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To: Menbers of the American Nuclear Society Nuclear Power Plant
Standards Cormittee (NUPPSCO)

Subject: Review of ANS-3.5

CGentlezen:

I am enclosing a draft of the revision of ANS-3.5-1979, "Nuclear Power
Plaat Simulators for Use in Operator Training," for your REVIEW. ANS-3
recently reviewed this rmaterial during its early November neeting
(ANS-3 comments resolutions are not included in this draft), ard now
forvards it to you for comment and discussion at our Decesbder weeting.

It is recognized that the time for review i{s short. Therefore, please
bring your comments with you to the Dececber meeting so they can be
convayed to Jim Green. Be prepared to discuss your substantive corments
during our review. If you cannot attend the meeting, plezse send copies
of your comments to Jim Green and N. S. Elliot (see address below), not
later than December 27, 1979.
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‘irs. Marilyn D. Weber N. S. Elliot
Secretary, NUPPSCO Babcock & Wilcox

T P. 0. Box 1260
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FROM: J. S. WIEBE
Reactor Systems Standards Branch
Division of Engineering Standards
Office of Standards Development

SUBJECT: MEETING ON SIMULATOR TRAINING STUDY

fioms ,hb’ < G‘mnu,’

-9 The conclusions and results of the study conducted by Oak Ridge National

s Laboratory (ORNL)/Memphis State University (MSU), to review "Simulator 3
Training Practices" was presented at a meeting in the East-West Towers

-~ on Wednesday, November 14, 1979. Paul M. Haas, ORNL Program Manager,

;! 3 { conducted the presentation.

-2 +* The primary goals of the study were: (1) Assess capabilities of current

L S simulators for training in abnormal/emergency events; (2) Assess current i

2 use of simulators in training programs; (3) Make recommendations for im-

Yy - provement of simulators and their use in Training.

-~

-4 6 The assessment of the capabilities of training simulators showed that:

(1) Training features are tonsidered generally adequate for training but
their use is very much dependent upon the instructors expertise and
ingenuity; (2) Initialization conditions are extremely flexible with the
; | use of specific features such as freeze, backtrack or snapshot. The
‘0700 €&l ___» capability to initiate with off-normal conditions was said to exist but
Hhis s 7 was not demonstrated to ORNL/MSU. The current capability was considered .
45¢,,f:¢-| . adequate for training needs; (3) The number of systems simulated and the
. accuracy of simulation is limited by current computer capability. A.
significant jncrease in number of systems or accuracy would require an"'h"“'tom-/?
order of magnitude cost of the computer. Improvements are necgssary in ©-“o-$¢s »
u’/wc & —> The math_models to improve_rgal time_simulation; T4) “The malfunctions pAnsls
qu v" simulated showed a significant site-to-site variation. There is no con- desit=
eve 7 sistent procedure or research base for selecting them. Compounded (S ewrde
! abnormalities and multiple failures are possible; (5) Nuclear simu]aturshu,] TS

J“‘ are making reasonable use of state-of-the-art computers. . Sk B
[IRRNITIW! | . WA : .‘ﬂ.ﬁ-/wlbu. liey in the scupsions with 3
Spand o tht nguTor oml Ak use of md‘o a-olzf‘
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The assessment of current use of simulators in training programs showed
t

Qthat (1) Simulator usage (time and scope) is relatively limited in nuclear
Nndustry; (2) There is limited evidence of feedback of operating experience
& into simulator training pregrams; (3) About 30% of simulator training is
i ™ in emergency/abnormal events.
" “" The major recomnendations were:
{
' .
2 4 1. A task analysis and comprehensive study of training goals should be
° undertaken to develop specific goal-oriented training objectives and
:‘o < establish best use of simulators, necessary exercises to develop skills v
J 4 A 2. Develop a consistent procedure for selection of malfunctions. This
4 ,’; ~ !\ procecure can be ‘used to:
~r
& \: ! N Evaluate existing simulators, training programs
e - Evaluate, develop standards or regulatory requirements for
Jd N } 1 simulation
;\ : - Develop improved simulators, programs
§ .?? 3. Use results of 1 and 2 to specify requirements for site-specific
§! = { simulation., It is opinion of MSU/CNS that site-specific simulation
> W is necessary for hot license and requalification, probably not for
" \s { cold Ticense. why diffcreace
" ‘iz ~ o T 4 ’
by 3 2 4. A consistent framework of regulatory policy associated with the
'\\b % entire training process should be developed to address weaknesses
sz\ % noted in this and other NRC, government and industry studies.
J ‘:'\\d\ * Specifically emphasized from this study:
* - \5 t - Minimum qualifications for, possibly certification of instructors
;‘ } - Requirements for verification of fidelity of simulators
F4 - verification of updating, use of reference data
v - procedures for assuring incorporation of operating experience. v
5. Research should be carried out in following areas:
- Human factors analysis of control room tasks; training needs;
objectives v
- Assessment, verification of effectiveness of simulator training
for skills in abnormal events
- Math Modeling +~
The study revealed that a major problem with simulators and related training
was the lack of a consistent procedure for determining which malfunctions
2 to include within the constraints of the training program. D. Wayne Jones
'k" presented a possible solution to the problem based on a detailed study of
’A,, * o8 LERs (Operating experience), assessment of direct safety impact of mal-
Ae.f‘ functions, assessment of plant availability impact of malfunctions, and
Nc assessment of potential as an accident precursor. The procedure ranks the
malfunctions by the above four factors and the priority for including them
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in the training program depends on their ranking. It was acknowledged
that the procedure needs a more vigorous method for ranking and identification
and additional judgment on the relative weighting of the factors.

An advance copy of the study report will be available during the first
week in December.

§ub

J. S. Wiebe

Reactor Systems Standards Branch
Division of Engineering Standards
Office of Standards Development
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Flaato P.: 't Additional Fiightcrew
Training in /.dvanz2d Flight Training
Simulitors : >
aczncy: Federal Aviation
Ad:ainistzation (FAA), DOT.

scmics: Notice of Proposed Rule Making

PR

o ————————

sy aaRY: This NFEM propeses to
yermit expanded aining, checking, and

““cert.fication of flight crewmembers in

advanced flight aiaing simulators. This
Ta?a!'g‘ﬁﬂ}!"incou:age opexamr;;;&
vperade their simulators and performa
‘ﬁig&er percen!iﬁﬁfrmmfn.
simu'atory so that the total scope.of
Tlightcrew tcaining will be enhanced,
The results of this action include
substantially improved galety, fuel
corservation, and a reduction of airport
congestion. In addition, his action
proposes a regulatory alternative which
couid result in significant cost savings .
for air cairiers,
pATE: Comments must be received on or
before January 14, 1980.
ApoResS: Commants on this proposal
may be mailed in dupliczte to: Federal
Aviation Administration, Office of the
Chief Counsel, Attn: Rules Docket
(AGC-24), Docket No. 19758; 800
Independence Avenue S. W,
Washington, D.C. 20591; or be delivered
in duplicate to: Room 916, 800 '
Independence Avenue S.W,
Washington, D.C. 20591. Comments
delivered must be marked: Docket No.
19758, Comnents may be inspected at
Room 916 between 8:30 and 5.00 p.m.
FOR FURTHER INFORMATION CONTACT:
M:r Raymond E. Ramakis, Regulatory
Projects Branch (AVS-24), Safety
Regulations Staff, Federal Aviation
Administration, 800 Independence
Asvenue S.W., Washington, D C. 20591;
telephone (202) 755-8718.
SUF PLENMENTARY INFORISATION:

Comments Iovited

Interested persons are invited to
participate in the making of the
proposed rule by submitting such
written data, views, or arguments as
they may desire. Communications
should identify the regulatory docket or
notice number and be submitted in
duplicate to: Federal Aviation
Adainistration, Office of the Chief
Coursel, Attention: Rules Docket, ACC-

- 3 .t

zendince Avenue S.W.

gton, D.C. 20591, All conments
recelved on or befure Junuary 14, 1880,
will be considered by the Adininistzator
Yelure taking action on the proposed
rule. The proposals contained in this
notice may be changed in the light of
comments received, All comments
submitted will be available, both before
and after the closing date for comments,
in the Rules Docket for examination by
interested persons. A report
summarizing each substantive public
comtact with FAA personnel concerned

" with this rule making will be filed in the
docket

Availability of NPRM's

Any person may obtain a copy of this
Notice of Proposed Rule Making (NPRM)
by submitting a request to the Federal
Aviation Administration, Office of
Public Affairs, Attention: Public
Informaticn Center, APA-430, 800
Independerice Avenue S.W.,,
Wasgingion. D.C. 20391, or by calling
(202) 426-8058. Communications must
identify the notice number of this
NPRM. Perscns interested in being
placed on a mailing list for future
NPRM's should also request a copy of
Advisory Circular No. 11-2, Notice of
Proposed Rulemaking Distribution
System. -

P
24 ¢ 300 34 o8
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Discussion of the Proposed Rule
" Background

As the state-of-the-art in s.mulator
technology advances, more effective use
has been made of the aircraft simulator
in training, thecking, and certification of

flight r.:ewme!:nbers. S_Lmn]npx:_m

mem can
e accomplished in the aircraft with a

very high percentage of tansfer of
learning to the aircraft. The desirability
of good simulation is overwhelming. Its
benefits to training include the
following:

