AERONAUTICAL CHARTING FORUM
Instrument Procedures Group
Meeting 17-02 — October 24, 2017

RECOMMENDATION DOCUMENT

FAA Control # 17-02-330

Subject: Climb gradients for Standard Instrument Departures (SIDs)

Background/Discussion: Area navigation (RNAV) SID development now includes
required Air Traffic Control (ATC) crossing restrictions to separate traffic and ATC has
clearly articulated compliance with these altitudes are not optional. In every RNAV SID
development process, the SRM defines all published altitudes must be met to ensure
safe separation of traffic but recent changes to FAA orders has removed important climb
gradient information needed by the pilot to determine performance requirements.

Recently, Order 8260.46F, Establishing Submission Cutoff Dates for Civil Instrument
Flight Procedures, was amended deleting two critical sets of information for both
designers and pilots. Charting of climb gradients for ATC restrictions are an important
safety factor for pilots. Removing the requirement for a Flight Standards’ review of ATC
climb gradients in excess of 500 ft/NM has allowed new SIDs to be introduced into the
National Airspace System (NAS) with unrealistic climb gradients. Additionally, the lack of
a charted climb gradient to comply with ATC altitude restrictions has proven to be
extremely problematic for pilots.

FAA design criteria mandates and Flight Standards review of any climb gradient in
excess of 500 ft/NM except those used to support airspace, havigation solutions,
environmental, or ATC operational limitations. For pilots, having a charted climb gradient
for ATC restrictions is a necessary component to determine if their flights can meet the
performance requirements to fly the departure as charted.

The FAA has published the following text in Order 8260.46F:

Pilots are expected to determine if crossing altitudes can be met, based on the
performance capability of the aircraft they are operating.

This statement coupled with uncharted climb gradients could not pass an safety risk
management (SRM) process. How can a pilot determine if an altitude restriction can be
met if there is no published information?

Recommendations:

1. As defined for diverse vector area (DVA) and obstacle climb gradients, establish
a requirement for Flight Standards to review any climb gradient in excess of 500
ft/NM.

2. Establish a collaborative check and balance system that allows users of the NAS
to make input on climb gradients.

3. Reuvise the text in Order 8260.46F, Departure Procedure (DP) Program, to



include a statement that altitude restrictions in SIDs do constitute climb gradients
for the safe separation of traffic.

4. Re-establish criteria that will evaluate climb gradients for SIDs using the
procedure as a template. When possible establish one published climb gradient
that gives the pilot the ability to determine if the procedure can be flown as
designed. When maximum or mandatory altitude restrictions are published
additional climb gradients must be established to aid the pilot with determine
performance requirements for that segment of the procedure.

Comments: Southwest Airlines has conducted an SRM on ATC climb gradients and
determined the pilot cannot comply with charted restrictions unless a known climb
gradient requirement is published.

Submitted by: Gary McMullin
Organization: Southwest Airlines

Phone: 469-603-0766
E-mail: gary.mcmullin@wnco.com
Date: October 5, 2017

INITIAL DISCUSSION — MEETING 17-02: Gary McMullen (Southwest Airlines) briefed
( ) an issue related to the difficulty of pilots being able to determine if published
crossing altitude restrictions on SIDs can be met when an associated climb gradient
(CG) isn’t published. Gary stated pilots are expected to meet all restrictions on a SID;
however, without a published climb gradient, pilots don't have enough information
available to them to ensure they are able to meet crossing restrictions. Gary indicated
that unlike STAR, there is no VNAYV path available to a departing aircraft, and that the
pilots are using speed and thrust settings to climb to their assigned altitude. Gary stated
that pilots understand climb gradients and can determine if they can or cannot meet a
properly charted climb gradient; however, the FAA doesn't allow ATC climb gradients to
be charted. Gary showed two example SIDs, the EMMTT 4 from Dallas Love and the
TERPZ 6 from Baltimore. He explained these SIDs included crossing restrictions that
were not flyable without using additional thrust, which is something they can’t do on a
daily basis. Gary stated some recommendations, to include the reversion of policy to
require the publication of ATC related climb gradients on SIDs. John Bordy (Flight
Procedure Standards Branch) said a similar issue was submitted to the PARC
Navigation Working Group in 2015 and asked if there was any progress. Gary said the
issue was a very low PARC priority; he sees no way to elevate it so brought issue back
to ACF for action. Al Herndon (MITRE) said when the PARC VNAY action team was
incorporated into the PARC Navigation Working Group, this issue was not included so it
doesn't exist in the PARC anymore. Gary recommended convening a working group to
discuss the issue and develop a resolution, adding there are other smaller related issues
that can be looked at. Rich Boll (NBAA) stated that the NBAA agrees with Gary’'s
proposals; however, they are concerned with having only one climb gradient designed to
meet every case since there is a large diversity of NBAA member aircraft. Rich then
briefed ( ) the NBAA views on this issue, and in particular the difficulty of defining
what a climb gradient really is. He discussed how there’s no clear definition of a flight
path in a takeoff phase other than an engine-out scenario, and; therefore, no data is
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available to the pilot for all engines operating. Rich discussed how it’s possible to meet charted
altitude restrictions; however, it’s also possible for the aircraft to occasionally dip below the
vertical plane associated with a climb gradient during certain climb segments. Rich stated aircraft
can normally determine compliance in staying above the plane associated with a climb gradient
at altitudes 1500-3000 feet above the airport elevation; however, it becomes more difficult at
higher altitudes. Rich stated airlines have performance engineers that can determine if SIDs are
compatible with their operations; however, the NBAA members do not have the same capability
and tools available to them. Rich recommend proposals to add AIM language to clearly define
what a climb gradient is for both obstacle and ATC driven climb gradients. NBAA also proposes
either allowing a single, all-encompassing climb gradient on a SID (but open to multiple climb
gradients). Rich also agreed with Gary that we are putting restrictions on procedures that can’t be
met and so some method to objectively evaluate high climb gradients, or gradients at higher
altitudes needs to be developed. Bruce McGray (Flight Operations Branch) said technical data
may be necessary to make recommendations related to crossing restrictions and climb gradients.
John Bordy asked if the ACF is the correct forum to address these issues and pointed out that a
few years ago it was determined that it wasn’t, therefore it was referred to the PARC. However,
since the PARC isn’t working the issue, we’ve gone full circle in considering this issue once
again for the ACF. Rich stated this issue related to Order 8260.46; therefore, a TERPS issue, and
therefore the ACF is the appropriate forum. Gary and Rich agreed to co-chair an ACF-IPG
working group to address this issue. A signup sheet ( ) to participate in this working group
was established. Please contact Gary or Rich to join the working group.

Action: Gary McMullen (SWA) and Rich Boll (NBAA) will co-chair an ACF-IPG working group
on the issue.

Status: Item accepted.

Meeting 18-01: Rich Boll (NBAA) briefed from a slide presentation the findings of a working
group he co-chaired with Gary McMullin over the past several months. The first part was asking
the FAA to require approval before publishing any ATC crossing altitude restriction that would
require a climb gradient of more than 500 ft/NM. Rich mentioned this request has already been
accepted and is currently included within the draft Order 8260.46G that is currently being
coordinated. The main proposal would be to reintroduce the publication of climb gradients for
ATC purposes. Rich gave a brief overview of history ( ) on publishing ATC and obstacle
climb gradients (a previous ACF agenda item requested only publishing one gradient.) Rich
informed the group that the FAA used to publish ATC climb gradients, but then ceased charting
ATC climb gradients under the belief that they can be too onerous since they are calculated on a
worst-case basis. Rich indicated climb gradient information is needed to help pilots determine
whether a crossing altitude restriction can be met. The proposal is to once again chart ATC climb
gradients on SIDs. Chart examples were shown and discussed. Rich said the working group’s
consensus is to establish a single climb gradient for obstacle clearance on SIDs and ODPs, and
to annotate these as obstacle climb gradients. When ATC crossing altitude restrictions require a
climb gradient on a SID, it is proposed to establish a single climb gradient that would allow
compliance with all ATC restrictions. These climb gradients would be




identified on the chart as ATC climb gradients. Rich explained how the aircrew should treat each
climb gradient differently. An obstacle climb gradient should be treated as a plane that the
aircraft cannot ever penetrate from above, that is, the aircraft must always remain above the
climb gradient’s surface. Conversely, an ATC climb gradient only represents the average
gradient needed to meet the crossing restriction at the fix where it’s established. In this case, the
aircraft’s altitude between the point where the climb starts and the point where the altitude
restriction is established is not that important, provided the crossing is made at the fix at (or
above) the minimum charted altitude. The purpose of the ATC climb gradient is to inform the
pilot of the necessary performance needed to comply with the altitude restriction. The working
group suggested that a SID should be limited to one obstacle climb gradient, and if necessary,
one ATC climb gradient. Further, an ATC climb gradient and the associated crossing restrictions
should be eligible for cancellation by ATC when not needed or when aircraft performance is
limited. Rich indicated that if the proposal is accepted, then requisite guidance and information
must be published in the AIM, Aeronautical Information Publication, IPH, and Instrument Flying
Handbook. Rich mentioned we already allow two climb gradients now, one for obstacles and one
for LNAV engagement (when an early turn is necessary). For consideration, he suggested the
possibility of establishing an assumption (through applicable guidance) that a 500 ft/NM climb
gradient up to 500 feet above departure end of runway elevation be considered the norm, which
would then negate the need to publish an LNAV engagement climb gradient (similar to our
current 200 ft/NM assumption). Rich said this will have to go to the US-IFPP, but wanted ACF
consensus prior. Rune Duke said AOPA supports this.

