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CHAPTER 1.  ADMINISTRATIVE

SECTION 1.  SCOPE

1. PURPOSE.  This order contains criteria that shall be
used to formulate, review, approve, and publish
procedures for instrument approach and departure of
aircraft to and from civil and military airports.  These
criteria are for application at any location over which an
appropriate United States agency exercises jurisdiction.

2. DISTRIBUTION.  This order is distributed to
selected Federal Aviation Administration (FAA)
addressees.  For distribution within the Department of
Defense, see pages v and vi.

3. CANCELLATION.  Order 8260.34, Glide Slope
Threshold Crossing Height Requirements, dated
10/26/83, is canceled.  This change also incor-
porates  criteria  contained in VN  Supplements
2 and 3 to Order 8260.3B; therefore, VN SUP 2,
dated 10/8/92, and VN SUP 3, dated 1/11/93,
are canceled.

4. EXISTING PROCEDURES.  Existing procedures
shall comply with these standards.  Approval of
nonstandard procedures as required is specified in
paragraph 141.

5. TYPES OF PROCEDURES.  Criteria are provided
for the following types of authorized instrument
procedures:

a. Precision Approach (PA).

(1) Straight-In.  A descent in an approved
procedure where the navigation facility alignment is
normally on the runway centerline, and glide slope (GS)
information is provided.  For example, Precision
Approach Radar (PAR), Instrument Lnding System
(ILS), and Microwave Landing System (MLS)
procedures are precision approaches.

(2) Simultaneous.  A procedure that provides
for approaches to parallel runways.  This procedure uses
two or more ILS-equipped parallel runways.
Simultaneous approaches, when authorized, shall be
radar monitored.  Military commanders may approve
simultaneous approaches based upon dual precision
radar.

b. Nonprecision Approach (NPA).

(1) Straight-In.  A descent in an approved
procedure in which the final approach course (FAC)
alignment and descent gradient permits authorization of
straight-in landing  minimums.

c. Departure Procedures.  Procedures designed to
provide obstacle clearance during instrument departures.

6. WORD MEANINGS.  Word meanings as used in
this manual:

a. Shall or Must means that application of the
criteria is mandatory.

b. Should means that application of the criteria is
recommended.

c. May means that application of the criteria is
optional.

7.-119. RESERVED.

SECTION 2.  ELIGIBILITY, APPROVAL,
AND RETENTION

120. ELIGIBILITY.

a. Military Airports. Procedures at military
airports shall be established as required by the directives
of the appropriate military service.

b. Civil Airports.  Instrument procedures shall be
provided at civil airports open to the aviation public
whenever a reasonable need is shown.  No minimum
number of potential instrument approaches is specified;
however, the responsible FAA office must determine
that a public procedure will be beneficial to more than a
single user or interest.  Private procedures, for the
exclusive use of a single interest, may be provided on a
reimbursable basis under Title 14 of the Code of Federal
Regulations (14 CFR) Part 171, where applicable, if
they do not unduly conflict with the public use of
airspace.  Reasonable need is deemed to exist when the
instrument flight procedure will be used by:

(1) A certificated air carrier, air taxi, or
commercial operator; or

(2) Two or more aircraft operators whose
activities are directly related to the commerce of the
community.



8260.3B CHG 19 5/15/02

Page 2 Chap 1
Par 121

(3) Military aircraft.

121. REQUESTS FOR PROCEDURES.  Requests
for military procedures are processed as described by
the appropriate military service.  No special form is
required for requesting civil procedures.  Civil requests
may be made by letter to the appropriate Regional
Office.  Requests for civil procedures shall be accepted
from any aviation source, provided the request shows
that the airport owner/operator has been advised of this
request.  (This advice is necessary only when the request
is for an original procedure to an airport not already
served by an approach procedure.)  The FAA will advise
airport owners/operators of additional requests for
procedures as soon as possible after receipt thereof.

122. APPROVAL.  Where a military requirement or
reasonable civil need has been established, a request for
an instrument approach procedure (IAP) and/or
instrument departure procedure for an airport shall be
approved if the following minimum standards are met:

a. Airport.  The airport landing surfaces must be
adequate to accommodate the aircraft that can be
reasonably expected to use the procedure.  Appropriate
runway markings, hold position markings, and signs,
required by AC 150/5340-1, Marking of Paved Areas on
Airports, shall be established and in place; and all
runway    design    standards    in   appendix   16   of
AC 150/5300-13, Airport Design, must be met.  Runway
lighting is required for approval of night instrument
operations.  EXCEPTION:  Do NOT deny takeoff and
departure procedures at night due solely to the absence
of runway edge lights. The airport must have been found
acceptable for instrument flight rules (IFR) operations as
a result of an airport airspace analysis conducted
pursuant to Order 7400.2, Procedures for Handling
Airspace Matters, and/or appropriate military directives,
as applicable.  Only circling minimums shall be
approved to airports where the runways are not clearly
defined.

b. Navigation Facility.  All instrument and visual
navigation facilities used must successfully pass flight
inspection.

c. Obstacle Marking and Lighting. Obstacles
which penetrate 14 CFR Part 77 imaginary surfaces are
obstructions and, therefore, should be marked and
lighted, insofar as is reasonably possible under FAA
Advisory Circular AC 70/7460.1, Obstruction Marking
and Lighting.  Those penetrating the 14 CFR Part 77
approach  and  transitional  surfaces should be removed

or  made conspicuous  under that AC.  Normally,
objects which are shielded need not be removed or made
conspicuous.

NOTE: In military procedures, the appropriate
military directives apply.

d. Weather Information. Terminal weather
observation and reporting facilities must be available for
the airport to serve as an alternate airport.  Destination
minimums may be approved when a general area
weather report is available prior to commencing the
approach and approved altimeter settings are available
to the pilot prior to and during the approach consistent
with communications capability.

e. Communications.  Air-to-ground communica-
tions must be available at the initial approach fix (IAF)
minimum altitude and when the aircraft executing the
missed approach reaches the missed approach altitude.
At lower altitudes, communications shall be required
where essential for the safe and efficient use of airspace.
Air-to-ground communication normally consists of ultra
high frequency (UHF) or very high frequency (VHF)
radio, but high frequency (HF) communication may be
approved at locations which have a special need and
capability. Other suitable means of point-to-point
communication, such as commercial telephone, are also
required to file and close flight plans.

123. RETENTION AND CANCELLATION.  Civil
instrument procedures shall be canceled when a re-
evaluation of the usefulness of an IAP indicates that the
benefits derived are not commensurate with the costs of
retaining the procedure.  This determination will be
based upon an individual evaluation of requirements
peculiar to each specific location, and will consider
airport complexity, military requirements, planned
airport expansion, and the need for a backup or
supplement to the primary instrument approach system.
Certain special procedures exist, generally based on
privately operated navigation facilities.  When a
procedure based on a public facility is published, special
procedures for that airport shall be canceled unless
retention provides an operational advantage to the user.
Before an instrument procedure is canceled,
coordination with civil and military users shall be
effected.  Care shall be taken not to cancel procedures
required by the military or required by air carrier
operators at provisional or alternate airports.  Military
procedures shall be retained or canceled as required by
the appropriate military authority.

124.-129. RESERVED
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SECTION 3.  RESPONSIBILITY AND
JURISDICTION

130. RESPONSIBILITY.

a. Military Airports.  The United States Army,
Navy, Air Force, and Coast Guard, shall establish and
approve instrument procedures for airports under their
respective jurisdictions. The FAA will accept
responsibility for the development and/or publication of
military procedures when requested to do so by the
appropriate military service through an interagency
agreement.  Military instrument procedures are official
procedures.  The FAA (AVN-100 Regional FPO) shall
be informed when military procedures are canceled.

b. Civil Airports.  The FAA shall establish and
approve instrument procedures for civil airports.

c. Military Procedures at Civil Airports.  Where
existing FAA approach or departure procedures at civil
airports do not suffice, the military shall request the
FAA to develop procedures to meet military require-
ments.  Modification of an existing FAA procedure or
development of a new procedure may meet these
requirements.  The FAA shall formulate, coordinate
with the military and industry, and publish and maintain
such procedures.  The military shall inform the FAA
when such procedures are no longer required.

131. JURISDICTION.  The United States Army,
Navy, Air Force, Coast Guard, and Marine Corps
Commanding Officers, or FAA Regional Directors
having jurisdiction over airports are responsible for
initiating action under these criteria to establish or revise
TERPS when a reasonable need is identified, or where:

a. New facilities are installed.

b. Changes to existing facilities necessitate a
change to an approved procedure.

c. Additional procedures are necessary.

d. New obstacles or operational uses require a
revision to the existing procedure.

132.-139. RESERVED.

  SECTION 4.  ESTABLISHMENT

140. FORMULATION.  Proposed procedures shall be
prepared under the applicable portion of this publication
as determined by the type and location of navigation
facility and procedure to be used.  To permit use by
aircraft with limited navigational equipment, the
complete procedure should be formulated on the basis of
a single navigation facility whenever possible.
However, the use of an additional facility of the same

or different type in the procedure to gain an
operational advantage is permitted.

141. NONSTANDARD PROCEDURES. The
standards contained in this manual are based on
reasonable assessment of the factors which contribute to
errors in aircraft navigation and maneuvering.  They are
designed primarily to assure that safe flight operations
for all users result from their application. The
dimensions of the obstacle clearance areas are
influenced by the need to provide for a smooth, simply
computed progression to and from the en route system.
Every effort shall be made to formulate procedures in
accordance with these standards; however, peculiarities
of terrain, navigation information, obstacles, or traffic
congestion may require special consideration where
justified by operational requirements.  In such cases,
nonstandard procedures that deviate from these criteria
may be approved, provided they are fully documented
and an equivalent level of safety exists.  A nonstandard
procedure is not a substandard procedure, but is one that
has been approved after special study of the local
problems has demonstrated that no derogation of safety
is involved.  The FAA, Flight Technologies and
Procedures Division, AFS-400, is the approving
authority for nonstandard civil procedures.  Military
procedures which deviate from standards because of
operational necessity, and in which an equivalent level
of safety is not achieved, shall include a cautionary note
to identify the hazard and shall be marked “not for civil
use.”

142. CHANGES.  Changes in instrument procedures
shall be prepared and forwarded for approval in the
same manner as in the case of new procedures.  Changes
so processed will not be made solely to include minor
corrections necessitated by changes in facility
frequencies, variation changes, etc., or by other minor
changes not affecting the actual instrument procedure.
Changes that require reprocessing are those that affect
fix, course, altitude, or published minimums.

143.-149. RESERVED.

SECTION 5.  COORDINATION

150. COORDINATION. It is necessary to coordinate
instrument procedures to protect the rights of all users of
airspace.

a. Military Airports.  All instrument procedures
established or revised by military activities for military
airports shall be coordinated with the FAA or
appropriate agency or an overseas host nation.  When a
procedure may conflict with other military or civil
activities, the procedure shall also be coordinated with
those activities.
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b. Civil Airports.  Prior to establishing or revising
instrument procedures for civil airports, the FAA shall,
as required, coordinate such procedures with the
appropriate civil aviation organizations.  Coordination
with military activities is required when a military
operating unit is based at the airport or when the
proximity of a military airport may cause procedures
conflicts.

c. Air Traffic Control (ATC). Prior to establishing
or revising instrument procedures for a military or civil
airport, the initiating office shall coordinate with the
appropriate FAA Air Traffic office to ensure
compatibility with air traffic flow and to assess the
impact of the proposed procedure on current or future
air traffic programs.

d. Airspace Actions.  Where action to designate
controlled airspace for a procedure is planned, the
airspace action should be initiated sufficiently in
advance so that effective dates of the procedure and the
airspace action will coincide.

e. Notice to Airmen (NOTAM).  A NOTAM to
RAISE minimums may be issued in case of
emergencies; i.e., facility outages, facility out-of-
tolerance conditions, new construction that penetrates
critical surfaces, etc.  NOTAM’s may also be issued to
LOWER minimums when a supporting facility is added
and a significant change in minimums (60 feet in
MDA/DH or a reduction in visibility) will result.  A
NOTAM may be issued to RAISE OR LOWER
minimums as appropriate on a no-FAF procedure when
a procedure turn (PT) altitude is modified as the result
of construction or terrain, or when a facility restriction is
removed.  However, a complete new procedure may not
be issued by NOTAM, except where military
requirements dictate.  ATC shall be advised of the
required NOTAM action prior to issuance and normal
coordination shall be effected as soon as practical.

151. COORDINATION CONFLICTS.  In areas
under the FAA jurisdiction, coordination conflicts that
cannot be resolved at the field level shall be submitted to
the appropriate FAA region for additional coordination
and resolution.  Problems that are unresolved at the
regional level shall be forwarded to the FAA, AFS-400,
for action.  If the problem involves a military procedure,
parallel action through military channels shall be taken
to expedite coordination at the appropriate level.

152.-159. RESERVED.

SECTION 6.  IDENTIFICATION OF
PROCEDURES

160. IDENTIFICATION OF PROCEDURES.
Instrument procedures shall be identified to be
meaningful to the pilot, and to permit ready
identification in ATC phraseology.

161. STRAIGHT-IN PROCEDURE IDENTIFI-
CATION.  Instrument procedures that meet criteria for
authorization of straight-in landing minima shall be
identified by a prefix describing the navigational system
providing the final approach guidance and the runway to
which the final approach course is aligned:

a. Non-RNAV.  ILS runway (RWY) 18R,  localizer
(LOC) back course (BC)  RWY 7, tactical air
navigational aid (TACAN) RWY 36, localizer type
directional aid (LDA) RWY 4, nondirectional radio
beacon (NDB) RWY 21, VHF omnidirectional radio
range (VOR) RWY 15, VOR/distance measuring
equipment (DME) RWY 6, ILS or TACAN RWY 9, etc.
A slash (/) indicates more than one type of equipment is
required to execute the final approach; e.g., VOR/DME,
etc.  ILS procedures do not require DME to fly the final
approach, even if a DME fix has been substituted for
one of the marker beacons, therefore, ILS procedures
shall not be named ILS/DME.  If a procedure requires
DME to fly the final approach, the suffix “DME” shall
be added; e.g., LOC/DME RWY (number).  A chart
shall be noted to indicate RADAR is required for
approach minima.  When a LOC procedure is published
on an ILS chart, it is a combined procedure.  When
procedures are combined, the word “or” shall indicate
either type of equipment may be be used to execute the
final approach; e.g., ILS or LOC/DME, ILS or TACAN,
VOR/DME or TACAN, etc.  Where more than one
approach using the same final approach guidance is
developed to the same runway, identify each for the
runway/navigational aid combination with alphabetical
suffix beginning at the end of the alphabet; e.g.,  ILS  Z
RWY  28L   (first procedure),   ILS  Y  RWY 28L
(second procedure), ILS X RWY 28L (third procedure),
etc.

b. RNAV.  Identify WAAS, Baro VNAV, and GPS
approach procedures as RNAV (sensor) RWY
(Number); e.g., RNAV (GPS) RWY 21, RNAV (GPS,
DME/DME) RWY 15.

NOTE:  The published minima lines will identify
required RNAV sensors; e.g., LPV, LNAV/VNAV
(includes degraded WAAS and Baro VNAV), or
LNAV (includes GPS and  WAAS  without
glidepath).  A single RNAV approach will be
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published depicting LPV and/or LNAV/VNAV,
and/or LNAV minimums where they share the same
courses and altitudes.

c. OTHER RNAV. Identify VOR/DME and
LORAN based RNAV procedures as (system) RNAV
RWY (number); e.g., VOR/DME RNAV RWY 13,
LORAN RNAV RWY 31.

162. CIRCLING PROCEDURE IDENTIFICA-
TION.  When an approach procedure does not meet
criteria for straight-in landing minimums authorization,
it shall be identified by the type of navigational aid
(NAVAID) which provides final approach guidance,
and an alphabetical suffix starting with the beginning of
the alphabet.  The first procedure formulated shall bear
the suffix “A” even though there may be no intention to
formulate additional procedures.  If additional
procedures are formulated, they shall be identified
alphabetically  in  sequence,  e.g.,  VOR-A,  VOR/
DME-B, NDB-C, NDB-D, LDA-E, RNAV-A, etc.  A
revised procedure will bear its original identification.

163. DIFFERENTIATION.  Where high altitude
procedures are required, the procedure identification
shall be prefixed with the letters “HI” e.g., HI-VOR
RWY 5.

164.-169. RESERVED.

SECTION 7.  PUBLICATION

170. SUBMISSION.  Instrument procedures shall be
submitted by the approving authority on forms provided

by the originating agency.  A record of coordination
shall be maintained by the originating agency.
Procedures shall be routed under current orders or
directives of the originating agency.

171. ISSUANCE.  The following are designated as
responsible offices for the release of approved
instrument procedures for each agency.

a. Army. Director, U.S. Army Aeronautical
Services Agency.

b. Navy and Marine Corps. Chief of Naval
Operations (CNO), Naval Flight Information Group.

c. Air Force. Headquarters, Air Force Flight
Standards Agency, Instrument Standards Division.

d. Coast Guard.  Commandant, U.S. Coast Guard.

e. Civil.  Administrator, FAA.

172. EFFECTIVE DATE. TERPS and revisions
thereto shall be processed in sufficient time to permit
publication and distribution in advance of the effective
date.  Effective dates should normally coincide with
scheduled airspace changes except when safety or
operational effectiveness is jeopardized.  In case of
emergency, or when operational effectiveness dictates,
approved procedures may be disseminated by NOTAM
(see paragraph 150e).  Procedures disseminated by
NOTAM must also be processed promptly in the normal
fashion and published in appropriate instrument
procedures charts and in the Federal Register when
required.
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173. MATHEMATICS CONVENTION.

a. Definition of Mathmatical Functions.

b. Operational Precedence (Order of Operations).

First: Grouping Symbols:  parentheses, brackets, braces, fraction bars, etc.
Second: Functions:  tangent, sine, cosine, arcsine and other defined functions
Third: Exponentiation:  powers and roots
Fourth: Multiplication and Division:  products and quotients
Fifth: Addition and Subtraction:  sums and differences

e.g.,

NOTES ON CALCULATOR USAGE:

1. Most calculators are programmed with these rules of precedence.
2. When possible, let the calculator maintain all of the available digits of a number in memory rather than re-entering a

rounded number.  For highest accuracy from a calculator, any rounding that is necessary should be done at the latest
opportunity.

( )
{ }

( )
( )

( )
( )

( )
( )

 

a"" of cosine arc the indicates acos

degrees a"" of cosine the indicates acos
a"" of sine arc the indicates asin
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degrees a"" of tangent the indicates atan
aa indicates a

a"" quantity of root square the indicates a

equality eapproximat indicates 
sign positive a assigned is lines vertical the between process the of result the value absolute indicates ba

parethesis the within process the of result the indicates ba

division indicates  
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a
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174. INFORMATION UPDATE.  For your con-
venience, FAA Form 1320-19, Directive Feedback
Information, is included at the end of this order to
provide any comments on deficiencies found, clarifi-
cations needed, or suggested improvements regarding
the contents to this order.  When forwarding comments

to the originating office for consideration, please
provide a complete explanation of why the suggested
change is necessary.

175.-199. RESERVED
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CHAPTER 2.  GENERAL CRITERIA

200. SCOPE.  This chapter contains only that
information common to all types of TERPS.
Criteria, which do not have general application, are
located in the individual chapters concerned with
the specific types of facilities.

SECTION 1.  COMMON INFORMATION

201. TERPS. Concept of Primary Required
Obstacle Clearance (ROC).  The title of this order,
United States Standard for Terminal Instrument
Procedures (TERPS), contains a key word in
defining the order's content.  The word is
"STANDARD;" something set up and established
by authority as a rule for the measure of quantity,
weight, extent, value, or quality.

a. The TERPS document specifies the
minimum measure of obstacle clearance that is
considered by the FAA (the Federal authority) to
supply a satisfactory level of vertical protection.
The validity of the protection is dependent, in part,
on assumed aircraft performance.  In the case of
TERPS, it is assumed that aircraft will perform
within certification requirements.

b. The following is an excerpt from the
foreword of this order: "These criteria are
predicated on normal aircraft operations for
considering obstacle clearance requirements."
Normal aircraft operation means all aircraft
systems are functioning normally, all required
navigational aids (NAVAID's) are performing within
flight inspection parameters, and the pilot is
conducting instrument operations utilizing
instrument     procedures   based   on   the

TERPS standard to provide ROC.  While the
application of TERPS criteria indirectly addresses
issues of flyability and efficient use of NAVAID's,
the major safety contribution is the provision of
obstacle clearance standards. This facet of TERPS
allows aeronautical navigation in instrument
meteorological conditions (IMC) without fear of
collision with unseen obstacles.  ROC is provided
through application of level and sloping OCS.

202. Level OCS. The level OCS concept is
applicable to “level flight” segments.  These
segments are level flight operations intended for en
route, initial, intermediate segments, and nonpre-
cision final approaches.  A single ROC value is
applied over the length of the segment.  These
values were determined through testing and
observation of aircraft and pilot performance in
various flight conditions.  Typical ROC values are:
for en route procedure segments, 1,000 feet (2,000
over designated mountainous terrain); and for
initial segments, 1,000 feet, 500 feet in
intermediate segments, and 350/300/250 feet in
final segments.

a. This method of applying ROC results in a
horizontal band of airspace that cannot be
penetrated by obstacles.  Since obstacles always
extend upward from the ground, the bottom surface
of the ROC band is mathematically placed on top
of the highest obstacle within the segment.  The
depth (ROC value) of the band is added to the
obstacle height to determine the minimum altitude
authorized for the segment.  The bottom surface of
the ROC band is referred to as the level OCS.
Therefore, level flight segments are evaluated by
the level OCS application standard (see figure 1-1).

ROC

OCS

Highest Obstacle

Figure 1-1.  Minimum Segment Altitude.  Par 202a

203. Sloping Obstacle Clearance Surfaces
(OCS).  The method of applying ROC, in segments
dedicated to descending on a glidepath or climbing
in a departure or missed approach segment,
requires a different obstacle clearance concept
than the level  OCS  because the ROC value must

vary throughout the segment.  The value of ROC
near the runway is relatively small, and the value at
the opposite end of the segment is sufficient to
satisfy one of the level surface standards above.  It
follows then, that a sloping OCS is a more
appropriate method of ROC application.
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NOTE: Slope ratios are
normally expressed in
terms of rise over run
in engineering and
professional technical
jargon.  However, TERPS has
traditionally expressed slope ratios in terms of
run over rise; e.g., 34:1, 40:1.

a. Descending on a Precision Glidepath. The
obstacle evaluation method for descent on a  glide-
path is the application of a descending OCS below

the glidepath.  The vertical distance between the
glidepath  and the OCS is ROC; i.e., ROC =
(glidepath height) - (OCS height). The ROC
decreases with distance from the final approach fix
as the OCS and glidepath converge on the
approach   surface   baseline   (ASBL)   height
(see   figure  1-2).  The OCS slope and glidepath
angle values are interdependent:  OCS  Slope =
102 ÷ glidepath angle; or glidepath angle = 102 ÷
OCS slope.  This relationship  is  the   standard
that determines the ROC value since

( ) ( )height  OCS-height glidepathROC = .

     Figure 1-2.  Precision Glidepath Descent.  Par 203a.

ROC

OCS

Glidepath

ASBL

(1) If the OCS is penetrated, the OCS slope
may be adjusted upward, thereby increasing the
glidepath  angle.  The  glidepath  angle  would
increase because it is dependent on the required
slope.

(2) Descent on a glidepath generated by
systems that do not meet the system precision
requirements of ICAO PANS-OPs, Annex 10, such
as barometric vertical navigation (Baro-VNAV),
provide ROC through application of a descending
sloping surface based on standards using differing
formulas, but the concept is the same.

b. Climbing on departure or missed approach.
The concept of providing obstacle clearance in the
climb segment, in instrument procedures, is based
on the aircraft maintaining a minimum climb
gradient.  The climb gradient must be sufficient to
increase obstacle clearance along the flightpath so
that the minimum ROC for the subsequent
segment is   achieved  prior  to  leaving  the  climb

segment (see figure 1-3).  For TERPS purposes,
the MINIMUM climb gradient that will provide
adequate ROC in the climb segment is 200 ft/NM.

(1) The obstacle evaluation method for a
climb segment is the application of a rising OCS
below the minimum climbing flightpath.  Whether
the climb is for departure or missed approach is
immaterial. The vertical distance between the
climbing flightpath and the OCS is ROC.  ROC for
a climbing segment is defined as CG 0.24ROC = .
This concept is often called the 24% rule.  Altitude
gained is dependent on climb gradient (CG)
expressed in feet per NM.  The minimum ROC
supplied by the 200 ft/NM CG is 48 ft/NM
( )482000.24 =× .  Since 48 of the 200 feet
gained in 1 NM is ROC, the OCS height at that
point must be 152 feet ( )15248-200 = , or 76% of
the CG  ( )76.0200152 =÷ .  The slope of a
surface that rises 152 over 1 NM is 40 (6076.11548
÷ 152 = 39.97 = 40).

40
RUN

1  RISE

SLOPE RATIO
40:1
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Figure 1-3.  Climb Segment.  Par 202b.

Height OCSCG 760 =.

Climb Gradient
(CG)

OCS

200'

1 NM
6076.11548 feet

ROCCG. =240

Height OCS
NM 1Slope =OCS

(2) Where an obstruction penetrates the
OCS, a nonstandard climb gradient  (greater than
200  ft/NM)  is  required  to provide adequate ROC.
Since the climb gradient  will  be  greater  than
200  ft/NM,  ROC will be greater than 48 ft/NM
( )48ROC200CG24.0 >=>× .  The nonstandard
ROC expressed in ft/NM can be calculated using
the formula:  ( ) ( )d 0.76h 24.0 ÷  where "h" is the
height of the obstacle above the altitude from
which the climb is initiated, and "d" is the distance
in NM from the initiation of climb to the obstacle.
Normally, instead of calculating the nonstandard
ROC value, the required climb gradient is
calculated directly using the formula: h ÷ (0.76d).

c. In the case of an instrument departure, the
OCS is applied during the climb until at least the
minimum en route value of ROC is attained.  The
OCS begins at the departure end of runway, at the
elevation of the runway end.  It is assumed aircraft
will cross the departure end-of-runway at a height
of at least 35 feet.  However, for TERPS purposes,
aircraft are assumed to lift off at the runway end
(unless the procedures state otherwise).  The ROC
value is zero at the runway end, and increases
along the departure route until the appropriate
ROC value is attained to allow en route flight to
commence.

d. In the case of a missed approach procedure,
the climbing flightpath starts at the height of MDA
or DA minus height loss.  The OCS starts
approximately at the MAP/DA point at an altitude of
MDA/DA minus the final segment ROC and
adjustments.  Therefore,  the  final  segment  ROC
is assured at the beginning of the OCS, and
increases    as    the    missed    approach    route

progresses.  The OCS is applied until at least the
minimum initial or en route value of ROC is
attained, as appropriate.

e. Extraordinary circumstances, such as a
mechanical or electrical malfunction, may prevent
an aircraft from achieving the 200 ft/NM minimum
climb gradient assumed by TERPS.  In these
cases, adequate obstacle clearance may not be
provided by published instrument procedures.
Operational procedures contained outside TERPS
guidelines are required to cope with these
abnormal scenarios.

204.-209.  RESERVED.

210. UNITS OF MEASUREMENT.  Units of
measurement shall be expressed as set forth
below:

a. Bearings, Courses, and Radials.  Bearings
and courses shall be expressed in degrees
magnetic. Radials shall also be expressed in
degrees magnetic, and shall further be identified as
radials by prefixing the letter "R" to the magnetic
bearing FROM the facility.  For example, R-027 or
R-010.

b. Altitudes.  The unit of measure for altitude in
this publication is feet.  Published heights below
the transition level (18,000 feet) shall be expressed
in feet above mean sea level (MSL); e.g. 17,900
feet.  Published heights at and above the transition
level (18,000 feet) shall be expressed as flight
levels (FL); e.g., FL 180, FL 190, etc.  Reference
Title 14 of the Code of Federal Regulations (14
CFR) Part 91.81, and Order 7110.65, Air Traffic
Control, paragraph 85.
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c. Distances.  Develop all distances in nautical
miles (NM) (6076.11548 feet or 1852 meters per
NM) and hundredths thereof, except where feet are
required.  Use the following formulas for feet and
meter conversions:

0.3048feet=meters           
3048.0

metersfeet ×=

When applied to visibilities, distances shall be
expressed in statute miles (SM) (5,280 feet per
SM) and the appropriate fractions thereof.
Expression of visibility values in NM is permitted in
overseas areas where it coincides with the host
nation practice.  Runway visual range (RVR) must
be expressed in feet.

d. Speeds.  Aircraft speeds must be expressed
in knots indicated airspeed (KIAS).

e. Determination of Correctness of Distance
and Bearing Information.  The approving agency is
the authority for correctness of distance and
bearing information, except that within the United
States, its territories, and possessions, the National
Oceanic and Atmospheric Administration is the
authority for measurements between all civil
navigation aids and between those facilities
incorporated as part of the National Airspace
System (NAS).

211. POSITIVE COURSE GUIDANCE (PCG).
PCG must be provided for feeder routes, initial
(except as provided for in paragraph 233b),
intermediate, and final approach segments.  The
segments of a procedure wherein PCG is provided
should be within the service volume of the
facility(ies) used, except where Expanded Service
Volume (ESV) has been authorized.  PCG may be
provided by one or more of the navigation systems
for which criteria has been published.

212. APPROACH CATEGORIES (CAT).  Aircraft
performance   differences  have  an  effect  on  the

airspace and visibility needed to perform certain
maneuvers.  Because of these differences, aircraft
manufacturer/operational directives assign an
alphabetical category to each aircraft so that the
appropriate obstacle clearance areas and landing
and departure minimums can be established in
accordance with the criteria in this order.  The
categories used and referenced throughout  this
order  are  Category  A,  B, C, D, and/or E.  Aircraft
categories are defined in Part  97.

213. APPROACH CATEGORY APPLICATION.
The approach category operating characteristics
must be used to determine turning radii minimums
and obstacle clearance areas for circling and
missed approaches.

214. PROCEDURE CONSTRUCTION.  An IAP
may have four separate segments.  They are the
initial, intermediate, final, and missed approach
segments.  In addition, an area for circling the
airport under visual conditions shall be considered.
An approach segment begins and ends at the
plotted position of the fix; however, under some
circumstances certain segments may begin at
specified points where no fixes are available.  The
fixes are named to coincide with the associated
segment.  For example, the intermediate segment
begins at the intermediate fix (IF) and ends at the
final approach fix (FAF).  The order in which this
chapter discusses the segments is the same order
in which the pilot would fly them in a completed
procedure; that is from an initial, through an
intermediate, to a final approach.  In constructing
the procedure, the FAC should be identified first
because it is the least flexible and most critical of
all the segments.  When the final approach has
been determined, the other segments should be
blended with it to produce an orderly maneuvering
pattern, which is responsive to the local traffic flow.
Consideration must also be given to any
accompanying controlled airspace requirements in
order to conserve airspace to the extent it is
feasible (see figure 1-4).
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Figure 1-4.  SEGMENTS OF AN APPROACH PROCEDURE.  Par 214.



215. CONTROLLING OBSTACI,E(S). The can- 
trolling obstacle in the fioal approach segment rhaU be 
idmlitiod in pocoduru rubmittad f a  publicatioa 

216.-219. RESERVED. 

SECTION I EN ROUTE OPERATIONS 

220. FEEDER ROUTES When the IAF is part dtbc 
or route structun, tbae may be m aead to designate 
additional routes faairaafttoprocedtotbeIAF. In 
som casts, bowever, it is nbocssary to designate fcada 
routts bocn the en mute structure to tbe IAF. Only tbosc 
feeds mtu which p v i &  sn opexatiooal advantage 
shaU be established and published Tbcve should 
coincide with the local air t n5c  now. The length of the 
feeder mute shall not exceed (h operational service 
volume of the facilities which provide navigational 
guidance. unless additional firoclueocy prokction is 
provided. En mute a k a y  obstacle clearam aitrrL 
S b d  apply f& r o w .  Th I&hlUl dtihdc 
established on feoda mutcs shall not be less than the 
altitude established at Lhc IAF. 

r Coluhuction of a feeder route connecting to a 
eourrc rcveraal aegmenl The area consided f a  
obstacle evaluation is oriented along the feeder route at a 
width appropriate to the type of mute (VOR or NDB). 
The area taminata at tbe coune reversal fix, and is 
defined by r line ppedicular to the f& owrse 
through tbe course r e d  fin 

b. Th ang!c of h k ~ c t i o n  between the f a & r  
route muaxe d tbs next straight segment (f&/ 
initia1) course shall not exceed 1 20.. 

c Descent Gradient Thc OPTlMUM descent 
lpadicnt in the f& m t c  is 250 fed pa mile. Whcrc 
a higher descent gradient is nccasary, the MAXIMUM 
permissible gmdient is 500 fcet pa mile. The 

, OPTIMUM descent gradient for high altitude pcne- 
I tratioar is 800 feet pa mile, Wbera a bigha descent 1 gradat is n - s q  &c MAXIMUM pamissib~e is 
1 1,oOofatpamik. 

221. MINIMUM SAFEISECTOR ALTITZTDES 
(MSA). A minimum safe altitude provider at least 
1,000 fact of obstacle clearonce fa emergency use, 
within a apccirtied distance hxn che RNAV WP/phary 
navigation tacility upon which a procedure is prodicatcd. 
hhimum rltitudcs are identified u minimum safe 
dtitudcs ar anu-grocy safe altitudes, and are raunded to 
tbe next higba 100-foot incranent. 

a. WA. Estabhh an MSA for all proctdur# within I a 25-mile radius of tbc W/facility, including the m a  I 

rmla&~-bolinduy. ~ W b c . t b c b u ~  
~ t b e W t y b t b e . i r p o r t ~ 2 5 ~ , e x t a d  
t b e n b ' u r t o b h d o t b e l i r p o r t i a n d i n g s ~ u p t o r  
mucimum distrurce d 30 miles. See figure 2-1. When 
Ibe W I X C  does a uJe lo OOUlidinctiUM! facdity. 
e.g., LOC BC with r 6% fw the FAF, uoe the primuy 
omnidirectioaal ficility in tbe uea If aecessary b dcr 
relief htn obstacles. establish w d a  divitiau, a r 
comwn srfe lltihde (m sacton) f a  the enhz arm 
aroundhfrcit'ty. Sacbrrrhllnotbekuthn90ein 
s p d  kctu ahitudcs rbould be Rtad d canbinad 
with adjacent bigbu ssctas wbea the altitude diffcmm 
doe3 m t d 3 0 0  fed. AsCdadtitudeW olro 
provide 1.000 feet d obstacle clearance in any adjacent 
sacta wirbia 4 miles of tbe sector kwrdsry line. F a  
area navigation WAV) pxdlrrcs cstablisb r awmon 
safe altitude within tbe rpccScd radius of thc runway 
waypoint (RWY WP) fa stzai@t-in rpproack, or the 
rirport waypint (AIT WP) for circling pcabcs; f a  
GPS approacba, fiua~ the WP used f a  the MSA center 
(sec 6gurc 2-2). 

Flgurr 2-2 RNAV MSA. Par 22L 

Pase 9 Chap 2 
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awrsc. This widlh is divided inlo a primary ma, which 
artPut k h l l y  4 mil- on each si& oftbe oatne, rod 

s c c d a r y  ara, which acteab laterally 2 mila on 
'each side of the pdmary ue* See figure 10. When my 
partiaa of the initial approach is more than SO mila  
h m  the navigalian ficility, the c r i k  fa aa route 
. h a p  shall apply to that portion. 

G Obsf*cle Ckrmnoc. The obstacle clearanca in 
the initial approach primary uea shall be a miaimurn of 
1,000 feet In I& secondary area 500 feet of obstacle 
c l ~ c c  shall be provided at Ihe inner ed~e, tapering 
unifotmly to zao feet at the outer edge. 

Allowance fix p i p i t o u s  ttrrain should be made as 
specified in paragraph 323r  The altitudes selected by 
application of tbe obstacle c l ~ c c  rpccitied in this 
paragraph may be rounded to nearest 100 f a t  See 
paragraph 23 1. 

d. Decent C m d h t  The OPTlMUM descent 
gradient in the initial. a+ is 250 fect pa mile. 
Wbae a higba descent gradient is cwesq,  the 
MAXIMUM @enr is 500 fxt per d e .  7 k  
OFT'lMUM descent gradient fa high altitude 
penetratiau u 800 feet pa mile. Where r higher 
&cent gradient is naesssry, thc MAXIMUM gradient 
is 1.000 fbct per mile. 

233. INITUL APPROACH SEGMENT BASED 
ON DR See ILS Chapter for spccbl limiultions. 

a. Allgpmcai Eacb DR cour~e shall intempt the 
extended intermediate oot~se. Fa LOW altitude 
proceduf#, tbe intacept point shaU be at least 1 mile 
from the IF fa eacb 2 milu of DR flown. F a  HIGH 
altitude procaduns, the intercept point may be 1 milc fa 
tach 3 mila of DR flown Tbe inkwpt angle shall: 

(1) Not exceed 90. 

(2) Not be k8s than 45' except wben DUE is 
used OR the DR d i s w  is 3 miles a leu. 

the came, by 15. outward until joining the 
poiatt hwi in figurer 4-1.4-2,43,4-(, and 4-5. 

c Obrtrcle Clunnce Tbe obstsclc claruvre in 
IbeDRinitiaItppcoacbMgmmlthallbtaminimumof 
1.000 f ed  ThPo u no s e a d a y  rra. Allowance fa 
ptcipitws tanin should be coruidcnd u rpecitid in 
p p p b  323r l'hc altitudes s e l d  by applicaticn of 
th absr~cle clmmcc specified in thir paragraph may be 
rounded to the otarrst 100 fat (see paragraph 23 1). 

d. D m 1  Gndlent The OPTIMUM descent 
gradient in the initial approach u 250 feet per milc. 
Whae r hi* descent gradient u abccssary, the 
MAMMlM pamissible gradient b 500 fea pa milc 
Tbe OPlPAUM h t  gradimt fa high altituds 
paxhtian L 800 foct pa mile. Wbac a hi+ 
descent gradient u oeotssary, the MAWMUM 
permissible gradient is 1.000 fket pa mile. 

Figun 4-1. MOST COMMON DR 
SEGMENT. Par 233b. 

L A= Tb MAXIMUM length of tbeDR ~ ' m  
of the initial segment u 10 milu (txccpt paragraph 
232b applies far HIGH altitude proctdur# whae DME 
is available throughout tbe DR segment). Whae the 
DRcoursebtgins.tbcwidtbis6milaardti&of 

2 
Pat 232 

Page 11 
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lMwrul&con&K&m 
hncountud,DR 
W ROC rpplier wilhin 
Itwda8hedrsqaswel 

w 
Figure 4-Z DR SEGMENT WlTFI BOUNDARY 

INSIDE THE INTERMEDIATE SECMEWI'. 
Par U3b. 

Figure 4-3. DR SEGMENT WITH BOUNDAFtY 
INTERCEPTING THE WIXRMEDUTE 

SEGMENT. Par 233b 

Page 12 

Flgum 4 4  DR INITIAL SEGMENT WITH 
BOUNDARY INSIDE THE STIUIGHT DJlTLU, 

SEGMENT. Par 233). 

RIgwe 4-5. DR JNlTUL SEGMENT WlTH 
BOUNDARY OUTSIDE THE INTERMEDIATE 

SEGMENT. Par 233b. 

-4 

Chap2 
Par 233 
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234. INITIAL APPROACH SEGMENT BASED ON 
A PT. A PT shall be specified when it is necessary to 
reverse direction to establish the aircraft on an 
intermediate or FAC, except as specified in 
paragraph 234e. A PT begins by overheading a facility 
or fix which meets the criteria for a holding fix (see 
paragraph 287b), or for a FAF (see paragraph 287c). 
The procedure shall specify the PT fix, the outbound 
and inbound course, the distance within which the PT 
shall be completed, and the direction of the PT. When a 
teardrop turn is used, the angle of divergence between 
the outbound courses and the reciprocal of the inbound 
course shall be a MINIMUM of 15" or a MAXIMUM of 
30" (see paragraph 235a for high altitude teardrop 
penetrations). When the beginning of the intermediate 
or final approach segment associated with the procedure 
turn is not marked by a fix, the segment is deemed to 
begin on the inbound procedure turn course at the 
maximum distance specified in the procedure. Where 
neither segment is marked by a fix, the final segment 
begins at the maximum distance specified in the 
procedure. 

a. Alignment. When the inbound course of the PT 
becomes the intermediate course, it must meet the 
intermediate course alignment criteria (see para- 
graph 242a). When the inbound course becomes the 

FAC, it must meet the FAC alignment criteria (see 
paragraph 250). The wider side of the PT area shall be 
oriented in the same direction as that prescribed for the 
PT. 

b. Area. The PT areas are depicted in figure 5. The 
normal PT distance is 10 miles. See table 1A. Decrease 
this distance to 5 miles where only CAT A aircraft or , 
helicopters are to be operating, and increase to 15 miles 
to accommodate operational requirements, or as 
specified in paragraph 234d. No extension of the PT is 
permitted without a FAF. When a PT is authorized for 
use by approach CAT E aircraft, use a 15-mile PT 
distance. The PT segment is made up of the entry and 
maneuvering zones. The entry zone terminates at the 
inner boundary which extends perpendicular to the PT 
inbound course at the PT fix. The remainder of the PT 
segment is the maneuvering zone. The entry and 
maneuvering zones are made up of primary and 
secondary areas. The PT primary area dimensions are 
based on the PT completion altitude or the highest 
feeder route altitude, whichever is greater. To allow 
additional maneuvering area as the true airspeed I 
increases at higher altitudes, the dimensions of the PT 
primary area increase. The PT secondary area is 2 miles 
on the outside of the primary area. 

- __/- - ----., _ 
_~/- 

__/ 

-, - --7- r - .- -/ -- -.. 

./- .- 

,. , 
j j Maneuvering zone \, 

/ ,  

'7 b--PT Lnnnth -4 

Offset 

?--- - 

\L.- 

Primary Area 
, - 

I 
' - d  Secondary Area 

-- - - / 
Entry zone 

Inbound course 

Chap 2 
Par 234 

Figure 5. PROCEDURE TURN AREA, Par 234b. 
(See Table 1A to determine radius values.) 
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Table lA,  PROCEDURE TURN VARIABLES 
ACCORDING TO ALTITUDE, Par 234b. 

56,000 

Where d  = PT ~eng th  

p=O. l x (d -10 )+7  

Where d  = PT Length 

p=O. l x (d -10 )+8  

Where d = PT Length 

feet at the outer edge (see figure 6). Allowance for 
precipitous terrain should be considered as specified in 
paragraph 323a. The primary and secondary areas 
determine obstacle clearance in both the entry and 
maneuvering zones. The use of entry and maneuvering 
zones provides further relief from obstacles. The entry 
zone is established to control the obstacle clearance 
prior to proceeding outbound from the PT fix. The 
maneuvering zone is established to control obstacle 
clearance AFTER proceeding outbound from the PT fix 
(see figure 5). The altitudes selected by application of 
the obstacle clearance as specified in this paragraph may 
be rounded to the nearest 100 feet (see paragraph 23 1). 

Ws-d 1 hd.1 Secondary ROC = 500 x - 
Where d = distance from inner edge 

Ws = Width of secondary area Y 
~ n k r  
Edge 

d. Descent Gradient. The OPTIMUM descent 
gradient in the initial approach is 250 feet per mile. 
Where a higher descent gradient is necessary, the 
MAXIMUM permissible gradient is 500 feet per mile. 
Where a PT is established over a FAF. the PT 
completion altitude should be as close as possible to the 
FAF altitude. The difference between the PT completion 
altitude and the altitude over the FAF shall not be 
greater than those shown in table 1B. If greater ( 
differences are required for a 5- or 10-mile PT, the PT 

c. Obstacle Clearance. A minimum of 1,000 feet of distance limits and maneuvering zone shall be increased 
clearance shall be provided in the primary area. In the at the rate of 1 mile for each 200 feet of required 
secondary area, 500 feet of obstacle clearance shall be altitude. 
provided at the inner edge, tapering uniformly to zero 

Page 12-2 Chap 2 
Par 234 
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Chap 2 Page 13 (and 14)
Par 234

Figure 6.  PT INITIAL
APPROACH AREA.  Par 234c.

e.  Elimination of PT.  A PT is NOT required when an
approach can be made direct from a specified IF to the
FAF.  A PT NEED NOT be established when an approach
can be made from a properly aligned holding pattern.  See
paragraph 291. In this case, the holding pattern in lieu of a
PT, shall be established over a final or intermediate
approach fix and the following conditions apply:

(1)  If the holding pattern is established over the
FAF (not applicable to RNAV procedures), an
intermediate segment is not constructed.  Ideally, establish
the minimum holding altitude at the FAF altitude.  In any
case, the published holding altitude shall not be more than
300 feet above the FAF altitude.

(2)  If the holding pattern is established over the
IF, the MHA shall permit descent to the FAF altitude
within the descent gradient tolerances prescribed for the
intermediate segment (see paragraph 242d).

Table 1B.  PT COMPLETION
ALTITUDE DIFFERENCE.  Par 234d.

TYPE OF PT ALTITUDE DIFFERENCE

15 Mile PT from FAF Within 3,000 Ft of Alt. over FAF

10 Mile PT from FAF Within 2,000 Ft of Alt. over FAF

  5 Mile PT from FAF Within 1,000 Ft of Alt. over FAF

15 Mile PT, no FAF     Not Authorized

10 Mile PT, no FAF Within 1,500 Ft of MDA on Final

  5 Mile PT, no FAF Within 1,000 Ft of MDA on Final

235. INITIAL APPROACH BASED ON HIGH
ALTITUDE TEARDROP PENETRATION.  A
teardrop penetration consists of departure from an IAF on
an outbound course, followed by a turn toward and
intercepting the inbound course at or prior to the IF or
point.  Its purpose is to permit an aircraft to reverse
direction and lose considerable altitude within reasonably
limited airspace.  Where no IF is available to mark the
beginning of the intermediate segment, it shall be assumed
to commence at a point 10 miles prior to the FAF.  When
the facility is located on the airport, and no fix is available
to mark the beginning of the final approach segment, the
criteria in paragraph 423 apply.

a.  Alignment.  The outbound penetration course shall
be between 18° and 26° to the left or right of the
reciprocal of the inbound course.  The actual angular
divergence between the courses will vary inversely with
the distance from the facility at which the turn is made
(see table 2).

b.  Area.

(1)  Size.  The size of the penetration turn area must
be sufficient to accommodate both the turn and the
altitude loss required by the procedure.  The penetration
turn distance shall not be less than 20 miles from the
facility.  The penetration turn distance depends on the
altitude to be lost in the procedure and the point at which
the descent is started (see table 2).  The aircraft should
lose half the total altitude or 5,000 feet, whichever is
greater, outbound prior to starting the turn.  The
penetration turn area has a width of 6 miles on both sides
of the flight track up to the IF or point, and shall
encompass all the areas within the turn (see figure 7).

Table 2.  PENETRATION TURN
DISTANCE/DIVERGENCE.  Par 235a.

 ALT TO BE
 LOST PRIOR

 TO COM-
MENCING

TURN

DISTANCE
TURN
COM-

MENCES
(NM)

COURSE
DIVER-
GENCE

(DEGREES)

SPECIFIED
PENETRA-

TION TURN
DIST-

ANCE (NM)

12,000 Ft 24 18 28
11,000 Ft 23 19 27
10,000 Ft 22 20 26
  9,000 Ft 21 21 25
  8,000 Ft 20 22 24
  7,000 Ft 19 23 23
  6,000 Ft 18 24 22
  5,000 Ft 17 25 21
  5,000 Ft 16 26 20

(2)  Penetration Turn Table.  Table 2 should
be used to compute the desired course divergence and
penetration turn distances which apply when a specific
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I altitude loss outbound is requirsd Zt is us& that the 
W bcginr at the platted positioa of 6r When tbe 
pooodrPr rapim a delay kfon descent of mae Ulan 5 
miles. th distaw in excess of 5 mil- should be added 
lo tbc dirtancs tho turn oommcncu. The c o w  
divergence and penetration turn distanoe should then be 
adjusted to cmcspond to the adjusted turn distance. 
Extrapolations my be made ha tbe tabla 

(3) Primary and Secondary A m  All of the 
peactration turns ma, oroept the outa 2 miles of tbe 
&mile obstacle clcamm a m  m tht outa side of Ibe 
penetration track. is primary arc*. Sa 6gun 7. The 
outa 2 miles is oecoadary ara Ibe outer 2 mila w 
boa rides of the inbound pmebation CXWYC should be 
EreatCdarsesondaJyarrr. 

c Obatack Clear~noa Obstacle cltarance in the 
initial approach pPimary area shall be a MIMMUM of 
1.0(10 feet Obstacle clearance at the inna edge of the 
sacoodazy area shall be 500 f& tapering to & fat at 
the outa edge. 

P-*Y 
w - d  I kdd ROC = 500 x - 

Where d = dtstanca from h ~ r  edga 
I W = Width of secondary rna  , 

640, 

Whcn no IF is available, a 10 NM intcrmcdiate 
segxncnt is assumed and intamdate segment rrquind 
obstacle cltarancs (ROC) is applied. Tba controlling 
obstacle, as well as the minimum altitude selected fot 
the intumcdiate segment, may depend on the 
availability of an IF. Sss figure 8. Allowance fa  
prccipit& kmin sbould be amsidabd in the 
penetration turn area as specified in paragraph 323a. 
Tbe altitudes selected by application of the obstacle . .. 

clearance specified in this paragraph may be rounded to 
the nearest 100 fact See p g n r p h  23 1. 

ngurr 7. TYPICAL PENETRATION TURN 
INITIAL APPROACH AREA. Par 235. 

c Pcoctratioa Turn Altitude. Wben an IF is NOT 
provided, tbc pcncbstion turn completion altitude shall 
not be m than 4.000 fat above the FAF altitude. 

2.36. INmAL APPROACH COURSE REVERSAL 
USING NONCOLLOCATED FACILITIES AND A 
TURN OF 120. OR GREATER TO INTERCEPT 
THE INBOUND COURSE See fig- 9-1.9-2 rad 
9-3. 

(1) A turn point Ilr shall be established w 
shown in tbe figuru. The 6x aror shall meet sectian 8 
criteria and shall not e x 4  * 2 NM. 

(2) A nightpath radhu of 2.8 NM shall be used 
for proccdurrs wbae the altitude at the tmn pint fix is 
at a bcfm 10,000 f s 4  a 4 NM for ~TWIUU whac I 
Ihe altihde at the tum point fix is above 10,000 fad 
MSL. 

(4) Obrtack Clu- Paragraph 23k 
applies. 

(5) Initi.1 Distance. Wbcn tbe came med 
turn in- tbe &ended intamdate come. and 
when the sup# revcnal tum bbupb r straight 
segment pia to inkrceptbg the ucterded intamediate 
cmmc. tbe minimum distance betwecll the rollout point 
and the FAF u 10 NU 

(6) ROC ReducHon. No duction of saoondary 
ROC is autborhd in the course revcnal area unlcss tbe 
turn point fix is DME 

b. FLgurrr 9-1 md 9-2. The rollout pint shall be at 
arpriatotbcIF&ii I 

(1) Sekct tbe derhd  rotlout point on tbe 
inbound cxlurst. 

(2) P b  tbe approprhte Nghtpatb arc tangent 
to the rollout pLU 

(3) Fmm tbe outbo~md facility, place the 
outbound awase tangent to the flightpath am. Ihc point 
of tangency shall be the tum point fin 

&P 2 
Par 235 

Page 15 
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Profile V w  

Figure 8. PENETRATION TURN INITIAL APPROACH OBSTACLE CLEQRANCE. Par 235e 

Page 16 
4 

Chap2 
Par 236 
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FLgum 9-1,9-2, and 9-3. EXAMPLES OF INITIAL APPROACH COURSE REVERSAL Par 236. 

(1) The point of intenection shall be at a pria 
to the KF/point (paragraph 242 applies). The angle shall 
be 90' or leu. 

(2) The dttance between the r o k u t  pofnt and 
the point of intersection shall be m kss tban tbe 
distance show in bble 2A 

(3) Paragraph 235 and table 2 should be used fa 
high altitude prccaiuns up to the point of in-tioo of 
the two inbound courses. 

=P 2 
Par 236 

T.bk U MINIMUM DISTANCE 
FROM ROLL OUT POINT TO POINT 
OF INTERSECITON. Par. 236d2). 

Page 16-1 

ANGLE "aR 
(DEGREES) 

0- 15 
>15 - 30 
>U) - 45 
N 5  -60 
% O - 7 5  
>75 - 90 

NM 

1 
2 
3 
4 
5 
6 
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(4) Select tbe dulrtd polnt of Lafertcctlon 
Fnm tbe outbound facility draw a line through tbc point 
of intawctioa. 

(9 At the outbou~ld facWty, measure the 
rtquired number of degrea course divergence (may be 
eitha side of the line h u g h  the point of inhcction) . 
d draw thc outbound cwrse out thc required distance. 
C o w  the outbound muse and rhe line through the 
point of intmection with the appropriate m. 

(6) Dekrmlne the desired rollout polnt on tbe 
line through the point of intmection 

(a) Place Ib, appropriate fli&tpth ule 

tangent to thc rollout point 

(b) From the outbound hilily draw tbc 
outbound course tangent to the fightpath aro. Ths point 
of tangency is the turn point !i% 

237.-239. RESERVED. 

SECI'ION 4 INTERMEDIATE APPROACHES 

240, INTERMEDIATE APPROACH SEGMENT. 
fbir h the w t  which bleods thc initial apprwch 
regmeat into th 6naI appfoacb s q m a ~ t  It u the - 
scgmd in which aircraA contigumtioa, tpbs4 .ad 
positioning adjwtmui~ are made for enby into tbe f i ~ I  
approach sqpait Tbc intamediate segment bcgh at 
the IF, a point, md ads at the FAF. 'Ibat arc two 
types of inttrmediate segments; the 'radial" a Ycomc" 
intamediate ~gment and tbs "arc" intcnnediate 
segment In dlba oare. PCG shall be provided Sas 
figure 10 f a  typical aspproach segments. 

24l. ALTlTUDE SELECI'ION. Th MINIMUM 
altitude in tbc intamadiate segment Jhall be c s t A b W  
in 100-foot inaunats-, is., 749 fed may k sbown u 
700 feet md 750 fcet shall be shown u 800. In 
addition, tbs ahihde s e l d  fa urid o w  the FAF 
lhallbelowcPoughtopamitdesccntfromthcFAFto 
the airpart for r might-in landing wbeaew possible. 

Page 16-2 
--' 

Chap2 
Par 236 
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Par 241

Figure 10.  TYPICAL APPROACH SEGMENTS.
Par 232b and 240.

242. INTERMEDIATE APPROACH SEGMENT
BASED ON STRAIGHT COURSES.

a. Alignment. The course to be flown in the
intermediate segment shall be the same as the FAC,
except when the FAF is the navigation facility and it is
not practical for the courses to be identical.  In such
cases, the intermediate course shall not differ from the
FAC by more than 30°.

b. Area.

(1) Length.  The length of the intermediate
segment is measured along the course to be flown.
Where the initital segment joins the intermediate
segment at angles up to 90 degrees, the MINIMUM
length is 5 NM for CAT A/B, and 6 NM for CAT C/D/E
(except as specified in Volume 1, chapters 9 and 10, and
Volume 3, chapter 2).  Table 3 lists the minimum
segment length where the intial approach course joins
the intermediate course at an angle greater than 90
degrees (see figure 3).  The MAXIMUM segment length
is 15 NM.  The OPTIMUM length is 10 NM.  A
distance greater than 10 NM should not be used unless
an operational requirement justifies a greater distance.

(2) Width.  The width of the intermediate seg-
ment is the same as the width of the segment it joins.
When the intermediate segment is aligned with initial or
final approach segments, the width of the intermediate
segment is determined by joining the outer edges of the
initial segment with the outer edges of the final segment.
When the intermediate segment is not aligned with the
initial or final approach segments, the resulting gap on
the outside of the turn is a part of the preceding segment
and is closed by the appropriate arc (See figure 10).  For
obstacle clearance purposes, the intermediate segment is
divided into a primary and a secondary area.

Table 3.  MINIMUM INTERMEDIATE
COURSE LENGTH.  Par 242b(1).

ANGLE
(DEGREES)

MINIMUM LENGTH
(MILES)

Cat  A/B      C/D/E

>90   - 96            5            6
>96   - 102            6            7
>102 - 108            6            8
>108 - 114            6            9
>114 - 120            7          10

c. Obstacle Clearance.  A MINIMUM of 500 feet
of obstacle clearance shall be provided in the primary
area of the intermediate approach segment.  In the
secondary area, 500 feet of obstacle clearance shall be
provided at the inner edge, tapering to zero feet at the
outer edge.

areasecondary  of Width= Ws          
edge inner from distance=d   Where

Ws
d-Ws500=ROC Secondary ×

Allowance for precipitous terrain should be considered
as specified in  paragraph 323a.  The  altitudes  selected

Inner
Edge

500'

d

Ws
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by application of the obstacle clearance specified in this
paragraph may be rounded to the nearest 100 feet (see
paragraph 241).

d. Descent Gradients.  Because the intermediate
segment is used to prepare the aircraft speed and
configuration for entry into the final approach segment,
the gradient should be as flat as possible.  The
OPTIMUM descent gradient is 150 feet per mile. The
MAXIMUM gradient is 318 feet per mile, except for a
localizer approach published in conjunction with an ILS
procedure.  In this case, a higher descent gradient equal
to the commissioned GS angle (provided it does not
exceed 3°) is permissible.  Higher gradients resulting
from arithmetic rounding are also permissible.

NOTE:  When the descent gradient exceeds 318 feet per
mile, the procedure specialist should assure a segment
is provided prior to the intermediate segment to
prepare the aircraft speed and configuration for entry
into the final segment.  This segment should be a
minimum length of 5 miles and its descent gradient
should not exceed 318 feet per mile.

243. INTERMEDIATE APPROACH SEGMENT
BASED ON AN ARC.  Arcs with a radius of less than
7 miles or more than 30 miles from the navigation
facility shall NOT be used.  DME arc courses shall be
predicated on DME collocated with a facility providing
omnidirectional course information.

a. Alignment.  The same arc shall be used for the
intermediate and the final approach segments.  No turns
shall be required over the FAF.

b. Area.

(1) Length.  The intermediate segment shall
NOT be less than 5 miles nor more than 15 miles in
length, measured along the arc.  The OPTIMUM length
is 10 miles.  A distance greater than 10 miles should not
be used unless an operational requirement justifies the
greater distance.

(2) Width.  The total width of an arc
intermediate segment is 6 miles on each side of the arc.
For obstacle clearance purposes, this width is divided
into a primary and a secondary area.  The primary area
extends 4 miles laterally on each side of the arc
segment.  The secondary areas extend 2 miles laterally
on each side of the primary area (see figure 10).

c. Obstacle Clearance.  A MINIMUM of 500 feet
of obstacle clearance shall be provided in the primary
area.  In the secondary area, 500 feet of obstacle

clearance shall be provided at the inner edge, tapering to
zero feet at the outer edge.

Secondary 

Where d

ROC = 500 Ws - d
Ws

= distance from inner edge
           Ws = Width of secondary area

×

Allowance for precipitous terrain should be considered
as specified in paragraph 323a.  The altitudes selected
by application of the obstacle clearance specified in this
paragraph may be rounded to the nearest 100 feet (see
paragraph 241).

d. Descent Gradients. Criteria specified in para-
graph 242d shall apply.

244. INTERMEDIATE APPROACH SEGMENT
WITHIN A PT.

a. PT Over a FAF.  When the FAF is a facility (see
figure 11).

(1) The  MAXIMUM  intermediate  length  is
15 NM, the OPTIMUM is 10 NM, and the MINIMUM
is 5 NM.  Its width is the same as the final segment at
the facility and expanding uniformly to 6 NM on each
side of the course at 15 NM from the facility.

(2) The intermediate segment considered for
obstacle clearance shall be the same length as the PT
distance; e.g., if the procedure requires a PT to be
completed within 5 NM, the intermediate segment shall
be only 5 NM long, and the intermediate approach shall
begin on the intermediate course 5 NM from the FAF.

(3) When establishing a stepdown fix within an
intermediate/initial segment underlying a PT area:

(a) Table 1A shall be applied.

(b) Only one stepdown fix is authorized
within the intermediate segment that underlies the PT
maneuvering area.

(c) The distance between the PT fix/facility
and a stepdown fix underlying the PT area shall not
exceed 4 NM.

(d) The MAXIMUM descent gradient from
the IF point to the stepdown fix is 200 feet/NM.  The
MAXIMUM descent gradient from the stepdown fix to
the FAF is 318 feet/NM.

Inner
Edge

500'

d

Ws
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15 Mile Procadure Turn 

10 Milo Procdure Twn 

Numo&bw 

Figure 11. INTERMEDIATE AREA WllTHIN A 
PT AREA. FAF t the FacUlty. 

Par 244% 

b. PT Over a FAF when the FAF is NOT a Facility 
(sa figure 12). 

(I) The btcnnediate v e n t  shaU be 6 NM 
wide each side of the intermediate course at the PT 
distance. 

(a) Table 1A shall be applied 

(b) Only oae stepdown fix ic authorized 
within the intamediate segment that underlies the PT 
maneuwaiq a m .  

(c) Tbe distance between tbe PT bx/tacility 
and a stepdown fh underlying the PT arta shall not 
e x d 4 N M  

(d) The MAXIMUM duant gradient &an 
the IF pint to the stepdown 6t u 200 f e e W  Th 
MAXIMUM descent gradimt from the stepdown fix b 
the FAF is 3 18 fc&Nh4. 

Figure 12 INTERMEDIATE AREA m 
THE PT AREA. FAF L not 

the Facility. Par 244b. 

c PT Over a FacUty/Flr AFTER th, FAF. See 
figum 13. 

(1) Tbc PT factlitylfi to FAF distance shall not 
exceed 4 NM 

(3) The length of the intermediate segment is 
from he  start of the PT distance to the FAF and the 
MINlMUMlengthshallbc5NM 

&P 2 
Par 244 

Page 19 
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(a) Ody ooe stepdown 6x u autborizsd 
within the intenncdiate regment that &ti- tba PT 
lrmneu-ua. 

@) Tbe distaoce between tbe IT Wfacility 
radrs l epdawn6xunddybgtbcPT~sbn l lno t  
d 4 N U  

(c) The MAXIMUM daccnt @cat 6-om 
t b e I F p o i n t t o t b e s t c p d o w n 6 x i r 2 0 0 f ~  The 
MAXIMUM dacmt gradient firm tbe stcpdown !ix to 
tbe FAF is 318 ktMU 

d. PT Over a FlcilltylFtr PRIOR to the FAF. See 
figures 14-1 d 142. 

Figure 13. INTERMEDIATE AREA WITHIN 
THE PT AREA. PT Over tbc 

F a c U t y ~  After tbc FAF. Par 2& 

(4) Xntermedlrk Segment Arer  

(a) FT Ow a Facility. Tbe intermediate 
segmcmt starts 15 NM from tbc hcility st r width of 6 
NM each side of tbe inbound course and oonnects to the 
width of the t iad segment at tbe FAF. The am 
awidcnd for &tack clearance is Erom tbe start of the 
PT distance to the FAF. 

@) PT Ow r Fix (NOT a Facility). The 
intermdate s c p d  starts at tbe FT distance at r width 
of 6 NM each side of the inbod came and ccmnccb to 
tbe width of the final segment at tbe FAF. The a m  
cons idd fa obstacle clearaaa is h n  the start of the 
PT distanw to the FAF. 

(5) Tbc BUXfMUM descent gradient in tbe 
intamcdiate segment is 200 fcetMd The PT distanm 
may be inawsad in 1 NM incrtments up to 15 NM to 
meel h t  limitatiau. 

(6) When ertrbIkhing a rtcpdown fix within an 
intermediate/mitial selgnent &lying r FT area: 

F i g t ~ ~  14-1. -LATE AREA WITHIN 
THE PT AREA. PT Over tbe 

FaciIity/mt Prior to the FAR Par 2446 

(2) Th lmgtb of the fntenncdlate segment u 
~ t b e s t a r t u f t b u P T d i s t a a c e t o t b c F A F d t b a  
MAXIMUMlcngtbis I S N U  

Page 20 Chap2 
Par 244 
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  (3) Intermediate Segment Area. 
 
   (a) PT Over a Facility. The 
intermediate segment starts 15 NM from the facility at 
a width of 6 NM each side of the inbound course and 
connects to the width of the final segment at the FAF.  
The area considered for obstacle clearance is from 
the start of the PT distance to the FAF. 
 

Figure 14-2.  Intermediate Area Within  
PT Area.  PT Facility/Fix 

Used as a Stepdown Fix [Par 244d(4)]. 

 
 
   (b) PT Over a Fix (NOT a Facility).  
The intermediate segment starts at the PT distance at 
a width of 6 NM each side of the inbound course and 
connects to the width of the final segment at the FAF.  
The area considered for obstacle clearance is from 
the start of the PT distance to the FAF. 
 
  (4) The MAXIMUM descent gradient is 
200 ft/NM.  If the PT facility/fix is a stepdown fix, the 
descent gradient from the stepdown fix to the FAF 
may be increased to a maximum of 318 ft/NM (see 
figure 14-2).  The PT distance may be increased in 1 
NM increments up to 15 NM to meet descent 
limitations. 
 
  (5) When establishing a step-down fix 
within an intermediate/initial segment underlying a PT 
area: 
 
   (a) When the PT fix is over a facility/fix 
prior to the FAF, the facility/fix is the stepdown fix in 

the intermediate/initial area, and another stepdown fix 
within this segment is not authorized. 
 
   (b) The MAXIMUM descent gradient 
from the IF point to the stepdown fix is 200 ft/NM.  
The MAXIMUM descent gradient from the stepdown 
fix to the FAF is 318 ft/NM. 
 
 e. PT Facility Fix Used as an IF.  See figure 
14-3. 
 
  (1) When the PT inbound course is the 
same as the intermediate course, either paragraph 
244d may be used, or a straight initial segment may 
be used from the start of the PT distance to the PT fix. 
 

Figure 14-3.  Use of PT Fix or IF 
[Par 244e]. 

 
 
  (2) When the PT inbound course is NOT 
the same as the intermediate course, an intermediate 
segment within the PT area is NOT authorized; ONLY 
a straight initial segment shall be used from the start 
of the PT distance to the PT fix. 
 
  (3) When a straight initial segment is 
used, the MAXIMUM descent gradient within the PT 
distance is 318 ft/NM; the PT distance may be 
increased in 1 NM increments up to 15 NM to meet 
descent limitations. 
 
  (4) When establishing a stepdown fix 
within an intermediate/initial segment underlying a PT 
area: 
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   (a) Only one stepdown fix is authorized 
within the initial segment that underlies the PT 
maneuvering area. 
 
   (b) The distance from the PT facility/fix 
and a stepdown fix underlying the PT area shall not 
exceed 4 nautical miles (NM). 
 
   (c) The MAXIMUM descent gradient 
from the PT completion point (turn distance) to the 
stepdown fix, and from the stepdown fix to the IF, is 
318 ft/NM. 
 
 f. When a PT from a facility is required to 
intercept a localizer course, the PT facility is 
considered on the localizer course when it is located 
within the commissioned localizer course width. 
 
245.-249.  RESERVED. 
 

SECTION 5.  FINAL APPROACH 
 
250.  FINAL APPROACH SEGMENT.  This is the 
segment in which alignment and descent for landing 
are accomplished.  Final approach may be made to a 
runway for a straight-in landing or to an airport for a 
circling approach.  The segment begins at the Final 
Approach Fix (FAF)/precise final approach fix (PFAF) 
and ends at the missed approach point (MAP) and/or 
Decision Altitude (DA).  Criteria for alignment, length, 
obstacle evaluation area (OEA), and obstacle 
clearance surface/evaluation are contained in the 
chapters/directives specific to the facility/system 
providing navigation guidance.  A visual portion within 
the final approach segment is also assessed for all 
approaches (see Vol. 1, chapter 3, paragraph 3.3.2d). 
 
251.  RESERVED. 
 
252.  VERTICAL DESCENT ANGLE. Vertical 
descent angle (VDA) is normally used in this segment 
for non-precision procedures.  Determine the VDA for 
all NPA procedures except those published in 
conjunction with vertically-guided minima or  no-FAF 
procedures w/out stepdown fix(es). See applicable 
chapters/directives for guidance on no-FAF or  
procedures published with PA and APV minima. 
Optimum VDA is 3.00 degrees.  Where operationally 
feasible, design straight-in NPA procedures (all CATs) 
to achieve a VDA equal to the commissioned angle of 
an installed visual glideslope indicator (VGSI) if within 
the standard VDA range.  When a VGSI is not 
installed or not within the standard range, or final is 
circling aligned, design procedures at the optimum 
VDA when possible or within the following range: 
 
STANDARD  VERTICAL DESCENT ANGLES 
FAA 2.75°-3.77°  (IAPS w/ ≤ CAT C mins) 
  2.75°-3.50°  (IAPS w/ CAT D/E mins) 
USAF 2.50°-3.50°  (All IAPS) 
USN  2.50°-3.77°  (All IAPS) 
 

Note 1:  Minimum VDA N/A to circling only 
procedures. 

Note 2:  CAT D/E VDA above 3.50 degrees must 
be annotated “Not for Civil Use.” 

 
The calculated VDA and the VGSI may be considered 
equivalent when the calculated angle is ± 0.20 
degrees of the VGSI angle and the TCH used for the 
calculation is ± 3 ft of the VGSI TCH. 
 
For a straight-in aligned procedure, when the 
minimum angle has not been achieved, modify the fix 
location or raise the FAF/PFAF altitude. 
 
Calculate VDA based on the distance from the plotted 
position of the FAF/PFAF or stepdown fix to the 
plotted position of the final end point (FEP).  The FEP 
is a point on the FAC equal to the distance from the 
FAF/PFAF to runway threshold (RWT) coordinates (or 
displaced threshold coordinates when applicable) or 
from FAF/PFAF to the edge of first usable landing 
surface for circling only aligned procedures.  See 
figure 14-4. 
 

Figure 14-4.  Final End Point [Par 252]. 

RWT/Displaced  
coordinates

Final Approach C
ourse

Final End Point (FEP)

FAF/PFAF

Shortest distance FAF/PFAF
to edge of any 

usable landing surface

Final Approach C
ourse

Final End Point (FEP)

FAF/PFAF

Closed runways

AND 

 are not usable 
landing surfaces.  Any portion of an 
open runway is considered usable 
landing surface, except when not 
available for both landing takeoff.   

Straight-in alignment

Circling alignment

 
 
 a. Calculating Descent Angle (procedures 
meeting straight-in alignment).  Calculate the VDA 
from the FAF/PFAF altitude (or stepdown fix altitude 
per Vol. 1, chapter 2, paragraphs 252c(1) or 252d) to 
threshold crossing height (TCH) using the following 
formula (radian calculations): 

DESCENT
FIX

r alt r
a tan ln

r TH Re TCH D

⎛ ⎞+⎛ ⎞θ = ⋅ ⋅⎜ ⎟⎜ ⎟+ + π⎝ ⎠⎝ ⎠

180

Where: 

    atan = arc tangent 
        ln = Natural logarithm  
       alt = FAF/PFAF alt. or 252c(1) / 252d stepdown alt. 
    THRe=  Threshold elevation 
           r = 20890537 
     TCH = VGSI or Design TCH  
     DFIX = Dist. (ft) FAF/PFAF or stepdown fix to FEP 
 
EXAMPLE 

         alt = 2,600 ft MSL 
    THRe = 1,012 ft MSL 
      TCH = 46 ft 
        DFIX = 29,420.537 ft or 4.84 NM 
θDESCENT = 3.00 degrees (round to nearest  0.01 degrees)
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When the maximum VDA calculated in accordance 
with Vol. 1, chapter 2, paragraph 252a is exceeded 
and altitudes/fix locations cannot be modified, 
straight-in minimums are not authorized.  The 
procedure may be approved when restricted to 
circling minimums IF less than or equal to maximum 
VDA calculated in accordance with Vol. 1, chapter 2, 
paragraph 252b.  In this case, when VDA is 
published, specify the VDA calculated in accordance 
with Vol. 1, chapter 2, paragraph 252a (published 
angle MAY exceed the maximum). 
 
  (1) Determining straight-in FAF/PFAF or 
stepdown fix location to achieve a specified 
design angle.  Use where fix location is flexible; e.g., 
FAF/PFAF or stepdown fix may be defined by an Area 
Navigation (RNAV), Distance Measuring Equipment 
(DME), or intersection fix.  Where a VGSI is installed 
and within the range of minimum/maximum VDAs, 
select a fix location which permits a VDA equivalent 
with the VGSI angle.  When it is not feasible to 
achieve equivalency (e.g., VGSI is not within the 
range of acceptable angles, or VGSI is not installed), 
select a fix location to achieve an optimum VDA when 
possible or within standard VDA range.  Determine 
the FAF/PFAF or stepdown fix location (distance from 
threshold to fix) using the formula in figure 14-5 
(radian calculations). 
 

Figure 14-5.  Straight-In FAF/PFAF or 
Stepdown Fix Distance Based on  

Altitude and Angle [Par 252a]. 

+⎛ ⎞ ⋅⎜ ⎟+ +⎝ ⎠=
π⎛ ⎞θ ⋅⎜ ⎟

⎝ ⎠

PFAF

r alt
ln r

r THRe TCH
D

tan
180  

Where: 
         ln = Natural logarithm  
       alt = Minimum FAF/PFAF or stepdown fix altitude 

  THRe = Threshold elevation 
    TCH = VGSI or Design TCH  
          r = 20890537 
          θ = VGSI or specified VDA 

EXAMPLE 
         alt = 2,600 ft MSL 
   THRe = 1,012 ft MSL 
     TCH = 46.0 
           θ = 3.00 degrees 
    DPFAF = 29,420.537 ft or  4.84 NM 

29,420.54 or 4.84 NM

2,600’ MSL

46.0’ Reference Plane

Glidepath

1012’ MSL

Reference Plane

 
 

 b. Calculating VDAs (procedures not 
meeting straight-in alignment or straight-in 
aligned procedures not authorized straight-in 
minimums).  Calculate the VDA from the FAF/PFAF 
or stepdown fix altitude (Vol. 1, chapter 2, paragraphs 
252c(2) or 252d) to the lowest CMDA using the 
following formula (radian calculations). 

⎛ ⎞+⎛ ⎞θ = ⋅ ⋅⎜ ⎟⎜ ⎟+ π⎝ ⎠⎝ ⎠
CIR CLED ESCEN T

FIX

r a lt r 180
a tan ln

r CM D A D

 Where: 
                    ln = Natural logarithm 
                     r = 20890537 

alt = FAF/PFAF or Vol. 1, chapter 2, 
                           para. 252c(2) / 252d stepdown fix altitude 
            CMDA = Lowest Published CMDA 
                 DFIX = Dist. (ft) FAF/PFAF or stepdown fix to FEP 

EXAMPLE 
                   alt = 2,900 ft MSL 
            CMDA = 1,320 ft MSL 
                 DFIX = 29,043.83 ft or 4.78 NM 
θCIRCLEDESCENT  = 3.11354 degrees 
                           (round to nearest 0.01 degrees) 
 
When the MAXIMUM VDA is exceeded, relocate the 
PFAF/stepdown fix and/or raise the CMDA until the 
angle is compliant. 
 
  (1) Determining Circling FAF/PFAF 
location to achieve a specified design angle.  
Procedures designed to circling alignment standards 
are not normally flown using a stabilized descent from 
the FAF/PFAF to landing.  Therefore, the FAF/PFAF 
location is not predicated on VDA; however, the 
achieved angle must not exceed the maximum VDA.  
Establish the FAF/PFAF location in accordance with 
the alignment and segment length criteria applicable 
to the final approach Navigational Aid (NAVAID) or 
system and calculate the circling VDA. 
 
 c. Stepdown Fixes (with FAF procedures 
and/or procedures published w/out PA/APV 
minima).  Establish stepdown fixes at  the lowest 
altitude possible that also provides obstacle 
clearance.  When minimum fix altitudes are above the 
vertical profile of a VDA calculated in accordance with 
Vol. 1, chapter 2, paragraph 252a or 252b, adjust the 
stepdown fix location(s) if feasible.  Determine the 
altitude of the vertical path at a stepdown fix using the 
following formula (radian calculations). 
 

( )
⎛ ⎞
⎜ ⎟
⎝ ⎠

Z
π

D × tan θ×
180

r a ltve rtpa thZ = e × r +  ba se -r  
 
Where: 
          e = base of natural log. (Napier’s constant) 
        DZ = dist (ft) from FEP to fix 
          θ = angle calculated in accordance with 
                Vol. 1, chapter 2, paragraph 252a/252b 
           r = 20890537 

basealt  = THRe + TCH (Vol. 1, chapter 2, paragraph 252a) 
  basealt = CMDA (Vol. 1, chapter 2, paragraph 252b) 

 



8260.3B CHG 21  06/05/2009 

Page 24  Chap 2 
  Par 252 

When stepdown fix location(s) cannot be modified, 
change the FAF/PFAF location or raise the FAF/PFAF 
altitude until stepdown fix(es) are at or below the 
vertical path of the VDA (must not exceed the 
maximum angle). 
 
  (1) For straight-in aligned procedures 
ONLY, when no other option is practical, calculate a 
VDA from each stepdown fix altitude above the 
vertical path (apply Vol. 1, chapter 2, para-
graph 252a).  Publish the greatest VDA and associate 
it with the applicable stepdown fix.  See figure 14-6. 
 
  (2) For circling aligned procedures, when 
no other option is practical, calculate a VDA from 
each stepdown fix altitude above the vertical path 
(apply paragraph 252b) and ensure each angle is less 
than or equal to the maximum angle. 
 

Figure 14-6.  VDA with  
Stepdown Fixes [Par 252c]. 

2,600’ 

46’

1012’ MSL

FAF/PFAF 
3.00° 

29,420.54’ 

Stepdown#1
below  ∠

2,200’ 

23,344.42’ 

Stepdown#2 

17,268.31’ 

2,080’ 

∠3.39° 

  
 
  (3) DO NOT raise stepdown fix altitudes 
higher than needed for obstacle clearance solely to 
achieve coincidence with the VDA vertical path (USN 
N/A). 
 
4) DO NOT establish maximum, mandatory, or 
mandatory block altitudes at any final segment fix 
except where operationally required and approved by 
AFS-400 or appropriate military authority. Approval 
will include a check of the final sub-segment descent 
rates and will specify necessary restrictions (e.g. do 
not publish VDA, etc.).  
 
 d. Stepdown Fixes (no-FAF procedures).  
Apply Vol. 1, chapter 2, paragraph 252a or 252b to 
calculate the VDA from the stepdown fix.  When there 
are multiple stepdown fixes, also apply Vol. 1, 
chapter 2, paragraph 252c, except the vertical path is 
calculated from the first stepdown fix (farthest  from 
RWT coordinates) instead of from the FAF/PFAF. 
 
253.  VISUAL DESCENT POINT (VDP).  The VDP 
defines a point on an NPA procedure from which 
normal descent from the MDA may be commenced 
provided the required visual references have been 
acquired.  ESTABLISH A VDP FOR ALL 
STRAIGHT-IN NPA PROCEDURES (to include those 

combined with a PA/APV procedure), with the 
following exceptions/limitations: 
 

 Do not publish a VDP when the primary 
altimeter setting comes from a remote 
source. 

 Do not publish a VDP located prior to a 
stepdown fix. 

 If the VDP is between the MAP and the 
runway, do not publish a VDP. 

 Do not publish a VDP when the 20:1 surface 
is penetrated (Vol. 1, chapter 3, paragraph 
3.3.2d). 

 When feasible, the VDP should be ≥ 1NM 
from any other final segment fix (e.g., MAP, 
stepdown). When not feasible, the VDP 
must be at least 0.5 NM from any other final 
segment fix.  If < 0.5 NM and the other fix 
cannot be relocated, do not publish a VDP.  
DO NOT increase the MDA to achieve the  
 ≥ 0.5 NM distance. 

 
 a. Determine VDP distance.  When dual or 
multiple lines of NPA minimums are published, use 
the lowest minimum descent altitude (MDA) from any 
CAT to calculate the VDP distance.  Use the following 
formula  to determine VDP distance from RWT 
coordinates (radian calculations): 
 

( )⎛ ⎞⎛ ⎞π⎛ ⎞θ ⋅ ⋅ + +⎜ ⎟⎜ ⎟⎜ ⎟π π ⎝ ⎠⎜ ⎟⎜ ⎟= ⋅ − θ ⋅ −
⎜ ⎟⎜ ⎟+
⎜ ⎟⎜ ⎟

⎝ ⎠⎝ ⎠

VDP

cos r THRe TCH
180

D r asin
2 180 r MDA

 

 
Where: 
 MDA = Lowest Minimum Descent Altitude  
 THRe = Threshold elevation 
 TCH = VGSI or Design TCH  
  r = 20890537 
  θ = VGSI or specified VDA 
 
  (1) For runways served by a VGSI 
(regardless of coincidence with final VDA) , using 
the VGSI TCH, establish the distance from RWT 
coordinates to a point where the lowest published 
VGSI glidepath angle reaches the appropriate MDA. 
 
  (2) For runways NOT served by a VGSI, 
using an appropriate TCH from Vol. 3, chapter 2, 
table 2-3, establish the distance from RWT 
coordinates to a point where the greater of a three 
degree or the final segment VDA reaches the 
appropriate MDA. 

 b. Marking VDP Location. 
 
  (1) For Non-RNAV Standard Instrument 
Approach Procedures (SIAPs), mark the VDP 
location with a DME fix.  The DME source must be the 
same as for other DME fixes in the final segment.  If 
DME is not available, do not establish a VDP.  
Maximum fix error is ± 0.5 NM. 
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  (2) For RNAV SIAPs, mark the VDP 
location with an Along Track Distance (ATD) fix to the 
MAP.  Maximum fix error is ± 0.5 NM. 
 
  (3) If the final course is not aligned with 
the runway centerline, use the RWT coordinates as a 
vertex, swing an arc of a radius equal to the VDP 
distance across the final approach course (see figure 
14-7). The point of intersection is the VDP.  (For 
RNAV procedures, the distance from the point of 
intersection to the MAP is the ATD for the VDP.) 
 

