Capacity, Single Runway with Turnaround 
Taxiways 

Assume an airfield configuration, as illustrated below. 
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--- --- ---

--- --- --- ---

Determine the hourly capacity in VFR and IFR of the run
way above. The aircraft mix is as follows: 90% Class A, 
10% Class B, 0% Class C, and 0% Class D. There are about 
15% touch-and-go operations. 

From Figure A4-1, the airfield configuration is identified 
as Configuration No.2. From the figure, the hourly capac
ity of the runway is 59 to 72 operations per hour in VFR 
and 20 to 24 operations per hour in IFR (as illustrated in 
the reproduction of Figure A4-1 below. 

CONFIG. 
tjo. 

1 

2 

AIPFIElD CONFIGURATIO~I 

er- r r 
f 
~ 

T T T\T~
 
-

HOURLY CAPACITY IN VFR HOURLY 
PERCENT TOUCH-AiID-GO CAPACITY 

IN IFR25 TO 50o TO 25 

(OPERATIONS PEP HOUR) 

20 TO 24')4 TO 55 55 TO 85 

~ 

~¥ 
2D TO 247:' TO 92) TO')~ 72 

Example 2, Hourly Capacity, Single Runway with Partial 
Parallel Taxiway 

Assume that a partial parallel taxiway is added to the 
airport in Example 1. The airfield configuration is 
illustrated below. 

o,.,} 

Determine the hourly capacity for the new configuration 
in VFR and IFR. 

From Figure A4-1, the appropriate configuration with the 
partial parallel taxiway is identified as Configuration 
No.6; the hourly runway capacity is 60 to 72 operations 
per hour in VFR and 20 to 24 operations per hour in IFR. 
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Example 3, Hourly Capacity, Single Runway with Partial 
Parallel Taxiway (Reverse Direction of Operation) 

Determine the hourly capacity of the runway in Example 2, 
but with operations in the opposite direction, as illus
trated below. 

From Figure A4-l, the airport layout is identified as Con
figuration No.4. (Note: the illustration above coincides 
with the reverse image of Configuration No.4.) The hourly 
capacity in VFR is 82 to 97 operations per hour and 20 to 
24 operations per hour in IFR. 

.-/'
/
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CONFIG, 
HOURLY CAPACITY IN VFR HOURLY 

AIRFIELD CONFIGURATION PERCENT TOUCH-AND-GO CAPACITY
No, oTO 25 26 TO 50 IN IFR 

-- -- -- (OPERATIONS PER HOUR) 

1 r r r 54 TO 66 66 TO 85 20 TO 24 

-- -- -- --
2 T T T T 59 TO 72 72 TO 92 20 TO 24 

-- -- --
3 ~ ~ ~ 40 TO 50 50 TO 67 20 TO 24 

-- -- --
4 F ~ F 82 TO 97 97 TO 117 20 TO 24 

--
5 Y 71 TO 85 85 TO 106 20 TO 24 

-- -- --
6 ~ ~ ~ 60 TO 72 72 TO 92 20 TO 24 

-- -- --
7 F T 9 SEE CHAPTER 2 

LEGEND: 

RUNWAY 

l---f-------J TAXIWAY 

IT] BASING AREA 

-- DIRECTION OF OPERATION 

CJ TURNAROUND 

FIGURE A4-1 HOURLY CAPACITY OF RUNWAY COl\IFIGURATION WITH LIMITED EXITS 
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APPENDIX 5. RUNWAY RESTRICTED USE 

1.	 GENERAL. The procedures for determining the hourly 
capacity of runways in Chapters 2 and 3 are based on the 
assumption that all runways can be used by a majority of 
aircraft using an airport. At some airports, aircraft 
may be restricted from using a specific runway (referred 
to herein as "runway restricted use"). 

For example, such a restriction may be attributable to 
limited runway length or strength, insufficient lateral 
separation between a runway and a parallel taxiway, or 
aircraft noise abatement/preferential runway use pro
cedures. Most frequently, such restrictions in the use 
of a	 runway apply to the larger, heavier aircraft using 
the airport. 

This	 appendix deals with certain parallel runway uses 
where aircraft are restricted from using one of the run
ways. For purposes of this appendix, it is assumed that 
such	 restrictions apply to the larger, heavier aircraft 
(i.e., aircraft of Classes C and D only). Stated another 

way,	 it is assumed that one of the runways can only be 
used	 by Classes A and B aircraft (i.e., typically, only 
general aviation and commuter airline aircraft). 