Action:

e Presentation ( ) is posted on the ACF web site for comment (request comments
be directed to Rich Boll).

e John Bordy will introduce the topic to the June US-IFPP meeting for consideration.

Status: Item open.

Meeting 18-02: John Bordy (Flight Procedures and Airspace Group) informed the group that
this was referred to the US-IFPP for consideration and was discussed within the IFPP’s
Departure Working Group (DWG), which is being led by Dan Wacker (Flight Procedures and
Airspace Group). Rich Boll (NBAA) added he recently discussed with Dan Wacker the three
specific recommendations that were put forth. The first would be to “standardize” the 500 ft/NM
climb gradient for LNAV engagement. However, Dan indicated to him there was no initial
support from the DWG to accept this recommendation. The second recommendation to add ATC
climb gradients did not garner much support either; however, the DWG recognized there is a
potential problem with adding onerous altitude restrictions near the departure airport. The third
recommendation to require Flight Standards approval to establish any ATC crossing altitude
restriction that would require a climb gradient in excess of 500 ft/NM was accepted and will be
published in FAA Order 8260.46G. Rich mentioned that Dan was planning to invite industry to
an upcoming meeting of the DWG where they could express any concerns/suggestions related to
this issue or any other SID design issue. John requested attendees of the IPG email him or Steve
VanCamep if they would like to participate in that upcoming DWG.




Action Items: John Bordy to provide a status of the DWG actions related to this issue.

Status: Item open.

Meeting 19-01: John Bordy, Flight Procedures and Airspace Group, briefed the issue directly
from the - discussing a summary and current status. Recommendations from ACM WGs
were referred to the US-IFPP Departure Working Group (DWG). The recommendation to
calculate (but not publish) a climb gradient that would be required to meet an ATC crossing
altitude restriction and to obtain AFS approval if more than 500 ft/NM was published within
Order 8260.46G (published Nov 2018). The second part of the recommendation, which is to
publish climb gradients necessary to meet ATC crossing altitude restrictions, is still actively
being discussed within the DWG, and more information related to whether or not this
recommendation will be accepted should be available by ACM meeting 19-02. Valerie Watson,
AJV-A, asked what the specific objection is to charting a climb gradient. A lengthy discussion
followed related to historical practices related to charting obstacle and ATC crossing restrictions,
in addition to how the FAA currently publishes climb gradients, which as of now, is only done
for obstacle clearance purposes (exception is for LNAV engagement to 500 ft AGL). Rich Boll,
NBAA, questioned the adequacy of the 500 ft/NM value for determination of when FS approval
is needed since he believes higher field elevations may dictate a lower value; John Bordy took an
action to refer this to the DWG and to request the DWG consult with performance engineers on
this issue.

Action Items:
e John Bordy will report on DWG progress on the issue.

e John Bordy will ask the DWG to consult with performance engineers to examine the
500 ft/NM value used for determining when FS approval is required. Concern is whether
this is adequate for higher elevation airports.

Status: Item open.

Meeting 19-02: John Bordy, FAA Flight Procedures and Airspace Group, briefed the issue
summary and current status from the . The Departure Working Group (DWG) has been on
hold while working on the safety risk assessment associated with the initial climb area (ICA)
revision and reduction of obstacle notes. There is also an ongoing action to consult with
performance engineers regarding the 500 ft/NM threshold at higher elevation airports. The
aircraft performance engineers present at the meeting plan to have a break-out discussion on the
issue and invited anyone who wanted to attend. They may also have a follow-up meeting in
November to discuss that topic, and also the appropriate climb gradients for operations above
FL180. Lev Prichard, Allied Pilots Association, requested an invite to the next DWG. Lev
brought up a concern with charted procedures with crossing restrictions, but with no climb
gradient published that would assist pilots in compliance with the restrictions. This is especially
significant in cases where the restrictions are published at intersections, with no way to know the
distance from the aircraft’s present position to the intersection with the restriction. Gary




McMullin, Southwest Airlines, pointed out those gradients used to be on the charts, but were
removed due to criteria changes. John will determine if the DWG is open to non-FAA personnel,
and Lev will send specific examples of concern to John to forward to Dan Wacker, FAA Flight
Procedures and Airspace Group, the facilitator of the DWG.

Action Items:
e FAA Flight Procedures and Airspace Group will report on DWG activities
e Lev Prichard will forward any identified issues on SIDs

e FAA Flight Procedures and Airspace Group will forward identified SID issues and
DWG invite requests for outside groups to Dan Wacker

Status: Item open

Meeting 20-02: Jeff Rawdon, FAA Flight Procedures and Airspace Group (FPAG), briefed the
issue summary and current status from the . Lev Prichard, Allied Pilots Association, advised
he had not forwarded any SID issues, or worked with Gary McMullin, Southwest Airlines on this
particular issue. Dan Wacker, FPAG, said this original topic can be closed based on changes in
Order 8260.46G, and confirmed that consideration of ATC requested climb gradients is an
ongoing separate topic in the Departure Working Group (DWG). This new issue is being tracked
in the US-IFPP and the DWG is providing updates. Gary and Lev concurred with closing the
issue.

Status: Item closed




17-02-330 Climb Gradients for SIDs

Summary: Introduced by SWA. Recommendation to calculate and publish
ATC climb gradients and to require Flight Standards approval for any ATC
crossing restriction that requires a climb of more than 500 feet per NM.

Current Status:

« ACM working groups held to refine recommendations.
» Recommendations referred to US-IFPP DWG.

 Requirement to calculate (not publish) an ATC climb gradient and obtain AFS
approval if more than 500 feet per NM added to Order 8260.46G.

Actions:
 Report on DWG status. (Bordy)
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17-02-330 Climb Gradients for SIDs

« Summary: Introduced by SWA. Recommendation to
calculate and publish ATC climb gradients and to
require Flight Standards approval for any ATC crossing

restriction that requires a climb of more than 500 feet
per NM.

e Actions:

— Lev Prichard: forward identified issues on SIDs
— FPAG: report on Departure Working Group Status
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ACF Agenda item

17-02-330 Climb Gradients for Standard Instrument Departures (SIDs)

= WG formed to address the recommendations:

* FAA review any climb gradient in excess of 500 ft/NM
» Establish a collaborative check and balance system that allows users of the NAS to
make input on climb gradients

* Publish climb gradients on SIDs for maximum or mandatory altitude restrictions to
aid the pilot with determine performance requirements for that segment of the
procedure for the safe separation of traffic
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ACF Agenda item
17-02-330 Climb Gradients for Standard Instrument Departures (SIDs)

= DRAFT FAAO 8260.46G — Comment Period Open:

The Flight Procedure Implementation and Oversight Branch (or appropriate military authority) must
approve DPs and DVAs requiring a CG in excess of 500 ft/NM (600 ft/NM for helicopters). See
paragraph 2-1-1.e(2) for additional information regarding establishing/publishing greater than

standard climb gradients.

Calculate (but do not publish) the CG necessary to meet each minimum altitude restriction. Flight
Procedure Implementation and Oversight Branch approval is required if the calculated CG exceeds
500 ft/NM (600 ft/NM for helicopters).
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A Little Review...
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Presentation Notes

Let’s review the history of this subject.
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Previous ACF Agenda ltems
12-02-302 Multiple Climb Gradients on Standard Instrument Departure (SID) Charts

= Sought to remove multiple CGs from SIDs

= From ACF IPG 12-02 minutes:

Tom Schneider, AFS-420, stated that criteria drives policy. The new Order 8260.58, which was effective
September 12, 2012 and replaced Orders 8260.44, 8260.45, 8260.52, and 8260.54, as the standard for
RNAV procedures, removed the provision that allowed multiple climb gradients. As noted above, Order
8260.3 also allows only one climb gradient; therefore, all reference to multiple climb gradients has been
removed in the upcoming guidance in Change 3 to Order 8260.46. The premise is “one altitude at a fix
will define one climb gradient”. The scenario used in the example given by US Airways will be eliminated
in the future. Chris Jones, AFS-410 (Support), stated that this scenario could cause an adverse
iImpact in that some operators who cannot meet the specified climb gradient may not be able to
use the procedure. Tom Schneider, AFS-420, responded that this has been discussed at several
FAA/industry ad hoc departure meetings/telcons and the consensus was that this is acceptable




Presenter

Presentation Notes

In October 2012, ACF-IPG agenda item requesting removal of multiple CGs on SIDs.   Rationale -  Contradictory guidance between TERPS, which allows only one obstacle CG and the 8246.46 Order that allowed a single obstacle CG but multiple ATC CGs. 

Issue was already being addressed in other Orders to reduce the climb gradient to only ONE CG, the most restrictive of the obstacle or ATC climb gradient.  It was noted by AFS 410 that this decision could prove problematic. 
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8260.46D Change3 - 12/31/2012

Established A Single Minimum Climb Gradient

= Change: (7) Paragraph 2-1e(2). Clarified climb gradient application and requirements..