Figure 14-7.  VDP Location [Par 253b(3)]. 
 

VDP 

Runway centerline and 
Final Approach Course

VDP distance from 
threshold 

 

Arc Origin is the center 
of the threshold 

Runway Centerline

VDP marked as ATD to 
MAP if RNAV. 

Final Approach 
Course 

VDP at the Intersection 
of arc and final course 

VDP Distance 

 
 
254.-259.  RESERVED. 
 

SECTION 6.  CIRCLING APPROACH 
 

260.  CIRCLING APPROACH AREA.  Where circling 
is authorized, evaluate the circling approach area for 
each CAT published on the procedure.  The Circling 
Minimum Descent Altitude (CMDA) is based on the 
results of the circling area evaluation and the 
evaluation of the final segment delivering the aircraft 
to the circling area.  Also see Vol. 1, chapter 3, 
paragraph 3.2.1b. 
 
 a. Obstacle Evaluation Area (OEA).  The 
area for each CAT is based on true airspeed (VKTAS).    
The minimum altitude used for true airspeed 
conversion is 1,000 ft above airport elevation. 

Use the following formula for converting indicated 
airspeed (VKIAS) to true airspeed (VKTAS) is: 

( )( )
⋅ ⋅ + ⋅ +

=
⋅

2 628

KIAS  

KTAS

V 171233 (288 15)-0.00198 )
V

288 - 0.00198 alt+k
.

( alt k
 

Where: 
       VKIAS = indicated airspeed (from table 4) 
         alt = airport elevation (MSL) 

k = height above airport  (1,000 ft minimum) 
 
Calculate the Circling Approach Radius (CAR) based 
on true airspeed, bank angle, and straight segment 

length using the following formula (radian 
calculations): 

( )+
= +

π
⋅ ⋅

i
2

25
2

68625 4
180

KTAS

angle

V
*CAR S

banktan( ) .

 

Where: 
                      VKTAS  = true airspeed 

bankangle  = bank angle (from table 4) 
                             S  = straight segment  (from table 4) 
 
*Minimum CAR  = 1.30 NM 
 

Table 4.  Circling Approach 
Area Parameters [Par 260a].  

CAT VKIAS Bankangle 
Straight 

Segment Length 
(S) 

A 90 25 0.4 
B 120 25 0.4 
C 140 20 0.5 
D 165 20 0.6 
E 200 22 0.7 

 
The OEA is constructed by drawing arcs equal to the 
CAR for each CAT from the RWT coordinates (or 
displaced threshold coordinates when applicable) of 
each runway.  Not applicable to permanently closed 
or other runways not authorized for circling.  However, 
when only one end of the runway is not authorized for 
circling, the OEA is based on the CAR from both sets 
of RWT coordinates.  Join the outermost arcs with 
tangential lines.  The resulting enclosed area is the 
circling OEA [no secondary area].  
See figure 15-1. 
 
 b. Obstacle Clearance.  Provide 300 ft ROC 
plus adjustments over the highest obstacle in the 
OEA. 
 

Figure 15-1.  Circling Approach 
OEA [Par 260a]. 

 
 c. CMDA.  The published Circling Minimum 
Descent Altitude (CMDA) may not result in a Height 
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Above Airport (HAA) lower than permitted by Vol. 1, 
chapter 3, table 3-9. 
 
Where the CMDA results in a HAA greater than 
1,000 ft, re-calculate CAR by increasing k to equal the 
actual HAA and re-evaluate the OEA.  If the resulting 
HAA value increases, re-calculate and re-evaluate 
using the higher value. 
 
Example  
CAT A controlling obstacle = 623 ft 
Airport Elevation = 600 ft 
CAT A minimum HAA (Vol. 1, chap 3) = 350 ft 
ROC = 300 
CMDA based on ROC 
623 + 300 = 923 (rounds to 940 ft) 
CMDA based on min HAA  
600 + 350 = 950 ft (rounds to 960 ft) 
Published CMDA = 960 ft 

 
261.  RESTRICTED CIRCLING AREA.  The circling 
OEA may be modified to gain relief from obstacles by 
establishing a restricted area. This option is only 
authorized where the restriction can clearly be 
described as a portion of the airspace where circling 
is not authorized and the chart is properly annotated.  
The OEA excludes the restricted area except the 
portion defined by a line originating at the RWT 
coordinates (or displaced threshold coordinates when 
applicable) of each runway used to define the area 
splaying 10 degrees relative to runway centerline 
towards the restricted area.  Discontinue the splay 
when it reaches 4,500 ft in width from runway 
centerline extended (see figure 15-2a). 
 
 a. Simple restricted area.  Establish the 
restricted area as the right or left half of the OEA 
relative to runway centerline(s) extended to the CAR 
boundary.  The chart annotation must include the 
runway identification (both ends) and the area’s 
magnetic direction from runway centerline described 
as a cardinal/inter-cardinal compass direction (N, NE, 
E, SE, S, SW, W, NW).  See Vol. 1, chapter 2, figures 
15-2a through 15-2f and Order 8260.19, chapter 8. 
 

Figure 15-2a.  Restricted Circling Area 
(Simple) [Par 261a]. 

 

 b. Complex restricted area.  Establish the 
restricted area as a single contiguous sector bounded 
by the centerlines of intersecting runways (or runways 
extended) continued outward to the OEA boundary, 
truncated (figures 15-2b through 15-2d) or expanded 
(figure 15-2f) by a direct line from each set of RWT 
coordinates  (or displaced threshold coordinates when 
applicable).  The chart annotation includes the runway 
number and the general orientation of the restricted 
area from each runway described as a cardinal/inter-
cardinal compass direction.  See Vol. 1, chapter 2, 
figures 15-2b through 15-2g and Order 8260.19, 
chapter 8. 
 

Figure 15-2b.  Restricted Circling Area 
(Complex  <180°) [Par 261b]. 

 
 

Figure 15-2c.  Restricted Circling Area, 
Circling Aligned  

(Complex  <180°) [Par 261b]. 
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Figure 15-2d.  Restricted Circling Area 
(Complex < 180°, Intersecting runways) 

[Par 261b]. 

 
 

Figure 15-2e.  Restricted Circling Area 
(Complex < 180°, Parallel runways) 

[Par 261b]. 

 
 

Figure 15-2f.  Restricted Circling Area 
(Complex > 180°) [Par 261b]. 

 

262.-269.  RESERVED. 
 
SECTION 7.  MISSED APPROACH. 
 
270.  MISSED APPROACH SEGMENT.  A missed 
approach procedure shall be established for each 
instrument approach procedure (IAP).  The missed 
approach shall be initiated at the Decision Altitude 
(DA) or MAP in nonprecision approaches.  The 
missed approach procedure must be simple, specify a 
charted missed approach altitude (altitude at 
clearance limit), and a clearance limit fix/facility.  
When required by obstacles or deemed operationally 
advantageous, the missed approach may also specify 
an interim “climb-to” altitude to identify a turn point.  
The charted missed approach altitude must not be 
lower than the highest DA/MDA (including 
adjustments) and be sufficient to permit holding or 
en route flight.  Design alternate missed approach 
procedures using the criteria in this section.  The area 
considered for obstacles has a width equal to that of 
the final approach area at the MAP or DA point and 
expands uniformly to the width of the initial approach 
 

(Continued on Page 27)  
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segment at a point 15 flying miles from the MAP.
When PCG is available, a secondary area for the
reduction of obstacle clearance is identified within the
missed approach area.  It has the same width as the final
approach secondary area at the MAP, and expands
uniformly to a width of 2 miles at a point 15 miles from
the MAP (see figure 16).  Where PCG is not available
beyond this point, expansion of the area continues until
PCG is achieved or segment terminates.  Where PCG is
available beyond this point, the area tapers at a rate of
30° inward relative to the course until it reaches initial
segment width.

NOTE: Only the primary missed approach
procedure shall be included on the published chart.

271. MISSED APPROACH ALIGNMENT.
Wherever practical, the missed approach course should
be a continuation of the FAC.  Turns are permitted, but
should be minimized in the interest of safety and
simplicity.

272. MAP.  The MAP specified in the procedure may
be the point of intersection of an electronic glidepath
with a DH, a navigation facility, a fix, or a specified
distance from the FAF.  The specified distance may not
be more than the distance from the FAF to the usable
landing surface.  The MAP shall NOT be located prior
to the VDP.  Specified criteria for the MAP are
contained in the appropriate facility chapters.

273. STRAIGHT MISSED APPROACH AREA.
When the missed approach course is within 15° of the
final approach course, it is considered a straight missed
approach (see figure 16).  The area considered for
obstacle evaluation is specified in paragraph 270.

Figure 16.  STRAIGHT MISSED APPROACH
AREA.  Par 270 and 273.

274. STRAIGHT MISSED APPROACH
OBSTACLE CLEARANCE.  Within the primary
missed approach area, no obstacle shall penetrate the
missed approach surface.  This surface begins over the
MAP at a height determined by subtracting the required
final approach ROC and any minima adjustments, per
paragraph 323 from the MDA.  It rises uniformly at a
rate of 1 foot vertically for each 40 feet horizontally
(40:1).  See figure 17.  Where the 40:1 surface reaches a
height of 1,000 feet below the missed approach altitude
(paragraph 270), further application of the surface is not
required.  In the secondary area, no obstacle may
penetrate a 12:1 slope that extends outward and upward
from the 40:1 surface at the inner boundaries of the
secondary area.  See figure 18.  Evaluate the missed
approach segment to ensure obstacle clearance is
provided.

a. Evaluate the 40:1 surface from the MAP to the
clearance limit (end of the missed approach segment).
The height of the missed approach surface over an
obstacle is determined by measuring the straight-line
distance from the obstacle to the nearest point on the
line defining the origin of the 40:1 surface.  If obstacles
penetrate the surface, take action to eliminate the
penetration.

b. The preliminary charted missed approach
altitude is the highest of the minimum missed approach
obstruction altitude, minimum holding altitude (MHA)
established IAW paragraph 293a, or the lowest airway
minimum en route altitude (MEA) at the clearance limit.
To determine the minimum missed approach obstruction
altitude for the missed approach segment, identify the
highest obstacle in the primary area; or if applicable,
the
highest equivalent obstacle in the secondary area.  Then
add the appropriate ROC (plus adjustments) for holding
or en route to the highest obstacle elevation.  Round the
total value to the nearest hundred-foot value.

c. Determine if a climbing in holding pattern
(climb-in-hold) evaluation is required (see paragraph
293b).  If a climb in holding is intended at the clearance
limit, a climb-in-hold evaluation is mandatory.

(1) Calculate the elevation of the 40:1 surface at
the end of the segment (clearance limit).  The 40:1
surface starts at the same elevation as it does for
obstacle evaluations.  Compute the 40:1 rise from a
point on the line defining the origin of the 40:1 surface
in the shortest distance and perpendicular to the end-of-
segment line at the clearance limit.

(2) Compute the ROC surface elevation at the
clearance limit by subtracting the appropriate ROC (plus
adjustments) from the preliminary charted missed
approach altitude.
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(3) Compare the ROC surface elevation at the
clearance limit with the 40:1 surface elevation.

(a) If the computed 40:1 surface elevation is
equal to or greater than the ROC surface elevation, a
climb-in-hold evaluation is NOT required.

(b) If the computed 40:1 surface elevation is
less than the ROC surface elevation, a climb-in-hold
evaluation IS required.  FAA Order 7130.3, Holding
Pattern Criteria, paragraph 35, specifies higher speed
groups and, therefore, larger template sizes are usually
necessary for the climb-in-hold evaluation. These
templates may require an increase in MHA under
TERPS, paragraph 293a.  If this evaluation requires an
increase in the MHA, evaluate the new altitude using the
higher speed group specified in paragraph 35.  This
sequence of review shall be used until the MHA does
not increase, then the 40:1 surface is re-evaluated.  If

obstacles penetrate the 40:1 surface, take action to
eliminate the penetration.

d. The charted missed approach altitude is the
higher of the preliminary charted missed approach
altitude     or    the    MHA    established    under    para-
graph 274c(3)(b).

Figure 17.  STRAIGHT MISSED APPROACH
OBSTACLE CLEARANCE.  Par 274.

                            WHEN COURSE GUIDANCE IS AVAILABLE

Figure 18.  MISSED APPROACH CROSS SECTION.  Par 274.

275. TURNING MISSED APPROACH AREA.  (See
Volume 3 for special provisions).  If a turn of more than
15° from the FAC is required, a turning or combination
straight and turning missed approach area must be
constructed.

NOTE:  If the HAT value associated with the
DA/MDA is less than 400 feet, construct a
combination straight and turning missed approach
(see paragraph 277) to accommodate climb to 400
feet above touchdown zone elevation prior to turn.

a. The dimensions and shape of this area are
affected by three variables:

(1) Width of final approach area at the MAP.

(2) All categories of aircraft authorized to use
the procedure.

(3) Number of degrees of turn required by the
procedure.

Primary Area
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specifidly within zones 1 urJ 2. All distance 
measmnmtr in zaoe 3 am made 6ua1 point 'Be. Tbus 
tbt height of the missed rppmcb sudk ova an 
obstacle in zone 3 is ddcnninad by meMpine the 
distance fmn tbe obstacle to point 3' rad canputins 
the beight based oo Ihc 10:l mtio. Tbs bdght of the 
missed approach jurface o w  point "Be fn uxle 3 
computatioar is (he same as tbe height of the MDA F a  
an obstacle in the socoodary a m ,  use the same 
measuring method mi in paragmpb 2764 cxoept 
that the original &muring pint &all k point 'B.' 

- 2  
Par 275 
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Ffgarr 26. TURNING MISSED APPROACH 
OBSTACLE CLEARANCE More Thn 8 

90" Tura Par 276b. 

c S e c o n d a ~  Area. In the sacoadary area no 
obgtacla may penetrate r 12:l slop which extendr 
outward and upward [iom tbe 40:l surface Erantbe 
inna to the outer b o w  l ine  of tbe secoodary area. 

6 Evaluate the missed approach segment fiwn tbe 
MAP to the cl- limit Tambate the 40:l obstacle 
clearance sutfacc (OCS) st an e l d m  correspwding to 
tb m raute ROC below the m i d  altitude. 

(1) If ebe 40:l OCS terminates pria to the 
clearsnce limit, continue the e~luatioo using r I d  
OIS rt tbc height that the 40: 1 OCS was tenninatcd 

(2) If tbe clummx h i t  is reached befm the 
40: 1 OCS terminates. continue r climbin-hold cvalua- 
tian at the clearance limit 

G The prebnbary b r k d  adsred approach 
altitude is tbe highest of tbe cninimum missed approach 
obstructioa altitude, MHA cstablishd IAW paragraph 
2934 a tbe lowest airway MEA at tbe clcarana limit 
To detcrmiot the minimum m k d  a p c b  obstrudioa 
altitude f a  the missed approach segment, iw the 
highest obstacle in !be primary area; a if applicable, the 
highest equivalent obstacle in the secondary utr 'Ih 
add thc appropriate ROC (plus adjustments) for holding 
a en route to the bighcst obstacle e l e~~ t iou  Round the 
total value to the neartst hundred foot value. 

t Dete- K a climbln-hold tvIhutk,n u 
rcquirrd (see paragraph 293b). 

(1) Calculate th ekvathn o f b  40: 1 ad" at 
tbe d of the segment (clearance limit). Ibe 40:l 

(2) Compute the ROC rurtcc ckvrtlw at (he 

clearana limit by mbt rdq  tbe rppopkte ROC @Iw 
adjustments) 6un tbe preliminuy oharted mwsd 
a ~ o s c h  altitude. 

surtbce staN at tbe aamc elenticm u it doa fa 
obstacle evatuntiau. Compute the 40:l rire Grom r 
point m Ifu: 'A-DB" Liaa in tbe rbortrat dirt.nw to the 
cndof-segplcal line .t (he cleans# limit 

(3) Compare the ROC rurhw ekvath at the 
clmamx limit with h 40: 1 s u r f .  elevatioa I 

---/ 

(a) Iftbc mqutcd 401 au rhe  elevPtioa u 
aqual to a gnak than the ROC nrrfact elevation, a 
climbin-bold evaluation is NOT nquired 

@) If the computed 40: 1 nafirct elevatim u 
kss fban tbe ROC mtkc elevation, r climb-in-hold 
~ a l u a t i a  IS r u p i d  FAA C h k  7130.3, Hdding 
Paaan CYituia, para%raph 35, specifies bigha spad 
group. md ~ a r r .  larga template siza are usualJ~ 
o a # q  f a  b e  climb-in-bold d u a t i m  Tbtse 
tunplater may xquk an buwsc in MHA under 
TERPSparagraph293a. I f t h i s e v a l ~ ~ t i o n ~ ~  
increase in the MHA, evaluate the new dtihde using tbe 
higha rpaed grcup apcci6ed in peragraph 35. This 
quawcdmiew shallbe usaduntil tbeMHA does 
not bxcasc, then tbe 10:l d c e  is ncvaluetai. If 
obstacla peoetrots tbe 40:l mrGq take d o n  to 
climinak tbe padratiocl. 

* Tbr charted missed rpprorirh altitude is th: 
hi+ of the p c l i m i ~ ~ ~  charted missed appoach 
altitude a the MHA esrablishcd under paragraph 
274c(3*). 

277. COMBINATION STRAIGHT AND TURN- 
ING MISSED APPROACH AREA If a straight 
climb to a qm&o altitude followed by r tum is 
n m u s a ~ ~  to avoid obstacles, 8 canbination stnigh! and 
turniogrnissedrpproachanamustbecoastnrctad The 
straight pmticn of this missed rpprorch area L 
d m  1. Tbe patiarr in which tbe tum ia made ir 
d m  Z Evrhrate tba m i d  a m  qmcmt to 
ensure obstacle clearsna is provided I 
a shdght Ponfolb Sactiolll is .pation ofthe 

Dormalstraightmissedapproacharadiaams~ 
as specifial in paragraph 273. Obstscle clearanct is 
provided u rpeci6ed in pa~agraph 274 except that 
s a x d a y  area reductiaas do not appIy. Tbe kngth of 
section 1 b detamined as sbown in figure 27 and cclatu 
to tbe need to climb to r spi6cd altitude priar to 
c u d @  tbt turn Point A, nxub tbe cod of 

Page 30 Chap2 
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section 1 Point B, is one mile from the end of section 1 exists at the end of section 1, or if no course guidance is 
(see figure 27). provided in section 2 (see figure 27). 

b. Turning Portion. Section 2 is constructed as 
specified in paragraph 275 except that it begins at the 
end of section 1 instead of at the MAP. To determine 
the height which must be attained before commencing 
the missed approach turn, first identify the controlling 
obstacle on the side of section 1 to which the turn is to 
be made. Then measure the distance from this obstacle 
to the nearest edge of the section 1 area. Using this 
distance as illustrated in figure 27, determine the height 
of the 40.1 slope at the edge of section 1. This height, 
plus the appropriate final ROC, (the sum rounded up to 
the next higher 100-foot increment) is the height at 
which the turn should be started. Obstacle clearance 
requirements in section 2 are the same as those specified 
in paragraph 276 except that zone 1 is not considered 
and section 2 is expanded to start at point "B" if no fix 

c. Evaluate the 40:l surface from the MAP to the 
clearance limit (end of the missed approach segment). If 
obstacles penetrate the surface, take action to eliminate 
the penetration. 

d. The preliminary charted missed approach 
altitude is the lowest of the minimum missed approach 
obstruction altitude, MHA established in accordance 
with paragraph 293a, or the lowest airway MEA at the 
clearance limit. To determine the minimum missed 
approach obstruction altitude for the missed approach 
segment, identify the highest obstacle in the primary 
area; or if applicable, the highest equivalent obstacle in 
the secondary area. Then add the appropriate ROC 
(plus adjustments) for holding or en route to the highest 
obstacle elevation. Round the total value to the nearest 
hundred foot value. 

EXAMPLE 
Given: r----- ---- r -7 
1. MDA 360' MSL \ I 
2. Obstacle height: 1098' MSL \ 1 
3. Obstacle in section 2 = 3NM 

from near edge of section 

Find: 
1. Minimum altitude at which 

aircrafi can start turn. 
2. Required ierienglh of section 1. 8 

f 

Solutim: 
1. Find height MSL at near edge. 

a. A = 18,228' (3 mi) t 40 = 
456'. 

b. 1098' MSL - 456' = 642' 
MSL. 

2. Add 250' obstacle clearance. 
a. 250' + 6421 = 892' MSL. 

3. Round up to next higher 20'. 
a. 892' = 900' MSL to start turn. 

4. Find height to climb from MDA 
to 900' MSL. 

' 
h k - r  tk4 bowdary d M i p l 2  d no 

' 3  I 6" wish at h end of k r lk  I or if no r- 
a. 900' - 360' = 540' to climb. / 1 q*donrr is parded  in kt&m 7 

5. Find length of section 1. I a. 540' x 40 = 21,600' - length , 
of section 1. I 

6. Missed approach instructions. I 
a. "Climb to 900' before starting k--  I - - - - - - - 

right turn to, etc." 

Figure 27. COMBINATION MISSED APPROACH AREA. Par 277(a). 

Chap 2 
Par 277 

Page 3 1 



8260.3B CHG 17 211 3/98 

e. Determine if a climb-in-hold evaluation is re- 
quired (see paragraph 293b). 

(1) Calculate the elevation of the 40:l surface at 
the end of the segment (clearance limit). The 40:l 
surface starts at the same elevation as it does for 
obstacle evaluations. First, compute the 40: 1 rise from a 
point on the line defining the origin of the 40:l surface 
at the MAP, in the shortest distance and perpendicular 
to the end-of-section 1 segment. If there is a remote 
altimeter setting source (RASS) and the missed 
approach instructions do not include a parenthetical 
climb to altitude then the elevation at the end of section 
1 is adjusted by subtracting the altitude difference 
between the RASS adjustments when two remote 
altimeter sources are used; or subtracting the RASS 
adjustment for a part-time altimeter source. The 
resulting altitude at the end of section 1 shall not be 
lower than the 40:l surface height at the MAP. Second, 
compute the 40: 1 rise from a point on the nearest edge of 
section 1, in the shortest distance to the end-of-segment 
line at the clearance limit. Add the two values together 
and this is the 40:l surface height at the end of the 
segment (clearance limit). 

(2) Compute the ROC surface elevation at the 
clearance limit by subtracting the appropriate ROC (plus 
adjustments) from the preliminary charted missed 
approach altitude. 

(3) Compare the ROC surface elevation at the 
clearance limit with the 40: 1 surface elevation. 

(a) If the computed 40: 1 surface elevation is 
equal to or greater than the ROC surface elevation, a 
climb-in-hold evaluation is NOT required. 

(b) If the computed 40: 1 surface elevation is 
less than the ROC surface elevation, a climb-in-hold 
evaluation IS required. FAA Order 7130.3, paragraph 
35, specifies higher speed groups and therefore, larger 
template sizes are usually necessary for the climb-in- 
hold evaluation. These templates may require an 
increase in MHA under TERPS paragraph 293a. If this 
evaluation requires an increase in the MHA, evaluate the 
new altitude using the higher speed group specified in 
paragraph 35. This sequence of review shall be used 
until the MHA does not increase, then the 40:l surface 
is re-evaluated. If obstacles penetrate the 40:l surface, 
take action to eliminate the penetration. 

f. The charted missed approach altitude is the 
higher of the preliminary charted missed approach 

altitude or the MHA established under paragraph 
274c(3)(b). 

278. END OF MISSED APPROACH. Aircraft shall 
be assumed to be in the initial approach or en route 
environment upon reaching minimum obstacle clearance 
altitude (MOCA) or MEA. Thereafter, the initial 
approach or the en route clearance criteria apply. 

279. RESERVED. 

SECTION 8. TERMINAL AREA FIXES 

280. GENERAL. Terminal area fixes include, but are 
not limited to the FAF, the IF, the IAF, the holding fix, 
and when possible, a fix to mark the MAP. Each fix is a 
geographical position on a defined course. Terminal 
area fixes should be based on similar navigation 
systems. For example, TACAN, omni-directional radio 
range tactical air navigation (VORTAC), and 
VORJDME facilities provide radial/DME fixes. NDB 
facilities provide bearings. VOR facilities provide VOR 
radial. The use of integrated (VHFINDB) fixes shall be 
limited to those intersection fixes where no satisfactory 
alternative exists. 

281. FIXES FORMED BY INTERSECTION. A 
geographical position can be determined by the 
intersection of courses or radials from two stations. One 
station provides the course the aircraft is flying and the 
other provides a crossing indication which identifies a 
point along the course which is being flown. Because 
all stations have accuracy limitations, the geographical 
point which is identified is not precise, but may be 
anywhere within a quadrangle which surrounds the 
plotted point of intersection. Figure 28 illustrates the 
intersection of an arc and a radial from the same DME 
facility and the intersection of two radials or courses 
from different navigation facilities. The area encom- 
passed by the sides of the quadrangle formed in these 
ways is referred to in this publication as the "fix 
displacement area". 

282. COURSEIDISTANCE FIXES. I 
a. A DME fix is formed by a DME reading on a 

positive navigational course. The information should be 
derived from a single facility with collocated azimuth 
and DME antennas. Collocation parameters are defined 
in FAA Order 6050.32, Spectrum Management 
Regulations and Procedures. However, when a unique 
operational requirement indicates a need for DME 
information from other than collocated facilities, an 
individual IAP which specifies DME may be approved, 

Page 32 Chap 2 
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provided the angular divergence between the signal
sources at the fix does not exceed 23° (see figure 28).
For  limitation  on  use  of  DME  with  ILS,  see
Volume 3, paragraph 2.9.1.

b. ATD Fixes.  An ATD fix is an along track
position defined as a distance in NM, with reference
to the next WP along a specified course.

 c. Fixes Formed by Marker Beacons.  Marker
beacons are installed to support certain NAVAID’s
that provide course guidance.  A marker beacon is
suitable to establish a fix only when it marks an along
course distance from the NAVAID it is associated
with; e.g. localizer and outer markers.

Figure 28.  INTERSECTION FIX DISPLACEMENT.  Par 281 and 282a.
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283.  FIXES FORMED BY RADAR.   Where ATC
can provide the service, Airport Surveillance Radar
(ASR) may be used for any terminal area fix.  PAR may
be used to form any fix within the radar coverage of the
PAR system.  Air Route Surveillance Radar (ARSR)
may be used for initial approach and intermediate
approach fixes.

284. FIX DISPLACEMENT AREA.  The areas
portrayed in figure 28 extend along the flight course
from point "A" to point "C".  The fix error is a plus-or-
minus value, and is represented by the lengths from "A"
to "B" and "B" to "C".  Each of these lengths is applied
differently.  The fix error may cause the fix to be
received early (between "A" and "B").  Because the fix
may be received early, protection against obstacles must
be provided  from a line  perpendicular  to  the  flight
course at point "A".

285. INTERSECTION FIX DISPLACEMENT
FACTORS. The intersection fix displacement area is
determined by the system use accuracy of the navigation
fixing systems (see figure 29).  The system use accuracy
in VOR and TACAN type systems is determined by the
combination of ground station error, airborne receiving
system error, and flight technical error (FTE). En route
VOR data have  shown that the VOR system accuracy
along radial 4.5°, 95 percent of occasions, is a realistic,
conservative figure.  Thus, in normal use of VOR or
TACAN intersections, fix displacement factors may
conservatively be assessed as follows:

a.  Along-Course Accuracy.

(1)  VOR/TACAN radials, plus-or-minus 4.5°.

(2)  Localizer course, plus-or-minus 1°.

(3)  NDB courses or bearing, plus-or-minus 5°.

NOTE:  The plus-or-minus 4.5° (95 percent)
VOR/TACAN  figure is achieved when the ground
station course signal error, the FTE, and the VOR
airborne equipment error are controlled to certain
normal tolerances.  Where it can be shown that any of
the three error elements is consistently different from
these assumptions (for example, if flight inspection
shows a consistently better VOR signal accuracy or
stability than  the one assumed, or if it can be shown
that airborne equipment error is consistently smaller
than assumed), VOR fix displacement factors smaller
than those shown above may be utilized under
paragraph 141.

b.  Crossing Course Accuracy.

(1)  VOR/TACAN radials, plus-or-minus 3.6°.

(2)  Localizer course, plus-or-minus 0.5°.

(3)  NDB bearings, plus-or-minus 5°.

NOTE:  The plus-or-minus 3.6° (95 percent) VOR/
TACAN figure is achieved when the ground station
course signal error and the VOR airborne equipment
error  are  controlled  to certain  normal  tolerances.
Since the crossing course is not flown, FTE is not a
contributing   element.   Where  it  can be  shown  that
either of the error elements is consistently different,
VOR displacement factors smaller than those shown
above may be utilized IAW paragraph 141.

286.  OTHER FIX DISPLACEMENT FACTORS.

a.  Radar.  Plus-or-minus 500 feet or 3 percent of the
distance to the antenna, whichever is greater.

b. DME.  Plus-or-minus 1/2 (0.5) miles or 3 percent
of the distance to the antenna, whichever is greater.

c.  75 MHz Marker Beacon.

(1) Normal powered fan marker, plus-or-minus
2 miles.

(2) Bone-shaped fan marker, plus-or-minus 1
mile.

(3) Low  powered  fan  marker,  plus-or-minus
1/2 mile.

(4) "Z" marker, plus-or-minus 1/2 mile.

NOTE:  Where these 75 MHz marker values are
restrictive, the actual coverage of the fan marker (2
milliamp signal level) at the specific location and
altitude may be used instead.

d.  Overheading a Station.  The fix error involved in
station passage is not considered significant in terminal
applications.  The fix is therefore considered to be at the
plotted position of the navigation facility. The use of
TACAN station passage as a fix is NOT acceptable for
holding fixes or high altitude IAF’s.
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287. SATISFACTORY FIXES.

a. Intermediate, Initial, or Feeder Fix.  To be
satisfactory as an intermediate, initial, or feeder
approach fix, the fix error must not be larger than
50 percent of the appropriate segment distance that
follows the fix.  Measurements are made from the
plotted fix position (see figure 29).

A

B

( )B 5.0A ≤

Fix Error (A) must not exceed half
the length of the segment (B)

Figure 29.  INTERMEDIATE, INITIAL, OR
FEEDER APPROACH FIX ERRORS.  Par 287.

b. Holding Fixes.  Any terminal area fix except
overheading a TACAN may be used for holding.    The
following conditions shall exist when the fix is an
intersection formed by courses or radials:

(1) The angle of divergence of the intersecting
courses or radials shall not be less than 45°.

(2) If the facility which provides the crossing
courses is NOT an NDB, it may be as much as 45 miles
from the point of intersection.

(3) If the facility which provides the crossing
course is an NDB, it must be within 30 miles of the
intersection point.

(4) If distances stated in paragraphs 287b(2)
or (3) are exceeded, the minimum angle of divergence of
the intersecting courses must be increased at the
following rate:

(a) If an NDB facility is involved, 1° for
each mile over 30 miles.

(b) If an NDB facility is NOT involved, 1/2°
for each mile over 45 miles.

FIGURE 30 DELETED BY CHG 19.
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c. FAF.  For a fix to be satisfactory for use as a FAF,
the  fix  error  should  not  exceed  plus-or-minus 1 mile
(see figures 31-1 and 31-2).  It may be as large as plus-
or-minus 2 miles when:

(1) The MAP is marked by overheading an air
navigation facility (except 75 MHz markers); OR

(2) A buffer of equal length to the excessive fix
error is provided between the published MAP and the
point where the missed approach surface begins (see
figure 32).

Figure 32.  FAF ERROR BUFFER.  Par 287c(2).

Figure 31-1.  MEASUREMENT OF FAF ERROR.
                               Par 287c.

Calculate fix displacement using the following formulas:

Formula Example

Figure 31-2.  FIX DISPLACEMENT CALCULATIONS.  Par 287c.

Track

Angle  A

Angle  B
Fix Displacement

E F

( ) ( )

( ) ( )

15805.19F                                                     

3.6-50 Sin
3.6 Sin  30   6076.11548F          

B-A Sin
B Sin  D   6076.11548=F

14220.10E                                                    

 
3.6+50 Sin

3.6 Sin  30   6076.11548E         
B+A Sin

B Sin  D   6076.11548=E

=

°°
°××

=
××

=

°
°××

=
××



38%. USXNG FIXES FOR DESCENT. 

a. Distance AvnifabIc for Descent W e n  appty- 
ing descent gradient criteria applicable to an 
appmach s p e n t  (initial, intermediate or final 
approach anas), the measuring point is the plotted 
position of the fix (see figure 33). 

Figure 33. DISTANCE FOR DESCENT 
GRADIENT APPLICATION. Par 288% 

A Obrtrclc Clerrrutm Aikr P u s h  a Fk It is 
asnuned that h a t  will begin at tbe carliesf poiat 
tbc fix caa be received. Full obstaclc clarane shall 
be provided from thjs point to tht plotted point of thc 
next fix. Thereforq the altitude ta which b n t  is 
to be made at the fix must provide thc same 
ctcawx wer obstac1ts in the fix bisplacemtnt ana 
as it does over those in the approach segment which 
is being entered (see Ggurcs 34-1 and 34-2). 

Figure 34-1. OBSTACLE CLEARANCE AREA 
BETWEEN FIXES. Par288b 

Ftgurc 34-2 CONSIXUCIION OF FIX 
DISPLACEMENT AREA FOR OBSTACLE 

CLEARANCE Par 288fi. 
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(I) DME, Aloag Tmck D L h n a  (ATD) or 
Radar Fka. Ex- in the intcnnadiats segment 
w i t h  a proccdurt turn @aragnph 244), thm is tlo 
maximum number of rtepdown fbm in my segment 
wbcnDME,.nATD&c,aradaruusad and 
ATD flxw may be denoted in tcnths of a mile. Tbe 
distance between 6xu shall not be l a  than 1 mile. 

(a) Only oae stepdown fix is pamitbd in tbe 
final and intermediate stgmartr. 

(b) If an intersection fix forms a FAF, IF, a 
IAF: 

1 'Ibe smle crossi.ng Eacility sbau bc 
used fm the srpdown Gr(ts) within that segment. 

2 All fixes hm the IF to the last 
stepdown fix in final shall be formed using the same 
crossing Cacility. 

(c) Table 5A shall bc used to dckmhc the 
numbox of stepdown fixes permitt#i in the iaitial 

I segment fhE distance between fixes shall not be less 
tban 1 mile. 

(3) Altftudc a4 tbcr F k  Tbe minimum altitude at 
each s-wn tix shall bc specifid in 100-foot 
inacmeoh, exctpt the altitude at the last stepdown fix in 
tba kind q r m n t  may be specified in a 20-fbd 
increment 

(a) A stcp&wn fix shall not be utablishcd 
unless a deuease d a t  l d  60 feet in MDA a r 
duction in visibility nlinim\mu is achieved. 

(b) Tha kt stepdown tix cnor sbaH not 

I d plusa-minus 2 NM a tbe distance to tbe MAP, 
whichever it l a .  Tbt fix erra fa otha skpdown fixes 
indnalsbau adamdl NhL 

(0) !&iznrrms sbafl be published both with 
d wilhout thc k t  stepdown fix, cxocpt for procuhu 
nquirins DME a NDB gmccdltrw which use a VOR 
radial to dcbe the stcpdown fix. 

33; F'INAL SEGMENT STEPDOWN 
FIX Pur%& 

Tabb $A. 8TEPDOWN MxEs M MITXAt 
SEGMENT. Par 288c(Z)(c). 

I 

289. OmACLES CLOSE TO A FINAL 
APPROACH OR STEPDOWN FM. Existing 
ohaclcr c h  to tbo FAF/stepdown fix m y  be . . 
clunlnstcd oc#sidentim if tb following 
coaditiam am ma: 

r Tlw obrtaek fr h th PbrrJ r p p d  -id 
within 1 NMputtbcpointtbcFAF/s~wn k c a n  
6fst be rrccivdd, ad.. 

b. Th obstacle doer not pemtmfe r 7:l &tscCc 
idcnacatim surfice (01s). m $ u T h x  tqps  at tbt 
earliest point thc 6x can be &vcd and &a& toward 
t b M A P 1 N U  T b e ~ s r r r f . o e k i g h t i r  
d c t a m i r r a r J b y r P b t n c t i n g t b e t i n r l ~ R O C ( d  
adjustnmta fiurr paragraphs 323k b, ar c, as 
rppticabk) 6ocn tbe minimum dtieude requid a! tbe 
fin Th surfkc s l o p  downward t hot vertically fa 
each7 fiethkmtaUy~wardtheMAP. 

6 Th!foUowhgformulumaybcuscdtoddamine 
tbe 01s beight at Ibe obstacle a the minimum f i ~ ~  
8 I t i ~ b a d e m ~ t b s ~ t o . n o b s t a c l e  
WhiChIlnrstbelimiorbd 
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Ftx Alt = hd% dtihrdc at tbc fjx (round up XAW 28&.(3)) 
O&tDid=Di&tanct bear t ics t  Gx*mto*le 
ROC- Requid CWacle Clcarancr +djustmcotr 
Oht  EIN - MSL obstacle elevaticm 

OIS height = ~ t t l r r  - RCK: - - ["3"" I 

FIGURE 3 6  OBSI'ACLES CLOSE-M TO A FDd 
Par 289. 

SECTION 9. HOLDING 

290. HOLDING PA'lTERHS Critaia fa holding 
pattan airspace en contained in FAG Orda 7130.3, 
and provide for separation of aircraft &om a i r d  Tbe 
critaia contained hacia deal with the elm of 
holding rircrafi Erom olzstactu. 

291. ALIGMLIENT. Whmcver practical, holding 
pattans should be aligned to coincide with tbe flight 
came to be flown a h  leaving the holding fix. 
Howvct, when the flightpatb to be flown is along an 
arc, tbe holding pattan should be alijpcd m r radial. 
W h  r b o 1 ~  pattan u established at a FAF ad r IT' 
is not usad, the inbound mune of the holding puua 
shall be aligned to coincide with tbe FAC unless the 
FAF is a hility. When tbt FAF is a facility, the 
inbound holding oolrrse and the FAC shall not d8er by 
m m  tbaP 30.. 

292. AREA. 

L The primary obstack clearance am shall be 
based 00 thc appqrbtc hotding pattern area sptcifid 
in FAA Order 7130.3. 

& W b a r & l d h q h a t ~ h r t e ~ a R N A V 6 q  
t& selected pa- shall be large twugb to mtain at 
least 3 oamar of the lix displacaneot rrer. Sae 
pemgraptu 284 .Od 285 d figure 37-1. 
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Order 8260.3B, Volume 1, Chapter 2 
Formulas Addendum 

 
Paragraph 252a Formula   Calculating Straight-in Descent Angle 

DESCENT
FIX

r alt r
a tan ln

r TH Re TCH D

⎛ ⎞+⎛ ⎞θ = ⋅ ⋅⎜ ⎟⎜ ⎟+ + π⎝ ⎠⎝ ⎠

180
 

 
Where: 

atan = arc tangent 
ln = Natural logarithm 
alt = FAF/PFAF or stepdown fix altitude 
THRe=  Threshold elevation 
r = 20890537 
TCH = VGSI or Design TCH  
DFIX = Distance (ft) from FAF/PFAF or stepdown fix to FEP 

atan(ln((r+alt)/(r+THRe+TCH))*r/DFIX)*180/π 
Calculator 

alt   

THRe   

r  20890537 

TCH   

DFIX   

θDESCENT   

Click here 
to calculate 

Back 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

Figure 14.5 Formula   Straight-in FAF/PFAF or Stepdown fix 
Distance based on Altitude and Angle (Par 252a) 

PFAF

r alt
ln r

r THRe TCHD
tan

+⎛ ⎞ ⋅⎜ ⎟+ +⎝ ⎠=
π⎛ ⎞θ ⋅⎜ ⎟

⎝ ⎠180
 

Where: 
ln = Natural logarithm  
alt = Minimum FAF/PFAF or stepdown fix altitude  
THRe = Threshold elevation 
TCH = VGSI or Design TCH 
tan = tangent   
r = 20890537 
θ = VGSI or specified descent angle 

(ln((r+alt)/(r+THRe+TCH))*r)/tan(θ*π/180) 
Calculator 

alt   

THRe   

TCH   

r  20890537 

θ   

DPFAF   

Click here 
to calculate 

Back 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 

Paragraph 252b Formula  Calculating Circling Descent Angle 

CIRCLEDESCENT
FIX

r alt r
a tan ln

r CMDA D

⎛ ⎞+⎛ ⎞θ = ⋅ ⋅⎜ ⎟⎜ ⎟+ π⎝ ⎠⎝ ⎠

180
 

 
Where: 

atan = arc tangent 
ln = Natural logarithm 
r = 20890537   
alt = FAF/PFAF or Stepdown fix altitude  
CMDA = Lowest Published CMDA 
DFIX = Distance (ft) from FAF/PFAF or stepdown fix to FEP 

 

atan(ln((r+alt)/(r+CMDA))*r/DFIX)*180/π 
Calculator 

alt   

CMDA   

r  20890537 

DFIX   

θCIRCLEDESCENT   

Click here 
to calculate 

Back 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

Paragraph 252c Formula  Determining Altitude of Vertical Path at a 
Stepdown Fix 

( )
⎛ ⎞⋅ ⋅⎜ ⎟
⎝ ⎠

⋅
Z

π
D tan

180
r altvertpathZ =e r + base ‐r

θ

 
 

Where: 
e = base of the natural logarithm (Napier’s constant) 
DZ = dist (ft) from FEP to fix 
tan = tangent 
θ = angle calculated IAW 252a or 252b 
r = 20890537 
basealt  

(para. 252a) = THRe + TCH      
(para. 252b) = CMDA 

 

e^((DZ*tan(θ*π/180))/r)*(r+basealt)‐r 
Calculator 

DZ   

θ   

r  20890537 

basealt   

Zvertpath   

Click here 
to calculate 

Back 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Paragraph 253 Formula  Calculating VDP distance 

( )
VDP

π
cos θ r + THRe + TCH

180D r a sin
r + MDA

⎛ ⎞⎛ ⎞⎛ ⎞⋅ ⋅⎜ ⎟⎜ ⎟⎜ ⎟π π ⎝ ⎠⎜ ⎟⎜ ⎟= ⋅ − θ ⋅ −
⎜ ⎟⎜ ⎟

⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠

2 180  

 
Where: 

asin = arc sine 
cos = cosine 
θ = VGSI or specified descent angle 
r = 20890537 
THRe = Threshold elevation 
TCH = VGSI or Design TCH  
MDA = Minimum Descent altitude  

 

r*(π/2‐θ*π/180‐asin((cos(θ*π/180)*(r+THRe+TCH))/(r+MDA))) 

Calculator 

MDA   

THRe   

TCH   

r  20890537 

θ   

DVDP   

Click here 
to calculate 

Back 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 

Paragraph 260 Formula #1  True Airspeed 

( )
KIAS  

KTAS
.

V 171233  (288 15)‐0.00198 (alt k)
V

(288 ‐ 0.00198 alt k )
⋅ ⋅ + ⋅ +

=
⋅ + 2 628  

 
Where: 

VKIAS =   indicated airspeed (from table 4) 
alt     =   airport elevation (MSL) 
k       =   height above airport (1,000 ft minimum) 

 
(VKIAS*171233*((288+15)‐0.00198*(alt+k))^0.5)/(288‐

0.00198*(alt+k))^2.628 

Calculator 

VKIAS   

alt   

k   

VKTAS   

Click here 
to calculate 

Back 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

Paragraph 260 Formula  #2 Circling Approach Area Radius 

( )
KTAS

angle

V
CAR S

π
tan(bank ) .

180

+
= +

⋅ ⋅

225
2

68625 4
i

 

 
Where: 
 

VKTAS =      true airspeed 
tan = tangent 
bankangle =   achieved bank angle  (from table 4)  
S  =        straight segment(from table 4) 

 

2*(VKTAS+25)^2/(tan(bankangle*π/180)*68625.4)+S 
Calculator 

VKTAS   

Bankangle   

S   

CAR   

Click here 
to calculate 

Back 
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Chapter 3.  Takeoff and Landing Minimums. 
Section One.  General Information. 

 
3.0 Application. 
 

The minimums specified in this chapter are the lowest that can be approved through 
TERPS application at any location for the type of navigation facility concerned.  
Category (CAT) II/III visibility minima calculation methods and elements are located in 
Volume 3, appendix 1. 

 
3.1 Establishment.  
 

Establish the lowest minimums permitted by the criteria contained in this order.  Specify 
minimums for each condition indicated in the procedure; i.e., straight-in, circling, 
alternate, and takeoff, as required.  List the following minima elements:  decision altitude 
(DA), decision height (DH), minimum descent altitude (MDA), height above threshold 
(HATh), height above airport (HAA), height above landing (HAL), or height above 
surface (HAS) as appropriate, and runway visual range (RVR) or visibility.  Alternate 
minimums, when specified, shall be stated as ceiling and visibility.  Specify takeoff 
minimums when required, as visibility only, except where the need to see and avoid an 
obstacle requires the establishment of a ceiling value.  DoD may specify alternate and 
takeoff minimums in separate directives. 

 
Note:  Ceiling = (DA/MDA - Airport Elevation) rounded to next higher 100 ft 
increment.  For example, DA 1242 – Airport Elevation 214 = 1028 = Ceiling 1,100 ft. 

 
3.1.1 Publication . 
 
3.1.1 a. Publish minimums for each approach category accommodated at the airport.  

Approach category E minimums should be published at civil/joint-use airports only 
where a valid DoD requirement exists.  Minimums for DoD procedures are published as 
prescribed by the appropriate DoD service. 

 
Note:  Do not base the decision to restrict straight-in minima to specific approach 
categories solely on the Airport Reference Code (ARC) designation of the runway.  
The ARC system described in Advisory Circular (AC) 150/5300-13, Airport Design, is 
primarily intended to establish runway infrastructure requirements.  The ARC 
designation is not meant to determine the set of approach categories to publish in a 
procedure landing minima.  This decision is made on a case-by-case basis through 
Regional Airspace and Procedures Team (RAPT) coordination or by appropriate 
DoD authority, and must accommodate the approach speed of all aircraft expected to 
utilize the procedure.  ARC code/supporting infrastructure should be considered when 
determining authorized approach categories when the RAPT determines it is 
appropriate for safe operations. 
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3.1.1 b. Annotate the chart appropriately when one or more approach categories are not 
authorized.  Publish minima for each approach category except those not authorized (e.g., 
publish only category A and B straight-in minimums when categories C and D are not 
authorized). 

 
3.1.2 Runway Visual Range (RVR). 
 

RVR is a system of measuring the visibility along the runway.  An instrumentally derived 
value, it represents the horizontal distance a pilot will see down the runway from the 
approach end.  RVR is based on the sighting of either high intensity runway lights or the 
visual contrast of other targets, whichever yields the greater visual range. 

 
3.1.2 a. Runway Requirements for RVR Approval. 
 

RVR may be published with straight-in landing minima when: 
 
3.1.2 a. (1)  RVR equipment is installed to the runway in accordance with the applicable 

standard (e.g., FAA Standard 008 or appropriate DoD directive). 
 
3.1.2 a. (2)  High Intensity Runway Lights are installed to the runway in accordance with 

appropriate FAA or DoD standards. 
 
3.1.2 a. (3)  Runway marking and lighting is appropriate for the intended use.  Precision 

approaches, approaches with vertical guidance (APV), and most nonprecision approach 
(NPA) procedures require instrument runway markings  or touchdown zone and center-
line lighting (TDZ/CL).  When required runway markings are not available but TDZ/CL 
is available, RVR equal to the visibility minimum appropriate for the approach light 
configuration is authorized.  See AC 150/5300-13 and AC 150/5340-1, Standards  for 
Airport Markings, for further information. 

 
3.1.3 Approach Lighting Systems. 
 

Approach lighting systems extend visual cues to the approaching pilot and make the 
runway environment apparent with less visibility than when such lighting is not available.  
For this reason, lower straight-in (not applicable to circling) visibility minimums may be 
established when standard or equivalent approach lighting systems are present. 

 
3.1.3 a. Standard Lighting Systems. 
 

Table 3-1 provides the types of standard approach and runway lighting systems, as well 
as the operational coverage for each type.  Table 3-2 provides United States and 
international lighting system classifications. 
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Table 3-1.  Standard Lighting Systems. 

 

APPROACH LIGHTING SYSTEMS 
Operational Coverage (°) 

Lateral 
(±) 

Vertical (above 
horizon) 

ALSF-1 Standard Approach Lighting System with  
Sequenced Flashers 

21.0* 
12.5# 

12.0* 
12.5# 

ALSF-2 Standard Approach Lighting System with  
Sequenced Flashers & CAT II Modification 

21.0* 
12.5# 

12.0* 
12.5# 

SALS Short Approach Lighting System  
 

21.0* 
-- 

12.0* 
-- 

SALSF Short Approach Lighting System with  
Sequenced Flashers  

21.0* 
12.5# 

12.0* 
12.5# 

SSALS Simplified Short Approach Lighting System 21.0* 
-- 

12.0* 
-- 

SSALF Simplified Short Approach Lighting System with 
Sequenced Flashers 

21.0* 
12.5# 

12.0* 
12.5# 

SSALR Simplified Short Approach Lighting System with Runway 
Alignment Indicator Lights 

21.0* 
12.5# 

12.0* 
12.5# 

MALS Medium Intensity Approach Lighting System 10.0* 
-- 

10.0* 
-- 

MALSF Medium Intensity Approach Lighting System with 
Sequenced Flashers 

10.0* 
12.5# 

10.0* 
12.5# 

MALSR Medium Intensity Approach Lighting System with Runway 
Alignment Indicator Lights 

10.0* 
12.5# 

10.0* 
12.5# 

ODALS Omni-Directional Approach Lighting System 360# 2.0-10.0# 

* Steady-burning   # Sequenced flashers 
 

RUNWAY LIGHTING SYSTEMS 

HIRL High Intensity Runway Lights 

MIRL Medium Intensity Runway Lights 

LIRL Low Intensity Runway Lights 

TDZ/CL Touchdown Zone and Centerline Lights 

 
Note:  See Order 8260.3B, Volume 3, appendix 5 for lighting system 
descriptions. 
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Table 3-2.  United States and International 

Approach Lighting Classifications. 

Facility Class Approach Lighting Systems (ALS) ALS Length (ft) 

Full 
(FALS) 

ALS length ≥ 720 m 
 

U.S.:  ALSF-1, ALSF-2, SSALR, MALSR 
High or medium intensity and/or flashing lights 

 
ICAO:  Calvert or Barette Centre Line Lights, high intensity lights 

≥ 2400 

Intermediate 
(IALS) 

ALS length 420 - 719 m 
 

U.S.:  MALSF, MALS, SSALF, SSALS, SALS/SALSF 
High or medium intensity and/or flashing lights 

 
ICAO:  Simplified Approach Light System, high intensity lights 

≥ 1400 – 2399 

Basic 
(BALS) 

ALS length 210 - 419 m 
 

U.S.:  ODALS 
High or medium intensity lights and/or flashing lights 

 
JAA:  High, medium or low intensity lights, including one crossbar 

≥700 – 1399 

Nil 
(NALS) 

ALS length < 210 m, or 
 

No approach lights 
None or < 700 

 
3.1.3 b. Operational Conditions. 
 

In order to apply approach light credit (e.g., publish visibility from the FALS, IALS, 
or BALS column from table 3-5a, 3-6, or 3-7), the following conditions must exist: 

 
3.1.3 b. (1)  The runway must have nonprecision instrument or precision instrument (all-

weather) markings or TDZ/CLs as specified in directives of the appropriate approving 
authority.  Unless otherwise authorized by Flight Standards, precision instrument runway 
markings are required in order to publish visibility less than 3/4 statute miles (SM).  
Runway marking effectiveness may be degraded when obscured by surface water, snow, 
ice, or tire marks.  All procedures to the affected runway must revert to no-light 
minimums when required markings are removed, or when it is determined the markings 
are inadequate for reduced visibility credit.  Operational TDZ/CL lights may be 
substituted for removed, deteriorated, or obscured runway markings to authorize a 
visibility minimum appropriate for the applicable approach light configuration. 

 
3.1.3 b. (2)  The final approach course (FAC) must place the aircraft within the lateral and 

vertical coverage of the approach lighting system at a distance from the landing threshold 
equal to the standard visibility required without lights (NALS column) AND the distance 
from MAP/DA to threshold must be less than or equal to 3 SM. 

 
Note:  The straight-in (SI) FAC to an “on-airport” facility typically transits all 
approach light operational areas within the visibility arc limits, but the FAC from 
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an “off-airport” facility may be restricted to a standard approach light system 
(ALSF) or short approach lighting system (SALS) for visibility credit.  See 
figure 3-1. 

 
Figure 3-1.  Application of Lateral 

Coverage Angles of Table 3-2. 

On Airport 
Facility

Off Airport 
Facility

RAILS/FLASHER 

with MALSR/ALSF

Visibility

ALS/SALS

MALS

Visibility

MALS
ALS/SALS

On Airport 
Facility

Off Airport 
Facility

RAILS/FLASHER 

with MALSR/ALSF

Visibility

ALS/SALS

MALS

Visibility

MALS
ALS/SALS

 
 
3.1.3 b. (3)  For PA and APV procedures, the TCH must not exceed the upper limit value 

specified by table 3-3. 
 
3.1.3 c. Other Lighting Systems. 
 

Standard system variations, and other systems not included in this chapter, must meet the 
specified operational conditions in paragraph 3.1.3.b to receive visibility reduction 
credit.  The provisions of TERPS Volume 1, paragraph 141, govern civil airport lighting 
systems which do not meet known standards, or for which criteria does not exist.  DoD 
lighting systems may be equated to standard systems for visibility reduction, as illustrated 
in appendix 5.  Where existing systems vary from appendix 5 configurations and cannot 
be equated to a standard system, consult the appropriate approving authority for special 
consideration. 
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Table 3-3.  PA/APV Threshold Crossing Height Upper Limits for Allowing  

Visibility Credit for Authorized Lighting Systems. 

HATh 
(Feet) 

GLIDEPATH 
ANGLE 

(Degrees) 

TCH 
UPPER LIMIT 

(Feet) 
HATh 
(Feet) 

GLIDEPATH 
ANGLE 

(Degrees) 

TCH 
UPPER LIMIT 

(Feet) 

 

 
2 
0 
0 
 

 to 
 

2 
4 
9 
  
 

# 2.50 -  3.20 75 
3 
0 
0 
 

to 
 

3 
4 
9 

# 2.50  -  4.90 75 
  3.21  -  3.30 70   4.91  -  5.00 71 
  3.31  -  3.40 66   5.01  -  5.10 66 
  3.41  -  3.50 63   5.11  -  5.20 61 
  3.51  -  3.60 59   5.21  -  5.30 56 
  3.61  -  3.70 55   5.31  -  5.40 52 
  3.71  -  3.80 50   5.41  -  5.50 48 
  3.81  -  3.90 47   5.51  -  5.60 43 
  3.91  -  4.00 43   5.61  -  5.70 39 
  4.01  -  4.10 39  
  4.11  -  4.20 35 3 

5 
0 
 

and  
 

a 
b 
o 
v 
e 

# 2.50  -  5.60 75 
   5.61  -  5.70 70 

2 
5 
0 
 

to 
 

2 
6 
9 

# 2.50  -  4.10 75   5.71  -  5.80 65 
  4.11  -  4.20 71   5.81  -  5.90 60 
  4.21  -  4.30 67   5.91  -  6.00 55 
  4.31  -  4.40 62   6.01  -  6.10 50 
  4.41  -  4.50 58   6.11  -  6.20 45 
  4.51  -  4.60 54   6.21  -  6.30 40 
  4.61  -  4.70 50   6.31  -  6.40 35 
  4.71  -  4.80 45 

 

  4.81  -  4.90 41 
  4.91  -  5.00 37 

 
2 
7 
0 
 

to 
 

2 
9 
9 

# 2.50  -  4.40 75 
  4.41  -  4.50 73 
  4.51  -  4.60 68 
  4.61  -  4.70 64 
  4.71  -  4.80 59 
  4.81  -  4.90 55 
  4.91  -  5.00 51 

* 100 ft – 199 ft HATh for DoD PAR only 
#  GPA < 3.0 DoD only 

 

* 
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Chapter 3.  Takeoff and Landing Minimums. 
Section Two.  Establishing Minimum Altitudes/Heights. 

 
3.2  Decision Altitude (DA) or Decision Height (DH). 
 

A specified altitude or height in the precision or APV instrument approach, at which a 
missed approach must be initiated if the required visual reference to continue the 
approach has not been established.  Determine DA using Volume 3 criteria and round the 
published value to the next higher 1-ft increment (234.10 rounds to 235). 

 
Note 1:  Reference decision altitude to mean sea level (MSL) and DH to the threshold 
elevation. 

 
Note 2:  For convenience where both expressions are used, they may be written in the 
form “decision altitude/height” and abbreviated “DA/H.” 

 
Note 3:  For CAT II and III operations, a DA generally does not apply.  CAT II 
operations use a DH.  Base the DH on a radio altimeter (RA) or, where the RA is NA, 
the inner marker. 

 
3.2.1 Minimum Descent Altitude (MDA). 
 

MDA represents the final approach minimum altitude for nonprecision instrument 
approach procedures.  The published MDA shall be expressed in feet above MSL and is 
rounded to the next highest 20-ft increment.  Apply criteria as specified by the applicable 
chapter/criteria to determine the MDA. 

 
3.2.1 a. The straight-in (SI) approach MDA must provide at least the minimum final 

approach segment (FAS) and missed approach segment (MAS) required obstacle 
clearance (ROC) as specified by the applicable chapter/criteria. 

 
3.2.1 b. The circling MDA (CMDA) HAA must be no lower than that specified in 

paragraph 3.3.3 and table 3-9.  The CMDA must provide the minimum ROC in the 
circling maneuvering area and meet the missed approach requirements specified in 
paragraph 3.2.1a.  The published CMDA must provide the minimum required final 
obstacle clearance in the final approach segment and the minimum required circling 
obstacle clearance in the circling approach area.  The CMDA must not be above the FAF 
altitude or below the straight-in MDA of the highest nonprecision approach (NPA) line of 
minima published on the same chart.  When precision approach (PA) or APV procedures 
are published standalone, i.e., without an accompanying nonprecision line of minima, the 
CMDA must not be above the intermediate segment altitude or below the straight-in DA 
of the highest PA or APV line of minima published on the same chart. 

 
Note:  When dual minimums are authorized, the CMDA is compared against the SI 
MDA associated with the corresponding minima set (i.e., circling with stepdown 
minimums checked against SI with stepdown minimums). 
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3.2.2 Adjustments to Minimum Altitudes/Heights. 
 

The MDA or DA/H may require an increase under the conditions described below. 
 
Note:  Where the intermediate and/or final segment primary ROC is increased, the 
secondary area ROC is total primary area ROC value (including the adjustment) at the 
primary area boundary, and tapers to zero at the outer edge. 

 
3.2.2 a. Determine the eligible aircraft category and the minimum HATh using table 3-4 

below. 
 

Table 3-4.  Minimum HATh for Precision 
and APV Approach Procedures.

 Aircraft Category 

Glide Path Angle A B C D & E 

2.50° - 2.99° (DoD only) 2001,2 

3.00° - 3.10° 2001,2 

3.11° - 3.30° 2002 250 NA4 

3.31° - 3.60° 2002,3 2704 NA4 

3.61° - 3.80° 2002,3 NA 

3.81° - 4.20° 2003 250  NA 

4.21° - 5.00° 250  NA 

5.01° - 5.70° 300  NA 

5.71° - 6.40° 
Airspeed NTE  80 knots 

350 NA 

 
1.  PAR minimum HATh = 100 (DoD only) 

2.  LNAV/VNAV and RNP SAAAR minimum HATh = 250 

3.  LPV w/GPA > 3.5° = 250 
4.  USN = 250 

NA = Not Authorized 
 
3.2.2 b. Precipitous terrain adjustments.  In areas characterized by precipitous terrain, in or 

outside of designated mountainous areas, consideration must be given to induced 
altimeter errors and pilot control problems.  Evaluate and identify terrain as precipitous or 
non-precipitous using software implementing the FAA-approved algorithms developed 
for this purpose. 

 
3.2.2 b. (1)  Precipitous terrain identified in the final segment.  For conventional NPA 

procedures, increase primary area ROC values by the amount specified by the software/ 
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algorithms.  For PA/non-Baro APV procedures that permit precipitous terrain in the final 
segment increase the HATh by 10 percent of the value determined by evaluation of the 
final and missed segments, e.g., 200 ft increases to 220 ft, 350 ft increases to 385 ft, and 
recalculate the DA; do not include adjustment for RASS before determining the 
precipitous terrain adjustment. 

 
3.2.2 b. (2)  Precipitous terrain identified in other procedure segments will not directly 

affect the MDA/DA, but may require increased ROC. 
 
3.2.2 b. (2)(a)  Precipitous terrain identified in feeder segments/radar MVA sectors in a 

designated mountainous area.  No increase is required, but ROC may not be reduced 
from 2,000 ft (see Volume 1, chapter 17, paragraph 1720). 

 
3.2.2 b. (2)(b)  Precipitous terrain identified in specified level surface segments.  When 

precipitous terrain adjustment is required, increase ROC values by the amount specified 
by the software/algorithms.  Do not apply to segments associated with visual maneuvers 
or emergency use (i.e., circling maneuvering area or MSA/ESA.). 

 
3.2.2 c. Remote Altimeter Setting Source (RASS) ROC Adjustment.  When the altimeter 

setting is obtained from a source more than 5 nautical miles (NM) from the Airport 
Reference Point (ARP) for an airport, or the Heliport Reference Point (HRP) for a 
heliport or vertiport, increase the primary area ROC by the amount of RASS adjustment 
for the final (except precision final), step-down, and circling segments.  For PA/APV 
finals, increase the DA/H (prior to rounding) by the amount of RASS adjustment.  
Increase intermediate segment primary area ROC as specified by paragraph 3.2.2c(3).  
When two altimeter sources are used, apply RASS to the missed approach climb-to-
altitude.  Do not apply RASS adjustment to minimum safe/sector altitude (MSAs), 
initials, en route, feeder routes, or segment/areas based on en route criteria.  A remote 
altimeter-setting source is not authorized for a remote distance greater than 75 NM or for 
an elevation differential between the RASS and the landing area that is greater than 6,000 
ft.  To determine which adjustment must apply, evaluate the terrain between the RASS 
and the airport/heliport/vertiport for adverse atmospheric pressure pattern effect.  Solicit 
the best available climatological information from the National Weather Service (NWS), 
the National Aviation Weather Advisory Unit (NAWAU), the Center Weather Service 
Unit (CWSU), and the local Flight Service Station (FSS). 

 
Note:  When a secondary altimeter source must be specified AND either the primary or 
secondary altimeter source (or both) is considered remote, establish separate landing 
minima.  If establishing separate minima is impractical, publish a chart note specifying 
the difference between the MDA/DA for primary and secondary sources. 

 
3.2.2 c. (1)  Where intervening terrain does not adversely influence atmospheric pressure 

patterns, use formula 3-1a (RASS Adjustment) to compute the basic adjustment in feet.  
See figure 3-1a. 
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Formula 3-1a.  RASS Adjustment. 

r

                                                    
Adju

    
stm en

         
t =  2.30D

 
 +  0. e14

      

Where "Dr" = horizontal distance (NM), altimeter source to ARP/HRP; and 
                 "e" = the elevation differential (ft) between RASS elevation  

                               and airport/heliport/vertiport elevation 

2.30*Dr + 0.14*e 
Examples 

Airport 
Dr = 10.8 NM 
e =  1000 - 800 = 200 ft 
(2.30 * 10.8) + ( 0.14 * 200) =  52.84 ft basic RASS adjustment 
In intermediate segment : 52.84 * 0.6 < 200 (no ROC increase) 
In PA/APV final segment: DH = 200 + 52.84 = increase DH to 253 
In NPA final segment:  1225 (Controlling obs) + 250 ROC + 52.84 = 1540 MDA 
 
Heliport 
Dr = 6.4 NM 
e =  1200 - 1000 = 200 ft 
(2.30 * 6.4) + ( 0.14 * 200) =  42.72 ft basic RASS adjustment 
In intermediate segment 42.72 * 0.6 < 200 (no ROC increase) 
In PA/APV final segment: DH = 200 + 42.72 = increase DH to 243 
In NPA final segment:  1225 (Controlling obs) + 250 ROC + 42.72 = 1540 MDA

 
Figure 3-1a.  RASS adjustment. 

 
Heliport / Vertiport

Airport
ARP

800’

1,200’ Dr = 6.4 NM

Dr = 10.8 NM

HRP

RASS

1,000’

 
3.2.2 c. (2)  Where intervening terrain adversely influences atmospheric pressure patterns, 

an Elevation Differential Area (EDA) must be evaluated.  The EDA is defined as an area 
5 NM each side of a line connecting the ARP/HRP and the RASS, and includes a circular 
area enclosed by a 5 NM radius at each end of this line.  Use formula 3-1b (RASS 
Adjustment Adverse Terrain) to compute the basic adjustment in feet.  See figure 3-1b. 
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Formula 3-1b.  RASS Adjustment Adverse Terrain. 

 rAdjustment = 2.30D + 0.14E  

Where "Dr" = horizontal distance (NM), altimeter source to ARP/HRP; and 
        "E" = the elevation differential (ft) between lowest and highest 

                              elevation points within the EDA 

2.30*Dr + 0.14*E 
Examples 

Airport 
Dr = 25 NM 
E =  5800 - 800 = 5000 ft  
(2.30 * 25) + ( 0.14 * 5000) =  757.5 ft  basic RASS adjustment 
In intermediate segment 757.5 * 0.6  = 454.5 > 200 (254.5 ft ROC increase) 
In PA/APV final segment: DH = 350 + 757.5 = increase DH to 1108 
In NPA final segment:  3052.2 (Controlling obs) + 250 ROC + 757.7 = 4060 MDA 
 
Heliport 
Dr =15 NM 
E =  5800 - 800 =  5000 ft 
(2.30 * 15) + ( 0.14 * 5000) =  734.5 ft basic RASS adjustment 
In intermediate segment 734.5 * 0.6 = 440.7 > 200 (240.7 ft ROC increase) 
In PA/APV final segment: DH = 294 + 734.5 = increase DH to 1029 
In NPA final segment:  6000 (Controlling obs) + 250 ROC + 734.5 = 7000 MDA

 
3.2.2 c. (3)  For the intermediate segment, use 60 percent of the basic adjustment from 

paragraphs 3.2.2.c(1) or (2), and increase the intermediate segment primary area ROC by 
the amount this value exceeds 200 ft. 

 
3.2.2 c. (4)  When the missed approach design utilizes a turn at altitude prior to the 

clearance limit and a part-time altimeter source is specified, apply RASS adjustment as 
follows: 

 
3.2.2 c. (4)(a)  Decrease the turning section Obstacle Clearance Surface (OCS) starting 

height by the difference between RASS adjustments for the two remote altimeter 
sources.  (Where one altimeter source is local, subtract the full RASS adjustment.)  Do 
not decrease these surface starting heights to less than the OCS at the missed approach 
point (MAP). 
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Figure 3-1b.  Elevation Differential Area (EDA) 

Intervening Terrain Influences Atmospheric Pressure Patterns. 

 
3.2.2 c. (4)(b)  If application of paragraph 3.2.2.c (4) (a) [above] results in an OCS 

penetration that cannot be resolved by other methods, provide a second climb-to-altitude 
determined by adding the difference between the RASS adjustments to the climb-to-
altitude and rounding to the next higher appropriate increment.  This application must not 
produce a turn altitude above the missed approach clearance-limit altitude. 

 
Example:  MISSED APPROACH:  Climb to 6000 (6,100 when using Denver Intl 
altimeter setting) then… 

 
Note:  Combination straight-portion length extension is not required to accommodate 
the worst-case altimeter source. 

 
3.2.2 c. (5)  Point in Space (PinS) Approach.  When the MAP is more than 5 NM from the 

PinS approach altimeter-setting source, RASS adjustment must be applied.  For 
application of the RASS formula, define “Dr” as the distance from the altimeter-setting 
source to the MAP, and define “e”, or “E”, as in paragraphs 3.2.2c(1) or (2). 

 
3.2.2 c. (6)  Minimum Reception Altitude (MRA).  Where a minimum altitude is MRA 

based, increase the MRA using the RASS adjustment factor value. 
 
3.2.2 c. (7)  Where the altimeter is based on a remote source(s), annotate the procedure 

and/or publish the appropriate minima lines in accordance with Order 8260.19, Flight 
Procedures and Airspace. 
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3.2.2 d. Excessive Length, Nonprecision Final Approach.  When a procedure incorporates a 
final approach fix (FAF), and the final approach segment (FAS) length FAF-to-MAP 
exceeds 6 NM (plotted positions), increase FAS primary area ROC 5 ft for each one-tenth 
NM over 6 NM. 

 
EXCEPTION:  If a stepdown fix exists and the remaining segment length is less than 
6 NM, the basic FAS ROC may be applied between the stepdown fix and the MAP.  See 
formula 3-2 (Excessive Length Adjustment). 

 
Formula 3-2.  Excessive Length Adjustment. 

finalAdjustment = 50(Length  - 6)  
 

Where Lengthfinal = horizontal distance in NM from plotted position  
                               of FAF to MAP 

50*(Lengthfinal-6) 
Example 

 
Distance FAF to MAP = 6.47 

 
Adjustment = 50(6.47- 6) = 23.5 

 
250 ROC + 23.5 = 273.5 adjusted ROC 
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Chapter 3.  Takeoff and Landing Minimums. 
Section Three.  Visibility Minimums. 

 
3.3  Visibility Minimums. 
 
3.3.1 Authori zation. 
 
3.3.1 a. Straight-in visibility minimums are authorized when: 
 
3.3.1 a. (1)  Applicable straight-in alignment criteria is met, and 
 
3.3.1 a. (2)  The descent gradient meets final approach segment descent gradient tolerances. 
 
3.3.1 b. Establish circling visibility minimums when: 
 
3.3.1 b. (1)  Straight-in alignment cannot be met (e.g., for “Circling-only” procedures not 

meeting straight-in alignment requirements, see paragraph 162). 
 
3.3.1 b. (2)  Straight-in alignment requirements are met, but descent gradients/angles 

preclude publication of straight-in minimums (see paragraph 252). 
 
3.3.1 b. (3)  Published in conjunction with Straight-in minimums. 
 
3.3.2 Establishing Straight-in Visibility Minimums. 
 
3.3.2 a. STEP 1.  Determine MAP/DA to threshold distance (see figure 3-3a):  
 
3.3.2 a. (1) When the HATh is less than 1,000 ft or the NPA MAP is located at or after 

the runway threshold, proceed to STEP 3. 
 
3.3.2 a. (2) For all PA/APV DAs, determine the shortest distance from the calculated 

location of the DA to the landing threshold in SM and proceed to STEP 2. 
 
3.3.2 a. (3) When the NPA MAP is located prior to runway threshold, determine the 

shortest distance from the plotted position of the MAP and proceed to STEP 2. 
 
3.3.2 b. STEP 2.  Publishing “Fly Visual to Airport” (Flight Standards approval 

required).  When the MAP to threshold or DA to threshold distance is greater than or 
equal to 3 SM AND the HATh is greater than or equal to 1,000 ft, specify visibility as 
3 SM and annotate the procedure “Fly visual to airport.”  See Order 8260.19, paragraph 
855k for charting requirements. 

 
Note:  The FAA, in the preamble to a Title 14 Code of Federal Regulations (14 CFR) 
Part 91 change, has declared that the Administrator must retain the authority to 
approve instrument approach procedures where the pilot may not necessarily have 
one of the visual references specified in Part 91.175, and related rules such as 
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121.651, 135.225, and 125.381 which refer to and incorporate 91.175.  There are 
other cases where the Administrator's authority to issue special provisions must also 
be available to approve visual approaches, contact approaches, helicopter 
procedures, or other items such as waivers for all-weather takeoff and landing 
research and development.  It is NOT a function of procedure design to ensure 
compliance with Part 91.175.  The annotation “Fly Visual to Airport” provides relief 
from Part 91.175 which should not be granted routinely. 

 
3.3.2 c. STEP 3.  Determine straight-in visibility/RVR from the appropriate table(s).  

Find the highest value derived from tables 3-5a, 3-5b, 3-6, 3-7, and 3-8, as applicable, 
and as appropriate to the approach lighting system. 

 
3.3.2 c. (1)  Table 3-5a specifies standard civil and military straight-in minimums.  This 

table applies to all instrument procedures, except aircraft category A and B 
nonprecision instrument approaches, Category II/III instrument approaches, and 
helicopters.  Lower minimums, based on special equipment or aircrew qualifications, 
may only be authorized by AFS-400 or DoD approving authorities. 

 
Note:  RVR less than 2400 may be authorized at locations without TDZ/CLs or when such 
system is inoperative, if the approach is flown using a flight director, head-up display 
(HUD), or coupled to an autopilot.  See note 2 on table 3-5a.  Authorization must be 
stated on the procedure. 

 
3.3.2 c. (2)  Use table 3-6 exclusively for category A straight-in nonprecision approaches.  

Use table 3-7 exclusively for category B straight-in nonprecision approaches. 
 
3.3.2 c. (3)  Use table 3-8 for category C/D/E straight-in nonprecision approaches after 

determining the visibility minimums prescribed by table 3-5a.  Use the highest value 
derived from tables 3-5 and 3-8. 

 
Note:  The lower minimums in table 3-8, i.e., RVR 2400 or ½-mile visibility, are only 
for procedures meeting the following criteria: 

 
• The final approach track is offset by no more than 5 degrees for category C/D/E 

aircraft. 
• The procedure final approach segment is at least 3 NM in length. 
• The procedure includes a FAF. 
• The distance from the FAF to the runway threshold is less than or equal to 8 NM, if 

the missed approach point is determined by timing. 
 
3.3.2 d. STEP 4.  Determine visibility based on evaluation of the visual portion of the 

final approach segment. Evaluate the visual area associated with each usable runway at 
an airport.  Apply the STANDARD visual area described in paragraph 3.3.2d(1)(a) to 
runways to which an aircraft is authorized to circle (either in association with a SI 
procedure, or a Circling only).  Apply the STRAIGHT-IN area described in paragraph 
3.3.2d(1)(b) to runways with approach procedures aligned with the runway centerline 
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(less than or equal to ± 0.03°).  Apply the OFFSET visual area described in paragraph 
3.3.2d(1)(c) to evaluate the visual portion of a straight-in approach that is not aligned 
with the runway centerline (more than ± 0.03°).  These evaluations determine if night 
operations must be prohibited because of close-in unlighted obstacles or if visibility 
minimums must be restricted. 

 
Note 1:  The type of visual area assessment conducted and the subsequent results 
depend on how the runway is used in relation to the procedure being developed.  For 
example, a runway is served by an approach procedure not aligned with the runway 
centerline, and is authorized for landing from a circling maneuver on another approach 
procedure to a different runway receives both standard and offset evaluations.  
However, it is not necessary to publish the results of a STANDARD area assessment to 
the runway to which the approach is being developed. 

 
Note 2:  Assess the appropriate visual area separately for each conventional/RNAV 
procedure published as a line of minima on the same approach plate. 

 
3.3.2 d. (1)  Area. 
 
3.3.2 d. (1)(a)  Standard. 
 
3.3.2 d. (1)(a) 1.  Alignment.  Align the visual area with the runway centerline extended. 
 
3.3.2 d. (1)(a) 2.  Length.  The visual area begins 200 ft from the threshold at threshold 

elevation and extends 10,000 ft out the runway centerline (see figure 3-2a). 
 
3.3.2 d. (1)(a) 3.  Width.  The beginning width of the visual area is 400 ft (200 ft either side 

of runway centerline) (see figure 3-2a).  The sides splay outward relative to runway 
centerline.  Calculate the half-width of the area at any distance “d” from its origin using 
the following formula: 

 
Formula 3-3a.  Standard Visual Area 1/2 width. 

½W=(0.15 d)+200'⋅  
 

Where 1/2W = perpendicular distance from  
                              RCL (extended) to edge of area 
 
                     "d" = distance (ft) measure along  
                             RCL from area origin 

0.15*d + 200 

 



12/07/07  8260.3B CHG 20 

Page 3-17 

 
Figure 3-2a.  Standard Visual Area. 

 
 
3.3.2 d. (1)(b)   Straight-in.  (Need not meet straight-in descent criteria) 
 
3.3.2 d. (1)(b) 1.  Alignment.  Align the visual area with the runway centerline 
 extended. 
 
3.3.2 d. (1)(b) 2.  Length.  The visual area begins 200 ft from the threshold at threshold 

elevation and extends to the calculated DA point for each PA or APV procedure and to 
the VDP location (even if one is not published for NPA procedures).  See Volume. 1, 
paragraph 253. 

 
Note:  When dual minimums are published, use the lowest MDA to determine VDP 
location and to determine the length of the visual area for NPA procedure.  For 
PA/APV procedures use each DA based on primary altimeter source to determine 
the length of the standard area. 

 
3.3.2 d. (1)(b) 3.  Width.  The beginning width (relative to the runway centerline (RCL) 

extended) of the visual area at its origin point 200 ft from RWY is ± 200 ft for runways 
serving only Category A/B aircraft and ± 400 ft for runways serving Category C/D/E 
aircraft. The sides splay outward relative to RCL (see figure 3-2b).  Calculate the half-
width of the area at any distance "d" from its origin using the following formula: 

 
Formula 3-3b.  Straight-in Visual Area 1/2 width. 

½W=(0.138  d)+k⋅  
 
                Where 1/2W = perpendicular distance from RCL (extended) to edge of area 
                               "d" = distance (ft) measure along RCL from area origin                     
                               "k" = 200 for Cat A/B, 400 for Cat C/D/E 

0.138*d + k 
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Figure 3-2b.  Straight-in Visual Area. 

 
 
3.3.2 d. (1)(c)  Offset.  When the final course does not coincide with the runway centerline 

extended (± 0.03°), modify the STANDARD visual area as follows:  (See figure 3-2c). 
 

STEP A.  Draw the area aligned with the RCL as described in paragraph 3.3.2d(1). 
 

STEP B.  Extend a line perpendicular to the final approach course (FAC) from the DA 
point or visual descent point (VDP) (even if one is not published) to the point it crosses 
the runway centerline (RCL) extended. 

 
STEP C.  Extend a line from this point perpendicular to the RCL to the outer edge of 
the visual area, noting the length (L) of this extension. 
 
STEP D.  Extend a line in the opposite direction of the line in STEP B from the 
DA/VDP perpendicular to the FAC for the distance (L). 
 
STEP E.  Connect the end of the line constructed in STEP D to the end of the inner 
edge of the area origin line 200 ft from runway threshold. 

 
Figure 3-2c.  Offset Visual Area. 
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3.3.2 d. (2)   Obstacle Clearance.  Two obstacle identification surfaces (OIS) overlie the 
visual area with slopes of 20:1 and 34:1 respectively.  When evaluating a runway for a 
circling (STANDARD visual area) apply the 20:1 surface only.  When evaluating a 
runway for an approach procedure meeting straight-in FAS alignment criteria (either 
STRAIGHT-IN or OFFSET visual area) apply both the 20:1 and 34:1 surfaces.  
Calculate the surface height above threshold at any distance “d” from an extension of 
the area origin line using the following formulae: 

 
Formula 3-3c.  Visual Area OIS height. 

2 0 :1   S u r f a c e  H e ig h t  =  
d

2 0

3 4 :1   S u r f a c e  H e ig h t  =  
d

3 4

 

 
Where "d" = distance (ft) measure along  
                     RCL from area origin extended

d/20 or d/34

 
3.3.2 d. (2)(a)  If the 34:1 surface is penetrated, take ONE of the following actions: 
 
3.3.2 d. (2)(a) 1.  Adjust the obstacle height below the surface or remove the penetrating 

obstacles. 
 

3.3.2 d. (2)(a) 2.  Limit minimum visibility to ¾ mile/ 4000 RVR. 
 
3.3.2 d. (2)(b).   If the straight-in runway's 20:1 surface is penetrated (in addition to the 

34:1 evaluation), take ONE of the following actions: 
 
3.3.2 d. (2)(b) 1.  Adjust the obstacle height below the surface or remove the penetrating 

obstacles. 
 
3.3.2 d. (2)(b) 2.  Do not publish a VDP, limit minimum visibility to 1 mile/5000 RVR, and 

take action to have the penetrating obstacles marked and lighted. 
 
3.3.2 d. (2)(b) 3.  Do not publish a VDP, limit minimum visibility to 1 mile/5000 RVR, and 

publish a note denying the approach (both straight-in and circling) to the affected 
runway at night [also see paragraph 3.3.2d(2)(d)]. 

 
3.3.2 d. (2)(c)  20:1 Surface Penetrations (circling runways).  Mark and light the 

penetrating obstacles or publish a note denying night circling to the affected runway 
(except as noted below). 

 
3.3.2 d. (2)(d)  20:1 Surface Penetrations are sometimes impossible to mark and light.  In 

these cases ONLY, nighttime operations may continue where an operating VGSI set at 
an angle ≥ 3 degrees serves the runway and its associated OCS is verified to be clear.  
The approach chart must be annotated to indicate the straight-in approach procedure or 
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circling operation (as appropriate) is not authorized at night when the VGSI is 
inoperative. 

 
3.3.2 e.  STEP 5.  Establish SI visibility/RVR as the highest value determined from 

STEPS 2 - 4. 
 
3.3.2 e.  (1)  When published visibility/RVR minima takes approach lighting system 

credit, determine the applicable "no light" (NALS) values from the applicable table, 
then  compare against the sum of  the “‘with lights” value from the preceding steps 
plus the increase specified by the “Inoperative Components and Visual Aids” table.  
When the inoperative components table is not applicable (i.e., light credit not taken) 
OR when the sum is not equal to or greater than the applicable NALs visibility/RVR, 
annotate the procedure according to Order 8260.19 paragraph 854m(3). 

 
3.3.2 e. (2)  The SI visibility for any standard NPA procedure may not be less than RVR 

2400 or ½ mile. 
 
3.3.2 e. (3)  The maximum published RVR value is 6,000 ft. 
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Table 3-5a.  Minimum Visibility Values, All Procedures/Aircraft Catories 
(except category A and B nonprecision approaches, CAT II/III, and helicopters). 