2.	 PROCEDURE FOR DETERMINING HOURLY CAPACITY OF RUNWAYS WITH 
RUNWAY RESTRICTED USE. The following procedure is used in 
the determination of runway capacity using Figures A5-1 
through A5-10 located at the end of this appendix. 

For each runway use under consideration: 

a.	 Select the ceiling and visibility condition (VFR 
or IFR). 

b.	 Identify the runway use from Figure AS-I. From 
this figure, find the appropriate figure for de
termining capacity. 

c.	 Determine the mix index. 
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d.	 Determine the percent arrivals .. 

e.	 Estimate the hourly capacity from the appropriate 
figure. a 

Example 1, Hourly Capacity, Parallel Runways (with Restricted 
Use), VFR 

Consider a parallel runway configuration as illustrated below. 

, USED BY CLASSES A AND B ONLY 

The	 following runway use is in effect: 

¢ (--------~ + 
¢	 +r""j------....., 

a.	 For purposes of this appendix, 0% touch-and-go is assumed. 
An approximate determination of the effect of touch-and-gos 
on runway capacity may be made using the touch-and-go factor 
(T) portion of the corresponding figure in Chapter 2. 
Similarly, it is assumed that sufficient exit taxiways exist 
to permit the capacity of the runways to be fully realized. 
An approximate determination of the effect of the number 
and location of exit taxiways on runway capacity may be 
made using the exit factor (E) portion of the corresponding 
figure in Chapter 2. 
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Determine the hourly capacity in VFR of the parallel 
ways under the following conditions: 

run

Aircraft Mix: 10% A, 25% B, 
Percent Arrivals: 50% 

50% C, 15%D 

From Figure A5-1, select Runway Use Diagram No. 11. The 
corresponding figure number for estimating capacity is 
Figure A5-3 (as illustrated in the reproduction of Fig
ure A5-1, below). 

RUNWAY USE 
DIAGRAM 

DIAG. 
~lO , 

RUNWAY SPAClijG 
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FIGURE iW. 
FOR CAPAC ITY 
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11 
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700 TO 2499 

2500 TO 3499 

3500 TO 4299 

4300 OR MORE 

A5-2 A5-6 

A5-3 A5-6 

A5-3 A5-6 

A5-3 A5-7 

The mix index for the assumed aircraft mix is Percent 
(C+3D) = 50 + 3 x 15 = 95. Therefore, from Figure A5-3, 
the hourly capacity of the runways is 75 operations per 
hour (as illustrated in the reproduction of Figure A5-3, 
below) . 
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FIGURE HOURLY CAPACITY OF RUNWAY 
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Example 2, Hourly Capacity, Parallel Runways (with Re
stricted Use), IFR 

Determine the hourly capacity of the two runways in Example 1 
in IFR under the following conditions: 

Aircraft Mix: 5% A, 10% B, 60% C, 25% D .'Percent Arrivals: 50% 

As in Example 1, from Figure A5-l, select Runway Use Diagram 
No. 11. The corresponding figure number for estimating ca
pacity is Figure A5-6. 

The mix index for the assumed aircraft mix is Percent 
(C+3D) = 60 +3 x 25 = 135. Therefore, from Figure A5-6, 
the hourly capacity of the runways is 54 operations per 
hour. 
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RUNWAY RESTRICTED USE IN \ff=FI 
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t: ~ 280r-----P~~--A--_+__+--+--+---+----I 
~ ~ 5~~0 
5 '" 2401---+-----j3i~,~.____+___+__+__I-_+____1 
~8 ~~ 
!3 ~2001--+-_+6_0--l~-+~~~..d___+____+__1 

~ ~ -~--
-9160~+-____t_____1--t---+-1--f-=~~~-

120f--+---+-----f-+---+--+-f-----+----i 

80 f--+---+----+-+--+--+-----I-+----l 

40 ~~....,J,,_----!.,__=':---c~~:-::-:-'_:__::_-=-=-=-= o 20 40 60 80 100 120 140 160 180 
MIX INDEX - PERCENT (C+3D) 

FIGURE HOURLY CAPACITY OF RUNWAY 
A5-5 USE DIAGRAM NO. 42 

RUNWAY RESTRICTED USE IN If=FI 

90 f--_+_-+---+-+--+---+-----I-+----i 
/ PERCENT ARRIVALS 

80 / 

~ 70' /
> 5 -"r-., 40 
I "" '_ 
;::::; '" 60 ....... .......... 
~ ~ ,.-t-+-....j.,,5~O---.J_ t::'---I--
u ~ 
~8 