¢ Who can be trained?
o Entire flightcrew
o Individual flight crewmembers
* What can be trained?
o Normal operations procedures — ~
* o Abnormal operations procedures
¢ Emergency procedures
e Any weather condition
o Any lighting condition
s Any airport location
e Training situations which would be
impossible or unsafz to conduct in the
aircraft, such as wind shear, blown tire
on landing, ete.
¢ When can training occur?
* 24 hours a day
o Any day of the year
* Wlere can the training take place?
e Any location that can house the
simclator

' -
- - 2GN, 3% £ 1. 3

/ ‘ 3 s

_3 7\ > 0
et ———. .
Allofhis dsuplotralniena. vy,
with maximom saletg TRaGT g e
{ 5

use of s ators in ey of the 5.

results in great cost re(‘ucgi__-;gé;'ﬂ;n
operator and achieves the Senefiy o}:

" conservation and a decrease in “’Po&d
noise,

During the last 25 years, as simylargy
technology has improved. changes 1o the
Federal Aviation Regulations (FAR)
were made to permit the increased yse
of simulators in air caivier training
programs. FAA acknowledgment of the
value of simulator training iegan in 1034
when air carriers were allowed 1o
peiform all but four proficiency
maneuvers in a simulator. From this
beginning. the FAA has continied to
promote, evaluate, and regulate the use
of simulation in aviation. In the late
1960's, visual attachments appeared on
the market. Since that time, &
breakthrough ia computerization has
permitted the development of computer.
generated image (CGI) visual systems,
In December 1973, FAR Amendments
6162 and 121-108 were issued which
allowed additional trairing in visual
simulators. Because many training
maneuvers, such as engine failure on
takeoff and visual approaches, require
visual cues to provide the necessary
training, these amendments resulted in
reducing aircraft flight training to
approximately 1% hours for an airline
transport pilot certificate. The 1% hours
of actual flight time was necessary to
train the pilot to land the aircralt from a
visual and instrument approach and to
become familiar with the feel of the
aircraft prior 1o the FAA certification
check. A 1978 amendment 10 § 121.439 of
the FAR permitted a simulator approved
for the landing maneuver to be
substituted for the aircraft in a pilot
recency of experience qualification. The
landing maneuver a* proval program
associated with this rule change and its
associated simulater approval criteria
constituted a significant step toward the
optimum use of aircraft simulators in
flight training and checking.

The FAA has historically found,
however, that the quality of training
simulation in the United States is
directly proportional to the quality
required for FAA training approval. Due
to the cost of simulator upgrading, early
simulators, which were approved for
certain training maneuvers, were used ia
the industry long after simulator
technology had outdated them Il
became apparent to the FAA that
STMuTaTor approval crilena Sl

tonlooy

““dovelop alorg with simulator tecineic
e - v R T
_GVEsLe (e Fighest ley el of fighicrasd

[F377TRg. To facilitate this, the FAA -8
A elo; ed simulator approval il e
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which are as objective a3 porsible and
ate designed to ensure that

1. The simulator software is
programed with data which accurately
represent the aircraft, the Night
environment, and the groun
environmeny

2. The simulator hardware accura! 'y
represents the aircraft, provides minimal
electronic interference (noise) 'o the
computer software, and provides a fast
rate of transfer from input to outputy

3. The motion system is smoot
responsive, and closely represents the
onset motion cues of the aircralt: and

4. The visual system is responsive and
the visua! presentation is realistic.

The degres to which the approval
criteria can ensure that these objectives
are met will datermine how closely the
simulator represents the aircralt and the
flight environment. The FAA has been
seeking these objectives through 8
continuous program to upgrade flight
training simulators. This program
includes amending simulator approval
criteria to reflect advancementsin .
technology and encourajing industry
investment in simulation by permitting
more training and checking to be
accomplished in more advanced
simulators.

The FAA's recent program to upgrade
and promote advanced simulation
involves approval of simulators for the
landing maneuver. This program would
be exteaded to become Phase 1 of the
FAA's Advanced Simulation Plan
described in this notice. It is designed to
allow landing and proficiency curreacy
to be regained in a simulator rather than
an aircraft if the simulator meets more
stringent approval criteria. The landing
mareuver approval program Includes
upgrading the total simulator as well as
including ground effect and ground
handling programing for better landing
presentations. It also matches the

. performance of the simulator to that of
the actual aircraft so that the previously
required flight time could be eliminated
in certain training areas. Advisory
Circular 121-148, Aircraft Simulator
Evaluation and Approval, contains
current guidance ui the aE;roval of
simulators. With the development of this
advisory circular, a nationa simulator

- evaluation team was formed to conduct
all landing maneuver evaluations. This
team of trained simalator evaluators
was formed to provide standarcization
in the evaluation of bath the cbjective
and subjective simulator pecformance
criteria, The program can be best
descrited by looxing at the major
gimutatar coraponants

Sirmulatar Softiare Under the
land: s masouver program, Sim s'ater

softivace is evaluated by perfarming. in

e 4
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the s:mulator, ovar 20 static and

i, namic tes's which are contained in a
specially prepared test guide. The tests
are selected to ensure that the
programing accurately represents the
aircraft during each phase of flight and
the zround and flight environments.
Eacg test contained in the test guide
should be based on, or verified with,
actual aircralt flight test data. This
specification is essential in that it
o%jccm'e!y ties the simulatorto a
specific aireraft. A further specification
for the evaluaticn is a multichannel

" recorder. It is used to record a time

history of each test for later analysis
and to serve as a permanent record
against which recuszent simulater t
evaluatons can be compared. The
addition to the simulator approval
process of actual flight test data
verification and the use of a
multichanne! recorder has shown

* significant improvement in upgrading

ond standardizing flightcrew training
simu'ators.

The Nlight test verification has
encouraged the simulator and aircraft
manufacturers to scrutinize the data
currently available for simulatof -
programing. This scrutiny has shown
that some of the data in current
simulators do not accurately reflect
corresponding flight test data. When the
landing maneuver approval program
began, many areas of data were
comple'ely nonexistent, such as ground
effect and most ground handling special
eMects. These data are Important in

resenting an accurate simulation of

nding and ground maneuvars, Through
data verification, the aircralt
manclachoe:s have discovered ways to
obtain such data and make them
available for simulator programing Data
verification has also resulted in airlines
demanding mo.e complete and accurate
data, useful in simu'ation, to be supplied
by the aircralt manufacturers as part of
new aircraft purchase agres ments. The
multickanne! recocler requirement has
provided the TAA with an chjective tool
for the initial evaluation of the simu'ator
and for ensuring that changes are not
made to the aerodynaric and grovsd
handling programing withcut projer
data ver.fcat.on. Correlation {within
specified tolerances) of the mu'tichannel
time histetles of an actual fight test and
8 simulator tast is an objectivs pproval
specificatica which can be appifed fairly
and im- -ty from simulater to
simula‘on

§imputziar Moz Fivore Undar the
lending manesss program, simulater

hardwars 15 o0 oiuated in a manner
gimflostatiaan? 4 prezcam. The
eochsl b boars lgavaluated through
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functiona! chacks of cockpit equipment,
The interface hetween hardware and
software is measured and recorded
during the static portions of the software
test. Simulator performance tolerances.
however, have been tightened to ¢lc sely
match the simulator's perfurmance to
the typical performance of the aircraft.
This also serves to increase the
repeatability of simulator tests.
Simuletor Motion System. Under the

landing maneuver program, the
simulator motion system is evaluated
both objective and subjectively.
Objectively, the motion system is put
through a series of tests, suchasa
frequency respornse check, which are
recorded and evaluated to determine the
system's responsiveness and
smoothness. The system is also
subjectively evaluated to determine how
accurately it represents the feel of the
aircraft. As the need for ground handlicg
and spacial motion effects increases, the
need for a six-axis motion system also
increases in order to provide a realistic
simulation. A motion system which
provides a realistic simulation of aircraft
motion is an esseatial part of simulator
training in air carrier aircraft. This is
due to the response characteristics of air
carrier aircraft to control inputs and the
inherent physiological problems related
to motion sensations. Without a mation
system, the pilot would not experience
the motion onset cues normally
expected in the alrcralt

Simulator Visual System. Under the
landing maneuver program, the
simulator visual system is evaluated to
determine its responsiveness and the
realism of its visual presentation. The
responsiveness can ge accurately
determined by recording the tire
betw2en the time when a control input
signal is sent to the simulator computer
and the time when a visual system
computer output signal is seat to the
cathoide ray tube (CRT). We bave found
that CGI visual system iteration rates of
at least 30 picture updates per second
with simulator computer response times
from pilot input to picture moven.ent of
less than 300 milliseconds are necessary
to produce a clear presentation which
does not result in pilot-induced
oscillations in air carrier aircraft
simulators. Sirce the human eye may be
able to deiect movements with a delay
of gre 2r than 130 milk econds, itis
desirabls to reduce simulator response
times to 133 milliszconds,

The rezl'sa of the visua, display is

va!rated both objectively and
subjective’y. The objectivs evaluation s
compriscd “lpesiticniagilie simu'ator
at a kaown point in =j3c: and
comparing whatcaa be chis=véd from

- .
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that point with 2 172 requirement.
Fut exanple, at § miles from the
approach end of a runway, the runway
and taz iways should be recognizable; at
2 miles the red and green threshold
ligh's sbould be recognizable; ete. The
subjective evalu.!ion consist. of noting
Yo realistic the visual scene appears.
This includes the «hility of the system 10
portray a specific «irport environment
u-h as runway 22L at John F. Kennedy
{ntersational Alrport, specific visual

i ditiors such as patchy fog RVR 2400,
and other effects such as the landing
lights or the rotating beacon reflecting
off the clouds when flying in the
weather,

Because of the importance of visual
systen.s, each advancement in the
;oalism of the visual display enhances
the total ¢ s of the simulator
aad briay ‘0 the time of total
simulatoa .4 and checking. By
axpanding the criteria for approving
simulators in the landing nan-uver
approval program, the FAA has seen a
dramatic improvement in the quality of
the siznulators upgraded to meet the
criteria. From this experience and an
ana'ysis of FAA studies corducted
under &xemption Nos. 2501 (¢n;'2in
ujpprade trsining) and 262. (transition
tzaining), the FAA has concluded that
advinced simulation tralning is
possible. Advanced simulation,
howeyer, will require even Tirther
exvanded simulator approval criteria.