 FALS IALS BALS NALS 

HATh Range RVR SM M RVR SM M RVR SM M RVR SM M 
  200 18001  2 3/83 5501  2 2600 1/2 750 3000 5/8 1000 4000 3/4 1200 

201 - 210 18001 2 3/83 5501  2 2600 1/2 750 3000 5/8 1000 4000 3/4 1200 
211 - 220 18001 2 3/83 5501  2 2600 1/2 800 3500 5/8 1000 4000 3/4 1200 
221 - 230 18001 2 3/8,3 5501  2 2600 1/2 800 3500 5/8 1000 4000 3/4 1200 
231 - 240 18001 2 3/83 5501  2 2800 1/2 800 3500 5/8 1000 4000 3/4 1200 
241 - 250 18001 2 3/83 5501  2 2800 1/2 800 3500 5/8 1000 4000 3/4 1300 
251 - 260 18001 2 3/83 6001  2 2800 1/2 800 3500 5/8 1100 4000 3/4 1300 
261 - 280 20001 2 3/83 6001  2 3000 5/8 900 3500 5/8 1100 4500 7/8 1300 
281 - 300 22001 2 3/83 650 1 2 3000 5/8 900 4000 3/4 1200 4500 7/8 1400 
301 - 320 2400 1/2 7001 2 3500 5/8 1000 4000 3/4 1200 4500 7/8 1400 
321 - 340 2600 1/2 800 3500 5/8 1100 4500 7/8 1300 5000 1 1500 
341 - 360 3000 5/8 900 4000 3/4 1200 4500 7/8 1400 5500 1 1600 
361 - 380 3500 5/8 1000 4000 3/4 1300 5000 1 1500 5500 1 1700 
381 - 400 3500 5/8 1100 4500 7/8 1400 5000 1 1600 6000 1 1/8 1800 
401 - 420 4000 3/4 1200 5000 1 1500 5500 1 1700 6000 1 1/8 1900 
421 - 440 4000 3/4 1300 5000 1 1600 6000 1 1/8 1800  1 1/4 2000 
441 - 460 4500 7/8 1400 5500 1 1700 6000 1 1/8 1900  1 3/8 2100 
461 - 480 5000 1 1500 6000 1 1/8 1800  1 1/4 2000  1 3/8 2200 
481 - 500 5000 1 1500 6000 1 1/8 1800  1 1/4 2100  1 3/8 2300 
501 - 520 5500 1 1600  1 1/4 1900  1 3/8 2100  1 3/8 2400 
521 - 540 5500 1  1700  1 1/4 2000  1 3/8 2200  1 1/2 2400 
541 - 560 6000 1 1/8 1800  1 3/8 2100  1 3/8 2300  1 5/8 2500 
561 - 580  1 1/4 1900  1 3/8 2200  1 1/2 2400  1 5/8 2600 
581 - 600  1 1/4 2000  1 3/8 2300  1 5/8 2500  1 3/4 2700 
601 - 620  1 3/8 2100  1 1/2 2400  1 5/8 2600  1 3/4 2800 
621 - 640  1 3/8 2200  1 1/2 2500  1 3/4 2700  1 3/4 2900 
641 - 660  1 3/8 2300  1 5/8 2600  1 3/4 2800  1 7/8 3000 
661 - 680  1 1/2 2400  1 3/4 2700  1 3/4 2900  1 7/8 3100 
681 - 700  1 1/2 2500  1 3/4 2800  1 7/8 3000  2 3200 
701 - 720  1 5/8 2600  1 3/4 2900  1 7/8 3100  2 3300 
721 - 740  1 5/8 2700  1 3/4 3000  2 3200  2  3400 
741 - 760  1 3/4 2700  1 7/8 3000  2 3300  2  3500 
761 - 800  1 3/4 2900  2 3200  2  3400  2 1/2 3600 
801 - 850  1 7/8 3100  2  3400  2 1/2 3600  2 1/2 3800 
851 - 900  2 3300  2 1/2 3600  2 1/2 3800  2 1/2 4000 
901 - 950  2 3600  2 1/2 3900  2 1/2 4100  2 1/2 4300 
951 - 1000  2 1/2 3800  2 1/2 4100  2 1/2 4300  3 4500 

1001 - 1100  2 1/2 4100  2 1/2 4400  3 4600  3 4900 
1101 - 1200  3 4600  3 4900  3 5000  3 5000 
1201 - Above  3 5000  3 5000  3 5000  3 5000 

1 RVR values as low as 1800 (550m) authorized for precision category I operations with TDZ/CL lights when permitted by 
Order 8400.13.  No chart annotation required.  Otherwise, specify RVR 2400 (750m) and 1/2 SM. 
2 RVR values as low as 1800 (550m) authorized for precision category I operations to runways without TDZ/CL lights 
when permitted by Order 8400.13, provided there is unrestricted lateral and vertical navigation guidance to the DA/H (i.e. 
no flight inspection restrictions on localizer or glide slope), a TCH not greater than 60 ft, and the approach is flown using 
a flight director, HUD or coupled to an autopilot.  Specify RVR 2400 (750m) and 1/2 SM, and annotate the chart 
indicating that RVR appropriate to the HATh is authorized with use of flight director, HUD or coupled autopilot to DA. 
Otherwise, specify RVR 2400 (750m) and 1/2 SM. 
3 Parenthetical visibility value (published on civil charts for DoD use) when RVR less than 2400 (750m) authorized. 
Otherwise specify 1/2 SM.
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Table 3-5b.  DoD Standard Minimums 
PAR with HATh < 200 ft (all CATs).  

NO LIGHTS ALS TDZ/CL ALS/SSALR/SALS/ SSALR MALSR/MALS/ODALS 

RVR SM M RVR SM M RVR SM M RVR SM M 

2400 1/2 750 1200 - 350 1600 1/4 500 2400 1/2 750 

 
Table 3-6.  Minimum Visibility/RVR for Nonprecision Approach Procedures 

(i.e., No Vertical Guidance).  Category A 
NDB, VOR, VOR/DME, TACAN, LOC, LOC/DME, LDA, ASR, LP, and LNAV 

LIGHTING FACILITIES 
HATh/HAA  

FALS* IALS BALS NALS 

 RVR SM M RVR SM M RVR SM M RVR SM M 
250-880 2400 1/2 750 4000 3/4 1200 4000 ¾ 1200 5500 1 1600 
881 and above 4000 3/4 1200 5500 1 1600 5500 1 1600 6000 1 1/4 2000 

* FALS - For NDB approaches, raise visibility values by 1/4 SM (i.e., use IALS column) 

Table 3-7.  Minimum Visibility/RVR for Nonprecision Approach Procedures 
(i.e., No Vertical Guidance).  Category B 

NDB, VOR, VOR/DME, TACAN, LOC, LOC/DME, LDA, ASR, LP, and LNAV 
LIGHTING FACILITIES 

HATh/HAA  
FALS* IALS BALS NALS 

 RVR SM M RVR SM M RVR SM M RVR SM M 
250-740 2400 1/2 800 4000 3/4 1200 4000 3/4 1200 5500 1 1600 
741-950 4000 3/4 1200 5500 1 1600 5500 1 1600 6000 1 1/4 2000 
951 and above 5500 1 1600 6000 1 1/4 2000 6000 1 1/4 2000  1 1/2 2400 

* FALS - For NDB approaches, raise visibility values by 1/4 SM (i.e., use IALS column). 

Table 3-8.  Minimum Visibility/RVR for Nonprecision Approach Procedures 
(i.e., No Vertical Guidance). Category C/D/E 

Procedure Conditions: - Final Course-RWY C/L offset:  < = 5° 
- Final Approach segment > = 3 NM 
- With FAF procedure 
- **FAF to RWY TH < = 8 NM  
  (**Timed approaches ONLY) 

ALL OTHERS 

 
A/C CATEGORY 

RVR 
(ft) 

Prevailing Visibility 
(SM)                 (m) 

RVR 
(ft) 

Prevailing Visibility 
(SM)                 (m) 

C/D/E 2400 1/2 750 4000 3/4 1200 

 
3.3.3 Establishing Circling Visibility Minimums  
 
3.3.3 a. STEP 1.  Determine MAP to nearest landing surface distance (see figure 3-3b): 
 
3.3.3 a.  (1)  When published in conjunction with Straight-in minimums. [para-

graph 3.3.1b(3)] or when the HAA is less than 1,000 ft proceed to STEP 3. 
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3.3.3 a. (2)  For “Circling-only” procedures not meeting straight-in alignment 
requirements [paragraph 3.3.1b(1)].  When the MAP is located prior to nearest landing 
surface, measure the shortest distance from the plotted position of the MAP in SM (see 
figure 3-3b) and proceed to STEP 2.  When the landing surfaces are encountered prior to 
the MAP, proceed to STEP 3. 

 
3.3.3 a.  (3)  When Straight-in alignment requirements are met, but descent gradients/ 

angles preclude publication of straight-in minimums [paragraph 3.3.1b(2)].  Apply 
paragraph 3.3.2a (see figure 3-3a) to determine the distance and proceed to paragraph 
3.3.2b STEP 2. 

 
3.3.3 b. STEP 2.  Publishing “Fly Visual to Airport” (Flight Standards approval 

required).  When the MAP to nearest landing surface distance is greater than or equal to 
3 SM AND the HAA is greater than or equal to 1,000 ft, specify visibility as 3 SM and 
annotate the procedure “Fly visual to airport.”  See Order 8260.19, paragraph 855k for 
charting requirements. 

 
Note:  The FAA, in the preamble to a Title 14 Code of Federal Regulations (14 CFR) 
Part 91 change, has declared that the Administrator must retain the authority to 
approve instrument approach procedures where the pilot may not necessarily have 
one of the visual references specified in Part 91.175, and related rules such as 
121.651, 135.225, and 125.381 which refer to and incorporate 91.175.  There are 
other cases where the Administrator's authority to issue special provisions must also 
be available to approve visual approaches, contact approaches, helicopter 
procedures, or other items such as waivers for all-weather takeoff and landing 
research and development.  It is NOT a function of procedure design to ensure 
compliance with Part 91.175.  The annotation “Fly Visual to Airport” provides relief 
from Part 91.175 which should not be granted routinely. 

 
3.3.3 c. STEP 3.  Determine circling visibility/RVR from the appropriate table(s).  Find the 

highest value from tables 3-9, 3-10, and 3-11. 
 
3.3.3 c. (1)  Table 3-9 specifies the lowest civil and military HAA and visibility authorized 

for circling approaches.  If the computed HAA is greater than the minimum specified in 
table 3-9, refer to table 3-10 to determine the minimum visibility based on the resultant 
HAA applicable to the appropriate aircraft category.  In addition, table 3-11 specifies the 
minimum visibility based on facility to runway distance and is applicable to circling 
visibility for conventional NPA procedures.  

 
3.3.3 d. STEP 4.  Determine visibility based on evaluation of the visual portion of the final 

approach segment (see paragraph 3.3.2d). 
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Figure 3-3a.  SI Alignment and  

SI with Circling Minimums. 

V  = (round to next higher reportable value)

MAP/DA to threshold 
I = statue mile increment in feet (i.e. 1/8 = 660’  1/4 = 1,320’, etc.)

V  = 7/8th SM

Example 2
          V  = 6,930/1,320’ =5.25
          V  = 5.25/4 (round up to 1 ½ SM)

MAP

MAP

MAP

MAP

MAP

D/I 

Where
          D = Shortest distance from 
          
Example 1
          V  = 4,620/660’ = 7
          

MAP/DA
D=4,620’Example 1

D=6,930’
Example 2

MAP/DA

 
 

Figure 3-3b.  Circling Not Aligned with Runway. 

MAP

D=11,946’

Example 1

MAP
D=1,946’

Example 2

V  = (round to next higher reportable value)

MAP to nearest landing surface

V  = 9.05/4 (round up to 2 ½ SM)

Example 2
          V  = 1,946’/660’ =3=2.95
          V  = 2.95/8 (round up to 3/8 SM)

MAP

MAP

MAP

MAP

MAP

D/I 

Where
          D = Shortest distance from 
           I = statue mile increment in feet (i.e. 1/8 = 660’  1/4 = 1,320’, etc.)

Example 1
          V  = 11,946’/1320= 9.05
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Table 3-9.  Lowest Authorized Circling 

HAA and Visibility/RVR. 

Aircraft Category A B C D E 

Height Above Airport 
Elevation in Feet 

350 450 450 550 550 

Visibility in SM/meters 1 / 1600 1 1/2 / 2400 2 / 3200 

 
Table 3-10.  Effect of HAA on 
Circling Visibility Minimums. 

HAA (ft) 351 - 810 811 & ABOVE
CAT A 1 1 1/4 
HAA (ft) 451 - 810 811 - 950 951 & ABOVE
CAT B 1 1 1/4 1 1/2 
HAA (ft) 451 - 600 601 - 670 671 - 740 741 - 810 811 - 880 881 - 950 951 & ABOVE
CAT C 1 1/2 1 3/4 2 2 1/4 2 1/2 2 3/4 3 
HAA (ft) 551 - 670 671 - 740 741 - 810 811 - 880 811 & ABOVE 
CAT D 2 2 1/4 2 1/2 2 3/4 3  
HAA (ft) 551 - 600 601 - 670 671 - 740 741 - 810 811 & ABOVE
CAT E 2 2 1/4 2 1/2 2 3/4 3 

 
Table 3-11.  Facility Distance Effect 

on Circling Visibility Minimums. 

NAVAID 
TYPE CAT 

DISTANCE FROM FACILITY TO MAP  
OR NEAREST LANDING SURFACE 

(whichever is farther) 
0 – 10 NM > 10 – 15 NM > 15 - 20 NM > 20 - 25 NM > 25 - 30 NM

ASR A 1 1 1 N/A N/A 
B 1 1 1/4 1 1/4 N/A N/A 
C 1 1 1/2 1 1/2 N/A N/A 
D/E 1 2 2 N/A N/A 

NDB 
DF 

A 1 1 N/A N/A N/A 
B 1 1 1/4 N/A N/A N/A 
C 1 1 1/2 N/A N/A N/A 
D/E 1 2 N/A N/A N/A 

VOR/TACAN 
LOC 
SDF 
LDA 

A 1 1 1 1 1 
B 1 1 1 1 1/4 1 1/4 
C 1 1 1 1/4 1 1/2 1 1/2 
D/E 1 1 1/4 1 1/2 1 3/4 2 

 
3.3.3 e. STEP 5.  Applicable only when required to permit circling from a straight-in 

aligned procedure [paragraph 3.3.1b(2)], compare circling visibility to the SI visibility. 
 
3.3.3 e. (1)  The circling visibility must not be less than published SI no-light visibility of 

the highest NPA line of minima published on the same chart.  When PA or APV 
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procedures are published standalone, i.e., without an accompanying NPA line of minima, 
the circling visibility must not be less than the SI no-light visibility of the highest PA or 
APV line of minima published on the same chart. 

 
Note:  When dual minimums are authorized, the circling visibility is compared against 
the SI MDA associated with the corresponding minima set (i.e., circling with stepdown 
minimums checked against SI with stepdown minimums. 

 
3.3.3 f.  STEP 6.  Establish circling visibility as the highest value determined from STEPS 

2-5 (as applicable). 
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Chapter 3.  Takeoff and Landing Minimums. 
Section Four.  Alternate Minimums. 

 
3.4. Establishin g Alternate Minimums (Other than Standard).  Establish alternate 

minimums (other than standard) for each applicable aircraft category whenever the 
ceiling and/or visibility of the *highest no-light minimums (category specific) exceed the 
standard specified in table 3-12.  

 
  Note: * Highest set when more than one set (e.g. dual minimums) published (remote 

altimeter not applicable). 
 
 ILS and LOC alternate minimums are specified separately.  Alternate minimums for 

RNAV procedures are based on the no-light minimums of the highest NPA line when 
published.  Otherwise base RNAV alternate minimums on no-light minimums of the 
highest APV line. 

 
  Published alternate minimums may be no lower than the applicable circling ceiling and/or 

visibility.  See Order 8260.19 and appropriate DoD directives for additional guidance. 
 
  When only the ceiling or visibility of the highest minimums exceeds the table 3-12 

standard, use the higher values.  See table 3-12 example. 
 

Table 3-12.  Standard Alternate Minimums. 

Approach Type Ceiling Visibility 

NPA or APV 800 2 

PA 600 2 

Example (PA) 

Highest Ceiling/Visibility  Alternate Minimums 

CAT A/B = 700 – 1 1/4 Not Published (Ceiling/Vis < Standard) 

CAT C    = 700 – 2 1/4 800 – 2 1/4 

CAT D    = 900 – 2 1/2  900 – 2 1/2 
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Chapter 3.  Takeoff and Landing Minimums. 
Section Five.  Takeoff Minimums. 

 
3.5  Standard Takeoff Minimums. 
 

Title 14 CFR Part 91.175 (f) civil takeoff minimums relate to the number of engines on 
the aircraft as shown in table 3-13.  However, a ceiling value may also be required to see 
and avoid an obstacle.  In this case, the published procedure must identify the location of 
the obstacle(s) that must be avoided.  See Order 8260.46, Departure Procedure (DP) 
Program, or appropriate DoD directives for guidance on how and when other than 
standard takeoff minimums and/or obstacles are defined.  Takeoff minimums for DoD 
operations must be as stated in the appropriate service directives. 

 
Table 3-13.  Standard Civil Takeoff Minimums.

Number of Engines Visibility (SM) 

1 or 2 1 

3 or more 1/2 
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Flgure 43. PENETRATION TURN. On-Airport VOR No FAF. Par 423. 
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CHAPTER 5. TACAN, VOR/DME, AND VOR WITH FAF 

Page 5 1 

500. GENERAL. This chapter applies to approach 
procedures based on the elements of the VORTAC 
facility;i.e., VOR, VOR/DME, and TACAN, in 
which a final approach fix (FAF) is established. The 
chapter is divided into two sections; Section 1 for 
VOR procedures which do not use DME as the 
ptimary method for establishing fixes, and Section 2 
for VOR/DME and TACAN procedures which use 
collocated, frequency paired DME as the sole me- 
thod of establishing fixes. When both the VOR and 
TACAN azimuth elements of a VORTAC station 
will support it, a single procedure, identified as a 
VOR/DME or TACAN shall be published. Such a 
procedure may be flown using either a VOR/DME 
or TACAN airborne receiver and shall satisfy TA- 
CAN terminal area fix requirements. See Paragraph 
286.d. 

501. - 509. RESERVED. 

Section 1. VOR with FAF 

510. FEEDER ROUTES. Criteria for feeder routes 
are contained in Paragraph 220. 

511. INITIAL APPROACH SEGMENT. Criteria 
for the initial approach segment are contained in 
Chapter 2, Section 3. See Figures 44 and 45. 

512. INTERMEDIATE APPROACH SEG- 
MENT. Criteria for the Intermediate approach seg- 
ment are contained in Chapter 2, Section 4. See 
Figures 44 and 45. 

513. FINAL APPROACH SEGMENT. The final 
approach may be made either " F R O M  or "TO- 
WARD" the facility. The final approach segment 
begins at the final approach fix and ends at the 
runway or missed approach point, whichever is 
encountered last. 

a. Alignment. The alignment of the final ap- 
proach course with the runway centerline deter- 
mines whether a straight-in or circling-only a p  
proach may be established. The alignment criteria 

differs depending on whether the facility is OFF or 
ON the airport. See definitions in Paragraph 400. 

(1) Off-Airport Facility. 

(a) Straight-In. The angle of conver- 
gence of the final approach course and the extended 
runway centerline shall not exceed 30 degrees. The 
final approach course should be aligned to intersect 
the runway centerline at the runway threshold. 
However, when an operational advantage can be 
achieved, the point of intersection may be estab- 
lished as much as 3000 feet outward from the 
runway threshold. See Figure 46. 

@) Circling Approach. When the final 
approach course alignment does not meet the crite- 
ria for a straight-in landing, only a circling approach 
shall be authorized, and the course alignment should 
be made to the center of the landing area. When an 
operational advantage can be achieved, the final 
approach course may be aligned to any portion of 
the usable landing surface. See Figure 47. 

(2) On-Airport Facility. 

(a) Straight-In. The angle of conver- 
gence of the final approach course and the extended 
runway centerline shall not exceed 30 degrees. The 
final approach course should be aligned to intersect 
the extended runway centerline 3000 feet outward 
from the runway threshold. When an operational 
advantage can be achieved, this point of intersection 
may be established at any point between the thresh- 
old and a point 5200 feet outward from the thresh- 
old. Also, where an operational advantage can be 
achieved a final approach course which does not 
intersect the runway centerline, or which intersects 
it at a distance greater than 5200 feet from the 
threshold, may be established, provided that such a 
course lies within 500 feet laterally of the extended 
runway centerline at a point 3000 feet outward from 
the runway threshold. See Figure 48. 

@) Circling Approach. When the final 
approach course alignment does not meet the crite- 

Chap 5 Par 500 
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Figure 44. TYPICAL LOW ALTITUDE APPROACH SEGMENTS. VOR with FAF. Par 5 11 and 5 12 .  

Par 511 and 512 Chap 5 
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Portion of initid 
Secondary area segment after completion 

/ of penetration turn. 

Figure 45. TYPICAL HIGH ALTITUDE SEGMENTS. VOR with FAF. Par 5 11 and 5 12. 

DESIRED POINT 
(THRESHOLD) 

Figure 46. ALIGNMENT OPTlONS FOR FINAL AP- 
PROACH COURSE. Off-Airport VOR with FAF. 
Straight-In Approach. Par 513.a.(lHal 

_ - -  -- 

Fjgure 47. ALIGNMENT OlTIONS FOR FINAL APPROACH - - _  
COURSE. Off-Airport VOR with FAF. Circling Approach. 
Par. 513.a.(l)(b). - --. 

Chap 5 Par 51 1 and 512 
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RUNWAY $ - 

MAXIMUM POINT 

I 

-- 
MINIMUM POINT 

( THRESIIOLD) 
DESIRED POINT 

/ 
/ AT ANY POINT 

r l N a  APPRO~CH COURSE PA- 

RUNWAY @ - - - - 
I 

ASSUMED POINT " I . w - l  
OF lMERSECl lON 

Figure 48. ALIGNMENT OPTIONS FOR FINAL APPROACE1 COURSE. On-Airport VOR with FAF. 
Straight-In Approach. Par 5 13.a.(2)(a) 

ria for a straight-in landing, only a circling approach 
shall be authorized, and the course alignment should 
be made to the center of the landing area. When an 
operational advantage can be achieved, the final 
approach course may be aligned to any portion of 
the usable landing surface. See Figure 49. 

6. Area. The area considered for obstacle 
clearance in the final approach segment starts at the 
final approach fix and ends at the runway or missed 
approach point, whichever is encountered last. It is a 
portion of a 30-mile long trapezoid (see Figure 50) 
which is made up of primary and secondary areas. 
The primary area is centered longitudinally on the 
final approach course. It is 2 miles wide at the 
facility, and expands uniformly to 5 miles wide at 30 
miles from the facility. A secondary area is on each 
side of the primary area. It is zero miles wide at the 
facility and expands uniformly to 1 mile on each side 
of the primary area at 30  miles from the facility. 
Final approaches may be made to airports which are 
a maximum of 30  miles from the facility. See Figure 
51. The OPTIMUM length of the final approach 
segment is 5 miles. The MAXIMUM length is 10 
miles. The MINIMUM length of the final approach 

Figure 49. ALIGNMENT OPTIONS FOR FINAL AP- 
PROACH COURSE. On-Airport VOR with FAF. Circling 
Approach. Par 5 13.a.(2)(b). 

Secondary *re. w. (NM),= . w D  
H W . ( N M J = B U + ~  

Figure 50. FINAL APPROACH TRAPEZOID. 
VOR with FAF. Par 5 13.b. 

Par 513 Chap 5 - 



'mu u u r w  

mptr  51. ~ I C A L  m c m - m  m~l,  
APPROACHES VOR WlTIi FAF. Par 513b. 

segment shall ppvidc adequate distance for an aircraft 
to make the required dcsad, and to regain cor~se 
alignment wha a turn is r e q u i d  o v a  tbe facility. 
Table 14 shall be used to detambc the minimum length 
Deadad to v a i n  the course. 

(1) Stdght-In Land- The minimum obstacle 
clearance in the primary ares is 250 f ed  In the 
saxmdaxy area, 250 feet of obtadc cleanrnce shall b 
provided at the inna edge, tapering d o d y  to tcro 
feet at the outa edge. The minimum obstacle clearance 
at any given point in tbc sacoow area is: 

ws- d ROC 250 x - 
'Vlh 

Whcn W = Width of Secondary 

(2) Clrchg Apprarch In addition to tbe 
minimum rsquiFcmenta specified in paragraph 513c(l). 
obstacle clcamcx in the circling area shall be as 
prescxi i  in cbaptu 2, section 6. 

Table 14. MINIMUM LENGTH OF FINAL 
APPROACE SEGMENT-VOR OHILES 

1 

Mqnltodt of Tun over P u U f Q  

NOTE l%& table my & fnrephrcd. vtha minimum 
Iengthr speclped in the rrrble am not uvm'lable, sbtaight-in 
minimum, am nor unlhoritsd. SeeJgure 51 for lypical 
f i M I 9 p p d  - 
c UlcofFlxtr ~n'taiafatheuseofradiofbaa& 

contained in chpta 2, d o n  8. Whcrr 8 prooadurc u 
based on r P T d  ancmsirportfacilityis the FTfix, rbs 
distancehthedrcilitytotbcFAF~l1allmtcxceed4 
miles. 

t MDA. Criteria fa &tamining the MDA are 
ccmtaincd in chapter 3, saction 2. 

514. MISSED APPROACH SEGMENT. Criteria for 
the missad approach s c p m t  are ~011taincd in cbapta 2, 

7. F a  VOR proo#hrr#, the MAP rod surface 
shall be established as follows: 

(1) Stdght-In, Th: MAP is a point an the FAC 
which is NOT h h e  fhm tbe FAF tben tbe nmway 
threshold (sa f i p  52). Tbe missed approach surG4cc 
shall commence ova the MAP at the requid height 
(see paragraph 274). 

(2)  Clrehg Approicb Thc MAP is a point at 
the FAC which is NOT fartha b the FAF than tbe 
first usable p d o o  of the landing area. Tbe missed 
approach surkoc mam~wc o v a  the MAP at tbe 
mpkd hci@t (see parapph 274). 

-P 5 
Par 513 
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FIgumSt .  MAP. 
On-Airport VOR with FAF. Par 514a(l). 

b. On-Atrport FacUitles. The MAP is a point on the 
FAC which u NOT fnitha fr#n tbe FAF than the 
fscilily. Tbe missed aVproach surf& sball oommcnm 
ova the MAP at the requind height (see paragraph 
274). 

SECIlON 2. TACAN AND VORlDME 

520. FEEDER ROUTES. C r i e  fa f& routs 
are contained in paragraph 220. 

521. INITIAL SEGMENT. Due to the 6xbg 
capability of TACAN and VORDME a FT initial 
appoach may not be requimd Criteria for initial 
approach s q m a t s  ue coatained in chapter 2, section 3. 

521 INTERMEDIATE SEGIMJUW. Criteria for tbt 
intermediate segment an contaiacd in chaptn 2, section 
4. 

523. FINAL APPROACH SEGMENT. TACAN and 
VORIDME hnal appraachs may be based eitha on 
aru a radial. Tbe final approdch kgins at a FAF and 
a d s  at the MAP. Tbc MAP h always marked with r 
h. 

a. Radial Fiual Approach Critai. for the radial 
fd appmach an specified in pangraph 513. 

b. Arc Nnal Approrch Ths final a p p c h  aro 
h U  be a continuation of the intermsdiste arc. It shall 
be specified in NM and tenths theof Arcs closa lhan 

7 mila (15 mila for high altitude pooodurcs) and 
farlba thao 30 miles &om tbe fbcility shall NOT be 
usedfahnalrpprorch. N o t u n u a m p e r m i t k d o v a ~  
FAF. 

-' 

(1) AIIgmnmt. For stnright-in approaches. the 
h a 1  approach arc shall pass through tbe Nnway 
threshold wbea tbe angle of coaVal)cna of  the runway 
centerline and tbe tangent of the arr: dacs not exceed IS*. 
When the rngle excuds 1 So. thc final approach an: shall 
be aligned to pw &ugh the center of the airport and 
only circling minimums shall be authorized See f i p  
53. 

Figure 53. ARC FINAL APPROACH 
ALIGNMENT'. Arc Aligned to Rvetbold. 
TACAN or VOWDME Par 523b(1). 

(2) Area Tbe a m  amsidered fa obstacle 
clearaoocmtbearcMappoecb m r W  attbe 
FA. uxl ends at dm nmway a MAP. whichmu is 
e n m u k d  kst It should NOT be more tban 5 mila 
long. It be divided into primary and samdary 
a m .  ?bspimuy~ir8milerwide~.odcxtcnds4 
milumcithcrddeoftboaro. Asec;andaryarairca 
eschsideoftbcprimyara. Tbasscondaryu~a~urr2 
miles wide arcadaside of tbe pimary arm (see fipt 
54). 

Page 56 chap5 -- 
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Flgum 51. ARC FMAL APPROACH AREA. 
TACAN or VORfDME, Par SUb(2) 

(3) Obstack Clearance The minimum obstacle 
clearance in the primary area is 500 fett In the 
5e00ndq area, 500 fed of obstacle cleara~oe shall bo 
provided at the inns edge, tapaing un i fody  to z m  
feet at the outer edge. 

(4) Descent CndlenL Criteria lx &sent 1 
gradients ue rpscitied in paragraph 252. 

(9 Use of PIres. Fixes along m an: an restricted 
to hose formed by radials from the VORTAC facility 
which provides th DME signal. Critair fa such tku 
are contained in chapter 2. section 8. 

(6) MDA. Straight-$ MDA:, shall not be specilied 
Iowa tbsn circling for am pmccduu. Critaia f a  
de- tbe circling MDA an contained in chapta 
3, section 2. 

524. MISSED APPROACH SEGMENT. Critaia fa 
tho missed appnvch segment prs oootained in chaw 2, 
section 7. Tbe MAP shall be a radiaVDME 6x The 
missed app.oacb surfhcc shall oannvace owr the fix 
and at tbe rsquimd Also see p g r a p b  5 14. 

.VOTE: mr nivcd apprwcli course may be a 
contimation of thew approach arc 

525.-599. RESERVED. 

chap 5 
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CHAPTER 6. NDB PROCEDURES ON-AIRPORT FACILITY, NO FAF 

600. GENERAL. 'Ihis chapter is divided into hvo 
sactiow: ooe f a  low altitude pocadw md oae f a  
high altitude tuudrop pawhtioa praoeduns. These 
criteria apply to NDB pocedurrs based ar a facility 
located on the airport in which no FAF is utablisbcd 
Tbese pxxxdum must incorporate a PT or a penetration 
hnn. ALI on-airport fncility is ooc which b located: 

a. For Smlght-In Approrch Wlthin 1 mile of any 
&on of the landing nmway. 

b. For Cimhg Approrrh Within 1 mile of any 
portioa of the usable landiq surface oa the airpat 

601.409. RESERVED. 

SECIlON I. LOW ALTITUDE PROCEDWS 

610. FEEDER ROUTES Criteria fa f#da mtu are 
umtaincd in paragraph 220. 

6 11. MITUL APPROACE SEGMENT. ?be IAF is 
raxivcd by o v a h a d u g  tbe navigatim facility. The 
initial approach is a PT. Criteria f a  the PT nreas are 
ccmtainai in paragraph 234. 

612. IMXRMDUTE SEGMENT. lhir type of 
procedure has no intamedinte segment upon 
cunpletioo of the PT, the is on 6nal  approach. 

613. FINAL APPROACH SEGMENT. The final 
approach begins where the F"f' intersects the FAC. 

r Allgumat The alignment of the FAC with the 
nmway centerline determines whetha a straight-in a 
circlingdnly approech may be established. 

(1) Straight-In Tbe angle of ccmvcrgm of lhc 
FAC and the mtcndsd nmway c a t d i n e  sbdl not 
mcead 30°. The FAC should be aligned to in- the 
extended nmway ~ ~ 1 t a l i D e  3,000 fsd outward h the 
m w a y  -hold When an opaat id  advantage can 
be achieved, this point of intersection may be established 
at any point between the runway threshold and a point 
5,200 feet outward h the runway threshold Also, 
wfiere an operational advantage can be achievbd, a FAC 
which Qes not intassct the runway ccntallne a 
intmects it at a distance grtatcz than 5,200 feet from tha 
threshold may be establishad, provided thnt such coursa 
lies within 500 fat,  laterally, of the exteodcd nmway 
ccntaline at a point 3,000 fed outward from the nmway 
threshold Straight-in category C, D, and E 
minimums an not authorized when the 6nal 

approach coutse inkmds the extended tunway 
c c n t u k  at a an angle greater than lSO and a 
distance lesr than 3,000 feet (see 6 p  55). 

I 
(2) C i d q  Approach When tbe FAC 

a l ipumt  do- no( meet the ai taia  f a  straight-in 
land@ only r circling approach shall be autboriz6d. 
andtheanusc~tShOUldbema&tothecentaof 
tbe b d i q  ara. Whea an operatiowl rdbantage can k 
achiad, the FAC may be alignad to pass through any 
patim oftbe usrMe land@ surface (see figure 56). 

b Area. F i  57 illustrates the b l  approach 
pimuydscandaryareas. T b e p r i m u y ~ i s  
laogibudinab centasd ca tbe FAC md is 10 miles 1- 
Tbo primary uu u 2.5 miles wide at the ki l i ty  a d  
expa& d x m l y  to 6 miles wide at 10 miles from tbe 
fscility. A sacoodrrry area is on each side of the primary 
area, It is zno miks wick at the fscility. and expands 
uniformly to 1.34 mila oa each side of the primary area 
at 10 miles firan tba facility. When the S d e  PT is 
usad, anty tqe iaDa S milu of the final rpproach area 
rreadbecoasldabd 

(1) Strdght-b The minimum obstacle clcaraocc 
in the primmy am is 350 fect Exceptloa: Military 
usen may apply a niaimum obstacle cltaraocc in the 
pimay area of 300 feet In the jeoondary aria, 350 fed 
(a 300 fed, u applicable) of c l m  shall k 
pvided at the irma edge, tapering unifimdy to zao 
feet at the orda edge. To deramine ROC in rht 
sccoodary area, use tbc following formula: 

Exccp tloa: Milituy uscn u t d h  tbe following fmula :  

chap 6 
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(2) Circltry A p p d  In additiar to tbe 
minimum rqkmcab spoci6ed in parsgraph 613c(l), 
htac le  clammc~ in tbe circling ma shall be as 
pesai  in chapta 2, scctioo 6. 

C PT Altitude (Descent Gndlcnt). Thb PT 
cutnpletiocn dtihdc shall be within 1,500 fbet of the 
MDA (1,000 fed with 5 mile PT). provided the 
distancc from the facility to the point whae the FAC 
intersects tbe m w r y  c e n t u h  (a tbe ht usable 
patim of the laading NU fa 'circling d y '  

procodunr) Qcr not cxoobd 2 milaI. Whc4 thL 
distance avnnG 2 miles. th: mudmm di&benos 
b&wm the PT oampletioa dtituds rod the MDA &dl 
bcrrduwdrttbenteof25 hdfaeachoac-hthofr 
mile in nscess of2 milts (scc f i p  58). u 

NOliZ Forthawprwedww I n w h i c h h F A C d o u ~  
intv~ect Olir atadd nurwrry m&rlCnr within 5,200 fca 
d h  - mgmfi 6lJo(l), 4#.uumd 
point qfimmdim far computing diskmx f b n  ihe 
fdIti5y sMI be 3,00O/rrl frwrr the nmqv thresbbld (see 
J w  35). 

Figure SS. ALIGNMENT OPTIONS FOR F A C  *Airpad NDR No FM. 
Stdght-kr Procedure. Par 61341). 

--I 
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n g ~ m  sa ALIGNMENT OPTIONS FA-c 
&Airport NDE No FAF. 

Ctrehg A p p M  Par 613a(2). 

Figurt 57. FINAL APPROACH PRIMARY AND 
SECONDARY AREAS C)p.Alrport NDB. 

No FAF. P u  6 13b. 

SB PT ALTITUDE. 
On-Airport NDR No FAF. Par 613d. 

c Use of r Stepdorm Z k  Use of 8 stepdown fix 
@sragraph 28&) b pamitted pro* tbe distance 
6wn the M2y to tbe rtepQw11 fix doer not excad 4 
du. Tbo a gradimt bctweea PT oompletioa 
altitude a d  stepdown tix altitude shall not cncoed 150 
fVNU Tbe deseeat @ent will be c m p t a d  hKd 
up00 the d i f f ~ t ~ ~  in PT cunplccion altitude minus 
stepdown 6x altihde, dividbd by tbe spaSed PI' 
distance. &In th! W t y  to s ~ w n  fix distance. 
Obdtecle clearance may be re&ccd to 300 fed 
(Exccph Milihry 250 k t )  hen tho stepQwn 6x to 
tbc MAP/FEP. Sca figure 59, paragraphs 251.252, and 
253. 

t MDA. Cntai. fa detamining th! MDA are um- 
? a i d  in chapta 3, d o n  2. 

614. MISSED APPROACH SEGMENT. Critaia fa 
tbe missed approach segment are contained in chapta 2, 
mtioa 7. The UAP is tbe Eacility. Sa figure 59. 'Ibs 
misKd 8- rurfrros cotnmcace o m  tba 
facility at the requid height (see p p j h  274). 

= ~ 6  
Par 613 

615419. RESERVED. 
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F l p c  59. USE OF STEPDOWN FIX ObAirport 
NDR No FAF. Par 613c 

SECXION 2. HIGH ALTITUDE TEARDROP 
PENETRATIONS 

620. FEEDER ROUTES Criteria f a  f& wtcs  
are contained in paragraph 220. 

621. INITIAL APPROACH SEGMENT. The IAF u 
fecdMd by owrheading the navigatiar facity. l l m  
initial approach is a teardrop penetratim tm The 
aitnk for tbe penetration turn are oolltairrcd in 
paragraph 235. 

622 INTERMEDIATE SEGMENT. Tbc pmcadure 
has no intamcdiate Jegment U p  completion of the 
pcoebation turn, the aircraft is on 6nal appraach, 

623. FINAL APPROACH SEGMENT. An aimaft 
u considcrsd to be on final approach upoa completion of 
the pmetratia hw Ho-, the  MI approach 
s c g m c a ~ o a t b e F A C  10mileshtbefrcility. 
Tbatpat ionof tha~t ionproccdurepr ia to tha  
IO-miIc point t treated u the initial a p c h  segment 
(= fiw 60)- 

r Allgameat. Sama u low altitude criteria (see 
parasraph 61 w. 

longi- ca~taad oa tbe FAC, d is 10 mila 
long. Tho primary uea u 2.5 r n h  wide at tbe fhcility, 
and ocpndr d a m l y  to 8 miles at 10 mila h tbe 
facility. Aracoodaryu#isarerhridcoftbep.imary 
ua. 1tirzeromikawids.ttbaWtyrodexpanQ .- 

UnifQmty to 2 m i l ~  each side oftbe primuy JWI at 10 
miles han the hcility. 

(1) Stdgbt-Ia. Tbe minimum obstacle cleuaacs 
intheprimaryuairrnfeet I n t b e s a m d a I y ~  
X)Of&ofobsbclccleam~ccshUbepmvidcdatthe 
inner edge, tajxing to zao fed at tbe outa adge. Tbe 
minimum ROC at my givm point in the mmhry ua 
is f d  in prngraph 232~.  

(2) C k b q  Approach In rdditim to ttre 
minimum tbquiraDcnts spacified m p ~ ~ n p h  623c(1), 
obstacla clammca in tbe circling area dull be u 
jmsmM in cbapta 2. section 6. 

6 Perrctrah 'rum Altitude (xbcult Cmdleat). 
Tbe p a ~ h t i o o  tlrm amplttion altitude shall be at least 
1,000 feet, but not mau tban 4,000 fixt above thu MDA 
o n f i l ? a l a ~  

a UlcofaSkpdormlF& Useofaatqdowntix 
288~) L pamitlsd, +ded tho d i s w  

~ t b e h c i l i t y t o t b C ~ ~ 1 1 f i x d o t s n o t e x c e e d 1 0  
miles (see pagraph 25 1). I 

t MDA. In dditioo to tbe d obstacle cl- 
rcqlimmltr d tbe !id approach segmcot (sae 
paragraph 623c), tbe MDA a p e d i d  &all provi& at 
least 1,000 f- of clearance m ~ 1 u  in that 
portionoftheinitirlappoach~betweentbe~ 
appwchsegmartmdthepointwbaetbeassumed 
~ o n t u m b a c k i n ~ t h e i n b a m d o o r r n a ( s o s  
figure 60). 

624. MISSED APPROACES SEGMIENT. Critaia ta 
tbtmtsedappoaeh~uecaat . in#l inchapta2,  

7. lb MAP is tbe facility (sa figure 60). lb 
missad apposch srnfacc shall cammce over tho 
facility at the q k d  beight (sa puagrapb 274). 

625.699. RESERVED. 

b. Arcr F i p  60 illustrates ths final approach 
p i m a r y a n d ~ m .  Thcprimaryareais 
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F7gw-e 60. PENETRATION TURN. &Airport NDR No FAF. Par 623. 
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* CHAPTER 7, NDB WITH F A .  * 

8280.38 CHG 4 

* 700. GENERAL. This chapter prescribes criteria 
for NDB procedures which incorporate a final 
approach fix. NDB procedures shall be based only 
on facilities which transmit a continuous carrier. * 
701.-709. RESERVED. .,J" 

dz 
Section 1. NDB With FAF 

Figure 61. ALIGNMENT OPTIONS FOR FINAL AP- 

710. FEEDER ROUTES. Criteria for feeder 
PROACH COURSE. Off-A@rt NDB with FAF. 
Straight-in Approach. Pu 713.r.(lKa). 

routes are contained in paragraph 2U) 

711. INITIAL, APPROACH SEGMENT. Criteria 
for the initial approach are contained in Chapter 
2, Section 3. 

71% INTERMEDLATE APPROACH SEG 
MENT. Criteria for the intermediate approach 
segment are contained in Chapter 2. Section 4. 

713. FINAL APPROACH SEGMENT. The final 
approach may be made either FROM or 
TOWARD the facility. The final approach 
segment begins at the final approach fix and ends 
at the runway or missed approach point, 
whichever is encountered last. 

NOTE: Criteria for the establfshment of arc final 
approaches are specijhi in paregraph 523b. c 

a. Alignment. The alignment of the final 
approach course with the runway centerline 
determines whether a straight-in or circling-only 
approach may be established. The alignment 
criteria differs depending on whether the facility 
is OFF or ON the airport. See definition in 
paragraph 400. 

(1) Off-Airport Facility. 

(a) Stmight-in. The angle of 
convergence of the final approach course and the 
extended runway centerline shall not exceed 30". 
The final approach course should be aligned to 
intersect the runway centerline at the runway 
threshold. However, when an operational 
advantage can be achieved, the point of 
intersection may be established as much as 3,000 
feet outward from the runway threshold. See 
Figure 61. 

(b) Circling Apprwch When the 
final approach course alignment does not meet 
the criteria for straight-in landing, only a &ling 
approach shall be authorized, and the alignment 
should be made to the center of the landing area. 
When an operational advantage can be achieved, 
the final approach course may be aligned to any 
portion of the usable landing surface. See Figure 
62. 

Figure 62. ALIGNMENT OPTIONS FOR FINAL AP- 
PROACH COURSE. ON-Airport NDB with FAF-Circling 
Approach. Par 71 3.r.(l)(b). 

(2) On-Airport Facility. 

(a) Stmight-in. The angle of 
convergence between the final approach course 
and the extended runway centerline shall not 
exceed 30 degrees. The final approach course 
should be aligned to intersect the extended 
runway centerline 3,000 feet outward from the 
runway threshold. When an operational 
advantage can be achieved, this point of 
intersection may be established at any point 
between the runway threshold and a point 5,200 
feet outward from the runway threshold. Also, 
where an operational advantage can be achieved, 
a final approach course which does not intersect 

Chap 7 
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I igurc 63 ALI(;NLlI NTOI'TIONS I:Oi< I'INAI APPROACI On-nirl~ort NDIi. PJ~ 713,a.(2)(3). 

the runway centerlit~e, or which intersects it at a 
distance greater than 5,200 feet from the 
threshold, may be established provided such a 
course lies within 500 feet laterally of the 
extended runway centerline at a point 3,000 feet 
outward from the runway threshold. See Figure 
63. 

(b) Circling Approach. When the 
final approach course alignment does not meet 
the criteria for a straight-in landing, only a 
circling approach shall be authorized, and the 
course alignment should be made to the center of 
the landing area. When an operational advantage 
can be achieved, the final approach course may 
be aligned to any portion of the usable landing 
surface. See Figure 64. 

b. Area. The area considered for obstacle 
clearance in the final approach segment starts at 
the final approach fix and ends at the runway or 
missed approach point, whichever is encountered 
last. It is a portion of a 15mile long trapezoid (see 
Figure 65) which is made up of primary and 
secondary areas. The primary area is centered 
longitudinally on the final approach course. It is 
2.5 miles wide at the facility and expands 
uniformly to 5 miles at 15 miles from the facility. 
A secondary area is on each side of the primary 
area. It is zero miles wide at the facility, and 

I,igure 64. ALIGNMENT OPTIONS I7OR FINAL AP- 
PROACH COURSE. On-Airport NDB with FAF. Circling 
Approach. Par 71 3.;1.(2)(b). 

1:igure 65. FINAL APPROACH TRAPEZOID. NDB with 
FAF. Par 713.b. 

Page 66 
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expands unifocmly to 1 mile each side of the primafy 
a m  at 15 mil- 6w1 the facility. Final approaches may 
be made to airports which are r maximum of 15 miles 
6xm the kcil'ty. Tbc OErIlMUM length of the final 
approach segment is 5 mila. The MAXIMUM length 
ir 10 miles. Tbe MINIMUM lengtb of the final 
a p p c h  segment shall p v i &  adequate distance for an 
aiFcnrA to & tbc required b t ,  and to regain 
came alignment when r tuxn is required ovcr the 
facility. The followiag table shall be used to determine 
tbc minimum length d to regain tbe coune. 

Table 15. MINIMUM LENGTH OF FINAL 
APPROACH SEGMENT - NDB (Miles) 

I 

Magnitude olTrvn over P 4 t y  
A P P ~  (hr-) 

NOTE ntis tab& I M ~  be in&q&lcd vhunr qfmon! 
t h  3P are rrqninad. w j/&e minimum fen& specfieti 
in the d i e  am twt awiiable fa+ Ih. p c d u r c ,  rtnaighr- 
in minimum or* NOT authorized. See Jgnrt 66 for 
typical fwl oppnnach a m  

(1) S-t-IP Tbe min;mum obstacle clearsaoo 
in tbe  prima^^ ues ir 300 fbet Exctptlon: Military 
wen may apply a minimum obstaclc cleamnce in the 
primary atecr of 250 fect In the secondary area, 300 feet 
(or 250 feet, u applicable) of obstactc clearance shall be 
provided at the inna edge, tapering uniformly to m 
fett at tbc ouln adge. Tbc minimurn ROC at any g i ~ l  
point in the secoadary area is: 

WI-d  Roc1300 x - 
ws 

Where Ws = W#th of Secondary 
hnr 

d 8 dkbncr tom hner rdgr ~dg. 

Exception: Militaq users utilize the formula to 
de&e ROC in rbe secondary area. Annotate joint 
civilianimilitary SIAP's that civilian users add 50 feet to 
all minimums if 250 ROC is used 

I bd*I 
w - d  ROC=250 X- w 

Wherr Ws = Mhdth of Secondary 
d 8 dlstana tom inner edge ww 

(2) CLclfry Approach In addition to the 
minimum rtquirancntS specified in paragraph 7 1341). 
obstacle clcamce in the ctcling area shall be as 
prescribed in chapter 2, section 6. 

e. Use of F b t ~  Criteria for tbe use of radio fixes are 
contained in cbapta 2, section 8. Where a procedure is 
b a d  on a PT AIKI an on-airport facility is the f l l i x .  tbt 
distance h m  tbe facility to the FAF shaU not exceed 4 
miles. 

I. MDA. Criteria for dcttrmining the MDA an 
contained in chapter 3, section 2. 

714. MISSED APPROACH SEGMENT. Criteria for 
the missed a m  segment are contained in cham 2, 
section 7. The MAP and surface shaU be established as 
follows: 

Figure 66. TYPICAL FINAL APPROACH 
AREAS NDB with FAF'. Par 713b. 

-P 7 
Par 713 

a. Off-Airport Faeilitfer 
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(1) Straight-IP Tbe MAP u a point cm tbe FAC 
which is NOT FARTHER lrom tbo FAF cbnn the 
runway threshold Tho mkrod approach rurfhce shall 
cunumw o m  tbe MAP rt ?be nquind beight (see 
peragraph 274 nnd f i p  67). 

Figure 67. MAP, 
Ofl-Airport NDB with FAF. Par 714a(l). 

(2) C f d q  Approrcb Thr MAP u r point m 
tbe FAC which is NOT FARTHER fiam tbe FAF than 
tbehntusrblepatiarofrbelandingu#. Ibomiuad 
8pgaoschsrrrfaarhallc~uacoaovalheMAPrtthe - 
rssuMd beigbt (= m p b  27.0. 

b. On-Airport FdHer .  Tbe MAP is r point on the 
FAC which is NOT FARTHER Erom the FAF thao h e  
facility. 'Iba tnisd approach surface shall canmmca 
o m  tht MAP at tbt-nquirtd height (sat paragraph 
274). 

715.5.799, RESERVED. 
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Chap 8 Page 71
Par 800

CHAPTER 8.  VHF/UHF DF  PROCEDURES

800. GENERAL.  These criteria apply to
direction finder (DF) procedures for both high
and low altitude aircraft.  DF criteria shall be the
same as criteria provided for automatic direction
finder (ADF) procedures, except as specified
herein.  As used in this chapter, the word
“facility” means the DF antenna site. DF
approach procedures are established for use in
emergency situations.  However, where required
by a using agency, DF may be used for normal
instrument approach procedures.

801.-809.  RESERVED.

Section 1.  VHF/UHF DF Criteria

810. EN ROUTE OPERATIONS.  En route
aircraft under DF control follow a course to the
DF station as determined by the DF controller.
A minimum safe altitude shall be established
which provides at least 1,000 feet (2,000 feet in
mountainous areas) of clearance over all
obstacles within the operational radius of the DF
facility.  When this altitude proves unduly
restrictive, sector altitudes may be established to
provide relief from obstacles, which are clear of
the area where flight is conducted.  Where sector
altitudes are established, they shall be limited to
sectors of not less than 45 degrees in areas
BEYOND a 10-mile radius around the facility.
For areas WITHIN 10 miles of the facility,
sectors of NOT LESS THAN 90 degrees shall
be used.  Because the flight course may coincide
with the sector division line, the sector altitude
shall provide at least 1,000 feet (2,000 feet in
mountainous terrain) of clearance over
obstacles  in  the adjacent sectors within 6 miles
or 20 degrees of the sector division line,
whichever is the greater.  No sector altitude shall
be specified which is lower than the procedure
or penetration turn altitude or lower than the
altitude for area sectors, which are closer to the
navigation facility.

811. INITIAL APPROACH SEGMENT.
The initial approach fix is overhead the facility.

SECONDARY AREA

FACILITY (MAP)

PRIMARY
AREA

3.4 NM
30°

2 NM

AREA

FINAL
APPROACH

4 NM

PW

.5W (NM) = .23D + 1.7P

2 NM or W (NM) = .2D

500'
4 NM

S

1000'

Figure 72.  LOW ALTITUDE DF
APPROACH AREA, Par 8ll.

Figure 73, HIGH ALTITUDE DF APPROACH
AREA, Par 811.

a. Low Altitude Procedures.  The initial
approach may be either a 10-mile teardrop
procedure turn or the triangular procedure
illustrated   in  figure  72.    In  either   case,  the
10-mile procedure turn criteria contained in
paragraphs 234a, b, c, and d apply.

b. High Altitude Procedures.  The initial
approach may be either the standard teardrop
penetration turn or the triangular procedure
illustrated in figure 73.  When the teardrop
penetration turn is used, the criteria contained in
paragraphs 235a, b, c, and d apply.  When the
triangular procedure is used, the same criteria
apply except that the limiting angular divergence
between the outbound course and the reciprocal
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of  the  inbound  course  may  be  as  much  as
45 degrees.

812. INTERMEDIATE APPROACH SEG-
MENT.  Except as outlined in this paragraph,
criteria for the intermediate segment are con-
tained in chapter 2, section 4.  An intermediate
segment is used only when the DF facility is
located off the airport and the final approach is
made from overhead the facility to the airport.
The  width  of  the  primary  intermediate area is
3.4 miles at the facility, expanding uniformly on
each side of the course to 8 miles wide 10 miles
from the facility.  A secondary area is on each
side of the primary area.  It is zero miles wide at
the facility, expanding along the primary area to
2 miles each side at 10 miles from the facility.
See figure 74.

Figure 74.  DF INTERMEDIATE APPROACH
AREA.  Par 812.

813. FINAL APPROACH SEGMENT.  The
final approach begins at the facility for off-
airport facilities or where the procedure turn
intersects the final approach course for on-
airport facilities (see paragraph 400 for the
definition of on-airport facilities). DF pro-
cedures shall not be developed for airports that
are more than 10 miles from the DF facility.
When a facility is located  in  excess  of  6 miles
from an airport, the instrument approach shall
end at the facility and flight to the airport shall
be conducted in accordance with visual flight
rules (VFR).

a. Alignment.

(1) On - Airport Facilities.   Para-
graphs 613a(1) and (2) apply.

(1) Off - Airport Facilities.   Para-
graphs 713a(1)(a) and (b) apply.

b. Area.

(1) Low   Altitude    Procedures.
Figure 74 illustrates the final approach primary
and secondary areas.  The primary area is
longitudinally centered on the final approach
course and is 10 miles long.  The primary area is
3.4 miles wide at the facility and expands
uniformly to 8 miles wide at 10 miles from the
facility.  A secondary area is on each side of the
primary area.  It is zero miles wide at the facility
and expands uniformly to 2 miles on each side
of the primary area at 10 miles from the facility.

(2) High Altitude Procedures.  The
area considered is identical to that described in
paragraph 623b and figure 60 except that the
primary area is 3.4 miles wide at the facility.

c. Obstacle Clearance.

(1) Straight-In. The minimum
obstacle   clearance  in  the  primary   area  is
500 feet.  In the secondary areas, 500 feet of
obstacle clearance shall be provided at the inner
edge, tapering to zero feet at the outer edge.  The
minimum required obstacle clearance at any
given point in the secondary area can be
computed by using the formula specified in
paragraph 523b.

(2) Circling Approach.  In addition to
the minimum requirements specified in
paragraph 813c(1), obstacle clearance in the
circling area shall be as prescribed in chapter 2,
section 6.

d. Procedure Turn Altitude.  The pro-
cedure turn completion altitude (minimum base
leg altitude in triangular procedures) shall be
within 1,500 feet of the MDA on final approach.

e. Penetration Turn Altitude (Descent
Gradient). The penetration turn altitude (mini-
mum base leg altitude in triangular procedures)
shall be at least 1,000 feet but not more than
4,000 feet above the MDA on final approach.
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f. Minimum Descent Altitude (MDA).
The criteria for determining MDA are contained
in chapter 3, section 2, except that in high
altitude procedures, the MDA specified shall
provide at least 1,000 feet of clearance over
obstacles in that portion of the initial approach
segment between the final approach segment
and the point where the assumed penetration
course  intercepts  the  inbound  course (see
figure 60).

814. MISSED APPROACH SEGMENT.
Criteria for the missed approach segment are
contained in chapter 2, section 7.  For on-airport
facility locations, the missed approach point is
the facility.  For off-airport facility locations, the
missed approach point is a point on the final
approach course which is NOT farther from the
facility than the first usable landing surface.  The
missed approach surface shall commence over
the missed approach point at the required height
(see paragraph 274).

815.-819.  RESERVED.

Section 2.  Communications.

820. TRANSMISSION INTERVAL.  DF
navigation  is  based  on  voice   transmission  of

heading  and  altitude  instructions  by  a  ground
station to the aircraft.  The MAXIMUM interval
between transmissions is:

a. En route Operations.  60 seconds.

b. From the Initial Approach Fix to
Within an Estimated 30 Seconds of the Final
Station Passage or Missed Approach  Point.
15 seconds

c. Within 30 Seconds of the Final
Station  Passage or  Missed  Approach  Point.
5 seconds.  (15 seconds for doppler DF equip-
ment).

821.-829.  RESERVED.

Section 3.  Minimums.

830. APPROACH MINIMUMS. The mini-
mums established for a particular airport shall be
as prescribed by the appropriate approving
agency, but the MDA shall NOT be lower than
that required for obstacle clearance on final
approach and in the circling area specified in
chapter 2, section 6.

831.-899.  RESERVED.
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7:1

Figure 75.  LOCALIZER FINAL
TRAPEZOID, Par 903.

50,000 feet

700’

700’
Primary AreaLTP or FTP

7:1

6,076’

6,076’

2,500’

2,500’

300’

300’

200’

Area boundaries areparallel from 200-footpoint to threshold

CHAPTER 9.   LOCALIZER AND LOCALIZER TYPE DIRECTIONAL AIDS (LDA)

900. FEEDER ROUTES, INTIAL APPROACH,
AND INTERMEDIATE SEGMENTS.  These
criteria are contained in chapter 2, Section 3.  When
associated with a precision approach procedure,
Volume 3, paragraph 2.3 applies.

901. USE OF LOCALIZER ONLY.  Where no
usable glidepath is available, a localizer-only (front
or back course) approach may be approved, provided
the approach is made on a LOC from a FAF located
within 10 miles of the runway threshold.  Criteria in
this section are also applicable to procedures based
on localizer type directional aids (LDA).  Back
course procedures shall not be based on courses that
exceed 6° in width and shall not be approved for
offset LOC.

902. ALIGNMENT.  Localizers which are aligned
within 3° of the runway alignment shall be identified
as localizers.  If the alignment exceeds 3°, they will
be identified as LDA facilities. The alignment of the
course for LDA facilities shall meet the final
approach alignment criteria for VOR on-airport
facilities.  See chapter 5, paragraph 513, and
figure 48.

903. AREA.  The final approach dimensions are
specified in figure 75.  However, only that portion of
the final approach area that is between the FAF and
the runway need be considered as the final approach
segment for obstacle clearance purposes.  The
optimum length of the final approach segment is
5 miles.  The MINIMUM length of the final
approach segment shall be sufficient to provide
adequate distance for an aircraft to make the required
descent.  The area shall be centered on the FAC and
shall commence at the runway threshold.  For LDA
procedures, the final approach area shall commence
at the facility and extend to the FAF.  The MAP for
LDA procedures shall not be farther from the FAF
than a point adjacent to the landing threshold
perpendicular to the FAC.  Calculate the width of the
area using the following formulae:

Perpendicular Width from RCL to the Edge of the
Primary = ( )0 10752 D 200 700− +.

Perpendicular Width from RCL to the Edge of the
Transitional Sfc = ( )0 15152 D 200 1000− +.

Where D = Distance (ft) from RWT measured along RCL

904. OBSTACLE CLEARANCE.  The minimum
ROC in the final approach area is 250 feet.  In
addition, the MDA established for the final approach
area shall assure that no obstacles penetrate the 7:1
transitional surfaces.

905. DESCENT GRADIENT.  The OPTIMUM
gradient in the final approach segment is 318 feet per
mile.  Where a higher descent gradient is necessary,
the MAXIMUM permissible gradient is 400 feet per
mile.  When maximum straight-in descent gradient is
exceeded, then a "circling only" procedure is
authorized.  When a stepdown fix is incorporated,
descent gradient criteria must be met from FAF  to
SDF  and SDF  to  FEP.   See  para-graphs 251, 252,
and 288a.

906. MDA.  The lowest altitude on final approach
is specified as an MDA.  The MDA adjustments
specified in paragraph 232 shall be considered.

907. MISSED APPROACH SEGMENT.  The
criteria for the missed approach segment are
contained in chapter 2, section 7.  The MAP is on the
FAC not farther from the FAF than the runway
threshold (first usable portion of the landing area for
circling approach).  The missed approach surface
shall commence over the MAP at the required height
(see paragraph 274).

908.-909. RESERVED

300 300

7:1 Transitional
Surface

250’ROC

Cross Section between
200-foot point and RWT

700700
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Cross Section at
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Chapter 10.  Radar Approach Procedures and Vectoring Charts 
 

Section 1.  General Information. 
 

10.0 General.  
 

This chapter applies to radar approach procedures and vectoring charts utilizing 
ground-based radar or other approved surveillance systems (i.e., satellite-based).  
The types of systems supported are: 

 
10.0.1 Precision Approach Radar (PAR) is a system that graphically displays lateral 

course, glidepath, and distance from touchdown information of sufficient 
accuracy, continuity, and integrity to provide precision approach capability to a 
runway/landing area. 

 
10.0.2 Surveillance Radar is a system that displays direction and distance information 

with suitable accuracy, continuity, and integrity to safely provide radar vectoring 
capability for departures, arrivals, en route operations, and Nonprecision Approach 
(NPA) Airport Surveillance Radar (ASR) approaches to an airport.  For the purpose 
of these criteria, the minimum lateral clearance between aircraft and obstacles are: 

 
10.0.2 a. Single Sensor describes adaptations based on the input of a single radar site 

and includes single sensor long-range radar mode. May apply to the entire radar 
display or within a defined area on the radar display. 

 
o When the aircraft is less than *40 nautical miles (NM) from the antenna, 

minimum lateral clearance is 3 NM. 
  

o When the aircraft is *40 NM or more from the antenna, minimum lateral 
clearance is 5 NM. 

 
*60 NM  for approved full time reinforced Monopulse Secondary Surveillance 
Radar (MSSR) systems. 

 
10.0.2 b. Multi Sensor describes adaptations based on the input of multiple radar sites 

and includes Mosaic Mode, Multi-Sensor Mode, Stage A/DARC, Fusion Mode, 
and Center Radar ARTS Presentation (CENRAP). May apply to the entire radar 
display or within a defined area of a radar display. 

 
o Minimum lateral clearance  is 5 NM. 

 
10.0.3 Automatic Dependent Surveillance - Broadcast (ADS-B) [TBD]. 
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Chapter 10.  Radar Approach Procedures and Vectoring Charts 
 

Section 2.  Radar Approaches. 
 
10.1 Radar Approaches. 
 

Both ASR and PAR approach procedures may be established where the applicable 
Order 8200.1, U. S. Standard Flight Inspection Manual, coverage and alignment 
tolerances are met.  ASR approaches may be established when the final segment 
is adapted for single sensor operations and the radar antenna is not more than 20 
NM from; 

 
o The approach runway threshold (RWT) coordinates when the procedure is 

designed to meet straight-in alignment. 
 

o The Airport Reference Point (ARP) when the procedure is designed to meet 
circling-only alignment. 

 
10.1.1 Feeder Routes and Initial Approach Segments. 
 

Feeder and initial segments do not need to be established when navigation 
guidance and obstacle clearance are provided by Air Traffic Control radar vectors 
during the transition from the enroute to the terminal phase of flight. 

 
10.1.1 a. Feeder/Initial Segments based on Routes [Department of Defense (DoD) 

Only].  When operationally required, establish feeder routes and/or initial 
segments based on conventional navigation, Area Navigation (RNAV), or radar 
routes. 

 
10.1.1 a. (1) Conventional/RNAV Feeder/Initial.  Develop in accordance with TERPS 

Volume 1, chapter 2 or Order 8260.54, United States Standard for Area 
Navigation (RNAV), chapter 2. 

 
10.1.1 a. (2) Radar Feeder/Initial.  The route/segment begins at an established fix that 

permits positive radar identification and ends at the appropriate termination fix 
for the segment.  Display the course centerline on a radar video map (e.g., as a 
“special use” track per Order 7210.3, Facility Operation and Administration, 
chapter 3, section 8 or DoD equivalent).   

 
10.1.1 a. (2) (a) Alignment.  Design feeder/initial and initial/initial segment 

intersections with the smallest amount of course change necessary for the 
procedure. The maximum allowable course change between segments is 90 
degrees. 

 
10.1.1 a. (2) (b) Area.  The Obstacle Evaluation Area (OEA) begins at the applicable 

radar fix displacement prior to the route/segment start fix and extends to the 
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segment termination fix.  Primary area half-width is equal to the minimum lateral 
clearance applicable to the radar adaptation (TERPS, Vol.1, chapter 10, 
paragraph 10.0.2) from course centerline.  There is no secondary area.  The area 
has no specified maximum or minimum length; however, the segment must be 
long enough to permit the required altitude loss without exceeding the maximum 
authorized descent gradient. 

 
Note:  When the minimum lateral clearance changes within a segment (e.g. 
when transitioning from a multi- to single-sensor adaptation, or at the 
applicable distance for a single-sensor adaptation), the OEA half-width also 
changes without the need to “splay” or “taper”.  
 

10.1.1 a. (2) (c) Obstacle Clearance.  Apply the TERPS Volume 1, chapter  2 standard 
applicable to the segment.  TERPS Volume 1, chapter 3 precipitous terrain 
adjustments apply 

 
10.1.1 a. (2) (d) Descent Angle.  Apply TERPS Volume 1, chapter 2 standard 

applicable to the segment. 
 
10.1.1 a. (2) (e) Altitude Selection.  Apply TERPS Volume 1, chapter 2 standard 

applicable to the segment.  Do not publish fix altitudes higher than the minimum 
required for obstacle clearance or airspace to achieve an “optimum” descent 
gradient. 

 
10.1.2 Intermediate Approach Segment.  Establish an intermediate segment when 

necessary (e.g., ATC radar vectors not available or MVA too high to support 
desired FAF/PFAF altitude). The intermediate segment begins at the intermediate 
fix and extends to the PFAF.   When there is a preceding conventional /RNAV 
route segment,  the applicable conventional/RNAV intermediate segment 
standards apply, except as specified in TERPS, Vol 1, chapter 10, paragraph 
10.1.2b(2). 

 
10.1.2 a. Alignment.  The intermediate course is an extension of the final approach 

course (no course change permitted at the PFAF). 
 
10.1.2 b. Area.   
 
10.1.2 b. (1) Radar Intermediate.  When radar is used for course guidance (route or 

vector), the OEA begins at the applicable radar fix displacement prior to the 
Intermediate Fix (IF) and extends to the PFAF.  Primary area half-width is equal to 
the minimum lateral clearance applicable to the radar adaptation (TERPS, 
Volume1, chapter 10, paragraph 10.0.2) until reaching a point 2 NM prior to the 
PFAF, then tapers to the width of the ASR/PAR/PAR without glideslope Final 
Approach Segment (FAS) primary OEA width abeam the PFAF (TERPS, Volume 
1, chapter 10, paragraph 10.1.4 and TERPS, Volume 3, chapter 3, paragraph 3.0) 
(USN NA).  There are no intermediate secondary areas. See figure 10-1. 
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Note:  When the minimum lateral clearance changes within a segment (e.g. 
when transitioning from a multi- to single-sensor adaptation, or at the 
applicable distance for a single-sensor adaptation), the OEA half-width also 
changes without the need to “splay” or “taper”.  

 
10.1.2 b. (2) Non-Radar Intermediate.  When conventional/RNAV navigation is used 

for course guidance, apply the intermediate OEA criteria from the applicable 
8260-series order with the following exceptions: 

 
10.1.2 b. (2) a. Connection to PAR Final.  Connect the outer edges of the intermediate 

primary area abeam the IF to the outer edges precision “X” Obstacle Clearance 
Surface (OCS) and the intermediate secondary area to the precision “Y” OCS 
abeam the PFAF.   

 
10.1.2 b. (2) b. Connection to ASR Final. Connect the outer edges of the intermediate 

primary and secondary areas abeam the IF to the outer edge of the ASR area 
abeam the PFAF.   

 
 

Figure 10-1.  Intermediate Segment Area. 
 

3 or 5 NM 

3 or 5 NM 

≤ 15 NM

PFAF 

3 or 5 NM

3 or 5 NM

2 NM 
IF

 

 
10.1.2 b. (3) Length.  The intermediate segment length is normally 6 NM.  The 

MINIMUM length varies based on course guidance but must always 
accommodate the required altitude loss. The maximum length is 15 NM.   

 
10.1.2 b. (3) a. For conventional/RNAV and radar route course guidance, apply 

TERPS, Volume 1, chapter 2 for ASR approaches and TERPS, Volume 3, 
chapter 2 for PAR approaches. Radar intermediate segments may not be less than 
2 NM. 

 
10.1.2 c. Obstacle Clearance.  Apply 500 ft ROC over the highest obstacle in the area.  

TERPS, Volume 1 chapter 3 precipitous terrain and RASS adjustments apply.  
For conventional/RNAV course guidance, apply secondary area ROC criteria 
from the applicable 8260-series directive.  
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10.1.2 d. Descent gradient.  Apply TERPS, Volume 1, chapter 2. 
 
10.1.3 PAR Final Approach Segment (FAS).  
 
10.1.3 a. Inoperative/unused Components.  Failure of the azimuth component renders 

the entire PAR system inoperative.  When the elevation component (glidepath) 
fails or is not used (i.e., to support pilot or controller training) the PAR azimuth  

 may be used to provide an ASR approach.  A stand-alone PAR azimuth without 
glideslope procedure is not required when ASR minimums are established to the 
same runway and used during the approach, the missed approach instructions are 
the same, and the ASR missed approach point is identifiable on the PAR scope.  

 
 Alternatively, a separate PAR azimuth without glideslope procedure may be 

established when required and/or operationally advantageous,.  Evaluate using the 
localizer area and obstacle clearance requirements specified in TERPS, Volume 
1, chapter 9.  NPA minimums are established according to TERPS, Volume 1, 
chapter  3, section 3 and documented in accordance with applicable directives.    

 
10.1.3 b. General.  Apply the current basic vertically guided final segment general 

criteria applicable to Instrument Landing System (ILS) for Glidepath Angle (GPA), 
Threshold Crossing Height (TCH), Precise Final Approach Fix (PFAF), Glidepath 
Qualification Surface (GQS), and Precision Obstacle Free Zone (POFZ).  

 
10.1.3 b. (1) Use the highest applicable MVA to determine the PFAF distance to 

LTP/coordinates when there is no preceding segment. 
 
10.1.3 b. (2) ILS Height Above Touchdown/Threshold (HAT/HATh) and Decision

 Altitude (DA) standards apply (to include TERPS  Volume 1, chapter 3 
adjustments), except the minimum HAT/HATh may be 100 ft for DoD-only 
approaches when the OCS is clear.  Adjusting TCH to reduce/eliminate OCS 
penetrations is not applicable to PAR FAS evaluations. 

 
10.1.3 c. Obstacle Evaluation Area (OEA)/Obstacle Clearance Surface (OCS).  

[USN:  See applicable directives.] Apply current ILS FAS criteria for alignment, 
OCS slope, width, height, and OEA/OCS evaluation except the OEA extends to 
the PFAF (no radar fix tolerance applied).  Also, where the PFAF must be located 
more than 50,200 ft from the RWT coordinates, the OEA continues to splay to the 
PFAF or until reaching the minimum lateral clearance applicable to the radar 
adaptation (TERPS, Volume1, Chapter 10, paragraph 10.0.2).   

 
 
10.1.3 d. Simultaneous PAR Procedures (DoD only).  Where military authority 

determines facilities and equipment are adequate, PAR approach procedures to 
parallel runways may be established.  See applicable DoD directives. 
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10.1.4 ASR Final Approach Segment (FAS). Use the highest applicable MVA to 
 determine the PFAF location when there is no preceding segment. 
 
10.1.4 a. General.  Apply the current non-vertically guided final segment general 

criteria.   
 
10.1.4 b. Alignment.  Align the Final Approach Course (FAC) with the extended runway 

centerline for a straight-in approach, or to the airport reference point for a circling 
approach.  When an operational advantage can be achieved, the FAC for circling 
approaches may be aligned to pass through any portion of the usable landing 
surface. 

 
10.1.4 c. Area.  The final approach begins at the applicable radar fix displacement 

prior to the PFAF and ends at the RWT (straight-in)/FEP (circling) or the 
appropriate radar fix displacement beyond the Missed Approach Point (MAP), 
whichever is encountered last. 

 
10.1.4 c. (1) Determine the primary area half-width (½Wp) using  formula 10-1.  

Connect the width calculated at the PFAF to the width calculated at the RWT/FEP 
(straight line connection).  The width at the early or late fix displacement points is 
equal to the width at the PFAF and RWT/FEP.   See figure 10-2. 

 
Formula 10-1.  Final Area Half-Width at PFAF and RWT/FEP (Hw). 

0.1 1= ⋅ +WH D  
 

where 
D = Distance, FAC point to Antenna (NM) 
(HW = 3 NM where D > 20 NM) 

0.1*D+1 

 
10.1.4 c. (2) When the distance of any point on FAC centerline > 20 NM, the primary 

area ½Wp is 3 NM.  See figure 10-2. 
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Figure 10-2.  ASR Final Approach Segment. 
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10.1.4 d. Length.  The segment must provide sufficient length to accommodate 

required altitude loss.   The minimum length is 3 NM and maximum length is 
10 NM. 

 
10.1.4 e. Obstacle Clearance.  Apply 250 ft ROC  to the highest obstacle in the area.  

TERPS Volume 1, chapter 3 precipitous terrain, remote altimeter, and excessive 
length of final adjustments apply. 

 
10.1.4 f. Descent Angle.  Apply current NPA criteria, except do not publish the VDA. 
 
10.1.4 g. Recommended Altitudes (RecAlt).  Determine recommended altitudes at 

each mile on final approach for ATC use.  Determine RecAlt values using 
formula 10-2. 

 
Formula 10-2.  Recommended Altitudes (RecAlt). 

RecAlt A ‐ DG=  
 

where 
A = PFAF altitude or last RecAlt (unrounded) 
DG = (1852/0.3048) x tan [VDA calculated per Vol. 1, Chap. 2, para 
252] 

A‐DG 
 

RecAlt values below MDA are not issued.  Round recommended altitudes to the 
nearest 20-ft increment.  See the examples below. 
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Example: 
 
 PFAF altitude = 2,000’, MDA = 660’, VDA = 3.00° (318.436/NM) 
 6 NM (PFAF) = 2,000’ 
 5 NM recommended altitude: 2,000 - 318.436 = 1,681.564 (1,680) 
 4 NM recommended altitude: 1,681.564 - 318.436 = 1363.128 (1,360) 
 3 NM recommended altitude: 1,363.128 - 318.436 = 1,044.692 (1,040) 
 2 NM recommended altitude: 1,044.692 - 318.436 = 726.256 (720) 
 1 NM recommended altitude: 726.256 - 318.436 = 407.82 (Not issued) 
 
10.1.4 h. RecAlt with Stepdown Fix  above the VDA .  When the minimum altitude at 

a stepdown fix is above the vertical path of the VDA, calculate RecAlt using the 
appropriate VDA for each subsegment (i.e., VDA from PFAF to stepdown 
altitude prior to stepdown fix, and VDA from stepdown altitude to TCH after the 
stepdown fix). 

 
 Example : 
 
 PFAF altitude = 3,300’, MDA = 1,400’,  VDA PFAF to stepdown fix = 3.00° 
 (318.436/NM), VDA at 4 NM SDF to TCH = 3.39° (359.924/NM) 
 6 NM (PFAF) = 3,300 
 5 NM recommended altitude: 3,300 - 318.436 = 2,981.564 (2,980) 
 4 NM recommended altitude: 2,981.564 - 318.436 = 2,663.128 (2,660) 
 3 NM recommended altitude: 2,663.128 - 359.924 = 2,303.204 (2,300) 
 2 NM recommended altitude: 2,303.204 - 359.924 = 1,943.280 (1,940) 
 1 NM recommended altitude: 1,943.280 - 359.924 = 1,583.356 (1,580) 
 
10.1.5 Missed Approach Segment (MAS). 
 
10.1.5 a. PAR.  Apply the current TERPS, Volume 3 Category (CAT) I ILS missed 

approach criteria to approaches with HAT/HATh values greater than or equal to 
200 ft.    Apply current CAT II ILS missed approach criteria for approaches with 
HAT/HATh values lower than 200 ft, except USN approaches annotated “Not for 
Civil Use”. 

 
10.1.5 b. ASR.  Apply the current TERPS, Volume 1, chapter 2 NPA missed approach 

criteria.  The MAP is located on the final approach course not farther from the 
PFAF than the FEP. 
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Chapter 10.  Radar Approach Procedures and Vectoring Charts (MVAC) 
 

Section 3.  Minimum Vectoring Altitude Charts. 
 
10.2 Minimum Vectoring Altitude Chart (MVAC).  An MVAC is used by air 

traffic facilities when providing terminal service.  An MVAC may be 
developed by En Route facilities in selected areas where the MIA chart does 
not meet operational needs.  An MVAC specifies the lowest MSL altitude at 
or above the floor of controlled airspace that provides at least the minimum 
ROC over obstacles. The MVAC may be used in lieu of feeder, initial, and 
intermediate approach segment(s) for radar approaches. 

 
Note:  See Orders 7210.3, Facility Operations and Administration, 7210.37, 
En Route Minimum IFR Altitude (MIA) Sector Charts, or DoD directive. 

 
10.2.1 General .  Apply current Order 7210.3 criteria (or applicable DoD directive) to 

determine when an MVAC is required, the range/coverage of the chart(s) and the 
lateral obstacle clearance applicable to the chart and/or specific sectors. When the 
area of responsibility is beyond the radar system limits but a vectoring chart is 
still operationally necessary, apply Order 7210.37 for the non-radar area. 

 
Note: The current vertical and horizontal obstacle accuracy standards in Order 
8260.19 apply. 

 
10.2.2 Single Sensor Adaptation. Center the MVAC on the radar sensor to facilitate 

distance measurements (e.g., to determine the minimum lateral clearance).  
Define sector boundaries by  bearings, point-to-point lines, arcs, and/or circles 
relative to a specified point or points (e.g., radar antenna, NAVAID, fix, 
latitude/longitude coordinate, etc.).  See figure 10-3. 
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Figure 10-3.  MVAC for Single-Sensor Adaptation. 

 
 
10.2.3 Multi-sensor Adaptation.  Sector boundaries may be defined by any 

combination of bearings, point-to-point lines, arcs, and/or circles relative to a 
specified point or points (e.g., radar antenna, NAVAID, fix, latitude/longitude 
coordinate, etc.).  See figure 10-4. 

 
Figure 10-4.  MVAC for Multi Sensor Adaptation. 
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10.2.4 Sectors.  The MVAC may be subdivided into sectors to gain relief from 

obstacles.  There is no prescribed limit on the size, shape, or orientation of 
MVAC sectors.  Where small contiguous sectors with different altitudes do 
not serve an operational need, consider combining them. 

 
10.2.4 a. Obstacle Evaluation Area.  Adjacent sectors share common boundaries; 

however, each sector OEA is stand-alone and evaluated separately.  The sector 
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OEA includes the volume of airspace contained within it’s defined boundaries.  
Except for isolation areas (see TERPS, Volume1, chapter 10, paragraph 10.2.4b), 
each sector includes a buffer equal to the minimum required lateral clearance for 
the applicable radar adaptation. 

 
10.2.4 a. (1) Single Sensor.  An OEA buffer expands outward at least 3 NM from 

those portions of the boundary within *40 NM of the radar antenna and at least 5 
NM outward from those portions of the boundary equal to or greater than *40 NM 
from the radar antenna.  When a contiguous sector crosses *40 NM from the 
radar antenna,  the sector is effectively divided into sub-sectors at the *40 NM arc 
and normal OEA/buffers applied to each, except buffers expanding INTO the 
sector may be truncated at the boundary.  The highest altitude from each sub-
sector applies. See figures 10-5/5a. 

 
*60 NM  for approved full time reinforced MSSR systems. 

 
Figure 10-5.  Sector Buffer Areas (Single sensor,w/out reinforced MSSR) 
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Figure 10-5a.  Buffer Area, Contiguous Sector crossing 40 NM. 
(Single sensor,w/out reinforced MSSR) 

 
 

10.2.4 a. (2) Multi-sensor adaptation.  The OEA includes a buffer extending at least 
5 NM outward from the boundary, regardless of distance to radar antenna or 
MVAC center.  See figure 10-6. 

 
Figure 10-6.  Multi-sensor Buffer Areas. 
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10.2.4 b. Isolating  Obstacles.  Any  obstacle may be isolated to lower the MVA in one 
 or more standard sectors.  The OEA buffers of neighboring sectors still apply in 
 the isolation area, but exclude the specific feature being isolated (i.e., all other 
 obstacles must be considered). Truncate an isolation area at the sector 
 boundary when it expands into a sector requiring a  higher MVA.  The 
 dimensions of the isolation area otherwise depends on the feature type and 
 whether single or multi-sensor adaptation applies. 
 
10.2.4 b. (1) Point Feature (antennas, towers, high-rise buildings, etc).  The  isolation 

area is based on a radius centered on the feature that provides at least the 
minimum lateral clearance applicable to the radar adaptation (TERPS, Volume1, 
chapter 10, paragraph 10.0.2). Order 8260.19 chapter 2, Section 11 applies.  
Isolation areas for multiple point features (i.e., antenna or wind farms) may be 
combined, however the minimum required lateral clearance must be provided 
from each feature and the MVA must equal the highest required for any 
individual feature.  

 
10.2.4 b. (1) (a)  Single-sensor adaptations.  The isolation area boundary is a 3 NM 

radius when the feature is #35 NM or less from the radar antenna, and a 5 NM 
radius when the feature is more than #35 NM from the radar antenna.  See figure 
10-7.  When operationally advantageous, the boundary may be reduced to less 
than 5 NM for those portions of the isolation area within *40 NM from the 
antenna, but not less than the minimum required lateral clearance.  See Figure 10-
7a. 

 
#55 NM  for approved full time reinforced MSSR systems. 
  
*60 NM  for approved full time reinforced MSSR systems. 

 
10.2.4 b. (1) (b)  Multi-sensor adaptations.  Isolation area boundary is a 5 NM radius, 

regardless of distance from radar antenna.   
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Figure 10-7.  Isolation Area , Point Feature 
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10.2.4 b. (2) Zone Feature (e.g., distinct terrain, topographical contours, etc.).  When 

determining the sector boundary first define the dimensions of the feature to be 
isolated (e.g., mountain from 4,700 ft contour and above). 

