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EXECUTIVE SUMMARY
In the past 10 years, there have been two Boeing B-737 accidents for
which the National Transportation Safety Board (NTSB) could not
completely determine the cause of the accident. 0On March 3, 1991, United
Airlines Flight 585, a Boeing B-737-291 crashed during an approach to the
Colorado Springs, Colorado airport causing the deaths of all 25
passengers and crew. The airplane was destroyed by the impact and a
post-crash fire. Three years later, on September 8, 1994, USAir Fligh:
427, a Boeing B-737-3B7 crashed while on approach to Pittsburgh
International Airport, causing the deaths of all 132 passengers and crew.

The airplane was destroyed by the impact.

The NTSB believes that if the B-737s recorded additional flight data
parameters then there would be alower likelihood that the cause of a
future B-737 accident would remai n undi scovered. Consequently, the NTSB
issued recommendations on April 16, 1999, that all existing and future B-
737 airplanes should be required to record the flight data paraneters
represented by the existing § 121.343 (a) (18) through (a) (22), (a) (88),

and 3 new paraneters that woul d becone (a) (89), (a) (90), and (a) (91).

The proposed rule would require all B=737s flight data recorder systems
to be retrofitted in order to record these flight dataparaneters. The
proposed rule would affect 1,306 existing B-737s operated by 24 airlines,
3 foreign airlines, and 16 other private businesses. Nearly 80 percent
of these airplanes areoperated by 7 airlines (Southwest, United,

USsAirways, Continental, Delta, America West, and Al aska Airlines).

The costs of conpliance include only the direct costs of conplying with

the proposed rule. Nocosts resulting fromfuture rules that woul d be
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developed based on the data collected due o this prcposed rule are

I ncluded in these estimated compliance costs. On that basis, the
estimated conpliance cost varies by B-737 series, by date of manufacture,
and by the existing capability of the flight data recorder system in the
airplane. For airplanes with a flight data acquisition unit, the per
airplane costs would range from about $42,000 to $110,000. For airplanes
without that unit, the per airplane costs would range from about $178,000
to $222,000. A substantial source of these costs is that the airplane
would need to be taken out of service and the amount of out-of-service
time, if not completed during a regularly scheduled MBj Or maintenance
session, would take between 4 days and 9 days - depending upon the series

and the flight data recorder systenmis capabilities.

The one-time, first year cost of this retrofitting would be about 3160
million; of which $125 million woul d be for the | abor and equi pnent
costs, $25 million would be for the net revenue losses due to the out-of-
service time, and $10 million would be for the engineering costs to
redesign the flight data recorder systemfor the various B-737 series and

airlines and to obtain the necessary supplenental type certificates.

There woul d be additional annual expenses for namintenance and for
increased fuel burn due to the greater weight of the modified flight data
recorder systenms. The present value of these costs over 20 years woul d

be about $5 million
Finally, the cost to manufacture the average B-737 woul d i ncrease by
about $39,000, which would have a present value cost of about' $40 million

over the next 20 years to the approximtely 2,150 B-737s expected to be
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soid in the United States.

In 1997, the FAA revised these flight data recorder rules for all
affected airplanes, including B-737s. The FAA has calculated that the
present value of the costs for B-737 operators to comply with that
revision were about $58.8 million. If that revision and this proposed
rule are viewed as two parts of one rul enmaki ng over time, the FAA has
estimated that the present value of the overall conpliance costs with
these two actions would be about $264.1 nmillion for the B-737 operators

and for Boeing.

Thus, the estimated present value of the total costs over 20 years of the

proposed rule woul d be about $205 million.

The benefits frompreventing a typical B-737 catastrophic accident are
about $315 mllion. However, these potential benefits are difficult to
quantify because it cannot be known with certainty whether the additional
flight data to be recorded would, in fact, provide the necessary
information to prevent such future accidents. Wth that in nind, the FAA
has deternmined that the proposed rule would be cost beneficial if it

woul d prevent one such accident in the first 6 years after its

pronul gati on.

The proposed rule would be .a "significant regulatory action" as defined
by Executive Order 12866 and it has a significant inpact upon a
substantial nunber of small airlines. It would have ninimal effects on
international trade. Finally, it would not contain a significant

intergovernnental nandate but it would contain a significant private

iv



sector mandate by impcsing a costof more than $100 million 1n one vyear.




I. INTRCDUCTION

A. BACKGROUND

In the past 10 years, there have been two Boeing 737 (B-737) model
airplane accidents for which the National Transportation Safety Board
(NTSB) coul d not definitively establish a cause. o, March 3, 1991,
United Airlines Flight 3585, a Boeing B-737-291 crashed during an
approach to the Colorado Springs, Colorado airport causing the deaths of
all 25 passengers and crew. The impact and the post crash fire
destroyed the airplane. Three years later, on September 8, 1994, USAir
Flight 427, a Boeing B-737-3B7 crashed near Aliquippa, Pennsyl vani a,
while on approach to Pittsburgh International Airport, causing the
deaths of all 132 passengers and crew. The jnppact and the post crash
fire destroyed the airplane. Both accidents appear to have been caused

by a rudder hardover roll and resultant sudden descent while the

airplanes were at low altitude

The NTSB has determined that the rudder on B-737 airplanes may
experi ence sudden uncommanded novenent or novenent épposite the pilot's

input, which may cause the airplane to roll suddenly. |, aqddition,
foreign investigative authorities suspect that two accidents outside the
Uni t ed statesi nvol vi ng B-737 airplanes may al so have been caused by
sudden uncommanded rudder novement. |ncidents of suspected uncommanded
rudder movenent continue to be reported, jncluding two incidents in the

United States in February and March 1999, and one in Canada in

March 1999,




The 3-737 airplanes involved ia the United and JSAir accidents and

in the recent rudder incidents were equipped with the flight data
recording (FDR) systems required at the time of those accidents, but
neither of the FOR systems provided information about the airplanes'
movement about their three axes or the positions of the flight control
surfaces i1mmediately preceding the accidents or incidents. 14 date,
corrective measures taken to resolve the suspected probl em have been

l[imted by the | ack of databeing recorded.

The FAA has issued 17 airworthiness directives (ADs) for the B-737 as a
result of the investigation into the USAir accident, including one that
addresses an upgraded rudder power control unit (pcu) designed to renedy
the rudder upset problem  Suspected rudder upsets continue to occur,
however, and sonme of the B-737 airplanes that recently experienced
suspect ed uncommanded rudder novenment had been nodified with the
upgraded rudder PCU. Nevertheless, not all of the ADs have been fully

implemented on all B-737s.

On March 23 and 24, 1999, the NTSB held a public nmeeting to discuss its
i nvestigation of the causes of the Usair flight 427 accident. To some
extent, the NTSB concluded that its ability to definitively determ ne
the cause of this accident was particularly hanpered by the absence of

certain flight data on the airplane's recorder.

On April 16, 1999, the NTSB subnitted two safety recommendations (A-99-
28 and A-99-29) to the FAA stating that all B-737 airplanes should
record pitch trim trailing and leading edge flaps, thrust reverser
position, yaw danmper command, yaw danper status (on/off), standby rudder

status (on/off), and control wheel, control colum, and rudder pedal



crces. In response to those two NTSB recommendations  .yo FAA 1s
, the F

propcsing-this Notice of Proposed Rulemaking (NPRM),
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II. FLIGHT CATA RECORDING TECHNOLOGY

A. INTRODUCTICN

"y

or the purposes of analyzing the economic impact of the proposed rule,
the Initial Regulatory Evaluation contains this short chapter to briefly
summarize the workings of a B-737 FDR system. It consists of a
description of the FDR system components and then a discussion of the
technical impact that the proposed rule would have on various B-737 FDR

systems.

B. FLIGHT DATA RECORDING COMPONENTS

II.B.1. Introduction

A FDR system is designed to record the activities of an airplane’s
mechanical, hydraulic, electronic, etc. systems (referred to as “flight
data parameters”). Without proceeding into a detailed technical
discussion, an FDR system’s basic components are the actual recorder,
the sensors to record various electrical, hydraulic, and mechanica
flight activities that will be captured by the recorder, and the wiring
to transmt the flight data from the sensors to the recorder. In
addition, anFDR system may also have a flight data acquisition unit
(FDAU) whi ch gathers and transmits the flight activity information to

the recorder.



It snould oe noted that, although the rest of this Initial
ReguLétbry_Evaluation willrefer to an individual garagraph in secticn
121.344 (a) as a “flight dataparameter”, in reality, several of these
individual paragraphs require the recording of more than one actual
f.13ht data parameter. For example, 121.344 (a) (22), which requires
recording thrust reverser flight data, jnyolves 4 flight data parameters
- the fore and aft positions for each reverser on each engine - for a
two-engine airpl ane. Thus, there is not a one-to-one correspondence
between a "parameter" in section 121.344 (@) and the actual number of

flight data inputs recorded by the FDR system.

II.B.2. Flight Data Recorders

The recorder is the component that collects and stores the flight data.
Its capacity to record flight data is reported in words per second
(wps). By way of illustration, if the flight data parameters are being
sanpl ed once every second, a recorder with a capacity of 64 wps woul d be
capabl e of recording a maxi num of 64 paraneters. If the flight data
parameters are being sanpled tw ce every second, then a recorder with a
capacity of 64 wps would be capable of recording a maxi mum of 32

parameters because those 32 paraneters would be generating 64 bits of

information per second.

The two types of recorders are analog and solid state. The anal og
recorder is, basically, a tape recorder using magnetic tape as its
recording medium. |t costs between $5,000 and $10,000, dependi ng upon
the quality and capacity of the unit. The best of them are capable of
processi ng 64 wps but they cannot be upgraded to a higher capacity.

These are no |onger manufactured because solid state recorders are



scer.2r 1n cerformance and involwve much less maintenance han
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analog recorders.

The solid state recorder has no moving parts and consists of 3 modules -
a power supply, a computer board, and memory. It costs between $20,0C0
and $25,000, depending upon the quality and capacity of the unit. The
earliest models had a capacity of 64 wps, pbut most of these models can
be reprogrammed to have a capacity of 128 wps or 256 wps. The
“reprogramming” of a recorder can involve both hardware and software
modifications. The newest recorders have capacities in the thousands of

Wwps and can process flight data transmitted in digital form.

II.2.c. Sensors

Sensors are the devices that sample the flight activities. pepending
upon the complexity of the sampling task, sensors can be either
relatively simple and inexpensive devices (e.g., measuring the direction
of an airplane part’s novenent) or conpl ex and expensive devices (e.q.,
measuring the force of an airplane part’s movement). as a resulrt,

industry sources have reported that these units can cost between $200

and $12,000.

I1.2.d. Flight Data Acquisition Units (FDAU)

The necessity of having a FDAU in an FDR system depends upon the number
of flight data parameters being recorded. A FDAU is a computer that
acquires data from various forms (analog, digital, pneumatic, etc.)

throughout an airplane, transforns those data into a digital format, and
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data acquisition units (DFDAUs), which cost about $50,000 a unit.




IZI. »2r0P0SED RULE

A. HISTCRY OF PREVIOUS FDR RULEMAKING

The 3Boeing 737s involved in the two previously noted accidents were

equipped with FDR systems that recorded a limited number of parameters.
—One 3-737 FDR system recorded 6 parameters while the other’ FDR system
had been retrofitted to record 13 paraneters. Although both B-737 FDR
SYSTEMS s were in conpliance with section 121.343 that existed at that
time, the NTSB was unable to determine the probable cause(s) due to the
paucity of recorded information and the nearly total destruction of the

airplanes. As a consequence, on February 22, 1995, the NTSB subnitted

recommendations A-95-25, A-3$5-26, and A-95-27 to the FAA recomendi ng .
that the FAA require FDR-system upgrades for all transport category
airplanes to record sel ected additional parameters that were not

required by the regulation that existed at that time.

In response to these safety recomrendations, the FAA pronul gated
revisions to the DFDR requirements for all airplanes. (Revisions to
Digital Flight Data Recorder (DFDR) Rules; Fjnal Rule (62 FR 38362, July
17, 1997)). Wth respect to B-737s, the DFDR regul ations require that a
B-737 manufactured on or before Cctober 11, 1991, and not equi pped with
a FDAU must record the 18 flight data parameters listed in paragraphs

(a) (1) through (a) (18) of 14 CFR §§ 121.344 and 125.226 by August 20,
2001. A B-737 manufactured on or before 'Cctober 11, 1991, and equi pped
with a FDAU nust record the 22 flight data parameters listed in
paragraphs (a) (1) through (a)(22) of 14 CFR §§ 121.344 and 125.226 by
August 20, 2001. A B-737 manufactured after October 11, 1991, nust
record the 34 flight data paraneters listed in paragraphs (a) (1) through



‘a; (34) of 14 CTR §§ 121.344 and 125.226 by August 20, 2pp01. A 3-

737 :na'nufavctured after AUgUS: 20, 2000, must record the 37 fl:.ghc data
parameters listed 1n paragraphs (a) (1) through (a)(57) of 14 CFR §§
121.344 and 125.226. rinally, a B-737 manufactured after

August 19, 2002, must record the 88 flight data parameters listed in

paragrapns {a) (1} through (a) (88) of 14 CFR §§ 121.344 and 125.226.

B. PROPOSED RULE

Although there have been no additional B-737 accidents that have not
been explained because of | ack of recorded flight data; there have been
a continuing series of incidents involving B-737 rudders for which
flight data have not been recorded. There is a strong potential that
these incidents may be caused by a systematic structural problemin the
B-737 and these incidents portend a future accident. However, the NTSB
and the FAA do not believe that the flight data required to be recorded
by the 1997 DFDR regulations are capable of providing the information

necessary to recommend regul atory action to prevent a future B-737

acci dent .

In light of that belief, the proposed rule woul d amend the FDR
regulations for U S -registered B-737s operated under parts 91, 121,
125, and 129 to largely incorporate the two 1999 NTSB reconmendati ons.
It would require each B-737 equi pped with a EDAU as of July 16, 1996 or
manufactured after July 16, 1996, to have, by August 18, 2000, an FDR
system that 'records the following flight data paraneters in addition to
those currently required: (1) (a) (19) through (a) (22) (pitch trim
trailing edge flaps; |eading edge flaps; thrust reverser position (each

engine)); (2) (a) (88) at increased sanpling rates; and (3) proposed new




I1.3n% data parameters (a) (89) through {a) (31) {yaw damper

command; yaw damper on/off discrete; standby rudder s qfs discrete; and
zontrol wheel, control column, and rudder pedal forces. It would also
require by August 18, 2001, that each B-737 without a FDAU record flight

arameters (a)(1i8) through (a) (22), (a) (88) at an increased sampling

'O

rate, and the proposed (a) (89) through (&) (91). Finally, it would
require by August 18, 2002, that each B-737 that WAaS retrofitted with a
TDAU after July 16, 1996, record flight parameters a (18) through

{a) (22), (a) (88) at an increased sampling rate, and the proposed (a) (89)
through (a) (91). The yaw danper command, yaw danmper on/off discrete,

and control wheel, control column, and rudder pedal forces would be

required to be sampled at a minimum rate of twice per second.

Primarily due to the two previously discussed B-737 accidents, the
proposed rule would treat the B-737 airplane nodel differently than it
woul d treat other transport category airplanes. As described earlier,
the current rule contains different requirements for transport category
airplanes based on their certification date and their date of
manufacture, but it does not have different requirenents based on
airplane nodel. The proposed rule, however, would alter that approach
by establishing one conmon set of requirenents (after August 18, 2002)
for all B-737s regardl ess of when they were manufactured, while
maintaining the different requirements for all other transport category
airplanes based on their certification dates and dates of manufacture
Anot her change in approach is that the proposed rule would specifically
require a B=737’s FDR systemto record nore flight data parameters than
are recorded by FDR systenms in other transport category airplanes of.
simlar age. The final change would be that the proposed rule would
require the B-737 to record 3 new flight data paraneters that no other

transport category airplane would be required to record

10




Alchough the proposed rule would not require that a FCAU be retrofi=-ad
into the B-737 FDR system, industry sources have reported that the
alrternative of retrofitting a second recorder into the FDR system would
be mecre expensive than retrofitting a FDAU intoc the FDR system. [n
addition, there are technical difficulties that have not been evaluated
in integrating two separate FDR systems into one coherent, synchronized
system. From a practical standpoint, only a B-737 equipped with a FDAU
would have the capability to record all of the additional flight data
parameters. Retrofitting an airplane with a FDAU involves substantial
airplane structural work (with the associ ated costs in | abor and
airplane out-of-service time) whereas adding flight data parameters to
an upgraded recorder is considerably less costly in labor and airplane
out-of-service time. In order to noderate the potential expense to
operators of B-737s that do not have FDAUs, the proposed rule would
grant those B-737 operators an additional year to retrofit FDAUs and to
comply with the proposed rule. Granting those operators an extra year
would make it more probable that the airplane woul d undergo a reqularly
scheduled major maintenance check within the time between the final rule
promulgation date and the conpliance date. By retrofitting the airplane
with the FDAU during this scheduled nmi ntenance time (when the airplane
panels woul d generally be opened up to check the wiring and other
systems) the operator woul d reduce the costs of retrofitting the
airplane with a FpAU and addi ng the new flight data paraneters - in
particular, the operator would reduce the airplane's out-of-service time
because additional maintenance personnel-could be used to retrofit the
airplane with a FDAU while the other schedul ed required mai ntenance is

being performed.