= (2) Charting a Minimum Climb Gradient. Establish a single minimum climb gradient exceeding 200
ft/NM (400 ft/NM for helicopters) whenever required for obstruction clearance, airspace,
environmental, ATC, and/or RNAV or required navigation performance (RNP) operational
limitations [i.e., lateral navigation (LNAV) engagement altitude and/or distance measuring
equipment (DME)/DME reception]. When a climb gradient is required to support an LNAV
engagement altitude (e.g., 500 ft/NM to 1300) before turning, a reduced, second climb gradient
may be established in this situation only (i.e., a maximum of two climb gradients). See applicable
8260-series Orders for the appropriate criteria to use when establishing a climb gradient. Enter
minimum climb gradient(s) for charting on the appropriate 8260-15 series form (see appendix D,
E, or F).
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Presentation Notes

The 8260.46D was changed in December 2012 to establish a single climb gradient on SIDs





ORD RNAYV SIDs

February 2013 — Industry Objection to Onerous CGs

US DEPARTMENT of TRANSPORTATION - FEDERAL AVIATION ADMINISTRATION
GRAPHIC DEPARTURE PROCEDURE (DP)

Bearings, headings, courses, tracks and radials are magnetic. Elevations and altitudes are in feet. MSL. Altitudes are minimum alfitudes unless otherwise indicated. Ceilings are in feet above airport elevation.
Distances are in nautical miles (NM). Visibilities are in statute miles (SM) or feet RVR unless otherwise indicated. Graphic depiction attached.

DP Name Number DP Computer Code Superseded Number Dated Effective Date
ACITO RNAV ONE ACITO1.ACITO
Type: RNAV SID

DP ROUTE DESCRIPTION:
FLY HEADING ASSIGNED BY ATC, EXPECT RADAR VECTORS TO AHLOU, MAINTAIN 5000. EXPECT FILED ALTITUDE TEN MINUTES AFTER DEPARTURE. THENCE VIA DEPICTED ROUTE TO ACITO|

TRANSITION ROUTES (GRAPHIC DEPICTION ONLYY):

Transition From
TransitionName Computer Codes EIX/NAVAID To FIX/INAVAID Course Distance MEA MOCA Crossing Altitudes / Fixes
ARLYN ACITO1 ARLYN ACITO ADELL TRACK 201 67 942
ADELL ARLYN TRACK 20189 59.08

PROCEDURAL DATA NOTEST/TAKEOFF MINIMUMS:

NOTE: RADAR REQUIRED.
NOTE: DME/DME/IRU OR GPS REQUIRED.

NOTE: RNAV 1.

NOTE: TURBOJET DEPARTURES MAINTAIN 250 KNOTS UNTIL ADVISED BY ATC.
JAKEQFFE MININUMS

[ S B B | B F % Wi § %1 w w3 T W EEE WEEW I % IFE F %0 T e b D0V D e

TAKEOFF RWY 221 STANDARD WITH MINIMUM ATC CLIMB OF 807 FT P

T L) Al ANDARLD VY M IVIINTVIUIVE A U vib U s ~ N UL
TAKEOFF RWY 14R STANDARD WITH MINIMUM ATC CLIMB OF 670 FT F‘ER NM TO 3000 FT.
TAKEOFF RWY 22L: STANDARD WITH MINIMUM ATC CLIMB OF 807 FT PER NM TO 3000 FT.
TAKEOFF RWY 22R: STANDARD WITH MINIMUM ATC CLIMB OF 521 FT PER NM TO 3000 FT.
TAKEOFF RWY 27L: STANDARD WITH MINIMUM ATC CLIMB OF 532 FT PER NM TO 3000 FT.
TAKEOFF RWY 27R: STANDARD WITH MINIMUM ATC CLIMB OF 631 FT PER NM TO 3000 FT.
TAKEOFF RWY 28: STANDARD WITH MINIMUM ATC CLIMB OF 685 FT PER NM TO 3000 FT.
TAKEOFF RWY 32L: STANDARD WITH MINIMUM ATC CLIMB OF 631 FT PER NM TO 3000 FT.
TAKEOFF RWY 32R: STANDARD WITH MINIMUM ATC CLIMB OF 587 FT PER NM TO 3000 FT.

TAKEOFF OBSTACLE NOTES:

NBAA

[} * I wiwa I T e e el w0

=R NM TO 3000 FT.
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Presentation Notes

The ORD RNAV SIDs had a climb gradient off runway 22L of 807 FPNM to 3000’, which many airlines deemed onerous.  Pilots also question how they would comply with such a climb gradient. 
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ORD RNAYV SIDs

February 2013 — Industry Objection to Onerous CGs

2L0Z UdV 92 01 8L0Z ¥VW 62 '€-D3 {ORD3 ORD) 17285
Ie) Q TOP ALTITUDE: | SPECIAL INSTRUCTIONS: For appropriate BADGER _ NOTE: All turbo-jet departures CLN?QE:EL- Q o ; N AL-166 (FAA) CHICAGO O’HARE INTL (ORD)
8 T 5000 departure control frequency, see graphic. 116.4 BAE 1= in all directions, maintain croic | T 6 O HARE TH REE DE PARTU RE CHICAGO, ILLINOIS
Chun 111 . . '
[ > Use Frequan depicted within sector where 250K until advised by > =]
0= first nqvald/\( for your route is located ; ATC. %o O v
2 m (sectors indicated by dashed lines; AL DME RAYNR 128, H5 m=
2 frequencies in dashed box within). ' gquipped Aircralt  N42°18.66 A perry Chon 113 = DEPARTURE ROUTE DESCRIPTION
= T| re—e—e—— DUPAGE_ MYKIE\ Cross 4000 WB7°49 55 M42949.64' MN42°08.66 T -
g 55| [FICACO DEFCON] 108.4 DPA = 1N42°09.80N L28 H-S  yg7eagon wes0736 |55 @
aml g 525 5072 | Chan 21 WES145, 3\ //\ o, EBAKE A
N Losfes Sees N41°53.42° & AKE . .
o W88"21 01’ Q) azsTe o ALL AIRCRAFT: Expect RADAR vectors to first enroute navaid/fix.
L vz JEE%C»:[? e BN AN O@ [CHICAGO DEP CON| Realit = Expect clearance to requested altitude/flight level ten minutes after departure
; IOWA CITY NOONY WE7956.03" EAST/NORTH g ;
= Chan 105 N#2°02. 80\{} 128, H5 / L1250 3374 | DUFEE o ALL DME EQUIPPED AIRCRAFT: Cross 5 DME arc of ORD VOR/DME
= VTRV g e o L N42°06.75' NI at or above 3000 MSL, cross 8 DME arc of ORD VOR/DME at or above 4000,
[ Nodtetihe b ALL DME Equipped Aircroft W87°03.80 [ ' . f d I . d F bl I d .
= SIMMN Cross 3000 L-28 = maintain 5000 or assigned altitude. It unable to comply advise ATC as soon as
o58 84" . .
m Wabes2 71 — R0 N mx possible prior to departure.
_ o - - - . .
LPzEsKUE o 2o / \\ & s NON-DME PROCEDURES: Aircratft intially assigned heading 120 CW 220,
Naesrer | Nz ' RS / N\ ot 120w 550 MOBLE ¥ 3 cross DPA VOR/DME R-093 at or above 4000, maintain 5000 or assigned
weslas ) WER S Jf{BACEN \,  Cross 4000 Ne1°58,7% altitude. If unable to comply advise ATC as soon as possible prior to departure.
i " . W87°03.80
TAKEOFF MINIMUMS: i /'/ v‘;.azsa?ll‘izﬁe AN L-28
Rerys 4L/R, LR, 10L/C/R, 15, 22L/R: Stondard. / 4 <\
A Rwy 27L: Standard with minimum climb of 220" per NM to 900, / ¢ - DENNT EARND\ GlPPER
7] or alternatively, with standard tokeoff minimums and / ACITO N41925.15" N&1925.52" 1154 GU =t
(] a normal 200 per NM climb gradient, takeoff must occur / 41°23.9, WE7°4§- fé, W87°34 33 \ 18
no later than 1500° prior to DER. Va - - ;
Rwy 27R: Standard with minimum climb of 220" per NM ta 18007 -4 3
Rwy 28C: Standard with minimum climb of 220" per NM to 1700, <
Ry 28L: Standard with minimum climb of 235" per N to 1000, ’ ; Stan d ard TO M I n S & CG O n 22L
2} or dlternatively, with standard tokeoff minimums and \ =
§ a normal 200" per MM climb gradient, takeoff must occur _. ;“:E: 0 g b
2] ne lter than 1900 prier to DER. ! PEOTONE o5
O Rwy 28R: Standard with minimum climb of 225 per NM to 1700. [CHICAGO DEF CON | 1132 EON === o
E Rwy 33: Standard with minimum dimb of 240" per NM to 1700. | SOUTH | Chan 79 ) EC
Z 1126.625 327.075 | NOTE: RADAR required. [Z =0
o (NARRATIVE ON FOLLOWING PAGE) 28 NOTE: Chart not lo scale. [ 8 5

EC-3, 29 MAR 2018 to 26 APR 2018
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Presentation Notes

O’Hare Conventional SID has no climb gradient on runway 22L. It does have a crossing restriction – ORD 5 DME at or above 3000’.  This crossing requirement requires a 807 FPNM CG to 3000’ from the DER. 
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February 2013 — Industry Objection to Onerous CGs.
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IL CHICAGO | CHICAGO ORD EC-3 C APD AIRPORT Compare
OHARE INTL | (KORD) DIAGRAM (PDF) | (PDF)

IL CHICAGO | CHICAGO ORD EC-3 DP OHARE THREE | N/A
OHARE INTL | (KORD) (PDF)

IL CHICAGO | CHICAGO ORD EC-3 DP OHARE THREE, | N/A
OHARE INTL | (KORD) CONT.1 (PDF)

Showing results 51 - 95 of 95
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Presentation Notes

Only one, conventional SID at ORD…  RNAV SIDs were never published because of industry objections to the climb gradient on 22L. 
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8260.46E - 5/3/2014

Removed CG for ATC purposes

= Change: Paragraph 2-1-1e(2). Revised “climb gradient” application to provide climb gradients in
excess of 200 ft per NM for supporting obstacle clearance and/or RNAV engagement altitude.
Added Note information regarding helicopter climb gradients.