 
10.2.4 b. (2) (a)  Single-sensor adaptations.  Establish the isolation area boundary 3 

NM from the feature for points 35 NM or less from the radar antenna, and 5 NM 
from the feature for points more than 35 NM from the radar antenna. When 
operationally advantageous, the boundary may be reduced to less than 5 NM for 
those portions of the isolation area within 40 NM from the antenna, but not less 
than the minimum required lateral clearance.  See Figures 10-8 and 10-8a. 

 
10.2.4 b. (2) (b)  Multi-sensor adaptations.  Isolation area boundary is a 5 NM from 

the feature, regardless of distance from radar antenna.   
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Figure 10-7a.  Isolation Area, Point Feature,  Example construction > 35 NM from Radar 
(Single sensor,w/out reinforced MSSR) 
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Figure 10-8.  Isolation Area, Zone Feature > 35 NM from Radar (Single 

sensor,w/out reinforced MSSR) 

 
 

 
Figure 10-8a.  Isolation Area, Zone Feature, Example construction > 35 NM 

(Single sensor,w/out reinforced MSSR) 
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10.2.5 Obstacle Clearance. Required obstacle clearance depends on the radar adaptation 
and the relationship of the obstacle to those areas designated mountainous per 
14 CFR Part 95 Subpart B. 

 
10.2.5 a. Non-mountainous terrain. Apply 1,000 ft ROC over obstacles in non-

mountainous areas.   
 
10.2.5 b. Mountainous terrain. Apply 2,000 ft ROC over obstacles in designated 

mountainous areas. ROC may only be reduced when a reduction has been 
requested, approved, and documented in accordance with current Order 7210.3, 
ATC Facility Operation and Administration standards (to include associated 
Notices). Standard reduced ROC values are: 

 
10.2.5 b. (1) Single sensor adaptation:  Not less than 1,000 ft. 
 
10.2.5 b. (2) Multi-sensor adaptation: 
 
10.2.5 b. (2) a. Terrain. Not less than 1,500 ft (designated mountainous areas of the 

Eastern United States, Commonwealth of Puerto Rico, and Hawaii) or 1,700 ft 
(designated mountainous areas of the Western United States and Alaska). 

 
10.2.5 b. (2) b. Man-made obstacles. Not less than 1,000 ft over the obstacle, but the 

MVA must also provide the minimum required 1,500/1,700 ROC over the terrain 
underlying the man-made structure. 

 
10.2.5 c. When a sector/buffer/isolation area overlies both non-mountainous and 

mountainous terrain, consider revising sector boundaries. Otherwise, apply the 
appropriate ROC based on the location of the obstacle. See figure 10-9. 

 
10.2.6 Adverse Assumption Obstacle (AAO) considerations. (USAF N/A). Apply 

AAO to terrain except those areas around primary/satellite airports exempted by 
Order 8260.19 and/or when applying 2,000 unreduced ROC. 
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Figure 10-9. Sector/Buffer Overlying Both Mountainous and Non-Mountainous Areas 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

10.2.7 Airspace. Establish sector altitudes (to include isolation areas) to provide at least 
a 300-ft buffer above the floor of controlled airspace. When operationally 
required, altitudes may be reduced not lower than the floor of controlled airspace. 

 
 When consideration of floor of controlled airspace results in an exceptionally high 

altitude; e.g., in areas where the floor of controlled airspace is 14,500 MSL and 
operationally required to vector aircraft in underlying Class G (uncontrolled) 
airspace, two sector altitudes may be established.  The first must be based on 
obstacle clearance and the floor of controlled airspace. A second lower altitude 
that provides obstacle clearance only may be established. The obstacle clearance 
only altitude must be uniquely identified; e.g., by an asterisk (*). Do not consider 
sector buffer areas for controlled airspace evaluations. 

 
10.2.8 Altitude Selection. Specify sector altitudes (to include isolation areas) in the 

100-ft increment that provides ROC over all obstacle(s) in the OEA. 
 
10.2.8 a. (USAF N/A). Sector altitudes may be rounded to the nearest 100-ft increment 

over AAO obstacles when operationally required. 
 
10.2.8 b. (USAF and USN N/A). For non-AAO obstacles, sector altitudes may be 

rounded to the nearest 100-ft where the entire sector (excluding buffer) or 
isolation area is; 

 
10.2.8 b. (1) In the contiguous United States (not authorized in Alaska, Hawaii, or any 

other territory or possession) and documented to be within 65 nautical miles (NM) 
of an altimeter setting source which is issued by Air Traffic Control in accordance 
with Order JO 7110.65 chapter 2, section 7 and either;  
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10.2.8 b. (1) a. Outside of any area designated mountainous by 14 CFR Part 95, or; 
 
10.2.8 b. (1) b. In an area designated mountainous where required obstacle clearance 

(ROC) is not reduced, or; 
 
10.2.8 b. (1) c. In an area designated mountainous where for this purpose the terrain is 

considered not to be precipitous (i.e. no significant elevation changes greater than 
1,500 feet) and at least 951 ft ROC is provided or; 

 
10.2.8 b. (1) d. In an area designated mountainous where rounding provides ROC in 

accordance with table 10-1. Interpolation of this table permitted.  
 

Table 10-1. Minimum Obstacle Clearance (ft)  
Based on ACT/distance from Altimeter Source. 

 
ACT     

(°C/°F) 
Distance 
≤ 65 NM  

‐40/‐40  1851 
‐30/‐22  1651 
‐20/‐4  1451 
‐10/14  1251 
0/32  1051 
2/36  1051* 
7/45  951 

* 951 within 35 NM 
 

Example:  The ACT is determined to be ‐30°C. The controlling obstacle is a 2,549 
MSL tower, and ROC is reduced to 1,800 ft. The minimum sector altitude may be 
rounded to 4,300 since it provides at least 1,651 ft clearance. 
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Order 8260.3B, Volume 1, Chapter 10 
Formulas Addendum 

 
 

Formula 10-1.  Final Area Half-Width  
at PFAF and RWT/FEP (Hw). 

0.1 1= ⋅ +WH D  
 

where 
D = Distance, FAC point to Antenna (NM) 
(HW = 3 NM where D > 20 NM) 

0.1*D+1 

Calculator 

D   

Hw   

Click here 
to calculate 

Back 

 
 
 
 
 
 
 
 
 
 

Formula 10-2.  Recommended Altitudes (RecAlt). 

RecAlt A ‐ DG=  
 

where 
A = PFAF altitude or last RecAlt (unrounded) 
DG = (1852/0.3048) x tan [VDA calculated per Vol. 1, Chap. 
2, para 252] 

A‐DG 

Calculator 

A   
DG   

RecAlt   

Click here 
to Calculate 

Back 
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CHAPTER 11.  HELICOPTER PROCEDURES

Section 1.  Administrative

1100. GENERAL.  This chapter contains criteria for
application to “helicopter only” procedures.  These
criteria are based on the premise that helicopters are
classified in approach Category A and are capable of
special maneuvering characteristics.  The intent,
therefore, is to provide relief from those portions of other
TERPS chapters that are more restrictive than the criteria
specified herein.  However, any criteria contained
elsewhere in other chapters of this document may be
applied to helicopter only procedures when an
operational advantage may be gained.

a. Identification of Inapplicable Criteria.  Criteria
contained elsewhere in this document normally apply to
helicopter procedures.  Where this chapter changes such
criteria, the changed material is identified.  Circling
approach and high altitude penetration criteria do not
apply to helicopter procedures.

b. Use of Existing Facilities.  Helicopter only
procedures based on existing facilities may be developed
using criteria contained in this chapter.

1101. TERMINOLOGY.  The following terms are
peculiar to helicopter procedures and are defined as
follows:

a. Height Above Landing (HAL) is the height above
landing area elevation.

b. Height Above the Surface (HAS) is the height of
the MDA above the highest terrain/surface within a
5,200-foot radius of the MAP in point in space
procedures.

c. Landing Area as used in helicopter operations
refers to the portion of the heliport or airport runway
used, or intended to be used for the landing and takeoff
of helicopters.

d. Landing Area Boundary (LAB) is the beginning
of the landing area of the heliport or runway.

e. Point in Space Approach is an instrument
approach procedure to a point in space, identified as a
missed approach point, which is not associated with a
specific landing area within 2,600 feet of the MAP.

f. Touchdown zone, as used in helicopter
procedures, is identical to the landing area.

1102. DELETED.

1103. TYPE OF PROCEDURE.  HELICOPTER
ONLY PROCEDURES are designed to meet low
altitude straight-in requirements ONLY.

1104. FACILITIES FOR WHICH CRITERIA ARE
NOT PROVIDED.  This chapter does not include
criteria for procedures predicated on VHF/UHF DF, area
navigation (RNAV), airborne radar approach (ARA), or
microwave landing system (MLS).  Procedures using
VHF/UHF DF may be developed in accordance with the
appropriate chapters of this document.

1105. PROCEDURE IDENTIFICATION.  Identify
helicopter-only procedures using the term “COPTER,”
the type of facility or system providing final approach
course guidance, and:

a. For Approaches to Runways.  The abbreviation
RWY, and the runway number; e.g., COPTER ILS or
LOC RWY 17; COPTER RNAV (GPS) RWY 31.

b. For Approaches to Heliports and a Point-in-
Space.  The magnetic final approach course value and
degree symbol; e.g., COPTER ILS or LOC 014°;
COPTER TACAN O97°, COPTER RNAV (GPS) 010°.

c. For Approaches Based on an ARC Final.  The
word ARC will be used, and will be followed by a
sequential number; e.g., COPTER VOR/DME ARC 1.

d. For separate procedures at the same location.
Use the same type of facility and same final approach
course, add an alpha suffix starting in reverse
alphabetical order; COPTER ILS or LOC Z RWY 28L
(first procedure), COPTER ILS or LOC Y RWY 28L
(second procedure), COPTER ILS or LOC X RWY 28L
(third procedure), etc.

Section 2.  General Criteria

1106. APPLICATION.  These criteria are based on
the unique maneuvering capability of the helicopter at
airspeeds not exceeding 90 knots.
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1107. POINT IN SPACE APPROACH. Where the 
center of the landing area is not within 2,800 feet of 
the MAP, an approach procedure to a point in space 
may be developed using any of the facilities for 
which criteria are provided in this chapter. In such 
procedures the point in space and the missed 
approach point are identical and upon arrival at this 
point, helicopters must proceed under visual flight 
rules (or special VFR in control zone as applicable) 
to a landing area or wnduct the specified missed 
approach procedure. The published procedure s h d  
be noted to this effect and also should identify 
available Landing areas in the vicinity by noting the 
cow* and distance from the MAP to each selected 
landing area. Point in space approach prmedures 
will not contain dternate minima. 

1108. APPROACH CATEGORIES. When 
helicopters use instrument flight procedures 
designed for fixed wing aircraft, approach Category 
"A" approach minima shall apply regardless of 
helicopter wei&t. 

1109. PROCEDURE CONSTRUCTION. Para- 
graph 214 applies except for the reference to 
circling approach. 

1110. DESCENT GRADIENT. The descent 
gradient criteria specified in other chapters of this 
document do not apply. The optimum descent 
gradient in all segments of helicopter approach 
prooedwes is 400 feet per mile. Where a hi&er 
descent p d i e n t  is necessary, the recommended 
maximum is 600 feet per mile. However, where an 
operational requirement exists, a gradient of as 
much as 800 feet per mile may be authorized, 
provided the gradient used is depicted on apprmcb 
charts. See special procedure turn criteria in 
paragraph 1112. 

11 11. INITIAL APPROACH SEGMENTS BASED 
ON STRAIGHT COURSES AND ARCS WITH 
POSITIVE COURSE GUIDANCE. Paragraph 232 
is changed as follows: 

a. Alignment. 

(1) Courses. The 2-mile lead radial 
specified in paragraph 232a(1) is reduced to 1 mile. 
See Figure 3. 

(2)  Arcs. The minimum arc radius 
specified in paragraph 232a(2) is reduced to 4 miles. 
The 2-mile lead radial may be reduced to 1 mile. 
See Figure 10. 

1112. INlTXAL APPROACH BASED ON 
PROCEDURE TURN. Paragraph 234 applies 
except for all of subparagraph d and the number 
300 in subparagraph e(1) which is changed to 800. 
Since helicopters operate at approach Category A 
speeds the Smile procedure turn will normally be 
used. However, the larger 10-and l5mile areas may 
be used if considered necessary. 

a. Descent Gradient. Because the actual 
length of the track will vary with environmental 
conditions and pilot technique, it is not pradicd to 
specify a descent gradient solely in feet per mile for 
the procedure tw. Instead, the descent gradient is 
controlled by requiring the procedure turn 
completion altitude to be as close as possible to the 
final approach fix altitude. The difference between 
the procedure turn completion altitude and the 
altitude over the final approach fix shall not be 
greater than those shown in Table 23. 

Figus* 105, HELlCoPTER PROCEDURE TURN AREA. 
Rr 1112. 
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1113, INTERMEDIATE APPROACH SEGMJWT 
BASED ON SIlUICHT COURSES. Parngnph 242 
is c h p d  u follow: 

a. Alignmcnr. Tbo pruvisionr of p.nrgmph 242. - 
rjply with tbe exception that the intomediate coutse 
shall not differ from the finrl approach course by mom 
thn 60 d e p w .  

b. Area. 

(1) Length. The OPTIMUM length of the 
i n t e d i a t e  approach segment is 2 miles. Tho 
mtrimum length is 1 mile *ncl tlla rocomnlendod 
maximum is 5 miles. A distance greater t l m  5 nulcs 
rbould not be used udecs an operational requirement 
justifies the greater distance. Wl~en the nnglo nt wliicl~ 
t b  initid approach cmrsejoinr tile idemidinte counc 
exceeds 30 dcgms (see f ipro 3), t l~e MINIMUM 
length of tho intermediato course is ns sl~own in table 
24. 

1114. INTERMEDIATE APPROACH SEGMENT 
BASED ON AN ARC. Paragraph 243 is changed as 
follows: Arcs with r d i u s  of less thnn 4 tniler or 
more thrn 30 miles from tba naviption facility sliall not 
be usscl. 

a. Area. 

(I) Length. The OPTIMUM length of the 
iatwmsdiate approach segment is 2 miles. The 
minimum l ag th  is 1 mile Md the rtco~rrnlemled 
nuxianurn is 5 miles. A distance greater tlrun 5 miles 
should not be used unless an operational requircnient 
justifies the greater d i s ~ c e .  When the angle at which 
tho initial approach'course joins the i n t e d i a t e  course 

Tablo M hUNIMUM l F O I U W E . D I A ~  COURSE W G T I I  
(Not applhblr l o  PAR auld llS) 

1115, JNTEWIIEDJATE SEGMENT IYITJIIN \ 
PROCEDURE TURN SEGMENT. Pnngraph 244b s 
clmgal  ns follows: Tho noniml procdure trr 11 

clislance is 5 nlilcs from the fix or from t l~e fncilil. . 
TIJs produces an interrndiato rqment 5 rniles Ionl-. 
The portion of [Ire i n t e r d i a l e  segment consider4 I. lr 
obstacle clearance will alwnys 1mve rile smw lengtb us 

tlie procedure him distance. A distwlce grcnlcr din11 5 
milcs slrot~ld trot be u s 4  unlerr M opcrntional 
rquircnrcnt j~tstifics tile preutcr distance. Scc figlrrc 
13, pnrngrnld~ 244. 

1 I I G. FINAL AYI'ROACI I. Pnrngrn~d~ 250 nlqdics 
cxcclfi llut 1110 word ntnwny is r~~nlcrsl(nwl lo i~iclrttlc 
Iattdi~tg n m  n~wl tI~u rufcrc~icu to circli~ig nl~l~rc~r tv l i  tlocs 
not apply. The final approncl~ cotlrsc in ~>rwision 
appro~clr ~~rocodarcs slrcrll bc alignal ns irwlicntd in 
pnrngrrl~la 1 152 n r ~ I  1 159. For no~iprecision 
procarlures find nppronch corlrse nlignnielit slmll bo ns 
follows: 

a. Approuclres to a k u ~ t l i ~ ~ g  Area. The film1 
nppronch course s lmld be alignd so M to pnss tl~roagh 
the I d i n g  area. Wl~ers nn oprntionnl ndvnnlago cnn 
be achieved, R fil~nl approach course w11icI1 docs not 
pass througli Ills lading arm ~nny bc cstnblislid, 
provided coclr a courre lies witliin 2HXI fed of  lie 
ccnter of the lnrding n m  nt tlae MAP. 

I. Pobtt-b~-Sj>~ce Approaclres. TI* I i td  npl)roncla 
cotlrso sl~oukl bo nlipnod to provido for t l~e 111ost 
effective opemtiontrl use of the procadurc coluistcnt 
wit11 safety. 

11 17. hlISSED APPROACIi POINT. Pnrngrnlrla272 
i s  clungtxl lo stnte tlwl the slwcificd dislnnce n~ay not lm 
ntorc Ilw 1110 dislrulue frotl~ llle finnl npproncl~ fix to R 

pint  not illore t b ~ n  2600 feet from tlic cc~rtcr of lllc 
landing RIWI. Tlm MAP nmy be locdd ~iiorc than 2600 
~CL* fro111 tlia l d i n g  area, provided \Ira irrinim\urr 
visibility ngrees with Ilte incrcnsal J i s~r l rc ;  c.g., MAP 
3800 fcet fro111 lading arm, bmic visil4ity i s  3i4 taile. 
Scc lig~trc 108. For pint-ir~.spcc nlij~roncl~cs tlw MAP 
is on lllu fiiml n~>pro~cli CoIlrse 11 t l~c  cml uf thc firm1 
nppronch area. 

11 18. STRAICIIT hllSSED APPROACII AREA. 
Pnrngrnll~ 273 npl)lics witli the cxccldioo tltnl tlic lcngtli 
of  lie pri~nnry alxl sccordnry n~issed yq~ronr l~  nrcn is 
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EXAMPIS 
M D A I r 3 6 0 ' M S L b . r s d r n o b r t r d r i t b ~ u w .  A109gMSL--*hL~db 
(6076') fhm the near alga d &dia 1. 
A20rl~wMfLdwrrtkokM.b.~dm'MsLJtk-+d&ethl. 
6076DIvidadby20~p.lr304 10#)Mbr304Eqrb794. 
T 0 ~ ~ . N l t P d . & ~ h r f v d 8 ~ ~ . u ) . ~ t k h u a d d 2 5 0 ' o k t r l .  
c l ~ d r O p . d m p ( k ~ l l l l t O t b . ~ ~ f O ' i l r r o r c * r .  
794' Plur 250' E q d  1W' raradad mp Eqmb 1060' MSL 
To- 700'from MDA 360' kiSLfotb.-.Ititrdr (1WMSL) a t t k 2 0 r l d h r b  gdirrc r e q h  
14,000'. ThL b the -PI hgtb d &don 1. 

Plllpr 101. COMBINATION MISSED APPROACH AREA. -pb 11U 

* 1128. VISIBILITY CREDIT. %re visibility credit as a standud for helicopter approach Lighting systems is 
for lighting facilities in allowed for fixed-wing established. The c o m  stated in paragraph 342 
operations, the same type credit shoukl be considered apply, except heliport markings may be substituted for 
for helicopter operations. The approving authority will the runway marking requiremeats specified therein. * 
grant credit on an individual case basis, until such time 

Chap 11 
par 1127 
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Tnbk 25. EFFECT OF HAL HEIGHT ON VISIBILITY 
MINIMUMS. Par 11270 

* * 
1129. TAKEOFF MINIMUMS. Paragraph 370 doas 
not apply. Helicopter takeoff minimuma will be in 
accordance with the appropriate Federal Aviation 
Regulations and Military Regulations. 

Sedion 4. On-Helipott VOR (No FAF) 

1130. GENERAL. Paragraph 400 does not apply. 
Tbese criteria apply to procedures based on a VOR 
facility located within 2600 feet of the center of the 
landing area in which no final approach fix is 
established. Tbese procedures must incorporate a 
procedure turn. 

1131. INITIAL AND INTERMEDIATE 
SEGMENTS. These criteria are contained in section 2 
of this chapter. 

1132. FINAL APPROACH SEGMENT. Paragraph 
413 does not apply, except as noted below. The final 
approach begins where the procedure turn intersects the 
final approach course inbound. 

a. Alignment. Paragraph 1 1 16a applies. 

6. Area. The primary area is longitudinally 
centered on the hd approach course. The MINIMUM 
length is 5 miles. This may be extended if an 
operational requkmmt exists. The primary area is 
2 miles wide at the facility a d  expands uniformly to 
4 miles wide at 5 miles tiom tbe facility. A secondary 
area is on each side of the ptLnary area. It is zero 
miles wide at the facility aod expands uniformly to 
.67 mile on each side of the primary area at 5 miles 
from the facility. See figure 107. 

c. Obstacle Clcamncc. Paragraph 413c(l) 
applies. 

Page 104 

F¶gum 107. FINAL APPROACH PRIMARY AM) SECONDARY 
AREA. On-Hetipart VOR, No FAF, Par 1132b. See also 

N@lN 105. 

d. Procedure Turn Altitude. The procedure turn 
completion altitude shall be in accordance with 
table 23. 

e. Use of Stepdown Fix. Paragraph 4 13e applies, 
except that 4 miles is changed to 2.5 miles. 

$ Minimum Descent Altitude. Criteria for 
determining MDA are contained in section 3 of this 
chapter and chapter 3. ~j 

Section 5. TACAN, VORIDME, and 
VOR with FAF 

1133. FINAL APPROACH SEGMENT. Paragraph 
513 does not apply, except aa noted below. 

a. Alignment. Paragraphs 1 116a aml b apply. 

b. Area. Paragraph 513b applies, except that 
portion wbich refers to the minimum length of the final 
approach segment. The minimum length of the final 
approach segment is shown in table 26. 

Table 26. MINIMUM W G T H  OF FINAL APPROACH 
SEGMENT (MILES) 

M@tu& of Turn Over the Facility 

NOTE: mu table may be hterpdcrud. 

(Shap 11 - 
Par lU8 
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c. Obstacle Clearance. Paragraph 5 13.c.(l) 
applies. 

1134. RESERVED 

1135. MISSED APPROACH POINT. The identi- 
fication of the MAP in Paragraph 5 14 is changed as 
follows: The missed approach point is a point on the 
final approach course which is not farther than 2600 
feet from the center of the landing area. See Figure 
108. For point in space approaches the MAP is on 
the final approach course at the end of the final 
approach area. 

1136. ARC FINAL APPROACH SEGMENT 
RADIUS. Paragraph 523.b. does not apply. The 
final approach arc shall be a continuation of the 
intermediate arc. It shall be specified in nautical 
miles and tenths thereof. The minimum arc radius 
on final approach is 4 miles. 

1137. ARC FINAL APPROACH SEGMENT 
ALIGNMENT. Paragraph 523.b.(1) does not ap- 
ply. The final approach arc should be aligned so as 
to pass through the landing area. Where an opera- 
tional advantage can be achieved, a final approach 
course which does not pass through the landing area 
may be established provided the arc lies within 2600 
ft. of the landing area at the MAP. 

1138. RESERVED. 
MAP 

AREA / 

MAP 

MISSED APPROACH POINT OPTIONS 

Figure 108. MISSED APPROACH POINTS. Off-Heliport 
VOR with FAF. Par. 11 35. 

Section 6. ON-HELIPORT NDB, No FAF 

1139, GENERAL. Paragraph 600 does not apply. 
These criteria apply to procedures based on an NDB 
facility located within 2600 feet of the center of the 

landing area in which no final approach fix is estab- 
lished. These procedures must incorporate a proce- 
dure turn. 

1140. FINAL APPROACH SEGMENT. Para- 
graph 613 does not apply except as noted below. The 
final approach begins where the procedure turn 
intersects the final approach course, inbound. 

a. Alignment. Paragraph 1 1 16.a. applies. 

b. Area. The primary area is longitudinally 
centered on the final approach course. The MINI- 
MUM length is 5 miles. This may be extended if an 
operational requirement exists. The primary area is 
2.5 miles wide at the facility, and expands uniformly 
to 4.25 miles wide at 5 miles from the facility. A 
secondary area is on each side of the primary area. It 
is zero miles wide at the facility, and expands uni- 
formly to .67 miles wide on each side of the primary 
area at 5 miles from the facility. Figure 109 illus- 
trates the primary and secondary areas. 

* 
C - 

/ .-, - AREA -- C - -------- m e C  I - 
\ I - 2 1  

Figure 109. FINAL APPROACH PRIMARY AND SECOND- 
ARY AREAS. On-Heliport NDB. No FAF. Paragraph 1140. 

c, Obstacle Clearance. Paragraph 6 13.c.(l) 
applies. 

d. Pmedure Turn Altitude (Descent 
Gradient). The procedure turn completion altitude 
shall be in accordance with Table 23. 

e. Use of Stepdown Fix. Paragraph 613.e. 
applies except that 4 miles is changed to 2.5 miles. 

f: Minimum Descent Altitude. Criteria for 
determining the MDA are contained in Section 3 of 
this chapter and Chapter 3. 

Chap 11 Par 1133 
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Section 7. NDB Procedures 
with FAF 

1141. GENERAL. These criteria apply to proce- 
dures based on an NDB facility which incorporates 
a final approach fix. 

1142. FINAL APPROACH SEGMENT. Para- 
graph 71 3 does not apply except as noted below: 

a. Alignment. Paragraphs 11 16.a. and b. 
apply. 

b. A m .  Paragraph 7 13.b. applies except that 
portion which refers to the minimum length of the 
fmal approach segment. The minimum length is 
specified in Table 26. 

c. Obstacle Clearance. Paragraph 7 13.c.(l) 
applies. 

tion need not occur prior to the FAF normally used 
for fixed wing operations. d 

a. The optimum length of the final approach 
course is 3.0 miles. The minimum length is 2.0 miles. 
A distance in excess of 4.0 miles should not be used 
unless a special operational requirement exists. 

b. Final Approach Tenninetion. The final ap- 
proach shall terminate at a landing point (runway) 
or at a hover point between the Decision Height and 
the GPI. Where required, visual hover/taxi routes 
will be provided to the terminal area. 

1153. MISSED APPROACH AREA. Normally 
existing missed approach criteria will be utilized for 
helicopter operations. However, if an operational 
advantage can be gained, the areas described in 
Paragraphs 1168 through 1171 may be substituted. 

1154. MICROWAVE ILS, Additional criteria will 
1143* The identi- be developed to exploit the capabilities of the micro- 
fication of the MAP in Paragraph 714 is changed as wave which is now under development. is 
follows: The missed approach point is a point on the expected that this new equipment will provide glide 
final approach course which is not farther than 2600 slope angles in the range from 3 to 12 degrees and 
feet from the center of the landing area. See Figure the flexibility to satisfy special aircraft and ground 
108. For point in space approaches, the MAP is on siting requirements. 
the final approach course at the end of the final I 

approach area. 

Section 8. RESERVED. 

1144. - 1149. RESERVED. 

Section 9. ILS Procedures 

1150. GENERAL. Chapter 9 is changed as noted in 
this section. These criteria apply to the present 
design of instrument landing systems (on airport) 
only. 

1151. INTERMEDIATE APPROACH S E E  
MENT. Paragraph 922 applies with the exception 
that Table 27 specifies the minimum length of the 
intermediate segment based on the angle of intersec- 
tion of the initial approach course with the localizer 
COurSt. 

1152. FINAL APPROACH SEGMENT. Para- 
graph 930 applies except that glide slope intercep- 

1155. LOCALIZER AND LDA. Section 5 of 
Chapter 9 is changed as noted in this paragraph. 

a. Alignment. Paragraph 952 applies except 
that LDA alignment shall be as specified in para- 
graphs 11 16.a. and b. 

b. Ares. Paragraph 953 applies except that 
portion which refers to the minimum length of the 
final approach segment. The minimum length of the 
final approach segment is shown in Table 26. 

c. Mi& Approach Point. The identification 
of the MAP in Paragraph 957 is changed as fol- 
lows: The missed approach point is a point on the 
final approach course which is not farther than 2600 
feet from the landing area. See Figure 108. For 
point-in-space approaches, the MAP is on the final 
approach course at the end of the final approach 
area. 

Par 1141 Chap 11 u 
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Section 10. Precision Approach 
Radar (PAR) 

1156. INTERMEDIATE APPROACH SEG- 
MENT. Paragraph 1014 applies with the exception 
that Table 27 specifies the minimum length of the 
intermediate segment based on the angle of intersec- 
tion of the initial approach course with the interme- 
diate course. 

Tabk 27. INTERMEDIATE SEGMENT ANGLE OF 
INTERCEPT VS. SEGMENT LENGTH. Paragraph 1156. 

NOTE: This table moy be interpolated. 

Angle (Degrees) 

30 

60 

90 

1157. RESERVED. 

Minimum Length (Miles) 

1 

2 

3 

1158. FINAL APPROACH SEGMENT. The 
provisions of Paragraph 102O.b.(1) and (2) do not 
apply. The minimum distance from the glide slope 
intercept point to the GPI is 2 miles. 

1159. FINAL APPROACH ALIGNMENT. Para- 
graph 1020.a. applies with the exception that a final 
approach course shall be aligned to a landing area. 
Where required, visual hoverhaxi routes shall be 
established leading to terminal areas. 

1160. FINAL APPROACH AREA. 

a. Length. The final approach area is 25,000 
feet long, measured outward along the final ap- 
proach course from the GPI. Where operationally 
required for other procedural considerations or for 
existing obstacles, the length may be increased or 
decreased symmetrically, except when glide slope 
usability would be impaired or restricted. See Figure 
110. 

6. Width. The final approach area is centered 
on the final approach course. The area has a total 
width of 500 feet at the GPI and expands uniformly 
to  a total width of 8000 ft. at a point 25,000 ft. 

outward from the GPI. The widths are further 
uniformly expanded or reduced where a different 
length is required as in Paragraph 1 160.a. above. See 
Figure 110. The width either side of the centerline at 
a given distance " D  from the point of beginning 
can be found by using the formula 250 + .15D = 
1/2 width. 

1161. RESERVED. 

1162. FINAL APPROACH OBSTACLE 
CLEARANCE SURFACE. Paragraph 102 1 does 
not apply. The final approach obstacle clearance 
surface is divided into two sections. 

a. Section I .  This section originates at the 
GPI and extends for a distance of 775 feet in the 
direction of the FAF. It is a level plane, the elevation 
of which is equal to the elevation of the GPI. 

b. Section 2. This section originates 775 feet 
outward from the GPI. It connects with Section 1 at 
the elevation of the GPI. The gradient of this section 
varies with the glide path angle used. 

(1) To identify the glide slope angle and 
associated final approach surface gradient to clear 
obstacles in Section 2: 

(a) Determine the distance "D" from 
the GPI to the controlling obstacle and the height of 
the controlling obstacle above the GPI. 

, - -I 
- *  I 

----- 

I-. - - 
t- .As opr. thdly Rcpuirod 

- - - -  __i 
Figure 110. PAR FINAL APPROACH AREA. 

Par 1159 and 1160 

Chap 11 Par 1 156 
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Table 28. FINAL APPROACH GLIDE SLOPE - SURFACE SLOPE ANGLES. 
Par. 1162.b. 

NOTE: This table may be interpolated. 
* See Par 11 65.0. 

(b) Enter these values in the formula: 

Glide Slope 
Angle (Degrees) 

Section 2 obstacle 
clearance surface 
gradient (degrees) 

TAN. ANGLE = Obstacle height 
D-775 

(c) Convert the tangent angle. This is 
the angle of the Section 2 approach surface gradient 
measured at the height of the GPI. 

2.51 

1 

Less 
Than 3 

* 

(d) The minimum glide slope angle re- 
quired is found in Table 28. 

1.65 

1163. TRANSITIONAL SURFACES. Paragraph 
1022 does not apply. Transitional surfaces for PAR 
are inclined planes with a slope of 4:l which extend 
outward and upward from the edges of the final 
approach surfaces. They start at the height of the 
applicable final approach surface, and are perpen- 
dicular to the final approach course. They extend 
laterally 600 feet at the GPI and expand uniformly 
to a width of 1500 feet at 25,000 feet from the GPI. 

9.39 3.37 

4 5 6 7 8 1 2  

5.09 

1164. OBmACLE CLEARANCE. Paragraph 
1024 does not apply. No obstacle should penetrate 
the applicable final approach surfaces specified in 
Paragraph 1162 or the transitional surfaces specified 
in Paragraph 1163. Obstacle clearance requirements 
greater than 500 feet need not be applied unless 
required in the interest of safety due to precipitous 
terrain or radar system peculiarities. 

4.23 5.95 

NOTE: The terrain in Section I may rise at a 
gradient of 75:l without advetse effmt on minimums 
provided the surfece is free of obstacles. 

1165. GLIDE SLOPE. Required obstacle clear- 
ance is specified in Paragraph 1164. In addition, 
consideration shall be given to the following in the 
selection of the glide slope angle: 

Par 1 162 

a. If angles less than 3 degrees are established, 
the obstacle clearance requirements shall be arrived 
at in accordance with Paragraphs 1024 and 1025. 

b. Angles greater than 6 degrees shall not be 
established without authorization of the approving 
authority. The angle selected should be no greater 
than that required to provide obstacle clearance. 

c. Angles selected should be increased to the 
next higher tenth of a degree, e.g., 4.71 degrees 
becomes 4.8; 4.69 degrees becomes 4.7. 

1166. RELOCATION OF THE GLIDE SLOPE. 
Paragraph 1027 does not apply. The GPI shall 
normally be located at the arrival edge of the landing 
area. If obstacle clearance requirements cannot be 
satisfied, or if other operational advantages will 
result, the GPI may be moved into the landing area 
provided sufficient landing area is available forward 
of the displaced or relocated GPI. 

1167. ADJUSTMENT OF DH. An adjustment is 
required whenever the angle to be used exceeds 3.8 
degrees. See Table 29. This adjustment is necessary 
to provide ample deceleration distance between the 
DH point and the landing area. 

1168. MISSED APPROACH OBSTACLE 
CLEARANCE. No obstacle may penetrate a 20:l 
missed approach surface which overlies the missed 

Tabk 29. MlNIMUM DH - CS ANGLE RELATIONSHIP. 
Pu. 1167. 

Chap 11 

Over5.70 

200 

3.81 to 5.70 

150 

GS Angle (degraes) 

Minimum DH (feet) 

up to 3.80 

100 
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approach areas illustrated in Figures 113, 114 and 
115. The missed approach surface originates at the 
GPI. However, to gain relief from existing obstacles 
in the missed approach area the point at which the 
surface originates may be relocated as far backward 
from the GPI as a point on the final approach course 
which is directly below the MAP. In such cases the 
surface originates at a height below the DH as 
specified in Table 30. See Figure 1 12. 

NOTE: When penetration of the 20:l surface or&- 
inating at the GPI occurs, an upward adjustment to 
the DH equal to the maximum penetration of the 
surface should be considered. 

1169. STRAIGHT MISSED APPROACH 
AREA. The straight missed approach (maximum of 
15 degree turn from final approach course) area 
starts at the MAP and extends to 7.5 miles. 

a .  Primary Area. This area is divided into 
three sections. 

(1) Section 1A is a continuation of the 
final approach area. It starts at the MAP and ends at 
the GPI. It has the same width as the final approach 
area at the MAP. 

(2) Section 1B is centered on the missed 
approach course. It begins at the GPI and extends to a 
point 1 mile from the MAP outward along the missed 

+ 7 5 :  4 
(PAR 1164) 

L (D) ------ ------- 4 

Figure 11 1. FINAL APPROACH AREA SURFACE AND 
OBSTACLE CLEARANCE. Paragraphs 1 162 and 1 164. 

Table 30. BEGINNING POINT OF MISSED APPROACH 
SURFACE. Par. 1168. 

NOTE: This table may be interpolated. 

MISSED APPROACH SURFACE AT GPI 

9 

200 

MAP !- 77s -4 
CPI 

6 

150 

GS Angle (Degrots) 

Dist. below DH point (feet) 

MISSED APPROACH SURFACE AT MAP 

'OBSTACLES I N  CROSSHATCHED AHEA NOT CONSIDERED. 

3 
100 

Figure 1 1  2. MlSSED APPROACH SURFACY 
OPTIONS (Par 1168) 

approach course. It has a beginning width the same as 
the final approach area at the MAP and expands 
uniformly to 4000 feet at 1 mile from the MAP. 

(3) Section 2 is centered on the continua- 
tion of the Section 1B course. It begins l mile from 
the MAP and ends 7.5 miles from the MAP. It has a 
beginning width of 4000 feet, expanding uniformly 
to a width equal to that of an initial approach area at 
7.5 miles from the MAP. 

6. Secondary Area. The secondary area begins 
at the MAP, where it has the same width as the final 
approach secondary area. In Section 1A the width 
remains constant from the MAP to the GPI, after 
which it increases uniformly to the appropriate 
airway width at 7.5 miles from the MAP. See Figure 
113. 

Chap 11 Par 1 168 
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Figure 1 13. STRAIGHT MISSED APPROACH. 

1170. TURNING MISSED APPROACH AREA. 
Where turns of more than 15 degrees are required in 
a missed approach procedure, they shall commence 
at an altitude which is at least 400 feet above the 
elevation of the landing area. Such turns are as- 
sumed to commence at the point where Section 2 
begins. The turning flight track radius shall be 4000 
feet (.66 miles). 

a, Primary Area. The outer boundary of the 
Section 2 primary area shall be drawn with a 1.3 
mile radius. The inner boundary shall commence at 
the beginning of Saction 1B. The outer and inner 
boundary shall flare to the width of an initial a p  
proach area 7.5 miles from the MAP. 

tion of the turn. They are zero miles wide at the 
point of beginning and increase uniformly to the 
appropriate airway width at the end of Section 2. 
Positive course guidance is required to reduce obsta- 
cle clearance in the secondary area. See Figure 114. 

1171. COMBINATION STRAIGHT AND 
TURNING MISSED APPROACH AREA. If a 
straight climb to an altitude greater than 400 feet is 
necessary prior to commencing a missed approach 
turn, a combination straight and turning missed 
approach area must be constructed. The straight 
portion of this missed approach area is divided into 
Soctions 1 and 2A. The portion in which the turn is 
made is Section 2B. 

6. Sacon- Area. Secondary areas for re- a. Stmght Portion. Sections 1 and 2A corre- 
duction of obstacle clearance are identified with spond respectively to Sections 1 and 2 of the normal 
Section 2. The secondary areas begin after comple- straight missed approach area and are constructed 

Par 1170 Chap 11 
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7.5 Mi. Fmm MAP 

-----  

Figure 114. TURNING MISSED APPROACH AREA. 
Par 1170. 

as specified in Paragraph 1169 except that Section 
2A has no secondary areas. Obstacle clearance is 
provided as specified in Paragraph 11 19. The length 
of Section 2A is determined as shown in Figure 115, 
and relates to the need to climb to a specified 
altitude prior to commencing the turn. The line 
A'-B' marks the end of Section 2A. Point C' is 5300 
feet from the end of Section 2A. 

6. Turning Portion. !Section 2B is constructed 
as specified in Paragraph 1169 except that it begins 
at the end of Section 2A instead of the end of Section 
1. To determine the height which must be attained 
before commencing the missed approach turn, first 
identify the controlling obstacle on the side of Sec- 
tion 2A to which the turn is to be made. Then 
measure the distance from this obstacle to the near- 
est edge of the Section 2A area. Using this distance 
as illustrated in Figure 115, determine the height of 

f 
SEC. 
AREA 

wl 9 

1 SEC. 

AREA 
WIDTH 

the 20:l slope at the edge of Section 2A. This height 
plus 250 feet (rounded off to the next higher 20 foot 
increment) is the height at which the turn should be 
started. Obstacle clearance requirements in Saction 
2B are the same as those specified in Paragraph 1 121 
except that Section 2B is expanded to start at Point 
C if no fix exists at the end of Section 2A or if no 
course guidance is provided in Section 2 (see Figure 
115). 

NOTE: The missed appruach areas expand uni- 
EomQ to theappmpn'atc airway width. 

Section 11. Airport Surveillance 
Radar (ASR) 

1172. INITIAL APPROACH SEGMENT. Para- 
graph 1041.a.(l) applies except that 90 degrees is 
changed to 120 degrees. 

Chap 11 Par 1171 
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A 1065' controlling obstacle is 
6100' from the near edge of 
Sec. 2A. 

A 20:l surface which cleors the 
obstacle has a height of 760' 

\ \ MSL at the near edge of Section 
\ 2A. 
\ ' 
\ \ 

6100'~20'=305' 

\ a 1065 -30S1760' 
To determine minimum aliituda 
or which the missed approach 
aircroft may start the turn add 
250' obstocle cleorance and 
round up the sum to the next 

L higher 20' increment. 

C Qk lW 760' + 250' = 101 0' 

Rounded up=10201 

To climb 620' from DH 2W' to 
the turning altitude [10201 MSL) 
at  the 20:l climb gradient re- 
quires 16,400'. Sec. 1 is 
long; therefore Section 2A 
quired to be 10,324' long. 

6076' 
is re- 

Figure 1 1  5. COMBINATION STRAIGHT AND TURNING MISSED APPROACH. Paragraph 1171. 

1173. INTERMEDIATE APPROACH SEG- 
MENT. Paragraph 1042.b. applies with the excep- 
tion that the maximum angle of intercept is changed 
to 120 degrees and Table 24 is used to determine the 
required minimum length of the intermediate 
segment. 

1174. FINAL APPROACH SEGMENT. Para- 
graph 1044 applies except for subparagraphs a., c.(2) 
and d. 

a. Alignment. Paragraphs 11 16.a. and. b. 
apply. 

1175. MISSED APPROACH POINT. The identi- 
fication of the MAP in Paragraph 1048 is changed as 
follows. The missed approach point is a point on the 
final approach course which is not farther than 2600 
feet from the center of the landing area. See Figure 
108. For point in space approaches the MAP is on 
the final approach course at the end of the final 
approach area. 

1176r1199. RESERVED. 

Par 1173 Chap 11 
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CHAPTER 14.  SIMPLIFIED DIRECTIONAL FACILITIES (SDF) PROCEDURES

1400. GENERAL.  This  chapter  applies  to
approach procedures based on Simplified Directional
Facilities (SDF).  “SDF” is a directional aid facility
providing only lateral guidance (front or back course)
for approach from a final approach fix.

1401.-1409. RESERVED.

1410. FEEDER ROUTES.  Criteria for feeder
routes are contained in paragraph 220.

1411. INITIAL APPROACH SEGMENT.
Criteria for the initial approach segment are
contained in chapter 2, section 3

1412. INTERMEDIATE APPROACH SEG-
MENT.  Criteria for the intermediate approach
segment are contained in chapter 2, section 4.

1413. FINAL APPROACH SEGMENT.  The
final approach shall be made only “TOWARD”  the
facility because of system characteristics.  The  final
approach segment begins at the final approach fix
and ends at the missed approach point.

a. Alignment.  The alignment of the final approach
course with the runway centerline determines
whether a straight-in or circling-only approach may
be established.

(1) Straight-in.  The angle of convergence of
the final approach course and the extended runway
centerline shall not exceed 30°.  The final approach
course should be aligned to intersect the extended
runway centerline 3,000 feet outward from the
runway threshold.  When an operational advantage
can be achieved, this point of intersection may be
established at any point between the threshold and a
point 5,200 feet outward from the threshold.  Also,
where an operational advantage can be achieved, a
final approach course which does not intersect the
runway  center,  or  which  intersects  it  at  a distance

greater than 5,200 feet from the threshold may be
established, provided that such a course lies within
500 feet laterally of the extended runway centerline
at a point 3,000 feet outward from the runway
threshold (see figure 48).

(2) Circling Approach.  When the final
approach course alignment does not meet the criteria
for a straight-in landing, only a circling approach
shall be authorized,  and  the course alignment should
be made to the center of the landing area.  When an
operational advantage can be achieved, the final
approach course may be aligned to any portion of the
usable landing surface (see figure 49).

b. Area.   The area considered for obstacle
clearance in the final approach segment starts at the
final approach fix (FAF) and ends at, or abeam, the
runway threshold.  It is a portion of a 10-mile long
trapezoid that is centered longitudinally on the final
approach course (see figure 14-1).  For 6° course
width facilities, it is 1,000 feet wide at, or abeam, the
runway  threshold  and  expands  uniformly  to
19,228 feet at 10 miles from the threshold.  For 12°
course width facilities, it is 2,800 feet wide at, or
abeam, the runway threshold and expands uniformly
to a width of 21,028 feet at 10 miles from the
threshold.  For course widths between 6° and 12°, the
area considered for obstacle clearance may be
extrapolated from the 6° and 12° figures to the next
intermediate whole degree.  For example, the width
of the obstacle clearance area for a 9° course width
would start at 1,900 feet and expand to 20,148 feet.
The OPTIMUM length of the final approach segment
is 5 miles.  The MAXIMUM length is 10 miles.  The
MINIMUM length of the final approach segment
shall provide adequate distance for an aircraft to
make the required descent, and to regain course
alignment when a turn is required over the facility.
Table 14 shall be used to determine the minimum
length needed to regain the course.
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Figure 14-1.  FINAL APPROACH AREAS WITH FAF.

c. Transitional  Surfaces.  Transitional surfaces
are inclined planes with a slope of 7:1 that extend
upward and outward 5,000 feet from the edge of the

final approach area.  The transitional surfaces begin
at a height no less than 250 feet below the MDA .

d. Obstacle Clearance.

(1) Straight-in Landing.  The minimum
obstacle clearance in the final approach area shall be
250 feet.  In addition, the MDA established for the
final approach area shall assure that no obstacles
penetrate the transitional surfaces.

(2) Circling Approach.  In  addition  to  the
minimum    requirements    specified    in    para-
graph 1413d(1),  obstacle clearance in the circling
area shall be as prescribed in chapter 2, section 6.

e. Descent Gradient.  Criteria for descent
gradient are specified in paragraph 252.

f. Use of Fixes.  Criteria for the use of radio fixes
are contained in chapter 2, section 8.

g. Minimum Descent Altitudes.  Criteria for
determining the MDA are contained in chapter 3,
section 2.

1414. MISSED APPROACH SEGMENT.
Criteria for the missed approach segment are
contained in chapter 2, section 7.  For SDF pro-
cedures the missed approach point is a point on the
final approach course that is NOT farther from the
final approach fix than the runway threshold (first
usable portion of the landing area for circling).  The
missed approach surface shall commence over the
missed approach point at the required height.  See
paragraph 274, missed approach obstacle clearance.

1415. BACK COURSE PROCEDURES.  Back
course SDF procedures may be developed using these
criteria except that the beginning point of the final
approach obstacle clearance trapezoid is at the
facility.

1416.-1499.  RESERVED.



CaAPTER 15. AREA NAVIGATION (RNAV) 

1500. GENERAL. Thi, chapter rppliu to instrument 
procedurw h e d  on area navi8ation systems. Separate 
criteria ut pmcntai fix VORIDME and non- 
VORiDME RNAV systerns. 

r VOR/DME Systems. lhis includes systnns using 
signals based solely upon VORlDME. VORTAC, and 
TACAN facilitia. VOR/DME is synonymous with tbe 
terms VORTAC ar TACAN. 

b. Non-VORIDME Systems. 

(1) Self-contained systems, including inertial 
navigation s y s m  (lNS) and Doppler. 

(2) Loran-C, Omega and -Rho growdo 
I a o y s - -  

I (3) Multi-sensor systems. Those which use a 
combination of input informatiom 

1501. TERhflNOLOCY. Ihe following tmns, 
peculiar to RNAV procedures, are &fined as follows: 

I APT WP. A WP locatod oa tbe FAC at or abeam 
the &st usable l&g d c e ,  which u used for 
construction of the h l  approach a m  for a circling-only 

/ approach. ( L O W  circling approaches only). 

b. Alongtrack Dhtance (ATD). The ATD fuc is an 
alongtrack (ATRK) position &fined as a distance in 
NM, with reference to the next WP. 

c ATRK Fir DIsphcement Tokrancs Fix 
, displacement tolerance along ibe flight track 

& Crosstrack Fix Displacement 
Tolemace Fix displacement tolenrna to the leh a 
right of the flight tra& 

e Instrument Approach Waypoiat. Fixes used in 
defining RNAV IAPBr. including the f& waypoint 
0, the initial a p c h  waypoint (IAWP), the 
intamadiate waypoint 0, the 6nal approach 
waypoint PAWP), tbe RWY HIP, and the APT WP, 
when requind 

(2) Omega A low 6-equcncy mvigatioa system 
using praise timed pulsed signals &am eight ground 
tndet ing  rtatiau spaced. long distances apart 
Limitad to a, route only. 

(3) Ioertkl Naviption Syrtem (INS). A self- 
cultabed systcm which )It;li'lN g y m  10 dctQmine 
angular moticm d rccelaometen to detamiDc lintar 
motion. TbyueintcglatadwithoomputPIto~vi& 
sevtral cooditiw which include true h#AinP. hw air 
sped, wind, r glidcpnth, wlocity, urd positicu 

(4) Doppler. A self--ntained system which 
ddamiau velocity and position by tbe !kqucncy shift 
of r signal transmiw from the ainrah and reflected 
tiorn the stofkce back to tbe aircraft. 

(9 Cbbrt Posithhg System (GPS). A -tan 
of satellib pviding thne-dimcnsiooal positioa rod 
velocity infamatiai. Poaitioa and velocity inf~rm~tioo 
is based on tba mmmtmat of the transit time of radio 
h q m c y  OU;) r i p a h  fiom satellita. 

(6) Rho-Rba A system based on two a more 
DME ground Wties. 

('7) MultiScasor System Based on any 
VORtDME a xxm-VORIDME d c d  approved 
system a a combination of d e d  approved systems. 
Tbe non-VOR(DME critaia apply. 

6 Reference Faculty. A VOWDME, VORTAC a 
TACAN hcilily used fa the identification and 
establishment ofan RNAV mute, WP, or SIAP. 

b RNAV Duuat Angle A vertical angle defining 
r descending flightpth from thc FAF to the RWY WP. 

1 Routa. Two substqucdly related WP's or A'ID 
Gxlcsdeiinearoutescgment 

t Non-VOR/DME RNAV ir not dependent upon a (2) Random Routa. Any rinvay not established 
nfaence facility and will heninaftex be referred to as uoda the jcdktu designati~ This is wmrrlly used 
mm-VOWDME, which includes the following: to refer to a route Ihat is not based on VOR ndials and 

raquiresanRNAvsystem 
(1) Long-Range Navigation (Loran-C). Loran- 

1 C is a long-~ange radio navigation system A Loran4 
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1. RWY FYP. A WP located at the runway (hnshold 
and used fix m&uctim of the bI approach IIW 

when the FAC matr strsigbt-in alignment crilnia. 

k. Tmgeat Point (TP). Tbc pint m tbe 
VORjDME RNAV route centcrltre fbm which r line 
perpendicular to the route centerline would pass through 
the ref- facility. 

L Tuycat Point Dbtmnce (ITD). Distance h m  
the reference facility to the TP. 

m. T h e  Difference 0) Corrections. LonrnC 
systems w tk time of s i p 1  travel fiom grwnd 
ikcilities to the aircraft to cornpule distance and position. 
~'IIc time of si@ travel varies d y  within certain 
geographical aresrr. Tbe TD onractim Eactor is used to 
corract these se.aSOaal vsriatioa, for each g ~ p h i c s l  
area RNAV criteria assurne local TD comctioas will 
be appliad 

a. Turn Anticlpattoa Tbt capability of RNAV 
system to detamine the point along r course, Ka to r 
turn WP, whae a turn should be initiated to provi& a 
smooth path to intempt the swceeding course, and to 
enunciate the idonnation to the pilot 

a Turn WP. A WP which identifies a change 6om 
onecoursetoanotha. 

p VOR/DME RNAV is dcpauknt on VORIDME. 
VORTAC, a TACAN. It is a system using radials and 
distances to compute position and flight track aad will 
hmirrafta be r t f d  to k( VOWDME. 

q. WP. A prcdttermined geographical position used 
for route dc6nition and prognss rrporting purposes that 
is &GMd by l a t i M o n ~ & .  F a  VOWDME 
system, it u defined by tbe radiaYdistance of the 
jmitioa hm the nfa~aoc hcility. 

r. WP Dlrpbmtnt  Area. The rectangular ares 
f o d  around and centaed on the plotted position of a 
WP. Its dimmsions rre plu~-aod-minus the approphiate 
ATRK and XTRK 6x displacancot toltrance values 
which arc f d  in tabla 15-1.15-2. and 15-3. 

IS02 PROCEDURE CONSTRUmION. RNAV 
procedural construction mpkmcnb art as follows: 

*. Refereace F d t y .  An RNAV approach 
p r o d m  shall bo supported by r single nfetencf 

Bcility. 

h. WP. A WP shaU be used to iden* the point at 
wbich RNAV bgm and the point at which RNAV 

ends, except wbeo the RNAV portiaa of the procodurer 
taminnksrttheMAP,radtbeMA.PisanATDtk 

c meat Approach segments begin and cnd a! 
tbe WP a A I D  fix u 

(1) Th scgmurt uu amider#l fa  obstacle 
clearance b e g h  at the caditst point the WP or ATD 6 x  
can b received and, except for the fkal rpprooch 
segment, eods r t  ihc plottal position of the bn 

(2) Segment length is based oa the distance 
between tbcr plotted positions of tbc WP a ATD 6x 
&[iaingtbcsCgmcntd. , 

(3) Segment width  are specified in appropriate 
ptuappb of this cbapta, but in w cast will tbey be 
narrower lban XTRK fix displacement to l cmw f a  
(bat segmcat 

I 
(4) Mintmum rcgmmt width, are also 

&fmmbdWited in put scccrding to WP loartim 
relative b the ref- facility. Thir limiting 
relationship is depicted in 6p-a 15-2 and explained in 
the note following figure 15-2. 

6 Fbr Displ.cemeot Except in the case of the MAP 
ovalapping tbe RWY WP a APT WP (sae paragraph 
1532). tbt ATRK fix displaoanent toIaance sbaU not 
o ~ b p  the ploLted pitim of the adjacent fix. 
Additionally, except f a  a turn at r MAP designated by r - 
WP. WP displacanent tolaancu shall be oricntcd along 
tbe oouneo leading to and 6-om tk mpedve WP (see 
fipe 15-17). 

c Tuming A r t u  Turning a m  expansion criteria 
shall be applied to all bunu, eo route and ttrmiaat 
when r change of dircctioo of more thra 15. w 
involved Sec paragraphs 15 10c and 1520. 

C Coac of Ambiguity. 'Ihe primaxy obstacle 
clearance arcs at the mitihum segment altitude shall 
not be within ha ooas of ambiguity of tbs nference 
facility. If the pimary mr fa the kid awrrse ti- 
within dm cane of ambiguity, the oorpse should be 
relocated a the kcility inspected to vaiQ that tbe 
signal L ldcquate within the ara. FAA Orda 9840.1. 
U.S. Natiaaal Aviation Hadbook Ca tbe V O W D W  
TACAN Systems, dcfhs  tbc vatic4 angle coverage. 
Azimuth signal infomation pamithg satisfactocy 
pcrfomancc of a i r b m  cornmu is not provided 
beyond tbe following ranges: 

(1) VOR - b t y d  60° above tbe d o  horizan. 

Page 15-2 
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(2) TACAN - beyond 40. above the ndio horizon 
(see Ggure 15- I). 

( G Uw of ATD Firer A T '  Gxu arc mmUy used 
in Liar of approach WP'a when no course change is 
q u i d  at that point An AID fix shall not bc used in 
lieu of a RWY WP. The FAF, MAP, and any stepdown 
Exes may be d e f d  by ATD Gxu. 

Chap 15 
Par 1502 
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NOTE: Segment width ( f ~  instance at a specific WP) is based upon a mathanatid relationship between TPD, ad tbe 
ATD from the TP, at that point. ?his nlatioaship u nprcsmtcd by tbe two eUipial arms &own m figrrrc 15-2. Qos 
curve enclose the '4 NM ZONE* wherrin the segment primary rrea width is r: 2 mil- born route centdim. Tbc &a 
cum cnclosts the '8 N?vi ZONE* w k i n  the segment primary arts width is 2 4 miles &om route centcrline. 

x2 72 The formula fw the 4 NM ZONE c u m  is: -+--I 
(253)2 ( ~ 3 1 2  

x2  ~2 
The fixmula for the 8 NM ZONE c u r n  is: -+-'1 

( ~ 1 ) ~  ( 1 0 2 ) ~  

whercX=ATD~IbcTP 
and, Y=TPD 

APPLICATION: 

4 NM ZONE: To determine Ihe mkvimum acceptabtc ATD ~ l u e  associated with 8 given TPD wluc and stin allow 
segment primary width at f 2 mila. 

Given: TPD = 40 miles (this is the Y-term) 
Find: A I D  value (this is the X-term) 

i s . ,  fix TPD at 40 miles, if tbc ATD exceeds 16.73 milts, the primary ara width must be expanded to f 4 
milts. 

8 NM ZONE: Given: ATD = 30 mil- 
F i  TPD Maximum fa i 4 miles width 

i.e., for ATD st 30 miles, WTPD must not exceed 82.49 miles and still allow * 4 mila width. 

APPLICATION: Thc formulas can tell you whetha the specific point is inside or ou?side eilha zone atek F a  instance: 

Given: ATD = 40 miles, and Tm> = 65 miles. Determine if the focatim is wilhin thc 8 NM ZONE 

The basic formula fix the 8 NM ZONE is an equation made equal to 1. By substituting thc spbcific values (ATD = 40, and 
TPD = 65). the point will be detmhed to be OUTSIDE the zonc if the d t a n t  is > 1, and INSIDE the zont 8th 
resultant is < or = to 1. 

Chap 15 
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S i  this is ~ 1 .  thc point lies OUTSIDE the 8 NM ZONE. 

Fa distancts b e y 4  102 mila of the TPD, the mute width expands an a d d i t i d  0.25 miles cacb side of the route 
ceataliae fa each 10 miles the TPD is beyoad 102 miles. 

Example: 112NM-I02NM=10NMbeyond 102TPD. 

r (10 W l O  NM) X -25 NM (rate pa 10 NM) = 0.25 ioatase. 

b. 0.25 NM + 4 NM = 4.25 NM each side centerhe. 

c, 4.25 X 2 = 8.5 NM (total width) at the 112 TPD. 

b. PCG. All RNAV 8egmwb shall be based on (9 For VORlDME WP'r, am WP must be 
PCG. except that a missed approach segment without associatad with 41 rtfemct facity used fa ar route 
PCO may be developed wbcn consided to povidc navigatim mquhnmts. If r KgmaJt length ex& 80 
opuatiooal advantag- and can be allowed within the miles and no bmhg raquirement a i s ~  doag tbe route, 

obstacle environment establish r WP at tbe TP. 

1 1503. RESERVED. 

1504. REFERENCE FACILITIES Reference 
facilities shall hare collocated VOR aod DME 
COmpaKnu. Fa tuminnI piooaduns, c o m F *  
witbin 100 fott of each otha are &bed as collocated 
Fa en route jmcedures, oompooeats within 2.000 fzet 
of arch otba arc &tined as collocaleci 

1505. WP'r RNAV WP's are used for oavigation 
rcfaeooe and for A X  operational 6xu, simibr to 
VORIDME ground statims, and i n m t i o n r  used in 
tbe mva~tiooal VOR sbuchrns. 

a. Establishment. WP's shall be established along 
RNAV mtu at the following points: 

(1) At urd poiah 

(2) At poinb where the route changes courrt. 

(3) At holdlq nxa. 

(4) At other poinb of opemtiod benefit, such 
as route juuction points which raquirr clarity. 

a WP. WP pla-t is timid by the type of - 
RNAV systcra u follows: 

(1) VOR/DME WP's or rwt: segments shall not 
be estabtished outside of tbe savice volume of the 
r e f a e ~ x  Wty a d  shall be limited to the values 
contained in tabla 15-1 and 15-2. 

(2) Nos-VORlDME WP'r a route segments 
shall not be established outside of UM arm in which tbe 
patti& systan signui bas bear approwd f a  IFR 
opaatia~ 

(3) S e I k o n M  system such as INS and 
Doppla do not haw limitations on WP placemeat 

(4) Ft DLplacement Tolerances. Tables 15-1 
aad 15-2 show 6x displacement tolerance fa 
VOWDME syrtems. Tabls 15-3 S ~ O W S  6~ d i s p b  
mmt tolerances fa ocw-VOWDME oyotanr. Whm tbe 
6 x u . n A T D f i x . t b e A T R K h x d X T R K  
displacement tdaancu arc cawidend to be tbe same s, 
a WP located at that 6% 
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(1) VOR/DME WP'r. Eacb WP sbnU k defined 
by: 

(a) A VOR n d h l  - &vdopod to the nearest 
hundredth of a degree. 

@) DME d t r t a n a  - &vclopcd to the nearest 
hundredth of a mile; d 

(c) Latitudellongltude - in dcpes, minutes, 
and sbcoods to the nearest hundredth. 

(2) No~VORJDME WP'r Eacb WP shall be 
defined by latitude and Imgitude in dcgmes, minutes, 
Md caomdr rbvclopad to tbe nearwt hunMth. 
Rho-Rho W s  hall rlso be dcveloped to the nearest 
bundrahh of a mile. 

(3) Statbn elevation of the reference facility shall 
be defiotd and ramdcd to tbe XI-t 20-foot increment 

1306. RWY WP AND APT WP. Straight-in 
pmaducw shall iocorpaab r WP at tbc nmway 
thrwhold Circling pmduru shall irmrporatc an APT 
WP at a abeam the Grrt usable landing surface. See 
figwe 15-3. These WPI are used to establish the length 
and width of the find approech nrra 

Rgure 153. LOCATION OF APT WP, 
Par 1506. 

1507. HOLDING. Chapta 2, at ion 9, applies, 
except for paragraph 2926 Wbm holding is at an 
RNAV hx, the selected pattan shall be large enough to 
contain the entire ana of the 6x displncanait tolcrana 
within tbe primmy area ofthe holding pattan 

r VORlDME Pattern Ska Sckctiw For 
V O W D M E , t h e ~ f ? o m t b s W P t o t b c r c f ~  
fscility shall be applied as the 'fiu-to-NAVAID 
distance' in FAA Order 7130.3, Holding Pattan 
CI-iteriq 6gun 3, pathn-template selection. 

b. Non-VORIDME Pattern S t u  Seletioa. Fa 
CIOJJ-VOWD~~E, use the 15-29.9 NM distance column 
for tcrmi~l  boldiag procedure, md 30 NM or o m  
column faarmbholding, FAA Order7130.3. 

1508-1509. RESERVED. 

SECLlON 1. EN ROUTE CRITERIA. 

1510. EN ROUTE OWACLE CLEARANCE 
AREAS En muto obstacle cl- rrear 
identitied as pimary md secondary. These designatitxu 
apply to straight and trwing segment obstacle clearanct 
areas. The requimj a q l e  of turn axmdng en route 
scgments to o k  ca route, feada, a initial approach 
segmentsshallnotexcced120.. w h a e t b e t u r n c x ~  
15.. expanded area comtruct.ioa methods in 
~aJ-agraph 1 5 apply. 

I Primary A m .  The primary obstacle clearance 
clrea is described u follows: 

(I) VOWDME Bulc Area. The area is 4 miles 
each side of the rwtc centalirv, when tbe TPD is 102 
mila a h  aodtbeTPWATD v8lw do not exceed the 
limits of tbe 8 NM uma Tbe widtb iacrrases at an 
angle of 3.25' as tbe An> iaaeases fa that pcrbw of 
thearcawbaeLherouteccntaltrliesoutsi&tbe8NM 
zooe. See figure 15-4. WhentbeTPDocceads the 
102-mile limit, tbc minimum width at tbe TPD expaads 
p t e r  than f I miles at a rate of 0.25 miles on each 
side of the route fa each 10 mila tbe TPD is b e y d  
102 miks. See fip 15-2, 15-5, and table 15-1. 
When the widths of adjoining rwte segments are 
\mequal fa nasoat &a than tmnsitia of ;toae 

bolmdaries, the fdlowing appw 

(a) IftbOlP oftho MITOWCT acgmat is oa 
tbe rwte ccotaline, the width d the n a m w ~  q m m t  
includes that a d d i t i d  ainpaccr within the fatcral 
e x t r c m i t y o f t b c w i & ~ h t h e r o u t c  
segmeak join. thence t o 4  the TP of che narrowu 
mute segment until i n t m d n g  tba boundary of the 
narrowu segment (see figure 156). 
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Ffw 1- VORJDME BASIC AREA. 
Par lSlOa(1) 

15-5. VOWDME BASIC AREA. 
Par lSlOa(1) and b(1). 

Figurt 1 5 4  UNEQUAL JOMING ROUI'E 
SEGMENTS Par 1510a(l)(r). 

(b) I f t h e T P o f t h a m w a s t g m m t u o n  
the mute centah cxtdcd, tho width of the m w e r  
stgment includes that addi t id  ainpacc within lines 
!hm tb lataal extremity of the wider segment whae 
the rwts segmentr join, tharca toward lbo 1P mtil 
reaching the point wbaa the narruwu segment 
terminates, chaagu dircctioq a until in- the 

of tbe narrower segment (see figure 15-7). 

(2) Non-VOIUDME Bask Area. Tbe uea is 4 
miles each side of the route centerhe at alI points. 
Non-VOR/DME Ptimary bouadary lines do not splay. 

0) T e h M o o  Po& An RNAV route 
terminatiao point rhall be at a WP. 'Ibe primary uer 
uctenb beyoad the route tamination point Tbs 
~ o f ~ u a i s & ~ b y m u o w h i c b o o a a s c t r  
tbetwopimsrybormdarylioa. Ibcccntaoftbcucir 
located at the most distant point oa the edge of the WP 
displaauunt area oa the route ccntnlinc (soc 
f i p  15-8). 

Flgum 15-7. UNEQUAL JOINING ROUTE 
SEGMENTS WITH A TURN 

P u  lSlOI(1)o. 

(1) VOFUDME Bask A m .  Tbe VORIDME 
secondary obstacle clamna area extends 2 miles on 
each side of the primary area and splays 4.gq whaz the 
primary rplap at 3.2S0. See figure 15-4. The s a x d a r y  
a m  btginning width does not inncase beyond the 
102-mile TPD. 

(2) NoRVOR/DME Bask Area. Tbe ooa- 
VOR/DME searndary obstacle clearance uau an a 
coostant 2-mik lataal extension cm each sida of tbe 
prirrrmy- 

(3) TerminatSon Point lh scarodary obstacle 
clearance area exteab beyond tbe an: which d e b  the 
tmninatioapOintpimaryarcabyaasmolmtaqualto 
th width of the am at thc latest point tbe 
WP can be received (see figure 15-8). 

c Cautrrrtloll of Expurdd Tumhg A r t u  
Obstacle cltmmcc arms dull be arpaodai to 
~ b ~ o f m x s t b m 1 5 ~ .  Ibepimaryd 
s e a r n d s r y ~ l e c l e a r a n c a ~ u w r m e x p a n d o d  
by outside and inside areas (see 6gun 15-9). The 
inside w i a a  ara is mnstructcd to rrxxMunodete 
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8 trrm aaticipation uer Outside expension. a m  is 
provided to accommodate o d o d  at high spaedr and 
auxssive wind conditions. No portion of the pimary 
8rca at the minimum segment altitude may k in Ihe 
care of ambiguity f a  VORtDh4E RNAV routu. 

Figure 15-8. TERMINATION POINTS 
Par lSlOr(3) and lSIOb(3). 

(1) Outride Expuuion A r a  Determine the 
expaodsd area at the outside of tbe turn u follows: 

(a) Construct a line pcrpedculru to the route 
centerline 3 miles pria b the latest point the fix can be 
~ w d a t o a l i n e ~ c u l a r t o t b a r w t e ~ t n l i n e  
rt bre plow pit ion of tbe 6x, wbicbmr occurs last 
F a  dtihdu 10,000 feet a greater, cimstNct r line 
papendicular to the plotted position of the fix. This 
perpdcutar line is r base line for cmmudhg arc 
bolmchies. 

@) From a point on the base line, strike an 8- 
mile arc from the outa line of tbc 6x displacemat area 
on the outside of the turn to r tangent line to a sccood 
8-mile arc. The wmd arc is s b u d  h a point on the 

bast tineidkidltbeinaaline of dm 6x displocemeat 
area b r 30. wcnt I~DC b h e  pimay knradary line. 
From r point where m extcnsim of tbc base line 
inlmccts rhe primuy ma outa bouodary line, connect 
the 8-rnile an: with A line tangent to the arc. 

D - 3 N M F R O M U P m A ; B O ~  
BASELP(E 1s N u r  RUOR m 
~ P O S L T I O P ( 0 P F a  

D* - LAW PARAGRAPHS IflOc(2)(b) I, & AND 3 

Qun 15-9. EXPANDED TURNING AREAS 
Par 1SlOc 

(0) Strilre ucs from tbe ccnta points wd f a  
the primary ua acpansial rod provide r parallel 
expansioa of 2 miks of tbc sacadary arcs at tbe turn 

(d) Gmncct the extremities with a straight- 
line tangent to tba two rusociated uca. 

(c) I)nw the mmbhg secondary area 
boundmy 2 mila outside tbe bolmdary of tbe pimary 
arta. 

(9 If the width of the pimary ana at the tum 
point is gmta thur 8 mil-, tba oq>aadsd ua h 
coastructadinthosamcmamra,uouttinadin 
p m p p b  15 lOc(l), us@ tbe pimary area width at the 
pointwbatthcmutecbuga ooro# ru thc radius oftbe 
arc in place of8  NMmd cuwxdq tbe saoondary 
area of coostant width equal to the width of the 
ScCondaryanrrttbehnnpoiDt 

(2) laride E r p u u ~  Arrr. Dekrmk tbe 
expended area al the inside of tbe turn as follows: 

Chap 15 
Par 1510 
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(a) DelQmiDc th fix uer by application of 
tbe A m  and XTRK tix dirp1a- tot-. 

@) Ria to the eul iat  point the WP 
(oriented alaog the counc leading to the fix) can be 
received, locale a pint oa tbe primary area boundary at 
one of the following distaaces: 

1 Thne d u  below 10.000 feet MSL; 
thne and one-half miles whca tbe nrm exceeds 1 lZO. 

2 Seven milts for 10,000 feet MSL up to 
butnotincludingFL 180. 

3 Twelve miles fa FL 180 and above. 

(c) From this poiof splay the pairnary area by 
an angle equal to onthalfof tbt course ch-ge. 

(d) Draw the seooodary a m  bundary 2 
d u  outside the boundary of the primary area. 

d. TPDlWP LLmitaHoa W s  for the JetNictor 
Airway stmchm shsll be limited to rbt 8 NM m e ,  a 
TPD of 70 mila a less, and an ATD 6~  ha^ the TP of 
40 miles or l s s .  Ws fa d m  airway structure shall 
batLnitodtor P D o f  120miles a l e s s a d a n  ATD 6r 
6- tbe TP of 50 mile. 

c Jointna RNAV with noo-RNAV Route Segments. 

(1) If tbt RNAV and non-RNAV segments 
have the same width at the point of transition, the 
m t s  are joined at chat location and RNAV 
are continued in the direction of the RNAV s p e n t .  

(2) It fb6 RNAV w e a t  is m w a  at tbe 
locatim of tbe transition, the scpmts shall be joincd 
sccading pangrapb 15 12WXb). 

(3) If the RNAV relplreot is wida at the 
locstim of the transition, the boundariu sball taper b m  
the transition loation toward the non-RNAV segment at 
an q l e  of 30. until joining the tmmdariw at tbe 
RNAV segnmb. Ifthr location of transition includes a 
turn, tbe width of the RNAV segment is maintained and 
the turn area osastructod socarding to this chapter. A f h  
the complctim of tbe turo UC~, tk bcnmhies shall 
taper at an rngle of 3(r until passing the non-RNAV 
bormdarics. 

1511. OBSTACLE CLEARANCE Patclpphs 1720 
and 172 1 apply, except that the width of thc VORlDME 
scaduy  area is 2 miles at the point of splay initiation 
and the value 236 feet f a  esch additional mile in 
paragraph 1721 is changed to 176 fcetMM Non- 

VOWDME syskm & not splry. Obduler in tbo 
r a c o a d u y ~ r r e ~ ~ p a p a d i c u l . t t o t b t ~  
mtab, except f a  tho e m  htm uar. Obt.da 
inthueuearucmcaruredpupauliouktbtbcprimuy Ld 

area knmdsry, a iu tangent, to thc obstacle. 

1512 FEEDER ROUTES When tbe IAWP is not 
put of the en mute structure, it may bc necessary to 
desipte fecda routes fiom the en route structure to 
anokFWPatbcIAWP. 

r. The rrqPIrrd mgIe o t  turn for tbt foeda-to- 
f& lad fesda-to-initial segment connections shall 
not e d  120.. Whae tht angle occ4ab IS', turning 
atea aitaia in d c m  2 apply. En route vatical and 
lstsll airwDy obstacle clearan# crileria ohall apply to 
f& routes. lhc ?bcm dtitudes established fa  
feeda mutes &all not be less than the dtihde 
established at tbe IAWP. Wr f a  fxda  routcs shall bt 
Iimited to r TPD of 120 miles or less a d  an ATD 6x 
fkom the TP of 50 miles or less. 

b. Obrtrck Ckamwe A r e u  Obstacle clearance 
artas are identified as primary md scumday. 'Ihcst 
besignatiaas apply to straight segment and turning 
stgmentobstaJrcl-areas. 

(1) Primary A m  'h primuy obstacle 
clearance ana u dcrivcd &om figure 15-2 and tk 
associatad fonndm. It is d e s c n i  a s  ~OUQWS: 

d 

(a) VOR/DME Basic Area. The ana k 4 
mila each side of tbe route cea&rlinc wbeD t& TPD is 
102 miks a lar d the TPWATD values & not 
e x 4  tbc limits of tho 8 NM zoot. Tht route width 
bawws at an of 3.25" as the ATD inaesscs fa 
W ~ ' o n o f ~ r r # w b e F e t b o r o u t e o c n t a l i a e l i u  
wtsi& Ihe 8 NM une (see figma 154). Wben tbe TPD 
excebds the 102-mile Limit, the minimum width at tbt 
TP iaawres at r rate of 0.25 mila on each side of tbe 
rouleoentaiinefixbrcsch 1OmilcstbtTPDisbyd 102 
milts. M e l o g y  fa joining rwte segments of 
d i f f i g  width is contained in paragraph l51o.(l). 
Sce hblc 15-2. 

(b) Noa-VOWDME Basic Area. Tbe area is 
4 mila each side d tbe come cmtdno  at all points, 
~ f a t b e 2 ~ ~ p o r t i m o f t b e o a ~ s o j u s t p i a t o  
I b e I A W P w h a o i t t a p e n ~ h a n 4 m i k s t o 2  
mileseachsidedeentaline. - 8  W W P ~ ~ X ~  
located ltss th 20 miles prior to the IAWP, the tapa 
aS;u at thst point (see f i p  15-10). 



(a) VORsDME Seyic Arras. Sccowkty 
obstacle clearirnce press cxtcnd laterally 2 milas on erch 
Y'WI of glc primary atw and splry 4.9* Ir Ihc region 
w h m  the primary ma splays at 3.2S4 (sb6 figure 15-1 I 
and paragraph 1S12q l )(a), 

(b) Nao-VDWDME Basic Am. N m  
VOWDME sccondwy are&? arc a conslant 2-mile LaterPl 
extenaim cw each side d th primary s ~ e q  emtpt when 
the basic area U p  # specified in psnr. 
gmphIS1ZMIHb). Oua this aha. thcsacandary area 
lapin linearly fm 2 miles each ME af the primary to 
1 mile each side of& primary area, 

Flgure 15-10. FEEDBR ROUTES OONNBCITNC 
NON-YORIDME BASIC J(R&AS. 

Prr 1512M13(bl., 

S@trltS4l. VOWDME SECQNDARY AREAS 
SPLAY 490. Pw 1512bltKab 

SWTlON 2 TERMINAL CEUTEWA, 

1SaO. 'MRMIPUL TURMNC AREA BXPAN- 
SlQN. CYbpack ckaranee onas shall k: arrprwlsd to 
rccommodPte turn anticipation, Outside wpPnaion is 
not rspuind for terminal pccdwek Inside mpansion 
applies to dl turn af more d\an 15' witMa SUP'S, 
eaccpl turns a1 &c MAP, Paragraph 1534 satisfies carly 
Iturn raquirclmcnts far rhe MAP. Detcmdm tha ex. 
pandbd area at tho inside of the lum ao follows: 

b. ~ U a p d a t u n t h c d g e d t h e ~ r r r o  
ata  dislance pbr tothe e d k t  point the Wean be 
w i v e d .  The distance of tum anticipacioa (aTA) is 
mmwdpatalkl ~ o ~ ~ t u d i n g r r ,  Ihe fix and is 
dslermincd by lhe turn dcipation f d  

DTA 5 2 x tan (turn angle + 2) 

c Fcom lbla pola4, splay the primiuy uca by an 
mgle equal LO ane-half of the cwrsc CBur&e (sbt 
t ipw 15-12). 

(1) wken the obdrct4 dumue a m  
barndroiccl d the pmedin$ u&i following segmlvrs cd 
~WPpnpsnf le lwi ththeooune~r l i rw.cons~uct  
the smdwy YCO bumby, pnmllal wilh wrpmkd 
rwn onticipatiaa primary uea baundary, usiPg the w i d l  
dthcproobdlnguc~lseodndnryoml, 

Chap 15 
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taper, construct the secondary area boundary by 
connecting the secondary area at points abeam the 
primary expansion area where it connects to the 
preceding/following segments of the primary area 
boundaries. 

Figure 15-12. TURN ANTICIPATIONSPLAY. 
Par 1520. 

e. When the boundary of the expanding turn area 
will not connect with the boundary of the primary area 
of the following segment, join the expanded area at the 
boundary abeam the plotted position of the next WP or 
at the latest reception point of the RWY WP or APT 
WP, as appropriate (see figure 15-13). 

f. Obstacle Evaluation of the Expanded Area. 
Evaluate the primary and secondary expansion areas 
using the ROC for the segment following the turn WP 
(see figures 15-13 and 15-14). 

1521. INITIAL APPROACH SEGMENT. The 
initial approach segment begins at the IAWP and ends at 
the IWP. See figures 15-15, 15-16, and 15-17. For 
VORtDME systems, the distance from the reference 
facility to the IAWP shall not exceed 53 miles, nor 
exceed the TPD or ATD values associated with the 
limits of the 8 NM zone (see figwe 15-2). 

a. Alignment. The angle of intercept between the 
initial and intermediate segment shall not exceed 120°. 

I '  : & I I 
i 

F= 1,.2 C ~ U R S ~  CHANCE 
DTA = 2 x Tan( F) - 

VOTE: Secondary a rea  boundary line for 
expanded area Enclosed a r e a s  A. B. C a r e  
primary a reas  using ROC of segment  lollowing 
tu rn  WP Enclosed a reas  A. C. D. E a r e  
secondary a reas  using ROC of segment  
following tu rn  WP. Obstacle slope in these 
a reas  a r e  perpendicular t o  lines AC 

Figure 15-13. SHALLOW-ANGLED TURN 
ANTICIPATION ILLUSTRATIONS. TAPERING 
INTERMEDIATE AND CONSTANT WIDTH 

SEGMENT. ROC APPLICATIONS 
Par 1520e and f. 
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b. Counc Reversal When the pmcuhm rrquixw a 
coune revmal, 8 holding patticro shall be established in 
Lieu of a PT. If holding is established 0w.r the FAF, 
paragraph 1507 applies. If holding is established over 
the FAF, the FAF shall be a WP. and paragraph 234e(I) 
rppliu. The coufsc alignment shall be within IS0 of tho 
FAC. If holding u established ova Ihe IWP. parngraph 
234c(2) applies. Tht course alignment shall be wi~htr 
IS0 of the intermediate course. Whae a feader segment 
lea& to tbe reversal. the f '  segment shall 
tamhate at the plotted position of the holding WP (see figure 15-16. MITIAL, INTERMEDIATE, FINAL 
G p  15-15). APPROACH, AND ASSOCIATED ROC. 

Par 1521,1523. 

(1) Length Ihe initial approsch segment bas no 
standard length. It hll be sficicnt to permit any 
altitude changes required by the pmcdun and shall not 
e x d  50 milts dess  an apera t id  rtqulemcnt 
exisls. 

Figure 15-14. TURN ANTIClPATION AREAS 
Par lS2Ot 

F@WC 15-17. lNlTIAL, INTERMEDIATE, FINAL 
APPROACH, AND ASSOCIATED ROC. 

Par 1521,1522 

(2) Widh 

(a) Primuy area: 

1 V O W .  Sa figure 15-18. 

p Xnthe8NMime,theartais4 
NM on each side of the centerline. 

h In the 4 NM zone, the a m  b 2 
NM on each side of lbe centcriine. 

FIgure 15-15. HOLDING PATI'ERN AND FINAL 
APPROACH, AND ASSOCIATED ROC. 

Par 1521b. 
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E A 30. splay codnects thc arcr ' 

b&a, besinn$g wberc the mute oetltaliae cro¶scs 
the 4 NM zooc and splayins out u the ATD inaeaset 
until reaching 4 Nh4 each side of the centerline. In 
addi tioa: 

U) If the splay cuts across a I portion ofthe WP 6x displacemat area, mriD the wid& 
of the wider area and directly connect the wider area 
boundary with the narrower. 

a If a short segment transits 
the 4 NM zone bom the 8 NM tooc and reenten the 8 
NM zone, retain the 8 NM zooe. 

@ If tho initial approach aod 
mcudbg sepmts lie within the 4 NM zone, the 4 
NMzanemsybeuscd 

Segments sbaU not k 
d o c r e a s e d t o 2 N M w i d t h s a n d t h e n ~ b a c k b 4  
NM widb. 

@ Tbe width of the primary area 
at the earliest point the IAWP can be rcceiYcd is equal to 
the width at the plotted position. 

&re 15-18 VORIDME BASIC AFtEA. 
Par 1S2lc(2)(a)l. 