IV. INDUSTRY PROFILE
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There are more B-737s currently in service than any other airplane mcdel
in the world. Consequently, any proposed rule that would impose costs
on 3-737s would affect a large segment of the aviation world. Not every
air carrier would be equally affected by the proposed rule because the
B8-737 fleet varies both as a total number and as a percentage of
different air carriers’ fleets. In this chapter, the FAA estimates the
current and future numbers of B-737s by individual operator. In
addition, the FAA estimates the expected number of future flight hours
of the B-737 fleet because that would be a critical determinant of the

potential benefits as well as a source of future compliance costs.

8. METHODOLODY

For the purpose of quantifying the potential benefits and costs of the
proposed rule, the FAA has determined that a 20-year time frame would be
the appropriate length of time to evaluate the costs and benefits and
the economic impact of the proposed rule. The FAA anticipates that the
B-737 model will continue in production for the next 20 years (at least)
and the analysis of the potential effects of the proposed rule should
include the anticipated long-run effects and not focus solely on the

more i nmedi at e ef fects.

On its faceit can be asserted that any attenpt to predict the U.S. air
carrier industry's use of B-737s for the-next 20 years woul d be pl agued
with so many potentially erroneous assunptions about the |long-term (as

wel | as general uncertainties about the industry and the world politica

and econonmic conditions) that the entire effort would provide a textbook

case of an exercise in futility. However, sone such predictions need to

12



ce mace .n srder %o develop an economiz analysis of the proposed

rule. _Consequently, these predictions should be viewed not as what wiil
happen but, rather, asS what 1s l:ixely =5 happen if certain reasonable
assumptions and projections prove to be valid and if there are no
significant changes in the world economy (e.g., wars, depressions, etc.)
or in the airline industry (0oil embargoes, airline re-regulation, etc.).
The FAA requests comments on the validity and propriety of the

assumptions and projections made in constructing these predictions.

C. CURRENT NUMBERS AND USES OF U.S.-REGISTERED B-737s

C.l. Total Number of U.S.-Registered B-737s by Owner/ Qperator

In the United States, almost all B-737s are used exclusively in
passenger service. The FAAis aware of one U S -registered B-737 that
has been reconfigured as an all-cargo airplane, although about a dozen

have been reconfigured as a combination passenger/cargo (combi)

airplane.

Table tv-1is a list of the U.S.-registered B-737s by operator/owner as
of the end of 1998. This Table separates the owners/operators of U.s.-
registered B-737s into five categories: (1) air carriers providing
passenger service under part 121 (A); (2) non-U S. air carriers
operating U S. -regi stered B-737s under part 129 (F);(3) |l essors and
brokers who had possessi onof B-737s that were not |eased to an operator
when the B=737 airplane data were collected (L); 4) private operators,

i ncl udi ng VI P/ Executive users, of B-737s (P); and (5) avi ati on equi pnent

manufacturers (M).

13



*i+o3aaresgns she type of use the 3-737 provides is lisred (where

xnown) for each of these operators/owners. These uses al€ classified as
(1) Passenger (P); (2) Combi (C); (3) Freighter (F); VIP/Executive (V);
and Experimental (X).

TABLE IV-1°

NUMBER OF U.S.-Registered B-737s AND THEIR USE BY
OPERATOR/COWNER AT END OF 1998

Operator/Owner Category Use Number of B-737s
Southwest Airlines A P 280
United Airlines A P 190
US Airways A P 189
Continental A P 170
Delta Air Lines A P 86
America West A Total 65

P 63

C 2
Alaska Airlines A Total 45

P 37

C 8
Aloha A Total 18

P 12

of S

F 1
Frontier Airlines A P 17
Metrojet A P 13
Winair A P 10
Vanguard A P 9
Airtran A rways A P 8
Eastwind Airlines A P S
Pro Air A P S
Accessair A P 3
Pace Airlines A Total 3

P 2

\' 1
Casino Express A’ P 2
Ryan International Airlines A P 2
American Airlines A P 1
Lorair A P 1
Nations Air EXpress A P 1
North American A P 1
Si erra Pacific A P 1
TOTAL forA 24 1,125
TACA International Airlines F p 15
Aerolineas Argentinal F 4 2
China Southern Airlines F P 1
TOTAL for F 3 18

! The source is Jet Information Servicea, Inc. Wrld Jet Inventory Year-
End 1998, March, 1999.
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C.2. Distribution Of B-737s by Series and Year of Manufacture

% These are B-737s that were in the physi cal possession of the broker or
lessor at the end of 1998. Although they were not 1 n active service,
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Cn2 prcoposed rule would impose different compliance zpsrs
depending_upon whether the 3-737 .5 equipped with a FDAU and upon the
numcer of flight data parameters currently being recorded. jpg detailed
in Section III.A. of this Preliminary Regulatory Evaluation, under the

1387 DFCR regulations, the FAA established different minimum numbers of

th

lignt data parameters required to be recorded based primarily upon the
year of manufacture. Although some B-737 operators have exceeded the
FAR minimum f£light data recording requirements on their B-737s
manufactured before October 1l, 1991, most have elected to only meet the
minimum FAA flight data recording requirements due to the expense of
adding @ FDAU to record the additiocnal flight data parameters (as
discussed in Chapter II of this Preliminary Regulatory Evaluation). In
fact, the ran is aware of only Southwest Airlines and United Airlines
that have (or are in the process of) retrofitting all of their B-737s to
record 22 flight data parameters. Consequently, for nost B-737s, the
date of manufacture i S a good indicator of the FDR system s capabilities

and the nunber of flight data paraneters that are being collected in

that airplane.

The existing B-737 fleet has been grouped into the follow ng 3
categories: (1) B-737s nanufactured before COctober 11, 1991, that have
not been retrofitted (or would not have been retrofitted by August 1,
2001) with a FDAU; (2) B-737s manufactured before October 11, 1991, that
have been retrofitted (or would have been retrofitted by August 1, 2001)

with a FDAU; and (3) B-737s manufactured after October 11, 1991.

The FAA didnot query every B-737 owner or operator to determni ne how
many of these B-737s have been retrofitted (or would have been by August

1, 2001) with a FpAU, but the Air Transportation Association (ATA)

they are available to be |eased and, as such, are included in the tota
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survayea ztne

+—

r mempers (who reported that they currently operarts

1,073 8+737s) concerning the number they operate in each 27 the
:ndividual B-737 series and the £DrR system capabilities of their

ai rpl anes. In addition, several of these sane airlines provided
infeormation directly to the FAA concerning whether they have or intended
to have their B-737s retrofitted with FDAUs.® Appendix Ato this
document duplicates the Jet Information Services, Inc. report of the age

distributicn of the B-737 fleet for all U S. owners and operators.’

On that basis, as seen in Table 1v-2,°> the FAA has estimated that of the
existing 1,205 B-737s affected by the proposed rule, 851 were

manuf actured before Cctober 11, 1991, while 354 were manufactured after
Cctober 11, 1991. O the 851 nanufactured before October 11, 1991, the
FAA estimated that 529 have not and woul d not be retrofitted with FDAUs

whereas 322 have or will be retrofitted with FDAUs.

D. FUTURE PRCDUCTION OF U. S. - REG STERED B-737s

In order to estimate the future production of U S. -registered B-737sm
the FAA has adopted its estimate® of a 4.1 percent annual net increase
in the tw-engine U S. narrowbody airplane fleet during the next 10

years. The FAA has further assumed for the purpose of this analysis

nunber of U.S.-registered B-737s.

! For 1991, the FAA has assumed that about 75 percent of the B-737s
delivered in 1991 were delivered before Cctober 11, and are assumed to
have been delivered without FDAUs.

* The totals found in Appendix B and Table 1v-2 differ by 7 because
Appendi x includes the 11 U S. government .owned B-737s and does not
include the 18 U.S. -registered B-737s operated by non-U.S. air carriers.
The FAA has assumedthat the age distribution of these two groups would
be the sane as that for the rest of the B=737 fleet.

> The primary source is Jet Information Services, Inc. Wrld Jet
Inventory Year-End 1998, March, 1999. However, these data were provided
as 3 groups of these airﬁl anes rather than by individual B-737 series.
As a result, these data have been nodified basedon FAA datafromits
National Aviation Safety DataAnal ysis Center (NASDAC).
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TnaT nis annual net increase will continue through years 11 =2

20. finally, the FAA has assumed tnat tiis annual net increase for .- g

wc-engine U.S. narrowbody fleet is a close proxy for the annual net

TABLE IV-2
NUMBER OF B-737s BY SERIES, DELIVERED YEAR, AND FDAU STATUS

737 Series Pre Oct. Post Oct. Total With Total With
11, 1991 11, 1991 No FDAU FDAU
100 ] 0 8 0
200 62 0 31 31
200-Advanced 254 0 186 68
300 429 130 245 316
400 59 37 59 37
500 39 114 0 153
600 0 0 0 0
700 0 73 0 73
800 0 0 0 0
93¢0 Q 0 0 0
TOTAL 853 354 529 678

However, as production is also related to replacement, the FAA has
accepted the Boeing estimate’ that about 30 percent of the world fleet
will be retired between 1997 and the year 2017, for a FAA-calculated
annual retirement rate of about 1.35 percent. The FAA has assumed that
this annual world fleet retirement rate (hence, the replacement rate):
(1) can be extended for the years 2018 and 2019; (2) i s a reasonabl e
proxy for the world narrowbody fleet retirement (i.e., replacement)
rate; and (3) i s a reasonabl e proxy for the U.S.-registered B~737 fleet

retirement (i.e., replacenent) rate.

SFederal Avi ation Administration Office of Aviation Policy and Pl ans,
Aerospace Forecasts Fiscal Years 1999-2010, March, 1999,p. III-45.

" Boeing Corporation, “Welcome to Boeing, Commerci al Aviation, Market
Information,” May 17, 1999. Boeing Internet site.
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%43, 333in3 That estimated 1.35 percent annual replacement .3-4
to the TAA’'s estimated annual net increase of 4.1 percent groduces an
estimated annual B-737 production rate of 5.45 porcent of the previous

years’ U.S.-registered B-737 fleet.

Therefore, as shown in Table IV-3, on the bases of these assumptions and
credictions, the FAA has estimated that the proposed rule would affect
2,402 B-737s that would be manufactured between 2000 and 2020 and would

tecome part of the U.S.-registered fleet.
£. NUMBER OF FLIGHT HOURS OF U.S.-REGISTERED B-~737s

E.l. Introduction

The FAA has estimated the number of annual flight hours for the current

U.S.-registered B~737 fleet and for the future U S. -registered B-737

fleet.

E.2. Current Flight Hours

The different types Of operations and uses of the B-737 inply that there
woul d be different “average” annual flight hours for specific operations
and uses. In reality, even within a specific type of operation (e.g.,
passenger airlines) there are differences in "average" annual flight
hours among operators. However, for the purpose of this initial
regulatory evaluation, one “average” nunber of annual flight hours is

estimated for each of the follow ng categories of operation: (1) B-737

TABLE IV-3
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T3TIMATED NUMBER

OF ADDITIONAL AND REPLACEMENT PRODUCTION 3-737s

IN THE U.5.-REGISTERED rLEzZT?

{EAR B-737 TCTAL NUMBER TO | NUMBER TO
FLEET NUMBER INCREASE REPLACE
PRODUCED | FLEET FLEET
2333 1,205
1333 1,254 66 19 16
s 1,3C8 68 51 17
2001 1,353 71 54 18
2002 1,415 74 56 18
2003 1,473 77 58 13
2004 1,534 30 60 20
2005 1,596 84 63 21
2006 1,662 87 65 22
2007 1,730 31 68 22
2008 1,801 94 71 23
2009 1,875 98 74 24
2010 1,352 102 77 25
2011 2,032 106 80 26
2012 2,115 111 83 27
2013 2,202 115 87 29
2014 2,292 120 30 30
2015 2,386 125 94 31
2016 2,484 130 38 32
2017 2,586 135 102 34
2018 2,692 141 106 35
2019 2,802 147 110 36
2020 2,917 153 115 38
TOTAL| 2000-2020 | 2,144 1,613 531

regul arly schedul ed passenger service operated under parts 121 or 129;

(2) broker/lessor B-737s; (3) private operators of B-737s, including

VI P/ Executive users; (4) operators of freighters or combi B-737s; and

(5) all other operations, including school, training, experinmental, or

test operations.

Based on its data on the nunber of U S. commercial air carriers' two-

engi ne |arge narrowbody airplanes in 1998 (3,056) and the nunber of

total flight hours flown by those same airplanes (8.642 million),' the

FAA has calculated that the typical US. commercial air carrier two-

* Any individual year's total production may not be the sum of the new
and replacenent production due to rounding error.

® Federal Aviation Administration Ofice of Aviation Policy and Plans,
Aer ospace Forecasts Fiscal Years 1999-2010, March, 1999, Table 17, p. X-

19 and Table 18, p. X-20.
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enjine larje narrowbody flies an annual average of 2,823 nours.
Tor the.purpcse of this ilnitial regulatory evaluation, the FAA has
assumed that this narrowbody fleet estimate is applicable to the B-737

fleat operated under parts 121, 125, and 129.

Alzhough the majority of the B-737s in the possession of brokers/lessors
are not currently flying, they are included in the FAA data because they
have not been permanently retired.'’ Consequently, for the purposes of
this regulatory evaluation, the FAA has assunmed that these airplanes
will average the same number of flight hours as their counterparts

currently active under parts 121, 125, and 129.

For those B-737s operating as freighters or combis, the FAA has
previously estimated'! that these airplanes fly, on average, about two
thirds of the hours flown by their commerci al passenger counterparts.
On that basis, the FAA has estinmated that these B-737s will have an

annual average of 1,885 flight hours.

A B-737 operating as a private or VIP/ Executive airplanes would
typically fly fewer hours than woul d the average commercial passenger B-
737. However, at this point in time, the FAA does not have a direct
measure of the nunber of those hours. Consequently, for the purpose of
this initial Regulatory Evaluation, the FAA has assumed that these B-
737s will have one quarter of the annual flight hours (about 700 hours)

logged by t heir commercial .passenger counterparts.

¥ The FAA has assumed that all of these B-737s will be |eased or sold
for use in the United States and, thus, would be affected by the

?ropOSed rule. o _
! In a not-yet-released Initial Regulatory Evaluation for TCAS Il in

All Cargo Airplanes.
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Paral.2.1n3 tne discussion 1in the preceding paragraph, the FAA

does not fave a direct measure of the number of average annual flign=z
nours for those B-737s operating for school, training, experimental, or
test purposes. Consequently, for the purpose of this initial Regulatory
Zvaluation, the FAA has assumed that these B-737s will also have one
quarter of the annual flight hours (about 700 hours) logged by their

conmerci al passenger counterparts.

As shown in Table IV-1l, of the current B-737 fleet of 1,205 airplanes,
the FAA has estinated that 1,128 are in comrerci al passenger service, 29
are currently under the control of brokers/lessors, 14 serve as
freighters or combis, 20 are private or Executive/VIP airplanes, and 13

are used for school, training, experinmental, or test operations.

Using the number of estimated annual flight hours in conjunction with
the nunber of B-737s in each of the various categories, the FAA has
calculated that the uU.s.-registered B-737 fleet logged3.308 million
flight hours in 1998, which, in turn, produces a weighted average of

2,750 flight hours per B~-737 in 1998,

E.3. Future B-737 Fli ght Hours

In order to estimate the future nunber of total B-737 flight hours, the
FAA has -assumed that the estimated nunber of flight hours per B-737 in
1998 'will remain constant during the 20-year tinme period. Under that
assumption, the annual rate of increase in the B-737 fleet flight hours
Wi || be identical to the annual net rate of increase in the B-737 fleert,

whi ch woul d be 4.1 percent.
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5 snewn 1n Table IV-4, using a 4.1 percent annua] increase
in the number of U.S.-registered B8-737 Ileet flight hours results 1in

rhem growing from 3.318 million in 1998 to 7.119 million in 2017'

TABLE IV-4
ESTIMATED TOTAL NUMBER OF FUTURE B-737 FLIGHT HOURS

Number of B-737 Flight Hours

Year (in millions of hours)
1998 3.318
1999 3.45¢4
2000 3.596
2001 3.743
2002 3.897
2003 4.056
2004 4.223
2005 4,396
2706 4.576
2007 4,764
2008 4.959
2009 5.162
2010 5.374
2011 5.594
2012 5.824
2013 6.062
2014 6.311
2015 6.570
2016 6.839
2017 7.119
2018 7.411
2019 7.715
2020 8.031

TOTAL (2000-2020) 108.190
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A. INTRODUCTION AND BACKGRCUND

an £IR system does not, in and of itself, prevent accidents; it .5 an
investigative tool that has traditionally been used after an accident or
an incident to provide a greater understanding of its dynamics and
probable causes. Recently, several airlines are beginning to collect
FDR system information about routine flight operations in order to share
(through developing Flight Operations Quality ASSUrance Programs (FOQA))
and facilitate identifying trends in an airplane’s performance and
£light crew actions that My identify potential problems before an
accident occurs. Discovering these trends may all ow the airlines and
the FAA to take corrective action without necessarily waiting for an

accident to reveal a potential problem

Based on the two B-737 accidents for which the NTSB coul d not
definitively determine the causes, the FAA has concl uded that B-737 FDR
systens do not record all of the appropriate flight data parameters.
Consequently, increasing the number of flight data paraneters recorded
by B-737 FDR systems woul d increase the probability that it would record
flight data that could conclusively establish the causes of some future
B-737 accidents. Wthout these flight data, the causes of some future
B-737 accident may not be discovered. Further, these flight data may
reveal apotential accident cause after an incident investigation and
subsequent corrective action may be takento prevent the first potential
accident. Thus, this increase in recorded B-737 flight data could
increase the probability that corrective actions may be taken that woul d

prevent a simlar, future B-737 accident.
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3. ORGANIZATICON CF THIS CHAPTER

It 1s difficult to quantify the penefits of increased information
because an DR system is an investigative tool, and unlike a safgty
aevice, absent flight dataneither CauUSES nor contributes to an airplane
accident. Therefore, any safety benefits of recording additional flight
data parameters Woul d arise from the additional information’s
contribution to discovering a potential accident cause, which then
results in corrective measures to prevent a future accident. However,
the FAA has no general |y accepted nethod to neasure the increased
probability that additional flight data would identify a potentia

accident cause that would not otherwise have been identified.