= (2) Charting a Minimum Climb Gradient. Establish a single minimum CG exceeding 200 ft/NM [400
ft/NM for helicopters beginning at the initial departure fix (IDF)] whenever required for obstruction
clearance and include the altitude to which the gradient is required in the Takeoff Minimums note;
e.g., “(Takeoff minimums) with minimum climb of 300 ft/NM to 4300.” Do not establish CGs for
crossing altitudes used to support airspace, environmental, or ATC operational limitations.
When a CG is required to support an LNAV engagement altitude (e.g., 500 ft/NM to 1300) before
turning, a reduced, second CG may be established in this situation only (i.e., a maximum of two

CGs). See applicable 8260-series orders for the appropriate criteria to use when establishing a

minimum CG. Enter minimum CG and associated termination altitude for charting on the

appropriate 8260-15 series form (see appendix D, E, or F).
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Have We Come Full Circle?
Yes, but have learned a few things on journey

KEEP

CALM

BUT

EVERYTHING MUST
COME FULL CIRCLE




Presenter

Presentation Notes

Have we come full circle?  Yes, but we’ve learned much on our journey! 
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Pilot’s Need Climb Gradient Information

Assess Required Rate of Climb to Clear Obstacles & Published
: .. “Top Altitude”
Meet Altitude Restrictions on SIDs . FL190

GUP

MOSBI
At or Above
15000’

COWBY

HITME
11000’
CEASR
At or Above
8000’

JAKER ROPPR

Between

< At or Above | 5900’ & 7000’
2681’

—
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TERPS Obstacle Climb Gradient

For the purposes of analyzing performance on procedures developed under TERPS or PANS-OPS, it is understood that any
gradient requirement, specified or unspecified, will be treated as a plane which must not be penetrated from above until
reaching the stated height, rather than as a gradient which must be exceeded at all points in the path

Climb Gradient
IFR Climb Gradient Surface Termination Altitude

Obstacle Clearance Surface
/Obstacle Identification Surface
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ATC Climb Requirements

GOLDMN FIVE Climb Gradients

= Climb requirement is the altitude Boeifrlg;?:? Sy ———
. 800 ft. flap retraction |
at the WaypOInt 291 full takeoff thrust
. . . . . ti fl
= Meeting the altitude restriction is L’J;'g";l";’quif’m .
im Ortant allowable OEl obstacle
p 000 | Weight for RWY 13, 15C | g S000A

= The altitude between the
waypoints is not so much
Important

3000

MSL Altitude - FT

2000

= Climb gradient informs pilot of
necessary performance to
comply with altitude restrictions )| - W

Distance - NM

1000

NOTE: Only the first gradient is driven by terrain/obstacles

For training purposes only. Copyright © 2016 Boeing. See title page for details
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ACF CG WG Consensus — Climb Gradients

= CG to support an ATC altitude restrictions on SID Is necessary
= No more than 2 CGs on a SID

= Each climb gradient type should be identified.
* “Obstacle”
- “ATC”

= An ATC CG and associated altitude restrictions may be canceled by ATC
when not needed or where aircraft performance is limited






3000’
Standard with minimum obstacle climb gradient of 350" per NM to 1000.

ATC climb of 400’ per NM to 3000.

7 WAYPT

1000" MSL
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EXAMPLE OMLY, NOT FOR NAVIGATIONAL USE

D-ATIS . : TOP ALTITUDE: mT
NOTE: RADAR required. A,

e DL NOTE: DME/DME/IRU or GPS required. | RWY 13L/R: 3000 @Efie oY BSkAT % %
127.9 NOTE: RNAV 1, RWY 31L/R: 6000 AN Df;\ N :| 3
CPOLC MOTE: For use by turbojet aircraft only. ZACHH __¢{ 3 A
AR NOTE: RNAV-Copable Frops: File and expect KUSSO RNAV SID. o Az

: : . _ 4, O
LOVE TOWER NOTE: BDDAY TRANSITION: ATC assigned only. _1@% rd E=<
123.7 239.3 NOTE: MRS5H TRANSITION: For aircraft landing in Shreveport, SWDIA Qb N\ \00%% Y -0 -
REGIONAL DEP CON Jackson and Monree ferminal area airports only. \2° N1 70 —
118.55 290.35 Qb LOOSE R S
.1\‘3&:.! A ¢/ Bh § &

0 \

Q000 A @5 o

Dﬁ«?ﬁ?ﬁu / 1: 'DOU.-_-. Y ﬁ

EMMTT * Dq,'l 10000 (}b‘b JAYYX N —

=) *130(]'__ Vo' -I‘j"'\ =
WIGIS ;?%% 6000 T \ 10000 £
4000 Qdﬂ& 081.;_-__ OOGO \Z TRR ﬁlnmg .i‘lﬁgg),—.— {Lh- 5 E
= +7000 08 ¥ =
> (4) - e (£0) FORCK g
& W LING S
FLOWT BARYY P f‘i‘ﬁ HANU
3000 230K 3000 210K 205 : o
5% \ Rwys 13L/R: Standard with minimum obstacle
S climb of 500" per NM to 1200.

TAKEOFF MINIMUMS

Rwys 3 1L/R: Standard with minimum obstacle
climb of 500" per NM to 1000.

(=]

Rowys 13L/R: Standard with minimum obstacle %\
climb of 500" per NM to 1200. ¢
Rwys 3 1L/R: Standard with minimum obstacle
climb of 500" per NM to 1000.

ATC climb of 586" per MM to
5000.

ATC climb of 586" per NM to
5000.

(NARRATIVE ON FOLLOWING PAGE]
(NOTES CONTINUED ON FOLLOWING PAGE|

MNOTE: Chart not o scale,

EXAMPLE ONLY, NOT FOR NAVIGATIONAL USE





Standard with a minimum obstacle climb gradient of 400" per NM to
1000, then ATC climb of 300’ per NM to 3000.

1000” MSL






HOILLY2IAWN 404 LON

:SPLTMA-SPLTM] (fods REMCTAHOE IMTL (RN}
SPLTM FOUR DEPARTURE (RNAV) AL345 FAS) REMO, NEVADA
TOP ALTITUDE: D-ATIS
1358 3630
FLA190 ELME DEL
124.9 370.85
CPOLE
GHD COM
1219 14E.6
REMC TCWER
1B 7 257 B
HORCAL [EP COM
119.2 279.55
AFM—, ——AFI0
% N SF‘LTM
= |3 000 ZI0K
2700
E
. | TAKEOFF MINIMUMS
L.:' (=]

7 N] Rwys 7, 25, 16L/R: NA - ATC,
Rwy 34L: Standard with minimum obstacle climb of 594" per NMto 6700
then minimum ATC climb of 306’ per NMto 15000

Rwy 34R: 400-1'% with minimum obstacle climb of 613" per NM to 6700,
then minimum ATC climb of 306" per NMto 15000

MOTE: DME/DME/ IRU ar GPS required.

MICTE: RMAN-1.

MOTE: RADAR required for non-GPS equipped aircroh,

MOTE: For non-GPS equipped aircraft, FMG and HZM
DME must be operational,

MICTE: Moinkain of/below 230K undil SPLTAM

MOTE: Procedure MA from 10 PM to 7 AM s
EYAMNKN
TAKEOFF MIRIMLIMS 13000

Rwys 7, 25, 16L/R: MA - ATC,
Ry 341 Stondord with minimum obstocle climb of 594" per MM to 6700
then minimum ATC climb of 304" per NM 1o 135000

Fowry 34R: 400-1'% with minimum obstocle climb of 613" per MM to 6700,
then minimum ATC climb of 306" per MM to 13000

MICTE: Chart nat fo seele.

v DEPARTURE ROUTE DESCRIFTION

TAKEMFEE Bl IRWAYE 241 /B Climds hasdios 3442 i A tharn climbine riebb ben o eaet





EXAMPLE OMLY, NOT FOR NAVIGATIONAL USE
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L[ poars . i TOP ALTITUDE: oD
NOTE: RADAR required. . A,

§ e DL NOTE: DME/DME/IRU or GPS required. | RWY 13L/R: 3000 \@;‘20 oY BSkAT % %
- 127.9 NOTE: RNAV 1. RWY 31L/R: 6000 A\ Dc;\ 5 :| -
CPOLC MOTE: For use by turbojet aircraft only. ZACHH __¢.’{ 3 A
8 AR NOTE: RNAV-Copable Frops: File and expect KUSSO RNAV SID. o 3 g
LOVE TOWER NOTE: BDDAY TRANSITION: ATC cssigred only. ‘;1\@% / E=Z
[ 1237 2393 NOTE: MRS5H TRANSITION: For aircraft landing in Shreveport, Qb OOQQ - -

0 . . SWDIA .~ Sgb) Vo0 M 2
S nggN;;EiZCDN Jackson and Monree ferminal area airports only. G:;,E)Q / \ :'15*51; l00SE |O =
. . |
T S &8 Sk

\ \

% ZERIU an . Ug%., ,/"':rRYm 2

- 400 A @0 c

i Dﬁﬁ}‘f @ 1: ﬁg?f ”fj,mx N m

= EMMTT "R Q =

z 0%2a) 2200 A Vo 2

< WIGIS *;?gg 8000 09 e * 10000 4 £
=< 4000 Qdﬂl&}__ﬂma__, O0gp \2 10000 .gwg";{ﬂ_ =<z
AT W N E:gm " FORCK |
Wila o %a LYING z
FLOWT BARYY y, e

3000 230K 3000 210K /'{% Rwys 3 1L/R: Standard with minimum obstacle
= i
v climb of 500" per NM to 1000.
\/mm ATC climb of 586' per NM to
\ \ 5000. Advise ATC prior to takeoff if unable.
o 10007 N9,

E | TAKEOFF MINIMUMS — 7378 z
5 - s
6 Rwys 13L/R: Standard with minimum obstacle 6
= climb of 500" per NM to 1200. =
é g Rwys 3 1L/R: Standard with minimum obstacle g é
ol climb of 500" per NM to 1000. 1000 N g =
=k4 ATC climb of 586' per NM to TR R (NARRATIVE ON FOLLOWING PAGE] Lo
ﬁ § 5000. Advise ATC prior to takeoff if unable. (MNOTES CONTINUED ON FOLLOWING PAGE) NOTE: Chart ot o scale % ?