2 N o a - V O W  - 2 miles each side 
of ceatnlina. 

1 VOWDME-Themais lmileeacb 
si& of the primary a m  , w b  the mute centerline lia 
within the 4 NM zone. Tbe area u 2 mila each side of 

tbeprimuY~whentberouteomtalineliuwilhin 
h 8 N M z a r a  Ihaambamdarierueooaoectedby 
stmight l iotshtbe~poiatrwhaoIbep. lnary 
a m  bouDdaria uma% Tbe wi&b of the mmday d, 

area at tb &t point the IAWP can be raxived is 
aqua1 to the wi&h at tht plolted position 

2 Non-YOWDME - I mile oo each side 
of the prirmry uck 

d. Obstacfe CIeamncc Paragraph 232c applies. 

e. Descent Gradient. Paragraphs 232d and 28% 
appb- 

1522 INTERMEDIATE SEGMENT. % inta- 
mediate scgma& b g h  at the IWP and erdr at tbe 
FAWP a A m  6x raving u the FAF. F a  VORiDME 
systau, tb dhace f h n  tbe ref- hrcility to the 
IWP sbatl M( nceed 53 m h  nor exceed the TPD a 
An> Mhes auociakd with the limits of tbe 8 NM zone 
(see figure 15-2). 

a.Mipueat  Thcmurs t tobe f lowninthc  
intcrmcdiate scgwnt should be the samc as tbe FAC. 
When this is nd pctical, tbe intamdate course shall 
not diE€u Srom tbt FAC by xmm tban 30' and an FAWP 
shall be established at the turn WP (sae figure 15- 17). 

(1) hqlh Tbe intamsdirte segment shall wt 
be less tbaa 5 miles. nor mn than I5 mila in length. 
I fa  turn b w#c than 90' at tbe W, table 3, chapter 2, 
applies. 

1 VORDME - Tbe width of the 
intcma5ab primary area W equal the width of tbe 
initial prhnary ma at the WP. It shall e i k  taper h m  
r point .beam the lWP beady to + 2 milu at the 
F A W P a A T D t i x a U b e a ~ ? Z m i l a , r u  
approprirte. l'k width at tk d e s t  point the IWP can 

I 
be received shn equal tbe width at the plotted position. 
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1 VOR/DMI;: - 'Ibe width of tbe 
intamediate w x m d q  uea oh11 be equrl to h e  width 
oftheiniiislroooDdary~rttbcntrpudshaUeitba 
tap 6wn r point a h  the IWP linearly to f 1 mile at 
tbe FAWP a ATD fix or shall be r constant r: 1 mile, as 
appropriate. 'I%e width of h e  raconday area at the 
carliat point the IWP can be received shell equal the 
width at the plotted position. 

2 Nm-VOR/DME - 1 mile m each side 
ofthepimdlyarrr. 

c Obrtrcle Ckrrurer Parappb 242c applies. 

d Desecat Gmdlmt Paralyapb 242d applies. 

1523. FINAL APPROACH SEGMENT. The final 
approach segment btgias at tbt FAWP or An> tix and 
ends at the MAP. Wbcn the FAC b a continuation of 
the inhmadiat~ course, an ATD fix should be used in 
lieu of a FAWP with additional ATD fix- established, 
if wcessary, as stepdown 6 % ~  a the MAP. For 
V O W  systems, tbe F A W A T D  fix shall be 
limited to r TPD of 30 miles a less and must be within 
tbelimi~oftbc4NMunesbownin6gure 15-2. 

r AUgnmcnt Tbe FAC dad be aligned through the 
RWY ar APT WP. For r straight-in approach, the 
llilgomcat should be with the nmway centerbe. Wbeo 
tbu alignment exceeds 15.. straight-in minimums arc 
not autbrkd  Fa a circliog approa4 the FAC s h d d  
be aligned to tbe ctnta of the landing area, but may be 
aligned to any partion ofthe usable laading surface. 

b. A n t  The a m  axwiderad fa obstacle clearancc 
starts at the earliest point of tbe FAWP or An> 6x 
displsccmcnt sna, and fa straight-ia approachu, a& 
at the latest point of the RWY WP 6x displacement 
art.. For circling apprwcbes, tbe area ends at the latest 
point ofthe APT WP fix displacement a m .  

(1) Leaetb, 'Ibe optimum lmgth of the h a 1  
appmach scgmarf meanued between plotted lix 
positions, u 5 mila. TIM maxia~um length is 10 miles. 
The minimum length &dl provide adequate distance for 
an aircmft to the roquind descent rod to regain 
come alignment wbca a tun is nquirad o w  the 
FAWP. Table 15-4 shall be used to determine the 
a h h u m  l@ of tbe &nal approach segment Fix 
displacement ~a -lap rwtr ict io~u stated in 
parasraph 1 x 2  wb'. 

(2) Width. 

(a) T k  final appoach primary ares is 
centned on the FAC. It b 2 mik, wide on eacb side of 

tba oomc d the ~ULiwt pitiao tbc FAWP/ATD fix 
cpn ba tbcdvsd Sde figunr 15-15 d 15-16. Thir 
widtb rrmaint caartant d tbe btcst poiat tbe 
FAWPIATD 6x can be r e a i d  It then t a p  to tbe 
widtb of the ucr of the XTRK fix disphcemcnt 
tolerance at the latest point the RWY WP a APT WP 
can be roctivd Fix displacement tolerance dimensions 
arc shown in table 15-2 for VOWDME systems and in 
table 15-3 far oca-V0RibME rystmu. 

) A sccandary area 1 mile wide b 
established 0x1 each side of ihe primary arca (see figures 
15-1s d 15-16). 

(1) Stmight-ln. Tbc ROC in the prLaary area is 
250 feet. In rbc smmdary area, the ROC of the primary 
area is p v i d d  at the inner edge, tapering uniformly to 
rn at tbe wta &e. 

(2) Cidhg. A minimum of 300 feet of ROC 
shall be provided in tbe circling approach ama. 
Paragraph 260b applies. 

d D-t CnditaC Paragraph 252 applies. I 
c Using Fbu for Descent Paragraphs 28% b. 

49. c(4Xa). 289 apply, 

C RNAV Deaccnt Angie MormaHon Paragraph 
252 applia. I 

1524.-1529. RESERVED. 

SECTION 3. MISSED APPROACE 

1530. GENERAL. Fa general criteria, mfa to chapter 
2, sectioa 7. In the saooadary areas, no obstacle m y  
penetrate the 12.1 s u d h  exttnding upward and 
ourward~thu40:1nrrfaceatthecdgeofrheiaaa 
boudujcs at r right angle to the missed approach 
course. 

1531. MISSED APPROACH SEGMENT. The 
missed approach s c p a t  begins at the MAP and & 
at point clcrignaled by the clearance limit lhorc 
criteria amsider two typs of miwed appnzschcs. 'Ihy 
arrr identi6cd u RNAV and noa-RNAV MAP'S and 
&tined as followr: 

a. RNAV. 
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(1) Rwtc PC0 pwidod by RNAV -tans is 
rcqukd (be missad a p c h  segmmt 'lhs 
l+ of the segment u mtasund point-to-point 
between tbe m p d w  (plottad position) WP's 
hou&out tbc m i d  approach procedure- 

(a) AWPisraquirsdrtlheMAPandattbe 
end of the missed appmsch proccdum. A turn WP may 
be included in the missed approach. 

(b) A straight. turning or combination 
straight d trnning missed approach pmxdurc may k 
developed WP'r are requind for eech m t  within 
the missad approach pcalura. 

(c) Turns shall not exceed 120.. 

(d) A minixnun leg la@ is rrquked to 
allow tbe rinxaft's stabilization olr colrnc immediately 
IAa the MAP. See table 154 for minimum distances 
requLed f a  each category of aircraft based course 

changes. 

(c) For the cunbination straight and trrmina 
missed approach. tbe distance khvbm the l a w  point 
the MAP can be rccciwd and the d e s t  point the turn 
WP can be r e a i d  sball be sufficient to contain the 
length of turn anticipaticm distance nquirrd This 
segment sball be aligned within 15' a less of the 
exteadtd FAC. 

(2) Dl- A direct missed approach may be 
dewloped to provide r method to allow the pilot to 
prrceed to a WP that is not amncctcd to the MAP by a  
specified course. PCG is not assumed during tbc entire 
missed approach proceduFe. 

(a) An ATD tix may be specified as the 
MAP. 

(b) A sb-aight, turning a combination 
straight ancl turning m i d  apposch m y  be dewlopa!. 

(c) Tbe armbinutim straight and bmhg 
missed approach prooedrne be r climb 6un the 
MAP to a specified altituda The end of the straight 
section ahall be established by an altitude, d this 

qpmt shall be aligned with tbo FAC. Tbe length of 
the stmight sfftion shall be detamioed by s u b h d q  
the lowest MDA of the procedun fiom the height of tbe 
bmiq  attitude in the m i d  approach and multiplying - 
by 40. dittawe u measured h m  tbe Latest point 
the MAP can be roceivcd 

b. Non-RNAV Missed Appmcb Procedures. 
C h a w  2, d m  7, is applicable for nos-RNAV 
missed approsch criteria with the following exoeptioas: 
the camction tk the missed apptoach area and the 
originatia pointr of the 40:l evaluation obstntctioa 
slope at the MAP, and tbe area f a  early hans bgin at 
tbc cartiest point the WP a ATD fix can be d v c d  
Tbe rra camcts at (be MAP as h ' b e d  in 
paragraph 1532, 1533, 1534, a d  1535. Tbe tichcks 
and wluatiau an utablisbcd md &tod u 
outlined in thh chaw of tbc RNAV missed appoach 
critaia. 

1532 MAP. Ibc MAP shall be lmted  on the FAC 
andinonnaUylocaledattbeRWYWPorAPTWP,as 
appopriate. It my be designated by an KID fix 
defined relative to the distance fran the RWY a APT 
WP. The MAP shall be no ttrtba from the FAF than 
tha RWY a APT WP, u a p p r i s t e .  Tha ua of tbe 
MAP AlRK dirplaocment tolaance may ovalap the 
plotted position of the RWY a APT WP. 'Ihe Lataal - 
dimcnsiccu far the arts of th, ATD 6( m amsidered 
the same as the htaal dimensiau of the primery uea 

1533. STRAIGHT MISSED APPROACH W&t 
missed appmcb criteria are applied when the missed 
approach course docs not Ma morc than 15' from the 
FAC. 

(1) WharthMAPtat tbeRWYWPaAPT 
WP, tbe area stzuts at tbe earliest point the MAP can be 
reotivaldhasthc samewidthas thearea f a t k  WP 
d i s p ~ t d a M c 4 r t t k R W Y W P a A P T W P . a s  
appro+@. Tbe rePoodary asws am 1 mile eaeh aide of 
the primsry ata at tho earliest point the MAP can be 
received (see figure 15-20). 
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+ 15-20. STRAIGHT MISSED APPROACH 
AT THE RWY WP. Par 1533a(1). 

(2) Wbta tbe MAP L at an ATD fix, the sna 
sWts at the earliest point the MAP can be -ved and 
bss tbe same width as the tinal appmacb primary and 
secoodary areas at thnt point (see figure 15-2 1). 

(5) Tbc area expands uniformly to a width of 6 
miles eacb s i b  of the course line at a point 15 night- 
hack miles 6om the plotted position of the MAP. When 
PC0 is provided, the mxdary  arcas splay linearly born 
a widtb of 1 mile at the W to r width of 2 miles at the 
end of the 1 5 4 e  a m .  The splay of tbese areas begins 
at tbe earliest point the MAP can k received 

, \ MlSSEDAPPROACH AREA 1 

=\ \ APPROACH 

(4) 7lrbcn 8 turn of 15. or lur causes tbc outside 
+ooftbupimruymiuadopprorcbbouhytoaocu 
inside tbc htual dimcasiau of tbe 6x displacunent AIU 

of the MAP. (bst boundary line is then coasbucted born 
the ooraa of tho lateral dimcnsioa of the uep a b  the 
latest point tbe MAP caa be received This point ia 
identified u point A at the MAP wbcn npswnted by r 
WP at m AID 6x is established as the MAP. Sce 
6- 1 5-22 d 15-23, - V C ~ .  

b. ObsbrclcCk.rmcc ?be 40:1 missednpproacb 
~ ~ r t t b e ~ o f I b e a r a o f t h e W P  
displacement tokrance a tbe ditplacancat uer of the 
ATD ~IX of the MAP idcntificd u the line D-A-B-C in 
fipm 15-20d  15-21. Fa the himguhuca sbdod 
in 6- 15-22 and 15-23 ruulting fiaa r sknvod 
come  of 15. a lejs, th 12:l slopc ir mcamed h n  
point A Tbe obstacle slope is established by m m w i q  
tbcI sbattst distan00 tian tbo Lioa DA-B-C to the 
obstacle (see fig\lres 15-22 and 15-23). Tbe height of 
the missed approach strrfncc at its b g M q  slope is 
detamiaed by subtracting the q u i d  find approach 
obstacle cl- and adj\utmcnu tpaci6cd in 
pagraph 323 from the MDA 

MlSSED APPROACH AREA 

-vAIUOI 
URLID.- 

I urmrowrff  rr 
! -Am 

PlNAL APPROACB AREA 
! \ \ 

Figurn 15-22 CONSLaUCrrON OF SI'RAIGHT 
MISSED APPROACH WHEN TURNS S 15. 
CAUSE OUTSIDE BOUNDARY TO CROSS 

INSIDE MAP FiX DXSPLACEMENT 
TOLERANCE AT RWY WP. 

P u  15330(4). 

FIgm 15-21. STRAIGHT MISSED APPROACH 
AT AN ATD FDC Par 1533a(2). 

Chap 15 
Par 1533 

Page 15-17 
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F l p C  15-23. CONSTRUCT ION OF m G H T  
MISSED APPROACH WHEN TURNS S lSO 
CAUSE OUTSIDE BOUNDARY TO CROSS 

INSIDE MAP FIX DISPLACEMENT 
TOLERANCE AT AN ATD FIX 

Par 1533a(4). 

1535. TURNING MISSED APPROACH. Turning 
missed approach aitcria apply whenever the missed 
approach course men by mom than 15. bm the FAC. 

(1) Zone 1 btglns at a point abeam the latest 
point the MAP can be received (see figure 15-24). 

(2) Tht turning mlssed appro*& area should 
ba c<knshuctcd by the methods d e s a i i  in paragraph 
275, except as follow: 

(a) The radii fof the outer boundary is 
conshucted h m  a bascline at tbe latest point the MAP 
can be rcccivled 

(b) Whae the width "dm of the final approach 
ana at the latest point the MAP can be received ex& 

the vrlw of tbo radius of the outa boundary R in table 
5, use "wide 6nal approach ma at tha W 
oonstnrtiao melbodology. If the width "dm u lcsa thao 
a equal to R. use 'oarrow' methodology (see - 
figure 15-24). Point C1, fa hPiu of 90. a less, 
canecb to the WP or hx displacement arm at point C, 
which ia located at tho earliest point the MAP can be 
dd. Soe @ x u  15-25 and 15-27. Point C1, tx 
turns mcsc than We, COMCC~S to the coma of the WP a 
fix dispkrcemcnt ma at the nontura side at point D at 
the eariiat point the MAP can ba &v#t See figurea 
15-26 rad 15-28. Point C1, f a  turns which expand tbe 
missed approach area bomdary bcyond line E-DZ, 
comcct~ lo point E (see figure 15-29). PointC1, for 
turm which qmnd the missed approach area borrndsry 
beyond lint E-Z @anallel to the FAC line), connects to 
point El, a TP of the obstacle boundary an: (see figure 
15-30). 

b. Obstrcle Glum Thc 40:I obstacle clearanoc 
surface begiru at the edge of the WP a 6x displacemeat 
area of the MAP. Ihe height of the missed approach 
surface ova an obstacle in zmne 2 is &tcrmioed by 
masmbg a straight-line distance frwn tbe &tack to 
tbc m t  point oa tba A-B-C line and computing the 
height based on tbe 40: 1 ratio (sae figure 15-26). Tbe 
height of tbe missed approach surface in uns 3 is 
detcrmirrod by measuring the disc firm the obstacle 
to point C, as shown in figure 15-26, and computing the 
height based on tk 40: 1 ratio. Tbe height of the missed 
r p p r # c b ~ o ~ p o i a t C f a ~ 3  a~~lputations 
is the sama hdght IU the h4DA, less adjustments 
spaciscd in panrgraph 323. 

1535. COMBINATION SlTWGm AND TURN- 
ING MISSED APPROACH. 

(1) Sectfaa 1 Ir a portion of the normal sfnight 
ahsad approach area and is cmsbucted as opocifed in 
paragraph 15-33 (see figure 15-3 1). The ead of section 
1 is based on a turn at a WP, a a climb to an altitude 
pria to minmmxiu~ 8 trPn. 

0 RNAV Rwte MLstd A p p r d  Pro- 
cedure A bm WP is used to base the length of section 
1 for a route RNAV MAP. 

Page 15-18 Chap 13 
Par 1533 



W t o p o i n t J .  Sesfigue 15-31. Fatmuofmore 
than 90.. pint C1 of W o a  3 axme& to point T2. 
(see figure 15-32). 

2 Tho radius f a  tbe obstructim 
bodmy is measured h m  a base line at the latest point 
the turn Wean be received 

3 The outer bodary line ooanectr 
tsngentinlly to the outside radius of tbe bouduy uc. 
lhcslhcsaazobuysrtabundary~t,tothatliae 
at tbe point abeam the plotted positim of tk turn WP. 
(= 6- 15-3 1 d 15-32). 

(3) RNAV D m  Proccdura Fa an RNAV 
dirrdmissadyrprosch,tbedofacctjcm1ubased~ 
r climb to dtitudc, and scc4adq area &tiom us 
not a p p l i d  

(a) ?ba 4 of d o n  1 is utablbhed u 
dmmi'bed in pangraph 153 la(2Xc). PC0 is not 
ruumod, and s m d u y  area obsbuctioo cleanrwc may 
not be applied 'Ibe aYi of scdar 1 u nqmsmtcd by 
lh H-T3 (M 6 p  15-33). 

(b) Com&uction. 

1 A base line acteasioa dlh G-DC 
scparstu s c c t i ~  2 and 3. Whcn pint C1 is 
established prior to the base h, C1 cane& to point C 
(see figwe 15-33). 

2 Wben C1 is established beyond the 
base line, but insib line G-2, C1 omnacts to point (3. 
0-2 is established parallel to tbe FAC liDe (soc f i p  
15-34). I 

Q u r t  15-24. WIDE AND NARROW MISSED 2 When point C1 is established beyond 
APPROACH METHODOLOGY. an ana of line G-Z, 'CI connects to point H (see figure 

Par 1534a(l) and (2) 15-35). 

(a) Secondary a m  rcdwim apply except 3 When point C1 It est46fished beyond 
whae the tum exceeds 909, when the reduction applies mmoflineH-2, C1 connedr to point K. r taqmt 
ody oa tbe nonhrming side. See figure 15-32. point on tbc bolmdary uc. H-Z is utablirbad panlleled 

to the FAC lioe ( ~ a  figrna 15-36). 
(b) Fa VOlUDME systems, (he turn WP 

shall be limitod to r TPD of 30 NM a l eu  and to within b. Obrhuftloo C f c r ~ o a  
the4NMuwe. 

(1) RNAV mutt missed appnurrb of turns 90. 
(c) A tun rnticipatim uea shall be a lcsl 

ccmstructad at the turn point. 
(a) Obstacles in section 2 am evaluated basad 

(a) C o a s ~ o o .  ontheshostestdistanaintheprimaryarrafromthc 
obtacle to any point on line T2-T3 (see hgure 15-3 1). 

1 Points F, TI, T2, and J reprrseot the 
end of section 1. For tuw 90' a less, point C1 

Chap 15 
Par 1535 
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(b) Obtaclej in section 2b rro evaluated 
based on cbe shortest distancd in the pn'unaty area h m  
the obstacle to point Tj through $it J (see Ggurc 
15-3 I). 

(2) RNAV Route M l s ~ d  Approach of Tuma 
Mom &an 90°. Obstacles in *ti- 2 and 3 are 
evaluated based on the shortest distance in the primary 
rrta h m  the obstacle to any point on line T2-T3 (see 

15-32). 

(3) RNAV D k t  Procedure. Obstacles in 
scctioo 2 are emlustad based on tbe shoRcst distance 
ban tk obstacle to any point olr line 0-H-T3-X. 
Obstacla in sectim 3 arc ~alusted based on shortest 
distance tiom the obetaclo to point X (see figure 15-36). 

(4) Tbe height of  t#e mL~ed  approach adace 
over an obstacle in sections 2 a 3 is determined by 
measuring tho shortest distance limn the obsteclc to the 
nearest pint oo tbo T2-T3 b for RNAV routes missed 
approach procedracs and to the tvarest point on the 
H-T3 line fa RNAV ditect missed procebrrres. 
Compute the height of the surf& by wing the 40: 1 ratio 
fiwn the heigbt of the missed appoach obstacle surface 
at the end of section 1. The height of the obstacle 
mrhc at the end of section 1 is determined by 
oamputiDg the 40: 1 obstacle s u b  slope beginning at 
thc bei@ of tbe missed approach slrrfaa mcasmd 
6wn the latest point of the MAP (see figures 15-32 and 
15-36). 

1 (S) Tbt height o f  the mJssed approach surface 
over point X fa section 3 cocnputatims u the hei@ of 
MDA less adjustments in paragraph 323% b, and c, plus 

I r40:1risoinscctim 1 asmcasundhrnnlineA-Bb 
I dotsactioa 1. 

1% CLEARANCE LIMIT. lh mixid approach 
p.ocadrrresbaUspocif).anapppriatefixasr clearance 
limit 'Ibe tix shall be suitable fa holding. For 
VOR/DME systema, the clwanm limit W a  shall meet 
terminal 6x displaoemeat tolasna uitaia bom table 
15-1. Fa noa-VOR/DME systems, clcaranco limit 
W r  shall meet en mute fix displacement tolerance 
aitaia 60m table 15-3. 

ploaed position of tbe MAP shown in tablo 15-5. 
XlRK v a l w  in bble 15-2 rball bo applied f a  
VORIDME An XTRK value of 0.6 NM shall be 
applied fa am-VOWDNE. 

Q 

1531.-1599. RESERVED. 

IQWC 15-r5. RNAV TURMNC MlSSED 
APPROACH, 90° OR LESS 

Par 1534r(2)(b). 

1537.-1539. RESERVED. 

SECl'ION A APPROACH MINIMUMS 

1540. APPROACH MINIMUMS. Chaw 3, section 
3, appliu except that table 6A aitaia relating mihum 
visibility to r distance b m  tbe statim shall be applied 
cu a vaMtiar of XTRK fix dispInccmcat tolaance of the 

Figre 15.26. RNAV TURNING MISSED 
APPROACH, MORE THAN 900 UP TO 12P. 

Par lS34a(2)(br 

Page 15-20 chap 15 
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15-27. DIRECT TURMNG MISSED 
APPROACH, s 90° TIE-BACK POINT C1 TO 

POXNT C. Par 1534a(2)@). 
F l v  15-29. DIRECT TURNING MISSED 

APPROACH, > 900. Par 1534a(2)@). 

15-28. DIRECT TURNING MISSED 
APPROACH, > 90° TIE-BACK POINT C1 TO 

POINT D. Par 1534a(2)@). 

Figwe 15-34 DIRECT TURNING MISSED 
APPROACH > 180°. Par 1!3442)(l& 

Cbap 15 
Par 1540 



15-31. RNAV COMBINATXON ~ G H T  
AND TURNING MISSED APPROACH 90° TURN 

OR LESS Par 1535r(2) and 1535b(l)@). 

Qwt 1532 RNAV COMBINATION STRAIGHT 
AND TURNING MlSSED APPROACH MORE 

THAN 90" UP TO 120O. 
Par 1SSaQand b(3). 

Ftgurr IS-33. CLIMB TO ALTITUDE, 
!TI'RA!CHT AND TURNING MISSED 

APPROACH, C1 PRIOR TO BASE LINE. 
Par lS35a(3& 

Figure lS-34. CLIMB TO ALTITUDE, 
STRAIGHT AND TURNING MISSED 
APPROACH > 90% Par 1S35r(Q 

Page 15-22 

d 

CW 15 
Par 1540 
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Fi@uc 15JS. CLIMB TO ALTITUDE, 
STRAIGHT AND TURNING MISSED 

APPROACH > 990. Par 1535r(5). 

Flgum 1536 CLIMB TO ALTITUDE, 
STIRAIGHT AM] TURNING MISSED 
APPROACH > 180.. P u  153!5@). 
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Tdk 15-1. VOR/DhfE EN ROUTE AND TERMINAL FIX DISPLACEMENT TOLERANCL 

r 

0 10 20 30 40 50 51 

0 XTRK 13 17 22 28 34 35  
ATRK 0 6  0 6  0 7  08 09 0 8  

10 XRU( I2 13 1.7 22 28 34 
A m  08 0.6 0.9 0 9  10 1 1  

20 XTRK I2 14 18 23 28 
ATRX 13 13 1.3 1 4  1 4  

30 XTRK 12 14 6 23 2 9  
ATRK 18 16 19 1 9  20 

1 3  1 5  18  2 3  
'O % 2.4 0.4 2 4 2 4  

50 W) 1 3  I5 
ATRK 2 @ 3.0 

53 m 13 
A m  3 I 

- t a r u n d  

1 - J/V En Route 

. 80 X r U  13 17 2.1' 2 5  31 
ATRK 46 47 4 7  7 47 

90 I6 1 8  2.1 26 3 1  
A m  5 2  s2 5 3  5 3  53 

100 X'IXX 17 18 22 26 3 2  
ATRK 5 4  5 6  58 5 9  69 

110 XTRK 17 1 9  22 2 7  3 2  
ATRK 84 64 84 84 6 5  

120m 18 2 0  2 3  28 3 3  
AlRK 83 70 70 70 70 

i 19 fin4 crartrwk on4 .brutrack Lolormrm 
or U u  WL *.(.I Ubla -IU u y r n l  p u t  kl t i c *  4 4"- a k u u a c k  trom r.tw*.l 

L.-.-.--.-.--.--.-.-->+- 
TP DISTANCE ALONGTRACK FROM TP 

Page 15-24 Chap 15 
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Tabla 15-2. FINALMISSED AREA FIX DISPLACEMENT TOLERANCE 

r0( DISTANCE *LONGTRACK FROM TANCENT POIM - 
0 1 2 3 4 5 10 15 20 25 30 

5 b 3  XrRK 07 07 08 0 8  08 08 1 0  12 1 5  1 8  2 1  
ATRK 0.5 05 05 0 6  06 06 06 06 0.7 0.7 0 7  

8 2 4  XTRK 08 08 08 08 08 08 10 It 15 1.9 21 !s ATRK 06 06 0 6  06 06 06 06 0.7 0 7  0 7  08 
4 5 XtRK 08 08 08 08 0 8  08 10 12 15 18 21 
as ATRK 0.6 0 6 0.6 0 6 0 6 0 6 0 7 0.7 0.7 0.8 0.1) 

- 
b - 
W u 

b - l ~  XTRK 08 08 08 08 08 08 10 1.2 1.5 LO 21 1 ATRK 08 08 08 08 08 0 8  0 1  0.8 O D  0 9  0 9  

0 XtRK 0.7 0.7 07 0.8 01 10 1.2 15 16 2 1  
AtRK 06 06 06 06 06 06 Od 0 6  0.7 0 7  

I XTRK 07 0 7  0.7 0 7  08 08 10 12 1s 1 8  2 1  
ATRK 05 05 0.5 06 06 06 06 08 0 7  0.7 0 7  

2 XTRK 0 7  07 0.7 0 7  08 08 10 1.2 1.5 18 21 
ATRX 0 5  05 05 06 06 06 06 0.6 0 7  0 7  0 7  

25 XTRK 08 09 09 09 09 09 1 1  13 16 18 21 ( A 1 M  1 0  15 15 1 5  I5 15 16 1.6 1.6 16 16 

g 

LNTERPOUTE TO THE NURES7 0 1 MILE 
XTRK/AtRK values ore r 

15 XTRK 08 08 08 08 08 09 10 1.2 1.5 18  21 
ATRK LO 10 10 10 10 10 10 1.1 1.1 1.1 12 

20 XTRK 0 8  08 0.8 0 8  09 0 9  10 13 15 18 21 
A T M  13 13 1.3 13 13 13 13 1.3 13 1.4 14 

r Table appllcalion per segrnanl . I  
Table 15-2  1 

I 
En Route 
Feeder 
Feeder S/D 
IAWP 

~nterrncdiale S/D 
FAWP/AM Fix 
Ftnal S/D 
UAWP/ATD FIX 
R M  YP/APt VP 
UA Turn P o I ~ C  
MA/Holdtng 

Chap IS 
Par 1540 

Page 15-25 



8260.3B CHG 17 

Tablo 15-3. NON-VOWDME FIX DISPLACEMENT TOLERANCE 

I EN ROUTE TERMINAL A P P R O A C H ]  
2 0 0 6 
1 .? 0 3 

XTRK/ATRK values are !: 

-- Table application per segment 

TABLE 15-3 
En Route Terminal Approach 

Segment: 
En Route X 
Feeder X 
Feeder S/D X 
IA WP 
Initial S/D 
IW P 
Intermediate S/D 
PAWP/ATD Fix X 
Final S/D X 
MAWP/ATD Fix X 
RWY WP/APT WP x 
MA Turn Point X 
MA Holding X 

Tabb 1% MINIMUM LENGTH OF FINAL APPROACH SECMENT 0, 

r 

APPROACH MAGNITUDE OF TURN OVER THE 
CATEGORY FINAL A P P R O A C H  WAYPOINT (FAWP) 

Q-S >S-W > 1 4 - 3 U  
A 1 .a 1 .a 2.0 
B 1.8 2.0 2.5 
C 2.0 2.5 3.0 
D 2.5 3.0 3.5 
E 3.0 3.5 4.0 

Page 15-26 Chap 15 
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Tabb 1- EFFECT OF XTRK TOLERANCE ON YISIBILX'IY 

XTRK TOLERANCE (NM) 

CAT 0.6 - 0.8 M.8 - 1.0 >1.0 - 12 ~ 1 . 2  - 1.6 ~ 1 . 6  

A 1 1 1 1 1 
B 1 1 1 1.2s 1.2s 
C 1 1 L2S 1.5 1.5 
D 1 1 3  l3 t 7 S  2 
E 1 1.25 U 1.75 2 

Tabk 1 s  MINIMUM LEG LENGTH FROM MAP TO NEXT WP 
USING RNAV MlSSED APPROACEI PROCEDURE 

COURSE CHANCE AT MAP 

CAT >IS* 
530. SJS. 560. 590- S l a m  

MInlmum Leg Length, NM, ktw#n MAP .ad rwlt WP 

A 3.0 4.0 5.0 5.9 6.9 
B 3.0 4.0 S.2 6.2 7.2 
C 3.0 4.2 SS 65 7.6 
D 3.0 4.5 LO 7.3 IW 
E 3.0 5 3  7 8  923 113 

Chap 15 
Par 1540 

Pagc 15-27 and (15-28) 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

THIS PAGE INTENTIONALLY LEFT BLANK 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CHAPTER 17. ENROUTE CRITERU 

1700.- 1709. RESERVED. 

Section 1. VHF Obstacle Clearance Areas ....... 
1710. ENROUTE OBSTACLE CLEARANCE 
AREAS. Obstacle clearance areas for enroute 
planning are identified as "primary," "second- 
ary," and "turning" areas. Figure 17-2. PRIMARY OBSTACLE CLEARANCE AREA. 

Application of System Accuracy. Par 1711 b. 

171 1. PRIMARY AREAS. 

(1. H(rsic Arccr. The primary enroute obstacle 
clearance area exte~lds from each radio facility on c. Tern~ination Point, When the airway or route 
an airwily or roi~te to the next facility. It has a terminates at a navigational facility or other radio 
width of 8 NM;  4 NM on each side of the center- fix, the primary area extends beyond that ter- 
line of the ailway or route. See Figure 17-1. mination point. The boundary of the area may be 

defined by an arc which connects the two bound- 
ary lines. The center of the arc is, in the case of a 
facility termination point, located at the geo- 
graphic location of the facility. In the case of a 

......... .--..*-... ........... 7- termination at a radial or DME fix, the boundary 
.............. 51 fi;j p....... 4 NM is formed by an arc with its center located at the .......... 

@:~;i:-:~: ....... - . ;-f-. ---Stj~z:z.:.:J3.~ 4 + NM * most distant point of the fix displacement area on * 
a...... ....... .C .............. ..._- A- course line. Figure 17-8 and its inset show the 

construction of the area at the termination point. 

Fipjre 17-1 PRIMARY OBSTACLE CLEARANCE AREA 1712. SECONDARY AREAS. 
Par 1711 a. 

a. Rosic Area. The secondary obstacle clear- 
ance area extends along a line drawn 2 NM on 
each side of the primary area. See Figure 173. 

11. S!/slenr Accrircrc!y. System accuracy lines are 
drilwn at a 4.5 degree angle on each side of the 
corlrse or route. See Figure 17-1. The apexes of 
h e  4.5 tlegee angles are at the facility. These sys- 
tcnr accllracy lines will intersect the boundaries of 
t l~c  priulury arcn at a point 50.8 NM from the fa- 
cility. (Normally 51 NM is used.) If the distance 
 fro^^^ the facility to the changeover point (COP) is 
more than 51 NM, the outer boundary of the pri- 
nbilry area extends beyond the 4 NM width along 
t l~c  4.5 degree line. See Figure 17-2. These ex- 
atnplcs apply when the COP is at midpoint. Par- 
i~griy~h 1716 covers the effect of offset COP or 
clogleg segments. 

Flp~re 17-3. SECONDARY OBSTACLE CLEARANCE AREAS. 
Par 1712.11. 

h. System Accuracy. Secondary area system ac- 
curacy lines are drawn at a 6.7 degree angle on 

Page 173 
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each side of the course or route. See Figure 17-3. 
The apexes are at the facility. These system ac- 
curacy titles wilt ir~tersect the outer boundaries of 
the secondary areas at the same point as primary 
lines, 51 N M  fro111 tlie facility. If the distance 
f ~ o ~ n  the Facility to the COP is more than 51 NM, 
the secondary area extends alolig the 6.7 degree 
line. See F i g ~ r e  17-4. See paragraph 1716.c. and 
tl. for offset COP or dogleg airway. 

Fifl~re 17-4 SE( :ONDARY OBSTACLE CLEARANCE AREAS. 
hll)lic.;ttin~l nf Svstrtl~ Acx?lrary Lines. Par 1712 b 

(.. I i~~- t t~ i t~ (~f io t~  Poit~t. Where the airway or 
ror~te tcrmi~~ates at a fticility or radio fix the 
l)o~mtlaries are connected by an arc it1 the same 
way as those i l l  the priniary area. Figure 17-8 ant1 
its inset s11ou.s tern~i~latior] point seco~ldary areas. 

1713. TURNING AREA. 

( I .  l>(pfit~itioit. The ellroute ttinling area may he 
rlefir\ed as an area which may extend the prin~ary 
a11tI secontlary o1)stacle clearance areas when a 
ch;\nge of colwse is necessary. The di~l~ellsions of 
the primary a ~ l d  seco~idary areas will provide ade- 
(plate protection where the aircraft is tracking 
i1l011g a specific radi:J, but when the pilot exe- 
cutes a tlwn, tlie aircraft may go beyond the 
I)or~~lda~ies of the protected airspace. The tunling 

criteria s~~pplements the airway and route 
segnlent criteri;~ to protect the aircraft it1 the  tun^. 

I ) .  Rccl!tirco)~et~t for 'litrning Arca Crilerirr. Be- 
cin~se of the li~nitition on aircraft indicated air- 
speeds I>elow 10,000 feet MSL (FAR 91.70), some 
co~~tlitions c\o not recltlire the application of turn- 
ing area airspace criteria. 

(1) The graph in Figure 17-5 rnay be used to 
deter~ni~ie if the tunling area sholild be plotted 
for airways/routes below 10,000 feet MSL. If the 

C 
p o i ~ ~ t  of i~itersectio~~ on the graph of the "amor~nt 
of turn at iutersection" versus "VOR facility to in- 
tersection dista~lce" falls outside the hatched area 
of the graph, the turiling area criteria need not be 
applied. 

(2) If the "amount of tuni" versus "facility 
distance" values fall within the hatched area or 
or~tside the periphery of the graph, then the t~rrn- 
ing area criteria mnst be applied as described in 
piwiigraph 1714. 

1.. I*rcick, The flight track resrrltirlg from a corn- 
I)i~li\ti~u of tlrr~r delay, inertia, turning rate, and 
wind effect is represented by a 1~araI)olic cuwe. 
For ease of application, a raclil~s arc has been de- 
veloped which car1 be applied to any scale chart. 

(1. Ctrrcc! Rrrrlii. A 250 knot IAS, which is the 
11iiixi111rl111 i\llowecl I~elow 10,MX) feet MSL, results 
ill riulii of 2 NM for the p~i~iiary area and 4 NM 
for the secondary area I I ~  to that altitude. For alti- 
tt~rles above 10,000 feet MSL 11p to but not i l l -  

clr~cli~lg 18,000 feet hlSL the primary area raclirls 
is 6 N M  and the secondary area radivs is 8 NM. 
Alwve 18,000 feet MSL the radii are 11 NM for 
pri~nary and 13 N M  for secondary. C 

e. S!yste~rr Ar:c.rtrncy. In drawing turning areas it 
will be necessary to consider system accuracy fac- 
tors I3y applyi~lg t l ~ e n ~  to the n~ost adverse dis- 
placenlent of the radio fix or ainvay/route I>o\i~rd- 
ilrics at wllicl~ the tilni is made. The 4.5 attct 6.7 
degree factors apply to the VOR radial beitig 
flown, \)ot since 110 pilot or aircraft factors exist in 
the Ineasurcment of an intersecting radial, a navi- 
gation facility factor of l~llrs-or-mitl~~s 3.6 degrees 
is used. See Figure 17-6. 

NOZX: If (1 rtldio f ix- is fonttetl I)y intar.s(~c1in.g sig- 
nrlb frorr~ troa LF, or  one 12F crntl VOR fucilit y, 
the ol~stncle cl(?crrcrnce clrccls (ire I,clse(l upon ac- 
ctcrcrc:y jrctors of 5.0 (prii~tnry) [clnrl 7.5 (secontl- 
crr!y) (lcgrees eclch sitlc of lllc c:attrse cn. ror~te cen- 
fcrlit~es of lhe LF f(1cilitics. If flle VOR rcrdictl i s  
tlrc: intersct*ting signcil, the 3.6 tlcgree ualrrc sttttcrl 
in 1 7 1.3.~. (rhoor crpplic.~. 
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f When turn angle vs. distance $ 
j falls in hatched area, twminal 
E area i s  critical and must 

1 be plotted. + B 
70' 
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50" 
VALUES USED: 

~ ~ ~ l A ~ 2 ! % k , ( 3 0 0 k , T A s ) . l  ] 
Wind 59k omni 
kdi i :  

Primary 2 NM 
Secondary 4 NM 

10 20 30 40 50 60 70 80 90 100 
VOR FACILITY to INTERSECTION DISTANCE (Nautical miles) 

Figure 17-5 TURN ANGLE VS DISTANCE Par 1713 h (I) and (21 

Figure 174 F'IX DISPLACEMENT Par 1713 e 

1714. APPLICATION OF TURNING AREA 
CRITERIA. 

a. Techniques. Figures 17-8, 17-9, and 17-10 il- 
lustrate the application of the criteria. They also 
show areas which may be deleted from considera- 
tions wh6n obstacle clearance is the deciding fac- 
tor for establishing minimum enroute altitudes 
(MEAs) on airways or route segments. 

h. Cmtpututions. Computations due to obstac- 
les actually located in the turning areas will prob- 
ably be indicated only in a minority of cases. 
These methods do, however, add to the flexibility 
of proceduures specialists in resolving specific ob- 
stacle clearance problems without resorting to the 
use of waivers. 

c. Minimum Turning Altitude (MTA). Where 
the application of the turn criteria obviates the 
use of an ME.4 with a cardinal altitude, the use of 
an MTA for a special direction of flight may be 
authorized. Where this is employed an 
appropriate notation shall be included on the * FAA Form 8260-2, Radio Fix and Holding Data 
Record, for the turning fix. c 

1715. TURN AREA TEMPLATE. A tum area 
template has been designed for use on charts 
scaled at 1:500,000. See Figure 17-7. It is identi- 
fied as "T.4-1." 

Page 175 



17-7. TURNlNG AREX TEMPLATE. PU 1715. 

a. Use of Template-ZntetsecHon F i r  

(1) Primary Area. At an intersection fix the 
primary obstacle clearance area arc indexes are 
placed at the most adverse points of the fix dis- 
placement area as determined by the outer inter- 
sections of the enroute radial 4.5 degree lines 
(VOR) and the cross-radial 3.6 degree lines 
(VOR). See Figures 17-8 and 17-9. If LF signals 
an used the 5.0 degree s stem accuracy lines 
apply. The paranel dashed &es on the turn area 
template are aligned with the appropriate system 
accuracy lines and the curves are drawn. 

PRIMARY 

Figurn 17-8 TURNING AREA. INTERSECITON FIX (Fncll(ty Dlrtpnce Less than 51 NM) Par 1715 a and b 

(2) Secondary Area "Outside" Curve. The 
outside curve of the secondary turning area is the 
cwve farthest from the navigation facility which -i 

provides the intersecting radial. This curve is in- 
dexed to the distance from the fix to the enroute 
facility as follows: 

(a) Where the fix is less than 51 NM from 
the enroute facility, the secondary arc is started at 
a point 2 NM outside the primary index with the 
parallel dashed lines of the template aligned on 
the 4.5 degree line. See Figure 17-8. 

(b) Where the fix is farther than 51 NM 
from the enroute station, the arc is started at the 
point of intersection of the 3.6 and 6.7 degree 
lines with the parallel dashed lines of the template 
aligned on the 6.7 degree line. See Figure 17-9. 

(3) Secondary Area "Inside" Curve. The in- 
side curve is the turning area arc which is nearest 
the navigation facility which provides the inter- 
secting radial. This arc is begun 2 NM beyond the 
primary index and on the 3.6 degree line. The 
parallel dashed lines on the turning area template 
are aligned with the 4.5 degree line from the en- 
route station. 

Page 176 
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/ I .  Use of l'eniplnte W/wn Fix Overheads a Fa- 
cility. See Figure 17-10. The geographical posi- 
tion of the fix is considered to be displaced later- 
ally and longitudinally 11y 2 NM at all altitudes. 

.-.....-.- 
- c-------___ 

Ir(*;;i~lh 2..rr*l. 
W W  

A p r e  17-9. TIIRNINC AREA, INTERSECTION FIX 
(F~~cilitv Distiu~cv Heyond 51 NM). Par 1715 a ancll~ 

(it) Where the fix is less than 51 NM from 
tllc ellroute facility and the magnitude of the tun1 
is less tlli11l 30 degrees, the "inside" curves do not 
ilffcct the size of the secondary area. 

(I)) Where the distance from the enroute 
fi~cility to the fix is more than 51 NM but the 
mag~liti~tle of the tun1 is less than 45 degrees, the 
"i~isicle" curves do riot increase the size of the sec- 
o11tl;u.y area. 

(c) Where the mag~iitude of the turn is 
greater than those stipttlated in (a) and (b) above, 
tlre "inside" ctlrves will affect the size of the sec- 
onclary area. 

((1) Whether the secondary area curves af- 
fect the size of the secondary obstacle clearance 
area or not, they must be drawn to provide refer- 
ence points for the tangential lines described in 
(4) I)elow. 

(4) Connecting Lines. Tangential straight 
lines are riow drawn connecting the two primary 
arcs itlit1 the two secondary arcs. The outer limits 
of I,otli crtrves are symmetrically connected to the 
respective pii~~iary and secondary area boundaries 
i ~ r  the tlirection of flight by lines drawn at a 30 
degree angle to the airway or route centerline. See 
Fin~res 17-8 and 17-9. 

Figure 17-10. TURNING AREA -OVERHEAD THE FACltll"Y * Par 1715b. Ir 

(1) Primary Arcs. The primary arcs are in- 
dexed at points 2 NM I ~ y o n d  the station and 2 
NM on each side of the station. The parallel dot- 
ted lines on the template are aligned with the air- 
way or route btmdaries and the curves drawn. 

(2) Secondary Arcs. The secondary arcs are 
indexed 2 NM orltsicle the primary points, and on 
a line with them. The parallel dotted lines on the 
template are aligned with the airway or route 
boundaries, and the curves drawn. 

(3) Connection Lines. Tangential straight 
lines are ~iow drawn connecting the two primary 
and the two secondary arcs. The outer limits of 
both curves are connected to the primary and sec- 
ondary area boilndaries by intercept lines which 
are drawn 30 degrees to the airway or route cen- 
terline. The 30 degree lines on the template may 
be used to draw these intercept lines. 

c. Deletion Areas. Irregdar areas remain on 
the outer corners of the turn areas. See Figures 
17-8, 17-9, and 17-10. These are the areas identi- 
fied in paragraph 1714 which may be deleted 
from consideration when obstacle clearance is the 
deciding factor for determination of MEA on an 
airway or route segment. 

CIliil) 17 
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(1) Where the "outside" secondary area 
clllve is started witllin the airway or route second- 
ary area boundary (see Figwe 17-8), the area is 
1)lcndecl hy drawing a line from the point where 
the 3.6 tlepee (5.0 with LF facility) line meets the 
litle which forms the enroute secondary boundary 
tangent to the "outside" secondary arc. Another 
line is drawn from the point where the same 3.6 
(or 5.0) degree line meets the line which forms the 
~ x i n ~ i ~ r y  I)or~ndary, tangent to the matching pri- 
mary arc. These two lines now enclose the sec- 
ol~dary area at the turn. The comer which was 
forl~lerly part of the secondary area may be disre- 
~trclecl; the part which was formerly part of the 
prilnary area may now be considered secondary 
area. These areas are shaded in Figure 17-8. 

(2) Where the secondary curve is indexed on 
the secondary area boundary formed by the 6.7 
degree lines, the arc itself cuts the comer and pre- 
scril)es the deleted area. See Figure 17-9. This 
condition occurs when the radio fix is over 51 N M  
from the enroute navigation facility. 

(3) When overheading the facility, the sec- 
ol,clary area corner deletion area is established by 
d~xwi~lg  line from a point opposite the station 
i~rtlex ;it the secondary area I>oundary, tangent to 
thc secoldary "ot~tside" curve. See Figt~re 17-10. 
11 similar line is drawn from a point opposite the 
station index at the primary area boundary, tan- 
gent to the piitnary tr lr~~ing arc. The corner for- 
tl~erly part of the primary area now becomes sec- 
o~idal-y area. The deletion areas are shown in Fig- 
tire 17-10 by shading. 

1710. CHANGEOVER POINTS (COP). Points 
have I)een defined between navigation facilities 
along ainvay/route segments which are called 
"cha~~geover points (COP)." These points indi- 
cate that the pilot using the airway/route should 
"change over" his navigation equipment to re- 
ceive course guidance from the facility ahead of 
the aircraft instead of the one behind. These COP 
divide a segment and assure continuous reception 
of navigation signals at the prescribed. minimum 
e ~ ~ r o u t e  IFR altitude (MEA). They also assure 
that aircraft operating within the same portion of 
an airway or route segment will not be using azi- 
11111th signals from two different navigation facili- 
ties. Ii'here signal coverage from hvo facilities 

overlaps at the MEA, the COP will normally be 
designated at the midpoint. Where radio fre- u 
qtiency interference or other navigation sigial 
prol>lems exist, the COP will I>e at the optimum 
location, taking into consideration the signal 
strength, alignment error, or any other known 
contlition which affects reception. The effect of 
COP on the primary and secondary obstacle 
clearance areas is as follows: 

ci. Short .Fgtnents. If the airway or route seg- 
ment is less than 102 NM long and the COP is 
placed at the midpoint, the 01)stacle clearance 
areas are not affected. See Figure 17-1 1. 

F i ~ t r e  17-1 1. COP EFFECT Sl~nrt Airway or Route Segment 
Par 1716 a 

11. Long Segn~ents. If the distance between two 
facilities is over 102 NM and the COP is placed at 
the midpoint, the system accuracy lines extend 
l~eyond the minimum widths of 8 and 12 NM, 
and a flare results at the COP. See Figure 17-12. 

Fiptre 17-12. COP EFFECT Long Airway or Route Segment 
Par 1716 1) 

Par 1713 Chap 17 - 
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i:. O~Jsct COP. If the changeover point is offset 
t111e to f:~cility pcrfonna~ice proldems, the system 
ilcc\tritcy lines l~tilst I>e carried from the farthest 
fitcili ty to it p)sitiul~ abeam the changeover point, 
ancl tllese lil~cs on each side of the airway or route 
segneltt at the COP are joined by lines drawn di- 
rectly from the nearer facility. hl this case the an- 
des of the litles drawn from the nearer facility 
Ililve no specific angle. See Figure 17-13. Figure 17-15 COURSE CHANCE EFFECT Par 1717. 

first, and govern the width of the airway or loute 
at the COP. The application of secondary area 
criteria resr~lts in a segment similar to that de- 
picted in Figure 17-16. 

Pipire 17-13 OFFSET COP. Par 1710 c 

tl. IJogIeg S ( X I , I ~ ~ I ~ .  A dogleg airway or route 
scgulc~lt Itlily I)c treated in a manner silnilar to 
th;rt give~r offset COPS. The system accuracy lines 
will I)e dritw11 to meet at a line drawn as the bisec- 
tor of tile dogleg "bend" angle and the boundaries 
of tlle prinlnry and secondary areas extended as 
recl~~iretl. See Figtire 17-14. 

1717. COURSE CHANGE EFFECT. The 
contplexity of defini~lg the obstacle clearance 
areas is increased when tlle airway or route be- 
comes more conlpiex. Figure 17-15 shows the 
methcxl of clefitling the primary area when a radio 
fix ant1 ;I COP are involved. Note that the system 
ii<*ctlrilcv lines are drawn from the farthest facility 

Figure 17-16 APPWCA'TION OF SECONDARY AREAS * Par 1717 

1718. MINIMUM ENROUTE INSTRUMENT 
ALTITUDES (MEA). An MEA will be esta- 
blished for each segment of an airway/route from 
radio fix to radio fix. The MEA will be established 
based upon obstacle clearance over the terrain or 
over manmade objects, adequacy of navigation fa- 
cility performance, and colnmrlnications reqilire- 
ments. Segments are designated West to East and 
South to North. Altitndes will be established to 
the nearest 100 foot increment; i.e., 2049 feet be- 
comes 2000, and 2050 feet becomes 2100. 

NOTE: Care rrtrtst he taken to insitre that {IN 
MEAs based tipon flight inspection injm)lotion 
have been corrected to and reported as tnte alti- 
ttilles rrhooe mean sen level (MSL). 
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1718. PROTECTED ENROUTE AREAS. As 
previot~sly estal>lishcd, the enroute areas which 
~nr~s t  be considered for obstacle clearance protec- 
tion are identified as primary, secondary, and 
tt~ln areas. The overall consideration of these 
areas is necessary when determining obstacle 
cleara~~ces. 

Section 2. VHF Obstacle Clearance 

1720. OBSTACLE CLEARANCE, PRIMARY 
AREA. 

(I. ht)r~nioctnt(ri~~orr.v Areus. The minimum ob- 
stacle clearance over areas NOT designated as 
~no~~titainor~s ~ttlder F A R  95 will be 1000 feet over 
the I~ighest ol~stacle. 

1). hfotrnfcrinotts Ar6cr.v. Owing to the action of 
Bertlor~lli Effect ancl of atmospheric eddies, vor- 
tices, waves, and other phenomena which occur 
it\ c.oujru\ction with the disturbed airflow attend- 
ing the passage of strong winds over mountains, 
pressure deficiencies manifested as very steep 
ho~.izo~ital pressttre gradients develo over such 
regions. Since downclrafts and tur t' rilence are 
prevalent t~nder these conditions, the hazards to 
air navigation are mrtltiplied. Except as set forth 
in (1) aud (2) I>elow, the minimum obstacle clear- 
ance over terrain and manmade obstacles, within 
areas clesig~lated in FAR 95 as "mountainous" will 
I)e 2000 feet. 

(1) 0l)stacle clearance may be reduced to 
not less than 1500 feet almve terrain in the de- 
signated rnou~ltainotts areas of the Eastern United 
States, Commonwealth of Puerto Rico, and the 
lantl areas of the State of Hawaii; and may be 
retl~lcecl to not less than 1700 feet above terrain in 
the designated mountainor~s areas of the Western 
Unitecl States and the State of Alaska. Considera- 
tion rnrtst be given to the following points before 
any altitudes providing less than 2000 feet of ter- 
rain clearance are ar~thorized. 

(a) Areas characterized by precipitous ter- 
rain. 

(I)) Weather phenomena peculiar to the 
area. 

(c) Phenomena cond~~cive to marked pres- 
sure differentials. 

(d) Type of and distance between naviga- 
tioil facilities. 

(e) Availability af weather services 
throughout the area. 

(f) Availability and reliiil~ility of altimeter 
resetting points along airways/ror~tes in the area. 

(2) Altitudes providing at least 1000 feet of 
olxtacle clearance over towers an d/or other man- 
made 01)stacles may be authorized within design- 
ated mountainous areas provided such atlstacles 
are NOT located on precipitora terrain where 
Bernoulli Effect is known or suspected to exist. 

NO'lE: When ~pprooing MEAs with Ie.v.s thnn 
2000 feet of ohstcrcle cleurunce in designclte(1 
titountclinous crrecrs, a record of such approocrl will 
hr! ntcrintrrine(1 k!/ the 1:light lns-peclion 1;iell Of- 
)%?. 

1721. OBSTACLE CLEARANCE, SECOND- 
ARY AREAS. In all areas, monntainous and non- 
mountaitlous, obstacles which are located in the 
secondary areas will be considered as ol~stacles to d 

air navigation when they extend above the sec- 
ondary obstacle clearance plane. This plane 1~3- 
gins at a point 500 feet above the obstacles upon 
which the primary obstacle clearance area MOCA 
is based, and slants rrpward at an attgle which will 
carlse it to intersect the outer edge of the second- 
ary area at a point 500 feet higher. See Figure 17- 
17. Where an obstacle extends almve this plane. 
the normal MOCA shall l)e increased by adding 
to the MSL height of the highest penetrating ob- 
stacle in the secondary area the required clear- 
ance (C), computed with the following formula: 

D1 is the total width of the secondary area. 

D' is the distance from the o\)stacle to the 
OUTER edge of the secondary area. 

NOTE: Atltl an extrci 1000 feet in ntountccinotcs 
(lre(Is except where MEAs in enroute (rirspr~c:~ 

Par 1719 Q U.S ~overnmant  Prlntlns offlea: 1987-111.763/40253 Chap 17 - 
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areas are reduced under the pzooisions of par- 
ugraph 1720. In these cases, where the prirnay 
area MOCA has been reduced to 1700 feet, add 
700 feet to the secondary obstacle clearance, and 
where the prima y area MOCA has been reduced 
to 1500 feet, add 500 feet to the secondary area 
clearance ualue. 

D' has a total width of 2 NM, or 12,152 feet out 
to a distance of 51 NM from the enroute facility, 
and then increases at a rate of 236 feet for each 
additional NM. 

Figure 17-17 CROSS SECTION. SECONDARY AREA 
OBSTACLE CLEARANCES. Par 1721. 

Figure 17-18. PLAN VIEW, SECONDARY AREA OBSTACLE 
CLEARANCES. Par 1721. 

Example: An obstacle which reaches 1875 feet 
MSL is found in the secondary area 6170 feet in- 
side the outer secondarv area boundarv and 46 
NM from the facility. ~ g e  Figures 17-I? and 17- 
18. 

D' is 12,152 feet. 
D is 6170 feet. 

500 X 6170 
12,152 

= 253.8 (254 feet) 

Obstacle height (1875) + 254 = 2129. 
MOCA is 2100 feet. 

1722. OBSTACLE CLEARANCE GRAPH. 
Figure 17-19 is a secondary area obstacle clear- 
ance graph, designed to allow the determination 
of clearance requirements without using the for- 
mula. The left axis shows the required obstacle 
clearance; the lower axis shows the distance from 
the outer edge of the secondary area to the obsta- 
cle. The slant lines are facility distance references. 

Facility distances which fallbetween the charted 
values may be found by interpolation along the 
vertical distance lines. 

a. Application. To use the secondary area ob- 
stacle clearance chart, enter with the value 
representing the distance from the outer edge of 
the secondary area to the obstacle. In the 
problems above this distance was 6170 feet. Pro- 
ceed up to the "51 NM or less" line and read the 
clearance requirement from the left axis. The 
chart reads 254 feet, the same as was found using 
the formula. To solve the second problem, reenter 
the chart at 6170 feet and move vertically to find 
68 NM between the 60 and 70 NM facility dis- 
tance slant lines. The clearance requirement 
shown to the left is 191 feet, the same as found 
using the formula. 

b. Finding the MOCA. The required clearance, 
found by using the graph, is now added to the 
MSL height of the obstacle to get the MOCA: 

(1) 46 NM from facility: 
254 + 1875 = 2129 (2100 MSL). 

(2) 68 NM from facility: 
191 + 1875 = 2066 (2100 MSL). 

Chap 17 
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Section 3. Altitudes * 
1730. MINIMUM CROSSING ALTITUDES 
(MCA). It is necessary to establish MCAs in all 
cases where obstacles intervene to prevent a pilot 
from maintaining obstacle clearance during a nor- 
mal climb to a higher MEA after the aircraft p a -  

climb V ~ W  . - m 
ses a point beyond which the higher MEA applies. MC* +lrd -SKU 

The same vertical obstacle clearance requirement 
for the primary and secondary areas must be con- Figure 17-20 MCA DETERMINATION POINT. Par 1730 
sidered in the determination of the MCA. See 
paragraph 1718. The standard for determining 
the MCA shall be based upon the following climb FIX DISPUCEMENT AREA 

rates, and is computed from the flight altitude: 

SL through 5000 feet 150 ft/NM 
5000 through 10,000 feet 120 ft/NM d.krml". MCA 

10,000 feet and over 100 ft/NM 

a. To determine the MCA, the distance from 
the obstacle to the radio fix shall be computed 
from the point where the centerline of the en 
route course in the direction of flight intersects F~gure 17-21. DETERMINATION OF MCA Par 1730. 

o 2 4 6 8 10 12 14 16 ta m n 24 26 28 a 32 34 

DISTANCE (lHOUSANDS OF FEET) FROM OBSTACLE TO OUTER EDGE OF SECONDARY AREA 

Figure 17-19 SECONDARY AREA OBSTACLE CLEARANCE Par 1722 

1723.-1729. RESERVED. the farthest displacement from the fix. See Fig- 
ures 17-20 and 17-21. 
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Chap 17 Page 183
Par 1730

b. When a change of altitudes is involved with a
course change, course guidance must be provided if
the change of altitude is more than 1,500 feet and/or
if the course is more than 45 degrees.

EXCEPTION:  Course changes of up to 90 de-
grees may be approved without course guidance
provided that no obstacles penetrate the
established MEA requirement of the previous
airway/route segment within 15 NM of the
boundaries of the system accuracy displacement
area   of   the   fix.   See  figure  17-22  and  para-
graph 1740b(2).

Figure 17-22.  MEA WITH NAVIGATION GAP
AT TURNING POINT.  Par 1740b(2)

1731. EN ROUTE MINIMUM HOLDING
ALTITUDES.  Criteria for holding pattern airspace
are contained in Order 7130.3, Holding Pattern
Criteria, and provide for separation of aircraft from
aircraft.  The criteria contained in this document deal
with the clearance of holding aircraft from obstacles.

a. Area.  The primary obstacle clearance area for
holding shall be based on the appropriate holding
pattern airspace area specified in Order 7130.3.  No
reduction in the pattern sizes for “on entry”
procedures is permitted.  In addition, when holding at
an intersection fix, the selected pattern shall also be
large enough to contain at least 3 corners of the fix
displacement area.  See paragraphs 284, 285, and
figure 37-1.  A secondary area 2 miles wide
surrounds the perimeter of the primary area.

b. Obstacle Clearance.  The minimum obstacle
clearance of the route shall be provided throughout
the primary area.  In the secondary area 500 feet of
obstacle clearance shall be provided at the INNER
edge, tapering to zero feet at the outer edge.  For
computation of obstacle clearance in the secondary
area,  the  computation  formula  specified  in  para-
graph 1721 shall be applied. Allowance for pre-
cipitous terrain should be considered as stated in
paragraph  323a.  The altitudes selected by applica-
tion of the obstacle clearance specified in this
paragraph may be rounded to the nearest 100 feet.

c. Communications.  The communications on
appropriate ATC frequencies (as determined by ATS)
shall be required throughout the entire holding
pattern area from the MHA up to and including the
maximum holding altitude.  If the communications
are not satisfactory at the minimum holding obstacle
clearance altitude, the MHA shall be authorized at an
altitude where the communications are satisfactory.
For communications to be satisfactory, they must
meet the standards as set forth in Order 8200.1,
United States Standard Flight Inspection Manual.

d. Holding Patterns On/Adjacent to ILS
Courses.  Holding patterns on or adjacent to ILS
courses  shall  comply  with  Order  7130.3,  para-
graph 4-7.

e. High Altitude.  All holding patterns in the high
altitude structure shall be coordinated with the
Aviation Systems Standards office prior to being
approved.

1732.-1739. RESERVED.

Section 4.  Navigational Gaps

1740. NAVIGATIONAL GAP CRITERIA.
Where a gap in course guidance exists, an airway or
route segment may be approved in accordance with
the criteria set forth in paragraph 1740c, provided:

a. Restrictions.

(1) The gap may not exceed a distance which
varies directly with altitude from zero NM at sea
level to 65 NM at 45,000 feet MSL, and
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(2) Not more than one gap may exist in the
airspace structure for the airway/route segment, and

(3) A gap may not occur at any airway or
route turning point, except when the provisions of
paragraph 1740b(2) are applied, and

(4) A notation must be included on FAA
Form 8260-16 which specifies the area within which
a gap exists where the MEA has been established
with a gap in navigational signal coverage.  The gap
area will be identified by distances from the
navigation facilities.

b. Authorizations.  MEA’s with gaps shall be
authorized only where a specific operational re-
quirement  exists.  Where gaps exceed the distance in
paragraph 1740a(1), or are in conflict with the
limitations in paragraph 1740a(2) or (3), the MEA
must be increased as follows:

(1) For straight segments:

(a) To an altitude which will meet the
distance requirement of paragraph 1740a(1), or

(b) When    in    conflict     with    para-
graph 1740a(1) or (2) to an altitude where there is
continuous course guidance available.

(2) For turning segments.  Turns to intercept
radials with higher MEA’s may be allowed provided:

(a) The increase in MEA does not exceed
1,500 feet, and

(b) The turn does not exceed 90 degrees,
and

(c) No obstacles penetrate the MEA of the
course being flown within 15 NM of the fix
displacement area (see figure 17-22).

(3) When     in     conflict    with     para-
graph 1740b(1) or (2) to an altitude where there is
continuous course guidance available.

c. Use of Steps.  Where large gaps exist which
require   the   establishment   of   altitudes   that
obviate  the  effective  use  of  airspace,  considera-
tion   may  be  given  to   the  establishment  of  MEA

Figure 17-23.  NAVIGATION COURSE GUIDANCE GAPS.  Par 1740.
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"stet>s." These steps may be established at incre- 
nletlts of not less than 2000 feet below 18,000 feet 
MSL, or not less than 4000 feet at 18,000 feet 
MSL and above, provided that a total gap does 
not exist for the segment within the airspace 
structure. MEA steps shall be limited to one step 
between any two facilities to eliminate continuous 
or repeated changes of altitude in problem areas. 
MEA changes shall be identified by designated 
radio fixes. 

d. Caps. Allowable navigational gaps may be 
determined by reference to the graph in Figure 
17-23. 

Example: The problem drawn on the chart shows 
the method used to determine the allowable gap 
on a route segment with a proposed MEA of 
27,000 feet. Enter the graph at the left edge with 
the MEA of 27,000 feet. Move to the right to the 
interception of the diagonal line. Move to the bot- 
tom of the graph to read the allowable gap. In the 
problem drawn, a 39 NM gap is allowable. 

174 1 .- 1749. RESERVED. 

Section 5. Low Frequency Airways or Routes 

1750. LF AIRWAYS OR ROUTES. 

a. Usage. LF navigation facilities may be used 
to establish enroute airway/route segments. Then 
use will be limited to those instances where an 
operational requirement exists. 

b. Obstacle Clearance Areas. See Figures 17-24 
and 17-25. 

(1) The primary obstacle clearance area 
boundaries of LF segments are lines drawn 4.34 
NM (5 statute miles) on each side of and parallel 
to the segment centerline. These boundaries will 
be affected by obstacle clearance area factors 
shown in c. below. 

(2) The LF secondary obstacle clearance 
areas extend laterally for an additional 4.34 NM 
on each side of the primary area. The boundaries 
of the secondary areas are also affected by the ob- 
stacle clearance area factors shown in c. below. 

r. .  Obstacle Clearance Area Factors. See Figures 
17-24 and 17-25. 

Fip~re 17-24 LF SEClIENT PRIbtAR1' OBST,*C;LE 
CLEARANCE AREA Par 1 7 3  b 

Figure 17-E5. LF SECYENT SECONDARY ORSTI<:LE 
CLEARANCE AREA PU i7m I> 

(1) The primary area of LF segments is ex- 
panded in the same way as for VHF airways/ 
routes. Lines are drawn at 5 degrees off the 
course centerliiie from each facility. These lines 
meet at the midpoint of the segment. Penetration 
of the 4.34 NM boimdary occurs 49.66 (50) NM 
frorn the facility. 

(2) The seco~idary areas are expanded in the 
same manner as the secondary areas for VHF air- 
ways/routes. Lines are drawn 7.5 degrees on each 
side of the segment centerline. These 7.5 degree 
lines will intersect the original 8.68 NM secolidary 
area boundaries at 65.93 (66) NM from the facil- 
ity. 

(1) Obstacle clearance in the primary area of 
LF airways or routes is the same as that required 
for VOR airways/routes. The areas over which 
the clearances apply are different, as shown in 
paragraph I750.c. 

(2) Secondary area obstacle clearatice re- 
quirements for LF segments are based 11po11 dis- 
hnce from the facility and location of the obsta- 
cle relative to the inside lmwidary of the second- 
ary area. 

Chap 17 Par 1740 
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(a) Within 25 Nh1 of the facility the obstil- 
cle clearance is I~ased i l p u  a 50:l plane drawn 
fro111 the prin~ary area I,o~undary 300 feet al)ove 
the obstacle which dictates its MOCA and ex- 
tending to the edge of the secondary area. When 
obstacles penetrate this 50:l plane, the MOCA 
for the segil~ent u~ill be increased above that dic- 
tated for the primary area obstacle as follows: 

Distance from Primary Boundary Add to Height of Obstacle 

0 - 1 statute miles 
1 - 2 statute rniles 
2 -3 statute miles 
3 -4  statute 111iles 
4 -5 stat~~te n~iles 

500 feet 
400 feet 
300 feet 
20 feet 
100 feet 

F~gure 17-27 LF SE(;\fENT ORST \CLE CLEaiI(4NCE OVER 
25 N5f I'R051 ESROVTE FA(:ILITY 

Par 17.50 (I 

No'l E: ,See Figure 1 7-26 for cross sectioiz view. 
Al.90 see (c) below. 

Section 6. Minimum Divergence Angles 

Figure 17-26: LF SEGMENT OBSTACLE CLEARANCE 
WlTHlN 25 NM OF ENROUTE FACILITY 

Par 1750 d 

(b) Beyond the 25 NM distance from the 
facility, the secondary obstacle clearance plane is 
flat. This plane is drawn from the primary area 
boundary 500 feet above the obstacle which dict- 
ates its MOCA and extending to the edge of the 
secondary area. If an obstacle penetrates this sur- 
face the MOCA for the segment will be increased 
so as to provide 500 feet of clearance over the ob- 
stacle. See Figure 17-27. Also see (c) below. 

(c) Obstacle clearance values shown in (a) 
and' (b) above are correct for nonmountainous 
areas only. For areas designated as mountainous 
add 1000 feet. 

1751.- 1759. RESERVED. 

1760. GENERAL. 

a. Governing Facility. The governing facility 
for determining the minimum divergence angle 
depends upon 110w the fix is determined. 

(1) Where the fix is predicated on an off- 
course radial or bearing, the distance from the fix 
to the facility providing the off-course radial or 
Ixaring is used. 

d 
(2) Where the fix is predicated on the ratlials 

or bearings of two intersecting ainvays or routes, 
the distance between the farthest fiicility and the 
fix will be used to determine the angle. 

h. I l n M i ~ ~ g .  Where holding is to IX authorized 
at a fix, the minimum divergence angle is 45 deg- 
rees. 

1761. VHF FIXES. 

a. The minirnutll divergence arlgles for those 
fixes formed by intersecting VHF radials are de- 
termined as follows: 

(1) When both radio facilities are located 
within 30 NM of the fix, the minimum divergence 
angle is 30 degrees. 

(2) When the governing facility is over :30 
NM from the fix, the lni~limt~nl allowable angle 
will be increased at the rate of 1 degree pel N M  
up to 45 NM (45 degrees). 

Par 1750 Chap 17 
d 
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(3)  Beyond 45 NM, the minin~um divergence 
angle increases at the rate of 1/2 degree per NM. 

Excltnple: Distance from fix to gover~li~lg facility 
is 51 NM. 51 - 45 = 6 NM. 6 X 1/2 = 3 addi- 
tional degrees. Add to the 45 degrees reqi~ired at 
45 NM and get 48 degrees minimum divergence 
angle at 51 NM. 

b. A graph (Figure 17-28) may be used to de- 
fine minimum divergence angles. Using the fore- 
going example, enter the chart at the bottom with 
the facility distancu: (51 NM). Move up to the 
"VHF Fix" conversion line. Then move to the left 
to read the angle - 48 degrees. 

1762. JX OR VHF/LF FIXES. 

a. Minimum divergence angles for LF or in- 
tegrated (VHF/LF) fixes are determined as fol- 
lows: 

(1) When the governing facility is within 30 
NM of the fix, the minimum divergence angle is 
45 degrees. 

(2) Be!.o~ld :30  N M  the mininalnr angle ~ n ~ a t  
I &  iucreasetl at the rate of 1 degree for each NM. 
except for fixes on long overwater routes where 
the fix will I)e rlsed for reporting ptqoses and not 
f o ~  traffic separation. 

Excr~~lple: The distance frotn the governing facility 
is 51 NM. 51 - 30 = 21 NM. 21 X 1 = 21. Add 
21 to 45 degrees required at 30 NM to get the re- 
quired divergence angle of 66 degrees. 

b. The graph (Figure 17-28) may be used to de- 
fine rninimum angles for LF or VHF/LF fixes. 
Using the foregoing example, enter at the bottom 
of the chart with the 51 NM distance between fa- 
cility and fix. Move up to the "LF or IN- 
TEGRATED FIX" conversion line. then left to 
read the required divergence angle, 66 degrees. 

1763.-1799. RESERVED. 

DISTANCE (NM) BFfWEEN RADIO FIX AND *GOVERNINGn FACILITY. 

Figure 17-28 MlNlMUM DIVERGENCE ANGLE FOR RADIO FIX Pur 1761 13 ant1 1762 521, 

Chap 17 Par 1761 
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APPENDIX 1.  APPENDIX APPLICATION, GLOSSARY,
ACRONYMS, AND ABBREVIATIONS

1. APPENDIX APPLICATION.  The material
contained in these appendices supports criteria
contained in several chapters of this order.  Appendix
material includes:

a. Appendix 1, paragraph 2.  Glossary.  A
listing of special terms and abbreviations to explain
their meaning and application to procedures and
criteria.

b. Appendix 1, paragraph 3.  Acronyms and
Abbreviations.  A listing of all acronyms and
abbreviations used in this order.

c. Appendix 2.  RESERVED

d. Appendix 3.  References.  This appendix
contains a list of referenced publications.

e. Appendix 4.  Table of Tangents.  A com-
plete  list  of   tangents   for   angles   from   0.0  to
9.0 degrees in hundredths of degrees for application
in solving glide slope problems.

f. Appendix 5.  Approach Lighting.Systems.
This appendix contains descriptions of standard
approach lighting systems and lists of other systems
which may be given the same visibility credit in the
development of military procedures.

g. Appendix 6.  Alphabetical Index.

2. GLOSSARY.  Definitions shown in the glossary
apply to terminal instrument procedures criteria in
this order.

AL Approach and Landing (Chart).

Angle of Divergence (Minimum).  The smaller
of the angles formed by the intersection of two
courses, radials, bearings, or combinations thereof.

ASBL Approach Surface Baseline.  An
imaginary horizontal line at threshold elevation.

Approving Authority.  Headquarters representa-
tive of the various signatory authorities shown in the
Foreword, Page iv.

BC Back Course (Localizer).

Circling Approach Area.  The area in which
aircraft circle to land under visual conditions after
completing an instrument landing approach.

Controlling Obstacle.  The highest obstacle
relative to a prescribed plane within a specified area.

NOTE:  In precision approach procedures where
obstacles penetrate the approach surface, the
controlling obstacle is the one which results in
the requirement for the highest decision height
(DH).

Dead Reckoning.  The estimating or determining
of position by advancing an earlier known position
by the application of direction and speed data.  For
example, flight based on a heading from one
VORTAC azimuth and distance fix to another is dead
reckoning.

Diverse Vector.  An instruction issued by a radar
controller to fly a specific course, which is not a part
of a predetermined radar pattern.  Also referred to as
a “random vector.”

DH Decision Height .  The height, specified
in mean sea level (MSL), above the highest runway
elevation in the touchdown zone at which a missed
approach must be initiated if the required visual
reference has not been established.  This term is used
only in procedures where an electronic glide slope
provides the reference for descent, as in an
instrument landing system (ILS) or precision
approach radar (PAR).

DME Distance Measuring Equipment Arc.  A
course, indicated as a constant DME distance, around
a navigation facility which provides distance
information.

DME Distance.  The line of sight distance (slant
range) from the source of the DME signal to the
receiving antenna.

FAC Final Approach Course.

FAF Final Approach Fix.

Flight Inspection.  In-flight investigation and
certification of certain operational performance
characteristics of electronic and visual navigation
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facilities by an authorized inspector in conformance
with Order 8200.1, U. S. Standard Flight Inspection
Manual.

Gradient. A slope expressed in feet per mile,
or as a ratio of the horizontal to the vertical distance.
For  example,  40:1  means  40 feet  horizontally  to
1 foot vertically.

GPI Ground Point of Intercept.  A point in the
vertical plane on the runway centerline at which it is
assumed that the straight line extension of the glide
slope intercepts the runway approach surface
baseline.

HAA Height above airport elevation.

HAT Height above touchdown zone elevation.

IAC Initial Approach Course.

IAF Initial Approach Fix.

IC Intermediate Course.

IF Intermediate Fix

JAL High Altitude Approach and Landing
(Chart).

LOC Localizer.  The component of an ILS
which provides lateral guidance with respect to the
runway centerline.

LDA Localizer type directional aid.  A facility
of comparable utility and accuracy to a LOC, but
which is not part of a full ILS and may not be aligned
with the runway.

LPV - Lateral    Precision    Performance    with 
Vertical  Guidance

MAP Missed Approach Point (paragraph 272).

MDA Minimum   Descent   Altitude  (para-
graph 310)

MHA Minimum Holding Altitude.

NDB (ADF) Non Directional Beacon (Airborne
Automatic Direction Finder).  A combined term
which indicates that an NDB provides an electronic
signal for use with ADF equipment.

Obstacle.  An existing object, object of natural
growth, or terrain at a fixed geographical location

which may be expected at a fixed location within a
prescribed area, with reference to which vertical
clearance   is   or   must   be   provided   during  flight
operation.   For  example,  with  reference  to  mobile
objects, a moving vehicle 17 feet high is assumed to
be on an Interstate Highway, 15 feet high on other
highways, and 23 feet high on a railroad track, except
where limited to certain heights controlled by use or
construction.  The height of a ship’s mast is assumed
according to the types of ships known to use an
anchorage.

Obstacle Clearance.  The vertical distance
between the lowest authorized flight altitude and a
prescribed surface within a specified area.

Obstacle Clearance Boxes 500 .  When used in
figures which depict approach segments, these boxes
indicate the obstacle clearance requirements in feet.

Operational Advantage.  An improvement which
benefits the users of an instrument procedure.
Achievement of lower minimums or authorization for
a straight-in approach with no derogation of safety is
an example of an operational advantage.  Many of the
options in TERPS are specified for this purpose.  For
instance, the flexible final approach course alignment
criteria may permit the ALS to be used for reduced
visibility credit by selection of the proper optional
course.

Optimum Most Favorable.  As used in TERPS,
optimum identifies the value, which should be used
wherever a choice is available.

Positive Course Guidance.  A continuous display
of navigational data which enable an aircraft to be
flown along a specific course line.

Precipitous Terrain.  Terrain characterized by
steep or abrupt slopes.

Precision and Nonprecision.  These terms are
used to differentiate between navigational facilities
which provide a combined azimuth and glide slope
guidance to a runway (Precision) and those that do
not.  The term nonprecision refers to facilities
without a glide slope, and does not imply an
unacceptable quality of course guidance.

Primary Area.  The area within a segment in
which full obstacle clearance is applied.

ROC Required Obstacle Clearance.   
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Runway Environment.  The runway threshold or
approved lighting aids or other markings identifiable
with the runway.

Secondary Area.  The area within a segment in
which ROC is reduced as distance from the
prescribed course is increased.

Segment.  The basic functional division of an
instrument approach procedure.  The segment is
oriented with respect to the course to be flown.
Specific values for determining course alignment,
obstacle clearance areas, descent gradients, and
obstacle clearance requirements are associated with
each segment according to its functional purpose.

Service Volume.  That volume of airspace
surrounding a VOR, TACAN, or VORTAC facility
within which a signal of usable strength exists and
where that signal is not operationally limited by co-
channel interference.  The advertised service volume
is defined as a simple cylinder of airspace for ease in
planning areas of operation.

TCH Threshold Crossing Height.  The height
of the straight line extension of the glide slope above
the runway at the threshold.

TDZ Touchdown Zone.  The first 3,000 feet of
runway beginning at the threshold.

TDZE Touchdown Zone Elevation.  The highest
runway centerline elevation in the touchdown zone.

Transition Level.  The flight level below which
heights are expressed in feet MSL and are based on
an approved station altimeter setting.

VDP Visual Descent Point.  The VDP is a
defined point on the final approach course of a
nonprecision straight-in approach procedure from
which normal descent from the MDA to the runway
touchdown point may be commenced, provided
visual reference is established.