In Yooking toward the future and
tow ard sdvanced training simulation,
the FAA has had to consider the training
requirements of the future and how the
simulator should Le desigred to
accomplish this training. National
Tiansportaton Safety Board {(NTSB)
Accident Statistics ' show that 483
percent of all air carrier accidents are
caused by or related to adverse weather
conditions. Further, the number of
sccidents caused by crew coordination
problems has remained about constant
for the past 10 years. During the same
time frame total accidents have
decreased by approximately two-thirds.
FAA therefore believes that training of
t%e future should emphasize crew
coordination and pilot judgement, and
simulator trainirg programs should
require more realizm in their
presentation of both ~armal and
abnormal flight corditions. Current
L aining programs emphasize the
accomplis hrent of specific flight
raneus ¢rs and operating procedures by
ir dinidual Nlight crew members. For this
ty e of training simelators need only
T

AT Al Boview of Alrcralk Accidem Doty
US A Carrer £ eostiong 1957 repont numbes
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represent the aircraftin specific training

ens 'ronments and for specific ground
and Might maneuvers. However, as
training concepts shift toward a crew
concept of training and checking, where
training is needed in varying training
environments such as those encountered
in line operations, the simulators will
need to gc designed for more
generalized use. The more generally
applicable simulators will require
substantial additional environment and
aircralt performance programing, six
degree motion systems, and visual
systems which can accurately display
vaying times of day and weather
ccoditons from rain and snow to clear
aid dry.

Disus.ion -

‘The FAA is considering rule making
which will provide guidelines and 8
means fu- achieving neasly total
flightcrew training, checking, and
certification in advanced simulators. In
additon 10 the creation of a new
Appeadix H to Part 121, amendments to
§ 61.157 of Part 61 and § 121.407 of Part
121 are being proposed. The -
amedmenis to § 61.157 and § 121.407
will perait expanded use of simulalors -
in training, checking, and cortification
for operators who use an advanced
flight t-aining simulator as part of an
apy-oved Part 121 training program of
its eq ivalent The requirements for an
advanced Laining simulator are outlined
in \ new Appendix H to Part 121
Appendix H outlines the FAA three-

h.se Advanted Simulstivn Plan and
ists Ui simulator and visual
requirements for each phase. The
follcwing presents a general analysis of
the benefits of expanding the use of
simulation ‘hrough the Advanced
Simulatiorn. Plan: .

Safety. in the past few years
significant developments in simulator
technology have made it possible to
realistically simulate a specific aircraft
and its ground and flight environment.
By taking advantage of the capabilities
o{sta!e-of-th&art simulators, flightcrew
training could be upgraded from a
strictly maneuver/procedures-oriented
program o a program where
crewmembers can also gain experience
in dealing with ebnormal flight, system,
and environmental situations. This can
be illustrated by looking st current
flighterew treining. Cumvent flightcrew
training is based on the maneuvers
which Rave been historically conducted
is: the aircraft. These maneuvers include
stall: -leep hums, instruzent
approeches, azcraft engine and sysiem
fait.ros, ete. Since cunent traling is
based ca what can be sccomylished in
an aircraft, the tralning bas to be
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condition. Simulators can provide thiy
training and permit aircralt engine and
system failures training 10 be conducted
safely so that. for example training in g
critical-field-length engine failure on
takeoff maneuver can be realistically
conducted. Simulators have been
designed, however, 1o provide the same
types of manuever training that have
been historically conducted in the
aircraft and are not capable of providing
mproved types of training in different
flight environments, such as
thunderstorms, icy rinways, efc. A
review of NTSB accident statistics has
shown that pilot error and adverse
weather conditions are the primary
causes of most air carrier accidents.
This review has revealed that it is not
the pilot's ability to control the aircraft
or fly a specific maneuver but rather the
ability of the crew to deal with the
abnormal flight situation which causes

the accidents. Improved training in
advanced s'<ulators could be the most
significant means for reducing these

types of accidents. Under the Advanced
Sirnulation Plan, the simulators will
have the capability to be programed to
represent a full range of aircraft flight
conditions as well as specific aircraft
accidents in abnormal environmental
conditions. In this way flightcrews could
experience a far-ranging set of flight
environments and malfunctions. This
could assist the ciew In making proper
judgments when abnormal situations
occur in flight Safety could. therefore,
be enhanced dramatically. Without
upgrading simulators, upgrading training
to this extent will be impossible.

Safety could also be greatly increased
because advanced training simulators
can provige training without the risk of
aircraft training accidents. Since 1962
US. air carriers have experienced 67
training accidents of which 6 were fatal
accidents. In the future, training
accidents could be avoided through
advanced simulation.

Energy Evaluation. As a result of
information available to the FAA. it is
estimated that 32,000,000 gallons of fuel
could be saved per year lf air carriers
could use advanced flight training
simulators in Neu of aircraft for
transition and ungrade training. Over
£5.000.000 gallons could be saved per
year if the proposed advanced
simulation plan were fully implesented
These Nigures are based on 1579 {zginn
and nonzevenue flight hours utilizad by
air rarriers, Actual fuel savings Wi
¢epend on the number of Part 121 and
other cpesators who elect to upgra=e
their simulstors,
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Enilronmentel While itis imposstle
to acsurately determine the
envizormental impact of the advanced
simulation plan due to its permissive
naturs, it is certain that alrimpacu
would be benelicial. Air carriers
estimate that over 39.000 hours of flight
training time in large turbojet aircraft
will be logged during 1979. This trairing
in dmontﬁways conducted at low
#1titudes near major metropolitan
a'uzoﬂl.

conomic. As a result of the economic
and energy benefits which will result
from this proposal. there is no economic
burden imposed on the industry, the
government, or the private sector by this
action. This notice proposes a regulatory
alternative which could resalt in
economic savings for industry. This is

consistent with Executive Order 12044,
Economics do, however, play an
important role in an operator’s decision
to upzrade itr simulators according to
the advanced simulation plan.

Basically, the operator must balance
the cost of upgrading its simulators, .
including the value of the safety and
training benefits of using advanced
simulators, against the aircrall operating
costs, time out of revenue service of the
aircraft, alrcralt scheduling and
maintenance problems, etc. Cost
involved in flying the aircralt vary from
operator to operator de'pendlz:’ or
example, on the type ¢ -!rc:as
involved, ths number of crewmembers
who require certaln types of training,
union contracts, and training base
location. Costs for upgrading a simulator
will also vary depending on the aizcralt
type and the condition of the simulator
prior to upgrade. Over $35,000.0C0 per
year could be saved by the USS. sir
carriers in fuel costs alone under Fhase
M1 of the Advanced Simulation Plan.

The proposed rule will encourage
simulator upgrade by permitting more
training and checking in more advanced
simulators. Therefore, each phase of the
Appendix H Advanced Simulation Plan
will have tighter simulator ard visual -
requirements while permitting more
lmininf and checking to be conducted in
a simulator. A simulator upgraded to the
requirements specified in Appendix His
capable of providing the training
indicated in that phase of the plan if the
siznulator training is accomplished as
part of an FAA-approved training
program.

The requirements set forth in
Appendix H are in additien to the
sizulator agproval requirements set
forth in § 121 407, Each simu'ator which
is used under Apperdix H must be
appraved csaPhase LI or M simulater
as appropriate. In order to obtain
approval of the simulator for a specific

B e e i R L e e
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phase. e following must be
demonstrated to the satisfaction of the
Adrinistrator:

1. Dacumeated proof of compliance
with the ap l?ﬂﬂ! simulatar, visu
system, and additional training
requirements of Appendix H for the
phase for which approval is requested
and preceding phases.

2. An evaluation of the simulator to
ensure that its ground. flight, and
landing performance closely matches
the type of aircraft simulated (Phase |
approval tests).

3. An evaluation of the appropriate
simulator and visual system ~ ‘
tequirements of the phase for which
lﬁprﬂ\'l' is requested and preceding
phases.

Since an amendment to any portion of
the simulator's programing can effect the
other portions of the programing, it is
important to evaluate the preceding
requirements any tiz.e a simulator is
upgraded to the next phase.

