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FOREWORD

This appendix to NAVFAC P-80 provides planning procedures to determine

and evaluate practical hourly and daily capacity of various runvay/

taxiway configurations at Naval and Marine Corps Air Installations supporting
fixed wing aircraft. The procedures developed herein are not applicable

to helicopter or joint use (Navy-Marine Corps/Civilian) installations.

Procedures, examples and worksheets are provided for the computation of
capacities for Instrument Flight Rules (IFR), Visual Flight Rules (VFR)

and Carrier Practice Landings (CPL).
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Section I. INTRODUCTION

This Appendix describes the procedures necessary to compute the
hourly and daily aircraft handling capacity of an air station's
runway system. The following basic factors are considered in the
process:
Type of aircraft (Not including Helicopters)

. Type of operations performed

. Runway/taxiway design

. Use of runways

. IFR Capability

This procedure does not consider such items as personnel support,
fueling requirements, ramp/gate/apron size, civilian landing OPS
at joint use installations (will require special studies), etc.

These factors could be a limiting constraint on an air station's
ability to accommodate a specific aircraft demand and would have

to be considered in an overall station capacity evaluation.

It should be recognized that there is a range of capacity

values for any given station depending on the number of individ-
ual or combinations of runways that can be used. Runway use at
any one time is related to the runway layout as well as opera-
tional factors including wind direction and velocity (crésswind
and tailwind limitations), prevailing visibility and ceiling

(VFR and IFR conditions), available runway lengths, location of
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arresting gear, position of navigational facilities, environ-
mental considerations (noise abatement procedures) and

applicable air traffic control rules and regulations.

Typical air station runway layouts showing possible runway uses
(operating configurations) are included on Figure 1-1. The
selection of all possible operating configurations is necessary
to calculate the range of capacities associated with a station.
However, the selection of the primary operating configuration

may be sufficient for study purposes in some cases.

Throughout the capacity procedures, reference is made to air-

craft class (I, II, and III). These classes have been developed

for capacity calculation purposes. A description of the classes

and aircraft type they represent are shown on Table 1-1.

Capacity procedures are separately described for three types of
operations; namely,
Under VFR conditions
. Under IFR conditions
. Carrier Practice Landing (CPL) procedures
As applicable, these procedures should be followed for each

individual runway operating configuration for which capacity

is required.

Cc-2
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In order to calculate capacity, a forecast of aircraft activity
has to be developed. Where an existing station with its cur-
rent activity is being analyzed, a field survey can be used to
develop forecast data. Where aircraft traffic changes are
contemplated for an existing station or a new station is being
planned for, other forecast techniques will have to be employed.
For each analysis the forecast activity should be grouped into
the three aircraft classes shown on Table 1-1. A further
breakdown may then be required with respect to number of air-
craft landing, taking off, performing touch and go's, taking
off in pairs (side by side; not formations of two aircraft),
and/or operating in formations of two, three or four. It should
be noted that the forecast activity breakdown may differ sig-

nificantly between VFR, IFR and CPL operating conditions.

Helicopter operations are not treated in these capacity pro-
cedures. At installations which support both helicopter and
fixed wing aircraft on the same runway, consideration shall

be given to providing a separate helicopter landing area
before any evaluation is made as to the need for an additional

fixed wing runway.
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Section II. CAPACITY PROCEDURES

This section describes the procedures necessary to calculate VFR,
IFR, Carrier Landing Practice and Daily Capacities.

1. DEFINITIONS. Before proceeding, the following definitions
should be reviewed:

a.

Hourly Arrival Capacity (HAC): the hourly aircraft
movement rate which can be sustained at a reasonable
average delay imposed on aircraft using a runway for

arrivals only.

Hourly Departure Capacity (HDC): the hourly aircraft
movement rate which can be sustained at a reasonable

average delay imposed on aircraft using a runway for

departures only.

Hourly Mixed Capacity (HMC): the hourly aircraft

movement rate which can be sustained at a reasonable
average delay imposed on aircraft using a runway for
arrivals and departures at the same time.

Hourly Total Capacity (HTC): the summation of all

available hourly capacities. In the case of a single
runway used for arrivals and departures at the same

time, HTC = HMC; where multiple runways are used for
arrivals (only) and departures (only), HTC = the sum R
of HAC and HDC.

Daily Capacity: number of aircraft that can be

accommodated on a daily basis on an air station's

runway system.
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only necessary to forecast the extent to which any of
these operations are likely or planned to occur, during
any period of interest such as an hour, two hours, half
day, etc., in order to determine a runway capacity appro-
priate for the intended use. VFR Runway Capacity Analysis
Work Sheets with provisions for logging the forecast of
aircraft activity and calculations of HDC, HAC and HMC

are presented on Tables 2-3, 2-4 and 2-5 respectively.
Instructions for application of these Tables follow

later in this Section.

b. Aircraft Takeoff Considerations. A runway used exclusively
for takeoff will have a capacity dependent on the class of
aircraft using the runway, and on the extent to which take-
offs are conducted singly, in formations or paired. When
aircraft of a given class are operated singly, an average
hourly departure capacity (HDC) can be established which
is typical for VFR operations of the class from most any
runway. This movement rate is largely controlled by
average speed and the separation required for aircraft
of the particular class and are noted below:

HDC - Hourly Departure Capacity-Movements Per Hour

Class of Aircraft HDC
I 49
II 63
I1I 90

If some of the takeoffs are conducted in formations or
in pairs (side=by-side), then the number of aircraft
which can be accommodated in a given time is increased.

c-8
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VFR RUNWAY CAPACITY ANALYSIS. This paragraph describes the
procedures to determine hourly capacity of a runway used
for normal air station operations in VFR conditions. For
procedures to determine the capacity of the same runway in
IFR conditions, or when it is used for CLP - see paragraphs
3 or 4 respectively.

These procedures should be repeated for each rumway for which
a capacity determination is required. A single analysis may
be applicable to both directions of a runway if the operations
are forecast to be identical, and the runway is symmetrical

in terms of effective landing length and turnoffs available,
for either landing direction.

a. Forecast of Aircraft Activity. The capacity of a runway
for accommodating aircraft operations depends significantly
on how the runway is used, specifically in consideration
of the following:

(1) The degree of mixing of various aircraft classes.

(2) Whether it is used for takeoffs only, landings only,
or the degree to which they are mixed on a single

runway.

(3) The type of takeoff operations, namely, made singly,
in formations, or paired (side by side).

(4) The type of landing operations, namely, singly, in
formations, performing touch-and-go's, or at reduced
separation.

These procedures allow for accountability of these variables
normally encountered in air station operations. In ap-
plication of the procedures to a given runway it is then



Stated another way, the time required to handle each
aircraft in formation, or paired, is less than the
equivalent of one movement when aircraft takeoff singly.

The runway capacity analyses uses procedures which con-
sider the effect of formations and paired takeoffs by
converting this activity to "equivalent'" single aircraft
movements, i.e. two aircraft taking off paired equal

one equivalent movement (equivalent movement factor
equals 0.50); ten Class I aircraft taking off in forma-
tions of two equals six equivalent movements (equivalent
movement factor equals 0.60). A breakdown of takeoff
equivalent movement factors are listed below:

TAKEQOFF EQUIVALENT MOVEMENT FACTOR

Class of Aircraft

Type of Takeoff I 11 III
Single 1.00 1.00 1.00
Formation of 2 .60 .63 .69
Formation of 3 47 .51 .59
Formation of 4 41 45 .54
Pairs .50 .50 .50

The takeoff factors appropriate for the various classes
of aircraft and number of aircraft in each formation are
also shown on the appropriate Analysis Work Sheets.

When more than one class of aircraft is using the same
runway, the hourly departure capacity (HDC) will be
influenced by the relative amount each class of air-
craft contributes to the total operations during the
period under consideration. The Work Sheets describe
the steps necessary to properly account for the mix

c-9



of aircraft by class. A weighted HDC is computed for
each class and totaled for the mix of operations fore-

cast for the runway analysis.

Runway Rating. A runway used for landing, either
exclusively or mixed with takeoff operations, will have
a capacity influenced by the length of time that landing
aircraft occupy the runway. Subsequent arriving or
departing aircraft must wait until a landing aircraft
has cleared the runway at an exit (or is a sufficient
distance along the runway if reduced runway separation

criteria are in use).

Average runway occupancy time (Runway Rating) will be
influenced by landing speed (Class of Aircraft), field
elevation, length of runway and by the number, type and
location of turnoffs (exits) available along the runway.

Turnoffs which will contribute most to a favorable Runway
Rating are those which are located along the runway
close to the point where landing aircraft will have
slowed to a safe turnoff speed in a normal decelera-
tion. Turnoffs too close to the threshold will not be
usable for fast aircraft. Turnoffs far down the runway
will require a time consuming rollout. The contribu-
tion of each turnoff may thus vary depending on the

speed class of aircraft using the runway.

The type of turnoff will also influence Runway Rating.
A low angled turnoff in the direction of landing may
normally be used at higher speed than one requiring



close to a 90° turn. For purposes of determining Runway
Rating, the types of usable turnoffs will be classified
as follows:

Direction _ -
of Landing RUNWAY

Note: Shaded areas outside usable turnoff range.

The usability of each available runway exit should be
considered when determining the number of equivalent
usable turnoffs which contribute to the Runway Rating.
For example, one class of aircraft destined for a
parking area on one side of the runway cannot reason-
ably use a turnoff leading to the opposite side, and
some turnoffs may lead to conflict with takeoffs or
other ground traffic.