3.  ACRONYMS AND ABBREVIATIONS.  Many
acronyms and abbreviations for old and new aviation
terms are used throughout this order.  Users of this
order can refer to the following alphabetical listing of
frequently used acronyms and abbreviations:

AAF Airway Facilities Service
ABM abeam
AC Advisory Circular
ADF automatic direction finder
AFM Airplane Flight Manual

AFS Flight Standards Service
AFSS Automated Flight Service Station
AGL above ground level
AIM Aeronautical Information Manual
ALPA Air Line Pilots Association
ALSF-1 approach lighting system with sequenced

flashing lights (CAT I Configuration)
ALSF-2 approach lighting system with sequenced

flashing lights (CAT II Configuration)
AOPA Aircraft Owners and Pilots Association
APV approach with vertical guidance (ICAO)
ARA airborne radar approach
ARC Airport Reference Code
ARDH achieved reference datum height
ARINC Aeronautical Radio, Inc.
ARP airport reference point
ARSR air route surveillance radar
ARTCC Air Route Traffic Control Center
ASBL approach surface baseline
ASOS automated surface observing system
ASR airport surveillance radar
AT Air Traffic
ATA Air Transport Association
ATC Air Traffic Control
ATD along track distance
ATRK along track
ATS Air Traffic Service
AVN Aviation System Standards
AWO all weather operations
AWOP All Weather Operations Panel
AWO/PM All Weather Operations/Program Manager
AWOS automated weather observation system
AWS Aviation Weather System
Baro VNAV Barometric vertical navigation
BC back course
CAT Category
CF course to fix
CFIT controlled flight into terrain
CFR Code of Federal Regulations
CG climb gradient
CGL circling guidance light
CHDO Certificate Holding District Office
CIH climb-in-hold
CMO Certificate Management Office
CMT Certificate Management Team
CONUS Continental United States
COP changeover point
CRM collision risk model
CW course width
CWSU Center Weather Service Unit
CY Calendar Year
DA decision altitude
dB decibel
DCG desired climb gradient
DER departure end of runway
DF direct to fix
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DF direction finder
DG descent gradient
DH decision height
DME distance measuring equipment
DOD Department of Defense
DOT Department of Transportation
DP departure procedure
DR dead reckoning
DRL departure reference line
DRP departure reference point
DTA distance turn anticipation
DVA diverse vector area
EARTS en route automated radar tracking system
EDA elevation differential area
ESA emergency safe altitudes
ESV expanded service volume
FAA Federal Aviation Administration
FAATC FAA Technical Center
FAC final approach course
FAF final approach fix
FAP final approach point
FAR Federal Aviation Regulations
FAS final approach segment
FATO final approach and takeoff area
FAWP final approach waypoint
FDC Flight Data Control
FDR Flight Data Record
FDT fix displacement tolerance
FEP final end point
FIFO Flight Inspection Field Office
FMS flight management system
FPAP flight path alignment point
FPCP flight path control point
FPO Flight Procedures Office
FR Federal Register
FSDO Flight Standards District Office
FSS Flight Service Station
FTE flight technical error
FTIP Foreign terminal instrument procedure
FTP fictitious threshold point
GA general Aviation
GCA ground controlled approach
GH Geoid Height
GLONASS  Global Orbiting Navigation Satellite 

System
GLS GNSS Landing System
GNSS Global Navigation Satellite System
GP glidepath
GPA glidepath angle
GPI ground point of intercept
GPS Global Positioning System
GRI group repetition interval
GS glide slope
HAA height above airport
HAE height above ellipsoid
HAH height above helipoint

HAI Helicopter Association International
HAL height above landing area elevation
HAS height above surface
HAT height above touchdown
HATh height above threshold
HCH heliport crossing height
HF high frequency
HIRL high intensity runway lights
HRP heliport reference point
HUD heads-up display
IAC initial approach course
IAF initial approach fix
IAP instrument approach procedure
IAPA instrument approach procedure

automation
IC intermediate course
ICA initial climb area
ICAB ICA baseline
ICAE ICA end-line
ICAO International Civil Aviation Organization
ICWP initial course waypoint
IDF initial departure fix
IF intermediate fix
IF initial fix
IF/IAF intermediate/initial approach fix
IFR instrument flight rules
ILS instrument landing system
IMC instrument meteorological conditions
INS inertial navigation system
IPV instrument procedure with vertical

guidance
IRU inertial reference unit
ISA International Standard Atmosphere
kHz kilohertz
KIAS knots indicated airspeed
LAAS Local Area Augmentation System
LAB landing area boundary
LAHSO land and hold short operations
LDA localizer type directional aid
LDIN lead-in lighting system
LF low frequency
LIRL low intensity runway lights
LNAV lateral navigation
LPV Lateral Precision Performance with

Vertical Guidance
LOA Letter of Agreement
LOB lines of business
LOC localizer
LOM locator outer marker
LORAN long range navigation system
LTP landing threshold point
MALS minimum intensity approach lighting

system
MALSF minimum intensity approach lighting

system with sequenced flashing
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MALSR minimum intensity approach lighting
system with runway alignment indicator
lights

MAP missed approach point
MCA minimum crossing altitude
MDA minimum descent altitude
MEA minimum en route altitude
MHA minimum holding altitude
MHz megahertz
MIA minimum IFR altitudes
MIRL medium intensity runway lights
MLS Microwave Landing System
MM middle marker
MOA Memorandum of Agreement
MOA military operations area
MOC minimum obstacle clearance
MOCA minimum obstruction clearance altitude
MOU Memorandum of Understanding
MRA minimum reception altitude
MSA minimum safe/sector altitude
MSL mean sea level
MTA minimum turn altitude
MVAC minimum vectoring altitude chart
NAD North American Datum
NAS National Airspace System
NAVAID navigational aid
NAWAU National Aviation Weather Advisory Unit
NBAA National Business Aviation Association
NDB nondirectional radio beacon
NFDC National Flight Data Center
NFDD National Flight Data Digest
NFPO National Flight Procedures Office
NM nautical mile
NOAA National Oceanic and Atmospheric

Administration
NOS National Ocean Service
NOTAM Notice to Airmen
NOZ normal operating zone
NPA nonprecision approach
NTSB National Transportation Safety Board
NTZ no transgression zone
NWS National Weather Service
OC obstruction chart
OCA obstacle clearance altitude
OCH obstacle clearance height
OCS obstacle clearance surface
ODALS omnidirectional approach lighting system
OEA obstruction evaluation area
OE/AAA Obstruction Evaluation/Airport Airspace

Analysis
OFA object free area
OIS obstacle identification surface
OM outer marker
ORE obstacle rich environment
OSAP off-shore approach procedure
PA precision approach

PAPI precision approach path indicator
PAR precision approach radar
PCG positive course guidance
PDA preliminary decision altitude
PFAF precision final approach fix
PGPI pseudo ground point of intercept
PinS point-in-space
PLS precision landing system
POC point of contact
PRM precision runway monitor
PT procedure turn
PVG positive vertical guidance
PVGSI pseudo visual glide slope indicator
RA radio altimeter
RAA Regional Airline Association
RAIL runway alignment indicator lights
RAPCON radar approach control
RASS remote altimeter setting source
RCL runway centerline
RDP reference datum point
REIL runway end identifier lights
RF radio frequency
RF radius to fix
RNAV area navigation
RNP required navigation performance
ROC required obstacle clearance
RPI runway point of intercept
RRP runway reference point
RTCA Radio Technical Commission for

Aeronautics
RVR runway visual range
RWP runway threshold waypoint
RWT runway threshold
RWTE runway threshold evaluation
RWY runway
SALS short approach lighting system
SATNAV satellite navigation
SCG standard climb gradient
SDF simplified directional facility
SDF step-down fix
SER start end of runway
SIAP standard instrument approach procedure
SID standard instrument departure
SM statute mile
SSALF short simplified approach lighting system

with sequenced flashers
SSALR short simplified approach lighting system

with runway alignment indicator lights
STAR standard terminal arrival route
STOL short takeoff and landing
TAA terminal arrival area
TACAN tactical air navigational aid
TCH threshold crossing height
TD time difference
TDP touchdown point
TDZ touchdown zone
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TDZE touchdown zone elevation
TDZL touchdown zone lights (system)
TERPS terminal instrument procedures
TF track to fix
TL Transmittal Letter
TLOF touchdown and life-off area
TLS transponder landing system
TORA takeoff runway available
TP tangent point
TPD tangent point distance
TRACON terminal radar approach control facility
TSO technical standard order
TWP turn waypoint
UHF ultra high frequency
USA U.S. Army
USAF U.S. Air Force
USCG U.S. Coast Guard
USMC U.S. Marine Corps
USN U.S. Navy
VA heading to altitude
VASI visual approach slope indicator
VCA visual climb area
VCOA visual climb over airport

VDA vertical descent area
VDP visual descent point
VFR visual flight rules
VGA vertically guided approach
VGSI visual glide slope indicator
VHF very high frequency
VLF very low frequency
VMC visual meteorological conditions
VNAV vertical navigation
VOR very high frequency omnidirectional radio

range
VOR/DME  very high frequency omnidirectional

radio range collocated with distance
measuring equipment

VORTAC very high frequency omnidirectional radio
range collocated with tactical air
navigation

VPA vertical path angle
VSDA visual segment descent angle
VTOL vertical take-off and landing
WAAS Wide Area Augmentation System
WCH wheel crossing height
XTRK crosstrack
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1. TABLE OF TANGENTS 
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1.  APPROACH LIGHTING SYSTEMS. An 
approach lighting system is a configuration of 
signal lights disposed symmetrically about the 
extended runway centerline starting at the 
landing threshold and extending outward into the 
approach zone. Several systems are designed with 
rows of lightbars, wing lightbars, and 
distinguishable crossbars to provide visual cues 
for runway alignment, height perception, roll 
guidance, and horizon references. Some systems 
are augmented with a single row of flashing lights 
aligned on the extended runway centerline. When 
a single row of flashing lights is employed as an 
independent system, only the runway alignment 
cue is provided. At civil airports, systems used in 
conjunction with precision approaches (such as an 
ILS) shall be a minimum length of 2,400 feet at 
locations which have a glide slope of 2.75" or 
higher. Locations which have a glide slope less 
than 2.75" require a 3,000 foot system. For 
nonprecision approaches, the systems are 1,400 
feet. Detailed configurational layouts and 
specifications are depicted in FAA Handbooks 
6850.2 and 6850.5 for U.S. standard installations. 
For military airports, see applicable service 
directives. 

ti. Secluenr.~cl Flt~shcrs. Those approach 

. .- ligliti~ig systems desigliated with flashing lights 
are atignented with a system of seqrie~lced 
flashing lights. Such lights are installed at each 
cel~terline I)ar nonnally starting 1 , H )  feet from 
the threshold orit to the end of the system. These 
ligllts emit a bluish-white light and flash in 
seclllence toward the threshold at a late of twice 
per second. 

h. RAIL. Runruuy Alignt~tent Incliccrtor 
1,igI~ts. RAIL consists of sequenced flashing lights 
illstalled on the extended ntilway cetrterline 
heyond the associated approach lighting system. 
The first light is located 200 feet from the lightbar 
farthest from the nlnway threshold. Successive 
units are spaced 200 feet apart outward into the 
itpproach zone for a specified distance. 

2. NONSTANDARD SYSTEMS. Approach 
lighting systems other than the U.S. standard 
illstallations nlay be considered erluivaleat to the 