EXAMPLE ONLY, NOT FOR NAVIGATIONAL USE
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ACF CG WG Consensus — Climb Gradients

= Explored the option for a single climb gradient
» Published the more restrictive (highest) climb gradient

« Extending the obstacle climb gradient to a height where the standard climb gradient
will meet subsequent altitude restrictions

= Impact on airplane performance may be significant
= Limit on takeoff weight/payload may be onerous

= Consensus is that a single climb gradient’s impact on performance and
operations is too costly to operations and payload






Single CG Option

= Rwy 34L: 594’ per NM climb gradient would
need to be extended to 12,000’ MSL

= 200’ per NM remainder of climb to the
15000’ restriction at RYANN

TAKEOFF MINIMUMS

Rwys 7, 25, 16L/R: NA - ATC.

Rwy 34L: Standard with minimum climb of 594’ per NM to 6700,
then minimum climb of 306’ per NM to 15000.

Rwy 34R: 400-1% with minimum climb of 613 per NM to 6700,

then minimum climb of 306" per NM to 15000.

BLOZ HdW 92 O} 8L0Z YVYW BZ '+MS

(SPLTM4.SPLTM) 18088

SPLTM FOUR DEPARTURE (RNAV) RENO/TAHOE INTL (RNO)

AL-346 (FAA) RENO, NEVADA
TOP ALTITUDE: D-ATIS
FL190 1358 363.0
CINC DEL
1249 37085
cPpIC
GND CON
1219 3486
RENO TOWER
1187 2578
MORCAL DEF CON
119.2 279.55
4920— 4920
S S SPLTM
=1 I 9000 230K
H H 7700
/
NOTE: DME/DME/|RU or GPS required.
NOTE: RNAV-1.
NOTE: RADAR required for non-GPS equipped aircraft.
NOTE: For nan-GPS equipped aircraft, FMG and HZN
DME must be operational.
NOTE: Maintain at/below 230K until SPLTM.
NOTE: Procedure NA from 10 PM fo 7 AM local. A
RYANMN
TAKEOFF MINIMUMS 15000
Rwys 7, 25, 16L/R: NA - ATC.
Rwy 34L: Standard with minimum climb of 594° per NM to 6700,
then minimum climb of 304’ per NM to 15000.
Rwy 34R: 400-1)4 with minimum climb of 613" per NM fo 6700,
then minimum climb of 306" per NM to 15000.
NOTE: Chart et to seale.
v DEPARTURE ROUTE DESCRIPTION
TAKEOFF RUNWAYS 34L/R: Climb heading 344° to 4920, then climbing right furn direct
SPLTM to cross at or above 7700/ at or below 9000, then on track 124° to cross RYANN
at or above 15000, thence. . . .
... .maintain FL190 or assigned altitude. Expect filed altitude 5 minutes after departure.

RENO, NEVADA

SPLTM FOUR DEPARTURE (RNAV) RENO/TAHOE INTL (RNO)

(SPLTMA4.SPLTM) o4res1é

SW-4, 29 MAR 2018 to 26 APR 2018






KRNO / RNO - SPLTM FOUR RNAV DEPARTURE

16000

Impact on
Performance | ..
B737-800 — 26K Engines

EEE
EEE

LBS 300
LBS F 3000* TS Thiuat)

12000

= To remain above the
extended obstacle gradient:

= T/O Thrust to 3,000’ AFL —
not good for engine life

10000

Elevation (Feet MSL)

= Do not accelerate past 250kts
(even above 10,000ft)

* Reduce weight to 150,000
Ibs.

= RNO to ORD can now only
carry 116 passengers. This is
a 44 passenger restriction

6000

0 25000 50000 75000 100000 125000 150000 175000 200000 225000
Brake Release Distance (Feet)
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LNAV Engagement Altitude Climb Gradient
Possible 3 Climb Gradient (?)

= 500’ per NM to 500’ above DER elevation
= Supports LNAV engagement supporting VA-DF and VI-CF legs

= AC 90-100A minimum flight guidance system (LNAV engagement)
requirement

= 500’ per NM to 500’ above DER elevation enables turns/divergent
courses beginning 1 NM from DER

= This climb gradient generally not limiting on any takeoff






= NBAA

LNAV Engagement Altitude Climb Gradient

= 500’ per NM to 500’ above DER elevation
= Supports LNAV engagement supporting VA-DF and VI-CF legs

= AC 90-100A minimum flight guidance system (LNAV engagement)
requirement

= 500’ per NM to 500’ above DER elevation enables turns/divergent
courses beginning 1 NM from DER

= This climb gradient generally not limiting on any takeoff
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LNAV Engagement Altitude Climb Gradient
Turbojets (Part 25 & Part 23CC)

= Turbojet performance by CFR (150) b————— Alengines N

requirement

= All-engines-operating takeoff field length

. . AQ -
performance results in height at the DER (35)
approximately 150’ under most limiting Heightatend 30 - | V2
CFR requirements of runway (feet) ; :
20 | Typical
: V4 range
10 | oa Soome
= S
0 ]
1 1 1 1
-20 -16 -12 -8 -4 0 +4 +8
Speed at actual engine failure
relative to Vg (knots)

FAA Takeoff Safety Training Aid, page 2.17 Fig 15
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LNAV Engagement Altitude Climb Gradient
Turbojets (Part 25 & Part 23CC)

- : Minimum Gradient Typical rate of climb
= The CFR OEI minimum takeoff climb Required ) —
performance ensures AEO climb initial 4 engine 3%
climb well above 500’ per NM 520 FPM at V170 knots
. . i 2.7% —
= OEl rates of climbs shown to the right 3 engine i
. at Vo™~ n
= AEO rates of climb are more much 2 engine 2.4% y

higher during initial climb segment with
landing gear retracted

360 FPM at \V;~150 knots

15 degree bank turn will reduce these
climb rates by approximately 100 FPM

FAA Takeoff Safety Training Aid, page 2.16 Fig 14






= NBAA

LNAV Engagement Altitude Climb Gradient
Props & Turboprops (Part 23 & Part 23CC)

= Lower initial climb performance, but lower initial climbout speed
* 1 NM per minute (60K) to 2 NM per minute (120K)

= Rate of climb 500 to 1000 feet per minute to 500’ above DER

= Even for these airplanes, the performance is not limiting for the short
duration of the requirement
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ACF CG WG Proposal For Consideration —
LNAV Engagement Altitude Climb Gradient
“*Standardize” the 500’ per NM CG to 500’ above DER for all RNAV SIDs

= Two “standard” climb gradients:

« Standard 500 feet per NM climb gradient to 500 feet above the departure end of runway
elevation on all RNAV/RNP SIDs

« Standard 200 feet per NM all other IFR procedures & routes

Unless higher climb gradient published

Documented in the AIM, AIP and TPP
* Training documents: IPH & IFH

Eliminates publishing this particular climb gradient on RNAV SIDs
What about RNAV Graphic ODPs?
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Working Group’s Consensus

Summary thus far...
1. Establish a single climb gradient for obstacle clearance on SIDs and ODPs — annotate
CG as “obstacle”

2. Establish a single climb gradient on SIDs that allows compliance with all altitude
restrictions published on the SID — annotate CG as “ATC”

3. Publish requisite guidance in AIM, AIP, IPH, and IFH
4. Still working verbiage on AIM guidance
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Feedback From ACF Requested

Are two climb gradients acceptable?

Is labeling these CG “obstacle” or “ATC” acceptable?

Do ODP CGs need to be labeled “obstacle”

Is a note to “Advise ATC prior to takeoff if unable” necessary for ATC CGs?

Can FAA establish a “standard” 500 FPNM CG to a height of 500 feet above departure
end of runway (DER) elevation on all RNAV SIDs?

* What about RNAV Graphic ODPs?
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= NBAA

Feedback From ACF Requested

Are two climb gradients acceptable?

Is labeling these CG “obstacle” or “ATC” acceptable?

Do ODP CGs need to be labeled “obstacle”

Is a note to “Advise ATC prior to takeoff if unable” necessary for ATC CGs?

Can FAA establish a “standard” 500 FPNM CG to a height of 500 feet above departure
end of runway (DER) elevation on all RNAV SIDs?

* What about RNAV Graphic ODPs?







US IFPP DWG Recommendations

ACM-IPG 17-02-330 Climb Gradients for SIDs —
Issue was referred to the US-IFPP Departure
Working Group (DWG) and discussed at most
recent meetings. Several concerns need to be
addressed in order to accept the
recommendations.

%\ Federal Aviation

:\/;/ Administration
1 [





		Slide Number 1




.
17-02-330 Climb Gradients for SIDs

Summary: Introduced by SWA. Recommendation to calculate and publish
ATC climb gradients and to require Flight Standards approval for any ATC
crossing restriction that requires a climb of more than 500 feet per NM.