While the FAA acknowledges the
need for some fexibility in making
changes in the software programing,
strict scrutiny of these changes Is
essential to ensure that the simulator
retains its ability to precisely duplicate -
the aircraft's Mlight and ground
characteristics. Therefore, the following
procedure must be implemented to
perm t these changes without affecting
the approval of an Appendix H
simulaton:

1. Twenty-one calendar days prior to
making changes to the software
programing of an Aj pendix H simulator,
a complete list of planned changes that
impact flight or ground dynamics,
including dynamics related to the
motion and visual systems, will be

rovided to the FAA office responsible
or conducting the recurrent evaluation
of that simulator.

2 The FAA office shall have 21 days
In which to evaluate a planned change.
If the FAA does not object within 21
calendar days, the operator may make
the change.

3. Changes which might affect the
approved simulator Phase [ tes! guide
must be tested by the operator in the
simulator to determine the impact of the

chongc.
4. Software changes actually installed
must be summarized and provided to the
FAA. Where the operator's test has
shown a difference in simulator
petformance due to change. an amended
copy of the test guide page which
includes the new simu'ator test results
must also be provided to ufdatc the
FAA's copy of the fest guide,

5. The FAA retains the option to
exami=2 surporting data and/or to Right
check tha simulator to ensure that th
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asradynamic q-u'.ltz of the simulator
has not been degraded by any changein
software programing,

8. All requests for changes will be
evaluated on the basis of the same
criteria used in the initial appeoval of
the simulator for Phase L I, or IIL

FAA recurrent evaluations of this
simulatoe will consist primarily of tests
selected fom the Phase [ test gude, The
Phase I test guide and the multichannel
recorder printout used in the initial
Appondix H approval evaluation will be
kept on file in the FAA office .
responsible for conducting the recurreat
evaluation of that simulater. These
documents will serve as a standard for
recurrent evaluations and a record of
the initial approval of that simulater for
Phase L -

Because of the strict tolerances and
other approval requirements of
Appendix H simulators, the FAA also
recogrizes that the simulator can
provide realistic tra'ning with certain
nonessential items inoperative.
Therefore, an operator is permitted to
operate its simulator under the same
conditions and limitations outlined in
the simulated aircraft's minimum
equipment list (MEL) as long as the
inoperative squipment Is repaired within
24 hours and the inoperative equipment
permitted by the MEL is not specifically
required for the tralning involved. A
simulator visual system may be
inoperative at one pilot position if a
pilot is not receiving training in the
position, but shall be operative at both

{lot positions for Line Oriented Flight

uinjrxj\.()l-‘l‘).
The Advanced Simulation Plan will
only apply to an operator who uses the
simulater under an approved Part 121
training program or a certification
training program used by an owner/
operator which is equivalent to a Part
121 initial training program. The interim
phase will only apply to Part 121
operators to permit the FAA to closely
monitor the upgrade of alr carrier
simulators as part of the Advanced
Simulation Plan. At the option of the
Administrator, each pilot completing a
flight check under Phase Il or lll may be
observed by the FAA during at least one
flight leg on the line which includes a
takeolf and landing pesformed by that
pilot.

One objective of the Adv:rced
Simulation Plan is to issue th2 FAR Part
61 airline transport pllot (ATP)
certificate at the succese™.! campletion
of the appropriate sir lor ehenk
Another objestive i3 %0 pirals
operators’ simulater caatiiitas?
perzent reatistic tezinis 4
abrormal and wanthar 7 ¥ mon Phiang
whist ags Beenens. & .4 dol rging
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o; wations. 2oh chject/ves are ot ent'al
1o the plan.

he proposed Apgendix 1 describes
the specilic raining and checking
prrmitted, the sinulator reguirements,
the visual requirements, and the
additicnal training requirements of each
phase of the plan. The following
discusses each phase of the plan in
general

Phase I-Stmulator Landing Approval

Phase | is the current landing approval
program. The training permitted under
this phase is cuiiently auttorized for
fully qualified air cartier pilots by FAR
§ 121.429 and through FAA exemptions.
Phase | is designed o encourage
operators to upgrade their older
simulators to the greatest extent
possible. Basic simulator a proval
guidance and specific simulator
tolerances for Phase | simulators are
contained in Advisory Circular 121-14B.

Phase 11-Simulator Upgrade Program

Phase Il is designed 19 Provide new
simulator raining capabilities by
expanding the ability of the simulator to
portray the ground and flight
environment and increasing
simulator's responsiveness. In addition
to upgrading the simulator, a 4-hour
LOFT course will be required after the
afpropmu Part 61 or 121 simulator
check. This course must be approved by
the Administrator and be designed to
prepare the flight cewmember for line
operations. At the completion of a Part
61, Appendix A, check in the simulator,
the appropriate aircraft rating will be
issued. Instructors used in these training
programs must be highly experienced. A
ininimum of 1-year's experience on the
line in an aircralt in the sameftoup in
which they are instructing and active

articipation in a regularly scheduled
ine flyng program ase required. Pilots
who participate in the Phase Il program
are a'so high J experienced. they must
be fully qualified pilotsin a similas
lh(‘.rl& and meet the requirements of
Appendix H prior 1o being eligible for
Phase 1l certification

Phase il A—Intesim Simulator Upgrade
Program for Part 121 Operators

Under Phase 11 A, any Part 121
operator may conduct Phase Il train
for 3% years in a simulator approved for
the landing maneuver under Phase L
provided the operator meets the
sdditional requirements set forth in
Appendix H and submits a plan
acceptable to the Adminisirator l0
upgrade its simulator(s) to meel the

b - se Il standards. This interim program
is designed to jrovide time and
econoic Lanelit to an operator to

P lsral Pogtstar | Vol 3

upgrade itg slmutators wils 5. 50

3 g ils A e "
pajety WLIOLEN #aceutaas 3 i
requirements. Thiough g v g7 - 1 &
industsy simulators, further trainn.o ¢ 0

ady erse conditions expegienced in Loe
operations will be possible, When Plase
Il simulator requirements are mel, the
additional training requirements, except
the 4 hours of LOFT training listed
herein, will be removed. Part 121
tr2ining and uprratinlr experience
requirements will sti applys

Each Part 121 cperator who submits
an acceptable simulator upgrade plan to
the Administrator pricr to (a date to be
specified which will be 1 year after the
effective date of the amendivent
proposed hereinj may apply for
approval to use a Phase 1 simulator for
ransition and upgrade training a9
described in Phase 1T of the plan. When
the simulator and visual systems are
upgraded to meet the requirements for

ase [T ot lil, the sdditional training
requirements Usted in Phase I1 A of the
§lan will be removed. When applicable,
the appropriate certificate of rating w
Ve issued after the successful
completion of tke simulator check. The
certificates issued during interim Phase
11 A will contain a limitation which will
in effect, restrict the applicant from
acting as a flight crewmember without
accomplishing the appropriate landings
and hours of line operating experience
in the crew position ander the
supervision of a specially trained check
airman. To conduct Phase 1 A training
in a Phase [ simulator, all required
slmulator instruction and checks must
be conducted in a simulator as partof &
revised training program approved for
the operator. This tralning program will
include the additional training
tequirements of Phase T A and will
integrate Phase I simulators with other
simulators and training devices to
maximize the total training, checking,
and certification functions.

Phase 11 A interim ends for ecch
Phase | simulator listed in the cperator’s
approved plan 3% years after itis
approved for Phase I A taining. Auy
simulalor not upgraded according to the
operator’s approved simulator upgrade
plan will void the plan resulting in loss
of all Phase [l A training. Grandfather
rights will not be consi ered. In order
for a carrier s upgrade plan to be
acceptable, it must—

4. Be submitted to the FAA prior to (1
{ut after the amendment proposed
erein becomes efTective).

2. Show which simulJtors will be
upgraded to Phase [ requirements and
(Neir projected vy 3rade datess

3, Show that these simulators will
reet Fhase | reguirements prior to 2'8

. j 14

ek

i, Ehow ¥zt Sl S S L
cpergtor's sio Sstars for & part ::';'"
swrcrafl ype will be upgraled 1o, or by
replaced with, simulators which meet
rase 11 or U] requirements;

a. Show which simulators will be
upgraded to, or replaced with, .
simulators which meet Phase lor 10
reguirementss

b. Show that each of these simulatory
will meet Phase Il or Il requirements
prior to 3% years of the date it is
approved for Phase L and

8. Include a plan which shows how
{he instructors, check airmen, and fNight
crewmembers will be trained 1o meet
the requirements of Appendix H.