stw~dascl systerris for the purpose of forn~rrlatir~g 
~~~illilnnms autho~ized for military procedures, 
~wovicled req\rirements of pardgraph 344 are met. 
This appe~dix ilh~strates several son-U.S. 
stai\da~d systeins and is offered as a guide to the 
determination of equivalency. 

3. ALSF-I (Type A1)'. Approach Lighting 
Systeln with Seqoeaced Flashing Lights, 
Catego~y I Colifiguation. 

(1. S!lsttlta L)t!sr.riptiot~. The category I ALSF 
(:\LSF-1) co~isists of a centerline lightl>ar 
iyqmximately 13 1 /2 feet long with five equally 
spacecl lights at each 100-foot interval, starting 
:3OO feet from the ninway threshold and 
co~ltilliiing out to 2,400 or 3,000 feet from the 
threshold. The centerline lightbar at 1,000 feet 
frott~ the threshold is 100 feet long and contains 
21 lights. All of the aforeine~ltio~led lights are 
white. The lightbar 200 feet froill the threshold is 
50  feet bng, contaios 11 red lights, and is called 
the termiilating lwr. Two lightbars, each 
co~itaining five red lights, are located 100 feet 
f1o111 the threshold, one oa either side of the 
ce~ltesli~ie, and are called winglmrs. A row of 
gee11 lights oil 5-foot centers is located near the 
threshold and exte~ids across the rrtllway 
threshold and outwards a distance of 
approxi~llately 45 feet fro111 the nlilway edge on 
either side of the niilway. See Figire 1.34. 

b. Equivalent System. When the 
characteristics described in paragraph 3a exjst in 
the following systems, the appropriate visibility 
reductions may be applied to MILITARY 
ir~strument approach procedures and FAR 121 
operations at foreign airports. 

Type' Description 

B U. S. Configuratio~i R 
* BN Former NATO Standard C 

BP NATO Standard a 
J Calvert (United Kingdom) 
0 Centerline High Intensity (Europe) 
T Centre Row DOT Standard High 

Intei~sity (Canada) 
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* 
'NOTE: "Type" refus to the syster,~ 
irk.ttt ific.ation Iettms assigned to approuch lighting 
trs shorun in the Interngency Air Cartogruphic. 
C.'ot/rt/~ittue (IACC) Specification lACC No. 4.  
l'hr.sc. irlentificc~tion L~tters ure shown on the 
r\ppro(wh 1,ighting Lag~ncl Sheets publishe~l with 
Cityit und Jlilitnry Instrun~ent Approuch 
Proc*rrltrr~~s, 

A L S F - I  A L S F - 2  S ALS 

'T' 
S ~ E A O V  BURN~NG RED LIGHTS 
STEADY BURNING WHITE LIGHTS 

SEOUENCED FLASHWG LIGHT* 
THRESHOLO LIGHTS 

Figure 134 APPROACH LIGHTING SYSTEMS. 

4. ALSF-2 (Type A). Approach Lighting System 
with Sequenced Flashing Lights. 

u. Systettt Description. The category I1 
ALSF (ALSF-2) differs from the category I 
configuration only in the inner 1,000 feet (nearest 
the threshold) of the system. The outer 1,40 or 
2,000 feet of both systems are identical. The 
2,4Wfoot system is authorized by Order 6850.9 

Figure 135. SYSTEMS EQUIVALENT TO C!S 

STANDARDA,, ALSF-I 

when the glide slope angle is 2.75" or higher, 
while the 3,000-foot system is authorized when 
the glide slope angle is less than 2.75". The 
terminating bar and wingbars of the category I 
config~iration are replaced with centerline bars of 
five white lights each. In addition, there are 
lightbars (three red lights each) on either side of 
the centerline bars at each light station in the 
inner 1,000 feet. These are called siderow bars. 
Also there is an additional bar 500 feet from the 
threshold. These lights form a crossbar referred to 
as the 500-foot bar. The category I1 configuration 
is shown in Figure 134. 

b. Equioulent Systenw.. None. 
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* 5. SALS. (Type Ae) Short Approach Light 
System. 

a. System Description. The Short Approach 
Light System is an installation which consists of 
the inner 1,500 feet of the standard ALSF-1 
TYPE A1 described in paragraph 3 of this 
appendix. The system provides roll guidance, a 
distinctive marker at 1,000 feet from the 
threshold, and distinctive threshold. See Figwe 

NOTE: SALS is programed to be phased out or 
retrofitted. 

b. Equionht Systems. When the 
characteristics described in paragraph 5s exist in 
the following systems, the appropriate visibility 
reductions may be applied to MILITARY 
instrument approach procedures and to FAR 121 
operations at foreign airports. See Figure 136. 

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

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

LWB enssrv . .....'r ........ 
i! i 

......: i.. .C..... 

:. . . . 0.. . . ...... ...... u.. ..! 
0 . .  :: : . . .  . : . . . . 

i i .................... 

Type ' Description 

A1 Centerline and Bar (South America) 
I Air Force Overrun (U.S.) 
N Narrow Multi-Cross (British) 
E Two Parallel Rows (U.S.) 
AF Overrun Centerline High 

Intensity (Europe) 
D Navy Parallel Row and Crossbar (U.S.) 

6. SSALS, SSALF, and SSALR. (Type A$. 
Short Simplified Approach Lighting System; 
Short Simplified Approach Lighting System with 
Sequenced Flashers; and, Short Simplified 
Approach Lighting System with Runway 
Alignment Indicator Lights, respectively. See 
Figure 137. 

NOTE: SSALS and SSALF are being phased out. 

SSALS SSALF SSALR 

Figure 138. SYSTEMS E Q U N A L m  TO SAL% SSALs SwLF. 9gun 137. SIMPLlFIED SHORT APPROACH LlCHTING S Y S  
MALS, AND MALSF. TEMS 
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a. Systems Description. 

(1) SSALS. The SSALS consists of 
seven fivelight bars located on the extended 
runway centerline with the fim bar located 200 
feet from the runway threshold. Two additional 
fivdight bars are located one on each side of the 
centerline bar, 1,000 feet from the runway 
threshold, forming a crossbar 70 feet long. AU 
lights of the system are white. 

(2) SSALF. The SSALF consists of a 
SSALS with three sequenced flashers that are 
located at the last three lightbar stations. 

(3) SSALR. The RAIL portion of the 
SSALR consists of five or eight sequenced flashers 
located on the extended runway centerline. The 
first flasher is located 200 feet from the approach 
end of the SSALS with successive units located at 
each 2OO-foot interval out to 2,400 or 3,000 feet 
from the runway threshold. 

b. Equivalent Systems. 

(1) S S h t S  and SSALF. When the 
characteristics described in paragraphs 6a (1) and 
(2) exist in the systems shown in Fi 136, the 
appropriate visibility reduction m a y ~ P p l i e d  to 
MILlTARY instrument approach procedures. 

(2) SSALR. When the character- 
istics described in paragraphs 6a (1) and (3) exist 
in the systems shown in Figure 138, the 
appropriate visibiity reduction may be applied to 
MILITARY instrument approach p d w e s .  

Type Description 

BQ Centre and Double Row RCAF 
Standard (Canada) 

BO Centre Row Modified Calvert (Canada) 

Figure 138. SYSTEMS EQUIVALENT TO SSALR AND MALSR. 

7. MALS, MALSF (Type A4), and MALSR (Type 
As). Medium Intensity Approach Lighting 
System; Medium Intensity Approach Lighting 
System with Sequenced Flashers; and, Medium 
Intensity Approach Lighting System with 
Runway Alignment Indicator Lights, respectively. 
See Figure 139. 

a. S y s t m  Description. 

(1) MALS. The MALS consists of seven 
five-light bars located on the extended runway 
centerline with the first bar located 200 feet from 
the runway threshold and at each 200-foot 
interval out to 1,400 feet from the threshold. Two 
additional five-light bars, one on each side of the 
centerline bar, 1,000 feet from the runway 
threshold form a crossbar 66 feet long. * 
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MALS MALSF MALSR 

LANOING 

I I 
! PI 

I... 

+ , 4 !! *mi- I 1 r I *I 2 

"i" 
anam "in I 

ME0 STEAOY WINING WHITE LlGWTS 
SEOULNCED FLASHING LlQHTS 

THllESHOLD LIGHTS 

Figwu 139. MEDIUM INTENSITY APPROACH LICH77NC SyS 
TEMS. 

- (2) MALSF. The MALSF consists of a 
MALS with three sequenced flashers located at 
the last three lightbar stations. 

(3) MALSR. The RAIL portion of the 
MALSR consists of five or eight sequenced 
flashers located on the extended runway 
centerline. The first flasher is located 200 feet 
from the approach end of the MALS with 
successive units located at each 2OO-foot interval 
out to 2,400 feet from the runway threshold. 

b. Equivalent Systems. 
(1) MALS and W F .  When the 

characteristics described in paragraphs 7a (1) and 
(2) exist in the systems shown in Figure 136, the 
appropriate visibility reductions may be applied 
to MILITARY instrument approach procedures. 

(2) MALSR. When the characteristics 
described in paragraphs 7a (1) and (3) exist in the 
systems shown in Figure 138, the appro riate 
visibility reductions may be ap lie! to 
MILITARY instrument approach prduTes.  

8. ODALS. Omnidirectional Approach Lighting 
System. 

a. System Description. The system 
consists of seven strobe lights located in the 
approach area of a runway. Five of these strobes 
are located on the extended runway centerline 
starting 300 feet from the runway landin 
threshold and each 3OO-foot interval out to an 8 
including 1,500 feet from the threshold. The other 
two strobes are iocated on the sides of the m w a y  
threshold. The strobe lights flash in sequence 
toward the runway at a rate of once per second 
with the two units located at the m w a y  end 
flashing simultaneously. The strobes have three 
intensity steps. See Figure 140. 

00 ALS LDlN RElL 

Rgun 140. OMNIDIRECTION, LEABIN, AND RUNWAY END 
IDENTIFIER LIGHTING srsmhis 

b. Equivalent Systems. When the 
characteristics described in paragraph 88 exist in 
the systems shown in Figure 141, the appro riate 
visibility reductions may be ap 'et! to 
MILITARY instrument approach P ~ .  r 



* Trpe Description 

BC Left Single Row (Canada) 
BR Centre Row RCAF (Canada) 
S Cross (Europe-Africa) 
M Sinde Row Centerline 

(Europe-AsiaSouth America) 
BF Centre Row RCAF' (Canada) 
X Centerline, Two Crossbars 

(Europe-Africa) 

9. LDIN, Lead-In Lighting System. 

a. System Desm'ptiun. The W I N  is usually 
installed as a supplement to a MALS or SSALS. 
This portion of the facility consists of a number of 
sequenced flashing lights beginning at a distance 
from the threshold determined by the need and 
terrain. These lights flash twice per second in 
sequence toward the threshold, have no intensity 
control, and operate on all brightness steps of the 
controlling system. The LDIN configuration is 
shown in Figure 140. 

@ SINOLE ROW C E l T l R l l H E  

e... 

a 

b. Equivalmt Systems. The Hong Kong 
Curve (British), Type BE, is equivalent to the 
LDIN system. See Figure 142. d 

@ HONQ KONQ CURVE 

A 
a 

a 

:: 
.a h., *'@.I 

Fcgws 118. SYSTEM EQUIVALENT TO LDJJU. 

@ PORTABLE APPRIACII 
STlOBtS 

. . . . . . 
9 

f 

@ CENTRE ROW 1111 .... 
- 



8UK).3B CHG 4 

Appendlr5 

* 10. REIL. The Runway End Identifier Lights 
consist of a pair of condenser discharge fixtures 
identical to the sequenced flasher light system. 
The optimum location for the fixtures is at the 
runway threshold, 40 feet out on each side. 
measured from the runway edge. See Figure 140. 

11. HIRL. High Intensity Runway Lights are 
used to outline the edges of paved runways during 
periods of darkness and low visibility. The light 
units are elevated and equi ped with lenses which 
project two main light L s .  Standards for 
design, installation, and maintenance are found in 
AC-150/5340-24. 

12. MIRL. Medium Intensity Runway Lights are 
elevated and omnidirectional fixtures, with clear 
lenses. They may be used to light paved runways 
or unpaved landing strips. Standards for design, 
installation, and maintenance may be found in 
AC-150/534044. 

13. TDZ/CL Runway Centerline and 
Touchdown Zone Lighting. This system consists 
of touchdown zone lights and runway centerline 
lights. In the touchdown zone, two rows of 
transverse lightbars are located symmetrically 
about the runway centerline. The bars are spaced 
longitudinally at lOO-foot intervals. Each lightbar 
consists of three unidirectional lights facing the 
landing threshold. The rows of lightbars extend to 
a distance of 3,000 feet, or one-half the runway 
length for runways less than 6,000 feet, from the 
threshold with the first lightbar located 100 feet 
from the threshold. The runway centerhe 
lighting system consists of bidirectional fixtum 
installed at 50-foot intervals along the entire 
length of the runway centerline. The last 3,000- 
foot portion of the lighting system is color coded 
to warn pilots of the impending runway end. 
Alternate red and white lights are installed as seen 
from 3,000 feet to 1,000 feet from the runway 
end, and red lights are installed in the last 1,000- 
foot portion. Installation detaits may be found in 
AC 1 5 0 / W C .  

M'! 2' TVP 
L 8 r 

Y 

o - UNIOIRCCTIWAC TOUCHOOWN ZONE LtGnT 
BAR. I LIGHTS PER BAR 

0 - BIDIRECTIONAL RUNWAY CCCHTERLINE L I 6 W  
WHITE WTH DIRECTIONS 

, a- CENTERLINE LIGHTS wn l rE  I W )  ONE 
OVKCTION AN0 RED ( r  I OPPOSITE 
DlRECllON 

NOTE: The ~ouchdoum umc l f g h t h  mc not requfrad to be la:& 
atthesameSametuOacmt&neU~. 
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AdjustmenttoMDA .......................................................... 323 .................................................... Air Force Procedures Issuance 171 .............................................. Air Tramc, Coordination of Procedures 150 ............................................................ AirborneRadar 1000, 1060 ................................................ Airborne Receiver Performance Fonword ..................................................... Airport Surveillance Radar See ASR .............................................. Airports, Requirements for Procedures 122 .......................................................... Airport Waypoint .1501. 1506 .......................................... Airspace Action. Coordination of Procedures 150 .......................................................... Airspeeds. Units Used 210 ............................................... Alr-ground Communications Required 122 ............................................. Alignment of Initial Approach Segments 232 .................................................. Alignment Options, NDB Final 613, 713 .................................. Alignment, Approach Course .. .............. 342 ..................................................... Alignment, Arc Initial Course 232 ........................................ Alignment, Arc Intermediate Approach Segment 243 ................................................... Alignment, ASR Diverse Vectors 1041 .......................................................... Alignment, ASR Final 1044 .......................................................... Alignment, ASR Initial 1041 ..................................................... Alignment, ASR Intermediate 1042 ............................................. Alignment, Circling Final Approach Area 260 ........................................................... Alignment, DF Final 813 ............................................. Alignment, DR Initlal Approach Segment 233 ................................................ Alignment, Final Approach. VOR .413, 423 ............................................................ Alignment, Holding 291 
Alignment, ILSFinal ........................................................ 930 ......................................... Alignment, Initial and Intermediate Segments 232 ........................................................... Alignment, Loeaiizer 952 .................................................... Alignment, Missed Approach 271 ............................................. Alignment, NDB Final Approach 613,623, 713 .......................................................... Alignment, PAR Final 1020 .................................... Alignment, Procedure Turn Initial Approach Segment 234 ......................................................... Alignment, RNAV Final 1523 ........................................................ Alignment, RNAV Initial 1521 .................................................... Alignment, RNAV Intermediate 1522 ................................................... Alignment, SDF Final Approach 1413 .................................................. Alignment, Straight Initial Course 232 .................................... Alignment, Straight Intermediate Approach Segments 242 ......,..........*.......... ...,.*.............. Alignment, TACAN Arc Final .. 523 ...................................... Alignment, Teardrop Penetration Initial Approach 235 
Alignment, VDP .............................................................. 251 ..................................... . . . . . . . . . . . .  Alignment, VOR Final ... 513 .................................................... Alignment, VORTAC Arc Final 523 .................................................. Alignment, VORJDME Arc Final 523 ......................................................... Alongtrack Distance Fix 1501 
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Alongtrack Fix Displacement ................................................. .1501. 1520 
AIS for ILS Category I1 ....................................................... AS-2 
AISF-1 .................................................................... 341 
ALS ....................................................................... AS-1 L 4 
Alternate Minimums ........................................................... 360 
Alternate Missed Approach Procedure ............................................... 270 
Altitude Difference, Procedure Turn Completion ........................................ 234 
Altitude Loss, Penetration Turn Initial Approach ....................................... 235 
Altitude Selection ............................................................ 231 
Altitude Selection. ASR ....................................................... 1043 
AltitudeSelection, 1LS ......................................................... 924 
Altitude Selection, Initial Approach ................................................. 231 
Altitude Selection. Intermediate Appmch ............................................ 241 
Altitude Selection, PAR ......................................................... 1016 
Altitude Selection, Simultaneous ILS ................................................ 994 
Altitudes (llrli.) ............................................................. 1126 
Altitudes. Emergency Safe ....................................................... 221 
Altitudes. Minimum Safe ...................................................... 221 
Altitudes. Minimum Sector ....................................................... 221 
Altitude. Initial. ILS ........................................................... 924 
Altitude. Intermediate Approach ................................................... 924 
Altitude, Minimum Descent ................................................... See MDA 
Altitude. Minimum Safe, DF ...................................................... 810 
Altitude, Minimum Sector ....................................................... 221 
Altilude. Minimum, Initial Approach ................................................ 231 
Altitude. Missed Approach ....................................................... 270 
Altitude. Penetration Turn ..................................................... 423. 924 
Altitude. Penetration Turn, DF .................................................... 813 ............................................... Altitude, Procedure Turn Completion 234 
Altitude, Procedure Tum, DF ..................................................... 813 
Altitude, Procedure Turn, ILS ................................................ 924 
Altitude, Procedure Turn, NDB ................................................. 613, 623 
Altitude, Units Used ........................................................... 210 
Ambiguity . Cone ...................... .. ..................................... 1502 
Annlysis of Obstacle Clarence .................................................... At-12 
Angle of Convergence, NDB Final .................................................. 613 
Angle of Divergence ............................................................ Al-2 
Angle of Divergence, Holding Fix .................................................. 287 
Angle of Divergence, Teardrop Procedure Turn ........................................ 234 .................................. Angle of Interception. Initial and Intermediate Segments 232 
Angle of Interception, Simultaneous ILS Localizer ...................................... 994 .............................................. Angle of Intercept, DR Initial Segment W 
AngleofIntercept, PAR ....................................................... 1014 
Angle of Intersection, ILS ................................................... 923 
Angles, Minimum Divergence ................................................ 1760 
Angle. Glide Slope, PAR ......................................................... 1026 
Angle, ILS Glide Slope .......................................................... 936 
Antenna Mast Height, ILS ....................................................... 936 
Application of Appendix ......................................................... Al-1 .................................................. Application of Approach Category 213 ......................................................... Application (Iieli.) 1106, 1125 
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Area. Obstacle Cknrancc, NDB ............................................... 713 
Area, Obstacle Clearance, VOR ................................................... 513 
Area, PARFinel ............................................................. 10s 
Area. PARMissedAppmch ..................................................... 1033 
Area. PmcedunTum ......................................................... 234 
Area. RNAVFinal ............................................................. 15s 
Area, RNAVlnitlal ........................................................ 1521 
Area, RNAVIntennediate ....................................................... 1522 
Area. SDF Obstacle Clearonce .................................................... 1413 
Area. Straight Intermediate Approach Scgmcnt ................................... .... . 242 
Area, TACANArcFinsl .......................................... 523 
Area, Teardrop Penetration Initlal Approach .......................................... 235 
Area, Turning Missed Approach ................................................... 275 
Area, M P  .................................................................. 251 ........................................................ Area. VORTAC Are Final 523 
Area. VOR/DME Arc Final .................................................... 523 
Army Procedures I s suana  .......................... ... .. . . . . . . . . . . . . . . . . . . . .  171 
ARSRFixes ................................................................. 283 
ARSR, UseasCourseVector ....................................... 283 
ASRFixes .................................................................. 283 
ASR Procedures ........................................................... 1000. 1040 
ASR, Use a s  a Course Vcctor ..................................................... 211 
ATD Fixes, Use ............................................................... 1502 
Authorities, Approving .................................................... Forward, Al-2 
Back Course Procedures, SDF .................................................... 1415 
Baseline. Approach Surface .............................................. A1.2. A2.9. A2-11 
BC ..................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A  1.2 
Bearings. Units Used ........................................................... 210 
Cancellation of Directives ........................................................ 2 
Cancellation of Procedures ....................................................... 123 
Categories of Aircraft for Approach ................................................. 212 
Ceiling. Departure ............................................................. 12OB 
Changeover Points (COP), En Route ................................................ 1716 
Changes to Procedures ......................................................... 142 
Circling Alignment, VOR ........................................................ 513 
Circling Approach Area Not Considered for Obstacle Clearance ............................. 261 
CirclingApproachArea ......................................................... A1-2 
Circling Approach Mlnimums ................................................... 323 
Circling Approach, Missed Approach Point ........................................... 514 
Circling Approach, NDB ....................................................... 613. 713 
Circling Approach, SDF ......................................................... 1413 
Circling Approach, VOR ....................................................... 400. 413 
Circling Descent Gradient ....................................................... St3  
Circling Descent Gradient, NDB Final ............................................... 713 
Circling Final Approach ..................................................... 260 
Circling Minimums ......................................................... .322. 351 
Circling NDB Approach ................................... .. . . . . . . . . . . . . . . .  600 
Circling NDB Missed Approach ................................................... 714 
Circling NDB Obstacle Clearance .................................................. 613 
Circling NDB Procedures ...................................................... 600 .................................................. Circling Obstacle Clearance, ASR 1044 
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Descent Altitude, Minimum ................................................... See MDA 
DeseentAnglc, RNAV .......................................................... 1523 ........................................................... Dcsan tP lxDis tana  288 ................................................................. DescentFlx 288 
DteantGradlent ......................................................... 513 
Descent Gradient, Appnwch Segment ............................................... 288 
Dcsccnt Gradient, Arc Initial Segment ............................................... 232 
DescentGradient,ASR ....................................................... 1044 
Dcsant Gradient, ASR Diverse Veetws .............................................. 1041 
Descent Gradient, ASR Initial .................................................... 1041 
Dcscent Gradient, ASR Intermediate ................................................ 1042 
Descent Gradient, DR Initial Segment ............................................... 233 
Descent Gradient for Final Approach ............................................... 252 
Descent Gradient (Heli.) ........................................................ 1110 
DcscentGradlent, IIS  ........................................................ 923 
Descent Gradient, Initlal Approach Area ........................................... 232, 235 
Descent Gradient, Intermediate Appeoach Segment ...................................... 243 
Descent Gradient, Localizer & LDA Final ............................................ 955 
Descent Gradient, NDB ....................................................... 623, 713 
DescentGradient, PAR ......................................................... 1015 
Descent Gradient, Procedure Turn Initial Approach ..................................... 234 
Descent Gradient, RNAV Initial ................................................... 1521 
Descent Gradient, RNAV Intermediate ............................ .... . . . . . . . .  1522 
Descent Gradient, Straight Intermediate Segment ....................................... 242 
Descent Gradient, TACAN Arc Final ................................................ 523 
Descent Gradient, VOR Final ..................................................... 423 
Descent Gradient, VORTAC Arc Final ............................................... 523 
Descent Gradient, VOR ......................................................... 413 
Descent Gradient, VOWDME Arc Final .............................................. 523 
Deviation from Established Radar Patterns .................................... .. . 1045 
DFPmcedures ............................................................. 800. 810 
DF & High Altitude Penetration ................................................... A2-8 
DIIAdjustment, PAR .......................................................... 1028 
DH ..................................................................... 324.A 1.2 
DR. I I S  ................................................................... 938 . DH. PAR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1028 
Discontinuance of ILS Missed Approach Obstacle Clearance ............................... 944 
Discontinuance of PAR Missed Approach Obstacle Clearance .............................. 1034 
Displacement, Fix ..................................................... 281.284.285. 286 
Distance Effect on Visibility Minimums .............................................. 331 
Distance & Bearing Information ................................................... 210 
Distance & Divergence, Penetration Turn ............................................ 235 
Distance,UnitsUsed ........................................................... 235 
Distance, DME ............................................................... A1-2 ..................................................... Distance, Holding Fix Facility 287 
Distance, Penetration Turn Initial Approach Area ...................................... 235 
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. Distance, Procedure Turn vs Intcnnediatc Segment ..................................... 244 
DistaneqPnmdureTurn ........................................................ 234 ............................................................ Distribution(FM) 2 
Distribution (U.SA, USAF) .................................................... Page viU 
Distribution (U.S.N, USMC, USCC) ............................................... Page vll 
Divergence Angle, Holding Flx .................................................. 287 
Divergence Angle, Teardrop Procedure Turn .......................................... 234 
DiverseDepartum ......................................................... 1202, 1205 
Dlv-Vcrtors, ASR ........................................................... 1041 ............................................................... DMEAccuracy. 286 ................................................................... D M E h  Al-2 
DMEDistancc ............................................................... A1-2 
DMEDistanceWaypoints ........................................................ 1505 .................................................................. DMEFlxes 282 
DME .................................................................... 912 
Doglegsegment, EnRoute ....................................................... 1716 
Doppler. RNAV ........................................................... .1500, 1501 
DR ............. L ...................................................... 232 
EarlyTurns .............................................................. 1204. 1205 
Meetive Date of Ptocedurc ..................................................... 172 
ElfgibilityforPtocedures ........................................................ 120 
Eligibility. Civil Airports .......................................................... 120 
Eligibility. Military ....................................................... 120 
Elimination of Procedure Turn .................................................... 234 
Emergency Dissemination of Procedures ........................................... .150. 172 
Emergency Safe Altitude ........................................................ 221 ............................................................. EnddDeporture 1206 
EndofMissedApproach ................................................... 278 
EndPointWaypoints ........................................................... 1505 
EnRouteHoiding ............................................................. 1731 
En Route Obstacle Clearance Ateas ................................................ 1710 
En Route Operations ........................................................... 220 
EnRouteRNAV .............................................................. 1510 
En Route Turning Areas ........................................................ 1510 ...................................................... Entryzone, ProcedureTurn 234 
EquivalentstoALS ............................................................ AS-2 
Equivalents to LDIN ........................................................... AS-8 
Equivalents to MALS ........................................................... AS-3 
EqulvalentstoODALS .......................................................... AS-5 
EquivaientstoSALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A S  . 3 
EquivalentstoSSALF .......................................................... AS-3 
J3quivalentstoSSALS .......................................................... A53 
Established CS Angle ........................................................... A23 
Establishment of Procedures ...................................................... 140 
ExisUngProcedutes .......................................................... 4 
Expanded Turning Area, RNAV ................................................... 1510 
Facilities for which Critetia A n  Not Provided (Hdi.) .................................... 1104 
FAC ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A  1.2 
FAF ....................................................................... Al-2 
Feeder Routes ....................... .224 410,420. 510. 520, 610. 620, 710.730, 920.950,993, 1013 
Feeder Routes, RNAV ...................................................... 1512 
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Final Approach Alignment PAR (Heli.) .............................................. 1159 
Final Approach Area PAR (Hell.) .................................................. 1160 
FinalApproachFlxError ........................................................ 287 
Final Approach Length Etrect on MDA 323 4 .............................................. 
Final Approach NDB ........................................................ .613, 623 
Final Approach Obstacle Clearance Surface ........................................... A2-11 
Final Appmch, RNAV ..................................................... 1523 
Final Approach Seeondnry Area Obstacle C k o n n a  ..................................... At-7 
Mnal Approach Secondary Area Wdth .............................................. A2-7 
Final Approach Scgment ASR (HeU.) ............................................. 1174 
Final Approach Segment ILS (Heli.) ................................................ 1152 
Final Approach Segment NDB with FAF (Heli.) ........................................ 1142 
Final Approach Segment NDB, No FAF (Hell.) ......................................... 1140 
Final Approach Segment on Heliport VOR (No FAF)(Heli.) ................................ 132 
Final Approach Segment PAR (Heli.) ............................................... 1158 
Fino1 Approach Segments ....................................................... A2-11 
Final Approach Segment ..................... ... ............................ 250 
Finol Approach Segment, Parallel ILS ............................................... 996 
Finol Approach Segment, TACAN, VOWDME and VOR with FAF (Heli.) ...................... 1133 
Final Approach Segment, Visual Portion ............................................. 251 
Final Approach Segment, VOR (High ALT) ........................................... 423 
Final Approach Segment, VOR (Low UT) ............................................ 413 
Final Approach Surface, PAR (Heli.) ................................................ 1162 
Final Approach Trapezoid, NDB ................................................... 713 
Final Approach (Hell.) ......................................................... 1116 
Final Approach . Only One S p i n e d  ............................................ 250 
FinalApproach, ASR ........................................................ 1044 
Final Approach, DF ............................................................ 813 
FinalApproach, ILS .......................................................... 930 
Final Approach, PAR ........................................................... 1020 
Final Approach. SDF ........................................................... 1413 
FinalApproach, TACAN ........................................................ 523 d 
Final Approach, VORTAC ....................................................... 523 
FinalApproach, VOR .......................................................... 513 
Final Approach, VOWME .................................................. 523 
FinalSecondafyArea .......................................................... A34 
Fix Displacement, RNAV ........................................................ 1502 
FixDistance+Descent .................................................... 288 
FixError, FinalApproach ....................................................... 287 
Fix Formed by Intersection ...................................................... 281 
Fix Stepdown, NDB .......................................................... 613, 623 
F[xegLF ................................................................... 1762 
Fkes, NDB Final ........................................................... 713 
Fixes. Radar ............................................................ 283 
Fixes, TACAN Arc Final ................................................. 523 
Fixcs, U s e d  ................................................................. 513 
FLxes,VHF, EnRoute .......................................................... 1761 
Fixes, VORTAC Arc Final ....................................................... 523 
Fixes, VOR/DMEAreFlnal ...................................................... 523 
Fk, Descent ................................................................ 288 .................................................... FIX, Displacement .281,284,285, 286 
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Fix,DME ................................................................... 282 
Fix,IIolding ................................................................ 287 ......................................................... Fix, Initial Approach 230. 287 
Fix, Intermediate .............................................................. 287 
Fix, ObstacleClearancc ......................................................... 288 
Fix,ObstaclesClo &.in .......................................................... 289 
FirqStepdown ................................................................ 288 
Fix, TerminalArea ............................................................ 280 
Flightlnspection .............................................................. A1-2 .............................. Flight Levels, Units Used .. ....................... 210 ....................................................... Formulation of Procedum 140 ............................................................. Gaps, Navigational 1740 .......................................................... Glide Slope Extension A2-9 .............................................................. ClideSlope, ILS 936 ........ GlideSlope,PAR(IIell,) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .......... 1165 .............................................................. Glide Slope, FAR 1026 
Glossary .................................................................... Al-2 
GPI .................................................................... Al-&M-7 
GPGRNAV .............................................................. 1500, 1501 ....................................................... Gradient, Departun Climb 1205 .................................................. Gradient, Descent See Descent Gradient 
Ground Point of Intercept ....................................................... AZ-11 ................................................... Ground System Performance Foreword 
GSAngle ................................................................... M-9 ........................................................ GS Antenna Height, ILS 936 
GSAntennaLocatlon ........................................................... A2-9 
CSRelocation, ILS ............................................................ 937 ............................................................ GS Relocation, PAR 1027 
Guidance, Positive, Course, Requirements ............................................ 211 ....................................................................... HAA Al-2 
HAT ....................................................................... Al-2 ....................................................... Height Antenna Mast, I IS  936 ................................................... Height, Threshold Crossing, ILS 936 ..................................... Helicopter Procedures ................... .. 1100 ................................................ High Altitude Penetrations Chap 4. Sect 2 ........................................................ High Altitude Penetration A2-8 .............................................. High Altitude Procedures Identlncatlon 163 
HIRLforRVRApproval ........................................................ 334 
Holding .................................................................... 290 ....................................................... Holding Alignment (Hell.) 1123 ........................................................... Holding Area (Ileli.) 1124 ........................................................... Holding at Initial Ftx 230 
Holding, EnRoute ............................................................. 1731 .................................................................. HoldingFix 287 .................................................. Holding Obstacle Clearance Area 292 ............................................. Holding Obstacle Clearance 293 .............................................. Holding Obstacle Cleolrancc, En Route 1731 ................................................. Holding Pattern as Initial Segment 230 ............................................ Holding Pattern Over Flnal Approach FLx 234 .............................................. Hddlng Pattern Over Intermediate Fix 234 
HoldingPatterns ............................................................. 290 
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............................................................... Holding, RNAV 15M 
HoldingWaypoinls ........................................................... 1505 
IAC ......................... .............................*......+........*A 1.2 ....................................................................... IAF A1-2 
LW. Initial Approach FLx ....................................................... 230 
IC ........................................................................ A1-2 ...................................................... Identification of Proredurn 160 

ILSCategory IIALS ........................................................... AS-9 
ILSCategory 111 ............................................................. 970 
ILSCategoryII ............................................................. 960 
ILSCategoyI  ............................................................... 901 
ILSCriteria ................................................................. 920 
ILS CS Angle vs . Slope of Surface ................................................. 931 
ILS Procedures, Simultaneous .................................................... 990 
1LS ....................................................................... 900 
ILS/PAR Obstacle Clearance ...................................................... M-11 
Inertial RNAV ............................................................ 1500, 1501 
Initial Altitudes, ILS ........................................................... 924 
Initial and Intermediate Segments on Heliport VOR (No FAF)(Hell.) ......................... 1131 
Initial Approach Altitude Selection ................................................. 231 
Initial Approach Area, Penetration Turn ............................................. 235 
Initial Approach Penetration Turn Altitude ........................................... 235 
Initial Approach Segment ASR (Hell.) ............................................... 1172 
Initial Approach Segment Based on Procedure Turn (Hell.) ................................ 1112 
Initial Approach Segment Based on Procedure Turn ..................................... 234 
Initial Approach Segments Based on Straight Courses and Arcs with Positive Course 

Cuidancre (Heli.) ....................................................... 1111 
Initial Approach Segment, VOR .............................................. 411.421. 511 
InitialApproach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  230 
Initial Approach, ASR ........................................................ 1041 
Initial Approach, DF ........................................................... 811 
Initial Approach, ILS .......................................................... 921 
Initial Approach, Locallzer & LDA ................................................. 950 
Initial Approach, NDB .................................................... 611.621. 711 
Initial Approach, RNAV ......................................................... 1521 
Initial Approach, Simultaneous I I S  ................................................. 994 
InitblFlx ................................................................... 287 
Initial Secondary Area Obstacle Clearance ............................................ A 2.5 
Initial Segments ......................................................... 230 
Initial Segment, PAR ........................................................... 1013 
Initial Segment, TACAN ....................................................... 521 
Initlal Segment, VORTAC ....................................................... 521 
Initial Segment, VOWDME ..................................................... 521 
Initiation of Missed Approach ................................................... 270 
Inoperative Components, I S  .................................................... 913 
Inoperative Components, PAR .................................................... 1011 
Instrument handing System ..................................................... SbC I I S  
Intercept Angle, DR Initlal Approaeh Segment ......................................... 233 ............................................... Interception Anglc, Simultaneous ILS 994 
Intermediate Approach Altitude ................................................... 924 
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Intermediate Appmcb Segment ASR (Hell.) .......................................... 1173 
Intermediate Approach Segment Based on an Arc (Hell.) .................................. 1114 .......................... Intermediate Approach Segment Based on Straight Courses (Hell.) 1113 
Intermediate Approoch Segment ILS (Hell.) ........................................... 1151 
Intermediate Approach Segment PAR (Hell.) .......................................... 1156 
Intermf%llate Approach Segment, Arc ................................................ 243 
IntermedlateApproach .................................................... 240 
Intermediate Approach, DF ...................................................... 812 . IntennedbteApproach,ILS ................................................... 922 
Intermediate Approach, NDB ............................................... 612,621, 712 
IntermediateAppmach, Straight ................................................... 242 
Intermediate Approach,VO R .................................................. 412 
IntermediattFix .. ......................................................... 287 
Intermediate RNAV ............................................................ 1522 
Intermediate Secondary Area Obstacle Clearance ....................................... A24 
Intermediate Secondary Area ..................................................... A2-3 
Intermediate Segment within a Procedure Turn Segment (HeU.) ............................ 1115 
Intermediate Segment within a Prondum Turn Segment .................................. 244 
Intermediate Segment, ASR ...................................................... 1042 
Intermediate Scgment, NDB ...................................................... 612 
Intermediate Segment, PAR ...................................................... 1014 
Intermediate Segment, Simultaneous I I S  ............................................. 995 
Intermediate Segment, TACAN .................................................... 522 
Intermediate Segment, VOR (High ALT) ............................................. 422 
Intermediate Segment, VOR (Low ALT) .............................................. 412 
Intermediate Segment, VORTAC ................................................... 522 
Intermediate Segment, VORJDME .................................................. 522 
Intermediate, Localizer & LDA .................................................... 950 
Intersection Angle, Arc Initial Approach ............................................. 232 
Intersection Angle, ILS ......................................................... 923 
Intersection Angle, Initial to Intermediate Segments ..................................... 232 
Intersection Angle, Straight Initial Segment ........................................... 232 
Intersection Fix Displacement ..................................................... 285 
IntersectionFix ................................................ ............ 281 
Issuance of Procedures ......................................................... 171 
JAL .......................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A  1.2 
Jurisdiction of Procedures ....................................................... 131 
Landing Systems, Instrument .................................................... See ILS 
Lateral Distance of CS Antenna ................................................... A2-9 
LetitudeJLongitude Waypoints ..................................................... 1505 
L D A P d u n s  .......................................................... 950 
LDA .................................................................... 9Ol.A 1.2 
LDIN ................................................................... 341, M.8 
Lead Radial, Arc Initial Approach Segment ........................................... 232 
Lead Radial, Arc Initial Segment .................................................. 232 
Length, Arc Intermediate Approach Segment .......................................... 243 
Length. ASR Final ............................................................. 1044 
Length. ASR lntennediate ....................................................... 1042 
Length, DR Initial Approach Segment ............................................... 233 
Length, Final Approach Segment, VOR .............................................. 513 
Length. ILS Final Appronch Area .................................................. 930 
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Length,lnltiplApprorcbSegmnt .................................................. 232 
k q t h , I n t n w d k w ~ t ( d & P r o d u n T u r a )  .................................... 244 
#rpltb,Inkrmcdkte,IIS ....................................................... 923 ............................................... kn%h,NDBFtnalAppnrechCount 713 ............................................................ Length, P A R W  lOZO 
Length, S t r a l g h t I n ~ t e ~ ~ t  ....................................... 242 
Lighting RequirrccilorPIPccdww .................................................. 122 
UghtlngSysteme .............................................................. 341 
Ltghting&MarkingOb6trckr ................................................. 122 
righting, ApproPcb ............................................................ AS.1 
Jghts,VisibiUtyCm.dit ....................................................... 340 
LMM .. .................................. .............................. 911 
LocPlizerAecuracy ............................................................. 285 ....................................................... ~ l l z c r m d L D A ( H & . )  1155 
Loe~lizerAppropcb ........................................................... 901 

LOC ........................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A  1.2 
LOM ............................... w e . . . . . .  .............................. 911 
Lwan.C ................................................................. 1500, 1501 
LastCommunicntIongASR ...................................................... 1047 
Low Altitude NDB Procedures ................................................... 610 
ImwAltitudcProcedurrqVOR .................................................... 410 
LowestMinlmumqILS ......................................................... 935 
MAISR ................................................................. 341.A 5.10 
MAIS ......................................... 341, A5-6 
Maneuvering Zone, Proadun Turn ................................................ 234 
MAP .................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A  1.2 
MAP. I I S  ................................................................... 941 
MAP. NDB .................................................................. 714 .................................................................. MAP. PAR 1031 
MAP. VOR ............................................................. 514 
Marker Beacon Accuracy ........................................................ 286 
MarkingdRumvays ......................................................... 342 
Marking & Lighting Obstacles .................................................... 122 
Maximum Intermediate Segment Lmpth (with Prondure Turn) ............................ 244 
MCAs ..................................................................... 1730 
MDAAdjustment ............................................................. 323 
MDA ECTect on Visibility Minimums ................................................ 331 
MDA lor Circllng Approach .................................................... 322, 351 
MDA tor Straight-in Appmach ................................................. 321 
MDA ................................................................ 320.513,A 1.2 
MDA, ArcProcedures .......................................................... 523 
MDA, DF ............................................................... . 813 
MDA, Locollzer & LDA r ........................................................ 956 
MDA, NDB P d u m  .................................................... 613.623, 713 
MDA, VOR ............................................................... 413, 423 
Mmsurement, U n i t s d  ......................................................... 210 
MEAs ..................................................................... 1718 
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MHA ...................................................................... Al-2 
MicmveILS(Hel l . )  .......................................................... 1154 
Military Alrportg Coordination 01 Proeedum .......................................... 150 
Military Airports, Proeedum ResponsiMiity ............................................ 130 
MilitaryMinimums ............................................................ 350 
Military Procedures a t  CMI Ahports, Rmponsibility ..................................... 130 
Military Proccdurcg Nonstandard .................................................. 141 
MllitaryTakeollMinimums ...................................................... 370 
~ l n l m u m  Altitude, Intermediate Scgment ........................................... 241 
Minimum Arc Radius, Initial Appnrsch .............................................. 232 
Minimum Crossing Altitude ( M U )  ................................................. 1730 
Minimum Dtilcent Altitude .................................................... See MDA 
MinimumDH. ILS ............................................................ 938 
MinimumDH, PAR ............................................................ 1028 
Minimum Divergence Angles ..................................................... 1760 
Minimum En Route Instrument Altitudes (MEA) ....................................... 1718 
Minimum Length of NDB Find Appmch Segment ..................................... 713 
Minimum Length, Intermediate Course .............................................. 242 
Minimum Obstacle Clearance in Initial Approach ....................................... 235 
Minlmum Safe Altltude ........................................................ 221 
Minimum Sale Altitude, DF ...................................................... 810 
MinimumSectwAltitude ..................................................... 221 
Minimum Straight Intermediate Course Length ........................................ 242 
MinimumgAltern~tc ........................................................ 360 
Minimums, Approach, Aircraft Category Descriptions .................................... 212 
Minimums, Circling ............................................................ 351 
Minimums, Departure ....................................................... .370. 1208 
MinimumgDF ............................................................... 830 
Minimums, Establishment ....................................................... 310 
MinimumqllS ............................................................... 935 
MinimumqMilitary ............................................................ 350 
Minimums, PAR Final .......................................................... 1025 
Minimums, Standard ......................................................... 350 
Minimums, Takeoff & Landing .................................................... 300 
Minimums, Takeoff ............................................................ 370 
MIRL ...................................................................... AS-13 ...................................................... Missed Approach Alignment 271 
Missed Approach Areo ILS (IIeli.) ................................................. 1153 ................................................ Missed Approach Area, Combination 277 
Missed Approach ILS. Combination ................................................ 945 ............................................... Mlssed Approach Obstacle Clearance 274 
Missed Approach Obstacle Clearance, ILS ............................................ 944 ...................................... Missed Approach Obstacle Clearance, PAR (IIeli.) 1168 ........................................... Missed Approach Obstacle Clearance, PAR 1034 .................................................... Missed Approach Point (Heli.) 1117 ......................................................... Missed Approach Point 272 ................................................ Missed Approach Point, ASR (IIeli.) 1175 ......................................... Missed Approach Point, NDB with FAF (IIell.) 1143 .................................................... Missed Approach Point, RNAV 1532 
Missed Approach Point, TACAN. VORJDME and VOR with FAF (IIeli.) ....................... 1135 ..................................................... Missed Approach Segment .514. 524 
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Missed Approach &l Surface .................................................... 274 
MIsscdApproach .............................................................. 270 
MissdAppf~~ch ,  A!3R ......................................................... 1048 
MissedApproach, DF .......................................................... 814 W 
MissedApproaclqEnd .......................................................... 278 
Missed Approach, ILS .................................................... .940.942, 943 
Missed Approach, Lwallzer & LDA ................................................ 957 
Missed Approach, NDB ................................................... .614,624, 714 
MissedAppch ,  OverheadaFix .................................................. 287 
MissedApproach, RNAV ..................................................... 1530, 1531 
MissedApproach, SDF .. ...................................................... . 1414 ................................................ Mlssed Approach, Simultaneous ILS 997 
Missed Approach, VOR ................................................... .413.424, 514 
Mountainous Areas, En Route ................................................... 1720 
Multi-Sensor RNAV ........................................................ 1500. 1501 
Navigation Facility. Requirement for Procedures ..................... .. ................ 122 
Navigational Gaps .......................... ... ............................... 1740 
Navy & Marine Corps Procedures Issuance ........................................... 171 
NDB Pmcedurts ........................................................ 600.700. 710 
NDB ...................................................................... Al-2 
No Transgression Zone, Simultaneous IIS .......................................... 996 
Nonprecision Approach ......................................................... 5 
Nonprecision Approach Minimums ................................................. 330 
Nonprecision ................................................................. A1-2 
Nonstandard Lighting Systems .................................................... 344 
Nonstandard Procedures ........................................................ 141 
Notams, Use for Procedures .................................................... 150, 172 
Obstacle Clearance Analysls ...................................................... A2.10 
Obstacle Clearance Areas, En Route ................................................ 1710 
Obslacle Cleamnn Areas, Penetration Turn Initial Approach .............................. 235 
Obstacle Clearance Area, Holding .................................................. 292 
Obstacle Clearance Area, NDB .................................................... 713 
Obstacle Clearance Area, VOR .................................................... 513 
ObstacieClearanceBbxcs ........................................................ A1-2 
Obstacle Clearance Criteria, ILSlPAR ............................................... A2-10 
Obstacle Clearance PAR (Zfeli.) ................................................. 1164 
Obstacle Clearance Past a Fix .................................................... 288 
Obstacle Clearance ......................................................... 342. A1-2 
Obstacle Clearance, Arc Intermediate Segment ......................................... 243 
Obstacle Clearance, ASR Diverse Vectors ............................................ 1041 ................................................... Obstacle Clearance, ASR Initial 1041 
Obstacle Clearance, ASR Intermediate ............................................... 1042 

........................................................ Obstacle Clearance, ASR 1044 
Obstacle Clearance, Circling Final Approach .......................................... 260 ..................................................... Obstacle Clearance, DF Final 813 
Obstacle Clearance, DR Initial Segment ............................................. 233 
Obstacle Clearance, Emergency Safe Altitude .......................................... 221 
Obstacle Clearance, En Route ................................................. 1720. 1721 
Obstacle Clearance, En Route RNAV ............................................ 1510. 1511 
Obstacle Clearance, Facility Sectors ................................................ 221 ......................................... Obstacle Clearance, Final Approach Secondary A2-7 
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...................................................... ObstPck Ckarance, Holding 293 
ObstacleClearance,ILS ...................................................... 934 ............................................ Obstacle Clearance, Initial Approach Aawa 232 
Obstacle Clearance, Initial Secondary Area ........................................... At-5 
ObstacleClearance, LF ......................................................... 1750 ........................................... Obstack Ckarancc, Localizer & LDA Final 954 ........................................... Obstacle Clearance, Minimum Safe Altitude 221 ......................................... Obstade Clearance, Minimum Sector Altitude 221 ............................................ Obstacle Clearance, Missed Approach, ILS 944 .................................................. Obstacle Clearance, NDB Final 613,713 ............................ .................... Obstncle Cleamncq NDB .... 623 .................................................... Obstacle Clearance, PAR Final 1024 ........................................... Obstacle Clearance, PAR Missed Approach 1034 ................................... Obstacle Cleornnce, Penetration Turn Initial Approach 235 ........................................... Obstacle Clearance, Procedure Turn Initial 234 .................................................. Obstack clearance, RNAV Feeder 1512 ................................................... Obstacle Clenrance, RNAV Final 1523 ................................................... Obstacle Clearance, RNAV Initial 1521 ............................................. Obstacle Clearance, RNAV Intermediate 1522 ........................................................ ObstacieClearance, SDF 1413 ........................................ Obstacle Clearance, Secondary Area A 2 4  A2.5. At-7 .................................................... Obstacle Clearance, Sector. DF 810 .............................. Obstacle Clearance, Straight Intermediate Approach Segment 242 ......................................... Obstacle Clearance, Straight Missed Approach 274 
ObstacleClaranceSuriBce,VDP .................................................. 251 ............................................... Obstacle Clearance, TACAN Arc Final 523 
Obstacle Clearance, Turning Missed Approach ......................................... 276 
ObstacieClearanc~MP ...................................................... 251 ............................................. Obstacle Clearance, VORTAC Are Final 523 ...................................................... Obstacle Clearance, VOR 413, 513 
Obstacle Clearance, VOWDME Arc Final ............................................ 523 
Obstacle Identification Surface (01s) ............................................ 1202. 1203 ..................................................... Obstacle Marking & Llghting 122 
ObstacIeProblems ............................................................. A2-2 ........................................................ Obstacles Close-in to Fix 289 
Obstacles,ScrondaryArras ......................................................At . 2 
Obstacle .................................................................... Al-2 
Obstacle, Controlling ........................................................... A1-2 .......................................................... Offset COP. En Route 1716 
Off-Airport Facilities, Missed Approach .............................................. 514 
Omega,RNAV. ........................................................... 1500. 1501 .......................................... On-Airport Facilitiq Missed Approach Point 514 
On.AirportVOR, NoFAF ....................................................... 400 .......................................................... Operational Advantage Al-2 
Optimum ................................................................... Al-2 .......................................................... PARMlssedApproach 1030 
PARProcedures .............................................................. 1010 ................................................... PAR System Components .... . 1010 
PAR ....................................................................... 1OOO ............................................................ PAR, Simultaneous 1OSO .................................................... Penetration Turn Altitude, DF 813 
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Procedures, Issuana ...................................... ,. . 171 
Procedures, JurisdicUon ......................................................... 131 
Procedures, LQhting Required .................................................... 122 ................................................. Procedures, Military. Nonstandard 141 
Procedures, Navigation Facility Requirement .......................................... 122 
ProcedurehNDB ........................................................... SeeNDB 
Procedures, Nonstandard ....................................................... 141 
Procedures,Notamsfor .................................................... 150 
Procedures, Obstacle Marking & Lighting ............................................ 122 
Procedures, Obstructioneto ...................................................... 122 
Procedures, Publication ...................................................... 170 
PnmduqReques ts  ........................................................... 121 . Procedures, ResponslMlity ...................................................... 130 
Pnmduns, Retention .......................................................... 123 
Procedures, Submission ........................................................ 170 
PIWWXIUC~S(T~P~S ............................................................. 5 
Procedures, Weather Information Required ........................................... 122 
Procedure, MissedApproach ...................................................... 270 
Publication of Departure Procedures ................................................ 12M 
Publication of Minimums .................... .. .................................. 311 
Publication d Procedures ........................................................ 170 
PurposeofTERPS ............................................................ 1 
RadarAccuracy ............................................................. 286 
RadarFlx ................................................................... 283 
RadarMonitor ............................................................... 1046 
Radar Pattern Deviation ASR ..................................................... 1045 
RadarPatternqASR ........................................................... 1041 
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CHAPTER 1.  GENERAL INFORMATION

1.0 PURPOSE.

This TERPS volume contains final and initial missed approach segment
construction criteria applicable to instrument approach procedures that provide
positive glidepath guidance.  Apply this criteria to approaches based on
instrument landing system (ILS), microwave landing system (MLS), precision
approach radar (PAR), transponder landing system (TLS), wide area
augmentation system (WAAS), local area augmentation system (LAAS),
barometric vertical navigation (Baro-VNAV), and future 3-dimensional
navigational systems.

1.1 BACKGROUND.

The ILS defined the navigational aid (NAVAID) performance standard for
precision vertical and lateral guidance systems.  Several different NAVAID’s
providing positive vertical guidance have evolved since the inception of ILS.
NAVAID’s capable of supporting Category I landing minimums are: ILS, PAR,
MLS, TLS, WAAS, and LAAS.   NAVAID’s capable of providing Category II/III
landing minimums are:  ILS, MLS, and LAAS.  A NAVAID capable of supporting
Category I/II/III minimums does not qualify as a precision approach (PA) system
without supporting ground infrastructure.  Certain airport and obstruction
clearance requirements are mandatory for the system to be considered a PA
system and achieve the LOWEST minimums.  These requirements are contained
in AC 150/5300-13, Airport Design; and Order 8260.3, Volume 3, Precision
Approach (PA), Barometric Vertical Navigation (Baro VNAV) Approach
Procedure Construction, and appropriate military directives.  When mandatory
ground infrastructure requirements are not met, these NAVAID’s may provide a
vertically guided stabilized final approach descent, but command higher landing
minimums.  Additionally, some flight management system (FMS) avionics suites
are equipped with Baro-VNAV systems that provide stabilized descent guidance.

1.2 DEFINITIONS.

1.2.1 Approach Surface Base Line (ASBL).

A horizontal line tangent to the surface of the earth at the runway threshold
(RWT) point, aligned with the final approach course (see figure 1-1).
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Figure 1-1.  Precision Terms
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1.2.2 Barometric Altitude).

Altitude above the orthometric Geoid surface; i.e., mean sea level (MSL), based
on atmospheric pressure measured by an aneroid barometer.  This is the most
common method of determining aircraft altitude.

1.2.3 Barometric Vertical Navigation (Baro VNAV).

RNAV and Non-RNAV.  Positive vertical guidance relative to a computed
glidepath that is based on the difference between published altitudes at two
specified points or fixes.

1.2.4 Decision Altitude (DA).

A specified altitude in reference to mean sea level in an approach with vertical
guidance at which a missed approach must be initiated if the required visual
references to continue the approach have not been established.

1.2.5 Departure End of Runway (DER).

The end of the runway that is opposite the landing threshold.  It is sometimes
referred to as the stop end of runway.

1.2.6 Fictitious Threshold Point (FTP).

The equivalent of the landing threshold point (LTP) when the final approach
course is offset from runway centerline.  It is the intersection of the final course
and a line perpendicular to the final course that passes through the LTP.  FTP
elevation is the same as the LTP (see figure 1-2).
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Figure 1-2.  Fictitious Threshold Point
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1.2.7 Flight Path Alignment Point (FPAP).  [RNAV Only]

The FPAP is a 3D point defined by World Geodetic System (WGS)-84/North
American Datum (NAD)-83 latitude, longitude, MSL elevation, (see figures 1-1
and 1-3).  The FPAP is used in conjunction with the LTP and the geometric
center of the WGS-84 ellipsoid to define the vertical plane of a PA RNAV final
approach course.  The approach course may be offset up to 3° by establishing
the FPAP left or right of centerline along an arc centered on the LTP.

Glidepath
Angle

Flight Path
Alignment Point

(FPAP)

Threshold Crossing
Height (TCH)

Landing Threshold
(Displaced)

Flight Path
Control Point

(FPCP)

Landing Threshold
Point (LTP)

Final Approach Flight Path

Profile View

Plan View

Figure 1-3.  Precision Approach Path Points
 (Straight-In)
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1.2.8 Flight Path Control Point (FPCP).  [RNAV Only]

An imaginary point above the LTP from which the glidepath mathematically
emanates.  It is in a vertical plane containing the LTP and FPAP.  The FPCP has
the same geographic coordinates as the LTP.  The elevation of the FPCP is the
sum of LTP elevation and the TCH value (see figure 1-3).

1.2.9 Geoid Height (GH).  [RNAV Only]

The height of the Geoid (reference surface for orthometric or MSL heights)
relative to the WGS-84 ellipsoid.  It is a positive value when the Geoid is above
the WGS-84 ellipsoid and negative when it is below.  The value is used to
convert an MSL elevation to an ellipsoidal or geodetic height - the height above
ellipsoid.

1.2.10 Glidepath Angle (GPA).

The angular displacement of the glidepath from a horizontal plane that passes
through the LTP/FTP.  This angle is published on approach charts (e.g., 3.00°,
3.20°, etc.).

1.2.11 Ground Point of Intercept (GPI).

A point in the vertical plane containing the glidepath where the vertical path
intercepts the ASBL.  GPI is expressed as a distance from RWT (see
figure 1-4).

Vertical Plane containing
Vertical Path Angle that
is aligned with the final

course and is
perpendicular to the

horizontal plane

Runway

Horizontal Plane
containing the ASBL

Glidepath

Figure 1-4.  3D Path & Course

GPI
FPAP

FPCP

 A
      S
            B
                  L

RWT
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1.2.12 Height Above Ellipsoid (HAE).  [RNAV Only]

A height expressed in feet above the WGS-84 ellipsoid.  This value differs from a
height expressed in feet above the geoid (essentially MSL) because the
reference surfaces (WGS-84 Ellipsoid and the Geoid) do not coincide.  To
convert an MSL height to an HAE height, algebraically add the geoid height value
to the MSL value.  HAE elevations are not used for instrument procedure
construction, but are documented for inclusion in airborne receiver databases.

EXAMPLE: Given: KOUN RWY 35 Runway ID
N 35 14 31.65 Latitude
W 97 28 22.84 Longitude
1177.00 MSL Elevation
-87.29 feet (-26.606 m) Geoid Height (GH)

HAE = MSL + GH

HAE = 1177 + (-87.29)

HAE = 1089.71

1.2.13 Height Above Touchdown (HAT).

The HAT is the height of the DA above touchdown zone elevation (TDZE).

1.2.14 Inner-Approach Obstacle Free Zone (OFZ).

The airspace above a surface centered on the extended runway centerline.  It
applies to runways with an approach lighting system.

1.2.15 Inner-Transitional OFZ.

The airspace above the surfaces located on the outer edges of the runway OFZ
and the inner-approach OFZ.  It applies to runways with approach visibility
minimums less than ¾ statute mile.

1.2.16 Landing Threshold Point (LTP).

The LTP is a 3D point at the intersection of the runway centerline and the runway
threshold.  It is defined by WGS-84/NAD-83 latitude, longitude, MSL elevation,
and geoid height (see figure 1-1).  It is used in conjunction with the FPAP and the
geometric center of the WGS-84 ellipsoid to define the vertical plane of an RNAV
final approach course.  LTP elevation applies to the FTP when the final approach
course is offset from runway centerline.

1.2.17 Lateral Navigation (LNAV).  [RNAV Only]

Azimuth navigation without positive vertical guidance.  This type of navigation is
associated with nonprecision approach procedures.
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1.2.18 Microwave Landing System/Mobile Microwave Landing System
(MLS/MMLS).  [DOD Only)   

MLS/MMLS can be configured in two ways; “Split Site” where the azimuth and
elevation antennas are sited the same as an ILS, or “Collocated Site” where the
azimuth and elevation antennas are located together along side the runway.
“Split Site” is the normal configuration for “fixed” MLS locations to meet the
capability of standard MLS avionics receiver equipment.  Aircraft that will use
MLS/MMLS procedures configured as a “Collocated Site” must have a special
MLS avionics receiver capable of computing the offset runway centerline
location.  These procedures will have the following caveat:  “COMPUTED
APPROACH: FOR USE BY AIRCRAFT CAPABLE OF COMPUTING OFFSET
RUNWAY CENTERLINE ONLY.”   Since the MMLS has a selectable azimuth
and glide slope, procedures will be published with the caveat:  “FLYING OTHER
THAN PUBLISHED AZIMUTH AND/OR GS ANGLE RENDERS THE
PROCEDURE UNUSABLE.”  MMLS equipment computing capability for
“collocated” configuration requires that all system components (DME/P, AZ, and
EL) must be operating, thus the following caveat must be published:  “ALL
SYSTEM COMPONENTS MUST BE OPERATIONAL.”

1.2.19 Object Free Area (OFA).

An area on the ground centered on a runway, taxiway, or taxilane centerline
provided to enhance the safety of aircraft operations by having the area free of
objects, except for objects that need to be located in the OFA for air navigation or
aircraft ground maneuvering purposes.

1.2.20 Obstacle Clearance Surface (OCS).

An inclined obstacle evaluation surface associated with a glidepath.  The
separation between this surface and the glidepath angle at any given distance
from GPI defines the MINIMUM required obstruction clearance at that point.

1.2.21 Positive Vertical/Horizontal Guidance.

Glidepath or course guidance based on instrumentation indicating magnitude and
direction of deviation from the prescribed glidepath or course on which
obstruction clearance is based.

1.2.22 Precision Approach (PA).

An approach based on a navigation system that provides positive course and
vertical path guidance conforming to ILS or MLS system performance standards
contained in ICAO Annex 10.  To achieve lowest minimums, the ground
infrastructure must meet requirements contained in AC 150/5300-13 and TERPS
Volume 3.

1.2.23 Precision Approach Radar (PAR).
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A ground radar system displaying an aircraft on final approach in plan and profile
views in relation to glidepath and course centerlines.  Air traffic controllers issue
course line and glidepath information to the pilot.  The pilot alters course and rate
of descent in response to gain course and glidepath alignment.  Military pilots
may achieve 100′ HAT and 1/4 mile visibility minimums with PAR.

1.2.24 Precision Final Approach Fix (PFAF).  Applicable to all PA approach
procedures.

A 2D point located on the final approach course at a distance from LTP/FTP
where the GPA intercepts the intermediate segment altitude (glidepath intercept
altitude).  The PFAF marks the outer end of the PA final segment.

1.2.25 Pseudo Ground Point of Intercept (PGPI).

Phantom location abeam the GPI when the approach course is offset.  PGPI
elevation is the same as ASBL (see figure 1-5).

Figure 1-5.  PGPI and FTP Locations
PGPI

GPI

FTP

LTP [RNAV Only]
 RWT

1.2.26 Radio Altimeter Height (RA).

An indication of the vertical distance between a point on the nominal glidepath at
DA and the terrain directly beneath this point.

1.2.27 Required Navigation Performance (RNP).

A statement of the navigation performance accuracy necessary for operation
within a defined airspace.  Note that there are additional requirements, beyond
accuracy, applied to a particular RNP type.

1.2.28 Runway Threshold (RWT).

The RWT marks the beginning of that part of the runway usable for landing (see
figure 1-6).  It extends the full width of the runway.  The RWT geographic
coordinates identify the point the runway centerline crosses the RWT.
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RWT

Figure 1-6.  Threshold

1.2.29 Three-Dimensional (3D) Point/Waypoint. [RNAV Only]

A waypoint defined by WGS-84 latitude and longitude coordinates, MSL
elevation, and GH.

1.2.30 Touchdown Zone Elevation (TDZE).

The highest elevation in the first 3,000 feet of the landing surface.

1.2.31 Two-Dimensional (2D) Point/Waypoint. [RNAV Only]

A waypoint defined by WGS-84 latitude and longitude coordinates.

1.2.32 Wide Area Augmentation System (WAAS).  [RNAV Only]

A method of navigation based on the GPS.  Ground correction stations transmit
position corrections that enhance system accuracy and add VNAV features.

.
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CHAPTER 2.  GENERAL CRITERIA

2.0 POLICY DIRECTIVES. 

The final and missed approach criteria described in this order supersede the
other publications listed below, except as noted.  The following orders apply
unless otherwise specified in this order:

2.0.1 8260.3, United States Standard for Terminal Instrument Procedures (TERPS),
Volume 1;

2.0.2 8260.19, Flight Procedures and Airspace;

2.0.3 8260.38, Civil Utilization of Global Positioning System (GPS);

2.0.4 8260.44, Civil Utilization of Area Navigation (RNAV) Departure Procedures;

2.0.5 8260.45, Terminal Arrival Area (TAA) Design Criteria; and

2.0.6 7130.3, Holding Pattern Criteria.

2.1 DATA RESOLUTION.

Perform calculations using at least 0.01 unit of measure.  Document latitudes and
longitudes to the nearest one hundredth (0.01") arc second; elevations to the
nearest hundredth (0.01') foot; courses, descent and glidepath angles to the
nearest one hundredth (0.01°) degree, and distances to the nearest hundredth
(0.01) unit.  Where other publications require different units and/or lesser
resolution, use established conversion and rounding methods.

2.2 PROCEDURE IDENTIFICATION.

2.2.1 RNAV.

Title a GPS, WAAS, or Baro-VNAV approach procedure:  RNAV (sensor)
RWY (number).  Examples:  RNAV (GPS) RWY 13, RNAV (GPS, DME/DME)
Z RWY 34R.  A typical RNAV approach chart will depict minima for LPV,
LNAV/VNAV, LNAV, and circling.  Title LAAS procedures:  GLS RWY (Runway
number).  Example:   GLS RWY 16.

2.2.2 Non-RNAV.

Title an ILS, MLS, TLS, or LDA/glide slope procedure:  XXX RWY (Runway
number).  Examples:  ILS RWY 16, ILS or LOC RWY 16, ILS or LOC Z RWY 5,
MLS RWY 28, TLS RWY 4, LDA RWY 31L (chart noted glide slope required).

2.3 EN ROUTE, INITIAL, AND INTERMEDIATE SEGMENTS.
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Apply criteria in TERPS, Volume 1 to non-RNAV approaches.  Apply criteria in
Order 8260.38, paragraphs 8-12, to construct the RNAV approaches except as
noted.  If a TAA is desired, apply Order 8260.45, paragraph 5.

TLS NOTE:  Establish an intermediate fix (IF) defined by NAVAID's not
associated with the TLS.  The IF shall be on the final approach course.
Establish a holding pattern at the IF (based on an inbound course to the
IF) for use in the event the TLS azimuth course is not acquired.

2.3.1 Minimum Intermediate Segment Length.

The intermediate segment blends the initial approach segment into the final
approach segment.  It begins at the IF and extends along the final approach
course extended to the PFAF.  Where a turn from the initial course to the final
approach course extended is required, the initial course shall intercept at or
before the IF.

2.3.1 a. Length.  The MINIMUM length of the intermediate segment is 1 NM.
Minimum segment length varies where a turn is required at the IF.  The length is
determined by the magnitude of heading change in the turn on to the final
approach course extended (see figure 2-1A).  The maximum angle of intersection
is 90° unless a lead radial as specified in TERPS Volume 1, paragraph 232a, is
provided and the length of the intermediate segment is increased as specified in
TERPS Volume 1, table 3.

3Table1,  VolumeTERPStorefer
degrees90thangreateranglesIntercept

2.8
15
422.33

18
42Example

15
InterceptofDegree=(NM)LengthMin

18
InterceptofDegree(NM)MinLength

 AircraftED,C,Category AircraftB,Category A

:minimum)absoluteNM(1formulafollowing
theusingdegrees90through1anglesintercept
forcalculatedbemaylengthsegmentMinimum

==

=

90°

75°
5

60° 4

45° 3

230°

15° 1

6

Lead Radial

>90°

FAF

Figure 2-1A.  Minimum Intermediate Segment
Length Determined by Intercept Angle
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2.3.1 b. Width.  The intermediate trapezoid begins at the width of the initial segment at
the latest point the IF can be received, to the width of the final segment at the
plotted position of the PFAF (see figure 2-1B).

      Figure 2-1B.  Intermediate Segment Width

           

PFAF

IF
Intermediate

Initial

Final

2.3.2 Determining FAC Intercept Angle Where DME Source is not Collocated with
FAC Facility.

Determine the intercept initial/intermediate segment intercept angle on approach
procedures utilizing ARC initial segments using the following formulas.

2.3.2 a.  DME source on the same side of course as the aircraft (see figure 2-2).

°== 75   285-270 -90    : Example      Angle Intercept B-A -90

Figure 2-2.  Aircraft on the Same Side of Localizer as DME Sources

Reciprocal of
Final Course

(B)

Line extending from DME
source to ARC/final

course intercept point
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ARC/final course
intercept point

90° to line from
DME source
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2.3.2 b.  DME source on opposite side of course as the aircraft (see figure 2-3).

°=+= 105 285-270 90  :Example         Angle Intercept B-A +90

Figure 2-3.  Aircraft on Opposite Side of Localizer as DME Sources

2.4 RNP VALUES.

Procedures designed under this order may be flown by aircraft with navigation
systems certified to RNP values.  Each segment of an RNAV procedure has a
specific RNP value.  Table 2-1 lists RNP values (95% accuracy) by segment
type.

Table 2-1.  Segment RNP Values

Segment Lateral (NM) RNAV
En Route 2.0

Initial 1.0
Intermediate 0.5

Final 0.30
LNAV 0.30

Missed Approach 1.0

2.5 MAXIMUM AUTHORIZED GPA’S.

Tables 2-2A, 2-2B, and 2-2C list the MAXIMUM allowable GPA’s and MINIMUM
visibility by aircraft category, and MAXIMUM TCH values for allowing credit for
approach lighting systems (USAF NA).  Use Volume 1, Chapter 3 for computing
landing minimums).  Design all approach procedures to the same runway with
the same glidepath angle and TCH.  Angles above 3.0° require approval of FAA
Flight Standards Service or the appropriate military authority.

Reciprocal of
Final Course

(B)

Line extending from DME
source to ARC/final

course intercept point
(A)

ARC/final course
intercept point

90° to line from
DME source

DME Source

Aircraft

ARC
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Table 2-2A.  Maximum GPA’s

Category GPA
A (80 knots or less) 6.4

A (81-90 knots) 5.7
B 4.2
C 3.6

D&E 3.1

2.5.1 RNAV Glidepath Angles.

If a non-RNAV PA system (ILS, MLS, TLS, or PAR) serves the same runway as
an RNAV PA system, the RNAV glidepath angle and TCH should match the non-
RNAV system.

2.5.2 VGSI Angles.

A VGSI is recommended for all runways to which an instrument approach is
published.  Where installed, the VGSI angle and TCH should match the glidepath
angle of vertically guided approach procedures to the runway.
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Table  2-2B.  Standard PA Landing Minimums
GLIDEPATH ANGLE AIRCRAFT CATEGORY

(WITH APPROACH
LIGHT

CONFIGURATION)

MINIMUM

HAT* A B C D & E

MINIMUM VISIBILITY
200 ¾ 4000

3.00°  3.10° # 200 ½ 2400
$ 200 1800

200 ¾ 4000 NA
250 ¾ 4000  1 5000 NA

# 200 ½ 2400 NA
# 250 ½ 2400 ¾ 4000 NA
$ 200 1800 NA
$ 250 1800 ½ 2400 NA

200 ¾ 4000 NA
270 ¾ 4000   1 5000 NA

# 200 ½ 2400 NA
# 270 ½ 2400 ¾ 4000 NA
$ 200 2000 NA
$ 270 2000 ½ 2600 NA

200 ¾ 4000 NA
# 200 ½ 2400 NA

200 ¾ 4000 NA
250 ¾ 4000 1 5000 NA

# 200 ½ 2400 NA
# 250 ½ 2400 ¾ 4000 NA

250 ¾ 4000 NA
# 250 ½ 2400 NA

300  1 5000 NA
# 300 ¾ 4000 NA

5.71°  6.40° 350 1 ¼ NA
AIRSPEED

NTE 80 KNOTS
# 350   1 5000 NA

* The HAT shall not be less than 200 feet for civil operations, or 100 feet for military operations.

= No Lights $ = # Plus TDZ/CL Lights # = MALSR, SSALR, ALSF NA = Not authorized

NOTE: For a HAT higher than the minimum, the visibility (prior to applying credit for lights) shall
equal the distance from DA/MAP to RWT, or
(a)   ¾ mile up to 5.00°, or
(b)  1 mile 5.01° through 5.70°, or
(c)  1 ¼ miles 5.71° through 6.40°, whichever is the greater.

3.11°  3.30°

3.31°  3.60°

3.61°  3.80°

3.81°  4.20°

4.21°  5.00°

5.01°  5.70°
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2.6 GLIDE SLOPE THRESHOLD CROSSING HEIGHT REQUIREMENTS.

2.6.1 Category I Threshold Crossing Height (TCH) Requirements.

2.6.1 a. Standard.  The glide slope should be located considering final approach
obstructions and achieving TCH values associated with the greatest table 2-3
wheel height group applicable to aircraft normally expected to use the runway.
The TCH should provide a 30-foot wheel crossing height (WCH).

2.6.1 b. Deviations from Standard.  The TCH shall provide a WCH of no less than
20 feet or greater than 50 feet for the appropriate wheel height group.  These
limits shall not be exceeded unless formally approved by a Flight Standards
waiver as outlined in Order 8260.19C or by the appropriate military authority.

NOTE:  60 feet is the maximum TCH.

2.6.1 c. Displaced Threshold Considerations.  The TCH over a displaced threshold
can result in a WCH value of 10 feet if the TCH over the beginning of the full
strength runway pavement suitable for landing meets table 2-3 TCH
requirements.

2.6.2 Category II and III TCH Requirements.

2.6.2 a. Standard.  The commissioned TCH shall be between 50 and 60 feet with the
optimum being 55 feet.

2.6.2 b. Deviations from the Standard.  Any deviation must be formally approved by
a Flight Standards waiver as outlined in Order 8260.19 or by the appropriate
military authority.

2.6.2 c. Temporary Exemption Clause.  Paragraph 4.0 may be applied to a
published PA system where the TCH is within the allowable limits in table 2-3.  If
the new flight inspection derived TCH is within 3 feet of the published TCH but
not within the limits of table 2-3, operations may continue without waiver action
for up to 365 days from the date the order is applied.

2.6.2 c. (1) If aircraft in height group 4 have not been excluded from conducting
Category II or III operations on that runway, a TCH lower than 50 feet is not
permitted unless the achieved ILS reference datum height (ARDH) has averaged
50 feet or higher.

2.6.2 c. (2) After 365 days, a flight procedures waiver must have been approved,
the situation corrected, or Category II and III operations canceled.

2.6.2 c. (3) Flight Standards Service or the appropriate military authority can
authorize further deviation or immediately rescind this temporary exemption.
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Table 2-2C.  Threshold Crossing Height Upper Limits
for Allowing Visibility Credit for Lights

HAT GLIDEPATH TCH HAT GLIDEPATH TCH
(Feet) ANGLE UPPER LIMIT (Feet) ANGLE UPPER LIMIT

(Degrees) (Feet) (Degrees) (Feet)

200 3.00  -  3.20 75 300 3.00  -  4.90 75
3.21  -  3.30 70 4.91  -  5.00 71
3.31  -  3.40 66 5.01  -  5.10 66
3.41  -  3.50 63 5.11  -  5.20 61
3.51  -  3.60 59 5.21  -  5.30 56
3.61  -  3.70 55 5.31  -  5.40 52
3.71  -  3.80 50 5.41  -  5.50 48
3.81  -  3.90 47 5.51  -  5.60 43
3.91  -  4.00 43 5.61  -  5.70 39
4.01  -  4.10 39
4.11  -  4.20 35 350 3.00  -  5.60 75

5.61  -  5.70 70
250 3.00  -  4.10 75 5.71  -  5.80 65

4.11  -  4.20 71 5.81  -  5.90 60
4.21  -  4.30 67 5.91  -  6.00 55
4.31  -  4.40 62 6.01  -  6.10 50
4.41  -  4.50 58 6.11  -  6.20 45
4.51  -  4.60 54 6.21  -  6.30 40
4.61  -  4.70 50 6.31  -  6.40 35
4.71  -  4.80 45
4.81  -  4.90 41
4.91  -  5.00 37

270 3.00  -  4.40 75
4.41  -  4.50 73
4.51  -  4.60 68
4.61  -  4.70 64
4.71  -  4.80 59
4.81  -  4.90 55
4.91  -  5.00 51

2.6.3 Required TCH Values.

Publish a note indicating VGSI not coincident with the procedure GPA when the
VGSI angle is more than 0.2 ° from the GPA, or when the VGSI TCH is more
than 3 feet from the procedure TCH.

.



5/15/02 8260.3B CHG 19

Vol 3 Page 2-9
Par 2.6.3

Table 2-3. TCH Requirements
Representative
Aircraft Type

Approximate
Glidepath to Wheel
Height

Recommended
TCH ± 5 Feet

Remarks

HEIGHT GROUP 1
General Aviation, Small
Commuters, Corporate
Turbojets, T-37, T-38,
C-12, C-20, C-21, T-1,
Fighter Jets, UC-35,
T-3, T-6

10 Feet or less 40 Feet Many runways less than
6,000 feet long with
reduced widths and/or
restricted weight bearing
which would normally
prohibit landings by larger
aircraft.

HEIGHT GROUP 2
F-28, CV-340/440/580,
B-737, C-9, DC-9,
C-130, T-43, B-2, S-3

15 Feet 45 Feet Regional airport with
limited air carrier service.

HEIGHT GROUP 3
B-727/707/720/757,
B-52, C-135, C-141,
C-17, E-3, P-3, E-8,
C-32

20 Feet 50 Feet Primary runways not
normally used by aircraft
with ILS glidepath-to-wheel
heights exceeding 20 feet.

HEIGHT GROUP 4
B-747/767/777, L-1011,
DC-10, A-300, B-1,
KC-10, E-4, C-5, VC-25

25 Feet 55 Feet Most primary runways at
major airports.

NOTES: 1. To determine the minimum allowable TCH, add 20 feet to the glidepath-to-wheel 
height.
2. To determine the maximum allowable TCH, add 50 feet to the glidepath-to-wheel 
height (PA not to exceed 60 ft.).
3. Publish a note indicating VGSI not coincident with the procedure GPA when the 
VGSI angle is more than 0.2° from the GPA, or when the VGSI TCH is more than 3 feet 
from the procedure TCH.

2.7 GROUND POINT OF INTERCEPT (GPI).

Calculate GPI distance using the following formula:

tan(GPA)
TCH=GPI

2.8 DETERMINING FPAP COORDINATES.  [RNAV Only]

The geographic relationship between the LTP and the FPAP determines the final
approach ground track.  Geodetically calculate the latitude and longitude of
the FPAP using the LTP as a starting point, the desired final approach course



8260.3B CHG 19 5/15/02

Page 2-10 Vol 3 
Par 2.8

(OPTIMUM course is the runway bearing) as a forward azimuth value, and an
appropriate distance.  If an ILS or MLS serves the runway, the appropriate
distance in feet is the distance from the LTP to the localizer antenna minus
1,000 feet, or the distance from the LTP to the DER, whichever is greater.  Apply
table 2-4 to determine the appropriate distance for runways not served by an ILS
or MLS.

Table 2-4. Runways not served by an ILS or MLS
Runway Length FPAP Distance

from LTP
Splay ± Width

≤ 9,023’ 9,023’ 2.0° 350’
> 9,023’ and ≤ 12,366’ to DER









1000+length RWY

350ArcTan
350’

> 12,366 and ≤ 16,185’ to DER 1.5° ( )( )1,000)+length RWY1.5tan

> 16,185’ (AFS or
Appropriate Military
Agency Approval)

to DER or as
specified by

approving agency

1.5° ( )( )1,000)+length RWY1.5tan

2.9 DETERMINING PFAF/FAF COORDINATES.  See figure 2-4.

PFAFFPAP

RWT/LTP/FTP

����� ����� ����

Within 3° of Runway
Bearing of Record

Reciprocal of the Bearing used
for FPAP

Published Course
 Calculated from PFAF to LTP

Distance from calculation
in paragraph 2.9

Figure  2-4. Determining PFAF Location

Geodetically calculate the latitude and longitude of the PFAF using the horizontal distance
(D-GPI) from the LTP or FTP to the point the glidepath intercepts the intermediate segment
altitude.  Determine D using the following formulas:  {step 2 formula includes earth curvature}

Step 1: Formula: z A F= −

Example: 2 100 562 30 1 537 70, . , .− =

Step 2: Formula: ( )1 20 890 537 90
D 364 609 90

z 20 890 537
, , sin

, sin
, ,

θ
θ −  +

= − −    +  

Example:
( )1 20 892 537 90 3

D 364 609 90 3
1 537 7 20 890 537

D 28 956 03

, , sin
, sin

, . , ,

, .

−  +
= − −    +  
=



06/05/2009                                                                                                                          8260.3B CHG 21 

Vol 3  Page 2-11 
Par 2.9 

  Where: A = PFAF Altitude in feet (example 2,100) 
    F = THRe or LTP elevation in feet (example 562.30) 
    θ = Glidepath angle (example 3.00 degrees) 
 
2.9.1 Distance Measuring Equipment (DME).  When installed with ILS, DME may be 

used in lieu of the outer marker.  When a unique requirement exists, DME 
information derived from a separate facility, as specified in Vol. 1, chapter 2, 
paragraph 282, may also be used to provide ARC initial approaches, a PFAF for 
back course (BC) approaches, or as a substitute for the outer marker.  When 
used as a substitute for the outer marker, the plotted position of the fix must be 
≤ 16.66 NM from the DME facility and the angular divergence at the fix must not 
exceed 6 degrees (DoD 23 degrees). 

 
 Note:  The restriction on angular divergence only applies to a DME fix used 

in lieu of OM for the precision approach.  For localizer approaches not 
combined with an ILS, Vol. 1, chapter 2, paragraph 282a, applies. 

 
2.10 COMMON FIXES [RNAV Only].   Design all procedures published on the same 

chart to use the same sequence of charted fixes. 
 
2.11 GLIDEPATH QUALIFICATION SURFACE (GQS).  The GQS extends from 

runway threshold along the runway centerline and extends to the DA point.  It 
limits the height of obstacles between DA and runway threshold (RWT).  When 
obstacles exceed the height of the GQS, an approach procedure with  
vertical guidance (ILS, PAR, MLS, TLS, LPV, LNAV/VNAV, etc.) is not authorized. 

 
Note:  Obstacles excluded by paragraph 2.11.1d may penetrate the GQS 
without penalty.  When other obstacles penetrate the GQS, vertically 
guided approach operations may be authorized when mitigated (e.g., 
approach restricted to Height Group 1 and 2 aircraft).  Contact FAA Flight 
Procedure Standards Branch, AFS-420, (or appropriate military equivalent) 
for case-by-case analysis. 

 
2.11.1 Area. 
 
2.11.1 a. Origin and Length.  The sloping qualification surface originates at either the 

RWT or a specified distance from RWT (XOFFSET).  The surface origin height is 
either THRe or a specified height above THRe  (VOFFSET).  The value of VOFFSET  
and XOFFSET  are dependent on the TCH and Glidepath angle (θ).  

 
Where the TCH > 50; VOFFSET  = [TCH - 50] and XOFFSET = zero [0]. 

Where the TCH ≥ 40 and ≤ 50; VOFFSET  and XOFFSET = zero [0]. 

Where the TCH < 40; VOFFSET = zero [0] and XOFFSET = 
( )πθ
−

  

180

40
tan

TCH  
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 The area between the RWT and point “Xoffset” is a level surface and must be clear 
of obstacles except obstacles permitted by the applicable airport design standard 
(see Vol. 3, chapter 3, paragraph 2.11.1d). 

 
Figure 2-5a.  GQS Profile. 

 

Xoffset

Voffset

GQS (TCH > 50)

GQS (TCH < 40)GQS (TCH  40 and  50)
≥

≤

Glidepath

d

ZTCH

 
 

Formula 2-1.  Sloping OCS Origin  
XOFFSET (TCH<40). 

OFFSET
40 TCH

X
tan

180
π

θ

−
=

⎛ ⎞⋅⎜ ⎟
⎝ ⎠

 

 
where  

TCH = Threshold Crossing Height associated with procedure  
tan = tangent 
θ = GPA 

 
 

 
2.11.1 b. Width.  The GQS lateral boundary is 100 ft from the runway edge at RWT.  
 It expands uniformly to “E” feet (half-width) at DA (figures 2-5b and 2-5c). 
 

Figure 2-5b.  Example:  TCH ≥ 40 ft. 
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Figure 2-5c.  Example:  TCH < 40 ft. 
 

 
 

Calculate the GQS half-width “E” at the DA point measured along the runway 
centerline extended using formula 2-2a. 

 
Formula 2-2a.  GQS Half-Width at DA. 

E 0.036D 392.8= +  
 

where  
D = RWT to DA point distance (ft) measured along RCL extended 

 
 

 
Calculate the GQS half-width at RWT using formula 2-2b. 

 
Formula 2-2b.  GQS Half-Width at 

RWT. 

widthRWY
k 100

2
= +  

where 
RWYwidth = Runway width (ft) 

 
 

 
Calculate the GQS half-width (w) at any distance “d” from RWT coordinates 
using formula 2-2c. 
 
 
 
 
 
 
 

XOFFSET 
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Formula 2-2c.  GQS Half-Width, any distance (d). 

 
E k

w d k
D
−⎛ ⎞= +⎜ ⎟

⎝ ⎠
 

where  
D = RWT coordinates to DA point dist.(ft) 
d = desired distance(ft)from RWT coordinates 
E = Formula 2‐2a output 
k = Formula 2‐2b output 

 
 
2.11.1 c. If the course is offset from the runway centerline more than 3 degrees, 

expand the GQS area on the side of the offset as follows, referring to 
figures 2-5d and 2-5e: 

 
STEP 1.  Construct  BC.  Locate point "B" at the intersection of the runway 
centerline extended and a line perpendicular to the final approach course at the 
DA point.  Calculate the half-width (E) of the GQS for the distance from point "B" 
to the RWT coordinates.  Locate point "C" at distance "E" on a line perpendicular 
to the final approach course.  Connect points "B" and "C." 

 
STEP 2.  Construct  CD.  Locate point "D" abeam the RWT coordinates on a line 
perpendicular to runway centerline at a point 100 ft from the runway edge. 
Connect points "C" and "D." 

 
STEP 3.  Construct  DF.  Locate point "F" abeam the RWT coordinates on a line 
perpendicular to runway centerline at a point 100 ft from the runway edge. 
(opposite point “D”).   Connect points "D" and "F." 

 
STEP 4.  Construct  AF.  Locate point "A" on a line perpendicular to the runway 
centerline extended at distance "E" from point "B".  Connect points "A" and "F." 

 
STEP 5.  Construct  AB.  Connect points "A" and "B." 

 
Figure 2-5d.  Example:  TCH ≥ 40 ft. 

 

D STEP 3
LINE DF

STEP 2
LINE CD

STEP 4
LINE AF

STEP 1
LINE BC

C

B

DA

A

GQS

FINAL APPROACH
COURSE

F

E

E

RWY

STEP 5
LINE AB
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Figure 2-5e.  Example:  TCH < 40 ft. 

 

D STEP 3
LINE DF

STEP 2
LINE CD

STEP 4
LINE AF

STEP 1
LINE BC

C

B

DA

A

GQS

FINAL APPROACH
COURSE

F

E

E

D

F

XOFFSET

STEP 5
LINE AB

 

 
Calculate the width of the offset side of the GQS trapezoid using formula 2-2d 
(see Vol. 3, chapter 2, figure 2-5f). Calculate the width of the non-offset side 
using formula 2-2a, except “D” = distance from RWT to Point B. 
 

Formula 2-2d.  GQS Offset Side Width, any distance (d). 
 

( )

( )
OFFSET

cos sin D i E k
180 180

W d k
D sin sin D i E

180 180

π π
θ θ

π π
θ θ

⎛ ⎞⎡ ⎤⎛ ⎞ ⎛ ⎞⋅ ⋅ − + −⎜ ⎟⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦⎜ ⎟= +
⎜ ⎟⎡ ⎤⎛ ⎞ ⎛ ⎞− ⋅ ⋅ − +⎜ ⎟⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦⎝ ⎠

 

where  
d = desired distance (ft) from RWT coordinates 
cos = Cosine 
sin= Sine 
θ = FAC offset (degrees) 
D = RWT coordinates to Point “B” distance (ft) 
i = RWT coordinates to FAC intersect. dist.(ft) 
E = Formula 2‐2a output 
k = Formula 2‐2b output 
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Figure 2-5f.  Offset Calculation Example. 
 

 
 
2.11.1 d. Clearance Surface.  See Vol. 3, chapter 2, figure 2-5a.  The GQS vertical 

characteristics reflect the glidepath characteristics of the procedure (e.g., the 
ILS/GLS/MLS/TLS/LPV vertical path is a straight line in space and the baro-
VNAV vertical path (RNAV and RNP LNAV/VNAV) is a curved line in space).  
Obstacles must not penetrate the GQS [see paragraph Vol. 3, chapter 2, paragraph 
2.11.1d exceptions].  Calculate the height of the sloping GQS above THRe at any 
distance “d” (greater than XOFFSET) measured from runway threshold (RWT) 
coordinates along runway centerline (RCL) extended to a point abeam the 
obstacle using the appropriate formula: 

 
Formula 2-3a.  GQS Elevation 

ILS/GLS/MLS/TLS or LPV. 
 

( )OFFSET

ILS
OFFSET

2
r F V cos

3 180Z r
d X 2

cos
r 3 180

θ π

θ π

⎛ ⎞+ + ⋅⎜ ⎟
⎝ ⎠= −

−⎛ ⎞+ ⋅⎜ ⎟
⎝ ⎠

 

where 
r = mean earth radius (ft) 
F = THRe or LTP elevation 
VOFFSET = per paragraph 2.11.1a 
cos = cosine 
d = distance (ft) from RWT coordinates (greater than XOFFSET) 
XOFFSET = per paragraph 2.11.1a 
θ = GPA 
 

 
 
 
 
 
 
 
 
 
 

 4° 

  2570.0
0
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Formula 2-3b.  GQS Elevation 

LNAV/VNAV or RNP. 
 

( )
( )

2
d ‐ X tanOFFSET 3 180

rZ e r LTP V ‐ rBaro elev OFFSET

θ π⎛ ⎞⋅ ⋅⎜ ⎟
⎝ ⎠

= ⋅ + +  

 
where  

e = base of the natural logarithm (Napier’s constant) 
d = distance (ft) from RWT coordinates (greater than XOFFSET) 
XOFFSET = per paragraph 2.11.1a 
tan = tangent 
θ = GPA 
r = mean earth radius (ft) 
LTPelev = LTP elevation 
VOFFSET = per paragraph 2.11.1a 

 
 

 
2.11.1 d. (1) For LPV (and ILS/GLS/MLS/TLS) procedures, the OCS is a flat plane 

(does not follow earth curvature); therefore, the height of the GQS at any point is 
equal to the height of surface on the runway centerline abeam it.  Since the 
earth’s surface also curves away on the lateral as well as the longitudinal axis, 
the MSL elevation (OBSMSL) of an obstacle is reduced to account for earth 
curvature.  This reduced value is termed the obstacle effective MSL elevation 
(OEE).  Calculate OEE using formula 2-4 and compare to GQS height above THRe 
or LTP. 

 
Formula 2-4.  EC Adjusted Obstacle MSL Elevation. 

 

( )EE MSL
Y

1
O OBS r F 1

OBS
cos

r

⎛ ⎞
⎜ ⎟
⎜ ⎟= − + ⋅ −

⎛ ⎞⎜ ⎟
⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠

 

where  
OBSMSL = obstacle MSL elevation 
r = mean earth radius (ft) 
F = THRe or LTP elevation 
cos = cosine 
OBSY = perpendicular dist.(ft) from runway centerline to obstacle 
 

 

2.11.1 d. (2) Obstacles permitted by AC 150/5300-13, Airport  Design (or equivalent 
DoD airport design standard at military airfields) are excluded from GQS 
evaluation as follows. 

 
2.11.1 d. (2) a.  Obstacles with an effective height at or below an 80:1 surface (or DoD 

equivalent) originating at RWT coordinates (at THRe) and extending a distance 
of 1,000-ft (figure 2-5g) are considered acceptable obstacles.
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2.11.1 d. (2) b.  Above-ground objects permitted by the airport design standard (e.g., 

AC 150/5300-13 paragraphs 305 and 308 or applicable DoD directive) are 
considered acceptable obstacles and are excluded from GQS evaluation. 

 

Figure 2-5g.  Allowable GQS Penetrations. 

 

 

2. 12 ILS ANTENNA MAST HEIGHT LIMITATIONS FOR OBSTACLE CLEARANCE.  
The standard for locating the ILS antenna mast or monitor is a MINIMUM 
distance of 400 ft from the runway measured perpendicular to RCL.  The antenna 
mast should not exceed 55 ft in height above the elevation of the runway 
centerline nearest it (see figure 2-6).  At locations where it is not feasible for 
technical or economic reasons to meet this standard, the height and location of 
the antenna is restricted according to the following formula: 

Figure 2-6.  ILS Antenna Mast Height Limitations. 

25'

5:1'

( )
ant

ant

dh 25
5

d 5 h 25

= −

= +
55'

400'
250'

RCL

RWY

 
 

Where hant = maximum height of mast above RCL abeam mast 
 d = perpendicular distance from RCL (250' MINIMUM) 
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Formula 2-1.  Sloping OCS Origin  
XOFFSET (TCH<40). 

OFFSET
40 TCH

X
tan

180
π

θ

−
=

⎛ ⎞⋅⎜ ⎟
⎝ ⎠

 

 
where  

TCH = Threshold Crossing Height associated with procedure  
tan = tangent 
θ = GPA 

 

(40‐TCH)/tan(θ*π/180) 
Calculator 

TCH   

θ   

XOFFSET   

Click here 
to calculate 

Back 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

Formula 2-2a.  GQS Half-Width at DA. 

= +E 0.036D 392.8  
 

where  
D = RWT to DA point dist (ft) measured along RCL extended 

 
0.036*D+392.8 

Calculator 

D   

E   

Click here 
to calculate 

Back 

 
 
 
 
 
 

Formula 2-2b.  GQS Half-Width at RWT. 

= +
widthRWY

k 100
2  

where 
RWYwidth = Runway width (ft) 

 
RWYwidth/2+100 

Calculator 

RWYwidth   

k   

Click here 
to calculate 

Back 

 
 
 
 
 
 
 



 
 
 
 
 
 

Formula 2-2c.  GQS Half-Width, any distance (d). 
 

−⎛ ⎞= +⎜ ⎟
⎝ ⎠
E k

w d k
D  

where  
D = RWT coordinates to DA point dist.(ft) 
d = desired distance(ft)from RWT coordinates 
E = Formula 2‐2a output 
k = Formula 2‐2b output 

((E‐k)/D*d)+k 
Calculator 

E   

k   

D   

d   

w   

Click here 
to calculate 

Back 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Formula 2-2d.  GQS Offset Side Width, any distance (d). 
 

( )

( )
OFFSET

cos sin D i E k
180 180

W d k
D sin sin D i E

180 180

π π
θ θ

π π
θ θ

⎛ ⎞⎡ ⎤⎛ ⎞ ⎛ ⎞⋅ ⋅ − + −⎜ ⎟⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦⎜ ⎟= +
⎜ ⎟⎡ ⎤⎛ ⎞ ⎛ ⎞− ⋅ ⋅ − +⎜ ⎟⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦⎝ ⎠

 

where  
d = desired distance (ft) from RWT coordinates 
cos = Cosine 
sin= Sine 
θ = FAC offset (degrees) 
D = RWT coordinates to Point “B” distance (ft) 
i = RWT coordinates to FAC intersect. dist.(ft) 
E = Formula 2‐2a output 
k = Formula 2‐2b output 
 

d*((cos(θ *π/180)*(sin(θ*π/180)*(D‐i)+E)‐k)/ 
(D‐sin(θ*π/180)*(sin(θ*π/180)*(D‐i)+E)))+k 

Calculator 

d   

θ   

D   

i   

E   

k   

WOFFSET   

Click here 
to calculate 

Back 

 
 
 
 
 
 
 
 
 
 



 
 
 
 

Formula 2-3a.  GQS Elevation 
ILS/GLS/MLS/TLS or LPV.  

 

( )OFFSET

ILS
OFFSET

2
r F V cos

3 180Z r
d X 2

cos
r 3 180

θ π

θ π

⎛ ⎞+ + ⋅⎜ ⎟
⎝ ⎠= −

−⎛ ⎞+ ⋅⎜ ⎟
⎝ ⎠

 

where 
r = mean earth radius (ft) 
F = THRe or LTP elevation 
VOFFSET = per paragraph 2.11.1a, otherwise 0 
cos = cosine 
d = desired distance (ft) from RWT coordinates 
XOFFSET = per paragraph 2.11.1a, otherwise 0 
θ = GPA 
 

((r+F+VOFFSET)*cos(2*θ/3*π/180))/ 
(cos((d‐XOFFSET)/r+2*θ/3*π/180))‐r 

Calculator 

F   

VOFFSET   

d   

θ   

XOFFSET   

r  20890537 

ZILS   

Click here 
to calculate 

Back 

 
 
 
 
 
 



 
 

Formula 2-3b.  GQS Elevation 
LNAV/VNAV or RNP. 

 

( )
( )

2
d ‐ X tanOFFSET 3 180

rZ e r LTP V ‐ rBaro elev OFFSET

θ π⎛ ⎞⋅ ⋅⎜ ⎟
⎝ ⎠

= ⋅ + +  

 
where  

e = base of the natural logarithm (Napier’s constant) 
d = desired distance (ft) from RWT coordinates 
XOFFSET = per paragraph 2.11.1a, otherwise 0 
tan = tangent 
θ = GPA 
r = mean earth radius (ft) 
LTPelev = LTP elevation 
VOFFSET = per paragraph 2.11.1a, otherwise 0 

 
e^((d‐XOFFSET)*tan(2*θ/3*π/180)/r)*(r+LTPelev+VOFFSET)‐r 

Calculator 

d   

XOFFSET   

θ   

r  20890537 

LTPelev   

VOFFSET   

ZBARO   

Click here 
to calculate 

Back 

 
 
 
 
 
 
 
 



 
 
 
 

Formula 2-4.  EC Adjusted Obstacle MSL Elevation. 

 

( )EE MSL
Y

1
O OBS r F 1

OBS
cos

r

⎛ ⎞
⎜ ⎟
⎜ ⎟= − + ⋅ −

⎛ ⎞⎜ ⎟
⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠

 

where  
OBSMSL = obstacle MSL elevation 
r = mean earth radius (ft) 
F = THRe or LTP elevation 
cos = cosine 
OBSY = perpendicular dist.(ft)from Rwy centerline to obstacle 

 
OBSMSL‐(r+F)*(1/cos(OBSY/r)‐1) 

Calculator 

OBSMSL   

r  20890537 

F   

OBSY   

OEE   

Click here 
to 

calculate 

Back 
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CHAPTER 3.  PRECISION FINAL AND
MISSED APPROACH SEGMENTS

3.0 FINAL SEGMENT.

The area originates 200 feet from LTP or FTP and ends at the PFAF (see
figure 3-1).  The primary area consists of the "W" and "X" OCS, and the
secondary area consists of the "Y" OCS.

"Y" OCS

"Y" OCS

POFA

"W" OCS

"X" OCS

"X" OCS

Figure 3-1.  Precision Obstacle Clearance Areas
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3.1 ALIGNMENT.

The final course is normally aligned with the runway centerline extended
(± 0.03°) through the LTP/RWT (± 5 feet).  Where a unique operational
requirement indicates a need for an offset course, it may be approved provided
the offset does not exceed 3°.  Where the course is not aligned with the RCL, the
MINIMUM HAT is 250 feet, and MINIMUM RVR is 2,400 feet.  Additionally, the
course must intersect the runway centerline at a point 1,100 to 1,200 feet toward
the LTP/RWT from the DA point (see figure 3-2).

3° MAX

DA

Figure 3-2.  Offset Final

Final Course

1100 '
to

1200'

3.2 OCS SLOPE(S).

In this document, slopes are expressed as rise over run; e.g., 1:34.  Determine
the OCS slope associated with a specific GPA using the following formula:

34=
3

102    :example         
GPA
102 = S

3.2.1 Origin.

The OCS begins at 200 feet from LTP or FTP, measured along course centerline
and extends to the PFAF.  The rising slope normally begins at the OCS origin.
However, when the GPI to RWT distance is less than 954 feet, the slope is zero
from its origin to distance ‘d’ from the origin.  The slope associated with the
glidepath begins at this point (see figure 3-3).  Use the following formula to
determine distance ‘d’:

           
41.801Where GPI

59.15241.801-954ple:        ExamGPI       954d

=

=−=
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200 

"W" OCS 
801.41 

GPI 

Figure 3-3.  OCS Slope Origin 
When GPI <954’ 

Not to scale 

d 

OCS origin OCS slope begins here 

Plan View 

Profile View 

"X" OCS 

"X" OCS 

"Y" OCS 

"Y" OCS 
D 

3.2.2 Revising GPA For OCS Penetrations.

Raising the glidepath angle may eliminate OCS penetrations.  To determine the
revised minimum glidepath angle, use the following formula:

( )

( )

( )

( ) *12.3
0200-2200

18.2
34

0200-2200102
  :Example        AngleRevised 

d200D

p
s

d200-D102
°=

+








 +
+

=
+−








 +
+

               feetinnpenetratiop
slopesurfaceW""s

2.18pgreateror
34s954'GPIfor0,954'GPI
0dfor3.2.1paragraphfromdd
2200D    WhereRWTfrom(ft)distanceDWhere

=
=

=
=<

==
==

*Actual answer is 3.1118°.  Always round to the next higher hundredth (0.01)
degree.  This prevents rounding errors in amount of penetration causing
miniscule penetration values using the revised angle.

3.3 PRECISION OBJECT FREE AREA (POFA).

The POFA is an area centered on the runway centerline extended, beginning
at the RWT, 200 feet long, and ± 400 feet wide.  The airport sponsor is respon-
sible for maintaining POFA obstruction requirements in AC 150/5300-13 (see
figure 3-4).  If the POFA is not clear, the minimum HAT/visibility is 250 feet/
3/4 SM.
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Figure 3-4.  POFA

200'

400'

400'
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Aligned with runway
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Scale exaggerated for emphasis
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3.4 "W" OCS.  See figure 3-5.

"W" OCS

Figure 3-5.  "W" OCS

50200 feet

400

400

2200

2200

Offset final

3.4.1 Width.  The width is 400 feet either side of course at the beginning, and expands
uniformly to 2,200 feet either side of course 50,200 feet from LTP or FTP, as
defined by the formula:
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( ) 400+200-D0.036=DW

boundary. outer                    
surface W"" to centerline course from feet in distance larPerpendicuD       

FTP. or LTP from feet in distance the = D Where

W =

3.4.2 Height.  The height (ZW) of the "W" OCS above ASBL is defined by the formula:

( )
S

d+200-D=ZW

slope surface W"="S            
greater or 954'  GPI for 0 ,954'<GPI for  3.2.1  paragraph from d=d            

RWT from feet in distance the = D Where

3.4.3 "W" OCS Penetrations.  Lowest minimums are achieved when the “W” surface
is clear.  If the surface is penetrated by an existing obstacle, adjust obstruction
height, raise the GPA (see paragraph 3.2.2), or displace the RWT to eliminate
the penetration.  If the penetration cannot be eliminated, adjust the DA (see
paragraph 3.8).

3.5 "X" OCS.  See figure 3-6.

"X" OCS

Figure 3-6.  "X" OCS

50200 feet

300

300

3876

3876

"X" OCS

LTP or FTP
DX

D

3.5.1 Width.  The perpendicular distance (DX) from the course to the outer boundary of
the "X" OCS is defined by the formula:

( )XD =0.10752 D-200 700+

Where D=distance (ft) from LTP or FTP

3.5.2 Height.  The "X" OCS begins at the height of the "W" surface at distance "D"
from LTP or FTP, and rises at a slope of 1:4 in a direction perpendicular to the
final approach course.  Determine the height (ZX) above ASBL for a specific
location of the "X" OCS using the following formula:
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( )
4

DD
S

d200D=Z

Sfc X""  Sfc        W""               
of Rise         of Height              

WO
X

−
+

+−










<=

GPA
102GPA    withassociated Slope=S             

boundary. surface W"" the and centerline course between distance larperpendicu the = D         
surface X"" the in point                  

specific a and centerline course between feet in distance larperpendicu the = D          
greater or 954'  GPI for 0 ,954'GPI for  3.2.1  paragraph from dd            

FTP, or LTP from  feet in distance the = D Where
     

W

O

3.5.3 "X" OCS Penetrations.  Lowest minimums can be achieved when the "X" OCS
is clear.  To eliminate, avoid, or mitigate a penetration, take one of the following
actions listed in the order of preference.

3.5.3 a. Remove or adjust the obstruction location and/or height.

3.5.3 b. Displace the RWT.

3.5.3 c Raise the GPA (see paragraph 3.2.2) within the limits of table 2-2A.

3.5.3 d. Adjust DA (for existing obstacles only).  (See paragraph 3.8).

3.6 "Y" OCS.  See figure 3-7.

 

"Y" OCS 

Figure 3-7.  "Y" OCS 

50200 feet 

300 

300 

2500 

2500 
"Y" OCS 

LTP or FTP 

D 

DY 

3.6.1 Width.  The perpendicular distance (DY) from the runway centerline extended to
the outer boundary of the "Y" OCS is defined by the formula:

( )YD =0.15152 D-200 1000+

Where D=distance (ft) from LTP or FTP
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3.6.2 Height. The “Y” OCS begins at the height of the “X” surface at distance “D” from
LTP or FTP, and rises at a slope of 1:7 in a direction perpendicular to the final
approach course.  The height (ZY) of the “Y” surface above ASBL is defined by
the formula:

( )D- 200+d D DD D O XX W
Y S 4 7

      Height of   Rise of    Rise of
      "W" Sfc    "X" Sfc    "Y" Sfc

D = −−+ +

Where D = the distance in feet from the LTP or FTP,
d = d from paragraph 3.2.1 for GPI < 954′, 0 for GPI 954′ or greater

Dx = the perpendicular distance in feet between course centerline and
"X" surface outer boundary,

D0  = perpendicular distance in feet between course centerline and an
obstruction in the "Y" surface.

3.6.3 "Y" OCS Penetrations.  Lowest minimums can be achieved when the "Y" OCS
is clear.  When the OCS is penetrated, remove the obstruction or reduce its
height to clear the OCS.  If this is not possible, a subjective evaluation is
necessary.  Consider the obstruction's physical nature, the amount of
penetration, obstruction location with respect to the "X" surface boundary, and
density of the obstruction environment to determine if the procedure requires
adjustment.  (USAF:  Adjustment mandatory if obstruction cannot be removed,
height adjust, or options in paragraphs 3.6.3 b-d cannot be accomplished.)  If an
adjustment is required, take the appropriate actions from the following list:

3.6.3 a. Adjust DA for existing obstacles (see paragraph 3.8).

3.6.3 b. Displace threshold.

3.6.3 c. Offset final course.

3.6.3 d. Raise GPA (see paragraph 3.2.2).

3.6.3 e. If an adjustment is not required, CHART the obstruction.

3.7 DECISION ALTITUDE (DA) AND HEIGHT ABOVE TOUCHDOWN (HAT).

The DA value may be derived from the HAT.  The MINIMUM HAT for Category I
operations is 200 feet.  Calculate the DA using the formula:

DA = HAT + TDZE

3.8 ADJUSTMENT OF DA FOR FINAL APPROACH OCS PENETRATIONS.  See
figure 3-8.

The distance from GPI to the DA may be increased to ensure DA occurs at a
height above ASBL providing sufficient obstruction clearance.  This adjustment is
available for existing obstacles only.  Proposed obstructions shall not penetrate
the OCS.
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3.8.1 GPI Distance.  Determine the distance from LTP to the adjusted DA point 
using the formula:

( )adjusted
102hD = 200 d
GPA

+ +

Where Dadjusted =adjusted distance (ft) from LTP to DA
D=d from paragraph 3.2.1 for GPI<954’, 0 for GPI ≥954’
H=obstacle height (ft) above ASBL

NOTE: If obstacle is in the “X” surface, subtract “X” surface rise from h.
If obstacle is in the “Y” surface, subtract “X” and “Y” surface rise from h.

GPA
102=Slope

h

200’GPI
Dadjusted

Adjusted DA

Figure 3-8.  DA Adjustment
Glidepath

OCS

3.8.2 Calculate the adjusted DA and HAT:

( ) ( )
TCH102h

elevationGPA tan GPA
DA=tan 200 d LTP

HAT DA TDZE

  + + + +   
= −

3.8.3 Calculate the revised minimum HAT/maximum ROC using the formula:

250
3

GPA=ROC Max and Hat Min

3.8.4 Compare HAT and Minimum HAT.  Publish the higher of the two values.

3.8.5 Mark and Light.  Initiate action to mark and light obstruction(s) that would
require DA adjustment when they are located between the DA and the LTP/FTP.

3.9 MISSED APPROACH.

The missed approach segment begins at DA and ends at the clearance limit.  It is
comprised of section 1 (initial climb) and section 2 (from end of section 1 to
the clearance limit).  Section 2 is constructed under criteria contained in
Order 8260.44 for RNAV procedures.  Section 2 beginning width is ± 0.5 NM.
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The 40:1 OCS begins at the elevation of section 1b at centerline.  The MA
procedure is limited to two turn fixes (see figure 3-9A).

3.9.1 Section 1.  Section 1 is aligned with the final approach course.  It is comprised of
3 subsections, beginning at DA and extending 9860.69 feet.
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Figure 3-9A.  Missed Approach
Sections 1a,b,c

Scale exaggerated for emphasis.

3038.06 FT
Section 1c

Section 1c

DA

Section 1a

a

b

Section 1b

3038.06 FT

9860.69 FT

3.9.1 a. Section 1a.

3.9.1 a. (1) Area.  Section 1a begins at the DA point and overlies the final approach
primary (“W” and “X” surfaces) OCS, extending 1,460 feet in the direction of the
missed approach.  This section is always aligned with the final approach course
(see figures 3-9B and 3-9C).

3.9.1 a. (2) OCS.  The height of the section 1a surface is equal to the underlying "W"
or "X" surface as appropriate.  If this section is penetrated, adjust DA per
figure 3-9C to mediate the penetration.
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OCS Slope = 102
GPA

OCS Slope = 102
GPA

DA

1,460’

Figure 3-9C.  Penetration of Section 1a OCS

p

d

Original
DA

Adjusted DA

1,460’

1,460’

OCS Slope 28.50:1

OCS Slope 28.50:1

Section 1A

Adjusting DA places the section 1b
OCS on top of the obstruction

adjustment

Adjusted RWT to DA distance

Glidepath

Figure 3-9B .  Section 1a DA'

Section 1a

1460 FT
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( )

( )
( )

originatesOCS1:28.50there       whe
pointtonobstructiofrom(ft)distance=d

nobstructiotoRWTfromdistance=        x
angleglidepath=GPA

(ft)npenetratio=pwhere

GPAtan
TCH+ElevationMSLRWT-(MSL)DAAdjusted=DistanceDAtoRWTadjusted

adjustment+DAoriginal=(MSL)DAadjusted

d

102
GPA

28.50
1

p)GPAtan(adjustment

1,460-DistanceDAtoTRWxd

o

o



















+












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



+
×=
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3.9.1 b. Section 1b.

3.9.1 b. (1) Area.  Section 1b begins at the end of section 1a, extends to a point
9860.69 feet  from DA, and splays along the extended final course to a total
width of 1 NM.  This section is always aligned with the final approach course (see
figures 3-9A, 3-9D).

3.9.1 b. (2) OCS.  Section 1b OCS is a 1:28.5 inclined plane rising in the direction of
the missed approach.  The height of the beginning of section 1b is equal
to the height of the "W" OCS at the end of section 1a (see figure 3-9D).  Evaluate
obstructions using the shortest distance of the obstruction from the end of
section 1a.  Adjust DA per figure 3-9E to mediate penetrations in this section.

Figure 3-9D.  Section 1b DA'

Section 1b

Section 1a
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OCS Slope 28.5:1

Figure 3-9E.  Penetration of Section 1b OCS
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Figure 3-9F.  Section 1c
DA'

Section 1c

Section 1c

Section 1b

Section 1a

3.9.1 c.  Section 1c  (see figure 3-9F).

3.9.1 c. (1) Area.  These are 1:7 secondary areas that begin at the DA point.  These
sections splay to a point on the edge and at the end of section 1b.

3.9.1 c. (2) OCS.  An inclined plane starting at the DA point and sloping 1:7,
perpendicular to the MA course.  The inner boundaries originate at the elevation
of the outer edges of the "W" surface at the beginning of section 1b.  The outer
boundaries originate at the elevation of the outer edges of the "X" surfaces at the
DA point.  These inner and outer boundaries converge at the end of section 1b
(9860.69 feet from the DA point).  Obstacles in section 1c, adjacent to the "X"
surfaces, are evaluated with a 1:7 slope from the elevation of the outer
boundaries of the "X" surfaces.  Obstacles in section 1c, adjacent to section 1b,
are evaluated using the 1:7 slope, beginning at the elevation at the outer edge of
section 1b (see figures 3-9A and 3-9F).  Reduce the obstruction height by the
amount of 1:7 surface rise from the edge of section 1a or 1b (measured
perpendicular to section 1 course).  Then evaluate the obstruction as if it were in
section 1a or 1b.

3.9.1 d. Section 2.  [RNAV Only]  Apply Order 8260.44 criteria in this section.
Instead of the departure trapezoid originating at DER altitude at the DER, it
originates at the elevation of the end of section 1b OCS at centerline, with a
width of ± 0.5 NM (along the ab line).  It ends at the plotted position of the
clearance limit.  The primary and secondary widths shall be the appropriate width
from the distance flown.  Establish a fix on the continuation of the final approach
course at least 0.5 NM from the end of section 1 (ab line).  If the fix is a fly-by
turning waypoint, locate the fix at least DTA+0.5 NM from the ab line (see
figures 3-10A and 3-10B).  Use table 3-1 airspeeds to determine turn radii from
Order 8260.44, table 2.  Establish the outer boundary radius of a turning
procedure based on the highest category aircraft authorized to use the approach.
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Table 3-1

Figure 3-10A.  Turning Missed Approach with
Turning Fix at the Minimum Required Distance

8260.44 Departure
Criteria Applied

Scale exaggerated for
emphasis.

Section 1c

Section 1c

DA

Section 1a

Splay per 8260.44

Section 1b

15°Secondary Area

≥ (DTA+0.5 NM)

b

Turn side ties
back to the

ab line.
Primary Area

9860.69'
a

Category MA Altitude
< 10,000' MSL

MA Altitude
≥ 10,000' MSL

A, B 200 KIAS 200 KIAS
C, D, E 250 KIAS 310 KIAS
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Figure 3-10B.  Turning Missed Approach with Turn
Fix at Greater than Minimum Distance

Scale exaggerated for
emphasis.

Section 1c

Section 1c

DA

Section 1a

Splay per 8260.44

Section 1b

15°Secondary Area

≥ (DTA+0.5 NM)

b

Turn side ties
back tothe

a'b' line.

Primary Area aa'

b'

8260.44 Departure
Criteria Applied

9860.69'

3.9.1 e. Section 2.  [Non-RNAV]

3.9.1 e. (1) Straight-Ahead (15° or less of final course heading).  Section 2 is a 40:1