50~~±::t::::;.;ffl:+_+...,[;;;;;;:;;~~
I - - 60

"'" ...6 ~ 401---+--+--+-+----+-_+--I-_+____1= ...... 
o 
~ 301--_+_-+-___+-+--+---+-----I-+----l 

201--_+_-+-___+-+--+---+---I-+----i 

10 f---+--+-+-+----+-_+__I-_+____1 

o0~':620,----,J4'=-0-6f:0~80:::--:;'C100:t..-;1-=20~14:'=O--:l-=c60~180 
MIX INDEX - PERCENT (C+3O) 

FIGURE HOURLY CAPACITY OF RUNWAY 
A5-6 USE DIAGRAMS NO. 9,10,11 

RUNWAY RESTRICTED USE INIf= FI 

200 ,-,--,------,----,-.,.---.-----.------,----, 

180 1--+---+----+-+---+--+-----1-+---1 
/ PERCENT ARRIVALS 

160 f--+---+--+--+---I-7L-f---+---I---I 

~ 140k--_+_-+-___+--t--7'/-+---+---II--+----i 
> 5 \ V 
I "" ""';::::; ",120 ,~ 

~ ~ SO--\O 
~ ~ 100~ :-.--+--~---+---'~~---t-+--+---+--I 

~ ~ 80 ~ 
~ffi "... .............. 

-9 60 ,....."., 

401---+-__+____+-+---+--+--1-+---1 

20f--+--+--+----1-+--+---+--+---I 

00 LO 40 60 80 100 120 140 160 180 
MIX INDEX - PERCENT (C+3D) 

FIGURE HOURLY CAPACITY OF RUNWAY 
A5-7 USE DIAGRAMS NO. 12 
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RUriWAY RESTRICTED USE IN IFR 

90~--+--+-_+----+--+_+---+--+----j 

V PERCENT ARRIVALS 

80.~+--+--+--+--7F--+---+--+---i
'- 40 -

~	 70 .......r- 
DO 

>- 0 
~ 

t:	 "" 60 ~n 
~	 ~ __p...,.-~_--""t+-_-_-~t-_-_t_~ol---f--t-1"""""i 
a..	 a.. 

3	 en 50p.....~;;::::--+--+--t~c~n_f-+-T~::J	 ~ ,...~_..,.i.ooo"""'"~ 

§3	 !;;: 40 o	 DO t----+--+--+---+--+-+---+---+---j 
::c	 w 

a.. 

3	 301----+--+--+---+--+-1---+--+----1 

2JI----+--+--+---+--+-t---+--+----I 

10+---+---+-1--+---+-+---+--+---1 

o
0~-,i;20""---'4:'::-0--::':60~8~0~1~0;;-0--;-12~0C-C1.--.c4"'0-"'-1-;!;60~180 

MIX INDEX -- PERCENT (C+3D) 

FIGURE HOURLY CAPACITY OF RUNWAY 
A5-8 USE DIAGRAM NO. 30 

RUNWAY RESTRICTED USE IN IFR 

200,..........--,-----.,--,.-----.----,--,....---.----,----" 

180+---+---+--\--+---+---+-1---+-----1 

40+---+--+-+--+----+-+--+---+----1 

20t---+---+-+---+---+-+---+---+---j 

DOL.-~20=---C4.l--0----,l60-8"L0-1°-0~'-=-O -"'1-e-20~14L.0~1-,J-60---,--,J180 
MIX INDEX - PERCENT (C+3D) 

FIGURE HOURLY CAPACITY OF RUNWAY 
A5-9 USE DIAGRAM NO. 31 

RlI~jWAY ~ESTRICTED USE IN IFR 

200,..........--,-----.,-_,....---.----,-_,....---.---,----, 

180+--+--+--+_-+---+---+_+----+-------j 
r PERCENT ARRIVALS 

160 / 

~140'-- ,i
DO 

> is --...-... 
t: ""120...... en--
~ ~ """---,...~I--..,.---a.. a.. 

3 enl00i'"'9:::::::::I=:t~~i="t-j-riz -::J ~ 60 
§3 !;;: 80 o DO +---+---+-1--+---+-+--+----+---1 
::c w 

a.. 
3 60t----+---+_+---+---+_+---+--+_, 

401----+--+--1----+--+-1---+--+----1 

20+---+----+_1--+--+_+---+--+---1 

o0!:---,!,20"'-----'4-'=-O~60=---c8d::O-,1.--!0I,;-O ""712~Oc-cl""4l::-0 -"'-1-;!;60~180 
MIX INDEX - PERCENT (C+3O) 

FIGURE 
A5-10 

HOURLY CAPACITY OF RUNWAY 
USE DIAGRAM NO. 42 
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