Current Status:
« ACM working groups held to refine recommendations.
» Recommendations referred to US-IFPP DWG.

 Requirement to calculate (not publish) an ATC climb gradient and obtain AFS
approval if more than 500 feet per NM added to Order 8260.46G.

Actions:
 Report on DWG status. (Bordy)

« Consult with performance engineers to examine the 500 ft/NM value-used for
determining when AFS approval is required. Concern is whether this is
adequate for higher elevation airports. (Bordy)

3\ Federal Aviation

Administration




Presenter

Presentation Notes

7910.5D.    Last issued Dec 2016.  Revised formatting, updated audience, increased time to prepare minutes from 30 days to 45 days. Updated distribution list, history of ACF, and related publications. 

8260.3C.    8260.3D in external coordination which closes end of this month. Primary change amends ILS final and missed criteria to mimic LPV criteria. Changes include clarification related to decel calculations for STARS,   added requirement to add an altitude restriction to any fix that has a speed restriction.  Revised requirements related to the evaluation of precipitous terrain (for other than approach procedures).  Added exceptions to the 1 SM rule if no parallel taxiway. Added language to support the “Established  on RNP/PBN” concept for simultaneous operations. 

8260.15E.    Last issued February 2007.  No immediate changes planned.

8260.19H.    Issued July 2017.  Increased magnetic variation tolerance for VORs from 3 degrees to 5 degrees.  Removed almost all IFP NOTAM policy since it’s been incorporated into Order 7930.2, Notices to Airmen.  Revised PBN requirements notes to support charting of PBN requirements box.  Next edition draft just starting; estimate publication 9 to 12 months.  

8260.26F.    Change 1 issued May 2017 to correct some dates in the timetable.

8260.32E.    Last issued September 2011.  No changes planned.

8260.42B.    Change 1 issued November 2012.

8260.46F.    Last issued December 2015.  New version should be out for external coordination in 60 days. New version removes all references to ARINC, removes references to turboprop and turbojet, added examples of speed notes to encourage standardization, clarifies Top Altitude requirements, removes requirement to document detailed list of takeoff obstacles from Form 8260-15B for SIDS, and insteads refers to Form 8260-15A for takeoff obstacle information. Adds requirement to always document Takeoff Obstacles on form 8260-15A, even when a graphic ODP exists.    

8260.58A.     Change 1 issued March 2017.  Added A-RNP to all sections to enable development of A-RNP IFPs.  8260.52B being drafted now to add RNP AR departure criteria and to incorporate the content of Order 8260.42B.  Expected publication late 2018.

8260.59.    Issued January 2013.
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Pilot Planning

Are pilots required to meet or exceed climb gradients?

Flight Standards — Pilot must comply with all published information

Are pilots required to comply with published altitude restrictions?

Flight Standards — Pilot must comply with all published information
ATC — Pilot must comply with all published information

Regulations - Pilot must comply with all published information

FAA Orders - Pilots are expected to determine if crossing altitudes can be met
based on the performance capability of the aircraft they are operating

How do pilots determine the altitude restrictions can be met?

Published information on the charted procedure

Problem — climb gradient information for ATC restrictions is not
published!

Page 2
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Problem

Why are required climb gradients no longer published?
Order 8260.46F states — ATC CGs will not be charted

Should aircraft be able to meet published climb gradients?

Aircraft should have the ability to meet climb gradients using a NORMAL climb
profile

Urban Myth — True or false, the aircraft gives the pilots needed information to
comply with published altitude restrictions.

False - Aircraft climb on a speed not a defined path!

Page 3

Proprietary & Confidential SOUthWEStte»





Pilots and Climb Gradients

» With critical climb gradients properly published pilot’s can meet climb
gradients reviewed and approved by industry experts

* Pilots do not fly the climb profile as per OEM thoughts or guidance
* Pilots understand the climb profile is not linear
* Pilots understand how to meet properly charted climb gradients

Page 4
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DAL Climb Gradient

DAL EMMTT 4 Departure

WIGIS

N32 57.5 EMMTT
W096 52.8 wggg g;g
oy b . ZERLU
240 KIAS At or above N3 503
At or above WO9s 200
4.5 23.2
4000 \ a 21007 "
FLOWT ' 21007 082 +_1_'-}£':'_'l..2_.-;-<c>
N32 54.2 %)031'3* §:097°10000 335 .
W096 53.4 e ] ===2300r !
A BARYY 7 a-?s&
7 N32 54.6 W096 55. 0

[ max 210 KIAS

Page 5
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This SID requires take-off minimums

(for standard minimums, refer to airport chart):
Rwys 13L/R: Standard (or lower than standard,
if authorized) with minimum climb of 500° per
NM to 1200°.

Rwys 31L/R: Standard (or lower than standard,

it authorized) with minimum climb of 500° per
NM to 1000".

Gnd speed-KT 73 | 100 [ 150 | 200 | 250 | 300

500" per NM 625 | B33 [1250( 1467|2083 2500

Climb Gradient

unway 31L to FLOWT (ACFT) 621 FT/NM

Southwest«






BWI Climb Gradient
TERPZ 6 Departure

e L TR -
& MY L1 wos s 1a | BAIL

8.4, ¥ ""\.-P' ) ®
',fﬁg C"?‘IPJ ‘\ix At or above Mc
1000 ‘1'-'3
13 9r 53030 <> 14000° WONCE
- 403.93 N3¢ 13.0 WO76 53.4
Iq or
.8

¥
o
u"ﬁ

5.1 SARLY

o
FOXHL ‘e K e *283° < 9RR° %0,
N39 02.8 WO77 22.2 F"':m f"}' 4900 %ﬁﬁ;a 'é:%*
- T -l
S b
“\ﬁéﬁq&‘/ ;\chgha‘ 11.&6 "’2??’(:

39.9 o/ oo’ TERPZ _
5000 4{:;"” " 4 ‘{,5 N39 13.3 WO077 08.3 Mol
I RI&.R#M-&-T] «274 of & \ At or above L
ERP — =
e e ST 11000

m'aﬁr—.‘f?’b& g:w
- R?I.h'ﬂ'dtﬂg'!i 3
15000 500 & . o °

\ \%_J{lﬁa<{> ~ AT‘ICID.E%GIVE Cllﬁrgg;rn ClalrEEFm

BUTRZ “ohQ .
077 477 80V, HIRCK L . . EAS

This SID requires take-off minimums

(tor stanhdard minimums, refer to airport chart):
Rwys 10, 15L, 28, 33L: Standard (or lower

than standard, if autherized), with minimum
climb of 500" per NM 1o 687", . .
Rwys 15R: S'EEdard lor lower than standard, if Climb Gradient

authorized), with minimum climb of 500" per NM

to 4000 Runway 28 to FOXHL (ACFT) 480 FT/NM
Rwy 33R: Standard (or lower than standard, if

authorized), with minimum climb of 500" per NM

to 800",

Ghd speed-KT T3 [ 100 ] 150 | 200 | 2530 | 300
500" per NM 625 | B33 |1250( 1667 [2083( 2500

St Southwests
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BWI TERPZ 6 Climb Gradient

This SID requires take-off minimums

(for standard minimums, refer to airport chart):
Rwys 10, 15L, 28, 33L: Standard (or lower

than standard, it authorized), with minimum
climb of 500" per NM to 667".

Rwys 15R: Standard (or lower than standard, if
authorized), with minimum climb of 500" per NM
to 4000°.

Rwy 33R: Standard (or lower than standard, if
authorized), with minimum climb of 500" per NM
to 800°.

Gnd speed-KT 75 1001 150 2001 25071 300
500° per NM 625 | 833 |1250]16671]12083]|2500
Southwests
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Recommendations

« Any climb gradient greater than 500 ft/nm requires AFS approval
» Use a linear slope calculation not a point to point calculation

* Publish climb gradients that comply with all restrictions

» ATC restrictions require a published climb gradient

Page 8
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Questions

Page 9

Proprietary & Confidential SOUthWESf@





		Slide Number 1

		Pilot Planning

		Problem 

		Pilots and Climb Gradients

		DAL Climb Gradient

		BWI Climb Gradient

		BWI TERPZ 6 Climb Gradient

		Recommendations

		Slide Number 9








DEDICATED TO HELPING BUSINESS ACHIEVE ITS HIGHEST GOALS. =— NBAA

What is a “Climb Gradient™
NBAA Response to

ACF IPG17-02-330 \
ACF IPG 1702, Frederick, MD, October 2017

Richard J. Boll Il
NBAA Access Committee
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What is a “Climb Gradient”?

TAKEOFF MINIMUMS: Rwy 34, 400-1"4 or std. with a min. climb of 555' per NM to 900.

= Simple to appreciate

555 Feet [«

= “Rise v. Run” value
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- - IFR Departure Procedure Design
TERPS Application TERPS/PANS-OPS “Standard” Gradient
ALL ENGINES OPERATING
IFR Climb Gradient Surface

Obstacle Clearance Surface

= Defines Obstacle Clearance /Obstacle Identification Surface*
Surfaces

Note: Neither TERPS nor PANS-
DER OPS adjust the required gradient for
‘low, close-in" obstacles. These
obstacles may penetrate the

* TERPS OCS and PANS-OPS OCS/0IS, without causing an
OIS origination points are defined increase in gradient required.
slightly differently

For training purposes only. Copynight © 2016 Bosing, See tilke page for delails

Boeing Presentation to Society of Aircraft Performance & Operations Engineers
— Atlanta GA, January 2017
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. - Vertical Obstacle ClI
TERPS Application

IFR Climb Gradient Surface

Obstacle Clearance Surface
/Obstacle Identification Surface Climb Gradient

= Defines the climb gradient

= Achieve required obstacle
clearance

= Pilot must climb 555’ per NM
to 900’

= Or does it?