Phase Il1—Advanced Simulation

Phase 1 is designed to permit all but
static aircraft and operational line
training and checking to be conducted in
an advanced alrcraft simulator. At the
completion of the final simulator check,
the applicaat will receive the
appropriate certificate or rating. Dueto
the scope of the Gaining and the
possible low experience level of the
training candicates, a high deyree of
simulator £delity and realism is
mandatory. (Applicants must stil! meet
the requirements for an airline ransport
pilot certificate, includirg 1500 hours of
pilot fight time, to be eligible for that
cortificate under this plan.) Thiz phase is
also designed to guide research in
simulator technology to meet trainio
needs determined from aircraft accident
{avestigations. The visual requiremants
of Phases 11 and 11l must therelore be
represented in daylight. dusk, and night
scenes under Phise IIL

In summary, (he increasing size,
complexity, and operating costs of the
modern turbojet transport and its
operating environment point to greater
use of the advanced technology now
available in aircraft simulators.
However, Federal Aviation Regulations
(FAR] which currently apply to talzing
checking, and certification of flight
crewmembers restrict the advanced use
of simulation. Amendirg the FAR to
permit nearly total simulation in
asdvanced training simulators will
encourage operators to upgrade their
simulators. This will result in improved
safety due to the greater training
capabilities of advanced simulators,
With higher percentages of training
being accomplished in simulators,
aircralt t-aining flights could be reduzed
This woe'd result in a reduction in the
possibility of sircraft training acciden's,
a reducton in airport congestion and
noise, and significant fuel consenation
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Accordingy, the Fedesal Aviatica
Administration proposes to a=ernd Pars
61 and 121 of the Federal Asiatiza

Regulaticns (14 CFR Parts 61 a2d 121) as
follows:

1. By adding to § 61.157 a paragraph
(#) which rca§| as follows: A

§61.157 Airplare ratng: Aercrantcal skl
.

. . . .

¢ L

() An airplane simulator may be used
in lieu of the airplane to satsify the in-
flight requirements of Appendic A of
this Part, if the simulator—

(1) Is approved accocding 'o § 121.407
of this chapter and mocts the
appropriate simulator requirements of
Appendix H to Part 121; and

(2) s used as part of an appioved
program that mee!s the tralning
requirements of § 121,424 {2) and (c) and
Appendix H o Part 121,

2. By addlr.j to § 121.407 a paragragh _

(c) which read as follows:

§ 121.407 Tralning program: Appreoval of
alrp'anes simu'ators and other training
devices.

. - . . -

¢) An airplane simulator may be used
in lieu of the airplane to satisfy the in-
flight requirements of §§ 121.439 and
121.441 and Appendices E and F of this
Part, if the simulator—

(1) Is approved according to this.
section and meets the appropriate
simulator requirements of Appendix H
of this Pa:t; and

(2) Is used as part of an approved
program that meets the training
requirements of § 121.424 (a) and (c) and
Appendix H of this Part.

3. By add'mg anew AppendixH to
Part 121 which reads as follows:

Appendix H—Advanced Simulation Plan

This Appendix provides guidelines and &
means for achieving Nightcrew training in
advanced aircraft s.mulators. This plan for
achieving the goal of advanced simulation
consists of three major phases ard an interim
phase to facilitate the plan's implementation.
The three phase plan is to provide guidance
through a progressive upgrade of flightcrew
training simelators so that the total scope of
flightcrew training caa be exhanced. Each
phase builds on the preceding phase so that
the fiza! advanced simulation phase would
include all the requirements of preceding
phases. This Appendix describes the
simu'ator and visua! system requirements
which must be ackieved in order to obtain
approval of certain ty pes of training in the
simulator The rey eTents st forth in this
Agpendix are in adliticn to the simulator
approval reguizemen’y set forth in § 121,407,
Eas% simualateo - which iy usad undar this
Apperdin Tust Se approved asa Phase LIL
of M aimat iz~ 33 4; ooy a2 I8 order to
obts s PN sppraval of the simulator for s
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o= myiraed to e satisfaction of the
Al= raTier

1 Docamented proof of compliance with
the 375 ropriale simalators, visual sy stem,
and alditonal talning requirements of this ~
Azpendix for the Phase for which approval ls
requested and precediog phases.

2 Aa evaluation of the simulator to ensure
that its ground, Qight, and landing
peformance matches the type of aircralt
simulated (Phase I Approval Tests).

3. An evalusiioa of the appropriate
sizsulator and visual system requirements of
the phase for which approval is requested
and preceding phases,

While the FAA acknowled es the need for
some Dexibility in making changes in the
sclware programing. strict serutiny of these
charzes is essential 1o ensure that the
simalator retains its ability to precisely
duplicate the slrcralt’'s flight ard ground
characteristics. Therefore, the !’onr.wir&
procedure must be followed to percut these
changes without affecting the approval of an
Appendix H simulator

1. Twenty-one calendar day , prior to
making changes to the software programing
of an Appendix H simulater, a complete list
of planned charges that impact Qight or
ground dynamics, including dynamics related
to the motion and visual systams, must be
provided to the FAA office responsible fon
conducting the recusrent evaluation of that
simulator, .

2 If the FAA does not object o the planned
charge within 21 calendar days, the operator
may make the change.

3. Changes which might a/Tect the approved
simulater Fhase [ test guide must be tasted by
the cperator in the simulator to determine the
impact of the change. )

4. Soltware charges actually installed must
be summarized and provided to the FAA
Where the operator's test has shown a
difference in simulator performance dueto @
change, an amended copy of the test guide
page which includes the new simulator test
resulls will also be provided to update the
FAA's copy of the test guide.

8. The FAA retains the option to examine
supporiing data and/or fight check the
simulator to ersure that the aerodynamic
3uah‘ty of the simulator hzs not been

egraded by any charge in sofltware
programing.

8. All requests for charges will be
evaluated on the basis of the same criteria
used in the initial approval of the simulator
for Phase 1, 11, or [IL

Because of the strict telerances and other
spproval requirements of Appendix H
simulators, the FAA alio acknowled s that
the simulator can provide reslistic training
with certain nonessential items inoperative.
Therelore, an operator is permitted to operate
Its simulator under the same conditions and
limitations outlined in the simulated aircraft's
minimum equipment list (MTL) a3 long as the
inoperative equizment ls required within 24
hours and the inoperative equipment
permitted by the MEL is n=t specifically
required for the training invclved A
simulater visua! system may be inoperative
at one pilat position if a pilat {s not receiving
traizing in that position, Sut skail ke

Oriented Flight Training LOFT).

The Aduvanced Simulation Flan applies
only to an eperator who uses the simulator
under an agproved Part 121 trainir g program
or its equivalent The interim phase appf;u
only to Part 121 operators. In order to conduct
total initial, transition, upgrade, or recurtent
training in a simulator, all required simulator
instruction and checks must be conducted in
a simulator as part of 2 revised training
program approved for the operator. This
training program will integzate Phase I and
[ simulators with other simulators and
training devices to maximize the total
training, checking, end certification functions.

Sase I—-Laonding Maneuver Appioval

Troining and Checkirg Pecmitted.—1.
Recency of experence (§ 121.439).

2 Night takeo(™s and landings (Past 121,
Appcng‘lx E).

3. Landingsina ?.’cﬂcien:y chack without
the landing on the line requirsments
(§ 121 441). .

Simulctor Requifements.—~1. Aercdynamic
programing to include:

8 Ground effect—e s roundout. flare, and
touchdown. This would require data on lift,
drag. and pitching moment in ground effect,

b. Grournd reaction—Reaction of the
aircraft upon contact with the runway during
landing to include strut deflections, tire
friction, and side forces.

¢ Cround handling characteristics—
steering inputs to Include crosswind, braking,
thrust reversing, deceleration, and tuming
radius.

2 Minimum of 3-axis freedom of motion
systems.

3. Phase I landirg maneuver test guide to
verify simulator data with actua! aircralt
flight test data, and provide simulator
performance tests for Phasa I (nitial approval.

4. Multichanne! recorders capable of
recording Fhase | performance tests,

Visual Reguirements.—1. Visual system
compatibility with new aercdynamic
y:cg:aminf.

2 Visual system response time from pilot
control Input to visual system output shall noi
exceed 300 miltiseconds. Visual system tme
is defined as the completion of the visual
display scan of the first vidao fleld containing
different in*ormation resulting from an abrupt
con'rol lnput.

3. A means of recordirg the visual response
time.

4. Visual cues %o assess sink rate and depth
perception during landirgs.

8. Visual scene/insirument correlation to
preciude perceptible lags.

Phase N—Simulctor Upgrada Progrem

Troining ond Cheching Permitted —1.
Transition traini~j betnesn aircraltin the
same group and the certif cation check
required by §81.157 for pilct in command.

2. U grade to pi'stin-command training.

8. When the Plct—

(i) 1s previous'y quzlfied as second in
command in the e5.ipment to which the pllat
Is upjrading

(ii) Has at teast 500 hours of actual flight

-
3
-

time while serving a9 seic~dineommar 2 oy
thedc;«.'.'a':: In an alrczalt in the same 57oup
an
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boWhenthepi'at semp’s; 2,
gircrall operator and -

{i} is cusvenily serving as se:nd in
command with that operator ia an aurcrall of
the same group

(i) has a minimum, of 5020 Right hours as
second in cominand in ap aircralt of the same
group with that vperaton and

(ii}) has served as second In command oa
at least two aireraft of the sume group with
that opesator,

In this case, the pilot may upgrade o
another aircrafl in that group in which that |
pilot hes not been previously qualified.

Simulator Reguiceimnents.~1.
Representative cresswind and threes
dunensional windshear dynamics based on
aircrafl related date -

2 Representative stopping and directional
control forces for normal conditions and for
contaminated runways bzsed on aircraft
related data,

3. Representative brake and tize failure
dynamics, including ant'skid, and the
decreased Srake efficiency due to high brake
temperatures based oo sircraft related data

4. Six-aws freedom of motion.

5. Operations! principal navigation
systers, including electronic flight
instrument syste:s, INS, and OMECA.

applicable.