A chart for use in determining Runway Rating for each
aircratt class is provided on Figure 2-1. Examples
illustrating use of the Runway Rating chart are included
in Section III of this Handbook. When using the chart the
following considerations should be kept in mind.

Usable turnoffs are in terms of equivalent
"slow' turnoffs. A '"fast" turnoff within the
""Range of Usable Turnoffs'" should be counted
as two "slow" turnoffs.

c-11



Turnoffs which are located outside the ''Range
of Usable Turnoffs" on the chart should not be
used in determining Runway Ratings.

"Fast" turnoffs which are located outside the '"fast"
range but are in the ''slow' range on the chart
should be counted as equivalent to only one

"slow' turnoff.

when no usable turnoffs exist except at the end
of the runway use the "End Only'" line on the

chart.

1f only one turnoff exists (before the end of
the runway) and it is located beyond the ""Range
of Usable Turnoffs' on the chart, use the "O"
line to determine Runway Rating.

When "Reduced Separation' is authorized for any class of
aircraft, the average time interval between landings will
no longer be controlled by Runway Rating. An effective
Runway Rating of 25 seconds is used for all operations

of aircraft using ''Reduced Separation'.

Aireraft Landing Considerations. A runway used exclu-

sively for landing will have a capacity dependent on

the class of aircraft using the runway, and the extent
to which landings are conducted singly, in formations or
as touch-and-go's. When aircraft of a given class are
operated singly, an average hourly arrival capacity (HAC)
can be established for each Runway Rating, which is
typical for VFR operations of the class onto most any
runway with the same rating. Intermittent low approaches
are considered as touch-and-go's. HAC values for each
class of aircraft for a range of Runway Ratings are
presented in Table 2-1.

c-12



Similar considerations as those used for takeoff are
included in the runway capacity analysis procedure.
Landings in formation and touch-and-go's are converted

to "equivalent" single aircraft movements. The “equivalent
movement factors' to be used for the conversion of air-
craft landings to equivalent movements will vary with

HAC, since a formation interval or touch-and-go, takes

the same amount of time regardless of aircraft class or
Runway Rating.

The landing equivalent movement factors appropriate for
the various classes of aircraft and number of aircraft
in each formation are presented on Table 2-2.

When more than one class of aircraft is using the same
runway, the total hourly arrival capacity (HAC) will be
influenced by the relative amount each class of air-
craft contributes to the total operations during the
period under consideration. To properly account for
the mix of aircraft by class, the Work Sheet include the
steps necessary to compute weighted HAC.

Mixed Takeoff and Landing Considerations. Runways
used for mixed takeoffs and landings will have an
average hourly mixed capacity (HMC) dependent on the
mix of aircraft by class and on the mix of operations
between takeoffs and landings. Aircraft types are
designated by class depending on their typical terminal
area operating speeds. When more than one class of air-
craft is using a runway, a fast aircraft may follow a
slow one, and vice versa, in landing or takeoff. The
efficiency with which runways and airspace can be used
decreases when speed classes are mixed.

Cc-13



When takeoffs and landings are mixed, the runway capacity
will vary depending on the percent of total operations,
during the period under consideration, which are
reserved for landings, considering that landing opera-
tions will most always be given priority. A typical
runway may display variations in HMC as the percent of
landings changes as shown in the following example:

% _Landings HMC
0% 49 (HDC)

25 42

50 43

75 39
100 32 (HAC)

To properly account for the mix of aircraft by class and
the mix of operations by percent of landings, the Work
Sheet includes the steps necessary to compute the
equivalent takeoff and landing movements by class, and
the percent of equivalent movements which are landing.

A chart showing the relationship of Runway Rating, mix

of aircraft classes, and percent landings, is presented
on Figure 2-2. This chart is used in conjunction with

the procedures outlined on the Work Sheet to determine

HMC for the appropriate aircraft and operating mix.

Aircraft Capacity. The values of HDC =~ hourly

departure capacity; HAC - hourly arrival capacity, and
HMC - hourly mixed capacity, determined by these pro-
cedures, calculates the number of equivalent single
aircraft movements which could take place on the runway
being analyzed considering the factors described above

c-14



under ''Forecast of Aircraft Activity'; these capacities
are identified on the Work Sheets with a subscript "E",
for example, (HAC)E. The procedures also then allow for
conversion of the ''equivalent" capacities into a value.
representative of the actual number of aircraft involved,
that is, a pair equals two aircraft and a formation of
2, 3 and 4, equals 2, 3 and 4 aircraft; the actual capa-
city is identified on the Work Sheet with a subscript
"A", for example, (HAC)A. It is noted that throughout
these procedures, touch-and-go traffic are considered
arrivals only and are not counted twice (an arrival

and takeoff) as is the normal control tower traffic
counting procedures. Therefore the forecast of touch-
and-go traffic must count such operations as arrivals

only.

Use of Capacity Analysis Work Sheets. As applicable, the

following three work sheets are to be used for the cal-
culation of hourly capacity:
(1) Table 2-3: 'VFR Hourly Departure Capacity (HDC)

Analysis Work Sheet" - used to calculate the
capacity of a runway used for departures only.

(2) Table 2-4: 'VFR Hourly Arrival Capacity (HAC)
Analysis Work Sheet" - used to calculate the capacity
of a runway used for arrivals only.

(3) Table 2-5: "VFR Hourly Mixed Capacity (HMC) Analysis
Work Sheet" - used to calculate the capacity of a
runway used for arrivals and departures (at the same

time).



Each Work Sheet provides step by step procedures requiring
either simple arithmetic computations or use of specified
tables or charts. The following items regarding use of
these tables are noted:

(1) Most steps require use of previously computed values
(from prior steps) and the "procedure" identifies
the applicable steps and process.

(2) Where "boxes" are shown below each step adjacent to
sub-total and grand total lines, the appropriate
addition of values should be made and entered; sub-
sequent steps require use of sub-total and grand total
values and are denoted in the procedures with sub-
scripts "S" and "G" respectively.

(3) Some values are constants and have therefore been
pre-printed on the Work Sheets.

C-16



IFR CAPACITY PROCEDURES. Determination of an air station's
IFR capability is dependent primarily upon the availability
of radar ATC services. Such services may be provided by
D.0.D. or F.A.A. ATC facilities or a combination of military
and civil units in a joint operation. 1In joint‘facilities
the F.A.A. normally is responsible for the radar approach
control function while the military operates the Precision
Approach Radar (PAR) positions of Ground Controlled Approach

(GCA) facilities.

At those airfields not provided with their own radar facilities,

surveillance radar service for departures and arrivals may be
provided by adjacent F.A.A. or D.O.D. terminal radar air
traffic control units or by the enroute Air Route Traffic
Control Center (ARTCC) of the area.

Stations without terminal radar services may operate IFR
with conventional air traffic control service provided by
the ARTCC or by the NAS control tower.

a. The follewing variables must be determined to compute
IFR capacity:

Forecast of Activity in terms of Aircraft Class

(I, II, III); if more than one class is involved,

capacity is computed by weighting individual class
capacity by percent distribution of each class.

. Availability of radar service

. Type Approach Aid: PAR (single or multiple);
Conventional (VOR, TACAN, NDB).

. Airspace Limitations:
Restrictive - single departure path
Unrestrictive - more than one departure path

C-17



Runway Operating Configuration: (single, multiple
dependent or multiple independent runways)

b. Tables 2-6 and 2-7 respectively are to be used to compute
IFR capacity of a single or parallel runway configurations.
Application of these tables is illustrated through use
of examples contained in Section III of this Handbook.

The capacity of a runway used exclusively for low approaches
is computed using Table 2-7 for '"unrestricted airspace" and
"independent runway' conditions at a Ratio = 4.0.

CARRIER PRACTICE LANDING CAPACITY PROCEDURES. The capacity
of Carrier Practice Landing activities on a runway whether
performed at an outlying field or on a runway set-aside for
that purpose at a conventional station, has been established
at a standard 80 approaches per hour. This value is based

on: y
. normal rectangular practice pattern

. four aircraft within pattern

Increasing number of aircraft in pattern will not materially

increase capacity.

Therefore HTC = 80 arrivals per hour; 160 total movements
by count.

C-18
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DAILY CAPACITY ANALYSIS. This paragraph describes the proce-
dures to determine total daily capacity of an air station.
The procedure derives the total number of aircraft which can
be accommodated within a specified operating period (such as.
a day or part of a day), for the runway configurations fore-
cast to be available, and for the mix of aircraft and types
of aircraft movements forecast to be operated during the

period.

The procedure requires that the following data be developed
for each daily capacity analysis:

Choice of runway configurations which will be available
during the period for operational use, considering fore-
cast wind direction, wind velocity, .ceiling and visibility.

The number of hours of the day when each runway configura-
tion will be used, considering daylight hours, weather
forecasts and other 6perational factors bearing on choice
and availability of runways.

. The hourly capacities for each runway operating configura-
tion forecast to be used during the period of the analysis.
The hourly runway capacity should be determined in accor-
dance with Paragraphs 2 (VFR), 3 (IFR), or 4 (CPL) as
appropriate for the forecast operating conditions.

a, For a single runway airport, or for the periods of time
at any airport when a runway is used for both arrivals
and departures, the runway capacity will be the mixed
capacity of the runway, in aircraft per hour, multiplied
by the number of hours the particular runway is usable.
If during the day a change of operating condition is to
be considered, such as a period of IFR operation, or a
different runway is used, the new mixed capacity for this
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runway configuration multiplied by the hours it is usable,
will give the partial day capacity for this condition.