As a result, this chapter is organized to first present a qualitative
discussion of the potential benefits that may be the result of recording

additional flight data parameters. |t then presents, to illustrate the -

general types of benefits that may arise fromrecording additiona

flight parameters, a brief discussion of how recording additional flight

data paranmeters ledto discovering the hazards caused by w ndshear and
the resultant devel opment of rules and training prograns that have

successfully reduced that hazard

In addition to those qualitative discussions, this chapter contains an
estimated range of quantified benefits that may result fromthe proposed
rule. It first presents the potential quantified benefits from
preventing a B-737 catastrophic accident., |t then presents an estimated
number of potential B-737 accidents with a quantitative estimte of the
potential benefits that may occur if the future B-737 rate of accidents
Wi th an undi scovered cause would be the same as the future rate of

simlar B-737 accidents. |t concludes by providing several alternative
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rzpabilizies concerning :the 2ffecrtiveness of the propcsed rule 1n
preventing_these potential, fusure 3-737 catastrophic unexplained
accidents.

C. QUALITATIVE BENEFITS

C.1l. Ceneral Benefits from Increased Flight Data Information

It needs to be noted that the follow ng discussion of the potenti al
qualitative benefits fromthis proposed rule for B-737s parallels that

same discussion in the FAA's January, 1997, Final Regulatory Eval uation

of the Final Rule Revisions toDigital Fl i ght Data Recorder Rules (1997

DFDR Regulations). The similarity arises because the central underlying

principle of both this proposed rule and the 1997 DFDR Regul ations is
that the cause of a future accident nmay not be discovered unless

additional flight data infornation were available to the accident

investigators.

Previous i ncreases in the nunber of recorded flight data paraneters
required have enhanced the investigators' apjlity to deternine the
causes of airplane accidents. The benefits from this enhanced ability
to establish the causes of airplane accidents have been two-fold. (e
benefit has been that know edge about the causes of airplane accidents
has directly led to corrective actions (i.e., ajrplane nodifications or
changes in operating procedures) that has prevented future accidents. A
second benefit is that this know edge about the causes of airplane

acci dents has nore precisely defined those airplane nodifications and

operational problens that need t0 be addressed by research and

devel opment prograns.
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data parameters would occur in conjunczion with the develcping FOQA
programs. The success of these programs in enhancing airplane safety
will depend upon the success of analysts to evaluate recorded data from
routine f£light operations to spot potential emerging problems from
rrends reveal ed by those data. Consequently, recording additional
flight data parameters may increase the likelihood of these types of
analyses discovering potential airplane problems before they cause an

accident.

Nevertheless, precisely because the cause oOf the two B-737 accidents is
unknown, the FAA cannot state with certainty whether the conditions that
caused these two accidents will recur. Further, even if those
conditions were to recur, the FAA cannot state with certainty that these
proposed additional flight dataparaneters woul d capture those

condi tions because those conditions may not be detected by the proposed
additional flight data paraneters. Thus, the FAA cannot deternine with
certainty the potential increase in the probability of determning a

future B-737 accident's cause that this rule would provide.

However, two B-737 accidents in the past 10 years far which the causes
could not be definitively determned provide the FAA with a reasonable
basis to conclude that, had nmore flight data information been recorded
the investigators would have had a greater probability of discovering
t he causes and recommendi ng appropriate corrective action. Further, the
NTSB and FAA both believe that, based on their eval uations of the two B-
737 accidents, these additional flight data parameters would, in fact,
provide the necessary answers if a similar future B-737 acci dent were to

occur.
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T.Z. An Illusrtrative Ixample of the Benefirs from Increased

Tliznt Zata - Windshear Related Acciden<s

The current situation, in which the investigations of the two B-737
major accidents could not definitively determine their causes, 1s, in
important respects, similar to the history of accidents caused by
windshear. At first, there were a series of accidents for which the
cause could not be determined. Then, through the accumulation of
pertinent FDR system information over a period of time, the cause of the
accidentsWas determined to be wi ndshear and corrective actions were

taken.

W ndshear has been a cause of accidents since the beginning of aviation;
however, until the early to mid-1970s the aviation comrunity did not
fully appreciate the effects of w ndshear on a | owflying airplane.
Although the 6-parameter FDR systens in use at that time were sufficient
to determine that Wi ndshear was present, the available information was
insufficient to deternmine airplane performance and flight crew response
in those situations (information that would have been extremely useful
in developing appropriate corrective neasures). To a |large extent,
therefore, the realization of this windshear effect resulted fromthe
anal yses of datafrom engine, flight control, and aerodynanic paraneters
recorded on enhanced 17-parameter FDR systens equi pped on the newer

wi de- bodi ed airplanes.

The value of increased flight data infornation as an investigative tool
is seen in the following three exanples of investigations of major

acci dents invol ving windshear:!?

2 Federal Aviation Administration, Final Requlatory Evaluation of the
Final Rule Revisions to Digital Flight Data Recorders Rules, Jan. 1997.
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- The Cecemper 17, 1373, Iberia Li, 2C-10-30 crash 3¢
30s-cn, otecame *“e first J.S. aczcident where w-ﬂdsqea: could be
positively identified as a cause of a large airplane accident. The IC-
10’'s 96-parameter FCR sysztem provided investigators with their first
al glimpse at the windshear phenomenon. The accurate and detailed
cord of critical airplane performance and configuration p'oduced Dy
1e FDR system provided lnvestigators their first opportunity to
ubstantiate the effects of windshear. As a direct result of the
iAfo rmation cktained from the FDR system, the NTSB was able to determine
haz the aircraft encountered windshear.

(1

- The investigation of the Eastern Air Lines Jamaica, New York crash on
June 24, 1975 made extensive use of the FDR system’s recorded
information. The investigation centered on the flight recorder data
from the Boeing 727 that crashed, and two 0C-8s and an L-1011 that
encountered weather difficulties in New York that day. The best
information came from the L-1011, which had an expanded parameter FDR
system. The microburst phencmenon was first described from this
investigation and, as a result, training programs were developed to
teach flight crews to recognize microburst situations and to instruct
them in the appropriate maneuvers to undertake in such situations.

-~ The Pan Am July 9, 1982 is another example where the accident
investigation made extensive use of the FDR system’s recorded
information. From investigations of the FDR system’s data it was
determined the probable cause to be windshear.

Without flight recorder data, the causes for many of these accidents
would probably have been labeled as pilot error. However, once the
cause was properly identified, government and industry combined their
efforts to develop ground based and airborne windshear detection
systems, improved flight guidance systems, to make changes in training
techniques, and to take other corrective measures. In addition, the FAA
adopted a rule in 1990 specifically targeted to prevent windshear-
related accidents. As seen in Table V-I, the number of windshear

rel ated accidents has become nearly zero since the introduction of the

1990 rule and the other actions.
The FAA believes that a simlar result for the currently unidentified

causes of the two B-737 accidents may be obtained by recording the

additional flight data paraneters.
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TABLE V-1

WINDSHEAR RELATED AVIATION ACCIZENTS TO TRANSPORT CATEGORY AIRPLANES:?

Number of Serious Mirnor
Year Accidents Fatalities Injuries Injuries
1375 2 112 12 N/A
1376 3 9 93 N/A
1977 1 0 0 0
1378 1 0 0 0
1379 1 4 2 0
13980 1 1 1 0
1981 0 0 0 0
1382 6 155 21 0
1983 1 0 0 0
1384 3 0 0 0
1985 3 135 17 0
1986 1 0 2 0
1987 2 0 0 0
1988 1 0 0 0
1989 1 0 0 0
1990 1 73 81 0
1991 0 0 0 0
1992 0 0 0 0
1993 0 0 0 0
1994 0 0 0 0
1995 1 0 1 0
1996 1 0 0 5
1397 0 0 0 0
1998 0 0 0 0
TOTAL 30 489 230 5

D. ESTIMATED QUANTIFIED BENEFITS FROM PREVENTI NG A CATASTROPHI C B-737
ACCl DENT

D.1. Methodol ogy and Assunptions

D.l.a. Methodol ogy

Several different methodol ogies can be used to quantify the potential

benefits of preventing a catastrophic B-737 accident, but given the tine

13 Sources are Federal Aviation Administration, Final Requl atory

Eval uation of the Final Rule Revisions to Digital Flight Data Recorder
Rul es, January 1997, TABLE 1; and recent data fromthe National Aviation
Safety Data Analysis Center.
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1y

nd resource constralits, the FAA has concentrated on only two.

'y

The first methodology constructs a hypothetical scenario involving an
“average” scheduled airline B-737 flight that suffers a catastrophic
accident. The second methodology constructs a "worst case" scenario in
which the largest B-737 series is completely filled with passengers and

suffers a catastrophic accident.

Another methodological consideration is whether or not to discount the
quantified benefits. The advantage of discounting is that the
quantified benefits and costs would be estimated using the same
methodology. The disadvantage of discounting is that it may give the
impression that preventing a fatality today has a greater val ue than
preventing a fatality 10 years from today. Sinilarly, the advantage of
not discounting is that the assigned nonetary value of preventing a
fatality woul d be the sane whenever the fatality would have been
prevented. The di sadvantage is that undiscounted quantified benefits
cannot be validly conpared to discounted costs. As a result, the FAA
has determined that discounting the quantified benefits is the

appropriate nethodol ogy in order to allow a valid cost and benefit

comparison.

D.1l.b. Assunptions

The FAA has made the follow ng assunmptions to quantify the benefits from
preventing a B-737 acci dent:

(1). The future B-737 accidents that the additional flight data
paraneters would prevent (if the parameters were to reveal a specific
problem that would be correctable) are catastrophic accidents that
result in the deaths of all aboard and the total destruction of the

ai rpl ane.
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.2) . The average annual net rate of growth 1n the =zotal
aumper of B-737 flight hours will squal -he projected average annual net
rate of growth of 4.1 percent*' in the number of 3-737s.

(3). Based on the Department of Transportation’s latest estimate,
~ne value of a fatality avoided is $2.7 million in year 2000 dollars.

{(4). The average value of a destroyed B-737 would be about $20
million®® - noting that this is a weighted average value based on the
current distribution of B-737s airplanes by series and age in the U.S.-
registered fleet.

(5). Based on the Lockerbie, Scotland, investigation {(updated to
year 2000 dollars), the FAA estimates that an airplane crash
investigation would cost the U.S. government, the airline, and the
manufacturer about $31 million.

(6). The ground collateral damage would average about $5 million
per accident with no fatalities among the ground personnel.‘®

(7). A 20-year time frame because these have been infrequent
accidents and a sufficient period of time is needed in order for the
probability of a potential accident to be greater than 0.5.

(8). The discount rate used is the OMB-mandated 7 percent rate

that government regulatory agenci es use in their cost/benefit analyses.

D.2. Quantified Benefits for Avoiding a “Typical” B-737 Accident

In the two B-737 acci dents whose causes are not established, one of them
was near passenger |oad capacity and the other was well below capacity,

a pattern that is not typical of these airplanes in US. donestic

4 FAA Aerospace Forecasts Fiscal Years 1999-2010, March, 1999, p. III-
45.

Y Avitas, Jet Aircraft Values, 2nd Half 1997, 1997. .

' wviously a truly "worst case" scenario would have a B-737 crashing
into a nuclear power plant or the Trump Towers at 2:30 P.M on a
Wednesday. However, the FAA believes that using that extreme exanple
stretches the exanpl e into the real m of fantasyl and.
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lu.ed commercial aviation servige. Consequently, the TAA

~ v > ¢ m 3o~ m el I3 “w r ’” )
constructed a hypothetical med Of an “average” ,umpar 5 passengers in
an average B-737 U.S. domestic scheduled flight rather than using an

average of the two previous accidents.

The listed maximum Seating capacities for the variocus B-737 models range
from 110 passengers to 175 passengers for the B-737-300, with the
weighted average of the current fleet (based on the number of B-737s by
individual model in service) being about 130 passengers. rphe FAA has
estimated that the average domestic Part 121 aircraft operates at a 70.1
percent | 0oad factor,'” which yields an average of 91 passengers and 5
Crew members (pilot, co-pilot, and three flight attendants) per B-737
flight. Thus, the FAA has determined that the "average" B-737 U.S.

domestic scheduled passenger flight transports about 96 people.

On that basis, the FAA has estimated that an "average" B-737 accident
woul d incur "costs" of about $259.2 million for the 96 fatalities, about
$20 million for the destroyed B-737, about $5 million for the collateral
ground damage, and about $31 nmillion for the accident investigation.
Thus, the quantified benefits frompreventing an "average" B-737

accident would be about $315.2 nmillion.

D.3.Quantified Benefits for a “Worst Case” B-737 Accident

Wth a listed maxi mum seating capacity of 175 passengers, the B=-737
woul d be required to have 6 flight crewmembers (pilot, co-pilot, and 4
flight attendants) for a maximum of 181 peopl e. In addition, this

maximum Seating capacity would be for in a new B-737-900, whi ch has an

average cost of about $57.5 mllion.
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Onthat basis, the FAA has astimated that a “worst case” B-737 accident
would “cost” about $488.7 million for the 18l fatalities, about $537.5
million for the B-737-300, about $5 million for the collateral damage,
and about $31 million for the accident investigation. Thus, the total
quantified btenefits from preventing one "“worst case” B-737 catastrophic

accident would be about $582.2 million.

E. ESTIMATED RATZI OF B-737 UNEXPLAINED CATASTROPHIC ACCIDENTS AND

PROJECTED NUMBER OF FUTURE SIMILAR ACCIDENTS

B-737s have logged about 92 million flight hours in the United States
since the first B-737-100 entered commercial service in 1968%%,

Dividing that 92 million flight hours into the 2 B-737 catastrophic
accidents whose causes have not been discovered generates an historical
accident rate per flight hour of 2.17 E-8 for catastrophic, unexplained

B-737 acci dents.

As developed in Table IV-4, the FAA has projected that there would be
about 108 mllion B-737 flight hours in the United States during the 20-
year time frane of this analysis. Miltiplying the historical B-737
accident rate by the nunber of projected future B-737 flight hours
generates an estimate of between 2 and 3 (the statistical expected
nunber would be 2.34) unexpl ai ned cat astrophic B-737 accidents in the
Uni ted States that woul d occur during the next 20 years if the following
assumpt:ions are accurate:

(1). The flight data paraneters needed to deternine the causes of

t hese accidents woul d not have been recorded under the 1997 DFDR

' FAA Aerospace Forecasts Fiscal Years 1999-2010, March, 1999, Table
14, p. X-16.
*® Source is the National Transportation Safety Board
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r2guLaTlOons.,
{2) .- The historical 3-737 accident rate would continue ;, .ag
apsence of recording the additicnal £light data parameters required by

the proposed rule.

F. ESTIMATED POTENTIAL QUANTIFIED LOSSES FROM B-737 UNEXPLAINED FUTURE

CATASTROPHIC ACCIDENTS

F.l. Expected Years of the Future B-737 Accidents

« -

The impact that discounting has upon the present value of the prevented
accident critically depends upon the date it would have occurred. pqof
example, the impact of discounting on the present val ue of the prevented
accident would be minimal if the prevented acci dent woul d have occurred
within a year or two after the pronulgation of the final rule, whereas
the impact of discounting on the present value of the prevented accident
would be at its greatest if the prevented accident woul d have occurred
19 years after the pronulgation of the final rule. when determining the
probable date of the potential prevented accident, the appropriate
statistical approach is to determine the year in which the cumulative

probability of the accident occurring reaches 0.5.

Using that theoretical approach and renenbering that the number of
flights is increasing by 4.1 percent every year, if 2 accidents were to
occur during the 20-year time period, the statistically likely years of
their occurrences would be in 2006 and 2016. |f the statistically
expected val ue of 2.34 accidents were used, the statistically likely

years of the two accidents occurrences would be in 2005 and 2014.

Finally, if 3 accidents were to occur during the 20-year tine period,
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F.2. Estimated Potential Quantitative Losses for “Typical” B-737

Thus, as seen in Table V-2, using the “average” estimated number of
fatalities, the present value of the total cost of the B-737 accidents

would be between $296 million and $458 million over the 20-year period,

with the expected average value of $343 million.

F.3. Estimated Potential Quantitative Losses for "“Worst Case” B-737

Accidents

Thus, as seen in Table V-2, using the “worst case” estimated number of
fatalities, the present value of the total cost of the B-737 accidents

would be between $547 million and $846 million over the 20-year period,

with the expected average value of $633 million.