6. Means for quickly and efTectively testing
simmulator pregramicg and hardware.

7. Expanded simulator computere capacity,
accuracy, resolution, and dynamic response
1o meet Phase Il and M1 demands, Resolution
equivalent to at least 32 bits for critical
aerodynamic programs is required.

8 Timely permaneat update of simulator
hardware and programing subsequent to
alrcraft modification.

8. Sound of precipitation and significant
aircraft noises

10. Relative responses of the motion
system, v.sual sy stem, and cockpit
instruments shail be coupled clesed to
provide intsgrated senscry cues. These
systems shall respond to abrupt pitch, roll,
and yaw inputs at the pilot's position withia
150 millisezonds when the simulator is tested
in a light weight, dean configuration, at
mavimum cnuse alcspeed. Visual scene
changes from steady state disturbance shall
not occur helure the resultant motion onset
but within the total system dynarmic response
time of 150 oulliseconds. The test to
determine compliance with this requirement
shall include simulianecusly recording the
analogue output from the pilot's stick and
rudders, the output from an accelerometer
attached 1o the motion system. the output
signal 1o the visual system display, and the
output sig 1al 1o the pilot's attitude indicator.

Visual Reguirements 1. Dusk and night
visual scenes with specific airport
representations including at lesst 10 levels of
ocsulting. general termain characteristics and
significant landmasia

2. Padio pavigation aids propesiy oriented
io the airport runway leyout

3 Built-in test prozed.ce to confiza visual

system color. RAR, focus. intensity, level
horizon, and attfude as campared 1o the
amulator attitude indicator,

T g » - -hoh - et L
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§r0-2d scenes, 52 wehy fog
ard 182 affect of fog on asport Lghting.

5. Category Il and Il weather
represeniations, '

6. Continusus minimum visual feld of view

75* horizontal and 30° vertzal per pilot
seat. Visual gaps shall occur only as they
would in the eircraft simulated or as requi
by visual system bas dware. Buth pilot seat
visual syster=s shall be operative
simultaneously.

7. Capability to present ground and air
hazards such as another alrcraflt crossing the
active runway or converging aitboine taffie

Additional Training Requirerents. A &
bour line oriented Night Lairing cowse
approved in the simulstar by the
Administralos,

Phese Il A-—~Interim Simulctor Upgrade
Prograa for Part 121 Operators

Under Phase IT A, any Part 121 operatar
may conduct Phase [ training for 3'4 years in
a sumulator approved for landing mancuves
under Phase | piovided the opecalor meets
the additional requirements set forth below
end submits a plan acceptable to the
Administrator to upgrade its simulator(s) to
mest Phase I standards, In order for e
carrier's upgrade plan to be acceptable, it

st

1. Be submitted to the FAA prior to (1 year
afor the amendment proposed herein
becomes effective). :

Show which simulators will be upgraded to
Phase ! requirements and (kelr projected
vpgrade dates

1. Show that these simulators will meet
Phase | requirements prior to (2'% years after
the amendment proposed herein becomes
effectivel '

4. Show that at least 50 percent of the
operator's simulators for particular aircraft
type will be upgraded to. or be replaced with,
sunulators which meet Phase O or
requirementss

a Show which simulators will be upgraded
to, or replaced with, simulators which meet
Phase [1 or ITl requirements

b. Show that each of these simulators will
weet Phase [ or Il requirements prior to 3%
years of the date it Is approved for Ptase b

anu

8. "aclude a plan which shows how the
instructors, check airmen. and flight
cewmembers will be tralned to meet the
requirements of Appendix H.

When Phase 1T o' nulator requirements are
met, the additional training requirements
listed Lerein, except the 4 houss of LOFT
training listed berein, will be removed. Part
121 training and opesaling experience
requirernents will still apply.

o conduct Phase [l A training in a Phasel
simulator, all required simulator instruction
ard checks must be conducted in a simulator
&3 part of a revised training program
approved for the operator. ‘l{h training
progam must include the additional training
requirements of Phase 1 A and integrate
Fhase I simulats s with o'ter simulaters and

" taining devizes o caxizize the training,

ctecking and certfication Finctions
Fhase DA 2arimaproval ends for each
Phave I simclatar Uisted in e operator's

— . -
13 9 / Ce wFd 5 5

- - - . ree . - Lol S — -
— —— AR i ————
spproved ptin 3%y yeane ofter that sim gy

is apzroved for Prise ll A Trairing Aay
simulaler not upprading accord.ng to the
cperatar's approved simulator upzrade plag
will void the plan resulting in the loss of all
Phase [1 A training for that operator,
Crandfather rights will not be considered

Training Peritisd Same as Fhase IL

Simulator Requirments: Same as Prasel

Visua! Requirements: Same as Phasel

Additional Training Requirements:

1. In additicn to ihe simulator training and
the simulator tertification and proficiency
check, and prior to the line operating
experience training participating flight
crewmembers must complete a 4-hour Line
Criented Flight Tralaing Program in the
simulator 1o prepare them to perivcm line
duties.

2 Each participating pilot io command
must be given § landings and 28 hours, and
each second-in-command must be given 3
landings and 15 bows of line expenence at
his/her crew station under the supervision of
a specially tained check airman.

3. Participating check airmen must be given
a 4-hour training course to familiarize them
with the Phase I A program and to
emphasize their ro'e in the program. They
shall also be quelified to provide both line
and proficiency checks of be a line check
airmen who hes suczesefully completed an
approved sirmulator check airman cowrse.

Phase Il ~Advenced Simulation

Troiring and Ctecking Permitted.—Initial,
transition, upgrade, and proficiency training
requized under Appendix A to Part 61 and
§§ 121.424 and 121 341 of Part 121. The static
airplane reguirements of Appendix E to Part
121 and the operating experience
requirements of § 121.424 are still required to
be performed in the airplane.

Simulator Requirements.—1. Simulalor
data on the specifics of motion bumps,
including Lequency and amplitude.

2 Aircraft related data for programing
moticn bumps to represent turbulence and
other zircraft buffe's. These data should
include the vertical and lateral load factors of
aircralt buffets.

3. Aerodynamic modeling for aircrafl type
certificated afer January 1, 1984, including
ground effect. mack effect at high altitude,
effects of airframe icing. normal and reverse
dyramic thrust effect on control surfaces,
aero-elastic representations, and
represeatations of nonlinearities due to side
slip.

4. Realistic amplitude and frequency of
cockpit noises/sounds, including thundes,
precipitation static, ergine and airframe
sounds. The sounds shall be coordinated with
the weather representations required in item
3 below,

5. Self-testing for simulator bardware and
programicg.

6. Diagnestic analysis printout of simulatar
malfunctions.

Visual Regiire=snis—1. Daylight, dusk
and night viscal scenes with sullicient scess
content to recogmize a specific airport, e
terraln, and =ajor landmarks around tat
airport The daylcht visual sceze must be
port of a total day 55t cochpit eavisiazent

For the purpose of tis rule. daglighl vie.

e —
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system s defined as a viscal aysten capadle
of producing, a9 a minizmum, Kill coler
presentations, scene conlent of 4000 edes of
1000 surfaces for day!';%t and 4000 | ght

nis for night and dusk scenes, 8 foot

mberts of light at the pilot's eye, 3 arc
minutes resolution at the pilot's eye, and &
display which is free of quantization and
other distracting visual effects while the
simulator is in motion.

2 Landing illusions including short runway,
landing over water, runway gradient, visual
lo')ognpllic features and rising terrain.

3. Special weather representations which
include the sound, visual, and motion effects
of entering light through heavy precipitation
near a thunderstorm. >

4. Phase [l visual requirements in daylight
as weil as dusk and night representations.

S. Wet and. if appropriate for the operator,
sngw-covered runway represestations,
including runway lighting effects.

6. Realistic color and directionality of
airyort lighting,

7. Weather radar presentations in alrcralt
where radar information is presented on the
pilot's navigation instruments.

Additional Training Requirements.—A &
hour Line Oriented Flight Training course
approved by the Administrator. ’
(Secs. 912, 801, 603, and 604, Federal Aviation
Act of 1838, as amended (49 US.C. 1354, 1421,
1423, and 1424). sec. 8{c). Department of
Transportation Act (49 U.S.C. 1635(c)).)

Note.—The FAA has determined that this
document involves & regulation whichisnot  __ -
significant ender Executive Order 12044, as
implemented by DOT Regulatory Policies and
Procedures (44 FR 11034; Fabruary 28, 1979).
A copy of the dralt evaluation prepared for
this action is contained in the regulatory
dockat A copy of it may be oblained by -
contacting the person identified under the
caption "FOR FURTHER INFORMATION
CONTACT."