The total daily capacity will then be the sum of the
capacities of all the single runway operating configura-

tions usable.

For multiple runway operations when two runways are used
simultaneously, one for takeoff and one for landing, the
total hourly capacity is the sum of the separate capacities
of the two runways. However, the total hourly capacity
of such a two runway operating configuration may not be
representative of the number of aircraft that can be
accommodated over a longer term (daily or partial day).
This will be true whenever the forecast mix of takeoff
and landing operations does not match the relationship
of the takeoff to landing capacity of the two runways.
For example: two runways, one with HAC=40 and the other
with HDC=60 will have a total hourly capacity of 100;
however, an aircraft activity forecast of 200 movements
with 50% landings will not be accommodated in two hours
since only 40 landings per hour will take place. The
effective capacity of the two runways is only 80 move-
ments per hour, limited by HAC=40. 1In this case since
the ratio® of arrivals to departures equals 1.00 (as
indicated by "50% of landings'), the total capacity

is twice the limiting (lowest value).

Arrivals

* Ratio =
Departures
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However, where ratios other than 1.00 are involved, it
is necessary to compute hourly total capacity as follows:

HAC x (1 + Ratio)
Hourly Total Capacity =

Ratio

Horll

HDC x (1 + Ratio),

whichever is less - application of this procedure is
demonstrated through use of examples in Section III of
this Handbook.

It is noted that in the calculation of Ratio, touch and

go operations are considered as arrivals only. For
example, given a traffic demand of 200 aircraft performing
touch and go's, 300 "full-stop'" arrivals and 250 depar-
tures, the

200 + 300 500
250 250

Ratio = 2.0
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Table 2-1

HAC - HOURLY ARRIVAL CAPACITY - Movements Per Hour

I Runway Rating
Aircraft Class 30 40 50 60 70 80
I 50 47 44 40 35 30
I1 57 52 47 42 38 33
III 63 62 58 53 47 41

Use of Table: Enter with Runway Rating for each aircraft class as
obtained in Step 2 on Tables 2-4 or 2-5 and read HAC
below. Interpolate as required.

Table 22

EQUIVALENT MOVEMENT FACTORS
For Touch & Go or Landings in Formation

HAC - Movements per Hour

Landing

Procedure 30 35 40 45 50 5 [ 60 65
Formation of 2§ .58 .59 .61 .62 .64 .65 .67 .68
Formation of 3§ .45 A7 .49 .50 .52 .55 .56 .57
Formation of 4} .37 .40 .42 W44 .46 .48 .50 .52
Touch and Go .17 .20 .23 .25 .27 .30 .33 .37

Use of Table: Enter HAC obtained above (Table 2-1) for each aircraft
class and read Equivalent Movement Factors below.

Interpolate as required.
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Step No.. ® ) ® @ ® ® @
From Field Survey . @3
Procedure or Constants 0.6 Q T@}; Constants @ ® @ ’Q
Forecast
Stop Takeoff Demand slqu;v,hm ET":v.olﬁ Dci:;s: Class Weighted Weighted
t quivalent ri- . C) (HDC)
Definition Type No. of ovemen A HDC's (HDC) A
, Operation Aircraft Factors Movements bution
B
Single 1.00
> 2 .60
-
Aircraft < : A 3 47
Class | s ’
|
2
4 .40
Pairs 50
49
s s s S
Sub—TotaIsI
Single 1.00
2 2 .63
O
Aircraft : -
Class It z° 3 o1
|
2
4 .45
Pairs 50
63
s s S
Sub-Totals "
F Single 1.00
- 2 .69
0
Aircraft : - 3 59
Class 11| ﬂ s° )
| o
2
4 .54
Pairs .50
20
Sub-Totais |, |s s S ]
ALL Grand-Totals ®G
CLASSES i (DG @G
Table 2—3

VFR HOURLY DEPARTURE CAPACITY (HDC) ANALYSIS WORK SHEET
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Table 2—4
VFR HOURLY ARRIVAL CAPACITY (HAC) ANALYSIS WORK SHEET
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Figure 2-2

VFR RUNWAY CAPACITY FOR MIXED OPERATIONS

c-27




Table 2-6

IFR CAPACITY (SINGLE RUNWAY)

Radar | Non-Radar
Type Navaid PAR (1) PAR (2) & Conventional Conventional
- Runway Rating 30 60 90 30 60 90 All Rating
Aircraft Class|I&IT [IIT {T&II[III [I&IT[III IT&IL|III [I&I1|IIT|I&I1|III| AlL Classes
Ratio
(UNRESTRICTED AIRSPACE)
.2 46 | 46| 43 | 43|41 | 41|46 | 46|63 | 43] 41 | 41 28
4 42 | 421 36 36| 34 34 { 42 421 36 36 34 34 25
.6 42 | 42|37 | 37132 | 32]42 [42]37 | 37| 327 32 21
.8 40 | 34|34 1346|129 [29]40 |40(34 | 34| 29 | 29 18
1.0 38 130432 |30/30 {3038 {3832 ] 32[ 30 | 30 16
1.2 37 281 33 28129 | 281} 39 39| 33 33} 29 | 29 15
1.5 33 | 25133 | 25{30 | 2540 25133 | 25§ 33 | 33 13 ]
2.0 30 231 30 231 30 23 | 40 33! 33 33, 30 | 30 12
_ 3.0 27 120127 12027 120!40 !29:33 ! 29° 29 ! 29 1S
4.0 | 27 [20]27 [20:27 {2037 | 27:35 | 27, 31 | 27 10
) (RESTRICTED AIRSPACE)
l .2 30 | 30 24 | 24| 24 24 | 30 30| 24 241 24 | 24 28
9 A 28 1287121 |21{21 [21]|28 [28)]21 ] 21|21 | 21 25
.6 24 1 26(21 | 2121 | 21)2% {26]21 { 21] 211 21 21
! .8 24 24| 22 22122 | 221 24 24 | 22 22| 22 22 18
1.0 26 26| 22 22| 20 20| 26 26 | 22 22| 20 20 16 -
1.2 26 26| 22 22| 20 20 | 26 26| 22 221 20 20 15
, ‘ 1.5 26 | 25]/23 [ 2321 [ 21[26 | 26| 23 | 23] 21 | 21 13
2.0 27 (23123 ;23121 [21f27 [27|23 ] 231217 21 12
3.0 27 | 20| 24 | 20020 {26128 | 28|24 | 241 21 | 21 11
4.0 25 | 19125 | 19122 | 19]30 | 2725 ;| 25: 23 | 23 10
PAR (1) = PAR with single approach capability
. PAR (2) : - PAR with multiple approach capabilit
N Conventional - Conventional navaid (VOR, TACAN, NDE
I, I1, 1II - Indicates applicable aircraft class

More than one departure path capability
Single departure path capability

= Arrival Pemand
Departure Demand

Unrestricted Airspace
Restricted Airspace

Ratio




Table 2-7

IFR_CAPACITIES (PARALLEL RUNWAYS)

Radar NQB:R@Q;Ej_
e PAR (1) PAR (2) & Conventional Con.
g:??ig All Ratings All Ratings All Ratings
Aircraft 1 11 ITI 1 II III All Classes
Class _ AJ
Ratio (UNRESTRICTED ATRSPACE)
Dep.| Ind.| Dep.|Ind. |Dep. |Ind. | Dep.|Ind.| Dep. Ind.|Dep. Ind.? Dep.;Ind.
.2 54 | 59| 54 | 72 | 54 | 72 | 4 | 59| 54 | 72 | 54 | 72 | 28 | 36
A 45 | 69} 451 70 | 45 | 53 45 | 69| 45 | 84 | 45 | 77 | 25 | 28
.6 45 | 53] 45 | 53 | 40 |40 | 45| 79| 45| 80 { 45 | 59 ! 21 | 21
.8 45 | 45| 45 | 45 | 36 | 34 | 45 | 68| 45 | 67 | 45 | 50 18 | 18 ,
1.0 40 | 40| 40 | 40 | 30 | 30 | 46 | 60| 46 | 60 | 44 | 44 | 16 | 16 i
1.2 37| 37| 37| 37 | 27 | 28 | 46 | 55| 46 | 55| 40 | 40 | 15 | 15
1.5 33| 33| 33| 33| 25 | 25 | 45| 50 45| 50 | 37 | 37 13 | 13
2.0 30| 30| 301 30| 23 |23 | 45| 451 45! 45| 33 | 33 12 | 12
3.0 27 | 27| 27 27 | 20 20 | 40! 40} 40| 40 [ 29| 29 § 11 . 11 _
4,0 | 25l 251 25 25 19 {19 ' 38 38! 38 38 l'27 28 % 10 10 |
"(RESTRICTED AIRSPACE) :
Dep .| Ind.| Dep. Ind. Dep.|Ind. | Dep.|Ind.|Dep.| Ind.|Dep.| Ind. i Dep. Ind. )
2 | 30 36| 30 | 36 | 30 | 36 | 30 | 36 | 30| 36 | 307 36 | 28 | 36 |
4 28 | 42| 28 | 42 | 28 | 42 28 | 42| 28| 42| 28| 42 25 | 28
.6 27 | 48| 27 | 48 | 27 | 40 | 27 | 48 | 27 | 48 | 27 | 48 21 | 21
.8 95 | 451 25 | &5 | 25 | 36 | 25| 54| 25| 54| 25| 50 | 18 | 18
1.0 26 | 40| 26 | 40 | 26 | 30 26 | 60| 26 | 60 | 26| 44 16 | 16
1.2 56 1 371 26 | 37 | 26 | 28 | 26 | 55| 26| 55| 26 | 40 | 15 | 15 a
1.5 25| 33| 25| 33 | 25| 25 25 | 50| 25| 50| 25} 37 13 | 13
2.0 25| 30| 25).30 | 22 | 23 25 | 45| 25| 45| 25| 33 i 12 ! 12
3.0 35| 27| 25| 27 | 20 | 20 | 25 | 40| 25| 40 | 25 29 | 11 j 11 !
4.0 251 25! 251 25! 19 | 19 26 | 38| 26| 38! 26| 28 | 10 10