F.5. Summary of the Potential Quantitative Losses for B-737

Accidents

Thus, as seen in Table IV-2, the present value of the potential losses

over 20 years discounted at 7 percent can range from $296 million to

$846 million, depending upon the assumptions. If the expected value of

the number of B-737 accidents (2.34) were used, the present value of the

losses would be between $340 million to $633 million.
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TABLE V-2

PRESENT VALUE OF THE QUANTIFIED LOSSES TRCM THE
POTENTIAL B8-737 ACCIDENTS
(in $ millions)

CATEGORY NUMBER OF ACCIDJENTS
2 ACCIDENTS 2.34 ACCIDENTS 3 ACCIDENTS
1. Worst Case 547 633 846
2. Average 296 343 458

G. ESTIMATED POTENTIAL QUANTIFIED BENEFITS OF THE PROPOSED RULE

G.l. Effectiveness of the Proposed Rule

Since the 1997 DFDR regulations, several incidents of uncommanded rudder
movement have occurred for which the FDR systens were unable to record
their causes. This experience has denonstrated that, until the cause of
t hese uncommanded rudder movements can be determined, proposed EDR

syst em enhancenments can not be assumed to be conpletely effective a
priori. Nevertheless, it is the expert judgment of the NTSB and the FAA
that this proposed rul emaki ng woul d identify the causes of these

uncommanded rudder novenents.

G.2. Decision Errors

There are two possible decision errors fromthis rulenmaking. The first
error is that the expert judgnment of the NTSB and the FAA is accepted
when this judgment is incorrect. The cost of this error is equal to the
cost of this rulemaking, if no other benefit occurs. The second error
is that of rejecting the expert judgment when in fact it is correct and
one or nore unexpl ai ned B-737 accidents occur as a result. Using the

previously described benefit nethodol ogy, one avoi ded B-737 acci dent in
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n2 nexX: 51X years would cffser the estimated 5205 million
incremental compliance cost of this proposed rule. As the cost of the

rule, once the rule would be implemented, would occur regardl ess of the

outcome, the decision error of rejecting the expert judgment when it is

correct increases as an otherwise avoidable B-737 accident occurs closer
to the present, l.e., if an accident occurs this year the loss would be

about $315 million.

G.3. Quantified Potential Benefits from the Proposed Rule

Wwith an expected value of 2.34 B-737 unexpl ai ned accidents during the
next 20 years, the present value of the losses is estimted to be
between $340 million to $633 million. The benefit of these expected
preventabl e accidents nust be allocated between identifying the problem
and the inplemented solution; i.e., the resultant regulatory action.

The purpose of this proposed rulemaking is to identify the cause of the

uncontrol |l ed rudder novenents.

As the existing onboard flight data recorders did not provide enough

information to determ ne the cause of uncontrolled rudder nmovenents in
several separate incidents, the risk of an accident is likely to be rea
and the cause renains undetermined. FEyen if it cannot be specified, a
priori, how effective this proposed rulemaking will be, it '"is clear the

identification for the cause of these uncontrolled rudder novenents is a

necesgsary condition for a solution

If the proposed diagnostic inprovenents fromthis proposed rule
correctly identify the causes of these incidents, then at |east one
expected avoi dable accident can be attributed to this rul enmaking.

W thout diagnostic inmprovements to the existing B-737 FDR systens, the
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seguenze 0I 1ncidents with indeterminate cause(s) may continue

antil am uhcontrolled rudder accident occurs and the cause is then
determined from the wreckage. While more than one accident could be
attributed to this proposed rulemaking, one prevented B-737 accident
today is worth approximately $315 million, or a present value exceeding

$200 million any time within the next six years.
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VI. CCMPLIANCE COSTS

A. INTRODUCTION

The proposed rule Woul d impose compliance costs On several different
parties, obut the three principle parties would be Boeing, third-party
holders of certain B-737 FDR system Supplemental Type Certificates
(stC), and owners/operators of B-737s. The proposed rule woul d affect
all existing U.S.-registered B-737s as well as all future manufactured

B-737s that woul d have a U.S.-registry.

B. FAA REQUEST FOR COMMENTS AND DATA

The estimated increnmental conpliance costs in this Initial Regulatory
Eval uation critically depend upon the underlying nethodol ogy,
assunptions, and data. The FAA requests comments on the nethodol ogy,
assunptions, data, and estinmates made in this analysis. The FAA al so
requests that commenters provi de supporting data to correct any errors

or to increase the accuracy of the FAA estinates.

C. AVALABILITY OF SPREADSHEETS

The spreadsheets that are the bases of the numbers reported in the text

are available in the Appendices to this report.

D. BASELINES, METHODOLOGY, AND DATA SOURCES
D.1. Baseli nes

The baselines used to conmpute the increnmental conpliance costs with this

proposed rule are (1) current industry practice; and (2) the expected
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fuzure industry practices were the proposed rule not promuljated.

Some B-=737 operators currently record more flight data parameters than
the minimum number required by the 1397 DFDR regulations. As the
estimated compliance costs are incremental (the “delta” in engineer-
speak) ccsts, those operators whose B8-737s al ready record some of the
prcposed additional flight data parameters would not incur compliance
costs for those particular flight data parameters. However, those same
operators would incur compliance costs to retrofit their B-737s to
record the proposed new flight data paraneters that are not being
recorded. Consequently, different operators will start from different
initial baselines and the resultant increnental conpliance costs wll
differ depending on the FDR system and the nunber of flight data

parameters being recorded.

In addition, the conpliance costs with this proposed rule are cal cul ated
from the baseline that the B-737 operators and Boeing have incorporated
(or will incorporate) the 1997 revisions to the flight data recorder
rule. Further, any costs to conply with those 1997 revisions are not
included as a cost of this proposed rule. The FAA contends that those
expenditures are, in econom st-speak, "sunk costs" that woul d been spent
regardl ess of whether this proposed rule is promulgated. Nevertheless,
the FAA has provided sone estimates of those conpliance costs for the B-
737s in this Initial Regulatory Evaluation in order to provide a more
conpl ete picture of the total costs of conplying with recent and

proposed future flight data recorder requirenents.
The ot her baseline used is that the incremental conpliance costs are

cal cul ated over the same 20-year tinme-frame starting in the sane year

(2000) as is used to quantify the estimted potential benefits.
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2.2. Mezhodology
The estimated compliance costs of this proposed rule do not include any
estimates of future costs rules that the FAA may develop in response to

the additional recorded flight data.

The two analytically equivalent methods to express compliance costs are:
(1) the discounted present value; and (2) the annualized cost. The
discounted present value is the sum of each future year’s costs over the
appropriate time period discounted by the rate of return back to the
first year. The principle governing this procedure is that, independent
of inflation, a dollar spent (or received) in the future is valued less
than a dollar spent (or received) today. Discounting is simply the
means to calculate the current year's equivalent value of a future
payment or receipt. The annualized cost is calculated by transforming
the discounted present value into a yearly cost based on the rate of
return over the entire time period. Analytically, these two methods are
equivalent to a property purchase in which the val ue of the mortgage
(assuming no down payment) would be the discounted present value while

the yearly nortgage paynent woul d be the annualized cost.

The FAA has chosen to use the discounted present val ue conpliance costs
because about 8opercent of the costs would be incurred by August 18,

2001. Using an annualized cost would be sonewhat nisleadi ng because it
woul d give the inpression that these costs coul d be spread out over the

20-year time-period.
The rate of returnis a critical factor affecting the conpliance cost

calculations. This Initial Regulatory Evaluation has used a7 percent

rate of return because, in order to ensure consistency among Federal
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ragulatory agencies, OMB has mandated that Federal agencies use a
7 vercent rate of return when evaluating prcoposed and final regulatory

actions.

D.3. Data Sources Used to ESstinate the Compliance Costs

The FAA has relied upon several different data sources for the estimated
incremental compliance costs. As described in Chapter III of this
Initial Regulatory Evaluation, the FAA has used an ATA survey in

conjunction with both the 1999 World Jet Survey and the FAA Nati onal

Aviation Safety Dataanal ysis Center (NASDAC) systemto determni ne the
number of U.S.-registered B-737s by operator, series, and airplane age
This information, in turn, allowed the FAA to estinmate the number of

these ai rplanes that have a FDAU as well as the nunmber of flight data

parameters currently recorded by each B-737.

To determine the individual FDR system equi pnent costs, the FAA has used
cost data supplied by 2 recorder and FDAU nanufacturers as well as cost
dat a supplied by several airlines. The ATA survey also reported its
members’ estinmates of the costs of conplying retrofitting their B-737s
to conply with the proposed rule. Further, representatives of 6
airlines" directly provided estimates to the FAA of their actual and
expected costs to retrofit FDAUs and to rewire their B=737s to increase
t he nunmber of recorded flight data parameters from1l1l8 to 22. A
representative of a repair ‘facility provided estimates of the costs to
obtain STCs as well as the costs to retrofit the new proposed flight
data paraneters (a)(89) through (a)(91) and (a) (88) with its increased

sanpling rates to existing B-737s. Boeing alsoprovided a prelimnary

 Allied Signal and Tel edyne. . .
2% southwest, United, USAirways, Continental, Delta and America West.
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astimate of the anticipated costs of manufacturing future 3-737s
with the capability of recording the proposed new flight data

parameters.

Finally, the FAA has relied on its analysis and expertise to provide
certain individual cost and hour estimates when other datawere not
available or could not be obtained.

E. GENERAL DISCUSSION OF THE COSTS OF COMPLYING WITH THE PROPOSED RULE

E.l. General Categories of B-737s Used to Estimate Potential

Compliance Costs

The FAA basic unit for cal culating the conpliance costs was the B-737
series (i.e., 200, 300, 400, etc.). In addition to those 8 basic
series," the rFaa also differentiated between the B-737-200 and the B-
737-200 Advanced. Finally, for the B-737-300, -400, and -500, the FAA
separated each of those 3 models into 2 groups; those manufactured
before October 11, 1991, and those manufactured after October 11, 1991.
This separation was nmade because all airplanes nanufactured after

Oct ober 11, 1991, were nmanufactured with a FDAU. Thus, there are 12
basic categories of B-737s for which the FAA estinated an individua
conpliance cost. However, it should be noted that there is sufficient
simlarity anmobng these B-737 series that these individual conpliance

costs are the sane for several of these different series.

Finally, these categories were further divided into 4 sub-categories

because the same series airplane would incur different unit conpliance

21 The FAA believes that no B-737-100 FDR systemwould be retrofitted to
conply with the proposed rule due to the expense and the very short
future life expectancy of those airplanes in schedul ed service.
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ccsts depending upon its FDR system’s capability. These 4 sub-
categories of B-737s are: (1) pre-Octcber 11, 1991, B-737s that do not
have & FDAU and have (or will be) :pgraded to record the 18 flight dara
paraneters; (2) pre-October 11, 1991, B-737s that have a FDAU and have

been {or will be) upgraded to record the 22 flight data paraneters; (3)
post-October 11, 1991, B-737s that have a FDAU and record at least the

34 flight data parameters; and (4) B-737-600/700/800/900s ( Next

Generation (NG) B-737s) that have a FDAU and record at |east 57 flight

dat a parameters.

E.2. Causes of the Conpliance Costs with the Proposed Rule

The causes of the conpliance costs with the proposed rule would be the
following: (1) One-time coStS to reengineer existing B-737 FDR SysSt ens;
(2) One-time equi prent and | abor costs to retrofit additional FDR system
equi pnent in existing B-737s; (3) One-tinme |ost revenue from additional
out-of -service time to conplete a retrofit; (4) One-tine equipnent and

| abor costs to install additional FDR system equi pment on future

manuf actured B-737s; (5) Annual operational costs for parts and |abor to
inspect, maintain, and replace the additional FDR system equi prent; and
(6) Annual operational costs of additional fuel consunption due to the

increased weight from the additional FDR system equipnent.

E.3. Assumptions Used to Estimate the Unit Labor Costs

The FAA does not have the resources to visit each conpany and eval uate
-its salary and internal review structures to determne that conpany's
specific cost structure. Rather, the FAA has assumed that a standard
l evel of engineering conpetence is required to conplete a reengineering

desi gn analysis and that there i S an average aerospace engi neer's hourly
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waje raze across all companies that would perform this aralysis.

This average design engineer’s hourly wage rate i1s then adjusted <o

W]

czcunt for fringe benefits, which nakes it hourly engineer’s
compensation  rate.  This hourly total compensation rate is then further
adiusted o account for the compensation paid for the supervisory,
clerical, administrative,|egal, etc. time associated with the
completion of a FDR system reengineering design anal ysis. These non-
engineering hours are not directly included in the estimated timeto
complete the FDR system reengineering. On that basis, the FAA has

cal cul ated that the adj usted engineer hourly total conpensation rate
would be $100. Further, the average engi neer work year is assunmed to be

2,000 hours, for an adjusted engineer year |abor cost of $200,000.

The FAA has followed that same approach in establishing an adjusted
hourly total conpensation rate for airplane nmechanics. That is, hourly
fringe benefits are added to the hourly airplane nechanic wage rate to
obtain an hourly conpensation rate. Then, rather than estimating the

i ndi vidual numbers of additional supervisory, clerical, admnistrative
etc. hours that would be required to conplete the installation and then
mul tiplying those hours by the various conpensation rates, the FAA
adjusted the nechanic hourly conpensation rate to account for those
other labor costs. On that basis, the FAA has calculated an adjusted
hourly total conpensation rate of $75 an hour for a maintenance mechanic
(which is $15 an hour nore than the FAA has used in its calculations of

| abor costs in airworthiness directives (ADs).

F. ENG NEERI NG TI ME COSTS FOR B-737 STC HOLDERS
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As this is a part 121 and par*t 125 cperating rule, the ultimate
responsibility for compliance with the proposed rule lies with the B-737
cwner/operators. In complying with previous FDR system changes in
response to an FAA rule change or an issued AD, the general historical
pattern has been for the larger airlines to either use their own
maintenance or a third-party modification shop and the smaller airlines
to use either the maintenance facilities of larger airlines or of other
third parties. Assuming that this pattern would continue for this
proposed rule, then the FDR system STC holders (the larger airlines and
the larger third-party maintenance facilities) would need to obtain a

modified STC for any substantial alteration of a B-737 FDR system.

The standard practice associated with past changes in B-737 FDR systems
has been for Boeing to perform the initial reengineering and then to
issue a service bulletin, which serves as the basic blueprint used by
the FDR system STC holders. However, Boeing has not developed service
bulletins for flight data parameters (a)(19) through (a)(22), (a)(88),
or the proposed (a) (88) through (@) (91). Thus, the proposed rul e would
require each FDR system STC hol der to conplete its own engineering
analysis or to purchase the STC rights from an organi zation that has

done the engineering analysis and received the STC.

F.2. Acceptabl e Level -of Measurenent for Conpliance

In order to estimate the amount of engineering time needed to redesign
the FDR system the STC hol der needs to know the performance
requirenents that the nodified FDR system nust meet in order to be in

conpliance with the proposed rule. In light of that factor, Boeing
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axpressed concern about the requirements of f£light data parameter
‘887 ‘and - £51owi . . .

(a) (88] 'and presented the £ollowing :wo interpretarion options: (1)

Boeing Option 1 is that the prcposed £flight data parameter for rudder

control measurement would require only combined pedal input; and (2)

Boeing Opticn 2 is that the proposed flight data parameter for rudder

control force input measurement would require individual rudder pedal

Boeing Option 1l is consistent with its current B-737 manufacturing

specifications. Boeing Option 2 presents a different situation. yjtp

respect to Option 2, Boeing has reported that they

“donot have a viable design solution that does not entail major
underfloor structural modification and/or is a significant new
design and packaging development for the necessary transducers.

My current assessment is a design development phase of 18 to 24
months culminating in a new production solution with kits to
retrofit the extensive 737 fleet being available about & months
later. . . . Although Boeing does not have a promising
alternative to address the individual pedal force requirement, Qur
aviation industry has demonstrated time and time agaln the amﬁy

to develop creative and clever solutions. To ensure that we are
seeking the best available knowledge, it would be prudent to
collect the information for two alternatives in the public
comment . 22
Although the NTSB has recommended that the Boeing Option 2 be considered
the appropriate interpretation for compliance with ta) (88), the FAA has
interpreted its (a) (88) requirement to be consistent with the
interpretation in Boeing Option 1. Therefore, the engineering time

costs for the B-737 FDR system STC holders has been estimated based on

that Option 1.

F.3. Cost of Engineering Hours for B-737 FDR System STC Holders -

22 T.D. Fehr, Vice President, BCAG Airplane Systems, Fax Transnittal to
Jim Jones, Federal Aviation Administration, May 26, 1999.
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There are two general types of engineering design costs associated

with ctheé pEOPOSGd rule. The first type is the manufacturer’s or
airline’s engineering time required %o design the FDR system including
the parts (i.e., the recorder and the FDAU) to be used in a retrofitted
3-737 FDR system The second type is the engineering time required for
the airline or repair station to obtain a FAA Suppl emental Type

Certificate /Parts Manufacturing Approval (sTc/pMma) for the revised FDR

system

With respect to the recorder manufacturers’ engineering costs, industry
has reported that the increased nunber of recorded flight data
paranmeters would require that a solid state recorder (installed to
comply with the 1997 Revisions to the Flight Data Recorder Rule) with a
memory capacity of 64 words per second (wps) would need to increase its.
memory to 128 wps. This increase would involve a software change that
woul d require FAA approval. The FAAhas estinmated that these one-time
recorder engineering costs would be about $5,000 per airline per B-737
series. The FAA has further estimated that about 40 of these FDR
recorder approvals would be required, for a total one-tinme engineering

cost of about $200,000 for the upgraded recorders.