« Required Obstacle Clearance
= 0.8% gradient (ICAO)
*  2L¥% of required gradient (TERPS)

[For training purposes only, Copyright © 2016 Boging. See litke page for details

Boeing Presentation to Society of Aircraft Performance & Operations Engineers
— Atlanta GA, January 2017
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Operational Application
AC 120-91, Airport Obstacle Analysis

7. TERPS CRITERIA VERSUS ONE-ENGINE-INOPERATIVE REQUIREMENTS.

a. Standard Instrument Departures (SID) or Departure Procedures (DP) based on TERPS or ICAO Procedures for Air
Navigation Services—Aircraft Operations (PANS-OPS) are based on normal (all engines operating) operations. Thus, one-
engine-inoperative obstacle clearance requirements and the all-engines-operating TERPS requirements are independent, and
one-engine-inoperative procedures do not need to meet TERPS requirements. Further, compliance with TERPS all-engines-
operating climb gradient requirements does not necessarily assure that one-engine-inoperative obstacle clearance
requirements are met. TERPS typically use specified all-engines-operating climb gradients to an altitude, rather than
certificated one-engine-inoperative airplane performance. TERPS typically assume a climb gradient of 200 feet per nautical
mile (NM) unless a greater gradient is specified. For the purposes of analyzing performance on procedures developed under
TERPS or PANS-OPS, it is understood that any gradient requirement, specified or unspecified, will be treated as a plane which
must not be penetrated from above until reaching the stated height, rather than as a gradient which must be exceeded at all
points in the path. Operators must comply with 14 CFR requirements for the development of takeoff performance data and
procedures. There are differences between TERPS and one-engine-inoperative criteria, including the lateral and vertical
obstacle clearance requirements. An engine failure during takeoff is a non-normal condition, and therefore takes precedence
over noise abatement, air traffic, SIDs, DPs, and other normal operating considerations.
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Operational Application
AC 120-91, Airport Obstacle Analysis

For the purposes of analyzing performance on procedures developed under TERPS or PANS-OPS, it is understood that any
gradient requirement, specified or unspecified, will be treated as a plane which must not be penetrated from above until reaching
the stated height, rather than as a gradient which must be exceeded at all points in the path

Climb Gradient

IFR Climb Gradient Surface @ Termination Altitude (?)

Obstacle Clearance Surface
/Obstacle Identification Surface

Boeing Presentation to Society of Aircraft Performance & Operations
Engineers — Atlanta GA, January 2017
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Operational Application
One-Engine Inoperative (OEI) Regulatory Takeoff Obstacle Clearance

. . Vertical Obstacle Clearance
* Climb Gradient Not Used & Dispatch Takeoff Performance

= OEI Flight Path Flown ONE ENGINE INOPERATIVE
* Mandatory part 121 & 135 T
* Best Practice part 91/91K Szt Gl el
. . - = = — “Net” profile for
= Flight path defined by part 25 obstacle clearance .
: : >
= Published in the AFM Acceleration <
- Speed Engine ol retraction |/
* Thrust Fails ; “g\é,—% _______ r-f

+ Configuration
« Bank angle

Boeing Presentation to Society of Aircraft Performance & Operations
Engineers — Atlanta GA, January 2017

* Required Obstacle Clearance
+ 0.8% “net to gross” conservatism + 35 ft

For lraining purposes only. Copyright © 2016 Boeing. See tilla page for detaits
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Operational Application
All-Engines-Operating (AEO) Performance

. ] Vertical Obstacle Clearance
Climb Gradient Not Used & Dispatch Takeoff Performance

= Flight Path Flown - — = = All-engine flight path ~

o : %
Flight path not defined by part 25 5;,?;2:--"&:1&";‘:,‘:‘%6 /\;ﬁ«

= Flight path is not published in the AFM - = = = “Net” profile for s

obstacle clearance ’1

Advisory data may be furnished A
* Not all airplanes Gearup retraction ,
* Varied format

Performance variable
- Pilot
*  Environmental

Boeing Presentation to Society of Aircraft Performance & Operations
Engineers — Atlanta GA, January 2017

For iraining purposes only. Copyright © 2016 Boeing. See lille page for detals
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3000 GOLDMN FIVE Climb Gradients

Boeing 737
800 ft. flap retraction IVE DEPARTURE
%1 full takeoff thrust
optimum flap

s000 | weight equal to
allowable OEIl obstacle
weight for RWY 13, 15C

2000

4000

1000

3000

MSL Altitude - FT

1000

X
e

TRISK MASTT

A %
4 v 5 6 T? 8 9 10

Distance - NM _
For the purposes of analyzing performance on pro?ﬁ &L_ifeg developed under TERPS or PANS-OPS, it is understood
that any gradient requirement, specified or unspem >'will be treated as a plane which must not be penetrated from

right © 2016 Boeing. Si

above until reaching the stated height, rather than as a gradient which ' must B€ éxcéeded at all points in the path *






Rwy 8: Standard with minimum climb of 515’ per NM to 9000. = NBARAA

Minimum obstacle climb gradient after YUGLU is 420’
per NM to 11900.
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Elevation (Feet MSL)

12000

KABQ - MNZNO ONE RNAV SID
(Runway 08 Departure) v 1 1 900A

11000 —

10000 —

g

Terrain - 0,15 Half Width
Terrain - 0.50 Half Width
Terrain - 1.00 Half Width

Terrain - 2,00 Half Width
= == Climb Gradient

— MIDE0 - 138,5000bs 35C
— MIDE0 - 132,400bs 30C
B732- 151,7000bs 30C

MNZNO ’ /
/
’ -

6738 - 151,7001bs 30C 250Kias |

YUGLU

S A=

& s

Accel te 250

. tuming

N
<,
7

90008 , %/ L]
— V=

7000

Rwy 8: Standard with minimum climb of 515’ per NM to 2000.

Minimum obstacle climb gradient after YUGLU is 420

per NM fo 11900.

-.

10000

DEMND - Distance from End of Runway (Feet)

110000

135000

1H0000





Rwy 8: Standard with minimum climb of 515’ per NM to 9000. ==
Minimum obstacle climb gradient after YUGLU is 420’ — NBRARRA
per NM to 11900.

KABQ - MNZNO ONE RNAV SID
12000 (Runway 08 Departure) V 11900A
—— Terrain- 0.15 Hal Width |

MNZNO 4
e Tiprrain - 0.50 Half Width At or Above 11,50

. Tetr i - 1.00 Half Width
11000 | s Terrain - 2.00 Half Width 7
== == Climb Gradient

MDS0 - 138,5001s 35C
MOS0 - 132,4001b's 30C
8738 - 151,7001bs 30C

Accel to 290
{ turning

10000 ——

B738 - 151,700ibs 30C 250Kias |

YUGLU
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NBAA Concerns

= Climb gradient requirements during initial climb (prior to acceleration) are
relatively easy to assesses compliance

+ Lack of data
* Initial performance easy to assess based on pilot’s airplane knowledge
= Climb gradients above acceleration altitude are problematic

* Lack of data
» Variable weather (e.g., wind, temperature, etc.)
 Variable pilot technique (e.g., configuration, speed acceleration, de-rate thrust, etc.)

* ATC intervention
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NBAA Proposal

Climb Gradient for Obstacle:

Climb gradient represents a surface that cannot be penetrated from
above during the climb

Climb Gradient
IFR Climb Gradient Surface @ . Termination Altitude (?)

Obstacle Clearance Surface
/Obstacle Identification Surface

Boeing Presentation to Society of Aircraft Performance & Operations
Engineers — Atlanta GA, January 2017






NBAA Proposal
Climb Gradient for (ATC):

Climb gradient represents
the measure of aircraft
performance required from
the beginning of the climb
to the stated altitude.

Boeing Presentation to Society of Aircraft Performance & Operations
Engineers — Atlanta GA, January 2017
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MSL Altitude - FT
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NBAA Proposal

Revision to AIM 5-2-8 b. 5.

= 5. (a): Climb gradients greater than 200 FPNM are specified when required to support procedure
design constraints, obstacle clearance, and/or airspace restrictions. The climb gradient is treated
as a sloping surface which must not be penetrated from above from the DER until reaching the
stated height, rather than as a gradient which must be exceeded at all points in the path.
Compliance with a climb gradient for these purposes is mandatory when the procedure is part of
the ATC clearance, unless increased takeoff minimums are provided and weather conditions allow
compliance with these minimums.

= 5. (b): Additionally, ATC required crossing restrictions may also require climb gradients greater
than 200 FPNM. These climb gradients may be amended or canceled at ATC’s discretion. Multiple
ATC climb gradients are permitted. An ATC climb gradient will not be used on an ODP. An ATC
climb gradient represents a measure of aircraft performance required from the beginning of the
climb to the published altitude rather than a surface that must not be penetrate or a gradient that

must be exceeded at all points during the climb.
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NBAA Proposal
Revision FAA Order 8260.46 2-2-1 e. (2)

(2) Charting a minimum climb gradient (CG). Establish a single minimum CG exceeding 200 ft per NM [400
ft per NM for helicopters beginning at the initial departure fix (IDF)] whenever required for obstruction
clearance and include the altitude to which the gradient is required in the Takeoff Minimums note; e.g.,
“(Takeoff minimums) with minimum climb of 300 ft per NM to 4300.” When a CG is necessary to support a
shortened ICA that requires establishing a crossing altitude to ensure RNAV LNAV engagement occurs before
turning (e.g., 500 ft per NM to 1300), a reduced, second CG may be established in this situation only (i.e., a
maximum of two CGs). See applicable 8260-series orders for the appropriate criteria to use when establishing
a minimum CG. A single ATC climb gradient is permitted on SIDs to meet published altitude restrictions;
however, the ATC climb gradient must not be less than that required for obstacle clearance. Enter minimum
CG and associated termination altitude for charting on the appropriate 8260-15 series form [see appendix D, E,
or F].