PAR with single approach capability

PAR (1) -
PAR (2) - PAR with multiple approach capabilit N
Con. - Conventional navaid (VOR, TACAN, NDE -
I, I1I, IIT - Indicates applicable aircraft class
Dep. - Release of departure dependent on assured landing on parallel
runway (per ATC criteria) c
Ind. - Release of departure not dependent on assured landing on paral- |
lel runway (per ATC criteria) ;
Ratio = Arrival Demand

Departure Demand
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Section III. EXAMPLES

Using the procedures outlined in Section II, this section demon-
strates the techniques involved by means of examples, covering the

following basic areas:

Runway Rating
VFR Capacity
IFR Capacity
Daily Capacity
Application of Figure 2-2

a. Runway Rating. To successfully calculate the runway rating
for a given runway direction, adherence to 6 steps 1s
necessary. These steps, listed below, apply to Figure 2-1
which is reproduced in this section for clarification.

(1) For each class, enter the runway rating figure with
the field elevation.

(2) Proceed upward until the proper runway length line is

intersected.

(3) Draw a line representing the runway, directly across
the figure. On this "runway' plot the runway exits
where they actually exist based on distance from

threshold.
(4) Sum up the number of "slow' exits within the slow
range.

(5) Sum up the number of "fast' exits within the fast
range; multiply this number by two. If a fast exit
falls in the "slow" range, but out of the fast range,
count it as a "slow" exit.
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(6) The sum of steps 4 and 5 are the equivalent usable
exits. Extend the horizontal runway line over to the
appropriate usable turnoff lines and read the runway
rating on the axis below.

(Example 1)

R/W 18-36 is 8,000 feet long and is at sea level (sl).
Calculate the runway rating in the R/W 18 direction for
all three classes of aircraft. The plan view of Runway
18-36 looks like:

2000’ 1500’ 500° 1000 3000
v

) S
® ® & &
Exits @ @ and @ are "slow."

Exit (:) is "fast.”

18 36

Utilizing the aforementioned steps and Figure 2-1
(Example) on page C-33, the runway ratings are calculated 3

to be:
Class I 48 sec.
Class II 38 sec.
Class III 39 sec.
(Example 2)

R/W 13-31 is 4,000 feet long and is 3,000 feet above
sea level. The layout of exits as shown below:

1000 1000’ 1000’ 1000’ R
°© & &

Exits (2) and (3) are "slow.” .
Exit (1) is "fast.”

13
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Calculate the runway rating in the R/W 13 direction
for Class III aircraft. The calculations are shown on

Figure 2-1 (Example) on page C-34 with the rating

calculated at 30 sec.
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VFR Capacity. In these examples, the calculation of VFR run-
way capacities use Figure 2-2, Tables 2-1, 2-2, 2-3, 2-4,

and 2-5. These figures and tables are reproduced for these
examples on page numbers C-40 to C-44 (Example 1) and C-45 to

€-49 (Example 2).

(Example 1)

Mission Jet fighter base.

Base Layout Two 10,000' parallel runways,
1,500' centerline separation.
3,000' above sea level.

Manner of Operations Arrivals on one runway;
departures on the other.

Type of Aircraft A6, A4, F4

Aircraft Classification Class I

Operations Conducted Formation arrivals and

' departures; Touch and Go's
Daily Activity 300 single departures, 300
(from survey) single arrivals, 100 aircraft in

formation departures of 2, 100
aircraft in formation departures
of 4, 100 aircraft in formation
arrivals of 2, 100 aircraft in
formation arrivals of 4, 600
Touch and Go's.

Exits Two usable slows)_ 4 equivalent

One usable fast )  turnoffs

Runway Rating = 55 sec.
(Assumed previous calculation)
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Results

FULL STOPS & TOUCH & GO'S

(HAC)9|—==

R
DEPARTURES ONLY —= 61 (HDC)

At a ratio of 2.2 (1100 arrivals divided by 500 departures
per example 'daily activity" input), the hourly total
capacity equals 132 operations per hour; refer calculation
procedure discussed on page numbers C-20 and C-21.

Question: What is the capacity if a third parallel is
added 5,000' from the existing outboard
runway? Mixed operations on new runway.

(HAC )91 —em weaULL STOPS B TOUCH 8 GO S

)
DEPARTURES ONLY —=(HDC)6I

ALL OPERATIONS
81 HMC

Total capacity = 132 (from above calculation) + 81 = 213
operations per hour.

(Example 2)
The air station undergoes a partial change in mission.
Several squadrons of P-3's are moved in to serve as a
coastal anti-submarine group. It is now necessary to
recompute capacity with this new demand.
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Mission

Base LayPut

Aircraft Classification
Manner of Operation
Operations Conducted

Daily Activity

Jet fighter training,
Coastal watch

Same as previous example.

I and II |

Same as previous example.

Touch and Go's; Formations

Same as previous example ex-
cept for a 200 movement

increase in single arrivals
and departures generated by

Runway rating = 55 (Class I)

Runway rating = 43 (Class II)
(assumed previous calculation)

the P-3's.
Exits
Results:
82 (HAC)—e FULL STOPS 8 TOUCH & GO'S

DEPARTURES ONLY

—e=63(HDC)

At a ratio of 1.86 (1300 arrivals divided by 700 depar-
tures per example ''daily activity" input), the hourly
total capacity equals 126 operations per hour; refer

calculation procedure discussed on page numbers C-20

and C-21.
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. "fy

Question:

Question:

Question:

What is the capacity if the ratio of arrivals
to departures equals 2.07?

Hourly Total Capacity (HTC) = HAC x (1 + Ratio)
Ratio

Horll
"HDC x (1 + Ratio),
whichever is less.

82X(1+2)=82X3=123
2 2

Therefore, HTC =

(Other formula results in higher value of 189.)

What is the capacity if the ratio equals 0.8?
HTC = HDC x (1 + Ratio) =

63 x 1.8 = 113.4 (113)

(Other formula results in higher value of 184.5.)

What is the capacity if a third parallel is
added 5,000' from the existing outboard
runway? Mixed operations are to be conducted
on this runway.
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FULL STOPS & TOUCH & GO'S

82 (HAC)—e=

DEPARTURES ONLY —e»63(HDC)

ALL OPERATIONS
70 HMC

Total Capacity = 126 (from above calculation based on
Ratio = 1.86) + 70 = 196 operations per hour.
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Step No. O] @ ©) @ ® @
From Field Survey .
Proced Constan + c N
rocedure o r:m nstants 0.6 Q @3 onstants Q)@ ,@;
Takeoff Demand
Step : Equivalent T:koo:fn Class Class Weighted Weighted
P ] ot | Aot | Mmen | Mevewwn | omen | Wocs | wioog | oo,
Single 3 0 0 1.00 3 0 )
z 2| /oo .60 60
-
P gs 3 - 47 -
)
41 Joo 40 40
Pairs - 50 -
49
Sub-Totals , s800 ' s <4006 |s / (/) s 4‘?
F Single 1.00
b,
> 2 63
J —2
‘é::‘;"".‘ g 5 3 51
e
4 .46
Pairs 50
63
Slb-Totlls" S s s §
Single 1.00
_5 2 .69
ro =
Clue 11 iz 3 59
-
“ 4 54
Pairs .50
90
Sub-Totals ||, g s s s
P——
clhes | st [0, 570 @ 400 |@ /.0 49 | ¢/

Table 2—-3/EXAMPLE 1
VFR HOURLY DEPARTURE CAPACITY (HDC) ANALYSIS WORK SHEET
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Table 2—4 /EXAMPLE 1

PACITY (HAC) ANALYSIS WORK SHEET

VFR HOURLY ARRIVAL cA
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Table 2-1/Example 1

HAC - HOURLY ARRIVAL CAPACITY - Movements Per Hour

Runway Rating

Aircraft Class 30 40 50 60 70 80
I 50 47 @) 35 30
II 57 52 47 42 38 33
III 63 62 58 53 47 41
Interpolate between 44 and 40; Use 42.
Table 2-2/Example 1
EQUIVALENT MOVEMENT FACTORS
For Touch & Go or Landings in Formation
Landing o HA - Movements per Hour
Procedure 30 '35 50 55 60 65
Formation of 2| .58 | .59 62 | .64 | .65 | .67 | .68
Formation of 3§ .45 47 .49 .50 .52 .55 .56 .57
Formation of &4 .37 .40 42 a4 .46 .48 .50 .52
Touch and Go || .17 .20 .23 .25 .27 .30 .33 .37
i
For 42, interpolate and use .61