Issued in Washington, D.C., on November
8 1979,

Keoneth §. Hunt,

Director of Flight Operations.
[FR Doc 7924808 Fled 1197 848 am|
BILLING COOE #210-13-M
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This standard establishes the min{zum requirements for nuclear power plant
simulacors for ﬁsc in operator training and requalificatiom programs. Simulators
of test, mobile and research reactors, as well as reactors not subject to the U.S.
Nuclear Regulatory Commission (NRC) licensiag, and limited scope sizmulators
_intended for specialized training or familiarization are excluded, Minimm criteria
are set for degre; of sizulaticn, performance and functiomal capabilicy of the
control room instumenration and controls, but criteria for use of such sizulators
1s not addressed ia this standard. a5t

pmited
1.1 Backzround Data

Operating and training practices differ a:odalcha fa:ious crganiza-
tions which operate nuclear power reactors; however, ccm=on goals are assurance
of safety, equipment availability, and effi:;eu: operations. It is intended that
this standard provide flexibility ia desiga and use of a nuclear pover plant | Aad

——
sinulator.

It is {intended that in meeting the criteris of this standard, the
simulator will possess a sufficient degree of completeness and accuracy to meet
the needs of industry and the requirements of NRC-as described in Tirle 10, Code
of Federal Regulations, Part 55, "Operators' Licenses," Azerica= National Standard
for Selection and Training of Nuclear Power Plant Persocmel, ANSI/ANS-3.1-1978,

and American National Standarzd Ad:in‘s::a:ive Coatrols and Quality Assurance

for the Operational Phase of Wuclear 2ower Plancs, N18,.7-1874/a58-3.2.(1,2, 3)

1 Numbers in brackecs refer to corrasponding aumbers in
Section 6, References.



2. DEFINITICLE

For the purpese of this standard, the following words and phrases are

defined:

backtrack. Restoration of the simulator to a

" previous set of ccaditions which have been

automatically recorded at designated time in-
tervals,

critical parameters.

(1) Those parameters that require direct and
continuous observation to operate the power
plant under manual control.

(2) Input parameters to piant safety systems.

freeze. A condition whereby the dynamic
simulation will be interrupted and remain static
until the simulator is taken out of the “freeze”
mode, at which time dynamic simulation
resumes.

initialization condition. The preprogrammed
condition prior to the start of the cperation of
the simulator.

malfunction. Failure or degradation in per-
formance of plant equipment.

operator training. That training given to
prospective and licensed (requalification)
nuclear power plant reactor operators and
senior reactor operators to meet the
requirements of 10CFR33, ANSI/ANS-3.1-1978,
and N18.7-1976/ANS3.2. (1,2,3]

real time. Simulation of dynamic performance
in the same time base relationships, sequences,
durations, rates and accelerations as the
dynamiec performance of the reference plant

reference plant. The specific nuclear power
plant from which the simulator control room
configuration, system control arrangement and
simulator data base is derived

shall, should and may. The word “shall” is -

used to denote a requirement; the word

P

i
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“should” to denote a recommendation; and the
word “may” to denote permission, neither a
requirement nor a recommendation.

simulator data base. The “simulator data
base™ may be predicted data, plant design data,
or it may include actual reference power plant
po-formance data,

snapshot. The instantarecus storage of exist-
ing conditions at any selected point in time. The
stored condition then becomes a temperary
initialization point and may be called up
repeatedly. : _ ;



3. CENERAL REQUIRDMENTS

The nuclear power plant simulator is intended to be used prizarily as a

training device to provide initfal and requalification training for nuclear _ .
iy M‘?M‘{ rizdote L€

power plant operators. it shall provide complete and accurate sizulation of
g S— e
control room equipment, plant systems, and plant operation 2s described in the

following paragraphs. The exteat of simulaticn shall allow the operator to
-d
fully participate in/;bpropria:e plant evolutions and permit comtrol of uamusual

transients to a conclusion.

3.2 Simulater Capabilities

3.1.1 Normal Plant Evolutions

The simulator shall be capable of sizulatiang continuously,

and in real time, plant operations.of the refereage nuclear poy;t.planc:
Lm’*‘.wv"—'—- owiwﬂufcw X redod g - Tia ;
The response of the sizmulator resulting from operator

action, autcmatic plant controls and inhereat operating characteristics shall

—
be realistic to the exteat that the operator '-/s:all Dot observe a difference.‘g;o;-rc"u"

— ——

within the limits of the performance criteria, betweea the coatrol room indica-
Llialr are 7hcie 7

tions of the sizulator and the reference plant. The simulator shalle;Iculatc.)’ 5

.8

plant system parameters corresponding to particular operating conditions, display
these parameters on the appropriate instrumentatiom, and provide proper alarm or

protective system actiom, or both. The minimum evolutions that shall be performed

e ou by 7 T
on th? simulator, using only operator action normal to the refersnce plant, are
s'",.' I.CJ

chinednin the following list.

| Plant startup - cold (refueling conditions of temperature

and pressure) to hot standby.

2. Nuelear startup, hot staandby tc 100% full power.

>

d\“%m«cc be."iwcen e+¥

ale
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¢¥ Power escalation zo 1003 pover.

;4&13 é*“‘
’A rﬁd 7o { Reactor trip followad by recovery to 100% power,

40’ gweh o.5 |
Y, F"// i ’,;;/;,.,/‘/ L \( OPeracicns at hot standby. 2
]O{ ? 'ijq ar.s. foC pav-2r S/J'C‘” i
,J f lPover}systen lcad changes (=2zual and autcmatic coatrol).
s‘ g f
" " J {‘ v % (g ower operations) with less than full reactor coclanm.
® ﬁu‘; Ly flow. .
o .
A é / C\ Plant shutdown and cooldowan to cold (refueling) conditlons,

o’

Are
]
(0 Core physics testing after load or reload. ']A a
W\ Operator conducted surveillance test on safety-related
equipment or systems.

v :7
3.1.2 Plant MaYfunctions p~°:zzrﬂﬂf7é

The sizmulator shall be capable of sizulating ia teal’t‘*e a

minimum of sevency-five (75) abmormal and emergency conditions resulting from

malfunctions to demonstrate inherent plant response and functioning of autczatie
= #un'm.f‘ are generic”
plant controls. Each of the'generic accidents acalyzed in the referemce plant

safety analysis report which results in cbservable indicacioms on control room
rpu—;&tw‘unblb(w,(-
instrumentation shall be provided, and each shall be comsidered a single mal=-

function. The re-ainder of the minizum number shall comsist of a variety of
malfu- tions associated with the electrical, auiliaty, engineered safety systems
and steam systems. Where applicable to the malfunction, the simulator g;h_g;;l
provide the capabilicy for the operator to take actiom to recover the plant or
mitigate the consequences, or both. .Plan: respocse tc the =alfunctions shall

be carried out to a reasonable operating conditioca, as deterxzined by an analysis
of the trainiag value of each =alfunction. The aboormal and emergency conditicas

listed below shall be included, as apolicaa’e 0 the type of reactor.

A
L/n fwew oF 7“ ,, e;.cue clavie
Spees ‘ > - Lo ol " e
2 Y en// e J‘gf o il :v{,
“yte re necqv/
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(4)
(3)
(6)
€))
(8)

(9

(10)

(11)
(12)
(13)
(14)

(13)

(16)

a7

(18)

"(e) large and small reactor coolant breaks including

(a) 4neluding 2ignificant PWR steam gemerator leaks
(b) {nside and outside priz=ary contalament
sad sobcooled
dezmonstration of saturation conditionm
0-,80 sopcrnaa‘f ;pr Bw‘z

Loss of fnstrument air.
Loss of electricad power (and/or degraded power sources).

. £low. estrbfishne ’ff
Loss of forced core coolant flow &/u; pi‘fwu./ "tw/“ﬁn)
Loss of condeaser vacuum.
Loss of service water or cooling individual componeat.
Less of shutdown cooling.
Loss of componeat cooling systea or cooling to indivi-
dual componants.
Loss of normal feedwater or normal feedwater system
failure.
Loss of all feedwater (normal and emergency).

Rise en<n I'dn/a.v..“y
Loss of pto:ec:i:r; system channel,
Mispositioned control rod or rods and rod drops.
Inability to drive centrol rods.(f,,“,:‘;éj:;ffi:; ) o wge)
Fuel cladding failure or high activicy ia reactor
coolant or offgas.
Turbine trip.
Generator Trip.

Malfuactions in autcmatic control system(s) which

ecr
affect reactivity and core heat removal.

3./

Yo Corresflon c’ ~/.

Change

Malfinceions of reactor coclant pressure/voluze

control systexm.



(19) Reactor trip.
(20) Main steam line break (inside or outside contain=-
M‘.a.t) .

(21) Nuclear instrumentation failure(s).

3.2 Control Room Envirooment

3.2.1 Control Panels

The control panel physical arrangszent, size, aad front panel
e noT Cuteremayple - w‘sy rotl ideTrcal 7

mounted componants shall closely parallel the reference plant. Plant 1nfor-

pation shall be displayed to the operator in the sace form that it is available

- ——

in the reference plant; i.e., meters, racorders, eEs, /Cont:ols, meters, alarzms,

e et —— —
— — ——

r}ecotde:s, switches, ansunclators, controllers and other components that would
{ function during normal and abnormal operations as defined ia 3.1.1 and 3.1.2

shall be furnished in the simulator. These panels shall be fimcticnal to (he

)

[ extent that contrcl manipulations performed during norm=al and abmormal eveclu- {

e i—— | —
| cions are gerably -SSR INY net c/:a-r,
. " — e el N—— »\e- .
- 3.2.2 Control Room Environment £ ree®
»o'n' Cﬂ"'o

Consideration shall'be gives to simulating as zuch of the

control room environment as is reasonable and practical, for example, turbinc
noise, control rod step counter noise, flooring and lighting. Communication
systens that a control room cperator would use to communicate with an auxi..ary

operator or cther support activities shall be operational to the extent that

the simulator {nst-uctor, vhea performing these remote activities, shall be

able to raceive tke cormunication over the appropriate cormunication systenm.