Al though the proposed rule would not specifically mandate a FDAU in
every B-737, airline and repair station avionics engineers were

unani nous in stating that retrofitting an airplane with a FDAU woul d be
less expensive than retrofitting it with a second FDR system (and
coordinating it with the first FDR systen) to record the additional
flight data parameters. Consequently, the FAA has assumed that an owner
of a B-737 that does not have a FDAU woul d have the FDAU retrofitted in
order to keep the airplane in service. Unlike upgrading recorder

menory, installing a FDAU woul d be a substantial nodification to the
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airglane and a FDAU manufacturer has es-imatedt hat obtaining raa
approval' to integrate its FDAU in an FCR system would take between 16
and 26 weeks and would cost about $200,000 for each airline B-=737
series/FDAU combination. However, the FAA has determined that after
about S such approvals, a manufacturer could use commonality
demonstrations to reduce this estimated time to between 8 and 12 weeks
and reduce the estimated cost to about $25,000 per approval. | t should
be noted that several of these applications can be submitted at one time
and the parts manufacturer would not wait for one airline’s FDAU

approval before submitting the next airline's FDAU for approval. The
FAA has estimated that about 40 of these FDAU approval s woul d be

required, for a total one-time engineering cost of about $2.75 million

for the FDAU approval s.

Even though each individual B-737 FDR system modification would need its
own STC, the actuality is that an STC hol der would subnit one basic STC
for the B-737 series that would apply to all of its B-737s in that
series. As noted earlier, nost of the major airlines would perform
their own engineering although a few would contract it out to a few
large third-party mai ntenance facilities. However, nost, if not all, of
the small fleet operators (20 or fewer B-737s) would contract out their
mai ntenance to those third-party maintenance facilities. As a result,
not every B-737 owner/operator woul d need to performthe reengineering

i N order to obtain an STC because the nmjor airlines or |arge third-
party maintenance facilities would obtain a few and apply themto

multiple client/operators.
With respect to airline or repair station engineering time to obtain an

FDR system STC, its engineering staff would need to redesign the FDR

system ground test it, flight test it, and subnmit the draw ngs and data
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<o the FAA. Alrlines reported in the ATA survey %that 1t would

take zetween 3 months and one year 0 complete the entire
engineering/FAA approval process. The TAA believes that the higher
estimates reflect a worst case situation that would not represent the
average amount of time for this process to be completed. As a result,
the £AA has determined that 4 months would be the average amount of time
required for the entire process. The FAA has also estimated that 3
industry engineers would work full-time on each STC approval.
Consequently, the TAA has estimated that each STC application would cost
about $200,000. The FAA has further estimated that about 32 of these
STC applications would be made. On that basis, the FAA has estimated

that the one-time engineering cost for the FDR system STC applications

would be about $6.4 million.

Thus, the FAA has estimated that the total one-time engineering costs
for obtaining FAA-approved equipment and STCs woul d be about $9.15

millicon and would take about 5 nonths to be fully operational.

G. ESTIMATED NUMBER OF EXISTING B-737s THAT WOULD BE AFFECTED BY THE

PROPOSED RULE

G.1l. Introduction

The number Of B-737s that would be affected by the proposed rule is, of
necessity, an estimate because the nunber of newly manufactured U.s.-
regi stered B=737s as wel |l as the nunber of B-737s that would | eave U.S.
service cannot be precisely predicted. In addition to the total number
of B-737s, the nunbers of individual B-~737 nodel s need to be estimated
because the airplanes in different B=737 series would incur different

compliance costs.
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G.2. Assumptions

In order to determine the composition of the B-737 fleet that would be
affected by the proposed rule, the FAA has assumed that every B-737 that
will leave the U.S. registry in the next few years would be the older B-
737-100/200/300s not equipped with FDAUs. The FAA has al SO assumed that
the composition of the B-737 fleet at the end of the year 2000 is the
composition of the B-737 fleet affected by the proposed rule. The logic
for these assumptions is that, as will be seen, conpliance with the
proposed rule would be very expensive for older B-737s and those types
of airplanes would be more likely to be retired or sold out of the
United States than newer B-737s that would have | onger remaining
lifespans, |ower maintenance costs, |ower operational costs, and |ower
compliance costs. The end of year 2000 has been sel ected even though
the final conpliance date is August 18, 2001, because there are costs
associated with prematurely retiring or selling airplanes and these
costs have not been addressed in this Initial Regulatory analysis. A
further consideration is that the B-737s that Sout hwest and United
intend to retire during this time have been nunbered anong the airplanes
with FDAUs. Thus, though the year 2000 date may slightly increase the
numbers of the ol der B-737s, the FAA contends that this would not

significantly exaggerate the estimated conpliance costs.

G.3. Estimated Nunber -of B-737s Affected by the Proposed Rul e

Therefore, conbining Tables Iv-2 and Iv-3 along with the FAA' s
proj ections concerning the nunbers of the various B-737 series that
woul d be delivered in 1999 and 2000, the FAA has estimated, as shown in

Table VI-1, that the proposed rule would affect 1,306 B=737s, of which
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310 would have a oAU and 436 would not have a FDAU before the

prcposed rule’s compliance dates.

TABLE VI-1

NUMBER OF B-737s BY SERIES, DELIVERED YEAR,

AND FDAU STATUS AT END OF YEAR 2000

737 Series Pre Oct. Post Oct. Total With Total With
11, 1991 11, 1991 No FDAU FDAU
100 0 0 0 0
200 54 0 23 31
200-Advanced 246 Q 178 68
300 420 154 236 338
400 59 37 59 37
500 39 130 0 169
600 0 0 0 0
700 0 73 0 73
800 0 46 0 46
900 0 48 0 48
TOTAL 818 488 496 810

H. ESTIMATED EQUIPMENT AND LABOR COSTS TO RETROFIT FDR SYSTEMS

H.1l. Introduction

Compliance with the proposed rule woul d generate both one-time

retrofitting costs and increased annual operational costs for existing

B-737s. The incremental one-time compliance costs would consist of the

(1) the cost of the additional FDR system

following 3 conponents:

equi pnent (i.e., a FDAU (if necessary) and the additional wiring and

sensors); (2) the labor costs to retrofit the additional FDR system

equi pnent; and (3) the | ost revenue from-the tine the B-737 woul d be

out-of-service to conplete the retrofit.
costs woul d consist of the following

The increased annual operationa

two conponents: (1) the increased inspection and nai ntenance time as
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well as tne costs for repairs and maintenance; and (2) the
increased aviation fuel consumption due to the additional weight of =the

additional FDR system equipment.

H.2. COStS to Retrofit FDR Systems

H.2.a. Introduction

The costs to retrofit any individual FDR system woul d depend on its
existing equipment and the number of flight data paraneters it currently
records. In general, the FDR system conponents that woul d be affected
by the proposed rule would be the recorder, the FDAU, flight data

sensors, and the wiring

H.2.b. Summary of Costs to Retrofit FDR Systens

The summary of the total conpliance costs with the proposed rule has
been provided in Table vi-2, which sunmarizes the spreadsheet found in
Appendi x B. As shown in Table vI-2, the total retrofitting conpliance
cost would be about $124.3 million of which about $10 million would be
for replaced recorders, about $7.2 mllion would be for reprogranmed
recorders, about $30.1 mllion would be to retrofit a FDAU into the
airplane, about $7.5 million would be to reprogram existing FDAUs, and
about $69 million would be for additional sensors and FDR system

rewiring.

A summary of the retrofitting conpliance costs for an individual B-737
by series and by nunber of flight data parameters currently recorded is
provided in Table vIi-3, Table VI-4, and Table VI-5. As shown in those

Tables, there is a significant difference in these retrofitting costs.
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Tor 2xample, the costs to retrofit a newer B8-737 that records ar
least 34 parameters would be about $35,100, while the costs to retrofir

a B-737 that records 22 parameters would be between $68,800 and $90, 300,
and the costs to retrofit a B-737 that records 18 parameters would be

between $160,200 and $191, 400.

The bases for and estimates of the unit retrofit costs are described in

greater detail in the following sections.

H.2.c. Costs to Retrofit Flight Data Recorders

Based on industry estimates, the FAA has determined that: a new recorder
would cost about $25,000; upgrading the memory of an older recorder that
records 18 flight data parameters would cost about $10,000; upgrading
the memory of a recorder that records 22 flight data parameters would
cost about $5,000; and upgrading the memory of a newer recorder that

records at least 34 parameters would cost about $1,900.

With respect to the number of recorders in each of these categories, the
FAA has estimated that 20 percent of the recorders in the 496 FDR
systems that do not have a FDAU (99) recorders) would need to be
replaced while the remaining 397 recorders would need a $10,000 upgrade.
In addition, 322 recorders would need a $5,000 upgrade while 488

recorders would need a $1,900 upgrade.
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TABLE VI-2
TOTAL COSTS OF COMPLIANCE FOR RETROFITTING TO MEET THE PROPOSED RULE
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L2213 3-- T_x 3YSITSms nave a racorzer, 1T owould take aore lacor

ub

T .ame T 1n3ta_l anew -r2z2rder =Ran “2:ogradearecorder’s memor,
cecause the former acTiviiy wCUld INVOLYR ngrs FDR syscem Zesting and

verrfications than would the latter activizty. The FAA has est:mared
<hat Installing a new recorder would require 32 labor hours £0 remove
~he old raccrder and to install and to test the new recorder {(for a Z?ii
labor cost of $2,400) while upgrading a recorder would require 16 labor

hcurs to remove, tO reprogram, to reinstall, and to test (for a unitc

labor cost of 51,2C0).

On that basis, the FAA has estimated that the present value of the

w

equipment cost for replaced or upgraded recorders would be about $17.

million.

H.2.d. Costs to Retrofit FDAUs

Based on industry estimates, the FAA has determined that a new FDAU
would cost about $50,000, reprogramming an existing FDAU in a B-737 that
is recording either 22 flight data parameters would cost about $10,000,
and reprogramming an existing FDAU in a B-737 that is recording at least
34 flight data parameters would cost about $5,000. In the former FDAU
“reprogramming”case, the reprogramming would include both hardware
modifications and software revisions while the latter FDAU
“reprogramming” case would only include software modifications.

With respect to the FDAUs, the FAA has estimated that a FDAU would need
to be retrofitted into 496 B-737s, the $10,000 FDAU reprogramming would
occur in 322 B-737s, and the $5,000 FDAU reprogramming would occur in

488 B-737s.
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r2rzuting oL the TDR system wiring 2e€cause the racorder itself wrere
ne wires formerly terminatad) is lccatsd afs, while the FDAU would pe
izzazed in the front of the airplare. Thus, the wiring would now run

Irom <he sensors to tne FDAU and then back to the recorder. Relying
crimarily on estimates provided by airlines that have retrofit-ed FDAUs

inTo

1

heir B-737s, the FAA has estimated that this retrofitting would
taxke about 200 labor hours, which includes the associated labor hours =5
rewire the exlsting FDR system. The FAA has also estimated that the
lacor hours to remove, mivv to the manufacturer, reinstall, and test a

reprogrammed FDAU would take 48 hours for an older FDAU and about 40

nours for a newer FDAU.

On that basis, the FAA has estimated that the present value of the FDAU

equirment and associated labor costs would be about $37.6 million.

x 2 e Costs to Retrofit Sensors and Wiring

With respect to the additional sensors and wiring, the FAA has divided
the equipment and labor costs into two components: (1) the equipment
and labor costs to add flight data parameters ﬁmvﬁwwv through (a) (22);
and (2) the equipment and labor costs to add the proposed new flight
data parameters (a) (89) through (a) (91) and to add flight data

parameters found in (a) (88) with the propcsed increased sampling rates

The FAA estimates of the costs of sensors and wiring to add parameters
(a) (19) through (a) (22) is based on industry sources that have reported
that the mmnmmnu to supply these additional flight data parameters can
cost anywhere from $200 to $2,000 apiece - although one individual force

sensor is reported to cost $12,000. These additional sensors would also
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n222 WLILNT T2 Transmit thelr Lnputs o the TIAY.  Cinsegusn- Lo
- —- - - - ‘ F » - - - - = \ . :
Tne TAA na3as esTimarted tnhnat tha Iost of the sensors and wirin

"37 TTR system %o add parametzers ‘a) ({13) through (a) '22) would be acou-

52C.7000.

The TAA nis porimarily used the estimated labor hours supplied oy
airlines that have retrofitted flight data paramerters (a) (19) through
‘a){22) in their B-737s. On that basis, the FAA has estimated =hat, in
addition to the 200 labor hours associated with the FDAU rewiring,
rewiring the sensors and wiring for flight data parameters (a) (13)
shrough (a) (22) would take 200 labor hours for a B-737-200, a B-737-2C0
Advanced, or a B-737-400. It would take 400 labor hours for a 3-737-300
or a 8-737-500. Thus, the labor costs of adding flight data parameters
(a) (19) through (a) (22) would be about $15,000 for a B-737-200, a B-737-
200 Advanced, or a B-737-400, while it would be about $30,000 for a B-

737-300 or a B-737-500.

R}

On that basis, the FAA has estimated that the equipment and labor costs
of adding flight data parameters (a) (19) through (a) (22} would be about
$35,000 for a B-737-200, a B-737-200 Advanced, or a B-737-400 while it

would be about $50,000 for a B-737-300 or a B-737-500.

The difficulty in estimating the potential labor hours to retrofit
proposed flight data paraneters (a) (89) through (a) (91) is that these
flight data paraneters have not previously been recorded in the B-737.
As a result, only limted engineering anal yses are available to serve as
an experienced basis for an estimate. Consequently, the FAA has adopted
some preliminary industry estimates that it would cost about $10,000 for
the additional sensors and wiring to retrofit flight data paraneters

(a) (88) at a higher sampling rate and flight data paraneters (a) (89)
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Tnrtain : XL, 120 0330 inoa 2-737 TIR systam that now rassrss 02
L. -T e « o
Ili3ht data garamerters.  In addiTion, The TAA Ras asstima-ad =nhar =nals

it would involwve about 200 laber nours. On thar zasis, =he TAA

nas 2stimated that these labor £0s3t3 would be about 513,200 per

Thus, the FAA has estimated that the per airplane equipment and labor
costs of adding flignt data parameters (a) (88) through (a) (31) to a 3-

737 currently reccrding 22 flight data parameters would be about

finally, the FAA has adopted some preliminary industry estimates that it

would cost about $12,000 for the additional sensors and wiring to
retrofit flight data parameters (a) (88) at a higher sampling rate and
flight data parameters (a) (89) through (a)(91) (a)(88) in a B-737 FDR
system that now records 88 flight data parameters. [n addition, the FAA
has estimated that this retrofit would involve about 160 labor hours £or
these airplanes. On that basis, the FAA has estimated that these labor

costs would be about $12,000 per airplane.

Thus, the FAA has estinated that the per airplane equi pnent and labor
costs of adding flight data parameters (a) (88) through (a)(91) to a 8-

737 currently recording 88 flight data parameters woul d be about

$24,000.

Therefore, the FAA has estimated that the per B-737 retrofitting sensor
and wiring costs woul d be: about $84,000 - and takeabout 560 | abor
hours for a B-737-200 or a B-737-400 without a FDAU; about $100,000 and
take about 760 | abor hours for a B-737-300 and B-737-500 Wi t hout a FDAU;

about $49,000 and take about 360 | abor hours for an ol der B-737 airplane
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a newer 3-737 airolane,

Cn <hat basis, the FAA has estimatea <hat the Oresent y3lue of “he tora!

foakanY
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sensor and wiring equipment and labor costs to retrofis the 3-737

I. NET REVENUE LOSS FROM QUT-OF-SERVICE TIME

I.1l. Introduction

In previous FAA rulemakings in which airplanes were required to be
retrofitted with safety or inproved equi pnent, FAA estimates of the
potential lost net revenue associ ated with out-of-service time estimates
have been less than airline industry estimates. The reasons for these
differences have been several and varied. (ne reason may be that the
airline industry may have anticipated a | onger out-of-service time than
the out-of-service tine anticipated by the FAA.  Another reason may be
that the FAA had anticipated that the airplane would be retrofitted
during a regul arly schedul ed maj or mai ntenance check, while the airline
industry may have anticipated that it would not have that amunt of
scheduling flexibility and would have to pull the airplane out of

servi ce before the schedul ed mai nt enance check.  Another reason may be
that the FAA analysis was based on the net after-tax l|ost revenue
whereas the airline industry analysis estinmate was based on the |ost
gross revenue mnus the unspent operating costs. Another explanation
may be that the FAA is mandated by OMB to use 7 percent as the after-tax
riskless rate of return, whereas nost business financial analysts woul d
argue that a 15 percent to 20 percent after-tax rate of return is the

more appropriate val ue.
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=~ Wou.d, 2IlpCI LVRLY, r2gulra a 2-737 D ze taxkan

I service due to tns nigh numpber of labor nours Ior an IR systan

¢ and the fact that only a few meznanics Zan work on the
airglane’s FCR system simultaneously tecause of the limi-ed physical
WCr4 space. An out of service airplane does not generate net revenue
an2 tne longer the airplane is out of service, the greater the airlins's
ret revenue loss. However, if a retrofit were completed while the 3-737
15 undergoing a regularly scheduled maintenance check, only the net
ravenue lost from any additional out-of-service time could be considered
a cost of the proposed rule. For example, if an FDR system retrofit
would take 6 days and the B-737 is scheduled for a 3-day maintenance
check, only the lost net revenue from the additional 3 out-of-service
days would be a cost of the proposed rule. Thus, the lost net revenue
ve to an FDR system retrofit of a given duration depends upon whether .
the retrofit is performed during a reqularly scheduled maintenance check

or whether the airplane must be taken out of service solely to perform

the retrofict.