*This value not needed in example.
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Sup No. © 1] 6 | &8 T & ] e 16) @ @ » | ® @ ® ® o © @ [£) ) S © ® (T
¢ . RVEY R USE Fig. USE TABLE TABLE v
Proema oM HELD suRVEY OR FoRECAST wii | Twn [T | 00 | @0 | 4w |oewn) @0 | @0 a0 |20 |00 | @ =& |@e@| =3 | @
O — .“.s of Cz“” “:.n_;ﬁq L S Class m...._.l......t...h. TouchaGo | TownsGo | I%m | Taeot Takeots raoa, | Jowrae | o Wewghtod Runwey Rating
e o Towl Auecratt Rating HAC's Arvermer ovomen L Eauatent Londing Dene rolen o _ Touen 8 Go — Tow (HMC) MY,
[ [ s [300 300 w [2p0 w |200
| & | \oo loo bl [ 6 = | 6o
. m 3 - - - -
Mﬁ + A - £ 7 -
- ¢ —°° {oo . -;“ —T“ - :I—
Touch & Go 00& h-q _ :-N- .N-_.w —:-:v _
Pairs -
- _' = (Ropeat Veiue) — it _ = _

{Repeat Vailvel

o, [59]bos]  [5v0] [eo4l v [5%8]  [wol] [9%4] [rol %]

N
CLASS It -

Touch & Go 4 r— (Repest Valuel _ ‘

{
2
Table 2-5/EXAMPIE 1

VFR HOURLY MIXED CAPACITY (HMC) ANALYSIS WORK SHEET

10N OF
~

Awcraft L < 5
CLASS 1)

e |
—l . | 1

FOR
-

Pairs

HER ]
e T 1 [ T T 1 31 1 [ F ]

s - s [0500 [ § 00 [, 1100] @, 500 ] [® ors| & lipdy [ Sw 8] [%ko] [1600[-44q[ SB[ 1.0 %] | & [ %b [4kB [8] |
_ D

r * CROSS CHECK: o.l@...ﬁr. @u o-l@m.@.. (1 a
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v Enter with Runway Rating
= 46 from column l4c,

v Parallel line to percent
operations: Class I =
100% from column 13,
Table 2-5.

) Procee d vertically at
Operating Mix Percen t
Landings = 57, from
Column 12, Table 2-5.

) Read AmZOVM = 48 at inter-

section of lines.
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Step No. O] 9 ® ® ® @
Procedure an;::i:c:uww Constants 0.0 Q +@3 Constants Q o) @
Takeott Demand Equivalent Takeoff Class sight eight
ostmon [ Twwe | Moot | Mewmen | Equhelenc | ool | e | omed ]
B
Single 3 00 1.00 3 0 0
| z 21 JOO 60 60
Qﬁ:? ) 53 3 - 47 -
— O
AWEYs) .40 4. 0
Pairs - 50 -
49
Sub-Totals | 8500 S+00 S '67 s 33
& Single EL‘)C) 1.00 22!76’
z 2 63
Pkl gt 3 51
Il
4 45
Pairs .50 |
63
Sub-Totals |, 5200 3200 S .33 s 2./
r Single 1.00
_5 2 .69
e 1 | 33 3
E 4 .54
Pairs .50
90
Sub-Totels |, |s s

ALL

cL ASSES} Grand-Totals

@700

&% 600

% /.0

Table 2-3 /EXAMPLE 2
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VFR HOURLY DEPARTURE CAPACITY (HDC) ANALYSIS WORK SHEET
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Table 2—4 /EXAMPLE 2

VFR HOURLY ARRIVAL CAPACITY (HAC) ANALYSIS WORK SHEET
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Table 2-1/Example 2

HAC - HOURLY ARRIVAL CAPACITY - Movements Per Hour

Runway Rgting

Afrcraft Class T30 40 50 60 70 80
1 50 47 @) 35 30
I1 57 G2 @ 42 38 33
1L { 63 62 58 53 47 41

Class I: Interpolate between 44 & 40; Use 42.
Class II: Interpolate between 52 & 47; Use 51.

Table 2-2/Example 2

EQUIVALENT MOVEMENT FACTORS
For Touch & Go or Landings in Formation

HAC - Movements per Hour

Proceduce 30 | 35 | (49 50 | 55 | 60 | 65
Formation of 2| .58 .59 .61 .62 .64 | .65 .67 .68
Formation of 3i .45 47 .49 .50 .52 .55 .56 .57
Formation of 4 .37 | .40 42 A4 | 46 | .48 | .50 | .52
Touch and Go | .17 | .20 .23 .25 | .27 | .30 | .33 .37

Class I: Interpolate between 40 & 45; Use
.61/.49%/.43/.24

Class II: Values not needed in this example.

*Value not needed in this example.
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c.

IFR Capacity. IFR runway capacities are computed using Tables

2-6 and 2-7. A series of examples follow indicating the use
of these tables, which are reproduced here for convenience.

Examples.

(1) Compute the IFR capacity of:

Layout Single Runway
Type Navaid Conventional
Airspace Unrestricted
Radar Yes
Aircraft Class ITI
Ratio (Arrivals/

Departures) 1.0
Runway Rating 60

Pefer Table 2-6 (Example) on page C-53; Capacity = 32

operations/hour.

(2) Compute the IFR capacity of

Layout Single Runway
Type Naviad PAR (1)
Airspace Unrestricted
Radar Yes
Aircraft Class II
Ratio (Arrivals/

Departures 1.2
Runway Rating 90

Refer Table 2-6 (Example) on page C-54; Capacity = 29
operations/hour.
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(3)

(4)

Compute the IFR capacity of:

Layout

Type Navaid
Airspace
Radar
Aircraft Class

Ratio (Arrivals/
Departures)

Runway Rating

Single Runway
Conventional
Restricted

No

II1

1.0
75

Refer to Table 2-6 (Example) on page C=55; Capacity = 16

operations/hour.

Compute the IFR capacity of:

Layout

Type Navaid
Airspace
Radar
Aircraft Class

Ratio (Arrivals/
Departures)

Runway Rating

Close Parallels - Dependent
PAR (2)

Unrestricted

Yes

502 1 507% III

1.0
75

Refer to Table 2-7 (Example) on page C-56;

Capacity = 46 operations/hour (Class I)

Capacity = 44 operations/hour (Class II)
Average = (0.5 x 4h) + (0.5 x 44) = 45
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(5)

(6)

Compute the IFR capacity of:

Layout Parallels =~ Dependent
Type Navaid PAR (1)
Airspace Restricted
Radar Yes
Aircraft Class I
Ratio (Arrivals/
Departures) 1.5
Runway Rating 60

Refer to Table 2-7 (Example) on page C-57;
Capacity = 25 operations/hour.

Compute the IFR capacity of:

Layout Single Runway
Type Navaicd PAR (1)
Alrspace Restricted
Radar Yes
Aircraft Class 30% I; 50% II, 20% III
Ratio (Arrivals/
Departures) 1.0
Runway Rating I1@60; IT @ 90; III @ 30

Refer to Table 2-6 (Example) on page C-58;
Capacity: Class I = 22; II = 20; III = 26

Sum of each class capacity times
percent class distribution

Weighted Capacity

(22 x 0.30) + (20 X 0.50) + (26 x 0.20)
6.6 + 10 + 5.2
= 21.8 (Use 21)x*

* Always drop fractional values.
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Table 2-6

(Example 1)

IFR CAPACITY ((SINGLE RUNWAY)
\_/

] (Radar) .| Non-Radar _ |
Type Navaid PAR (1) ~— PAR (2) & onvencioné) :Conventional
Runway Rating 60 90 30 (§ ~ __—86 All Rating
Alroraft Class|I&LI|ITT {I&II[I11 [I&IT[IIT {I&IT[IIT T&IT] ID|I&II[III| All Classes
Ratio el
é;;;;STR;;;;bAIRSPACE)
.2 46 | 46| 43 | sl Vi6 | 46|43 | 43| 41 | a1 28
N %2 162136 | 36|34 | 36|62 | 42|36 | 36] 34 | 34 25
3 72 142137 | 37132 | 32|42 | 42|37 [37]32 | 32 21
.8 20 | 36| 36 | 3629 | 29|40 | 40|34 | 3429 | 29 18
(.0 38 | 301 32 | 30|30 | 30|38 | 3832 |(32) 30 | 30 16
1.2 57 128133 | 28|29 | 28139 | 39(33 | 33129 | 29 15
1.5 33 | 25133 | 25130 | 25}40 | 25133 | 25| 33 | 33 13 .
2.0 30 | 23130 | 2330 | 23]40 [33:33 {33;30 | 30 12
] 3.0 27 2ol 27 120027 120160 129133 ¢ 20 29 ¢ 29 11
P 4.0 27 | 20| 27 | 20127 2037 [ 27§35 |27, 31 | 27 10
(RESTRICTED AIRSPACE) ’ :
.2 30 130 26 | 26]26 | 26030 [30]24 | 24] 26 | 24 28
A 28 | 28| 21 | 21| 21 | 21|28 j28)21 | 21} 21 |21 25
.6 24 | 26| 21 [ 2121 | 21}26 | 26|21 | 21} 21 | 21 21
.8 24 | 261 22 | 22022 [ 22)24 | 26}22 | 2222 | 22 18
1.0 26 1 261 22 | 2220 | 20{26 | 2622 | 22| 20 | 20 16 -
1.2 56 | 26| 22 | 22| 20 | 20 |26 | 26| 22 | 22| 20 | 20 15
1.5 26 | 25| 23 | 23|21 | 21]26 | 26| 23 237 21 | 21 13
2.0- 27 1 23] 23 ; 23121 [ 21|27 [27}123 | 23!21 21 12
i 3.0 27 | 20| 24 | 201 20 | 26128 | 28] 24 | 241 21 | 21} 11
| 4.0 25 |19 25 | 19122 | 19]30 : 27,25 { 25. 23 | 23~ 10
PAR (1) - PAR with single approach capability
PAR (2) - PAR with multiple approach capability
Conventional - Conventional navaid (VCR, TACAN, NDE)
1, I1, III - Indicates applicable aircraft class