NBAA Proposal

Revision FAA Order 8260.46 2-2-

TAKEOFF MINIMUMS:
Rwy 10R, 28L: NA-ATC.

Rwy 14, 10L, 32: Standard
with minimum climb of
500" per NM to 520.

Rwy 28R: Standard with
minimum climb of 500’

per NM to 520. ATC climb
of 500" per NM to 4000.

sudost {Zans' 1zans)

(AVNY) JYNLYY4IA INO Zalls

(1) UNIHOVIE WTvd
VAIBOM "HIVIE WIvd 153

1e.(2)
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LIOZ AON 60 01 LLOZ LDOZL €3S

v DEPARTURE ROUTE DESCRIPTION
TAKEOFF RWY 10L: Climb heading 099° to 520, then

direct CRRMN, then via depicted route to RBACK, thence. . . .

TAKEOFF RWY 14: Climb heading 141° to 520, then

Teft turn direct CRRMN, then via depicted route lo REACK,
thence. . . .

TAKEQFF RWY 28R: Climb heading 279° to 520, then

direct CRYER, then via depicted route to RBACK, thence. . . .

TAKEOFF RWY 32: Climb heoding 321° to 520, then

direct BAYBE, then vio depicted route to RBACK, thence. . . .

. .via depicted route to SLIDZ. Mointain 4000 or os
igned by ATC. Expect clearance to filed altitude

g
within 10 minutes after departure.

AMNDA TRANSITION (SLIDZ1.5LIDZ)

BRTHR

NOTE:  For Turbojets only. N egl]
MNOTE: I unable fo cccept minimum climb rates, CLNE DEL
advise ATC on initial conloct. 1216 7846
MNOTE: Tm;las 3 cog&Nw::i"Don isswed via PDC 12?';02%?:
or Palm Beach CL L ! o
NOTE:  DME/DME/IRU or GPS required. PALM BEACH TOWER
NOTE:  RADAR required. PALM BEACH DEP CON
NOTE: RMAV 1. 128.3 [Nerth]
MNOTE: For non-GPS equipped aircrafi: YRB and PBI 125.2 343.6 (South]
DMEs must be operational for tokeaff Rwy 101,
14, 32. VRB_ PBI, and PHK DMEs must be
operational for takeoff Rwy 28R. AMNDA
q‘ﬁf@ TAKEOFF MINIMUMS:
AT Rwy 10R, 2Bl MA-ATC.
SR 14, 10L, 32: Standard
sz N with minimum climb of
500° per NM 1o 520,
Rwy 28R: Standard with
5q° minimum climb of 500"
o o per NM 1o 520. ATC elimb

of 500" per NM to 4000.

RBACK
(P i
17 TAKEQFF OBSTACLE NOTES:
. Rwy 10U Light pole 1461° from DER, 843" right of centerling,
45" AGL/64" MSL.

; RIDRR

el
F&

Ry 14:

Rwy 28R:

PYRUT (4)
o
FNNS , oo 6“""'¢' R
5 . 7 AHABB
Fa
2 R
oy
S BAYEE
o2 <:< 520
p
& .
UTLEY ;?/ . o 520 Q‘:"‘.\
4000 <3 — 0990 3
| weEN T
CRYER 520 /‘pn _/ CRRMMN
ALY
20"

MOTE: Chart net fo scale.

TOP ALTITUDE:
4000

Rwy 32:

|

Transmission line tower, traffic signal, poles, and trees
beginning 849" from DER, 24’ left of centerline, up to
717 AGL/90" MSL Vehicles on rood, |iﬁhl poles, ond
trees beginning 168" from DER, 78" right of centedine,
uphr? 871;Ar3|..-"md l%’bn;'t?t. .

Li trees inning 1205’ from DER, 323"
Is?! OF:ewMiN. up to 63" AGL/82' MSL. Sign, light
pole, ond trees beginning 1233 from DER, 155" right
of centerline, up to 44° AGL/53" MSL.

Trees beginning 1993 from DER, 444 left of
centerlin, up to 69° AGL/88’ MSL. Trees beginning
1108" from DER, 548" right of centerline, up to 70"
AGL/8F ML

(AvNy) INLIVdIA INO Zans

SE-3, 120CT 2017 to 08 NOV 2017

WAEO HOW3AD WIvd 153m
(1€d) 1N HDV38 WTvd

etet (2ANST1ZANS)

[wwtd) 4FF-Tv
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NBAA'’s Proposal

= Return ATC climb gradients to SIDs
« Can be amended/canceled by ATC

= Revise AIM to clearly define purpose of climb gradient:
« Obstacle/procedure CG: Surface that cannot be penetrated from above
+ ATC CG: Reference for pilot to use in assessing overall required climb performance to the stated altitude

= Concur with rest of SWA's recommendation. Request:

« Establish industry concurrence with any climb gradient exceeding 500 FPNM below 5000’ field elevation
and 300 FPNM above 5000’ field elevation
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Extra Slides
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AFM Example OEI Takeoff Flight Path

BoMBARDIER PERFORMANCE DATA
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600 1t il i
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BOMEB ARDIER TWO ENGINE PERFORMANCE

CHALLENGER 300

CLIME CAPABILITY

Advisory All-Engines-Operating

. 1 154 + 10°C |
400 250 KIAS /075 M|
I m a a . CLUME THRUST
] 30% C.G
350 ENGINE BLEED 0N
- ] EMGIME 4HD WING &/1 OFF |
45100 . T | L T .
® WEIGHT ISA-10°C ISA SA +10°C ISA +15°C ISA +20°C = 1
8 21,500 LB | Time Dist Fuel | Time Dist Fuel | Time Dist Fuel | Time Dist Fuel | Time Dist Fuel g 300
= Min. NM. Lb | Min NM Lb | Mn NM b |Mn NM Lb |[Mn NM Lb = ]
51 E 1
49 . 7
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Should FAA Require All Engines Operating Flight Path Data

CGUMMARY:  Agenca Ttew ¥

Should the estanlishment of an all-engine ret take-off flight path be
requ red?

Departure crocadures published in FAR Part 9/ are develooad “rom crizeris
outlinec in the U Stancard for Termtna] Instrument Pracedures (TERPS). Stnce
these proceduras are soplicac’e to 271 categores of alrcraf%, mary uf wnich are
Pat requirac to meet FAR Part 25 engine-out performance, the degars

procedures are based on morre] all-engine operating afrcraft nnnr-eton; far
ohstacle clearance requirerents,

Tne question arises from the dynamic ¢ondition where, to facilizate afr sraffic
0w, Several departure tracks exist for a giver runway. Obstacles alung these
tracks require diffeseat perfarmance to assure obstacle clearance. When t
abstacle environment is such tnat ¢l‘md Gracients steeper than 200' per mile
(3.3%) are recuired, a climb gradient is pubiisned fer that ceparture route.
tccasionally the climd gradient pubiished exceeds enqine-out capability of the
afresaft, in which case o different procedure would be used o~ & contfingency
procecure wou'd have baen prepared sy the operatar in anticipation of sach an
event. Hewever, the alreraft certificatton pracedures do pot require the
all-engines perforwance to ke puolished in the aircra“t ““font manual. Since
these clinh gradients are rciated to obstacle clearance over on area hroaner
tnan tnat requiced for engineeout considerations, the question arises as te the
naed sstanlish the all-engine performance arof‘les as a cerurim:!on

racud revent.

Tre oginisns =are divides, with the
was ro need te carplic 2 corzificecfon nrocedures with aa a”l.erginec
perforrance requirgrent, They rucygnized Lie operationa] requirement far
all-engine performance in“ormation, but felt tais could be obtained frow the
nanufactices without résort?ng to the rulemating procedures 1nvalved in the
formal certification of the aircraft,

there

rity of comntars suggesting thal

One comanter dcreea with the need for all-engines flight path eata for certain
flight >Tanring and dispater purposes, but saw ro need Far comlicating the
cartification prucass since thess di'.l mar ba cbtaired “rom the marufacturess or
van ba calculated by the operators frow mamifacturer’s data.

Ar-u-lmr r.o-ennr ohserved that as long as the inttial thrust selected s rot

2n 30% of the thrust recu’sea ta meet the angine-out requirements of
cq«n‘ic.tmw. the a’lsengine fl°ght path will ot he critical and na
adaitional requirererts are fecessary.

7ne commerter pointed aut that clearance of ohstacles ny *he ame-engine
‘noperative rec take-off path will, unoes most circumstances, assure more than
adequate clearance for the all-engines operaticn, The areas o® concern

‘nvolved 101se abatement procedurcs and use of Automa=ic Takeoff Thrust Contral
Systems with less than full thrust duriag sakeoff. However, with the increasing
use of cuieter high by-pass ratic ergines, the necd for extreme nolse atatément
orocedures has reduced. Furthermore, if the inftizl thrust set for take-cff ‘s
not less than 90%, adequate clesrance of abstacies hy the all-engines-operating
clinb prof*le 1s assured.
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