TR SHEY P U  SErW

e cm—



3.3 Svstens to be Simulated and the Degree of Completeness

3.3.1 Svstems Controlled from the Main Control B3cards

The inclusion of systems of the refersnce plant and the
degree of simulation shall be to the extent necessary to perform the referecnce

plant evolutions descrided ia 3.1.1 2ad the malfuncticns described ia 3.1.2.
vsing same conw?rols re //wr;/u Fhe rea/ ploe?

T
,”ﬁa- ' s

g §
X ¢ It shall be possible to perfora these control _anipula:.cns and observe plant
\&\3.: on The Sewae iadicsimes foeordtﬂ'//r »ﬂ/—-m-w-u afarg

{ response as in the reference plant.

&,
Ai

3.3.2 Systems Qverated or Functions Controlled Outside
of the Control Room

s The systems that are rezotely operated or that provide some

Q
-

input to the maia simulation model and are necessary to perfora reference plant
,«cuﬂl"i
-~

evolutions described in 3.1.1 and =alfunctions described ia 3.1.2 shall be simy-

It shall be possible to interface with the remote activity ia the same
2

lated.
L—meui:j .? Co yn;co:{'lh .

*  manner as in the reference plant.

3.4 Simulator Training Cavabilities

The simulator shall contain:

“o 7 ‘1 \"
Y00 &y 3.4.1 Initial Conditions:
v 93\ ’IVG'L‘ 2%
cp\* f;pr The simulator shall possess a nianimum capability of 20
4
sizulator

initializacion points. At the tize of commencement of operaticns of the

1n the traising program, a minimm of 10 initializacion poizts shall be operational

£ission product

and shal. {aclude a variety of plant operatiang conditicns and £

s"‘--— 1»

poison canceantrations. Various tizes in core life snall be inclucded in making use

st L spec'Fy romge
of the additional_initiali:ation capabilicy.

La..dd/ fuwln«#’?
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<
3.4.2 Malfunerions . K wne

- —

—_—
It slull be possible to convenien:ly‘ .nsert and terminata

the plant malfunctions specified in 3.1.2. The sf=ulator shall be capable of
ey ( simulating simultaneous walfunctions, 1f these malfunctions can be expected to
p¢ [ occur simultanesusly eitber by design or cperatiomal experience. The introduction

p¢""  of a malfunction shall not alert the operator to the impending malfunctien.

— necn/ 72 E gl {’/ A//;¢.7{"/vw44_; #7. ¥ pors Fble ")L
3.4.3 Other Control Features e. 5i/ent ngPrvctor Swi Aes
’ J wire/Css sagrructor ¢o-‘/ra/£

The simulator shall have the capability of freezing simula-

tion. In additionm, consideration should be given to 1acorporation of fast tine,

P 'llow tine, backtrack, and snapshot capabilities, %’0’55‘&-' on 7’"”"— /
weo fd be /"'6/;0 g

3.4.4 Instructor Interface

" The capability shall be provided for the instructor to act
ia the capacity of auxiliary or other operators remote from the centrol room,

for example, change the operating condition of valves, breakers or other devices,

we S':'&o//;a'f a,,:m)(osmra/a/ar f.:rcln.ge_ spec *
(2) i f(pfﬂ’&/.s
'7(0J¢'1" a beter /e / Kow 7lese

fupb,l,,.,, fove beea ;;oec/T[:c::a./
‘, simulatar Auy(f‘ vsc//er':,

ﬂg /7S e 7L

’]’/,,.: a,d/‘f fockin /gp';/”jd/(’}-/’a«/’/%cs

ey e ,,M/Mc .z«a/ e



4. Perforaance Cricaria
“The i s 3‘/','c/€w7—
X nuclear power' plant sizulator shall preseat to an‘opera:ot, ia troizing,

b [}

quantitative values of plant parameters within the tolerance specified for those

conditions that the simulator is designed to simulate, — gpe7e f"7é4/ A e /
Foesn 'L Sy anf "]

4.1 Steady State Operatiocn 7 1)
\ @ 3[7&-
The simulator accu:acies\tiiélbn related to full power values. p&L

In conducting test, the error shall be determined at several points cver the

/, power range. / ny;b/e
\ 3 :-A:ff$'” '
L T (1) The simulator {nstriumeat error shall be no greater than
that of the comparable zetar, transducer and ralated instrument system of the
reference plant.
(2) The sizulator computed values for the mass and energy balance
N wWAT 0T JurT same ar ref PIT.
shall be consistegt Vith~éii?' The paraxzeters displayed on the coatrol panels that
Tepresent the mass and energy balance zmay have the instrument errvor {ndicated in
4.1(1) added zo0 the computed values. Exazples of priz~{pal zass and ezergy balance
are:
Reactor power indication to generated electirical power.
Primary system temperature tO steam generator pressure.
Feedwater flow to reactor power.
Mass balance of pressurizer.
Mass balance of steam gemerater.
(3) The simulator cozmputed values cf critical parameters snall

7y
agree with the referesce plant parameters by + 23.  Exazples of the critical

= F 7
P!taﬂd:ets are: w,,'%] 777 /"'.’ NN My € A J'Iﬁ?e .

Reactor power.
Reactor Sot ané colid lszg tazperatures,

el .

Feedwater flow.

Stezm pressure.

-10=



Recirculacion flow.
frimary system pressura.
(4) The simulator computed values for steady state, full power,
automatic control operatica shall zot change (drift) by more than + 2% over a
60-minute periocd. — basis .7 .

(5) The calculated value of nonctiéiqg;_gagégg:ezs pertigent

to plant operatiocn, that are included on the simulator display panels, should agree

WAool asre “ThA

e S—

vith the reference plant withia +10% and shoulﬂ,no:-ffijz:5>£rom training.
’.

T 4.2 Transient Overacion

Tests shall be conducted to prove the czpability of the simulator to
perfora those evolutions identified in 3.1.1 and 3.1.2 of this standard. Accep-
tance criteria for these tests shall:

- Where applicable, be withia lizits of plant startup

i

Require thatithe observable change in the parameters

test procedure acceptance criteria.

Not violate the physical laws of nature. Fee

correspond in direction and magnitude to those expected during the simulated ;:>
L

i —— recuracy and Time rzspense

transient in the simulated time period.
In no case during a transieat, fail to cause an alarm or
trip if the reference plant would have caused aa alarm or trip. Conversely, the
simulator shall not cause an alarm or trip if the referencebplan: would not
cause an alarm or trip.
Malfunctions and transients not tested by the above shall be coz-
pared to design calculations or other available information and follow the above

acceptancs criteria.

4
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5. STMULATOR UPDATE o e B

The simulator shall be maintafned withis the guidellaes of this standard.

This shall include all systems, I{nsrrumentaticm, and controls as they affece Al
the simulation model and comtrol boards and are related to the sirulator's
training value, If a simulator is built before the refarence plant is opera=
tional, the only ianformation available may be the simulator data base. The
initial update of the simulator shall be performed withia 18 months of comsence= .
ment of the reference plant commercial operation or simulator training avail-
ability, whichever is latest. This updated shall include, but mot be limited 1
to, parameters as they affect training value:

(1) Critical parameters as they afféc: steady state and
transient response verification.

Control Room Eardvarc.. - berms 0 | -;7

Py L“awl" r n o) P -
Systens Engineering. e $'r1jia;r3/' rase = SV ! I

The sinulator response, as cc-pared to the reference plaat operational per-

formance data and transients experienced by similar plants, shall thea be in I 543
L =

accordance with the criteria sctated ia Section 4, "Performance Criteria”.

Simulator perforzance shall be established by the preparatiocn of a simulator
acceptance test, conduct a test of the sizulator, and cozparisca of the simulator's
performance with the reference plant =est data and similar plant transients. The
performance test and report shall be conductaed om each of the following occasions:

(1) Iunitial construction and acceptance for training, '

A g

(2) Initial update.

(3) Major plant modificactica that affects steady stata or transient
respcuse of the reference plant.

(%) Each four (4) years.
The general format and content of the simulator performance test is provided ia

e v tie - ‘
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ADDRESSEES - MEMORANDUM DATED
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Morrison, SD
Beckham, NRR
Stone, IE
Wenzinger, SD
Bemis, IE
Reidinger, IE
F. ColTins, NRR
Skovholt, NRR

G. Scarbrough, SD
NeL 5680

Richardson, SD
Milhoan, SD -
Beltrachi, NRR
Vassallo, NRR
Oxforth, IE
Mattson, NRR
Holman, NRR
Newberry, NRR
Chipman, DSE
Chiramal, PSYB
E. Vesely, PAS
Tondi, PSYB
Li, DSS
Cintula, OMPA
Fraley, ACRS
Sullivan, RES
Fabic, RES

E. Murley, RES
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