Unrestricted Airspace
Restricted Airspace

Ratio

More than one departure path capability
Single departure path capability

Arrival Demand

Departure Demand
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Table 2-6

_(EmmmleZ)

IFR CAPACITY ({SINGLE JRUNWAY)
N—

> N
P (ﬁadaf) 1 Non-Radar
Type Navaid éﬁR (i) " PAR (2) & Conventional !Conventional
. Runway Rating 30 60 eﬁp 30 60 90 All Rating
Aircraft Class!I&II|III I&II|I:;’£§Z:1£££\;&II]III I&TI|ITIT|I&IT|III| All Classes
Ratio |
UNRESTRICTED) ATRSPACE)
2 a6 | 46|43 | N1 | aafae [a6 a3 [a3]ar [ a1 28
A 42 (4236 [ 36{34 | 36|42 [42]36 | 36|34 | 34 25
.6 42 | 4237 | 37]32 | 32462 [42]37 | 37032 |32 21
.8 40 [ 36|34 | 3629 | 29140 | 40|34 | 34|29 | 29 18
1.0 38 [ 3032 | 30|30 [30({38 | 38|32 | 32]30] 30 16
(1.2) 37 | 28] 33 [ 28[(29)] 28139 | 39]33 | 33}29 |29 15
1.5 33 | 25]33 | 25{30 | 25f40 | 25i33 | 25| 33 | 33 13 ]
2.0 30 [23}30 | 23i30 | 23{40 [33!33 1 33: 30 30 12
_ 3.0 27 120:27 120'27 {20140 129133 29729 ! 29 1
i 4.0 27 [ 20|27 [20:27 {20(37 27035 | 27,31 |27 10
(RESTRICTED AIRSPACE)
.2 30 | 30126 [ 26) 24 | 2630 | 30|24 | 24| 24 | 24 28
4 28 [ 28|21 [ 21)21 {21]28 [28]21] 21| 21 | 21 25
.6 26 | 24)21 [ 21]21 | 21|26 | 26|21 | 2121 | 21 21
.8 26 | 24|22 | 22]22 [22)26 | 26|22 | 22| 22 | 22 18
1.0 26 | 26|22 [22]20 [ 2026 |26} 22| 22| 20 | 20 16 j
1.2 26 | 26] 22 | 22]20 | 20|26 i 26|22 | 22} 20 | 20 15
1.5 26 | 25[ 23 | 23} 21 | 21]26 | 26|23 | 23121 | 21 13 i
2.0 27 | 23|23 ;23121 {2127 {27123 | 231211 21 12
3.0 27 | 20] 24 {20020 | 26i28 i 28|24 | 241 21 | 21! 11
4.0 25 | 1925 | 19722 | 19]30 : 27,25 ; 25. 23 | 23° 10
PAR (1) PAR with single approach capability
PAR (2) PAR with multiple approach capability
Conventional Conventional navaid (VCR, TACAN, NDE)

1, IT, III

Unrestricted Airspace
Restricted Airspace

Ratio

Indicates applicable aircraftr class
More than one departure path capability
Single departure path capability

Arrival Demand

Departure Demaind
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Table 2-6

(Example 3)

IFR CAPACTTY((SINGLE)RUNWAY)
\—/

Unrestricted Airspace
Restricted Airspace

i Radar /r Non-Radar __<_
Type Navaid PAR (1) PAR (2) & Convencionar’ iConventional
Runway Rating 30 60 90 30 - 60 90\\ All Rating
Aircraft Class | I61I|TII |I&IT|IIT |[I&I1|IIT II&IT[II1 |I&IT|III T&IT[IINALL ClassesA
Ratio :
(UNRESTRICTED AIRSPACE)
.2 46 | 4643 143|641 | 4146 | 46|43 | 43 41 | 41 28
b 42 | 42|36 | 36]36 | 36|42 | 42|36 | 36| 34 | 34 25
.6 42 | 42|37 | 37]32 [ 3242 | 42}37 | 37|32 | 32 21
.8 40 | 34|34 | 36)29 | 2940 [ 40|34 | 34129 |29 18
1.0 38 | 30(32 | 30]30 | 30(38 | 38|32 | 32] 30 | 30 16
1.2 37 | 28|33 | 28] 29 | 28|39 {3933 |33/"29 | 29 15
1.5 33 25|33 | 250130 | 25140 | 25133 | 25| 33 | 33 13
2.0 30 | 23] 30 | 23130 {23 (40 |33!33 13330 |30 12
3.0 27 | 20127 1206127 | 20140 129:33 ! 29 23 ; 29 11
4.0 [ 27 | 20|27 | 20: 222037 | 2735 | 27, 31 | 27 10
' (fﬁESTRICTEB\AIRSPACE)
.2 30 [30] 26 | 2] 24 | 244/30 [ 3024 | 24] 24 | 24 28
b 28 | 28|21 [ 21|21 {2128 28|21 | 21|21 |21 25
.6 26 | 24|21 {2121 {21}24 {2421 | 21} 21 § 21 21
.8 26 | 24|22 | 2222 | 22|24 | 24|22 | 22)22 | 22 18
(1.0) 26 | 26|22 | 22{20 {20(26 |26}22 | 22] 20 | 20 (16)
1.2 26 | 26| 22 | 2220 | 20|26 1 26} 22 | 22] 20 | 20 15
1.5 56 | 25| 23 | 23| 2L | 21|26 | 2623 | 237121 | 21 13|
2.0 27 | 23] 23 ;23121 |21)27 {27]23 | 23}21:21 12
3.0 27 | 20| 24 | 201 20 | 26128 | 28|24 ! 24121 | 21} 11
4.0 25 | 19 25 | 19122 | 19|30 : 27,25 ; 25: 23 | 23’ 10
PAR (1) - PAR with single approach capability
PAR (2) - PAR with multiple approach capability
Conventional - Conventional navaid (VCR, TACAN, NDE)
1, 11, 1II - Indicates applicable aircraft class

Ratio

More than one departure path capability
Single departure path capability

Arrival Demand

Departure Demand
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Table 2-7

(Example 4)

Departure Demand

C-56

IFR_CAPACITIES { (PARALLEL RUNWAYS)
(Radarx Non-Radar __
Ngggid PAR (1) PAR {éi)& Conventional Con.
P p——
§§2Y§Z All Ratings <?;; Ratin;E> All Ratings
. N
Algi;ggt_ 1 11 ITI ~\(::) 1 (::::) ALL Classes
Ratio 4 (@_RESTRICTEQAIRSPACE)
Dep. | Ind.| Dep. | Ind. | DANJInd. p.) Ind.| Dep. IndJﬁ&ﬁi}Ind.% Dep. Ind.
.2 54 | 59 | S4 | 72 | s4 | 72 | 5% | 59| 54 | 72 | 5L | 72 | 28 | 36
A 45 | 69| 45| 70 | 45 | 53 45 | 69| 45 ) 84 | 45 | 77 25 | 28
.6 45 | 53| 45 | 53 | 40 | 40 45 | 79| 45| 80 | 45 | 59 | 21 | 21
.8 45 | 451 45 | 45 | 34 | 34 45 | 68 | 45| 67 | 45 | 50 18 | 18
Q.o 40| 40l 40| 40| 30 | 30 @D 60 | 46 | 60 46 ) 44 | 16 | 16
1.2 37 | 37| 37| 37| 27 | 28 46 | 55| 46 | 55| 40 | 40 15 | 15
1.5 33| 33| 33| 33| 25 | 25 45 | 50 | 45 50| 37 | 37 i 13|13
2.0 30/ 30| 301 30 23 | 23 45 | 45| 45 ! 45| 33 | 33 4 12 | 12
3.0 27| 27| 27 27 ] 20 | 20 | 40| 40 401 40| 29 ] 29 : 11 ! 11 |
&0 1 25 257 2525 19 | 1% 3% ; 38 3g 3827 28 % 10 - 10 !
- , {RESTRICTED AIRSPACE)
Dep .| Ind.] Dep.|Ind. ;Dep. |[Ind. | Dep.{Ind.|Dep.| Ind.| Dep.| Ind. || Dep. |Ind.
.2 30 | 36| 30 | 36 | 30 | 36 | 30| 36| 30| 36| 30| 36 | 28 | 36
4 28 | 421 28 | 42 | 28 | 42 28 | 42| 28| 42| 28| 42 25 | 28
.6 27 | 48| 27 | 48 | 27 | 40 | 27 | 48 | 27 | 48| 27| 48 | 21 | 21
.8 251 45| 25| 45 | 25 | 34 25 | s4 | 25| 54| 25| 50 18 | 18
1.0 26 | 40 26 | 40 | 26 § 30 26 60 26 60 ] 26 | 44 16 16
1.2 26 | 37| 26 | 37 | 26 | 28 | 26 | 55| 26 | 55| 26 | 40 j 15 | 1S
1.5 25| 33| 25| 33| 25| 25 25 | 50| 25| s0f 25 37 # 13 | 13
2.0 25{ 30| 25| 30| 22 | 23 25 | 45| 25| 45] 25| 33 § 12 ! 12
3.0 25| 27| 25| 27 | 20 | 20 | 25 | 40| 25| 40| 25 29 | 11 11
4.0 25| 251 251 25 1 19 | 19 26 | 38| 26| 38| 26 28 | 10 10
PAR (1) T PAR with single approach capability '
PAR (2) - PAR with multiple approach capabilit
Con. - Conventional navaid (VOR, TACAN, NDE{
I, II, III - Indicates applicable aircraft class
Dep. - Release of departure dependent on assured landing on parallel
runway (per ATC criteria)
Ind. - Relcase of departure not dependent on assured landing on paral-
lel runway (per ATC criteria)
Ratio = Arrival Demand