I.2. Methodology

The methodology used by the FAA in this Initial Regulatory Evaluation to
estimate the lost net after-tax revenue is based on the principle that a
commercial airplane is a piece of capital equipment. In economic
theory, the after-tax return on a piece of capital equipment will be
equal, in equilibrium to its capital value (price) multiplied by the
risk-free rate of return. Thus, the FAA has calculated the potential
lost net after-tax revenue on the B-737 (expressed as the average price
of the various B-737 models multiplied by the OMB-mandated 7 percent

rate of return) multiplied by 1/365.
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3-737 serifés is the AVITAS 2 312 1397 Zet Aircraft Yalues adiusraa
Icr the rate of inflation and Ior the anticipated depreciation rare -9
tnhe year 2000. For newer 3-737 series, “he FAA has used the B-737

crices Iound on the Boeing Internet Site as of May 25, 19993,

As shown in Table VI-6, the FAA has estimated that the average value of
a 3-737 can widely vary from about $600,000 for a B-737-200 to about
$45.2 million for a new B-737-300. sSimilarly, the average locst net
ravenue per out-of-service day would vary from about $125 for a B-737-

200 to about $11,000 for a B8-737-3900.

I.3. Estimated Out-of-Service Time to Retrofit the FDR System

The factors affecting the length of incremental out-of-service time from
compliance with the proposed rule are whether the B-737 FDR system
retrofit would occur during a specially scheduled session devoted
primarily to the retrofit or during a regularly scheduled major

maintenance check.

If the retrofit were to be accomplished during a special retrofit
session, the FAA has estimated that retrofitting a B-737 with a FDAU and
adding flight data parameters (a) (19) through (a) (22) would require 3
days out-of-service time for a B-737-200, a B-737-200 Advanced, or a B-
737-400 while it would require 5 days out-of-service time for a B-737-
300 or a B-737-500. Based on a preliminary industry estimate, the FAA
has also estimated that, for B-737s that currently record at least 22
flight data parameters, adding proposed parameters (a) (89) through

(a) (91) and flight data paranmeter (a) (88) with the proposed increased

sampling rates, would require 4 days out-of-service time. The FAA has
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AVERAGE VALUZ AND AVEIRAGE NET REVEINLE LOST
PER OUT-0F-3ZRVICE DAY 3Y 3-737 SERIZS
3-737 Series Average Value Average Net Revenue
(in Smillions) Losz Per Day
200 0.6 5125
200-Advanced | ©-4 $1,230
(No FDAU)
300 (No FDAU) |1l7.7 $3,400
300 (FDAU) 23.1 $5,400
400 (No FDAU) |22.6 $4,400
400 (FDAU) 32.9 36,300
500 (No FEDAU) [17.5 $3,400
500 (FDAU) 24.3 $4,800
600 40.1 57,700
700 45.2 $8,700
8C0 54.2 §10,400
900 57.2 $11,000

further estimated that a B-737 adding the flight data paranmeters

((a) (19) through (a) (22) plus (a) (88) through (a) (91)) woul d require 7
days out-of-service time if retrofitting a B-737-200, a B-737-200
Advanced, or a B-737-400. It would require 9 days out-of-service time

if retrofitting a B~737-300 or a B-737-500.

The length of time an airline uses for a regularly schedul ed major

mai nt enance check varies because different airlines have a variety of
different maintenance prograns. Consequently, the term "regularly
schedul ed major maintenance check"” can have several different meanings.
For exanple, some airlines have a maintenance programin which a “c”
check is conpleted approximtely every 18 months or so and a “D” check

is conpleted every 6 to 8 years. In these programs, a conplete “C”
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~ssernaul and “akes about 3 weeks. However, airlines still exhibis
1ffarances even when they are following this gensral maintenance

cr =2xample, some airlines may spread out the “C” check over 2
cr 3 separate visits to the maintenance facility. CUnder this approach,

-ne airplane’s interior is not typically opened up on each visit.

Other airlines have a maintenance program in which the maintenance
shecks are classified as being “light”, “heavy”, and “major.” In that
system, a “light” check may occur every year but only take 1 to 2 days,
a “heavy” check may occur every 4 to 5 years and take about 2 to 3
weeks, and a “major” check may occur every 10 years and take 3 to 4

weeks.

Finally, it should be noted that most of the smaller airlines that
contract with third parties for their maintenance tend to follow the “C”
and “D” maintenance program in which the "C” check occurs every 18 to 24

months and lasts 3 to 4 days.

The significance of these different .types of “regularly scheduled
maintenance checks” is that the potential increased out-of-service time
(hence, lost net airline revenue) for a B-737 would vary by type of
maintenance program The most efficient retrofitting method for these
FDR systens woul d be to conplete the work at one time in one continuous

activity. Thus, the longer the scheduled maintenance check, the shorter

the additional out-of-service time to complete an FDR system retrofit.

If the retrofit were to be completed during a 3-day maintenance check,

the FAA has estimated that the increnmental out-of-service times due to
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ine ratrofit would be 2 days for a B-737 that has @ FDAU, 4 days

for a 3-737-200 that does not have a FDAU, and 6 days for a B-737-300 Of
-300 that does not have a FDAU. If the retrofit were to be completed
duringa l4-day Or a 2l-daymajor maintenance check, the FAA has
determined that the retrofit would create no incremental out~-of-service
time. Those estimates are based on two assumptions. The first
assumption is that a major maintenance check routinely requires the
opening of the B-737 interior, thereby providing access to the FDR
system. The airlines surveyed reported that a major naintenance check
did, in fact, require that the B-737 interior be opened. The second
assumption is that these maintenance facilities work 20 to 24 hours a
day. Those same airlines also reported that this was the case,

particularly when facing a heavy workl oad.

Finally, the FAA has assuned that one 3-day mai ntenance check will occur
every 18 months for each B-737 and that amajor l4-dayor 2l-day

mai nt enance check will occur every 5 years.

On that basis, the FAA has estimated that the present value of the total
out-of -service |l ost net revenue due to retrofitting the B-737 FDR

systems woul d be about $25.2 nmillion.

J. POTENTI AL NET REVENUE LOSSES CURRENTLY UNQUANTI FI ABLE

The FAA’sanalysis of the net revenue | osses for an out-of-service
airplane, although appropriate for the individual airplanes within an
airline's system my not capture all of the potential |ost revenue when
the entire system nmust conply within a short period of time. In
recognition of this potential analytical shortcoming, the FAA had

queried airlines concerning the potential system inpacts. However, the
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TAA r~as also realized that much of the information needed to
perform & more complete airline SyStem analysis is propristary and

airlines are extremely reluctant to provide it for fear of the data

being inappropriately or inadvertently disseminated to competitors.
Nevertheless, following discussions with the aviation industry, the FAA
believes that there are two areas of potential economic impact that may
need additional investigation, but for which the FAA does not have

adequate information.

The first area is that the FAA anal ysis has assumedthat the time to
obtain the FAA approvals and the STC woul d not significantly affect the
airlines’ abilities to neet the conpliance dates. However, there is a
possibility that several of the airlines or repair stations would not be
able to obtain the requisite FAA approvals to be able to complete these
retrofits (particularly those for the proposed new flight data
parameters (a)(89) through (@{91)) in the tinme between the pronul gation
of the final rule and the August 18, 2000, or even the August 20, 2001,
conpl i ance date. If, in fact, airline maintenance and repair facilities
would be overwhelmed with idle B-737s that cannot return to service
until they have been retrofitted, then the FAA may have significantly

underestinmated the actual out-of-service tinmes.

The second area is that the FAA does not have an appropriate nodel to
determ ne the impacton the number of available flights when, for 18
mont hs, large nunbers of airplanes would be taken out of service for
several days. For example, there is the possibility that air travel
service in certain narkets would be disrupted, fares would increase,

| oad factors would increase and flights would becone nore crowded, sone
passengers woul d choose not to fly, sone passengers would be unable to

obtain flights at the times and datesthey are accustomed to flying,
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Ligirr delays due ko weather or mechanical problems would be

longer because there would be fewer airplanes available to £ill in, grc.
In order to attempt to develop some estimates of the economic impacts of
these economic effects that have not been quantified, the FAA
specifically requests comments and supporting data on the magnitude of
these potential effects, including any presumptions applicable to an

individual operator or the industry as a whol e.

K. TOTAL ONE-TI ME FDR SYSTEM RETROFI TTI NG COSTS

K.1. Per B-737 Retrofitting Costs and Lost Revenue Costs

As seen in Table vI-6, the total conpliance costs plus lost net revenue.
for an individual B-737 woul d vary dependi ng upon the FDR system
capability and the series of the airplane. In general, the newer the B-

737, the greater the costs of conplying with the proposed rule.

K.2. Total B-737 Retrofitting Costs and Lost Net Revenue

In summary, as shown in Table vI-2, the FAA has estinmated that the
present value of the total one-tine conpliance costs to retrofit all B-
737 FDR systems by the proposed conpliance dates woul d be about $150

mllion.

L. ANNUAL COSTS FROM FDR SYSTEM RETROFI TTI NG

L.1. I ntroduction

The proposed rule woul d generate annual conpliance costs from (1) the

additional airplane weight fromthe retrofitted FDR system equi prent and
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TABLE VI-6

PER AIRPLANE COMPLIANCE COST BY 737 SERIES AND FDR SYSTEM

737 SERIES | EQUIPMENT | OUT-OF- | OUT-OF-SERVICE | TOTAL COSTS AND
AND LABOR| SERVICE LOST NET LOST NET REVENUE
COSTS DAYS REVENUE
200 $160,200~- 4-7 $250-800 $160,450-177,200
176,400
200- $160,200- 4-7 $4,900-8,600 $160,690-185,000
Advanced 176,400
(No FDAU)
200- $68,800- 2-4 $2,450-4,900 $71,250-94,900
Advanced 90,000
(FDAU)
300 (No $175,200- 6-9 $20,375-30,550 |$195,575-221,950
FDAU) 191,400
300 (FDAU) $35,100- 2-4 $6,800-21,550 $41,900-111,550
90,000
400 (No $160,200- 6-9 $17,350-30,350 |$177,550-206,750
FDAU) 176,400
400 (FDAU) $35,100- 2-4 $8,675-25,250 $43,775-107, 350
90,000
500 (No $175,200- 6-9 $20,150-30,200 | $195,350-221,600
FDAU) 191,400
500 (FDAU) $35,100- 2-4 $6,700-19,100 $41,800-109,100
90,000
600 $35,100 2-4 $15,375-30,750 $50,475-65,850
700 $35,100 2-4 $17,350-34,675 $52,450-69,775
800 $35,100 2-4 $20,800-41,575 $55,900-76,675
900 $35,100 2-4 $21,950-43,875 $57,050-76,975
wiring; and (2) the additional maintenance costs annually to validate
t he FDAU.
L.2. Annual Costs for Additional Weight

The FAA has estimated that the proposed rule would add about 40 pounds
to a B-737 without a FDAU currently recording 18 flight data paraneters
and about 10 pounds to a B=-737 currently recording at |east 22 flight

calculated the additional fue

data paraneters. Based on a study that
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consumption i jallons from adding weight to specific airplane

mocels,:’ <he FAA has assumed a per-3-737 yearly average of 2,750 flight
hours, a price of $0.61 per gallon of aviation fuel, and 0.23 additional
gallons consumed per additional pound per flight hour, resulting in per-
airplane annual costs of about $400 for a B-737 that would add 40 pounds
and acout S100 for a B-737 that would add 10 pounds. On that basis, the
FAA has estimated that the present value of the increased fuel

consumption over the next 20years would be about $3.6 million dollars.

L.3. Payl oad and Flight Limitations from Additional FDR System

Weight

Another consideration when weight i s added to an airplane is that
payload and flight distance limitations could be imposed on scme flights

if the additional weight is sufficiently heavy. However, the FAA’s
evaluation has indicated that even 40 additional pounds would be
insufficient to impose any weight or distance limtations on any B-737
flight. As a result, the FAA has determined that this additional weight

would impose no revenue loss Or increased cost from payl oad or distance

limitations.

L.4. Annual Costs for Additional Mintenance

The FAA has further estimted that annual validation of a FDAU woul d
cost about $750.° This incremental conpliance cost would be incurred
only for B-737s retrofitted with FDAUs because the operators of the
other B-737s have had this equipnent installed and, therefore, the
validation cost would not be attributed to the proposed rule. Based 'on

t he nunber of B-737s that would have had FDAUs retrofitted and their
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a2xpecta2d retirement rates over the 20-year time-frame, the TAA Rras

h

calculated that the present value of =his annual FDAU validation over

~he next 20 years would be about $2.7 million.

L.5. Total Annual Costs

On that basis, the FAA has estimated that the present value of the
annual compliance costs over the next 20 years would be about $6.3
mllion.

M. COMPLIANCE COSTS FOR FUTURE MANUFACTURED B-737

M.1l. Introduction

The potential compliance costs have been based on the assunption that
Boeing Option 1 would be the appropriated compliance interpretation for
flight data parameter (a) (88). |f it is not, then the FAA could not
provide a compliance cost estinmate until an extensive engineering

anal ysis could be perforned.

The *incremental manufacturing conpliance cost with the proposed rule for
a future new y manufactured B-737 woul d consist of the followi ng 2
conponents: (1) the cost of the additional FDR system equipnent (i.e.,
an upgrade to the recorder and the additional wring and sensors); and

(2) the additional labor to install the additional FDR system equi pnent.

2 Washington Consulting Goup, |npact of Wight Changes on Aircraft
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ment and Labor Tosts of the Modified FCR Systeam

0

As discussed in Chapter III of this Initial Regulatory Eval uation, every
3-737 manufactured after Cctober 11, 1991, has been equipped with a FDAU
rhat would be able to add the additional flight data paraneters with no

upgrade. Consequently, the proposed rule woul d i npose no FDAU equipment

or installation costs on future manufactured B-737s.

The proposed rule would require B-737s manufactured after August 18,
2000, to record flight data paraneters (a){19) through (a) (22) whereas
the 1997 regul ation had required them to be recorded after August 18,
2001. However, all B-737s currently manufactured al ready record these 4

parameters.

The proposed rule would also require that 3 additional flight data
paraneters (proposed (a)(89) through (a) (91)) be recorded in B-737s
manuf actured after August 18, 2000. |n addition, for 3 other flight
data paraneters in (a) (88) required under the 1997 regul ation for

ai rpl anes manufactured after August 19, 2002, the proposed rule woul d
double the sanpling frequency of those 3 flight data paraneters in B-

737s manuf actured after August 18, 2000.

Boei ng has reported that the B-737 recorders would need to be upgraded
to record all of the proposed parameters. The FAA has estinmated that
this-upgrade woul d cost about $1,900. |n addition, the FAA has
estimated that a mdstream rudder force transducer would cost about
$12,000. Finally, the FAA has estimated that the additional wring and

testing and | abor for production would cost about $25,000 per B-737.

Fuel Consunption, March, 1994, p.ll.
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Tnis, ine TAA has estimated that the increased equipment and labor

ccst per production B-737 would be about $38,300.

M.3. Lost Revenue from Increased Time to Manufacture the Airplane

As additional workers could be utilized to complete this wiring during

the manufacturing process, the FAA has determined that there would be no
increase in the manufacturing time for a B-737 and, therefore, no lost

revenue from del aying the delivery of a future manufactured airplane.

M.4. Present Value of the Total Conpliance Costs for B-737s

Manuf act ured during the Next 20 Years

Usi ng the projected number of B-737s nmanufactured during the 20-year

time-frame as presented in Table IV-3, the FAA has estinmated that the

present val ue of the increased nanufacturing cost of conplying with the

proposed rule would be about $40.4 million

N. CONCLUSI ON: TOTAL COSTS OF COMPLIANCE WITH THE PROPOSED RULE

On the basis-of the previously estimated cost of conpliance sections,
the FAA has estimated, as shown in Table vI-8, that the present val ue of
the total engineering costs, retrofitting costs, lost net revenue

annual costs, and increased costs for future manufactured B-737s woul d

be about $205 million.
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TABLZ VI-3

PRESENT VALUE OF THE COSTS OF COMPLIANCE WITH THE PROPOSED RULE

Source Of Cost Present Value of the
Compliance Costs
(in Smillions)
Engineering 9.2
Retrofitting 124.2
Lost Net Revenue 25.2
Additional Fuel 3.6
Additional 2.7
Maintenance
Higher Price of 40.4
New B-737
TOTAL 205.3

0. COSTS OF COWVPLI ANCE WTH THE 1997 REVISIONS TO THE DI G TAL FLI GHT
DATA RECORDER REGULATI ONS

As previously discussed, the FAA revised its transport category
airplane, which includes B-737s, digital flight data recorder rules in
1997. In the Final Regulatory Evaluation for that final rule, the FAA
estimated at that tine that the present value in 1997 of the costs to
conply with the revised regulations during the 4-year tine for
conpl i ance was about $48 million ($58.8 nmillion in year 2000 present

value terms) for the B-737 airplane operators and for Boeing."