OCS that starts at the end of section 1 and is centered on the missed approach
course.  The width increases uniformly from 1 mile at the beginning to 12 miles at
a point 13.377 miles from the beginning.  A secondary area for reduction of
obstacle clearance is identified within section 2.  The secondary area begins at
zero miles wide and increases uniformly to 2 miles wide at the end of section 2.
PCG is required to reduce obstacle clearance in the secondary areas (see
figure 3-11A).  Use TERPS Volume 1, paragraph 277e, to determine if a climb-in-
holding evaluation is required.
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Figure 3-11A.  Straight Missed Approach

Scale exaggerated for
emphasis.
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Section 1c

Section 1c

DA

Section 1aSection 1b

Secondary Area

b

Primary Area

9860.69'
a

13.377 NM

Secondary Area

3.9.1 e. (2) Turning Missed Approach.  Where turns of MORE than 15° are
required, design the procedure to begin the turn at an altitude at least 400 feet
above the elevation of the TDZ.  Assume the aircraft will be 175 feet above DA at
the end of section 1b.  Extend section 1b 30.39 feet for each additional foot of
altitude necessary before a turn can commence.  This point is where section 2
40:1 OCS begins.  Specify the “climb to” altitude in the published missed
approach procedure.  The flight track and outer boundary radii used shall be as
specified in TERPS Volume 1, table 5, paragraph 275.  The inner boundary line
shall commence at the edge of section 1 opposite the MAP.  The outer and inner
boundary lines shall expand to the width of the initial approach area 13.377 miles
from the beginning of section 2.  Secondary areas for reduction of obstacle
clearance are identified within section 2.  The secondary areas begin after
completion of the turn (see figure 3-11B).  They begin at zero miles wide and
increase uniformly to 2 miles wide at the end of section 2.  PCG is required to
reduce obstacle clearance in the secondary area.
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Figure 3-11B.  Turning Missed Approach

Scale exaggerated for
emphasis .

Section 1c

Section 1c

DA

Section 1aSection 1b

Secondary Area

b
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9860.69'
a

3038.06
'

3038.06
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3.9.1 e. (3) Combination Straight-Turning Missed Approach Procedures.  Use
TERPS Volume 1, paragraphs 277d and f to establish the charted missed
approach altitude.  Use TERPS Volume 1, paragraph 277e to determine if a
climb-in-holding evaluation is required.

3.9.2 Missed Approach Climb Gradient (DOD Only).

Where the 40:1 OCS is penetrated and the lowest HAT is required, a mandatory
missed approach climb gradient may be specified to provide ROC over the
penetrating obstruction.  Use the following formula to calculate the climb gradient
(CG) in feet per NM.

( ) ( )( ) ( )( )( )
( )( )

1849- 613-tan 3 1460 276.52
0.76 5.26

o- DA-tan 1460 276.52
CG    Example:  259.15 260

0.76d
θ ++

= = ≈

Where o = MSL height of obstruction
d = shortest distance (NM) from end of section 1B to obstacle
θ = glidepath angle

3.9.3 Missed Approach ROC Rationale.

The obstacle clearance concept applied to the departure and missed approach
climb maneuver in instrument procedures design is to enable the aircraft to gain
sufficient altitude to supply at least the minimum ROC for the subsequent level
surface segments of the procedure.  The obstacle evaluation method for a climb
maneuver is the application of a rising OCS below the minimum climbing flight
path.  The vertical distance between the climbing flight path and the OCS is
ROC.  The ROC and OCS slope values are dependent on a minimum aircraft
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climb performance of 200 ft/NM (see figure 3-12).  Whether the climb is for
departure or missed approach is immaterial.  The standard for determining OCS
slope is that 76% 







25
19  of the altitude gained defines the OCS slope; 24% 







25
6

of the altitude gained defines the ROC value.

Figure 3-12.  ROC and OCS Slope Values

40:1
6076.11548
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ft/NM 152
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20019  or  ft/NM 1522000.76
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=×=× OCSAG

ft/NM 48
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2006   or  ft/NM 482000.24 

25
6   or  ROCAG0.24  

=
×

=×

=×=× ROCAG

Climb Gradient
(CG)

OCS

200'

The amount of ROC increases as the aircraft climbs until the point en route or
initial segment ROC (1,000/2,000 feet as appropriate) is realized.  After this
point, application of a sloping surface for obstacle clearance purposes is not
required.  Where an obstacle penetrates the OCS, a greater than normal climb
gradient (greater than 200 ft/NM) is required to provide adequate ROC.  Since
the climb gradient will be greater than 200 ft/NM, the ROC requirement will be
greater than 48 ft/NM [ ] [ ]( ) 48200240 >Ζ=>Υ×. .  The ROC expressed in ft/NM

can be calculated using the formula: 
d
h

19
6 or 

0.76d
0.24h where "h" is the height of the

obstacle above the altitude from which the climb is initiated, and "d" is the
distance in NM from the initiation of climb to the obstacle.
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CHAPTER 4.
BAROMETRIC VERTICAL NAVIGATION (BARO VNAV)

4.0 GENERAL.

Design LNAV/VNAV approach procedures under these criteria.  Baro VNAV
operations are not authorized where remote altimeter is used, or in areas of
precipitous terrain.  The allowable range of glidepath angles is:

MINIMUM glidepath angle is 2.75°;
OPTIMUM glidepath angle is 3.00°,
MAXIMUM glidepath angle is 3.5°.

4.1 PUBLISHING ON RNAV CHARTS.

When published on an RNAV approach chart that depicts multiple lines of
minima (LNAV/VNAV, LNAV, etc.), the TCH, GPA, course alignment, PFAF/FAF,
and missed approach route and altitudes shall be identical for all depicted
procedures.  When minimums are based on remote altimeter and/or temperature
settings, or the final segment overlies precipitous terrain, annotate the chart with
a note to indicate Baro VNAV is not authorized.  Where Baro VNAV is
authorized, publish the minimum temperature for which the procedure was
designed.

4.2 GROUND INFRASTRUCTURE.

If the airport obstacle free zones or the POFA are penetrated, LOWEST
minimums are 300-foot ceiling and 3/4 mile visibility.

4.3 GLIDEPATH QUALIFICATION SURFACE (GQS).

Penetrations of the GQS are not authorized.  Apply paragraph 2.12.

4.4 FINAL APPROACH SEGMENT.

LNAV/VNAV procedures are based on the LNAV trapezoid.  The Baro VNAV
vertical surfaces conform to the LNAV trapezoid.

4.4.1 Area.  See figure 4-1A.
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Figure 4-1A.  LNAV-VNAV Primary and Secondary Areas
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4.4.2 Alignment.

The default final course aiming point is the LTP/FTP.  OPTIMUM alignment is
with the runway centerline (RCL) extended.  The MAXIMUM offset from RCL is
15°.  Approaches serving category A and B aircraft only may be designed with
the offset course passing through the LTP/FTP regardless of degree of offset
(see figure 4-1B).  Where larger aircraft categories (CAT C, D, and E) are
accommodated, the offset course must cross the RCL extended at least a
MINIMUM distance from the RWT determined by the degree of offset, except as
noted below:

4.4.2 a. Where the FAC is ≤5° from the RCL alignment, the FAC shall cross the RCL
at or outside the RWT.

4.4.2 b. When the FAC is >5° from RCL alignment, the FAC shall cross the RCL at
least 1,500 feet from the RWT.

4.4.2 c. When the FAC is >10° from RCL alignment, the FAC shall cross the RCL at
least 3,000 feet from the RWT.

NOTE:  A FAC that intersects the RCL inside RWT, does not intersect the
RCL extended or intersects at a distance greater than 3,000 feet from RWT
may be established provided that the course lies laterally within 500 feet of
the extended RCL at a point 3,000 feet outward from the RWT.
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Figure 4-1B.  Offset Final Course and
RCL Extended Crossing Points

4.4.3 Length.

The primary OCS begins at the earliest point the FAF can be received and
extends 0.3 NM past the RWT or FTP (see figures  4-1A, 4-1B, and 4-2).

Figure 4-2.  End of Final Trapezoid, 15° Offset

FTP

RWT

0.3 NM

3,000’
FAC/RCL
Crossing

4.4.4 Width.

4.4.4 a. Primary Area.

Calculate the perpendicular distance (DY) from the course extended to the outer
boundary of the primary area for any distance (D) from RWT or FTP using the
following formula:

( )

FTP  or  RWT  of  position
plotted  to  FAF  of  position  plotted  from  NM  in  length  final  the=L       
centerline  course  along  FTP  or  RWT  from  feet  in  distance  the = D Where

06.30381822.83+D
L
NM 0.5=DY +×

4.4.4 b. Secondary Area.

The width of the secondary area is equal to the ½ width of the primary at any
distance "D" from RWT or FTP (see paragraph 4.4.4a).

3,000’

FTP

1,500’

RCL

LTP

Case b.  > 5°
FAC Crosses RCL

at least 1,500’
from RWT

Case c.  >10°
FAC Crosses RCL

at least 3,000’
from RWT

Case a.  ≤ 5°
FAC Crosses RCL
at or outside the

RWT
>10

>5
≤5
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4.4.5 Obstacle Clearance Between RWT and 250' ASBL Point  (see figure 4-3).

ASBL

RWT

TCH

250' ASBL Point
Final Segment GPA

Inner Surface

ATRK Displacement

FAF
Intermediate Segment

500' ROC

Figure 4-3.  Baro VNAV OCS's

D

Outer Surface

Slope Change Point (DC)

Level Surface

The area between the RWT or FTP and the 250 feet above ASBL point consists
of primary and secondary ROC areas.  Apply ROC in the appropriate shaded
area below to arrive at a preliminary DA (pDA) (see figure 4-4).

���������������������������������������������������
���������������������������������������������������
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Figure 4-4.  Obstacle Clearance Inside
the 250 Feet Above ASBL Point

Primary Area

Secondary Area

Secondary Area

����

Cross Section
0 feet0 feet

250 feet

Primary Area

Secondary Area

250-HAT Point

In the primary area, apply 250 feet ROC to the highest obstruction (see
figure 4-4).  Calculate secondary area ROC using the following formulae:
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( )

( )

[ ]( )

[ ]( )

P X

S P

S s y
S

3,038.06           D = D +1,822.83 +3038.06
L

3,038.06Example:  3,000+1,822.83 +3,038.06=3,551.13
28,557.74

D =D   

250       ROC 2 D -D
D

250Example:  2 3,551.13 -4,200 =204.32
3,551.15

Where 
 L = final  le

×

×

= × ×

× ×

S

ngth  in  feet (plotted position of FAF to
      plotted position of RWT or FTP).
DP=the  distance  in feet from course centerline to 
       the primary area outer boundary.
D  =the width of the secondar X

X

Y

y area at distance D
D  = the distance in feet from RWT or FTP to the obstacle 
        measured along course centerline.
 D =the perpendicular distance in feet from course 
        centerline to the ob

.

stacle.

Determine the pDA by adding the appropriate ROC value to the controlling
obstruction height and round up to the next higher 20-foot increment.

4.4.6 Inner Surface.

The inner surface originates at the point on the ASBL corresponding distance
from RWT that the glidepath reaches 250 feet above ASBL (see figure 4-3).
Calculate the distance (D250) from RWT or FTP to the OCS origin using the
following formula:

( ) ( )
250 TCH 250-53D250        Example:  3758 98

tan 3
.

tan θ
−

= =

Where θ = glidepath angle

Determine the slope of the inner surface (SV) as follows:

STEP 1:  Obtain the mean low temperature of the coldest month of the year for
the last five years of data.  If the data is given in Fahrenheit (°f), convert the
temperature to Celsius (°c) and enter table 4-1.  Use the following formulae to
convert between Celsius and Fahrenheit temperatures:
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( ) ( ) f99.753224.441.8 :Example         32c1.8=f

c24.44=
8.1
3276 :Example                  

8.1
32fc

°=+×+°×°

°
−−°

=°

STEP 2:  Convert the mean temperature into a deviation from ISA using the
following formula:

°














°














−°−°= -39.9=
500

1,528-c15-28-  :Example           
500
Elevation Airportc15cdeviation

Round deviation to the next lower 5°c increment.  Use this rounded deviation or
-15°c, whichever is lower, and the GPA to find the surface slope from table 4-1.

   Table 4-1.  SV Considering GPA and International Standard
Atmosphere (ISA) Temperature Deviation

ISA (C) DEV 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8
-10 23.2 22.4 21.7 21.0 20.4 19.8 19.3 18.8 18.3 17.8 17.4 17.0

-15 23.8 23.0 22.2 21.6 20.9 20.3 19.8 19.3 18.8 18.3 17.9 17.5

-20 24.4 23.6 22.9 22.2 21.5 20.9 20.3 19.8 19.3 18.8 18.4 18.0

-25 25.1 24.3 23.5 22.8 22.1 21.5 20.9 20.4 19.9 19.4 18.9 18.5

-30 25.8 25.0 24.2 23.4 22.8 22.1 21.5 21.0 20.5 20.0 19.5 19.1

-35 26.6 25.7 24.9 24.1 23.4 22.8 22.2 21.6 21.1 20.6 20.1 19.6

-40 27.4 26.5 25.7 24.9 24.2 23.5 22.9 22.3 21.7 21.2 20.7 20.3

-45 28.2 27.3 26.5 25.7 24.9 24.2 23.6 23.0 22.4 21.9 21.4 20.9

-50 29.1 28.2 27.3 26.5 25.8 25.0 24.4 23.8 23.2 22.6 22.1 21.6

NOTE:  IF the glidepath angle falls between table values, use the higher value.

4.4.7 Outer Surface.

Calculate the slope of the outer surface (SW) appropriate for the glidepath angle
(θ) using the following formula:  W

102S
θ

=   The outer surface begins at point "c"

and ends at the earliest point the FAF can be received (see figure 4-3).
Calculate the distance (DC) from RWT or FTP to point C using the following
formula

( ) ( )
( )
W V

C
W V

250

a S - 200 S
D =

S -S

Where a=distance from RWT or FTP
               to OCS origin (D )

× ×

4.4.8 Height of the OCS.

4.4.8 a. Calculate the height (IZ) above ASBL of the inner surface using the following
formula:
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origin surface inner the to origin FTP or RWT the from distance the= 250D
obstacle the to FTP or RWT the from feet in distance the=oD Where

VS
250D-oD=ZI

4.4.8 b. Calculate the height (OZ) above ASBL of the outer OCS using the following
formula:

 ( )
102

GPA200oD
ZO ×−
=

4.4.8 c. The secondary OCS has a slope of 7:1 measured perpendicular to the
segment centerline.  To evaluate the height of a secondary OCS obstruction,
reduce the obstruction height by the amount of secondary surface rise from the
edge of the primary OCS (see figure 4-5).  Then evaluate the revised height of
the obstruction against the height of the primary OCS abeam the obstruction.

Figure 4-5.  Secondary OCS Evaluation

Cross Section

Primary OCS

7:1 Secondary OCS

d

Height Adjustment

7:1 Secondary OCS

                

Height Adjustment = d
7

= distance in feet from edge of primary OCS measured
          perpendicular to the segment centerline.

Where d

4.4.9 OCS Penetrations.

Obstructions should not penetrate the OCS.  If the OCS is clear, publish the pDA
value.  If the OCS is penetrated, take one of the following actions.  These actions
are listed in order of preference.

ACTION 1: Remove or adjust the obstruction location and/or height.

ACTION 2: Raise glidepath angle.

ACTION 3: Adjust DA.

4.4.9 a. Adjustment of DA for Penetration of INNER SURFACE.

CASE 1: If elevation (revised elevation if paragraph 4.4.8c applied) of the
obstacle is less than the elevation of point C (Celevation):



8260.3B CHG 19 5/15/02

Page 4-8 Vol 3
Par 4.4.9a

( ) ( ) ( )

C 250
elevation

V

adjusted O V

D -DC =E+
S

TCHDA E D p Stan
tan

θ
θ

  
 = + + + ×     

Where θ = glidepath angle
         DO = distance (ft) to obstacle from LTP measured parallel to FAC
           p = amount of penetration (ft)
         SV = slope of inner surface
           E = LTP elevation (ft)

CASE 2: If the elevation (revised elevation if paragraph 4.4.8c applied) of the
obstacle is equal to or greater than the elevation of point C:

( ) [ ]( ) ( )
TCH

adjusted W CDA =E+tan h-c S D
tan θ

θ  + +  
Where h = obstacle MSL elevation (revised elevation if para 4.4.8c applied)

    c = elevation (MSL) of point C

4.4.9 b. Adjustment of DA for penetration of OUTER SURFACE (see figure 4-6):

( ) ( ) ( )

( ) ( )

TCH
adjusted W O

adjusted
adjusted

DA =E+tan pS D

DA -E TCHDistance LTP to DA =
tan

tan

tan

θ
θ

θ θ

 + +  

−

Where DAadjusted=Adjusted DA (MSL)

Figure 4-6.  DA ADJUSTMENT

DA

DC

GPI

D250

θ

Point C

P

DA

DA

4.5 VISIBILITY MINIMUMS.

To determine visibility minimums, refer to TERPS Volume 1, chapter 3 for
localizer procedures.
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4.6 MISSED APPROACH SEGMENT.

Height loss is assumed after DA.  The missed approach area begins at the cd
line prior to the DA point.  Apply RNAV departure criteria (Order 8260.44) from
the segment origin to the missed approach holding fix.  Locate the first fix
encountered after DA at least 9,114 feet from the ab line and a maximum of
5 NM.  If a turn is associated with a fly-by fix, the minimum distance is
9,114+DTA (see figures 4-7 and 4-8A and 4-8B).

Figure 4-7.  Straight Missed Approach Surfaces

Primary OCS

Secondary OCS

Secondary OCS

DA Point

MA Level Surface

40:1

40:1 OCS

40:1 OCS Origin

Missed Approach
Segment Origin

a

b

c

d

40:1 Distance
to Obstacle

8260.44 Departure
Criteria

15°

15°

≥ 9,114'
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Figure 4-8A.  Turning Approach Surfaces
Minimum Distance from DA to Turn Fix

Primary OCS

Secondary OCS

Secondary OCS

DA Point

MA Level Surface
40:1 OCS

40:1 OCS Origin

Missed Approach Segment Origin

b

c

d

8260.44 Departure
Criteria

15°

15°

a
e

f

≥ 9,114'

Turning side
tie back

Not to scale

DTA

a’

40:1
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Figure 4-8B.  Turning Approach Surfaces
Greater than Minimum Distance

from DA to Turn Fix

Primary OCS

Secondary OCS

Secondary OCS

DA Point

40:1

Missed Approach Segment Origin

b

c

d

8260.44 Departure
Criteria

15°

a
e

f

9,114
'

DTA

Turning side
tie back

15°

Not to scale

x

a’

4.6.1 Area.

4.6.1 a. Level Surface.  See figure 4-9.

The level surface accounts for possible along track errors inherent with
barometric altimetry and allows an aircraft to lose (dip down) 50 feet prior to
commencing climb.

4.6.1 a. (1) Length.  Calculate the distance (Dcd) from RWT to the origin of the MA
segment (cd line), and the distance (Dab) from RWT to the end of the level
surface (ab line), using the following formulae:

( )
( ) ( )cd

ab cd

DA E TCH 50D 1822 83

D D 3645 66

.
tan tan

.
θ θ

− +
= − +

= −

Where E = RWT elevation
            θ = GPA
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1,822.83'1,822.83
'

a

c

dDA
b

Figure 4-9.   Level Surface

Dcd

Dab

DDA

( )
50

tan θ

( )
( )

DA above ASBL TCH
tan θ

−

4.6.1 a. (2) Width.  The area splays at 15° relative to the MA course beginning at
the secondary outer boundary at the cd line (see figure 4-9).

4.6.1 a. (3) OCS.  A level surface overlies the primary area.  Where obstructions
penetrate the OCS, increase the DA by the value of the penetration.  The height
of the MA LEVEL OCS (MSL) is determined by the formula:

hmas DA ROC= −

4.6.1 b. 40:1 Surface.  Apply Order 8260.44 criteria.

4.6.1 b. (1) Length.  The 40:1 surface begins at the ab and extends along the MA
course until the clearance limit.

4.6.1 b. (2) Width.  The primary area splays as specified in Order 8260.44 relative to
the MA course beginning at the final primary outer boundary at the cd line (see
figure 4-9).

4.6.1 b. (3) OCS.  Where obstructions penetrate the OCS, increase the DA by the 
value (DAadjustment) calculated by the following formula:

( )
adjustment

40p
DA

102
θ

=

Where p = amount of penetration in feet
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4.6.1 c. Missed Approach Altitude.

4.6.1 c. (1) Straight Missed Approach Procedures.  Use TERPS para-
graphs 274b and d to establish the charted missed approach altitude.  Use
TERPS paragraph 274c to determine if a climb-in-holding evaluation is
required.

4.6.1 c. (2) Combination Straight Turning Missed Approach Procedures.
Use TERPS paragraphs 277d and f to establish the charted missed approach
altitude.  Use TERPS paragraph 277e to determine if a climb-in-holding
evaluation is required.
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APPENDIX 2.  SIMULTANEOUS ILS PROCEDURES

1.0 GENERAL.

Simultaneous dual and triple ILS approach procedures using ILS installations
with parallel courses may be authorized when the minimum standards in this
appendix and chapter 2 of this Volume are met.

2.0 SYSTEM COMPONENTS.

Simultaneous ILS approach procedures require the following basic
components:

2.1 AN ILS IS SPECIFIED IN CHAPTER 2 OF THIS VOLUME FOR EACH
RUNWAY.   

Adjacent markers of the separate systems shall be separated sufficiently to
preclude interference at altitudes intended for use.

2.2 ATC APPROVED RADAR FOR MONITORING SIMULTANEOUS
OPERATIONS.

3.0 INOPERATIVE COMPONENTS.

When any component specified in paragraph 2.0 becomes inoperative, simul-
taneous ILS approaches are not authorized on that runway.

4.0 FEEDER ROUTES AND INITIAL APPROACH SEGMENT.

The criteria for feeder routes and the initial approach segment are contained in
Volume 1, chapter 2, paragraph 2.3.  The initial approach shall be made from a
facility or satisfactory radio fix by radar vector.  Procedure and penetration turns
shall not be authorized.

4.1 ALTITUDE SELECTION.

In addition to obstacle clearance requirements, the altitudes established for
initial approach shall provide the following vertical separation between glide
slope intercept altitudes:

4.1.1 Dual.

Simultaneous dual ILS approaches shall require at least 1,000 feet vertical
separation between glide slope intercept altitudes for the two systems (see
figure A2-1).



8260.3B CHG 19 5/15/02
Appendix 2

Page 2 Vol 3

Figure A2-1.  Initial Approach Segment, Simultaneous ILS

4.1.2 Triple.

Simultaneous triple ILS approaches shall require at least 1,000 feet vertical
separation between GS intercept altitudes for any combination of
runways.  No two runways share the same GS intercept altitude (see
figure A2-2).
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Figure A2-2.  Initial Approach Segment for
Triple Simultaneous ILS

4.2 LOCALIZER INTERCEPT POINT.

The localizer intercept point shall be established UNDER chapter 2, para-
graph 2.3 of this Volume.  Intercept angles may not exceed 30°; 20° is
optimum.

5.0 INTERMEDIATE APPROACH SEGMENT.

Criteria for the intermediate segment are contained in Volume 1, para-
graphs 241 and 242, except that simultaneous ILS procedures shall be
constructed with a straight intermediate segment aligned with the final approach
course (FAC), and the minimum length shall be established in accordance with
chapter 2, paragraph 2.3.1 of this Volume.  The intermediate segment begins at
the point where the initial approach intercepts the FAC.  It extends along the
inbound course to the GLIDE SLOPE intercept point.
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6.0 FINAL APPROACH SEGMENT.

Criteria for the final approach segment are contained in chapter 3 of this
Volume.

7.0 FINAL APPROACH COURSE (FAC) STANDARDS.

The FAC’s for simultaneous ILS approaches require the following:

7.1 DUAL APPROACHES.

The MINIMUM distance between parallel FAC’s is 4,300 feet.

7.2 TRIPLE APPROACHES.

The MINIMUM distance between parallel FAC’s is 5,000 feet.  For triple parallel
approach operations at airport elevations above 1,000 feet MSL, ASR with
high-resolution final monitor aids or high update radar with associated final
monitor aids is required.

7.3 NO TRANSGRESSION ZONE (NTZ).

The NTZ shall be 2,000 feet wide equidistant between FAC’s.

7.4 NORMAL OPERATING ZONE (NOZ).

The area between the FAC and the NTZ is half of the NOZ.

7.4.1 The NOZ for dual simultaneous ILS approaches shall not be less than
1,150 feet in width each side of the FAC (see figure A2-3).

Figure A2-3.  Dual Simultaneous ILS “No Transgression
And Normal Operating Zones”
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7.4.2 The NOZ for triple simultaneous ILS approaches shall not be less than
1,500 feet in width each side of the FAC (see figure A2-4).

Figure A2-4.  Triple Simultaneous ILS “No Transgression
Zone and Normal Operating Zones”

8.0 MISSED APPROACH SEGMENT.

Except as stated in this paragraph, the criteria for missed approach are
contained in chapter 3 of this Volume.  A missed approach shall be established
for each of the simultaneous systems.  The minimum altitude specified for
commencing a turn on a climb straight ahead for a missed approach shall not
be less than 400 feet above the TDZE.

8.1 DUAL.

Missed approach courses shall diverge a minimum of 45°.

8.2 TRIPLE.

The missed approach for the center runway should continue straight ahead.  A
minimum of 45° divergence shall be provided between adjacent missed
approach headings.  At least one outside parallel shall have a turn height
specified that is not greater than 500 feet above the TDZE for that runway.
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APPENDIX 3.  CLOSE PARALLEL ILS/MLS APPROACHES

1.0 BACKGROUND.

Extensive tests have disclosed that under certain conditions, capacity at the
nation’s busiest airports may be significantly increased with independent
simultaneous parallel approaches to runways that are more closely spaced than
the minimum of 4,300 feet.  Tests have shown that a reduction in minimum
separation between parallel runways may be achieved by use of high update
radar with high-resolution displays and automated blunder alerts.

2.0 TERMINOLOGY.

2.1 AUTOMATED ALERT.

A feature of the PRM that provides visual and/or audible alerts to the monitor
controller when an aircraft is projected to enter or has entered the NTZ.
Paragraph 3.1.2 defines the precision runway monitor (PRM) systems alerts.

2.2 BREAKOUT.

A technique to direct aircraft out of the approach stream.  In the context of close
parallel operations, a breakout is used to direct threatened aircraft away from a
deviating aircraft.

2.3 CLOSE PARALLELS.

Two parallel runways whose extended centerlines are separated by at least
3,400 feet, but less than 4,300 feet, having a precision runway monitoring system
that permits simultaneous independent ILS/MLS approaches.  Runways are
separated by less than 3,400 to 3,000 feet with a localizer offset of not more than
3.0°.

2.4 E-SCAN RADAR.

An electronically scanned phased array radar antenna that is cylindrical and
stationary.  It consists of interrogators and a surveillance processor providing an
azimuth accuracy of at least 1 milliradian (0.057°) remote monitoring subsystem
(RMS) and an update interval of not more than 1.0 second.

2.5 LOCALIZER/AZIMUTH OFFSET.

An angular offset of the localizer/azimuth from the runway extended centerline in
a direction away from the no transgression zone (NTZ) that increases the normal
operating zone (NOZ) width.
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2.6 MONITOR ZONE.

The monitor zone is the volume of airspace within which the final monitor
controllers are monitoring close parallel approaches and PRM system automated
alerts are active.

2.7 NO TRANSGRESSION ZONE (NTZ).

The NTZ is a 2,000-foot wide zone, located equidistant between parallel runway
final approach courses in which flight is not allowed (see figure A3-1).

2.8 NORMAL OPERATING ZONE (NOZ).

The NOZ is the operating zone within which aircraft flight remains during normal
independent simultaneous parallel approaches (see figure A3-1.)

2.9 PRECISION RUNWAY MONITOR (PRM).

A specialized ATC radar system providing continuous surveillance throughout the
monitoring control zone.  It includes a high accuracy, high update rate sensor
system, and for each runway, a high resolution color FMA with automated alerts.
The PRM system provides each monitor controller with a clear, precise
presentation of aircraft conducting approaches.

3.0 GENERAL.

Criteria contained in this appendix are designed for independent simultaneous
precision ILS or MLS operations to dual parallel runways with centerlines
separated by at least 3,000 feet, but less than 4,300 feet.  Simultaneous close
parallel operations at airport elevations above 1,000 feet MSL and deviations
from these criteria or glidepath angles above the U.S. civil standard of 3.0° shall
not be established without approval from the Flight Standards Service, FAA,
Washington, DC.  When runway spacing is less than 3,400 feet, but not less
than 3,000 feet, the localizers/azimuth stations in the close runway pair must be
aligned at least 2-1/2° divergent from each other, but not more than 3.0°, and an
electronically scanned (E-Scan) radar with an update interval of 1.0 second
must be employed.  All close parallel ILS/MLS operations require final approach
radar monitoring, accurate to within 1.0 milliradian, an update interval of
1.0 second, and a final monitor aid (a high resolution display with automated
blunder alerts).  In these criteria, ILS “glide slope/localizer” terms are
synonymous to and may be used inter-changeably with MLS “elevation/azimuth”
terms.  Independent simultaneous close parallel approaches without altitude
separation should not be authorized at distances greater than 10 NM from
threshold.  If Air Traffic Control (ATC) systems and procedures are established
which assure minimal NTZ intrusions, this distance may be extended up to
12.5 NM.  A separate instrument approach chart described as a special close
parallel ILS/MLS procedure shall be published for each runway in the close
parallel pair of runways.  This special close parallel ILS/MLS procedure is to be
identified in accordance with paragraph 3.1.  A standard ILS/MLS procedure
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may also exist or be published for each of the runways.  During close parallel
ILS/MLS operations, the close parallel ILS/MLS may overlay the existing
standard ILS/MLS procedure, provided that spacing localizer/azimuth alignment
is less than 3,400 feet and the missed approaches diverge.  A breakout obstacle
assessment specified in Volume 3, appendix 4, Obstacle Assessment Surface
Evaluation for Simultaneous Parallel Precision Operations, shall be completed as
part of the initial evaluation for parallel operations.

3.1 SYSTEM COMPONENTS.

Simultaneous close parallel approach procedures are not authorized if any
component of the PRM system is inoperative.  System requirements for
simultaneous close parallel approach procedures are:

3.1.1 ILS/MLS.  A full ILS or MLS on each runway.

3.1.2 PRM.  A PRM system includes the following:

3.1.2 a. Radar.  Phased array electronically scanned (E-Scan) antenna; update
intervals of 1.0 second.

3.1.2 b. Final Monitor Aid (FMA).  Large (not less than 20” x 20”), high resolution
(100 pixels/inch minimum), color monitors with associated visual and audible
alerts.

3.1.2 b. (1) Caution Alert.  A caution alert when the system predicts that an aircraft
will enter the NTZ within 10 seconds (e.g., the target symbol and data block
change from green to yellow and a voice alert sounds).

3.1.2 b. (2) Warning Alert.  A warning alert when the aircraft has penetrated the
NTZ (e.g., the target symbol and data block change to red).

3.1.2 b. (3) A Surveillance Alert.  A surveillance alert when the track for a
monitored aircraft inside the monitor zone has been in a coast state for more
than three consecutive updates (e.g., the target symbol and data block change to
red).

3.2 PROCEDURE CHARTING.

Volume 1, paragraph 161, applies, except where a separate procedure is
published.  In this case, “ILS/MLS PRM” should precede the approach title
identification; e.g., “ILS PRM, RWY 27R” (simultaneous close parallel).  Notes
for approach charts for use in the close parallel operation shall be published in
bold and caps as follows:  “SIMULTANEOUS CLOSE PARALLEL
APPROACHES AUTHORIZED WITH RUNWAYS (NUMBER) L/R” and
“LOCALIZER ONLY NOT AUTHORIZED DURING CLOSE-PARALLEL
OPERATIONS.”  The following shall also be noted:  “DUAL VHF COMM
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REQUIRED,” “MONITOR PRM CONTROLLER (FREQ) ON RWY (  ) L, (FREQ)
ON RWY (  ) R,” and “SEE ADDITIONAL REQUIREMENTS ON ADJACENT
INFORMATION PAGE.”

4.0 FEEDER ROUTES AND INITIAL APPROACH SEGMENT.

Volume 3, chapter 2, paragraph 2.3 applies, except as stated in this order.  The
initial approach shall be made from a NAVAID, fix, or radar vector.  Procedure
turns and high altitude penetration procedures shall not be authorized.

4.1 ALTITUDE SELECTION.

Altitudes selected shall provide obstacle clearance requirements and a minimum
of 1,000 feet vertical separation between aircraft on the two parallel final
approach courses in the interval from localizer intercept to glide slope capture.

4.2 LOCALIZER INTERCEPT POINT.

Apply chapter 2 of this Volume, except optimum localizer intercept angles are 20°
or less and the maximum intercept angle shall not exceed 30°.

4.3 NTZ.

An NTZ is established and depicted on the FMA as a protected zone 2,000 feet
wide, equidistant between parallel runway centerlines, beginning from the point
where adjacent inbound aircraft first lose 1,000 feet of vertical separation, and
extends to 0.5 NM beyond the farthest departure end of runway (DER), or the
point where a combined 45° divergence occurs, whichever is farthest.  The
beginning of the NTZ for the final segment should begin at the most distant PFAF
(see figure  A3-1).  Where an offset localizer is determined to provide operational
advantage, the NTZ shall be established for the final segment equidistant
between adjacent final approach courses beginning and ending as stated above.

4.4 NOZ.

An NOZ is established so that the NOZ for each close parallel runway is not less
than 700 feet wide on each side of the approach course at any point.  The width
of the NOZ is equal on each side of the final approach course centerline, and the
half-width is defined by the distance from the nearest edge of the NTZ to the final
approach course centerline.  The length of the NOZ equals the length of the NTZ.
Each parallel runway provides an NOZ for the final and missed approach
segments that equal the length of the NTZ (see figure A3-1)
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Figure A3-1.  Examples of Close Parallel Finals and
Missed Approach Segments, Runway Spacing 3,000′ and 3,400′
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5.0 INTERMEDIATE APPROACH SEGMENT.

Chapter 2, paragraph 2.3, of this Volume applies, except where close parallel
procedures have a straight intermediate segment aligned with the final approach
course.  Where an existing ILS/MLS procedure is published with a transition
intercept angle greater than 30° which cannot be reduced, a separate close
parallel procedure shall be established with intercept angles of less than 30°.

6.0 FINAL APPROACH SEGMENT.

Volume 3 chapter 3 applies.  In addition to these criteria, independent
simultaneous approaches to close parallels runways require the following:

6.1 CLOSE PARALLEL APPROACH RUNWAY SEPARATION.

Approaches shall have a minimum of 3,400 foot separation between the parallel
final approach courses.

6.2 PRM.

A PRM system must be in operation and providing service in accordance with
paragraph 3.1.2.

6.3 NTZ.

An appropriate NTZ shall be established between close parallel final approach
courses as described in paragraph 4.3 (see figure A3-1).

6.4 NOZ.

Appropriate NOZ’s shall be established for each parallel final approach segment
as described in paragraph 4.4 (see figure A3-1).

6.5 STAGGERED RUNWAY THRESHOLDS.

Where thresholds are staggered, the glide slope intercept point from the most
distant runway approach threshold should not be more than 10 NM.  It is
recommended that the approach with the higher intercept altitude be the runway
having the most distant approach threshold (from the point of view of an aircraft
on approach).

6.6 LOCALIZER/AZIMUTH OFFSET.

Where an offset localizer is utilized, apply chapter 3 of this Volume.  Where
approach thresholds are staggered, the offset localizer course should be to the
runway having the nearest approach threshold (from the point of view of an
aircraft on approach).  An offset requires a 50-foot increase in decision height
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(DH) and is not authorized for Category II and III approaches.  (Autopilots with
autoland are programmed for localizers to be on runway centerline only.)  The
NTZ shall be established equidistant between final approach courses.

6.7 MONITOR ZONE.

This zone is a radar-monitored volume of airspace within which the PRM system
automated alerts are active.  The extent of the monitor zone is:

6.7.1 Monitor Zone Length.  The PRM monitor zone begins where aircraft conducting
simultaneous parallel approaches reach less than 1,000-foot vertical separation
during final approach (typically at glide slope intercept for the higher altitude
localizer intercept) and extends to 0.5 NM beyond the farthest DER, or the point
where a 45° divergence occurs, whichever generates the greatest length for the
monitor zone.

6.7.2 Monitor Zone Width.  The PRM monitor zone (automated alerts) includes all of
the area between the final approach courses and extends 0.5 NM outboard of
each final approach course centerline.

6.7.3 Monitor Zone Height.  The PRM monitor zone height may be defined in as
many as five separate segments, each having an independent maximum height.
Each segment covers the entire monitor zone width, and a portion of the monitor
zone length.  Within each segment, the monitor zone height extends from 50 feet
above ground level to a minimum of 1,000 feet above the highest point within that
segment of the glide slope, the runway surface, or the missed approach course,
whichever attains the highest altitude.

7.0 MINIMUMS.

For close parallel procedures, only straight-in precision minimums apply.

8.0 MISSED APPROACH SEGMENT.

Volume 3 chapter 3 applies, except as stated in this appendix.  Missed approach
procedures for close parallels shall specify a turn as soon as possible after
reaching a minimum of 400 feet above the touchdown zone, and diverge at a
minimum of 45°.  The turn points specified for the two parallel procedures should
be established at the end of the straight segment minimum of 1.5 NM.
A 45° divergence shall be established by 0.5 NM past the most distant DER.
Where an offset localizer is used, the first missed approach turn point shall be
established so that the applicable flight track radius (table 5 in Volume 1,
chapter 2), constructed in accordance with Volume 1, chapter 2, section 7, for the
fastest category aircraft expected to utilize the offset course, shall not be less
than 700 feet from the NTZ.
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8.1 NTZ.

The NTZ shall be continued into the missed approach segment, as defined in
paragraph 4.3 of this appendix (see figure A3-1).

8.2 NOZ.

The NOZ shall be continued into the missed approach segment, as defined in
paragraph 4.4 of this appendix (see figure A3-1).
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APPENDIX 4.  OBSTACLE ASSESSMENT SURFACE
EVALUATION FOR SIMULTANEOUS PARALLEL

PRECISION OPERATIONS

1.0 BACKGROUND.

One of the major aviation issues is the steady increase in the number and
duration of flight delays.  Airports have not been able to expand to keep pace
with traffic growth.  The Federal Aviation Administration (FAA) has taken a
variety of measures to increase airport capacity.  These include revisions to air
traffic control procedures; addition of landing systems, taxiways and runways;
and application of new technology.  The precision radar monitor (PRM) program
is one of these new initiatives.  PRM is an advanced radar monitoring system
intended to increase the use of multiple, closely-spaced parallel runways in
instrument meteorological conditions (IMC) weather by use of high resolution
displays with alert algorithms and higher aircraft position update rate.  Monitor
controllers are required for both standard and closely-spaced runway
separations.  The primary purpose of radar monitoring during simultaneous,
independent approach operations is to ensure safe separation of aircraft on the
parallel approach courses.  This separation may be compromised if an aircraft
blunders off course toward an aircraft on the adjacent approach.  For close
parallel operations (3,400 feet but less than 4,300 feet) and for standard parallel
operations (4,300 feet and above), the radar monitoring allows controllers to
direct either aircraft off the approach course to avoid a possible collision.
Resolution of a blunder is a sequence of events:  the monitor alerts and displays
the blunder, the controllers intervene, and the pilots comply with controller
instructions; thus, increasing the operational safety, flyability, and airport
capacity.

2.0 DEFINITIONS.

2.1 COURSE WIDTH (CW).

The angular course deviation required to produce a full scale (±) course
deviation indication of the airborne navigation instrument.  This width is normally
tailored to a parameter of not greater than ±3°.  For precision runways longer
than 4,000 feet, a linear sector width parameter of ±350 feet each side of
centerline at RWT applies.  Few Category I localizers operate with a course
sector width less than 3° (±1½°).  Tailored width may be determined by the
formula:

feet)(in  RWT  toantennalocalizer  from Distance=D              
RWTat  degrees)(in  Width Half=  W:

W2=RWTat  Width Course Total  
D

350ArcTan  =W

Where

×






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2.2 PARALLEL APPROACH OBSTRUCTION ASSESSMENT (PAOA).

An examination of obstruction identification surfaces, in addition to the ILS
TERPS surfaces, in the direction away from the NTZ and adjacent parallel ILS
runway, into which an aircraft on an early ILS breakout could fly.

2.3 PARALLEL APPROACH OBSTRUCTION ASSESSMENT SURFACES
(PAOAS).

PAOA assessment surfaces for identifying obstacles that may impact
simultaneous precision operations.

2.4 PARALLEL APPROACH OBSTRUCTION ASSESSMENT SURFACE
PENETRATION.

One or more obstructions that penetrate the PAOAS.

2.5 PARALLEL APPROACH OBSTRUCTION ASSESSMENT CONTROLLING
OBSTRUCTION (PAOACO).

The obstruction within the boundaries of the PAOAS which constitutes the
maximum penetration of that surface.

2.6 NO TRANSGRESSION ZONE (NTZ).

See Volume 3, appendix 3, paragraph 4.3.

2.7 NORMAL OPERATIONAL ZONE (NOZ).

See Volume 3, appendix 3, paragraph 4.4.

3.0 GENERAL.

This order characterizes criteria used during the interim test phase of evaluating
close parallel operations where early turnout obstacle assessments were
accomplished by contractual means using terrestrial photometric techniques
combined with survey methods of surface evaluation.  This assessment
technique is recommended for future evaluations of all independent simultaneous
parallel approach operations.  Facility information (glidepath angle (GPA),
threshold crossing heights (TCH), touchdown zone elevation (TDZE), threshold
elevations, etc.) may be obtained from air traffic planning and automation, flight
procedures offices, and/or the systems management organizations for the
regions in which independent simultaneous parallel operations are planned.

3.1 PARALLEL RUNWAY SIMULTANEOUS ILS APPROACHES.
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The procedures for airports with multiple parallel runways must ensure that an
aircraft approach on one runway is safely separated from those approaching the
adjacent parallel runway.  An example of such procedures is depicted in
figure A4-1.  Aircraft are directed to the two intermediate segments at altitudes
which differ by at least 1,000 feet.  Vertical separation is required when lateral
separation becomes less than 3 nautical miles (NM), as aircraft fly to intercept
and stabilize on their respective localizers (LOC).  This 1,000-foot vertical
separation is maintained until aircraft begin descent on the glidepath.

3.1.1 When lateral radar separation is less than the 3 NM and the 1,000-foot
altitude buffer is lost, the aircraft must be monitored on radar.  The controllers, on
separate and discrete frequencies, will observe the parallel approaches, and if an
aircraft blunders from the NOZ into a 2,000-foot NTZ, the monitor controller can
intervene so that threatened aircraft on the adjacent approach are turned away in
time to prevent a possible encounter.  This maneuver, on the part of the
threatened aircraft, is termed a "breakout" because the aircraft is directed out of
the approach stream to avoid the transgressor aircraft.  A controller for each
runway is necessary so that one can turn the transgressing aircraft back to its
course centerline while the other directs the breakout (see figure A4-1).

Figure A4-1.  Simultaneous precision parallel
Runway Approach Zones

3.1.2 The 2,000-foot NTZ, flanked by two equal NOZ's, provides strong guidance to
the monitor controller and maneuvering room for the aircraft to recover before
entering the adjoining NOZ.  Aircraft are required to operate on or near the
approach course within the limits of the NOZ.  If an aircraft strays into the NTZ or
turns to a heading that will take it into the NTZ, it is deemed a threat to an aircraft
on the adjacent course and appropriate corrective action or breakout instructions
are issued (see figure A4-2).
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Figure A4-2.  Simultaneous ILS No Transgression
Zone and Normal Operating Zone

4.0 PAOA EVALUATION.

The PAOA evaluation shall be conducted to identify penetrating obstacles as part
of a coordinated assessment for all independent simultaneous approach
operations to parallel ILS/MLS runways.  In these criteria, ILS glidepath/localizer
terms are synonymous to and may be used interchangeably with MLS elevation
glidepath/azimuth (GP/AZ) terms.  The surface dimensions for the obstacle
assessment evaluation are defined as follows:

4.1 SURFACE 1.

A final approach course descent surface which is coincident with the glide
slope/glidepath (GS/GP) beginning at runway threshold with the width point
abeam the threshold 350 feet from runway centerline opposite the NTZ, with
lateral boundaries at the outer edge of the LOC/AZ CW, and ending at the
farthest GS/GP intercept (see figure A4-3).
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Beginning Height of Surface 1
Equals Runway TCH.

DERLOC TH

DH

Glide Slope
Intercept

NO TRANSGRESSION ZONE (NTZ)

Edge of LOC/AZ beam width.

Beginning Height of Surface 1
Equals Runway TCH.

LOC D6

Upslope coincident with Glide
Slope Angle for Runway.

SURFACE 1

Edge of LOC/AZ beam width.DH

TH

350'
350'

Upslope coincident with Glide
Slope Angle for Runway.

SURFACE 1

2,000'

1/2 cw

1/2 cw

350'
350'

Figure A4-3.   Final Approach Descent Surface 1

Glide Slope
Intercept

RWY/FINAL

SEPARATION
COURSE

4.1.1 Length.  Surface 1 begins over the runway threshold at a height equal to the
TCH for the runway, and continues outward and upward at a slope that is
coincident with the GS/GP, to its ending at the GS/GP intercept point.

4.1.2 Width.  Surface 1 has a width equal to the lateral dimensions of the LOC/AZ
course width.  The Surface 1 half-width (see figure A4-2) is calculated using the
following formula:

1
2

B
2

= Width of Surface 1
            A = Distance from RWT measured parallel to course
            B = Course Width Beam Angle

                                                  OR
1
2

L Tan B
2

= Width of Surface 1
            L = Distance from Azimuth antenna (in feet)
            B = Course Width Beam Angle

W A Tan

Where W

W

Where W

= ×





+

= ×






350

1/2 CW = Perpendicular distance from runway/extended CL to edge of course beam width.

1/2 CW = Distance from Threshold in feet along CL X  TAN (1/2 Course Beam Angle) + 350'.
OR

1/2 CW = Distance from LOC/AZ Antenna in feet along CL X  TAN (LOC/AZ Beam Angle).
2

Suface 1 Height – Distance from TH in feet along CL X TAN of the GS/GP angle + TCH.
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4.1.3 Surface 1 Height.  Surface height at any given centerline distance (d), may be
determined in respect to threshold elevation, by adding the TCH to the product of
centerline distance in feet from threshold times the tangent of the GS/GP angle.

[ ]h1 = d Tan(GPA) +TCH
Where:   h1 = surface 1 height above ASBL

×

4.2 SURFACE 2.

4.2.1 Length.  Same as paragraph 4.1.1.

4.2.2 Width and Height.  Surface 2 shares a common boundary with the outer edge of
surface 1 on the side opposite the NTZ, and slopes upward and outward from the
edge of the descent surface 1 at a slope of 11:1, measured perpendicular to the
LOC/AZ extended course centerline.  Further application is not required when the
11:1 surface reaches a height of 1,000 feet below the MVA, MSA, or MOCA,
whichever is lowest (see figure A4-4).

SURFACE 2
11:1 upslope from edge
of Localizer Beam width

Upslope coincident with

Figure A4-4.  Parallel Approach Obstacle Assessment Surface 2

Obstacle

Further application not required where the 11:1 Surface reaches a height
of 1,000' below the MVA, MSA, or MOCA, whichever is lower.

The outer edge of Surface 2 may not typically be parallel to final course centerline.

Surface 2 Height = Surface 1 height + Height of 11:1 Slope measured from nearest
edge of the LOC/AZ CW perpendicular to the course centerline.

Further application not required where the 11:1 Surface reaches a height
of 1,000' below the MVA, MSA, or MOCA, whichever is lowest.

SURFACE 2

11:1 upslope from edge
of Localizer Beam width

Edge of COURSE beam width.

NO TRANSGRESSION ZONE (NTZ)

LOC DER
TH 350'

350' DH

LOC

350' DH

DER
TH 350'

GS Intercept

Glide Slope Angle for Rwy.
Upslope coincident with

GS Intercept
Glide Slope Angle for rwy.

Edge of COURSE beam width.

Rwy/Final
Course Separation2,000'

4.3 SURFACE 3 (CATEGORY I).

4.3.1 Length.  For category I operations, surface 3 begins at the point where
surface 1 reaches a height of 200 feet above the TDZE and extends to the point
the 40:1 and 11:1 slopes reach a height of 1,000 feet below the MVA, MSA, or
MOCA, whichever is lowest.
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4.3.2 Width.  From the beginning point, the edge of surface 3 area splays at a 15°
angle from a line parallel to the runway centerline.

4.3.3 Surface Height.  Surface 3 begins at a height of 100 feet above TDZE (100 feet
lower than surface 1). The surface rises longitudinally at a 40:1 slope along the
15° splay line CD while continuing laterally outward and upward at an 11:1 slope
(line CE is perpendicular to the 15° splay line CD).  Further application is not
required when the 40:1 and 11:1 slopes reach a height of 1,000 feet below the
MVA, MSA, or MOCA, whichever is lowest (see
figure A4-5).

SURFACE 2

D
SURFACE 3

E

ObstacleHeight=100'
Height=200'

Upslope
11:1

11:1
Upslope

40:1
Upslope

Upslope
11:1

40:1 Upslope

Upslope

Height=10

Figure A4-5. CAT I Missed Approach Early Breakout
Parallel Approach Obstacle Assessment Surface 3.

SURFACE 2

SURFACE 3

NO TRANSGRESSION ZONE (NTZ)
Rwy/Final
Course Separation

Further application not required when the 40:1 and 11:1 surfaces reach a
height of 1,000' below MVA, MSA, or MOCA, whichever is lower.  Surface 3 Height = Height

of 11:1 Slope measured (fr. 0bs.) perpendicular to Line CD + Height of 40:1 Slope
measured (fr. 0bs.) perpendicular to Line CE + 100 feet.

Parallel to Rwy

Parallel to Rwy

15

LOCCL DER TH

40:1

L

LOC DER

15C

D

Upslope

TH

350'

Obstacle

SURFACE 3

40:1
Upslope

11:1
Upslope

017

SURFACE 1

SURFACE 1

Edge of COURSE beam width.

Edge of COURSE beam width.
Surface 1

DH=200'

016

C350'

Height=20
0'

DH=200'
C

Surface 1

015

2,000
'

Obstacle

11:1

E

Upslope
11:1

Further application not required when the 40:1 and 11:1 surfaces
reach a height of 1,000' below MVA, MSA or MOCA, whichever is lower.

The outer edges of Surfaces 2 or 3 may not typically be parallel to each other or runway C  .L

SURFACE  2

SURFACE 3

4.4 SURFACE 4 (CATEGORY II).

4.4.1 Length.  Surface 4 begins at the point where surface 1 reaches a height of
100 feet above the runway TDZE and extends to the point 40:1 and 11:1 slopes
reach a height of 1,000 feet below the MVA, MSA, or MOCA, whichever is
lowest.

4.4.2 Width.  From the point of beginning, the edge of surface 4 area splays at a 15°
angle from a line parallel to the runway centerline.
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4.4.3 Surface Height.  Surface 4 begins at the point where surface 1 reaches a height
of 100 feet above the runway TDZE and rises longitudinally at a 40:1 slope along
the 15° splay line CD, while continuing laterally outward and upward at an 11:1
slope (line CE is perpendicular to the 15° splay line CD).  Further application is
not required when the 40:1 and 11:1 slopes reach a height of 1,000 feet below
the MVA, MSA, or MOCA, whichever is lowest (see
figure A4-6).

2,000'

005

006
007

Obstacles

DER TH 350'

LOC
Parallel to Rwy C

L
15

SURFACE 1

SURFACE 2
SURFACE 4

Height=Rwy Elev.
SURFACE 4 Height=100'

Surface 1

Upslope
11:1

DH=100'
C

E

D

11:1
Upslope

Upslope
40:1

Upslope
11:140:1

Upslope

Height=Rwy Elev.

Upslope

SURFACE 4

SURFACE 1

Upslope
11:1

Figure A4-6.  CAT II Missed Approach Early Breakout
Parallel Approach Obstacle Assessment Surface 4

Further application not required when the 40:1 and 11:1 surfaces
reach a height of 1,000' below MVA, MSA, or MOCA, whichever is lower.

The outer edges of Surface 2 or 4 may not typically be parallel to each other or runway C   .L

of 11:1 Slope measured (fr. Obs.) perpendicular to Line CD + Height of

Further application not required when the 40:1 and 11:1 surfaces reach a
height of 1,000' below MVA, MSA, or MOCA, whichever is lower. Surface 4 Height = Height

40:1 Slope measured (fr. Obs.) perpendicular to Line CE.

Edge of COURSE beam width.

Edge of COURSE beam width.

NO TRANSGRESSION ZONE (NTZ)
Rwy/Final
Course Separation

Upslope
11:1

Parallel to Rwy CL

SURFACE 4

Upslope
15

LOC

D 40:1

DER

004

40:1

003

001

DH=100'

Surface 1
Height=100'

350'
TH

C

11:1
Upslope

002

Obstacles

E

SURFACE 2

4.5 ESTABLISH A LATITUDE-LONGITUDE LIST for all obstacles penetrating
PAOA surfaces 2, 3, and 4.  Identify locations of surface penetration within the
surface areas (see figures A4-3, A4-4, and A4-5).

4.6 PARALLEL OPERATIONS APPLICATION REQUIREMENTS.

PAOA obstacle penetrations shall be identified and, through coordinated actions
of those affected, considered for electronic mapping on controller radar displays.
If possible, penetrations should be removed by facilities considering independent
simultaneous approach operations to parallel precision runways.  Where
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obstacle removal is not feasible, air traffic operational rules shall be established
to avoid obstacles.  If a significant number of penetrations occur, a risk
assessment study shall be required to provide guidance as to whether
independent simultaneous ILS/MLS operations to parallel runways should be
approved or denied.
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APPENDIX 5.

THRESHOLD CROSSING HEIGHT

GROUND POINT OF INTERCEPT

RUNWAY POINT OF INTERCEPT

TCH/GPI/RPI CALCULATION

The following spreadsheets are a part of this appendix and can be found on
the internet "http:\\terps.faa.gov"

Figure A5-1.  Non-Radar Precision TCH/GPI/RPI
Figure A5-2.  Precision Approach Radar (PAR) (Scanning Radar)
Figure A5-3.  Precision Radar TCH/GPI/RPI
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Version 1.0 Figure A5-1.  Non-Radar Precision
  TCH/GPI/RPI

1,016.00 A=Distance (ft) from GS antenna to RWT
100.00 a=RWT elevation (MSL)
98.00 c=Elevation (MSL) of runway crown at RPI/TDP
90.00 h=ILS antenna base elevation (MSL)

107.20 p=Phase center (MSL) of elevation antenna
3.00 e=Glidepath angle

STEP 1: CALCULATE OR SPECIFIY TCH

51.25 ILS (smooth terrain)

43.25 ILS (rapidly dropping terrain)

60.45 MLS

50.00 LAAS/WAAS

STEP 2: CALCULATE GPI

977.84 ILS (smooth terrain)

825.19 ILS (rapidly dropping terrain)

1,153.38 MLS

954.06 LAAS/WAAS

STEP 3: CALCULATE RPI

1,016.00 ILS (smooth terrain)

863.35 ILS (rapidly dropping terrain)

1,191.55 MLS

992.22 LAAS/WAAS

( ) ( )c-a-A  e tan ×

( ) ( )haA  e tan −−×

( ) ( )apA  e tan −+×

TCH Specify

( )e tan
TCH

( )
( )e tan

c-a TCH +

Vol 3 Page 3
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   Figure A5-2.
 Precision Approach Radar (PAR)
               (Scanning Radar)

Version 1.0

ELEVATIONS (MSL): DISTANCES (FT):
Threshold [a]: 100 AZ antenna to threshold [A]: 4500

Touchdown Reflector [b]: 105 TD reflector to threshold [B]: 750
RWY Crown in TDZE [c]: 100.7 AZ antenna to centerline [C]: 450

RPI (if known) [d]: 100.5 TD reflector to CLA line [D]: 475
Glidepath Angle [e]: 3 RWY gradient (if required) [E]: 0.00023333

STEP 1: Determine distance from AZ antenna to TD reflector [F].

3,779.96

STEP 2: Determine threshold crossing height [TCH].

44.14

STEP 3: Determine ground point of intercept [GPI].

842.32

STEP 4: Determine runway point of intercept [RPI].

  [d] known
832.78

  [d] unknown
838.59

  [d] unknown
846.09

( ) 22 DB-AF +=

( ) e  tan
TCHGPI =

( )
( )e tan

 ad TCHRPI −−
=

( )

( )

TCHRPI   for  up  sloping  runway
 e  E

TCHRPI   for  down  sloping  runway
tan e  E

tan
=

+

=
−

A
B

B

C D

DRadar Unit

Reflector

Reflector

F

A
B

D

F

TCH
ASBL

Reflect

GPI
RPI

RPI

Upsloping 

Down sloping 

Glidepath

( ) ( ) a-b  C-F- Ae tanTCH 22 +





×=

RWT

Glidepath

( ) 





 −−× 22 CFAe tan

TCH

(b-a)

2 2A  F C− −

ASBL

2 2A  F C− −

ASBL

Glidepath

TCH

(b-a)

( ) 





 −−× 22 CFAe tan

RWT
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Version 1.0 Figure A5-3.  Precision Radar
  TCH/GPI/RPI
    (Tracking Radar)

100.00 a=RWT elevation (MSL)
98.00 c=Elevation (MSL) of runway crown at RPI/TDP
3.00 e=Glidepath angle

STEP 1: SPECIFIY TCH

50.00  <== TCH

STEP 2: CALCULATE GPI

954.06  <== GPI

STEP 3: CALCULATE RPI

992.22  <== RPI

( )e tan
TCH

( )
( )e tan

c-a TCH +

Vol 3  Page 5 (and 6)
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CHAPTER 1.  GENERAL CRITERIA

1.0 GENERAL.

IFR departure procedures may be designed and published for all runways
authorized by the approving authority.  For civil procedures, runway/taxiway
separations, and airport obstacle free zones (OFZ) must meet the standards in
Advisory Circular (AC) 150/5300-13, Airport Design, or appropriate military
directives for military procedures for specified departure visibility minimums.
Criteria for RNAV-equipped aircraft are provided in Orders 8260.44, Civil
Utilization of Area Navigation (RNAV) Departure Procedures, and 8260.40, Flight
Management System (FMS) Instrument Procedures Development.

1.1 TERMINOLOGY, ABBREVIATIONS, AND DEFINITIONS.

1.1.1 Climb Gradient (CG).

A climb requirement expressed in ft/NM (gradient greater than 200 ft/NM).

1.1.2 Course.

A specified track measured in degrees from magnetic north.

1.1.3 Dead Reckoning (DR).

The navigation of an airplane solely by means of computations based on
airspeed, course, heading, wind direction, speed, ground speed, and elapsed
time.

1.1.4 Departure End of Runway (DER).

The end of the runway opposite the landing threshold.  It is sometimes referred to
as the stop end of runway (SER).

1.1.5 Departure Reference Line (DRL).

An imaginary line of indefinite length perpendicular to runway centerline at the
DRP.

1.1.6 Departure Reference Point (DRP).

A point on the runway centerline 2,000 feet from the SER (see figure 1-1).
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2000

SER

DER

DRP

DRL

Figure 1-1.  Runway Terms

1.1.7 Departure Route.

A specified course and altitude along a track defined by positive course guidance
(PCG) to a clearance limit, fix, or altitude.

1.1.8 Departure Sector.

Airspace defined by a heading or a range of headings for aircraft departure
operations.

1.1.9 Diverse Vector Area (DVA).

An area in which a prescribed departure route is not required.  Radar vectors
may be issued below the minimum vectoring or minimum IFR altitude.  It can be
established for diverse departure, departure sectors, and/or video map radar
areas portraying obstacles and terrain.

1.1.10 Diverse Departure.

A departure without restrictions to the route of flight.

1.1.11 Diverse Departure Evaluation to Establish Sector(s) for Prescribed
Departure Routes.

An evaluation of a diverse area to establish an unrestricted area or sector for
purposes of publishing departure routes, including multi-turns and legs.

1.1.12 Initial Climb Area (ICA).

An area beginning at the DER to provide unrestricted climb to at least 400 feet
above DER elevation.
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1.1.13 ICA Baseline (ICAB).

A line at DER, perpendicular to runway centerline, denoting the beginning of the
ICA.

1.1.14 ICA End-Line (ICAE).  A line at end of ICA perpendicular to the departure
course.

1.1.15 Instrument Flight Rules (IFR).

Rules governing the conduct of flight under instrument meteorological
conditions.

1.1.16 Instrument Meteorological Conditions (IMC).

Meteorological conditions expressed in terms of visibility, distance from clouds,
and ceiling less than the minima specified for visual meteorological conditions.

1.1.17 Obstacle.

Synonymous with natural or man-made obstacles, obstructions, or obstructing
terrain.

1.1.18 Obstacle Clearance Surface (OCS).

An inclined surface associated with a defined area for obstacle evaluation.

1.1.19 Obstruction Evaluation Area (OEA).

Areas requiring obstacle evaluation.

1.1.20 Positive Course Guidance (PCG).

A continuous display of navigational data, which enables an aircraft to be flown
along a specific course, e.g., radar vector, RNAV, ground-based NAVAID’s.

1.1.21 Required Obstacle Clearance (ROC).

Required vertical clearance expressed in feet between an aircraft and an
obstruction.

1.1.22 Standard Climb Gradient (SCG).
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Departure and missed approach obstacle clearance is based on the assumption
that an aircraft will climb at a gradient of at least 200 feet per NM.  This is the
standard climb gradient.

1.1.23 Start End of Runway (SER).

The beginning of the takeoff runway available.

1.1.24 Takeoff Runway Available (TORA).

The length of runway declared available and suitable for satisfactory takeoff run
requirements.

1.1.25 Visual Flight Rules (VFR).

Rules that govern the procedures for conducting flight under visual conditions.

1.1.26 Visual Meteorological Conditions (VMC).

Meteorological conditions expressed in terms of visibility, distance from clouds,
and ceiling equal to or better than specified minima.

1.1.27 Visual Climb Area (VCA).

Areas around the airport reference point (ARP) to develop a VCOA procedure.

1.1.28 Visual Climb over Airport (VCOA).

Option to allow an aircraft to climb over the airport with visual reference to
obstacles to attain a suitable altitude from which to proceed with an IFR
departure.

1.2 DEPARTURE CRITERIA APPLICATION.

Evaluate runways for IFR departure operations by applying criteria in the
sequence listed below (paragraphs 1.2.1 through 1.2.3).

1.2.1 Perform a diverse departure evaluation to each runway authorized for IFR
takeoff.  Diverse departure is authorized if the appropriate OCS is clear.  If the
OCS is penetrated, consider development of departure sectors and/or climb
gradients.

1.2.2 Develop departure routes where obstacles prevent diverse departure
operations.
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1.2.3 Develop a VCOA procedure where obstacles more than 3 statute miles from
DER require climb gradients greater than 200 ft/NM (see chapter 4).

1.2.4 At locations served by terminal radar, air traffic control may request
development of diverse vector areas to aid in radar vectoring departure traffic
(see chapter 2, paragraph 2.3).

1.3 DEPARTURE OCS APPLICATION.

The OCS begins at the DER at DER elevation.  EXCEPTION:  Adjust the origin
height up to 35 feet above DER as necessary to clear existing obstacles (see
figure 1-2).  Evaluate proposed obstacles assuming the OCS origin is at DER
elevation.

                     

Figure 1-2. OCS Starting Elevation

35′ maximum 40:1 surface origin

1.3.1 Low, Close-In OCS Penetrations.

Do not publish a CG to a height of 200 feet or less above the DER elevation.
Annotate the location and height of any obstacles that cause such climb
gradients.

1.3.2 Calculating OCS Height.

The OCS height is based on the distance measured from the OCS origin along
the shortest distance to an obstacle within the segment.

1.3.2 a. Primary Area.  The OCS slope is 40:1.  Use the following formula to
calculate the OCS height:

OCS              

where d=shortest distance (ft) from the OCS
              origin to the obstacle
           e=OCS orig

8923Example :

d

in ele

   1221 1444.08 ft
40

h e
4

va i

0

t on

+

+

=

=
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1.3.2 b. Secondary Area.  (Applicable only when PCG is identified.)  The OCS slope
is 12:1.  The secondary OCS elevation is the sum of the 40:1 OCS rise (a) in the
primary area to a point the obstacle is perpendicular to the departure course, and
the secondary OCS rise (b) from the edge of the primary OCS to the obstacle
(see figure 1-3).

Figure 1-3.  Secondary OCS

a

b

SECONDARY

21191 318Examp

         a bh
40 12

le:       556.28
40 12

=

= +

+

1.4 CLIMB GRADIENTS.

Departure procedure obstacle clearance is based on a minimum climb gradient
performance of 200 ft/NM (see figure 1-4).

                    

40:1 OCS
200'

1 NM'

Flight Path

Figure 1-4.  Standard Climb Gradient

1.4.1 Calculating Climb Gradients to Clear Obstacles.

Climb gradients in excess of 500 ft/NM require approval of the Flight Standards
Service or the appropriate military authority.  Calculate climb gradients using the
following formula::
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( )48D+O EO ECG                            CG=  

Standard Formula                       DoD Option*

                              

               where  O obstacle MSL elevation
       

 
0.76 

      

D

        

D

 
=

−−
=

( )

     E climb  gradient  starting  MSL elevation
                           D distance (NM) from DER to
Examples:

  
48 3.1+2049 12212049-1221 351.44

 the o

           =315.10     
0.76

bsta

3

c

.1 3

l

.1
Round  

 

t

e

× −

=

=
×

=

o  352 ft/NM               Round to 316 ft/NM

* For use by military aircraft only.  Not for civil use.

1.4.2 Calculating the CG Termination Altitude.

When the aircraft achieves an altitude that provides the required obstacle
clearance, the CG restriction may be lifted.  This altitude is called the "climb to"
altitude (A).  Calculate the climb-to altitude using the following formula:

( )

( )Example :    

           

1221 352

                  

3.1 2312.20 

 

  Round to  240

A E CG

0

D

+ × =

= + ×

1.4.3 Climb Gradients to Altitudes for Other than Obstacles, i.e., ATC.

Calculate the climb gradient to the stated “climb to” altitude using the following
formula where (D) is the distance from the beginning of the climb to the point
where the altitude is required:

                        
3000-1221Example: 

                    

  355.8  round  to  356  ft/NM
5

     A-EC
D

 G

=

=

NOTE:  The climb gradient must be equal to or greater than the gradient
required for obstacles along the route of flight.

1.4.4 Multiple Climb Gradients Application.

Do not publish a number of different gradients for a series of segments.
Consider only one climb gradient, which is the most efficient gradient to
represent the entire length of the climb gradient distance that encompasses all of
the climb gradients required.
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1.4.5 Limiting TORA to Reduce Climb Gradient.

Limiting the available length of the departure runway during takeoff is an option
that can be used to reduce departure climb gradients.  Use of this option requires
approval of FAA Flight Standards or the appropriate military authority.  Use the
following formula to determine the TORA for a given desired climb gradient
(DCG):

           

Where A=Altitude above DER elevation where CG ends
           CG=Required climb gradient before adjustments
         DCG=Desired

A ATORA L  6076.

 cli

11548
DC

mb gradient
            

C

 

G G

 L=

 = − − 
 

Full length of runway available for departure
                  before a

1000 1000Example :      10000-  6076.11548 5949.26 '
250

djustments

300
 − = 
 

1.4.6 Effect of DER-To-Obstacle Distance.

1.4.6 a. Where obstacles 3 statute miles or less from the DER penetrate the OCS:

1.4.6 a. (1) Publish a note identifying the obstacle(s) type, location relative to DER,
AGL height, and MSL elevation, and

1.4.6 a. (2) Publish standard takeoff minimums with a required CG to a specified
altitude, and

1.4.6 a. (3) Publish a ceiling and visibility to see and avoid the obstacle(s), and/or

1.4.6 a. (4) Develop a specific textual or graphic route to avoid the obstacle(s).

NOTE:  Where low, close-in obstacles result in a climb gradient to an altitude
200 feet or less above DER elevation, only paragraph 1.4.6a(1) applies.

1.4.6 b. Where obstacles more than 3 statute miles from the DER penetrate the
OCS:

1.4.6 b. (1) Publish standard takeoff minimums with a required CG to a specified
altitude, and
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1.4.6 b. (2) Develop a VCOA procedure to an altitude that will provide obstacle
clearance without a CG, and/or

1.4.6 b. (3) Develop a specific textual or graphic departure route to avoid the
obstacle(s).

1.5 CEILING AND VISIBILITY.

1.5.1 Ceiling.

Specify a ceiling value equal to the height of the obstruction above the airport
elevation rounded to the next higher 100-foot increment.

1.5.2 Visibility.

Specify a visibility value equal to the distance measured directly from the DER to
the obstruction rounded to the next higher reportable value.  Limit the visibility to
a distance of 3 statute miles.

1.6 INITIAL CLIMB AREA (ICA).

The ICA is an area centered on the runway centerline extended used to evaluate
obstacle clearance during the climb to 400 feet above DER (minimum climb
gradient 200 ft/NM).

1.6.1 ICA Terms.

1.6.1 a. ICA baseline (ICAB).  The ICAB is a line extending perpendicular to the
runway centerline ± 500 at DER.  It is the origin of the ICA (see figure 1-5).

1.6.1 b. ICA end-line (ICAE).  The ICAE is a line at the end of the ICA perpendicular
to the runway centerline extended.  The splay of 15° and length of the ICA
determine its width (see figure 1-5).

1.6.2 Area.

1.6.2 a. Length.  The ICA length is normally 2 NM, measured from the ICAB to
the ICAE along runway centerline extended.  It may be less than 2 NM in length
for early turns by publishing a climb gradient, or a combination of climb gradient
and reduction in TORA.  The ICA may be extended beyond 2 NM to maximum
length of 10 NM.  A specified altitude (typically 400' above DER) or the
interception of PCG route must identify the ICAE.
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1.6.2 b. Width.  The ICA origin is 1,000 feet (± 500 perpendicular to runway
centerline) wide at the DER.  The area splays outward at a rate of 15° relative to
the departure course (normally runway centerline).

ICAE

ICAB

2 NM
12152.23'

± 500'

* 500+tan(15°) × 12152.23

** 500+tan(15°) × d

3756.18 *

Figure 1-5.  ICA

3756.18 *

**

**
d

1.6.2 c. OCS.  The OCS originates at the ICAB, normally at DER elevation (see
paragraph 1.3).  Apply the OCS by measuring the shortest distance from the
ICAB to the obstacle and evaluate per paragraph 1.3.  The MSL elevation of the
ICAE is calculated using the following formula:

                      
where a=DER elevation
          b=OCS origin height above DER elevation
              (nominally 0

Exam

               MSL ICAE

ple:  ICAE elevation=98

 elevation

7.24+0+303

=a+

.81

)

=

b+

12

303.81

91.05
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CHAPTER 2.  DIVERSE DEPARTURE

2.0 GENERAL.

Evaluate diverse “A” and “B” areas to a distance of 25 NM for nonmountainous
areas (see figure 2-1) and 46 NM for mountainous areas.  If obstacles do not
penetrate the OCS, unrestricted diverse departure may be authorized; publish
standard takeoff minimums.

2.1 AREA.  The diverse departure evaluation covers three areas:

Initial Climb Area.  See chapter 1, paragraph 1.6.

Diverse A.  All areas on the DER side of the DRL.

Diverse B.  All areas on the SER side of the DRL.

Figure 2-1.  Diverse “A” and “B” Areas

Takeoff Direction

DIVERSE "A"

DIVERSE "B"

ICA

DRP

DRL

25 NM

25 NM

2.1.1 Initial Climb Area (ICA).

Evaluate the ICA under paragraph 1.6.
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2.1.2 Diverse "A" Area.

Calculate the height of the OCS at any given location in the diverse "A" area by
measuring the distance from the obstacle to the closest point on the centerline of
the runway between the DRP and DER, or the closest point on ICA boundary
lines as appropriate (see figure 2-2).  The beginning OCS elevation is equal to
the MSL elevation of the ICAE.

                        

where h=OCS MSL elevation at obstacle
          d=distance (ft) from obstacle to closest point
          a=ICAE MSL

18002.33Example:     h=1309.77+

dh=a+

 ele

1759.83
40

vation

40

=

          

DRP

Diverse “A”

Figure 2-2.  Diverse "A" Area Evaluation

From
Centerline

a

b

c

d

f
e ICA

2.1.3 Diverse "B" Area.

Evaluate obstacles in the Diverse "B" area by measuring the distance in feet from
the obstacle to the DRP (see figure 2-3).  Calculate the OCS MSL elevation at
the obstacle using the following formula:

( )

( )

                      

where h=OCS MSL elevation at obstacle
          d=distance (ft) from obstacle to DRP
          b=Airport 

8500Example:

dh= b 400
4

  h= 1283.22 400 1895.72
40

MSL elevatio

0

n

+ +

+

=

+
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Diverse “B”

DRP

Figure 2-3.  Diverse "B" Area

DRL

2.2 DEPARTURE SECTORS.

Where OCS penetrations prevent unrestricted diverse departure, consider
constructing sectors within the diverse areas where departure flight is prohibited.
Departure instructions must assure the aircraft will maneuver clear of the
prohibited sector boundaries.  Separate sector boundaries from obstacles via a
buffer established by the 20° splay from the DRP.  The minimum angle between
sector boundaries is 30°.  The ICA must be protected at all times (see figure 2-4).
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DRP

20°
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Figure 2-4.  Minimum Sector Area

Bearing 120°
°

Bearing 060°

Minimum sector
angle 30°

Sector heading or
course may be 060°
thru 120°

RWY extended CL
Bearing 090°

2.2.1 Boundary Based on the ICA.

When the 20° splay from the DRP cuts across the ICA, construct a line 20°
relative to the side of the ICA.  To protect the ICA, no obstacle may lie inside this
line (see figure 2-5).
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ICA

20°

Figure 2-5.  Boundary Based on ICA

DRP

2.2.1 a. Outer Boundary involving a Turn.  Locate the turn point on runway
centerline (extended) and establish the ICAE.  Construct the outer boundary from
the ICAE, using table 1-1 for selection of the outer boundary radius.  Construct a
line from the obstacle tangent to the outer boundary radius.  Establish the outer
boundary buffer 20° from this line on the maneuvering side.  Begin the 20° buffer
at the tangent point where the obstacle line intercepts the arc (see figure 2-6).
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Figure 2-6.  Outer Boundary
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2.2.2 Defining Sector Boundaries.

Construct boundaries to define each sector.  Sector boundaries originate at the
DRP, or are defined tangentially from the outer boundary radius (see
figure 2-7A).  Define and publish sector boundaries by reference to aircraft
magnetic headings.  Sector “headings” shall be equivalent to the magnetic
bearing of the sector boundaries from their origins.
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2.2.3 Sector Limitations.

2.2.3 a. The maximum turn from the takeoff runway in any one direction is 180°
relative to takeoff runway heading.
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Figure 2-7A.  Sector Limitations

Reciprocal of departure runway
heading, maximum allowable
turn from takeoff runway

Heading may be
070° CCW 270°

Bearing 070°

Figure 2-7B shows a sector of 360° clockwise, 270° could be assigned; however,
the maximum turn to the right is a heading not in excess of the reciprocal of the
takeoff runway heading.
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Figure 2-7B.  Maximum Heading Limitation

RWY 9
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310°

Heading may be 360° CW to 270°

Bearing 360°

2.2.3 b. Assign a single heading for a sector which has parallel boundaries.  The
heading must parallel the boundaries.  Figure 2-8 shows heading 360° as the
only heading allowable.
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Bearing
360°

Bearing
360°

Heading 360°
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≤20°

Figure 2-8.  Parallel Boundaries

2.2.3 c. Do not establish a sector if the boundaries converge.  Example:  In
figure 2-8, if the bearing from the DRP had been 001° or greater or the outer
bearing 359° or less, the sector could not be established.

2.3 DVA EVALUATION (ASR Required).

A DVA area based on diverse departure criteria may be established at the
request of the AT manager and developed for any airport within the radar
facility's area of jurisdiction and radar coverage.  When established, reduced
separation from obstacles is provided by application of the 40:1 OCS which will
be used to radar vector departing IFR aircraft below the MVA/MIA.  DVA's should
not be developed that require climb gradients greater than 200 ft/NM unless
there is no other suitable means to avoid obstacles except in situations where
high volumes of high performance aircraft routinely make accelerated climbs.

2.3.1 ICA.

See chapter 1, paragraph 1.6.

2.3.2 DVA "A" and "B" Areas.

Where obstacles penetrate the 40:1 OCS, construct a prohibited sector
containing the obstruction(s) so it may be avoided by appropriate radar
separation standards.  Identify prohibited sectors with boundary lines 3/5 NM,
as appropriate, from the penetrating obstacle(s).  See figure 2-9.
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CHAPTER 3.  DEPARTURE ROUTES

3.0 STRAIGHT ROUTE DEPARTURE SEGMENTS.

Straight departures are aligned within 15° of the runway centerline.  The initial
climb area (ICA) is aligned along the runway centerline for at least 2 NM (see
paragraph 1.6).  If a turn at the departure end of runway (DER) is desired,
expand the obstacle clearance area in the direction of the turn an amount equal
to the departure course degree of offset from runway centerline (see figure 3-1).
Reduce the obstacle clearance area following the ICA on the side opposite the
turn an amount equal to the expansion on the opposite side.
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������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������������

Figure 3-1.  Turn ≤15° at DER
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3.1 DEAD RECKONING (DR) DEPARTURE.

The boundary lines of the departure obstacle clearance surface (OCS) splay
outward 15° relative to the departure course from the end of the ICA (see
figures 3-1 and 3-2).  Limit the DR segment to a maximum distance of 10 NM
from DER.
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Initial Climb Area (ICA)

Figure 3-2.  Dead Reckoning

Dead Reckoning

3.2 POSITIVE COURSE GUIDANCE (PCG) DEPARTURE, 15° OR LESS.

Calculating Obstruction Area Half Widths.  Apply the values from table 3-1 to
the following formulae to calculate the obstruction primary area half-width
(1/2 WP), and the width of the secondary area (WS).

p

S S

1 W k D A2
    W f D A

= × +

= × +

Table 3-1
½ Width k fs D A
Dep DR 0.267949 none Distance (ft) from DER 500′

Localizer 0.139562 none Distance (ft) from ICAE 3756.18′
NDB 0.0333 0.0666 Distance (NM) from facility 1.25 NM

VOR / TACAN 0.059 0.099 Distance (NM) from facility 1 NM

3.3 LOCALIZER GUIDANCE.

The obstruction evaluation area (OEA) begins at the initial climb area end-line
(ICAE).  The maximum length of the segment is 15 NM from DER.  Evaluate for
standard climb gradient (SCG) in accordance with paragraph 1.4.1.  If
necessary, calculate the required minimum climb gradient using the formula
in paragraph 1.4.2 where D is the shortest distance to the initial climb area
baseline (ICAB) (see figure 3-3).
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3.3.1 NDB Guidance.  Evaluate for SCG in accordance with paragraph 1.4.1.  If
necessary, calculate the required minimum climb gradient using the formula in
paragraph 1.4.2.  Figures 3-5, 3-6, and 3-7 illustrate possible facility area
configurations.

3.3.2 VOR/TACAN Guidance.  Evaluate for SCG in accordance with para-
graph 1.4.1.  If necessary, calculate the required minimum climb gradient using
the formula in paragraph 1.4.2.  Figures 3-4, 3-5, and 3-6 illustrate possible
facility area configurations.

2 NM

9,584′  each side
of centerline

10 NM

13,227
′

15 NM

14780
′

Figure 3-3.  Localizer Area

ICA

ICAE

Facility A

DR segment

Figure 3-4.  Facility Area and DR Area Relationship

k, D, A, and fs - see table 3-1

Primary area: 1/2w=kD+A

Maximum 10 NM to PCG

Secondary area W = fsD + A
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Figure 3-5.  DER within Primary Area Facility

≤15 °

15 °

D E R   l i e s   I n s i d e   P r i m a r y
A r e a   p r e s c r i b e d   f o r   t h e
N A V A I D .

3.3.3 Secondary Area Obstructions.  Secondary areas may be constructed and
employed where PCG is provided.

3.4 RESERVED.
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3.5 TURNING SEGMENT CONSTRUCTION.

3.5.1 General.  Construct turning segments when the course change is more than 15°.
Establish an ICA.  For outer boundary radius use table 3-2 and apply paragraphs
3.5.1a through 3.5.1d, as appropriate.  Use next higher airspeed in table 3-2 if
specific speed is not given.

3.5.1 a. For turns below 10,000 feet mean sea level (MSL), use 250 KIAS unless a
speed restriction other than 250 KIAS is noted on the procedure for that turn.
Use 200 KIAS for a minimum speed for Category C and 230 KIAS for
Category D aircraft.

3.5.1 b. For turns at 10,000 feet and above, use 310 KIAS unless a speed
restriction not less than 250 KIAS above 10,000 through 15,000 feet is noted
on the procedure for that turn.  Above 15,000 feet, speed reduction below
310 KIAS is not permitted.

3.5.1 c. When speeds greater than 250 KIAS are authorized below 10,000 feet
MSL, and speeds greater than 310 KIAS are authorized at or above 10,000 feet
MSL, use the appropriate speed in table 3-2.

3.5.1 d. Use the following standard Note to publish a speed restriction:  “Do NOT
exceed (speed) until CHUCK (fix).”
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Table 3-2
Primary Area Outer Boundary radius (R1)

Aircraft
Speeds

90 120 150 175

Turn radii:
Below 10,000′ 0.9 1.4 1.9 2.4

MSL
10,000′ MSL
and above

1.4 2.0 2.7 3.3

Aircraft
Speeds

180 210 240 250

Turn radii:
Below 10,000′

MSL
2.5 3.2 3.9 4.2

10,000′ MSL
and above

3.4 4.3 5.2 5.5

Aircraft
speeds

270 300 310 350

Turn radii:
Below 10,000′

MSL
4.7 5.6 6.0 7.3

10,000′ MSL
and above

6.2 7.3 7.7 9.3

(Speeds include 60-knot omni winds below 10,000′ MSL; 90-knot omni winds at
10,000′ and above; bank angle 23°.)

3.6 RESERVED.

3.7 TURN TO PCG.

3.7.1 Extend the ICA boundaries as necessary to intersect the boundaries appropriate
to the PCG provided.  Where the ICA outer boundary will not intersect the PCG
boundary, construct an outer boundary radius from the outer edge of the ICA to
intersect the PCG boundary.  For the radius length, use table 3-2 or the width of
the end of ICA, whichever is longer (see figure 3-7).

3.7.2 Specify a course, not aligned with the runway centerline, to intersect a PCG
course.  The amount of turn is not restricted.
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3.8 MULTIPLE TURNS.

Use table 3-1 to establish dimensions of basic trapezoids.

3.8.1 Climb to Altitude and Turn; Turns less than 90°.  See figure 3-8.  Construct a
line from departure reference point (DRP) to edge of obstacle area at the fix
denoting the second turn point.  Extend splay of ICA to line A,B, (perpendicular to
runway centerline extended), where altitude is reached for the turn.  Measure out
runway centerline extended using SCG.

3.8.1 a. Align the centerline of trapezoid alpha, through point C (end of ICA on
runway centerline extended).

3.8.1 b. Construct an arc from point A using radius R1 (table 3-2) centered on
point B.  Construct a tangent from the arc to the boundary of the secondary area
of the next segment, (trapezoid beta), 30° relative to trapezoid alpha centerline.

3.8.1 c. Construct trapezoid beta.  Extend the outer boundary area, radius “d”, to
join trapezoid cocoa.  Inside boundaries join at the primary and secondary
intersections.

3.8.1 d. Construct trapezoid cocoa and its associated segment, if necessary, to join
en route structure.
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3.8.2 Climb to Intercept a Course.  See figure 3-9.  Construct a 15° splay relative to
runway centerline from the departure reference point (DRP) to the secondary
boundary of trapezoid delta (inside of turn) area.  System accuracy line of delta
must intercept runway centerline at or beyond DER.

3.8.2 a. Extend the splay of ICA to line A, B.  System accuracy line of trapezoid
delta (outside of turn) intercepts the ICA splay at point A.

3.8.2 b. Construct an arc from point A using radius R1 (table 3-2) centered on
point B.  Construct a tangent from the arc to the boundary of next segment
(trapezoid echo) 30° relative to trapezoid delta centerline.

3.8.2 c. Construct trapezoids echo and fox as necessary.  Provide a 2-NM lead
area when turns are more than 90°, prior to the “VOR” turning into trapezoid fox.
Specify a 2-mile lead when possible with a radial, bearing, or DME.  When
unable to identify the lead point, construct and provide a 2-mile lead area for
evaluation of obstacles.  Outside protection arc must be as large as the end of
the trapezoid, i.e., "d" at fix jiffy.  In the segment containing trapezoid fox, note
primary “line papa” and secondary “line sandy” originate from the 2-mile lead of
trapezoid echo.
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3.8.3 Figure 3-10 illustrates multiple turns more than 90°.  Initial course intercepts
positive course of trapezoid gulf after takeoff from DER.  The obstacle area
radius is constructed from point A with a tangent 30° relative to the course in
trapezoid gulf.  The area formed around the intersection of E with trapezoid hotel
takes precedence over the 2-NM lead requirement.  Primary and secondary
areas can be established on the inside of the turn in trapezoid hotel because the
2-mile lead does not cut off any of the primary area.
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3.8.4 Figure 3-11 illustrates multiple turns more than 90°.  Publish either a radial,
bearing, or a DME when available.  Construct a 2-NM lead even though no
radial, bearing, nor DME is available.  This provides a lead area for the pilot’s
early turn.  Note how the intersections at E and F form the boundaries of obstacle
clearance areas.  Point E is established abeam the 2-mile lead.  The dark lines
around point E form a primary area boundary.  A secondary area cannot be
established on the inside area of trapezoid juniper because the 2-mile lead forms
the area that takes precedence over the normal primary and secondary areas
at “e”.
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3.8.5 Figure 3-12 illustrates the 2-mile lead not required when lead point is within
primary area of en route course.

3.8.6 Evaluation of Multiple Turn Areas.  See figures 3-13 and 3-14.

3.8.6 a.  Measure 40:1 straight-line distance from lines d-c-b of the ICA directly to
the obstacles outside of the ICA associated with trapezoid alpha in figure 3-13
and trapezoid gulf in figure 3-14.  Measure 40:1 from runway centerline to
obstacles abeam the runway between the DRP and the DER.  Points b and c are
at the end of the ICA, a and d at corners of the ICA abeam the DER.  In
figure 3-13, no secondary areas exist in trapezoid alpha’s segment, and in
figure 3-14, no secondary evaluation is allowed for the far turn from DER
because the beginning of PCG cannot be determined.  However, on the inside
turn area a secondary area evaluation could be allowed for trapezoid gulf's
segment.
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3.8.6 b. Measure 40:1 to point E for obstacles in trapezoids beta, figure 3-13,  and
hotel, figure 3-14, segments, respectively.  Measure 12:1 into secondary area
from edge of primary area perpendicular to the segment’s course.  Convert the
secondary area obstacles to primary equivalent at edges of primary area.
Measure 40:1 to the conversion points to assess appropriate obstacle clearance.

3.8.6 c. Measure 40:1 to E, then 40:1 down the edge of the primary area of
trapezoid beta from E to F to obstacles in trapezoid cocoa’s segment.  From F
measure 40:1 to obstacles in primary area of trapezoid cocoa, figure 3-13.
Measure along edge of primary area to a point abeam the obstacles in secondary
area.  Measure 12:1 from edge of primary area to the obstacle in secondary area
perpendicular to applicable course line.  Perform secondary area obstacle
evaluation.

3.8.6 d. Climbing in a Holding Pattern.  When a climb in a holding pattern is used,
no obstacle shall penetrate the holding pattern obstacle clearance surface.  This
surface begins at the end of the segment, F-G, figure 3-14, leading to the holding
fix.  Its elevation is that of the departure OEA at the holding fix.  It rises 40:1 from
the nearest point of the F-G line to the obstacle in the primary area.  It also rises
40:1 to the edge of the primary area of the holding pattern abeam an obstacle in
the secondary area of the holding pattern.  In the secondary area, the surface
rises 12:1 to the obstacle measuring the shortest distance between the obstacle
and the edge of the primary area (see figure 3-14).  The holding pattern altitude
must have a level surface evaluation of 1,000 feet.
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CHAPTER 4.  VISUAL CLIMB OVER AIRPORT (VCOA)

4.0 GENERAL.

VCOA is an alternative method for pilots to depart the airport where aircraft
performance does not meet the specified climb gradient.  Development of a VCOA
is mandatory when obstacles more than 3 statute miles from the departure end of
runway (DER) require a greater than 200 ft/NM climb gradient.

4.1 BASIC AREA.

Construct a visual climb area over the airport using the airport reference point
(ARP) as the center of a circle (see figure 4-1).  Use R1 in table 4-1 plus the
distance ARP to the most distant runway end as the radius for the circle.

                

ARP
a

Figure 4-1.  VCA

a=R1  (table 1-3) plus the Distance
from ARP to most distant DER

Select 250 KIAS as the standard airspeed and apply the appropriate MSL altitude
to determine the R1 value.  Use other airspeeds in table 4-1, if specified on the
procedure, using the appropriate radius for the selected airspeed.  Altitude must
equal or exceed field elevation.  The VCA must encompass the area of the ICA
from the departure runway(s).  Expand the VCA radius if necessary to include the
ICA (see figure 4-2).

ICA

VCA expanded

Figure 4-2.  VCA Expanded

The VCA must completely encompass the ICA.
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      Table 4-1.  Radius Values

Altitudes MSL 2,000' 5,000' 10,000'
Speed KIAS

90 2.0 2.0 2.0
120 2.0 2.0 2.0
180 2.0 2.0 2.5
210 2.1 2.5 3.2
250 2.8 3.4 4.2
310 4.2 4.9 6.0
350 5.2 6.0 7.3

(Table 4-1 speeds include 30-knot tail winds up to 2,000' MSL, 45-knot tail winds
up to 5,000' MSL, and 60-knot tail winds at 10,000′ MSL; bank angle: 23°.)

4.2 VCOA EVALUATION.

4.2.1 Diverse VCOA.

Identify the highest obstruction within the visual climb area (VCA).  This is the
preliminary height of the VCA level surface.  Evaluate a 40:1 surface from the edge
of the level surface.  If the 40:1 surface is penetrated, raise the VCA level surface
height by the amount of the greatest penetration (see figure 4-3).  Determine the
VCOA "climb-to" altitude using the following formula:

                        
0sadjustment            
5124height  OCS  Where

5400'  to rounds  537402505124   :Example

323a) para 1, (vol. sadjustmentROC 250'height MSL  surface  levelaltitude to blimc

=
=

=++

++=



5/15/02 8260.3B CHG 19

Vol 4 Page 4-3
Par 4.2.1

Figure 4-3.  Diverse VCOA Evaluation

ARP

40:1 OCS begins at VCA boundary

Highest obstacle in VCA 5124'

Profile View

Plan View

Level Surface

Adjusted Level Surface

40:1
SurfaceROC=250+adjustments

Climb-to Altitude

Preliminary Level Surface

4.2.2 Departure Routes.

Where VCOA Diverse Departure is not feasible, construct a VCOA departure route.

4.2.2 a. Construct the VCA per paragraph 4.1.

4.2.2 b. Determine the preliminary level surface height as in paragraph 4.2.1.

4.2.2 c. Locate, within the VCA, the beginning point of the route.

4.2.2 d. Construct the departure route using criteria for the navigation system desired.
The 40:1 surface rise begins along a line perpendicular to the route course and
tangent to the VCA boundary (see figure 4-4).

4.2.2 e. OCS Evaluation.  Where obstacles penetrate the route 40:1 OCS:

4.2.2 e. (1) Raise the VCA level surface the amount of penetration.  Determine the
climb-to altitude using the formula below, or…

             

                        
0adjustment              
5124height  OCS  Where

5400'  to rounds  537402505124   :Example

323a) para 1, (vol. sadjustmentROC 250'height MSL  surface  levelaltitude to blimc

=
=

=++

++=
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4.2.2 e. (2) Determine a climb gradient that will clear the obstacle using the formula:

ft/NM 315.15
5.340.76
2100-3379CG   :Example

 
obstacle to origin 1:40 from (NM) distanced            

altitude to-climbVCA b            
altitude MSL obstaclea   where

  
d0.76

b-aCG                            

=
×

=

=
=
=

×
=

( )

( ) 3800'  to  up  round  3787.443165.342100alt          
  :Example

CGdblt a                                  
:eddiscontinu  bemay    CG  the  that  (alt)  altitude Calculate

=×+=

×+=

ARP

Figure 4-4.  Route Out of VCA

40:1 OCS begins at VCA boundary
crossing at minimum altitude.

Highest obstacle
in VCA 2756'

(name) Fix

Climb to altitude                      2800'
                                               +100
                                                2900
Airport                                    -2315′
Raw ceiling value                      585′
Minimum Ceiling                       600′

Profile View

Plan View

Level Surface

40:1 Surface

Level Surface

40:1

Surface
250' ROC

Extension of
Level Surface

Extension of
Level Surface

Aircraft Altitude

4.2.3 Published Annotations.

The procedure must include instructions specifying an altitude to cross a
fix/location over the airport, followed by routing and altitude instructions to the
en route system.  Example: "Climb in visual conditions to cross Wiley Post airport



5/15/02 8260.3B CHG 19

Vol 4 Page 4-5 (and 6)
Par 4.2.3

westbound at or above 6,000′, then climb to FL180 via AMA R-098 to AMA
VORTAC", "Climb in visual conditions to cross DXTER eastbound at 5,000′, then
via LEX R-281 to LEX." (see figure 4-5).

                            

ARP
a

DXTER

LEX

R-281

Figure 4-5.  VCOA Departure Route

4.3 CEILING AND VISIBILITY.

Publish a ceiling that is the 100-foot increment above the "climb-to" altitude over
the VCA.  Obstacles inside the VCA are subject to see and avoid maneuvers.
Obstacles outside the VCA may be avoided by publishing a ceiling above an
altitude that must be attained inside the VCA over a specified fix or identifiable
point.  From this altitude, a 40:1 OCS from the VCA boundary clears all obstacles
outside the VCA omni-directionally, or along a route of flight (see figures 4-3, 4-4).
Determine the published visibility from table 4-2.

          Table 4-2.  Visibility
Altitudes MSL 2,000' 5,000' 10,000'
Speed KIAS

90 1 1 1
120 1 1 1 1/4
180 1 1/2 2 2 1/2
210 2 2 1/2 2 3/4
250 2 1/2 3 3
310 3 3 3
350 3 3 3
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U.S. DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 

ARMY ....................................... TM 95-226 
NAVY.. ......................... OPNAV INST 3722.16C 
USAF ........................................... AFM 55-9 
USCG ............................................... CG 318 

SUBJ: UNlTED SI'ATES STANDARDS TERMINAL INSTRUMENT PROCEDURES (TERPS) 
1. PURPOSE. This change deletes the TERPS requirement for middle markers for precision ILS approaches, -. 

thereby,%moving the 50-foot penalty for all users bf this instrument landing system: 

2. DISPOSITION OF TRANSMITTAL: Retain this page after changed pages have been filed. 
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8260.3B CHG 16 

21 18/94 

SUN: WTl'ED STATES STANDARD FOR TERMINAL INSTRUMENT PROCEDURES (TERPS) 

1. m. This change further refines criteria in Order 8260.3B. chapter 3, section 2, paragraph 323b, Remote 
Altimeter Setting Source (RASS). This change also incorporates any editorial requirements occurring in chapter 9 
from previous changes. 

2. DISTRIBUTION. This change is distributed to all addressees on special distribution list ZVS-827. 

3. OF CHANGES. This change provides relief to the stringent requirements published in 
change 11 to this order while still meeting the basic tenants of safety in the RASS study on which this change is 
based. The concept of nonhomogeneous weather and terrain differentials is absorbed within the computational 
formula, and further adjustments for those situations are not required in the application of RASS adjustments. This 
change also updates the U.S. Navy addressees for Department of Defense distribution. 

4. DISPOSITION OF T U N W I D U .  Retain this page after changed pages have been filed. 
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/ William J. White 
Deputy Director, Flight Standards Service 
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U. S. DEP ARTMENT OF TRANSPORTATION 
FEDERAL AVlATlON ADMlNISTRA710N 

8260.3B CHC 17 D 
ARMY ................................................. TM 95-226 
NAVY ................................ OPNAVINST 3722.16C 

............................................ USAF AFJMAN 1 1-226 
......................................................... USCG CG 3 18 

SUBJ: UNITED STATES STANDARD FOR TERMINAL, INSTRUMENT PROCEDURES (TERPS) 

1. PURPOSE. This change incorporates criteria contained in AVN Supplements to TERPS. It also corrects 
and updates criteria for evaluating the visual portion of an instrument approach, computing descent gradient, 
descent angle, and Visual Descent Point (VDP). Area navigation (RNAV) criteria are updated. 

2. DISTRIBUTION. This change is distributed in Washington Headquarters to the division level of Flight 
Standards Service; Air Traffic Service; the Offices of Airport Safety and stan&&; and Communications, 
Navigation, and Surveillance Systems; to the National Flight Procedures Office; the Regulatory Standards and 
Compliance Division at the Mike Monroney Aeronautical Center; to the regional Flight Standards divisions; 
and to special hlilitary and Public Addressees. 

3. EFFECTIVE DATE. April 20, 1998. 

4. EXPLANATION OF CHANGES. This change incorporates all AVN Supplements to TERPS, provides 
a metbod for evd- the visual portion of an imtmment approach, and introduces criteria for darrninhg 
final segment length based on descent angle. It revises US and PAR obstacle cleannce calculations; adds 
criteria contained in FAA Order 8260.34, Glide Slope Threshold Crossing Height Requirements, to chapter 9; 
and updates chapter 15. 

5. DISPOSITION OF TRANSMITTAL. After fi)ing, this change transrnitlal should be retained. 
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U. S. DEPARTMENT OF TRANSPORTATION 

FEDERAL AVIATION ADMINISTRATION 
8260.3B CHG 18 I 

ARMY .................................................... TM 95-226 
NAVY .............................. ..OPNAVINST 3722.16C 
USAF ........................................ AFMAN 1 1 -226(1) 

.......................................................... USCG CG 3 18 

SUBJ: UNITED STATES STANDARD FOR TERMINAL INSTRUMENT PROCEDURES (TERPS) 

1. PURPOSE. This change transmits revised pages to Order 8260.3B, United States Standard for 
Terminal Instrument Procedures (TERPS). 

2. DISTRIBUTION. This change is distributed in Washington Headquarters to the branch level in the 
Offices of Airport Safety and Standards; and Communications, Navigation, and Surveillance Systems; to 
Flight Standards, Air Traffic, and Airway Facilities Services; the National Flight Procedures Office and the 
Regulatory Standards Division at the Mike Monroney Aeronautical Center; to the branch level in the 
regional Flight Standards, Airway Facilities, and Air Traffic Divisions; special mailing list ZVS-827, and 
to special Military and Public Addressees. 

3. EFFECTIVE DATE. January 20,2000. 

4. EXPLANATION OF CHANGES. Significant areas of new direction, guidance, and policy included 
in this change are as follows: 

a. Paragraph 122a adds wording to ensure requirements in AC-150/5340-1, Marking of Paved 
Areas on Airports, and AC 150f5300-13, Airport Design, are met during instrument procedure design and 
review. The changes in these AC's will impact instrument procedures. 

b. Paragraph 161 changes the approach procedure naming convention. Instrument landing system 
(ILS) procedures utilizing distance measuring equipment (DME) will no longer have DME in the procedure 
name. If DME is required to support ILS localizer minimums, the chart will be noted to indicate DME is 
required for localizer (LOC) final. The naming scheme for multiple approaches of the same type to the 
same runway is changed to use alphabetical suffixes. The procedure title "area navigation (RNAV)" 
indicates wide area augmentation system (WAAS), lateral navigation (LNAV)/ vertical navigation 
(VNAV), Flight Management System (FMS), or global positioning system (GPS) approach systems define 
the final segment. The title for these procedures is RNAV RWY.XJ, etc. 

c. Paragraph 234b changes the procedure turn protected airspace to allow it to vary according to the 
entry altitude. As the altitude increases, so does true airspeed. This change ensures the obstruction area 
will contain the PT maneuver regardless of initiation altitude. 

d. Paragraph 251 increases the visual segment obstacle clearance surface (OCS) starting width 
associated with straight-in approaches from a total width of 400 feet (k 200 feet) to 800 feet (k 400 feet). 

Distribution: A-W(AS/ND/FS/AT/AF)-3; AVN-lOO(15OCYS); AMA-200 (80 CYS); Initiated By: AFS-420 
A-X(FS/AF/AT)-3; ZVS-827; Special Military and Public Addressees 
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e. Paragraph 252 publishes actual descent gradient to threshold crossing height (TCH) where 
straight-in minimums are prohibited because of excessive descent gradient. Publishing this value aids 
pilots in determining whether or not to attempt a straight-in landing and provides methodology for 
accommodating S/D fix altitudes above the final approach fix (FAF) to TCH descent. 

f. Paragraph 253 adds requirement for the visual descent point (VDP) DME to be collocated with 
the facility providing final approach course guidance (U.S. Navy1U.S. Army/U.S. Air F0rceN.S. Coast 
Guard NA). Wording is changed to clarify the requirement, but the meaning is not changed. 

g. Paragraph 277b provides the "appropriate final required obstacle clearance (ROC)." Previous 
version required 250 feet of ROC regardless of facility type. 

h. Paragraph 282c adds guidance to ensure marker beacons are used as fixes ONLY when 
associated with the facility providing course instructions. 

i. Paragraph 334c adds the new guidance in AC 150/5300-13 that requires precision instrument 
runway markings for visibility minimums less than 314 statute mile, and requires touchdown zone lighting 
and runway centerline (TDZICL) for runway visual range (RVR) less than 2,400 feet. 

j. Paragraph 1028 changes the wording to allow military operations with 100-foot category I height 
above touchdown (HAT) on precision approach radar (PAR) procedures. 

5. INFORMATION CURRENCY. 

a. Forward for consideration any deficiencies found, clarification needed, or suggested 
improvements regarding the contents of this order to: 

DOTIFAA 
Flight Procedure Standards Branch, AFS-420 
P.O. Box 25082 
Oklahoma City, OK 73 125 

b. Your assistance is welcome. FAA Form 1320-9, Directive Feedback Information, is included at 
the end of this change for your convenience. If an interpretation is needed immediately, you may call the 
originating office for guidance. However, you should use FAA Form 1320-9 as a follow-up to the verbal 
conversation. 

c. Use the "Other Commentsff block of this form to provide a complete explanation of why the 
suggested change is necessary. 

6. DISPOSITION OF TRANSMITTAL. This change transmittal should be retained after changed 
pages are filed. 
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CHANGE U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION 8260.3B CHG 19

5/15/02

ARMY ...........................................................TM 95-226
NAVY.......................................OPNAV INST 3722.16C
USAF................................................AFMAN 11-226(1)
USCG ................................................................CG 318

SUBJ: UNITED STATES STANDARD FOR TERMINAL INSTRUMENT PROCEDURES
(TERPS )

1. PURPOSE.  Change 19 divides Order 8260.3B into five volumes to aid in the efficiency of its
use.  The conversion from one volume in revision B to five volumes will be completed in four
steps consisting of Changes 19 through 22.  Change 22 will complete the conversion process,
and the document will then be identified as revision “C.”  Cross referencing between volumes
will be minimal.  This change also transmits new and revised sections of this order (Volume 1).

2. DISTRIBUTION: This change is distributed in Washington Headquarters to the branch level
in the Offices of Airport Safety and Standards; and Communications, Navigation, and
Surveillance Systems; to Flight Standards, Air Traffic, and Airway Facilities Services; to the
National Flight Procedures Office and the Regulatory Standards Division at the Mike Monroney
Aeronautical Center; to the branch level in the regional Flight Standards, Airway Facilities, Air
Traffic, and Airports Divisions; special mailing list ZVS-827, and to special Military and Public
Addressees.

3. CANCELLATION.  With the publication of Change 19, the following orders will be canceled:
Orders 8260.36A, Civil Utilization of Microwave Landing System (MLS), dated January 19,
1996; 8260.39A, Close Parallel ILS/MLS Approaches, dated December 29, 1999; 8260.41,
Obstacle Assessment Surface Evaluation for Independent Simultaneous Parallel Precision
Operations, dated September 15, 1995; and 8260.47, Barometric Vertical Navigation (VNAV)
Instrument Procedures Development, dated May 26, 1998.

4. EFFECTIVE DATE:  June 14, 2002

5. EXPLANATION OF CHANGES.  This is the first change to Order 8260.3B that contains
volumes.  The volume and paragraph numbers are identified on the inside bottom corner of the
page and chapter and page numbers (example 1-1) are on the outside bottom corner of the
page.  Significant areas of new direction, guidance, and policy included in this change are as
follows:

a. VOLUME 1, General Criteria (current TERPS order).  Installs the current TERPS
Manual as Volume 1 (insert all changes to this portion of the order before adding the other
volumes).  This volume contains information and criteria applicable to any instrument approach
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procedure; e.g. administrative, en route, initial, intermediate, terminal fixes, holding, etc.
Volume 1 will be completed with the implementation of Change 21.

(1) Chapter 1.

(a) Paragraph 6a.  Adds the word "must" to convey that application of the criteria
is mandatory.

(b) Paragraph 122a.  Includes appendix number to the reference.

(c) Paragraph 161a.  Clarifies directions for adding the suffix “DME” and noting
the chart accordingly.

(d) Paragraph 173.  Adds guidance for TERPS mathematics.

(e) Paragragh 174.  Includes information for providing directive feedback.

(2) Chapter 2.

(a) Paragraphs 201, 202, and 203.  Adds information and drawings concerning
the TERPS concept of primary required obstacle clearance (ROC) and sloping and level
obstacle clearance surfaces (OCS).

(b) Paragraph 234e(1).  Provides guidance for establishing the minimum
published holding altitude.

(c) Table 3 in Paragraph 242b(2).  Changes minimum intermediate course
lengths.

(d) Paragraph 251a(2)(b).  Corrects information in this paragraph.

(e) Paragraph 253.  Changes application of the visual descent point (VDP).

(f) Paragraph 274d.  Brings up to date figures 17 and 18.

(g) Paragraph 275.  Adds requirement for construction of turning or combination
straight and turning missed approach areas.  Adds note for clarification.

(h) Paragraph 287b(4)(b).  Deletes example and figure 30 which is no longer
required.

(i) Paragraph 287c(2).  Changes figure 31-2 to reflect the current fix
displacement calculations.

(3) Chapter 3.

(a) Paragraph 324.  Adds current guidance concerning decision altitude (DA).

(b) Paragraph 325.  Explains decision height (DH) as it relates to DA.
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(c) Paragraph 350.  Changes the title of table 9.  TERPS Volume 3 now contains
information for PRECISION minimums.

(4) Chapter 8, paragraph 813c(1).  Updates reference to paragraph 523b(3) as all
charts and explanations for solving secondary area obstacle problems have been deleted from
appendix 2.

(5) Chapter 9.  This change deletes chapter 9 with the exception of section 5 which
becomes chapter 9, Localizer and Localizer Type Directional Aids (LDA).  Paragraphs 951
through 957 become paragraphs 900 through 907.  Volume 3 replaces most of chapter 9.

(6) Chapter 10.  Volume 3 provides guidance that supersedes information in
sections 2 and 3 of this chapter.

(7) Chapter 11, Paragraph 1105.  Clarifies procedure identification of helicopter-only
procedures.

(8) Chapter 12.  This chapter becomes Volume 4 with four chapters; therefore,
chapter 12 in this volume is reserved.

(9) Chapter 15.

(a) Paragraph 1513d(2).  Updates reference to 1413d(1) as the ROC applied for
this circling approach should be the same as the criteria applied to other chapters.

(b) Paragraph 1513f.   Updates reference to chapter 2, section 8 as section 2 no
longer contains criteria for the use of radio fixes.

(10) Chapter 17, paragraph 1731b.  Updates reference to paragraph 1721 as all charts
and explanations for solving secondary area obstacle problems have been deleted from
appendix 2.

(11) Appendix 1.  Adds title to appendix and an alphabetical listing of all the acronyms
and abbreviations for old and new aviation terms used frequently throughout this order.

(12) Appendix 2.  Deletes appendix 2 as this information is now in Volume 3,
appendix 5.

(13) This change also provides guidance that supersedes chapter 3, section 1 of
Order 8260.48, Area Navigation (RNAV) Approach Construction Criteria, dated April 8, 1999.
The direction and guidance published in this change supersedes RELATED information in
Order 8260.48.  A major portion of Order 8260.48 remains in effect.

b. VOLUME 2, Nonprecision Approach Procedure (NPA) Construction, is reserved for
Change 21.  It will contain criteria central to nonprecision final approach segment construction.
VHF omnidirectional range (VOR), VOR/distance measuring equipment (DME), nondirectional
beacon (NDB), tactical air navigation (TACAN), airport surveillance radar (ASR), airborne radar
approaches (ARA), localizer, simplified directional facility (SDF), localizer directional aid (LDA),
direction finder (DF), area navigation (RNAV), and lateral navigation (LNAV) systems are
supported.  Criteria applicable to the initial missed approach climb unique to nonprecision
approaches will be included in this volume.
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c. VOLUME 3, Precision Approach (PA) and Barometric Vertical Navigation (Baro
VNAV) Approach Procedure Construction.  Replaces criteria originally located in chapter 9
and guidance from Orders 8260.36A, 8260.39A, 8260.41, and 8260.48, chapter 2, para-
graphs 2.1, 2.3, 2.5-2.10, 2.12, and chapter 3, sections 1 and 2.  This volume contains the final
segment construction criteria for navigational systems that provide vertical guidance, instrument
landing system (ILS), microwave landing system (MLS), transponder landing system (TLS),
precision approach radar (PAR), Global Navigation Satellite landing system (GLS), wide area
augmentation system (WAAS), local area augmentation system (LAAS), and Baro-VNAV.
Obstruction clearance criteria applicable to simultaneous parallel, simultaneous converging, and
Category II/III operations are included.  Intermediate segment requirements and initial missed
approach climb criteria unique to precision and Baro VNAV approaches are also contained in
this volume.

d. VOLUME 4, Departure Procedure Construction.  Replaces criteria originally located in
chapter 12 of the TERPS order.  This volume contains criteria departure obstruction supporting
VOR, NDB, TACAN, ASR, localizer, and RNAV (in Change 21) navigation systems.
Diverse departure, climb visually over the airport, and Air Traffic Control diverse vector areas
are also covered.  These criteria will be amended for use in the missed approach segment in
Change 21.

e. VOLUME 5, Helicopter and Powered Lift Instrument Procedure Construction, is
reserved for Change 21.  It will contain all guidance for instrument procedure construction
(en route, departure, approach) criteria.

6. PUBLICATION FORMAT.  The double column, traditional paragraph numbering scheme of
the TERPS document is changing to a single column, decimal number system more consistent
with RTCA and the International Civil Aviation Organization (ICAO).  The print is clear and
illustrations are larger.

7. DISPOSITION OF TRANSMITTAL.  The transmittal must be RETAINED AND FILED IN
THE BACK OF THIS MANUAL until it is superseded by a revised order.
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CHANGE U.S. DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 

8260.3B 
CHG 20 

 
National Policy 

Effective Date: 
12/07/07  

SUBJ: United States Standard for Terminal Instrument Procedures (TERPS) 
 
1. Purpose.   Order 8260.3B, United States Standard for Terminal Instrument Procedures 
(TERPS), contains criteria that must be used to formulate, review, approve, and publish 
procedures for instrument approach and departure of aircraft to and from civil and military 
airports.  These criteria are for application at any location over which the Federal Aviation 
Administration (FAA) or Department of Defense (DoD) exercises jurisdiction.  This change 
replaces criteria in Volume 1, chapter 3 with internationally harmonized minimums standards. 
 
2. Distribution.   This change is distributed in Washington Headquarters to the branch level in 
the Offices of Aviation Research and Airport Safety and Standards, the Air Traffic Organization 
(Safety, En Route and Oceanic Services, Terminal Services, and Technical Operation Services), 
and Flight Standards Service; to the National Flight Procedures Office and the Regulatory 
Standards Division at the Mike Monroney Aeronautical Center; to the branch level in the 
regional Flight Standards and Airports Divisions; to the Technical Operations Service Areas and 
Air Traffic Service Areas; special mailing list ZVS-827, and to special military and public 
addressees. 
 
3. Effective Date.  December 21, 2007 
 
4. Explanation of Changes.  Significant areas of new direction, guidance, policy, and criteria 
as follows: 
 
 a. VOLUME 1, General Criteria.  Chapter 3, Takeoff and Landing Minimums.  The entire 
chapter has been revised to reflect the new standard for determining landing minima, the result of 
extensive coordination with European aviation authorities aimed at harmonizing landing minima 
affecting United States and European operators.  The chapter has also been reformatted to 
improve clarity and ease of understanding.  Highlights of the major changes in each section of 
the chapter are as follows: 
 

(1)  Section One, General Information. 
 

(a)  Added new groupings for approach lighting systems, aligned with 
international specifications; 
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(b)  Replaced the term Height Above Touchdown (HAT) with Height Above 
Threshold (HATh). 
(c)  Added a table establishing threshold crossing height (TCH) limits for 
allowing visibility credit for authorized lighting systems. 

 
Note:  Addition of this table rescinds table 2-6 of Order 8260.54A and table 2-2c 
of Order 8260.3. Volume 3. 

 
(2)  Section Two, Establishing Minimum Altitudes/Heights. 

 
(a)  Revised paragraphs on establishing Decision Altitudes/Heights and Minimum 
Descent Altitudes; 

 
(b)  Added a table prescribing the minimum height above threshold, based on glide-
path angle. 

 
(3)  Section Three, Visibility Minimums. 

 
(a)  Developed completely new tables and methodology for establishing straight-in 
approach visibility minimums; 

 
(b)  Authorized minimums to 1800 runway visual range (RVR) to runways 
without touchdown zone or centerline lights; authorization is contingent upon the 
pilot’s use of a flight director, coupled autopilot, or head-up display (HUD) system 
during the instrument approach; 

 
(c)  Revised requirements for authorizing “fly visual to airport” on approach 
charts; 

 
(d)  Expanded the HATh range within which minimums of 1800 RVR are 
authorized with operable touchdown zone and centerline lights; 

 
(e)  Expanded the methodology for establishing circling visibility minimums. 

 
(4)  Section Four, Alternate Minimums. 

 
(a)  Provided an expanded description of the process for establishing other-than-
standard alternate minimums; 

 
(b)  Modified the alternate minimums table and added an example computation. 
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CHANGE U.S. DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 

8260.3B 
CHG 21 

 
National Policy 

Effective Date: 
June 5, 2009  

SUBJ: United States Standard for Terminal Instrument Procedures (TERPS) 
 
1. Purpose.   Order 8260.3B, United States Standard for Terminal Instrument Procedures 
(TERPS), contains criteria that must be used to formulate, review, approve, and publish 
procedures for instrument approach and departure of aircraft to and from civil and military 
airports.  These criteria are for application at any location over which the Federal Aviation 
Administration (FAA) or Department of Defense (DoD) exercises jurisdiction.   
 

Note:  This change revises criteria in Volume 1, chapter 2 regarding final approach 
segment descent angles and circling maneuvering areas, updates table 3-5a in Volume 1, 
Chapter 3, replaces criteria in Volume 1, chapter 10 for Radar approaches and Minimum 
Vectoring Altitude Charts (MVAC), and revises Volume 3, chapter 3 criteria relating to the 
Glideslope Qualification Surface (GQS).  

 
2. Distribution.   This change is distributed in Washington Headquarters to the branch level in 
the Offices of Aviation Research and Airport Safety and Standards, the Air Traffic Organization 
(Safety, En Route and Oceanic Services, Terminal Services, and Technical Operation Services), 
and Flight Standards Service; to the National Flight Procedures Office and the Regulatory 
Standards Division at the Mike Monroney Aeronautical Center; to the branch level in the 
regional Flight Standards and Airports Divisions; to the Technical Operations Service Areas and 
Air Traffic Service Areas; special mailing list ZVS-827, and to special military and public 
addressees. 
 
3. Effective Date.  August 27, 2009. 
 
4. Explanation of Changes.  Significant areas of new direction, guidance, policy, and criteria 
as follows: 
 
 a. Volume 1, Chapter 2, General Criteria.  The chapter has been revised to incorporate 
guidance from TERPS Instruction Letters (TILs) 99-014 and 00-012A which are rescinded.  
Additionally, it revises circling approach area criteria to resolve Government/Industry 
Aeronautical Charting Forum (ACF) issue #92-02-105.  The criteria also includes the 
recommendations of the United States Instrument Flight Procedures Panel (US-IFPP) Change 21 
Working Group to improve internal consistency and coherence. 
 
  (1)  Section 5, Final Approach. 
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 (a)  Provides clarification of intent related to vertical descent angle (VDA) and 
removes redundant requirements related to final approach segment descent gradient. 
 

 (b)  Provides updated guidance related to the range of acceptable VDAs and 
revises/clarifies criteria and figures for VDA calculations in straight-in and circling aligned 
approach cases (with and without stepdown fix) incorporating updated terminology and 
formulas. 
 

 (c)  Updates guidance for establishing, calculating, and marking the Visual 
Descent Point (VDP), with consideration to procedures with multiple lines of NPA minima. 
 
  (2)  Section 6, Circling Approach. 
 
  (a)  Updates requirements related to the Circling Approach Area, revising the 
method of determining the size of the Obstacle Evaluation Area (OEA) to more closely align 
with ICAO methodology based ACF issue #92-02-105. 

 
  (b)  Clarifies intent related to OEA evaluation when circling area restrictions are 
established based on ACF issue #92-02-105 and US-IFPP Change 21 Working Group 
recommendations. 

 
  (3)  Section 7, Missed Approach.  Updates terminology and clarifies design elements 
specified in the missed approach. 
 
 b.  Volume 1, Chapter 3, Takeoff and Landing Minimums.  The chapter has been 
revised to incorporate guidance from the March 14, 2008 memorandum subject:  Equivalent 
Meter Runway Visual Range (RVR) and Visibility with RVR less than 2400 Authorized, which 
is rescinded.  The revision replaces table 3-5a (including footnotes) in its entirety. 
 
 c.  Volume 3, Chapter 10, Radar Procedures.  The chapter has been revised in its entirety 
to incorporate guidance from the canceled Notice 8260.64, Radar Approaches and Minimum 
Vectoring Altitudes - Current Guidance and Criteria.  It also includes guidance from the 
July 21, 2008 AFS-400 memorandum subject:  Use of Automated Precipitous Terrain 
Algorithms for Minimum Vectoring Altitude (MVA) and Minimum Instrument Flight Rules 
(IFR) Altitude (MIA) Required Obstacle Clearance (ROC) Reductions and the 
September 10, 2008 AFS-400 memorandum subject:  Interim Criteria for Radar Approaches and 
Minimum Vectoring Altitudes and Guidelines for Application of Glidepath Qualification 
Surface.  These memorandums are rescinded.  The criteria also includes the recommendations of 
the United States Instrument Flight Procedures Panel (US-IFPP) Change 21 Working Group to 
improve internal consistency and coherence. 
 
 d.  Volume 3, Chapter 2, General Criteria.  The chapter has been revised to incorporate 
guidance from the canceled Notice 8260.65, Guidelines for Application of Glidepath 
Qualification Surface (GQS) and the September 10, 2008 AFS-400 memorandum subject:  
Interim Criteria for Radar Approaches and Minimum Vectoring Altitudes and Guidelines for 
Application of Glidepath Qualification Surface which is rescinded.  The criteria also includes the 
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recommendations of the United States Instrument Flight Procedures Panel (US-IFPP) Change 21 
Working Group to improve internal consistency and coherence. 
 
 (1)  Paragraph 2.9.1, Distance Measure Equipment (DME) incorporates guidance 
from the December 12, 2005 AFS-420 memorandum subject:  Clarification of Issues Related to 
Criteria Coordination Committee Agenda Items related to issue 04-CCC-010. 
 
 (2)  Paragraph 2.11 , Clear Areas and Obstacle Free Zones (OFZ) has been 
intentionally deleted in its entirety. 
 
 (3)  Paragraph 2.12, Glidepath Qualification Surface (GQS) has been renumbered 
paragraph 2.11, and: 
 
 (a)  All criteria and figures revised to clarify that the GQS area originates at the 
runway threshold, even when the sloping OCS is offset (i.e., low TCH case). 
 
 (b)  Paragraph 2.11.1 text and formulas updated to accommodate vertically 
guided RNAV procedures (especially those with multiple lines of minima).  It specifies that the 
assessment(s) of a GQS sloping surface be consistent with the vertical characteristics of each 
glidepath associated with the procedure/line of minima. 
 
 (c)  Paragraph 2.11.1d(2) and figure 2-5g clarifies intent regarding permitted 
obstacles (i.e., excluded from consideration during GQS evaluation). 
 
 (4)  Paragraph 2.13, ILS/MLS Critical Areas was deemed irrelevant to TERPS 
evaluations and intentionally deleted. 
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Original Signed By 
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Director, Flight Standards Service 
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CHANGE U.S. DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 

8260.3B 
CHG 22 

 
National Policy 

Effective Date: 
04/01/2011 

SUBJ: United States Standard for Terminal Instrument Procedures (TERPS) 
 
1. Purpose. Order 8260.3B, United States Standard for Terminal Instrument Procedures 
(TERPS), contains criteria that must be used to formulate, review, approve, and publish 
procedures for instrument approach and departure of aircraft to and from civil and military 
airports. These criteria are for application at any location over which the Federal Aviation 
Administration (FAA) or Department of Defense (DoD) exercises jurisdiction.   
 
2. Audience. The primary audience for this notice is Department of Defense (DoD), Federal 
Aviation Administration (FAA), and designated third party designers of instrument procedures. 
The secondary audience includes other Air Traffic Organization (ATO) Service Area offices and 
Flight Standards headquarters and regional office Divisions/Branches. 
 
3. Explanation of Changes. Significant areas of new direction, guidance, policy, and criteria as 
follows: 
 
 a. Volume 1, Chapter 10, Radar Approach Procedures and Vectoring Charts. This 
chapter has been revised to incorporate guidance from the Flight Systems Laboratory (AFS-450) 
safety analysis report, Technical Memorandum on Risk Associated with Minimum Vectoring 
Altitude/Minimum Instrument Altitude (MVA/MIA) Rounding Methods, dated October 6, 2010 
with December 15, 2010 addendum. This report concluded that under certain conditions there is 
no appreciable increase in risk when the final result of altitude calculations is rounded to the 
nearest 100-ft increment. This change rescinds and replaces all previous draft guidance related to 
the referenced safety analysis report and has intentionally limited applicability to ATC radar 
Vectoring Charts.  This guidance does not support altitude selection for any other TERPS 
application 
 
4. Distribution. We will distribute this Order  to Washington headquarters to the Group and 
Team level in the Air Traffic Organization (Safety, En Route and Oceanic Services, Terminal 
Services, System Operations Services, Technical Operations Services, and Mission Support 
Services), Offices of Airport Safety and Standards, and Offices of Air Traffic Oversight; to the 
branch level in Offices of Airport Safety and Standards; Flight Standards Service; to the 
Aeronautical Navigation Products Office (AeroNav Products, AJV-3), and to the Regulatory 
Standards Division (AMA-200), at the Mike Monroney Aeronautical Center; to the branch level 
in the regional Flight Standards and Airport Divisions; to all Flight Standards District Offices 
(FSDOs); to the Team level in the Air Traffic Organization Service Areas (En-Route and 
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Oceanic, Tenninal, and Technical Operations); to special mailing list ZVN-826; and Special 
Military and Public Addressees. 
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Directive Feedback Information

Please submit any written comments or recommendation for improving this directive, or
suggest new items or subjects to be added to it. Also, if you find an error, please tell us
about it.

Subject: Order 8260.3B, United States Standard for Terminal Instrument Procedures

To: Directive Management Officer,

(Please check all appropriate line items)

onAn error (procedural or typographical) has been noted in paragraph
page

be changed as follows:Recommend paragraph on page
(attached separate sheet if necessary)

In a future change to this order, please include coverage on the following subject
(briefly describe what you want added):

Other comments:

I would like to discuss the above. Please contact me.

Date:Submitted by:

Telephone Number: Routing Symbol:
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