Table 2-7 (Example 5)

IFR_CAPACITTES {{PARALLEL)RUNWAYS)

(Radar Non-Radar _
Ngggid PAR (2) & Conventional Con.
g:??ﬁg All Ratings All Ratings All’Ratings
Aircraft :
A G| n 111 I 11 IIT || All Classes
Ratio (UNRESTRICTED AIRSPACE)
Dep.| Ind.]| Dep.|Ind. |Dep. |Ind. | Dep. Ind.| Dep.|Ind.|Dep. Ind.% Dep.iind.
.2 S4 | 59| 54| 72 | 54 | 72 | 54 ) 59| 54 4 72} S4 | 72 | 28 | 36
b 45 | 69| 45| 70 | 45 | 53 | 45| 69| 45| 84 | 45 | 77 | 25 | 28
.6 45 | 53| 45| 53| 40 | 40 | 45| 79| 45| 80 | 45 | 59 | 21 | 21
.8 45 | 45| 45| 45 | 36 [ 34 | 45| 68| 45| 67 | 45 | 50 | 18 | 18
1.0 40| 40| 40 | 40 | 30 | 30 | 46| 60| 46 i 60 | 44 | 44 1 16 | 16
1.2 37 1 37| 37| 37| 27 | 28 | 46 | 55| 46 | 55 | 40 | 40 § 15 | 15
1.5 33| 33| 33 | 33 | 25 | 25 | 45| 50| 45 50| 37 | 37 § 13 | 13
2.0 30| 30| 301 30|23 {23 [ 45| 45| 45 454 33 |33 4 12112
3.0 27| 27| 27 " 27 |20 {20 i 40! 40 40 401 29| 29 § 11 } 11 _
5.0 1 25t 23] 25 25 [ 19 | Lo im0y | 38 ag + 27 28 ¢+ 10 10 !

"(RESTRICTED)ATRSPACE)

(Dep ) Ind.| Dep.|Ind. Dep. Inth] Dep pAnd.|Dep.| Ind.| Dep. Ind. | Dep.|Ind..
36 | 30| 36 | 30 | 36 30 | 36 30| 36| 30| 36 | 28 36

27 | 48| 27| 48 |27 {40 | 27 | 48| 27| 48| 27| 48 || 21 | 21
] 25 | 45| 251 45 ] 25 { 36 | 25| 54| 25| s4 | 25| 50 4 18 | 18
1.0 26 | 40| 26 | 40 | 26 | 30 | 26 | 60| 26| 60| 26| 44 | 16 | 16
1.2 26 | 371 26 | 37 | 26 | 28 | 26 | 55| 26| 55| 26| 40 | 15 | 15

[ Gi.5)|C25) 33| 2533 |25 |25 | 25 [ 50| 25| 50| 25; 37 4 13 113
2.0 25| 30| 25| 30 | 22 | 23 | 25| 45| 25| 45| 25 33 i 12 | 12

.2

.4 28 | 42| 28 | 42 | 28 | 42 28 | 42| 28| 42| 28| 42 25 | 28
.6

8

3.0 25 271 25| 27 | 20 | 20 | 25| 40 | 25| 40| 251 29 | 11 11 ! |
4.0 251 25 I 25 P25 0 19 19 26 | 38! 26| 38 26 ;| 28 ﬁ 10 10 B
PAR (1) - PAR with single approach capability
PAR (2) - PAR with multiple approach capabilit
Con. - Conventional navaid (VOR, TACAN, NDE T
I, I¥, III - Indicates applicable aircraft class .
Dep. - Release of departure dependent on assured landing on parallel

runway (per ATC criteria) LS
Ind. - Release of departure not dependent on assured landing on paral- |

lel runway (per ATC criteria) o
Ratio = Arrival Dcmand

Departure bemand }
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Table 2-6 (Example 6)

IFR CAPACITY((SINGLE JRUNWAY)
N—"

Unrestricted Airspace
Restricted Airspace

Ratio

More than one departure pach capability
Single departure path capability

Arrival Demand
Departure Demand

C-58

T
( Radar ) _——_ | Non-Radar
Type Navaid . PAR (1) \_/(PAR (2))& Conventional 'Conventional
- Runway Rating @ @ (90) 60 90 All Rating
Aircraft Class | I&II [IIT{I&ILJIIT |I&IT|ITT II&IT|III (I&IIJIII|I&II[IIL| ALl Classes
Ratio | '
(UNRESTRICTED AIRSPACE)
.2 46 | 46|43 | 43] 41 | 41|46 | 46|43 | 63] 61 |41 28
.4 42 142036 (36|34 | 3642 [42]36 | 36] 34 | 34 25
.6 42 | 42|37 | 37])32 | 32142 | 42§37 | 37]32 | 32 21
.8 40 | 36|34 | 36)29 | 29|40 | 40|34 | 34| 29 | 29 18
1.0 38 | 30032 | 30]30 {30}38 | 38{32 ] 32| 30 | 30 16
1.2 37 | 2833 {2829 | 28}39 |39{33 | 33{29 | 29 15
1.5 33 {25} 33 | 25130 | 25140 | 25133 | 25| 33 | 33 13
2.0 30 | 2330 | 23:30 23140 {33133 | 33;30] 30 12
5.0 27 120027 12027 120140 | 29:33 ! 29 29 ! 29! o
4.0 [27 J20]27 [ 20: 32202037 127735 |27, 31 |27 10
' (ﬁﬁSTRICTE AIRSPACE)
.2 30 |30 26 | 2aa4t2d 30 [ 30|24 | 24) 24 | 24 28
A 28 | 2821 | 21|21 | 21}28 {28}21 |21} 21 |21 25
.6 26 |24} 21 | 2121 21|26 |246{21 ] 21} 21 |21 21
.8 26 J26{22 | 2222 | 22|24 | 2422 | 22] 22 | 22 18
1.0 26 [(26)](22) | 22 1(20) | 20 [ 26 | 2622 | 22] 20 | 20 16 }
1.2 26 | 26) 22 | 2220 | 20|26 | 26| 22 | 22} 20 | 20 15 ]
1.5 26 | 2523 |23} 21 |21|26 | 26}23 | 23;21 |21 13
2.0 27 | 23} 23 ;23v21 j21|27 {2723 )23}21 21 12
3.0 27 1 20] 24 | 20020 | 26i28 ;28|24 ! 24121 | 21/ 11
4.0 25 | 19] 25 | 19122 | 19)30 i 2725 ; 25. 23 | 23’ 10
PAR (1) - PAR with single approach capability
PAR (2) - PAR with multiple approach capability
Conventional - Conventional navaid (VOR, TACAN, NDE)
I, 11, I1I ~ Indicates applicable aircraft class




d. Dailv Capacity. Daily capacity is computed by applying the

following steps:

(1) List all possible operating configurations; for this
example assume touch and go traffic is negligible.
In other words, the air station is assumed to operate

at a ratio = 1.0.

VFR
80, 65
Vi=140 v2=130
1, s
IFR
35 =52
I.=7C I2 =64
35, 22

(2) Estimate the % VFR and IFR weather during the average i
day. It may also be desirable to calculate the daily
capacity on a basis of 100% VFR weather or 1007 IFR
weather. This example assumes the following:

85% VFR 15% IFR

(3) Estimate the % use of each operating priority; assumed
as follows:

v1 607% -
vV 2 25% o
I1 10% T
I2 5% ~
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gy st

(4) Calculate a “"weighted' average hourly capacity

140 x .6

130 x .25
70 x .10
64 x .05

(5) It is unrealistic to assume that all available hours
would be subject to peak hour demand.

84.0
32.5
7.0
3.2
126.7

(127)

It can be

assumed that the hours of peak demand and hours of

slack demand could be identified (or stipulated)
for any particular air station.

plished as follows:

This can be accom-

. For each operating hour determine the expected

demand level as a decimal percentage of 1.

. Sum these percentages to obtain the hours of

utilization.

Assuming the following hourly utilization, the hourly

utilization sum = 8.8.

9

10

11

12

Hour ‘ 1 2 3 4 5

% of Peak

Demand 3 .8 1 1 .8

Note: Facility assumed open only 12 hours per day in

this example.

1

1

.7

4

.. Subjectively reduce "hours utilization" to

account for periods of time that the runway

facilities are not available for aircraft

operations; as for example, emergencies,
missed approaches, runway maintenance, other
non-pilot utilization, etc. |
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.. Consider reduction of up to 157 for conven-
tional operation and up to 50% for Carrier
Practice Landing Operations - suggested per
recommendation of NATRACOM as contained in
Technical Report 583, Volume II of IV,
prepared by Operations Research, Inc., under
contract for the Department of Navy.

In the example, 8.8 hours would reduce to

approximately 7.5 hours.

(6) Multiply the weighted hourly capacity times the total
hours of utilization.