Thus, if that revision and this proposed.rule are viewed as two parts of
one rul emaking extended over time, the FAA has calculated that the

present value of the overall conpliance costs associated with these two

# The present value of the total conpliance costs for all airplanes
affected by the 1997 flight datarecorder revisions wasestimated to be
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carts wou.d ce about $264.: million for the 3-737 ¢cperators and

for Boeing.-’

ine per airplane compliance costs associated with the 13997 revision were

not disaggregated on @ B-737 series basis. aq 5 resyle, the FAA has

calculated in this Initial Regulatory Evaluation that the present value

of the per B-737 compliance costs associated with the 1997 revision

would be about $45,000.

about $316.3 million (about $387.5 mllion in year 2000 present val ue
terms).

?* The estimted conpliance costs reported in the 1997 Final Regulatory
Evaluation have not been independently reanal yzed for this Initial
Regulatory Eval uation

78




VII. BENEFIT-COST COMPARISON

A. BACKGROUND

SBefore the benefit-cost comparison of this proposed rulemaking i's
di scussed, the costs and benefits of the previous 1997 Revisions to
Flight Data Recorder Rules are first addressed. the 1997 Revisions
covered nearly all of the commercial fleet, 55 neither the entire

benefits nor costs should be attributed to solely identifying the cause

of B-737 uncontrolled rudder movements. The Final Regulatory

Eval uati on of the 1997 Revisions to Flight DataRecorder Rules did not
cite specific benefits attributed to the rule and all owed that future
costs coul d exceed the costs of the current rulemaking. 1p the
benefits-cost conparison discussion of that Final Requl atory

Eval uation, the FAA stated:

"Future FAA actions could take the form of Advisory Circulars,
Airworthiness Directives, or possibly, additional rul emakings.
The costs of these follow on FAA actions could vary from

negligible costs to considerable costs of sone unknown amount.?2%”

Further, the FAA has now determned that the 1997 Flight Data Recorder
Revi si ons have been insufficient to identify the causes of several
incidents of B-737 uncontrol | ed rudder novenents. as a result, with

regard to t he B-737 uncontrol |l ed rudder novenents, the increnental
benefit andcost of this rul emaking properly should be assessed

separately fromthose of the 1997 DFDR rul e.

* Federal Aviation Authority, Final Regulatory Evaluation, Final

Regul atory Flexibility Determinaftion, and International 1Trade [npact
Assessneni, Final Rule Revisions to Digital Flight Data Recorder Rules,
January 1997, page 28.
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3. BENEFIT-COST COMPARISCN CF THE PROPosebp RULE

8ased upon the historic B-737 accident rate the expected number of such
accidents over 20 years is 2.34, if the following assumptions are
accurate:

1) Flight data parameters ale needed to determine the cause of
these accidents in addition to the information, which would be
reported under the 1997 DFDR regulations.

2) The historical B-737 accident would continue in the absence of
recording the additional flight data parameters required by the

proposed rule.

The Poisson distribution best describes the probability space of
expected future B-737 unexplained accidents. For a Poisson distribution
with a mean of 2.30, there is a 90 percent probability of one or more
accidents, with a nearly a 40 percent probability of 3 to 5 accidents.
Thus, under the above assunptions and conditions w thout this

rulemaking, it is highly likely that one or nore future accidents will

occur.

Wil e perfect effectiveness of the inproved di agnostic FDR system
capability can not be assured, without this proposed rule an accident is
l'ikely andno determ ned cause. The expert judgment of the NTSB and the
FAA isthatthe proposed inprovenents to the flight data recorder system
woul d likely record the cause of a B-737 uncontrolled rudder novenent.
with an increnmental cost of $205 mllion, the benefits of this proposed
rulemaking will exceed the cost if one accident is prevented anytime in
the next six years. Net benefits increase, as a potential avoided

acci dent occurs sooner
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VI. ALTERNATIVES TO THE PROPCSED RULE

The FAA has determ ned that its responsibilities under the Regulatory
Flaxibility Act and the Unfunded Mandates Act require an analysis of
alternatives to the proposed rule for each purpose. gather than
repeating the alternatives in each of those two sections, they are

listed, di scussed, and analyzed in this separate chapter.

The FAA has evaluated three alternatives to the proposed rule. In

formulating the alternatives, the FAA focused on its responsibility for

aviation safety and its particular obligation under 49 USC 44717 to

ensure the continuing airworthiness of airplanes. As a result, the

three evaluated alternatives to the proposed rule differ only with
respect to the dates of conpliance - not on the content of the proposed

rul e.

Alternative 1: Require all B-737s that currently have FDAUs (not just

those B-737s that had a FDAU installed prior to July 11, 1996) to record
all of the proposed flight data paraneters by August 18, 2000, rather
than by August 20, 2001. This would shorten the conpliance date for an
estimated 197 B-737s by one year. Alternative 1 would increase
conpliance costs not because the actual retrofitting costs would change
but because the lost net revenue from out-of-service time would be
greater for some airplanes. A shorter conpliance tine increases the

i keli hood that the retrofit woul d be done as a special project and not
as part of a regularly scheduled maintenance check. (n that basis, the
FAA has estinated that the compliance costs of Alternative 1 woul d be
S2.4 mllion greater than the compliance costs of the proposed rule.

However, this alternative could be considerably more expensive than the
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orsgosed rule, particularly if the idle airplane and scheduling

costs ‘that the FAA could not quantify are substantial. 71p that case,
the shorter the compliance period, the greater the idle airplane costs
and scheduling costs. As a result, in comparison to Alternative 1, the
prcposed rule would offer considerably more relief to the airlines than

is evidenced by the quantified difference between them.

Alternative 1 would not significantly increase the estimated
quantitative benefits because the probability of one of these 197
airplanes having an accident whose cause would not have been discovered
within a one-year time frame is extremely remote. As a result, the FAA
has determined that a commensurate increased level of benefits would not

match the increased cost of this Alternative 1.

Alternative 2: Delaythe conpliance date for all B-737s to August 20,

2001. This would extend the conpliance date by one year for about 292
airplanes. The FAA has determined that Alternative 2 coul d reduce
compliance costs by about $13.5 million. This alternative would provide
all B-737 operators with greater scheduling flexibility in determining
when to have the airplane retrofitted. A greater number of these
operators would be ableto delay conpliance until a regularly schedul ed
mai nt enance check and, thereby, reduce the |ost revenue fromout-of-
service time. However, the FAA must al so note that the converse to the
effect described under Alternative 1 would be afactor. Again, the
greater the unquantified casts, the greater the reduction in costs
associated Wi t h del ayi ng conpliance dates, As Aternative 2 would all ow
greater flexibility than the proposed rule, the estinated conpliance

cost reduction from Alternative 2 could be substantially underestimated

However, Alternative 2 could reduce the expected quantitative benefits.
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Tners 13 a prcobability that cne O these 292 airplanes could have

an accident or an incident wnhose cause would have been discovered only
if the additional flight data parameters had been recorded. In light of
the fact that the NTSB has recommended the August 18, 2000, compliance
date, the FAA has decided to meet the majority of the NTSB

recommendations and not propose a later compliance date for all B-737s.

. Alternative 3: Delay the proposed compliance date for every B-737 until

either its next scheduled major {4 days or more) maintenance check or by
August 18, 2004. Alternative 3 would give an operator its maximum
retrofitting scheduling flexibility. As the FAA has determined that
nearly every B-737 will have at least one scheduled major Nmi ntenance
check within any 4%-year time period, Alternative 3 would allow the
operator to perform the retrofit during a scheduled Imaj Or mai ntenance
check, which would eliminate the additi onal out-of-service time and,
hence, the potential |ost net revenue fromconpliance with the proposed
rule. In addition, Alternative 3 would spread the cost of the retrofits
over a 44-year time period. By doing so, the present value of the
compliance cost from Alternative 3 would be about $130 million, which
woul d be about $34 million less than the conpliance cost of the proposed
rule. Further, the FAA reiterates that the greater the unquantified
costs, the greater the reduction in costs associated W th del ayi ng
conpliance dates. As Alternative 3 would allow greater flexibility than
the proposed rule, the estinmated conpliance cost reduction associated

with Alternative 3 coul d be substantially underestimated.

Alternative 3 would reduce the expected quantitative benefits because it
woul d reduce the nunber of flight hours that the B-737 fleet would have
recorded the additional flight data paraneters by about 6.6 million

flight hours during those 4.5 years. Further, it would reduce the
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cumulative prokapility that <he additional recorded £light data
parameters from an incident involving a B-737 could provide information
that would result in preventive regulatory or industry action.
Consequently, since the FAA agrees with the NTSB recommendation that
this information 1is important, the FAA has not proposed the delayed

compliance datepresented in Alternative 3.
Thus, 1n comparison to the one higher cost alternative and the two lower

cost alternatives evaluated by the FAA, the FAA has determined that the

proposed rule would be the best method to address this safety issue.
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IX. INITIAL REGULATORY FLEXIBILITY ANALYSIS

A. INTRODUCTION

The Regulatory Flexibility Act of 1980 establishes “as a principle of
regulatory issuance that agencies shall endeavor, consistent with the
objective of the rule and of applicable statutes, to fit regulatory and
informational requirements to the scal e of the business, organizations,
and governmental jurisdictions subject to regulation.” g achieve that
principle, the Act requires agencies to solicit and consider flexible
regulatory proposals and to explain the rationale for their actions.
The Act covers a W de range of small entities, including small
businesses, not-for-profit organizations, and small governnental

jurisdictions.

Agencies must perform a review to determine whether a proposed or final
rule will have a significant economic inmpact on a substantial number of

small entities. If the agency determines that it will, the agency must

prepare a Regul atory Flexibility Analysis (RFA) as described in the Act.
However, if an agency determines that a proposed or final rule is not

expected to have a significant economic inpact on a substantial number
of small entities, section 605(b) of the Act provides that the head of

the agency may so certify, and an RFA is not required. The

certification nust include a statenent providing the factual basis for

this deternination, and the reasoning should be clear

Recently, the Office of Advocacy of the Small Business Admi nistration
(SBA) publ i shed new gui dance for Federal agencies in responding to the

requirements of the Regulatory Flexibility Act. Application of that

gui dance to the proposed rule indicates that it could have a significant
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22CNCmMLls LMPAact on a substantial number of small airlines.

Accordingly, a complete initial ragulatory flexibility analysis was

conducted for the proposed rule and i1s summarized as follows:

The £AA requests comments on all facets (methodology, assumptions, data
’

analyses, etc.) of the Initial Regulatory Flexibility Analysis and also

requests that commenters supply supporting data or analyses.

B. INITIAL REGULATORY FLEXIBILITY ANALYSIS

B.l. Reasons why the FAA is considering the proposed rule

The flight data being recorded have not been sufficiently comprehensive
to determine the causes of several B-737 accidents and incidents. As a
result, the FAA and the aviation industry have been unable to devel op

specific actions that nay prevent simlar future B-737 accidents and

incidents.

B.2. The objectives and legal basis for the proposed rule.

The obj ectivg of the proposed rule is to require the B-737 fleet to
record additional flight data paranmeters that may help deternine the
cause(s) of a B-737 accident, and, thereby allow the devel opment of
regul atory and industry actions that could prevent sinilar future
accidents. The |egal basis for the proposed rule is 49 USC 44901 et
seq. As a matter of policy, the FAA must, as its hi ghest priority (49

UsSc 40101(d)), maintain and enhance safety and security in air commerce.
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3.3. All relevant federal rulesthat may duplicate, overlap
lap,.

or conflict with the proposed rule.

The FAA is unaware of any federal rules that would duplicate, overlap,

or conflict with the proposed rule.

B.4. A description and an estimate of the number of small entities

to which the proposal would apply.

The proposed rule would apply to the operators of all U.S.-registered B-

737 airpl anes operated under part 91, part 121, part 125, or under part

129.

Nearly all of the 16 operators flying B-737s under part 91 (under
deviation authority from part 125) use the airplane as an ancillary part
of their primary business (e.g., oi |, autonobile manufacturing, etc.).
As a result, these operators are distributed across a spectrum of
Standard Industrial Cassification (s1c) codes, and, as listed in the

Initial Regul atory Evaluation, few are small businesses

The FAA has determined that the 3 non-U S. operators.of U.S.-registered

B-737s operating under part 129 are not snall entities.

However, as shown in Table IX-1, based on a SBA definition that a smal
airline has fewer than 1,500 enpl oyees, the FAA has determi ned that 14
small airlines (assuming Accessair is a small airline and noting that
Metrojet i s owned by USAirways) operating under part 121 woul d be
affected by the proposed rule. The nunber of affected B-737s reported
in Table 1X~1is a FAA estinmate of the nunber of those airplanes by

airline at the end ofyear 2000.
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- TABLE IX-1

AFFECTED AIRLINES BY NUMBER OF B-737s

OPzRATOR NO B-737 NO OPERATING NET PROFIT
EMPLOYEES REVENUES (in
(in Smillions) Smillions)
Scuthwest 322 19,933 3,438.762 413.602
USAirways 205 43,100 8,556.000 965.182
United 190 76,000 17,472.106 774.128
Continental 185 40,700 7,155.384 389.316
Pelta 30 58,097 14,584.906 1,073.535
America West 70 10,013 1,962.480 104.350
Alaska 50 10,137 1,553.158 106.162
Aloha 20 2,365 231.141 6.278
Frontier 19 440 174.713 (3.308)
Metrojet 15
Winair 12 52 4.939 (1.150)
Vanguard 10 480 97.755 (7.460)
Airtran 9 600 (6.985)
Eastwind 6 800 22.641 (8.684)
Pro Air 6 110 11.247 (18.849)
Accessal r 3
Pace 3 20 4.914 0.256
Casino Express 2 102 15.692 (2.676)
Ryan Int. 2 575 138.769
American 1 111,300 16,394.548 1,097.339
Lorair 1 23
Nations Air 1 154 6.724 0.299
North American 1 127 61.473 1.434
Sierra Pacific 1 35 6.650 0.631
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‘B. 5. The projected repor=ing, recordkeeping, and other compliance

requirements of the prooosed rule.

Zxisting 14 CFR part 43, in part, already prescribes the content, form,
and disposition of maintenance, preventive maintenance, rebuilding, and
alteration records for any aircraft having a U 'S. airworthiness
certificate or any foreign-registered aircraft used in common carriage
under part 121. There would be one-time paperwork costs of about $9.15
million to obtain FAA parts approvals and stcs for the nodified FDR
systems, but nearly all of these costs would be incurred by |arge
airlines and large repair stations and |arge parts manufacturers.
Finally, the proposed rule woul d necessitate minimal additional annua
maintenance, which would require ninutes of annual recordkeeping per

airplane and negligible recordkeeping costs.

B.6. Requl atory Flexibility Cost Analysis

The compliance costs associated with the proposed rule are al nost

conpl etely specific to an individual airplane. There would be nmininma
economies of scale in completing the FDR systemretrofits. Thus, the
compliance cost for an individual B=-737 is |largely independent of the
size of the airline. The estimated present value of the conpliance
costs per B=737 by series and FDR system capability is summarized in
Table vI-6. However, as noted in that section, if the 1997 flight data
recorder revisions and this proposed rule are viewed as two parts of one
rul emaki ng extended overtinme, then the per airplane cost would be

i ncreased by about $45,000.
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B.7. Kffordability Analysis.

As seen in Table IX-1l, the FAA has obtained 1997 net profit data for 11
of the 14 affected small airlines, although the FAA lacks detailed
financial data for most of them. Of those 11 small airlines, 7 reported
negative net profits. Of the remaining 4 small airlines, the compliance
costs would have turned one airline’s profit into a loss, cut another’s
profit in half, and reduced the others’ profits by 16 percent and by 7
percent. When coupled with the costs to comply with the 1997 flight
data recorder revisions, these profits woul d be further reduced and the
losses would be further increased. Consequently, the FAA has concluded
that some Of these small airlines may face financial difficulties in
offsetting these compliance COsts. The FAA solicits comments on the
affordability of the proposed rule for small airlines and requests that

all comments be acconpanied with clear supporting data.

B.8. Disproportionality analysis.

As noted earlier in this regulatory flexibility cost analysis, the
incremental conpliance costs for a B-737 operated by a large airline and
those costs for an identical B-737 operated by a small airline would be
nearly identical. However, to the extent that financing charges tend to
be larger for a small airline than for a large airline with a good

credit line, the financing .costs for the retrofits would be

di eproportionally larger for a small airline than for a larger airline.
The FAA does not have information concerning this potential differentia
impact. Nevertheless, the significant disproportionality that may occur
woul d depend upon the percentage of an airline's fleet that is conposed

of B-737s. The higher the percentage of B-737s, 'the greater the impact
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>z =nis proposed rule on that airline. 1In reviewing the

composition of these various f£.leets, the FAA has determined that there

1s not a significant difference, on average, between the group of large
airlines and the group of small airlines - although there are certainly
diffarences among individual airlines. As a result, small airlines

operating B-737s would not be di sadvantaged, as a group, relative to the

group of large airlines operating B-737s.

B.9 Competitiveness Anal ysis.

The proposed rule would impose significant first-year costs on all
operators of B-737s and, as a consequence, nmmy affect the relative
position Of these airlines in their markets. As the proposed rule woul d
impose N0 costs on other small operators using MDonnell Douglas or
Airbus airplanes, the FAA has determned that there could be a
significantly adverse conpetitiveness effect on certain small (and
large) airlines that operate B-737s. The principle beneficiaries would

be other snall and large airlines that do not operate B-737s.