127 x 7.5 = 952.5
Daily capacity = (953) operations/day

Cc-61
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Application of Figure 2-2. The following additional examples

demonstrate the particular use of Figure 2-2:

(1) Given: Runway Rating = 65
Percent Operations by Class: 100% I
Operating Mix Percent Landings: 30%

Determine (HMC)E

Answer: 42 (Refer Figure 2-2/EXAMPLE on page C-63)

(2) Given: Runway Rating = 60
Percent Operations by Class: 100% II
Operating Mix Percent Landings: 307%

Determine (HMC)E

Answer: 51 (Refer Figure 2-2/EXAMPLE on page C-64)

(3) Given: Runway Rating = 45
Percent Operations by Class: 1007 III
Operating Mix Percent Landings: 457

Determine (HMC)E

Answer: 65 (Refer Figure 2-2/EXAMPLE on page C-65)

(4) Given: Runway Rating = 60
Percent Operations by Class: 507 I
50% III

Operating Mix Percent Landings: 157

Determine (HMC)E

Answer: 55 (Refer Figure 2-2/EXAMPLE on page C-66)
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Section IV. WORK SHEETS

For use in the calculation of runway capacities, extra copies
of the following figures and tables are provided:

Figure 2-1:

Figure 2-2:

Table

Table

Table

Table

Table

2-1:

2-2:

2-3:

2-5:

Runway Rating

VFR Runway Capacity for Mixed Operations

HAC - Hourly Arrival Capacity
Equivalent Movement Factors

VFR Hourly Departure Capacity (HDC)
Analysis Work Sheet

VFR Hourly Arrival Capacity (HAC) Analysis
Work Sheet

VFR Hourly Mixed Capacity (HMC) Analysis
Work Sheet
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Table 2-1

HAC - HOURLY ARRIVAL CAPACITY - Movements Per Hour

Runway Rating
Aircraft Class 30 40 50 60 70 80
I 50 47 44 40 35 30
11 57 52 47 42 38 33
111 63 62 58 53 L 47 41

Use of Table: Enter with Runway Rating for each aircraft class as
obtained in Step 2 on Tables 2-4 or 2-5 and read HAC
below. Interpolate as required.

Table 2-2

EQUIVALENT MOVEMENT FACTORS
For Touch & Go or Landings in Formation

Landing - — HAC - Movements per Hour —
Procedure 30 35 40 45 50 55 60 65
Formation of 2] .58 .39 .61 .62 .64 .65 .67 .68

Formation of 3
Formation of 4

Touch and Go

Use of Table: Enter HAC obtained above (Table 2-1) for each aircraft
class and read Equivalent Movement Factors below.
Interpolate as required.




Table 2-1

HAC - HOURLY ARRIVAL CAPACITY - Movements Per Hour

Runway Rating
Aircraft Class 30 40 50 60 70 80
1 50 47 44 40 35 30
II 57 52 47 42 38 33
111 63 62 58 53 47 41

Use of Table: Enter with Runway Rating for each aircraft class as
obtained in Step 2 on Tables 2-4 or 2-5 and read HAC
below. Interpolate as required.

Table 2-2

EQUIVALENT MOVEMENT FACTORS
For Touch & Go or Landings in Formation

HAC - Movements per Hour — —

p’;zi‘iéﬂﬁe '35 40 45 50 55 60 65
Formation of 2 59 .61 .62 .64 .65 .67 .68
Formation of 3 47 .49 50 | .52 | .55 | .56 | .57
Formation of 4 .40 .42 44 | 46 | .48 | .50 | .52
Touch and Go .20 .23 .25 | .27 | .30 | .33 | .37

Use of Table: Enter HAC obtained above (Table 2-1) for each aircraft
class and read Equivalent Movement Factors below.

Interpolate as required.
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Table 2-3

VFR HOURLY DEPARTURE CAPACITY (HDC) ANALYSIS WORK SHEET

Stap No. ® 0] 6] ® ® ®
From Field Survey ] ON
Procedure or Constents [020) @ +@; | Comtanns @Q® @ oy
Forecast
Tekeotf Demend Eauk
= - e - R el
Definition Type No. of HDC’s A
Operstion Aircratt F bution 3
Single 1.00
2 80
§
Aircratt %
Clom | ] 2 s 3 A7
2
4 40
Pairs 50
L
©
s
Sub-Totels |
Single 1.00
2 63
2
Alrcraft = 81
Clams I 3 2 s 3 :
—o
- 4 K
i Pairs 50
63
s
Sub-Totahs |,
—
Single 1.00
) )
&
Alrorsft %
Cloms 111 i T 3 =
°
. 4 54
i Pain 50
%0
Sub-Totsls |, |s [
CL‘A‘L."u} Grand-Towls (0N (N @ (ON




Table 2-3
VFR HOURLY DEPARTURE CAPACITY (HDC) ANALYSIS WORK SHEET

St No. O] @ 6] ® ® ® @
From Field Survey . Q;
Procedure or Constants 0,0 & RO Constents Q ® @ '-C-%-
Forecest
Tekeot! Demand Eankak
o e e I - - R
Definition Type No. HOC's
e Aireraft Factors Movernents bution 13 A
Single 1.00
2 .80
&
Aircraft < s 3 47
Class | 2 :
2
4 40
Pairs 50
L
L
s S S S
Sub-Totals |
Single 1.00
s 2 63
B3
Alrereft
Clomtl 23 3 o
2
4 K 3
Pairs 50
L
63
s s s
SubTotsls |,
Single 1.00
z 2 K]
—Q
Alrcratt %
Class 11t g ¥ 3 se
-]
ot 4 54
L Pairs 50
20
SubTotels,, s s H s
ALL
cuau} Grand-Totals O O & CY




Table 2—4
VFR HOURLY ARRIVAL CAPACITY (HAC) ANALYSIS WORK SHEET
m—e T 0 T 618 ©€ ] 00600 leolo e 0o]le]ol]le] o] o
_— rouseommeronsonecarr | 0 (|t | .0 | 30 | @ | 0 Q| 40 | @0 | o | B0 | B0 | B
e R S e e e e A
B Single 1.00
s 2
At 4 lm 3
.
| Touch & Go \_ (Repast Vaiue) _
l — _ {Repam Veiuel 53
ores, 0t ] O [ =]
[ Single 1.00
8 2
P..ho....A = 3
m .
L Touch & Go (Repent Vaiuel L
_ — {Repent Valus) 60
Sub-Tol |, —m‘ —m —m s _
B Single 1.00
[} 2 ]
foa . lm 3
ﬁl Touch & Go (Repest Vohuat L
— _ {Repest Valus) 8
Sub-Towel ), _ — _ _n _m —m s —
e W [ fe je ] [ Joo Jouo [ o J&a | [& [& |




Table 2—4
VFR HOURLY ARRIVAL CAPACITY (HAC) ANALYSIS WORK SHEET

e e O [ & | & | ¢ [ON I©) (O] ® ® @ ® ® @ @ €] €]
Procedure FROM FIELD SURVEY OR FORECAST .” ”d .’..H“o.r- .In..,_.ww..m @GO | 00 | e | Q| GQ | Q@ | commn | BD | B
LANDING DEMANOD . Non row | ronm e | TsGe [ e T e | Toven .
o Oernien Noa Tch 8Ge n“!»”h. | Tow ....c...” nx“ mqlla == : e - W..lﬂ..r t..xﬂhla. HAC l-...)cm.n.. ”“.”
B Singls 1.00

Aircrah

= — ]
s..ﬂwl%t — S i RN P s e

Single 1.00
s 2
Awcrah
Clem 1t < 3?
5 N
Youch & Go (Repam Valusd _
_ _ (Repest Veluel 60
S Towl,, s [ —u T _m s _
Swngle 1.00
3 2
8
Aircraft 2
Cleas 111 < 3
§




Table 2—5
VFR HOURLY MIXED CAPACITY (HMC) ANALYSIS WORK SHEET

Svm M. o T o1 & T & T @ @ ® S ® ® @ ® ® ® ® @ 0 ) t9 C) ®
o ot on o [ w00 [ 60 | aa [won| 00 [a6] as |ao|oa| & | -8 |@ea] =2
o2 | ordiTion ...,.m%..s.wm”.s_.ss. R I - = g g R W e R Il BV Bl B2 ..u.,:_s M,su,_z ]
[~ Single 1.00 1.00
s 2 Bt
3
MﬁA lm 3 47
e _ [ ]
- - —|| {Repsst Value} — . _ _
4|-i<!. k
e, [T+ [ ] [ 7 1 1 [E_F 1
[ Single 1.00 1.00
] 2 0
s H— | -
Touch & Go u {Repmet Vo) _ _
= N I e .
b 4
oy [ ][] L 7 71 [ [T 1
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] 2 o
n)tr).uﬂl..:& ..lm : ud
2 . -
Touch & Go _ {Repest Value) _ ,
= | I N
v y
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Table 2—5
VFR HOURLY MIXED CAPACITY (HMC) ANALYSIS WORK SHEET

Svm M. o T o1 & T & T @ @ ® S ® ® @ ® ® ® ® @ 0 ) t9 C) ®
o ot on o [ w00 [ 60 | aa [won| 00 [a6] as |ao|oa| & | -8 |@ea] =2
o2 | ordiTion ...,.m%..s.wm”.s_.ss. R I - = g g R W e R Il BV Bl B2 ..u.,:_s M,su,_z ]
[~ Single 1.00 1.00
s 2 Bt
3
MﬁA lm 3 47
e _ [ ]
- - —|| {Repsst Value} — . _ _
4|-i<!. k
e, [T+ [ ] [ 7 1 1 [E_F 1
[ Single 1.00 1.00
] 2 0
s H— | -
Touch & Go u {Repmet Vo) _ _
= N I e .
b 4
oy [ ][] L 7 71 [ [T 1
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] 2 o
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