B.10. Busi ness O osure Anal ysis.

The FAA is unable to deternmine with certainty whether any of these smal
airlines would close their operations. Many very small operations (1 to
4 airplanes) operate very close to the margin, as evidenced by their
constant exit from and entry i nto various markets. As noted, nost of

t he small airlines reported | 0sses, but, in the absence of sufficiently
det ai |l ed financial data, the FAA cannot determine which, if any, of

these small airlines would close due to the proposed rule.

B.11. Description of Alternatives.
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The three alternatives evaluated by the raA are discussed in an earlier

preamble section. As described, delaying the conpliance dates woul d

provide sone relief to the affected small and large airlines. gowever,
the proposed rule would still provide a conpetitive advantage to
airlines operating airplanes other than B-737s over small and |arge

airlines that operate B-737s.

B.12. Speci al Considerations.

Al t hough the proposed rule woul d have a significant econom ¢ inpact on
small airlines, the FAA has not exenpted themfromthe proposed rule.
The principal reason for not exenpting themis that B-737 accidents and
i nci dents whose causes have not been determned are not related to the
size of the operator; both |arge and small airlines have been affected.
For exanple, have occurred to B-737s operated by small airlines. In
particular, the 1996 Eastwind Airline B-737 incident is very simlar to
the two B-737 accidents. That airplane recorded only 11 flight data
paraneters and, consequently, that incident's cause has not been fully
det er m ned. Thus, the FAA has determ ned that special considerations

for small airlines would not be appropriate.

C. CONCLUSI ON

The FAA has determined that there are no viable alternatives to the
proposed rule for small airlines. Consequently, the FAA has concl uded

t hat exempting B-737s or delaying compliance dates for B-737s operated
by small airlines would be an inappropriate action and inconsistent with
t he FAA mandate to ensure aviation safety. The FAA requests comments oOn

this initial regulatory flexibility analysis and requests commenters t 0
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supply supporting data for the comments,
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X. INTEZRNATICONAL TRADE ASSESSMANT

Tonsistent with the Administracion’s belief in the general superiority,

desirability, and efficacy of free trade, it is the policy of the

ct
(Al

dminis

14

ator to remove or diminish, to the extent feasible, barriers to
international trade, including both barriers affecting the export of
American goods and services to foreign countries and those affecting the

import of foreign goods and services into the United States.

Tn accordance with that policy, the FAA is committed to develop as much
aspossible its aviation standards and practices in harmony with its
trading partners. Significant cost savings can result from this
harmonization, both to American companies doing business in foreign

markets, and foreign companies doing business in the United States.

This proposed rule would have a minimal impact on international trade.

Although it would increase the cost of manufacturing a future B-737 by
about $39,000, the FAA does not believe that this increase would have a
significantly negative effect on Boeing’s future domestic or

international markets for the B-737.
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XI. OUNFUNCED MANDATES ASSESSMENT

Tizle Il of the Unfunded Mandates Reform Act of 1995 (the Act), enacted
as Pub. L. 104-4 on March 22, 1995, requires each Federal agency, to the
extent permitted by | aw, to prepare a written assessment of the effects
of any Federal mandate in a proposed or final agency rule that may
result in the expenditure by State, local, and tribal governments, in
the aggregate, or by the private sector, of $100 million or more
(adjusted annually for inflation) in any one year. Section 204(a) of
the Act, 2 U.S.C. 1534(a), requires the Federal agency toc develop an
effective process to permit timely input by elected officers (or their
desi gnees) of state, local, and tribal governments on a proposed
"significant intergovernmental nandate.” A "significant
intergovernmental mandate" under the Act is any provision in a Federa
agency regulation that will inpose an enforceable duty upon state

local, and tribal governnents, in the aggregate, of $100 million
(adjusted annually for inflation) in any one year. Section 203 of the
Act, 2 U.S.C. 1533, which supplements section 204(a), provides that
before establishing any regulatory requirements that might significantly
or uniquely affect small governments, the agency shall have devel oped a
plan that, anong other things, provides for notice to potentially
affected small governments, if any, and for a neaningful and timely

opportunity to provide input in the development of regulatory proposals

Under 49 USC. 40101(d) (1), the FAA Administrator is required to consider
the foll owi ng matter, anong others, as being in the public interest

mai nt ai ni ng and enhancing safety and security as the highest priorities
inair comerce. Additionally it is the Admnistrator's statutory duty

to perform the responsibilities "in a way that best tends to reduce or
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2l.mina=e <he Dossibility or recurrence of accidents in air

transportation. ” (See 49 USC 44701(z).)

The FAA has determined that this proposed rule would not contain a
significant intergovernmental mandate as defined by the Act because the
FAA has no knowledge of any State, local, or tribal government operating

a B-737.

However, the FAA has determined that this proposed rule would contain a
significant private sector mandate as defined by the Act because the
compliance costs over the first 18 months would be about $243 million
for the private sector. Thus, the FAA has evaluated the three
previously described alternatives in order to determine if the burden
could be reduced in amanner consistent with the FAA’s mandate to
provide aviation safety. Of the three alternatives, only Alternative 3
(delaying compliance until a scheduled major maintenance check) would
lower the compliance costs below $100 million for every year.
Nevertheless, for the reasons discussed in that earlier section, the FAA
- has determined that Alternative 3 would not attain the same level of B-

737 risk reduyction at a lower cost than the proposed rule.
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YEAR OF B-737 MANUFACTURL FOR ALL US OWNERS AND OPERATORS

Model 68 69 70 7L 72 13 74 15 76 77 18 79 80 81 82 83 B4 85 86 87 8 BY 90 91 92 93 94 95 Y6 97 98 | ol
737-100200/T43A 20020 15 2 5 6 22 5 20 31 23 35 39 4 43 1w 7 11 2 0 0O 0O O O O O w 0 0 M
732-300/400/500 O 0 000 O O 0O O O O 0 0 O 0 7 70 72 9 97 61 70 40 53 28 47 43 28 39 I 184
737-600/700/800/900 0 0 000 0 0 00 0 0 0 0 06 0 0 0 0 0 0 0 0 0 06 0 0 0 0 0 3 MW 13
- TOTAL 21 020 1 S 2 S 16 2 2 5 20 31 23 35 39 41 SO 80 79 107 99 61 70 40 S3 28 47 43 28 42 103 M98

A
’

NOTE 1: Forcign owncd U .S.-Registered B-737s not included. U.S. gvi.-owncd B-737s arc included
NOTE 2: Daia Sousce: Jet Information Services, Inc. World Jet Inventory Year-End 1998, March 1999, Scction 3 Table 2, p. 33.
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Sheet1 (6)

B C D
MAINTENANCE
HOURLY. -
2 |COMPENSATION
3 $75 - o
4
RETROFITTING SPECIAL
5 COST SESSION
6
7
AVERAGE NUMBER IN
9 167 MODEL VALUE (in $m) SERVICE
102700 06 54
[ 11 |ADVANCED 200 6.4 246
| 12 |PRE 10/91 300 17.7 420
13 |POST 10/91 300 28.1 154
14 |PRE 10/91 400 22.6 59
15 |POST 10/91 400 32.9 37|
| 16 |PRE 10/91 500 17.5 39|
17 [POST 10/91 500 24.9 130
18 |600 40.1 0
19 [700 452 73
20 800 54.2 46
21 (900 57.2 48
22
|23 [TOTAL 1306
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APPENDIX D

COMPLIANCE COST SPREADSHEETS 3Y INDIVIDUAL B-737 SERIES. FORLRETRNFIT
" pERFORMED DURI NG REGULARLY SCHEDULED MAINTENANCE CHECKX
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Sheeél1 (6)

G 1 H | J K L M N 0 P Q R S [
RETROFITTING [REGULAR .
CHECK
LUSI FUR LABOR TIME [LABUR CUSI [CUST FOR LABOR Tt |LABOR COST |COST OF LABOR TIME TO LABOR COST TO QuT OF RETROFIT
FDAU FOR FOAU FOR FDAU  |FOR FOR FOR FOR FOR WIRING AND [RETROFIT WIRING [RETROFIT WIRING |RETROFIT [SERVICE 1OST COST « LOST
REPROGRAM |REPROGRAM |REPROGRAM [REPROGRAM |REPROGRAM |REPROGRAM |SENSORS AND SENSORS AND SENSORS CcosT DAYS REVENUE |REVENUE
: . o $0 30 3
o 30| $4
$0 $
30
$5. 8, 1 $12, !l $12, $35.1 2 $45 87
$5, $1. 1 $12, 1 $12, $35.1 2 $47.71
$5. 8, 1 $12, 1 $12, $35.1 2 $44 651
$5, $1, 1 $12, 1 $12, $351 2 $50 481
$5, $1. 1 $12, 1 $12, 3351 2 $52.43
$5, 81, 1 $12, 1 $12, $35.1 2 $55 88
$1 1 $12.0 1 $12 $35 1 2 $57
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Sheet1 (6)

EQ | &R ES ET [{7] EV EW EX EY €2 FA FB FC FD FE
*n_smom'mc SPECIAL
| 5 jcosT SESSION
TOTAL 737
6 JCOMPLIANCE COST
r—-—
JOPTION 1 NTSB
| 7 | [RECOMMENOATION
NUM NEED |COST INUM NEED NUM NEED NW NEED NUM NEED |COST OF INUM TAKEN RETROFIT 1ING,
FDAY FOAU FOAU COST FDAU |FDR COST F DR|FOR COST FDR WIRING AND WIRING AND |RETROFITTING |QUT OF - LOST COST + LOST
8 |737 MODEL INSTALL INSTALL REPROGRAM | REPROGRAM |REPLACE |REPLACE |[REPROGRAM | REPROGRAM BENSORS SENSORS COSY SERVICE REVENUE REVENUE
9 [100 a a 0 0 [4} 0 [ o] 0 C [1] 0 0 1]
10 J200 23| 1,397,198 3 394,019 11| 469613 4 346,358 54 3,324,607 5959375 54 31583 $5.990 954
11 JADVANCED 200 178 ( 10,813,004 68 864,299 48| 2,988,381 197 1,827,622 246 17.305.832 33.859.919 246 1.763.139|  $35623 050
236| 14,336,440 184 2,338,692 84( 5241153 336 2868864 420 30,851,514 55,820,380 420 9.236649|  $65057 029
a a 154 1,151,402 a 0 154 477.400 154 3,696,000 5,405,400 154 3.319.649 $8.725 04y
50( 3,584,112 0 0 12 1141115 41 494,056 59 4631776 9.851.059 59 1672938  $11.523997
a a 37 276,636 a 0 ¥ 114,700 kY] 688,000 1,296,700 37 933819 $2232519
a a 39 495701 al 213720 3 193.440 39 1.911.00C 2,848,560 39 523 562 $3372122
a a 130 971,963 a 0 10 403,000 130 3,120.00C 4,563,000 130 2483178 $7 046,178
a .a 0 0 a 0 a 0 0 C 0 0 0 $0
a a n 545,794 a 0 73 226,300 73 1.752.00C 2.562 300 73 2,531 200 $5 093 500
a Q % 343,925 a 0 4 142 600 46 1.104,00C 1,614,600 46 1.912 592/ $352/ 192
a a 4 358,079 a 0 LY 148,800 48 1.152,00¢ 1.664 800 48 2,106 214 $3 791014
a 0
30.130.841 7,741,308 10,053 962 7,263,341 69,736,725 125,468 092 26,514 522J $151 962 615
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APPENDIX 7

SPREADSHEET FOR FUEL, MAINTENANCE, AND NEW PRODUCTION CCSTS OF
CCMPLIANCE -
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NO.OF 737] NO.OF 737 NO.OF 737|NO. OF 737 CUMULATIVE
NO.OF 737 in TOTAL! NET|REPLACEMIFLEET FLIGHT  |IND 737 FLIGHT| NO OF NO 737WITH N o 737

YEAR FLEE1| PRODUCTION| ADDITION EN:IMS (mikons)  [HOURS DEPARTURES |FDAU WITHOUT FDAU
1908 1206 3318 676 529
1990 1254 86 4 16 3454 742 513
2000 1304 [ 51 17 3 596 359 810 496
2001 1368 n 54 18 3743 733 881 478
2002 1415 14 56 18 3897 1123 855 460
2003 ALY ] n 58 19 4056 15292 1032 441
2004 15 80 60 20 4223 19514 113 421
2005 1506 I 83 2 4306 23910 1196 400
2008 1662 87 (] 22 4876 26 486 1203 re
2007 1730 1] [ 22 4764 33250 1374 356
2008 1001 ] n = 4959 34.200 1468 N
2000 1875 98 4 24 5162 QAINn 1566 308
2010 1982 102 n 25 5374 @ 745 1668 283
2011 2032 108 80 26 5594 54.339 1775 257
2012 21ns 1" a3 27 5824 60 162 1886 229
2013 202 1"s LY 2 6.062 66225 2001 201
2014 2282 120 0 0 631 72 536 Qa2 n
2015 2386 128 | k1) 6570 79.105 2246 140
2016 2484 130 98 32 6.83¢ 85 944 2376 108
2017 2506 135 102 M 1.119 93.064 251 14
2018 2602 1t 108 33 1411 100 475 2652 40
2018 2602 147 110 k] M8 108 190 2799 3
2020 017 153 15 k 8.031 e 2917

TOTAL 2057 1547{ 510 108 180 |
'OTAL 2210 1662 547 116 221
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CT
¥ 731
WTH

1908
1900

2001

EEEEBEEE

oTAL

PER 737
ADD PROD
OST
$38.90C

TOTAL ADD
PROD COSY

2,659.401
2,768.431
2,081,843
3,000,102
3123107
3,251,154
3,384,451
3.523.214
3,667 665
3.818,040
3.974.57¢
4137537
4,307 17¢
4.483.770
4,667,605
4.858,977
5,058,195
6,265,581
5481470
§,708,210
6,840,164

$85.958.778

P.V. ADO.
PROD. COST

$2,650 401
$2,587.324
$2.517.200
$2.448,977
$2,382,603
$2.218.028
$2,255,203
$2,194,000
$2,134,615
$2,076.761
$2.020 475
$1,965,714
$1.912.438
$1.860.605
$1,810,178
$1,761,117
$1.713,306
$1,668,948
$1.621,760
$1.577,815
$1,535.051

$40,360,266

ADO. 737
WT.
40
10

ADD
GALLONS
PER POUND
PER HOUR
0005789
0.005788

ADD. FUEL ADD FUEL

COST OLD
7

$196,000
$180,118
$181,060
$174.304
$166.439
$138.251
$149.727
$140.054
$131.617
$122,001
$111.901
$101.571
$90.724
$79.431
$87.876
$55.439
$42.700
$29.438
$15.633
$1.262
$0

$2.206.128
I

COST NEW
n

$120.11€
$134,410
$139,921
$145,657
$151.629
$157,046
$164.218
$171,055
$178.068
$185.366
$192.980
$200,081
$200,117
$217,600
$226,616
$235,807
$245,579
$255,648
$266,130
$277.041

$208,400

$4.044.248

TOTAL ADD
FUEL COST

$325.206
$323.528
$321.780
$319.062
$310,068
$316,007
$314.045
$311.908
$300,685
$307.370
$304.960

$299.840
$297,122

$291.46
$288.279

32‘1:763

$278,303
$288.400

$6,054.285

P V TOTAL
ADD FUEL M
COST

$325,206
$302,362
$281.056
$261,104
$242,653
$225.373
$200,261
$184.241
$180,239
$167.189
$155,026
$143,683
$133.133
$123.205
$114,131
$105,597

$87.650

$90,251

$83,363

$76.953

$74.528

TOTAL ADD
GALLONS PER
POUND PER
HOUR
0 231560
0.057890

ITOTAL ADD
AINTENANCE
COST

$371.849
$358,627

$3,261,178 |

$4,183.507

PV TOTAL ADOD
IAINTENANCE
COST

$371.849
$335.165
$301.217
$269.015
$240.785
$213,962
$189.194
$166,238
$145.262
$125.640
$107.958
$91.508
$76.388
$62.505
$49.770
$38.104
$27.428
$17.673
$8.771

$2.468.346

TOTAL FLIGHT
HOURS
2800
2800

TOTAL ADD
OPERATIONAL
COST

$3.356.456
$3.450.592
$3,548.586
$3.650.599
$3.756.794
$3.867.344
$3.982 425
$4.102.225
$4.226.937
$4.356.762
$4.491.910
$4.632,599
$4.779.057
$4.931.519
$5,000,231
$5.255.452
$5.427.446
$5.606.492
$5.792.879
$5.966.907
$6,226,564

$96,521.776

TOTAL AOD
GALLONS PER
AIRPLANE
648
162

PV TOTAL ADD
OPERATIONAL
COsT

$3.356.456
$3.224.852
$3.099.473
$2979.976
$2,866.040
$2,757.363
$2.653 658
$2.554.660
$2.460.116
$2.369.790
$2,203 459
$2,200,915
$2.121.958
$2.046.405
$1.974.080
$1.904.018
$1.838.464
$1.774.872
$1.713.904
$1.655.430
$1.600.579

$46,089.810

COST PER
GALLON

3061
soel:

lADD FUEL
/COST PER
AIRPLANE

$395 50
$98 88

ANNUALIZED ADD '

OPERATIONAL
COosT

$4,350,552

ADD

{MAIN PEFR

YEAR
$75(

Pege 2
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