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1. INTRODUCTION
1.1 Background

The Romanian Aviation Authoritiesre currently upgradintipe Air Traffic Controlfacilities and
evaluating theairspacerequirements within the Romaniairspace. The evaluationill cover
both Upper and Lower airspace andhésngcarried out with assistance from and in co-operation
with the Eurocontrol Advisory Service (DEI.1) and the Eurocontrol Airspace Division (DED.4).

The project is supported by the simulation of the propa@sespacedesigns and operational
procedures. These simulation studiét be carried out by the Eurocontrol Experimental Centre
during1996/97 andill include arealtime simulation inl997preceded by thpreparatorywork

in fast time.

As part ofthe process described above, the Romanian Civil Aviation Authionfied the
Eurocontrol Airspace DivisiofDED.4) to assist in aevaluation of the BuchareStMA. The
goal of theTMA study is todefineactionsneeded t@rovide sufficientcapacity consistentith
existing and forecast demand together with an optimised airspace structure.

The Airport Simulations Group (APT) at EUROCONTROL Experimental Cemére asked by
DED.4 to perform a capacity study ftte BucharesTMA, using theSIMMOD® simulation

tool. The aim of theSIMMOD simulation study is to providdata thatwould assist in the
evaluation of the potential effects on capacity resulting from projeleteglopments chirspace
design and airport infrastructure.

1.2 Objectives

The objective of this simulatiowas to perform a capacity study the current situation at the
two airportswithin the Bucharest TMA(Otopeni and Baneasa) atiien observe the changes in
capacity after three modifications had been implemented. The three modifications were:

» Deconfliction of arrival and departure routes,
» Introduction of a new taxiway parallel to Runway 26L/08R at Otopeni, and
» Introduction of simultaneous parallel runway operations at Otopeni.

! SIMMOD is the FAA's airspace and airport simulation model. See Annex A for details

Pagel
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1.3 Simulation Method - SIMMOD

Delay

A

Estimation of Alrport Capaclly

Successive

Simulation Runs

>

Number of Aircraft

1.4 Simulation Environment

1.4.1 Simulation Data

The figure on the left describes the
estimation ofairport capacity. As the
level of traffic increases saloes the
averageaircraft delay. The delay curve
rises gradually atow traffic levels but
increases sharply as th@portbecomes
saturated with traffic. Using delay
measurements, taken during the
simulation, we were able toonstruct
capacity curves for each of the
simulation organisations and tthen
compare them.

Annex A provides an overveiw of the
SIMMOD Simulation System.

Datawere collected from The Romanian Civil Aviation Authority and The Romaniaii riific
Services Administration andeveloped in conjunction with thEurocontrol AirspaceDivision
(DED4) for the simulation. The material includedrspace and airfieldlata forthe existing
operation together with material concerning proposed modificati@msnodelledscenarioswvith
no parallel taxiwayink to runway 26Lthreshold, thaircraft backtrack, runwagccupancytime
(ROT) and the resultant final approach spacings are based on the current operation.
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1.4.2 Traffic Samples

The traffic sample chosen for the simulation was the actual traffic on Friday, 15 September 1995.
This traffic sample waprovided by the Romanian Authoritigsr Otopeni and Baneasa Airport.

The traffic wagthen incrementally increased using 8IMMOD duplication feature sthat the

effect of an increase in future demand could be studied

The figure below illustrates the traffic sample used for Scenario One (Basecase) simulation.

Traffic Sample, 15 September 1993

14 + ODepartures LRES
12 1 O Arrivals LRES
10 + B Departures LROP
W Arrivals LROP

Humber of Flights
[}

0100 - 02:00
1400 - 12:00
15:00 - 1600
17200 - 15:00
13:00 - 13:00
13:00 - 20:00
2100 - 22:00

0:3:00 - 10:00
1000 - 11:00
12:00 - 13:00
13:00 - 14:00
14:00 - 15:00
16:00 - 17:00

20:00 - 21:00

o
=
=3
:
=
=
&
=3

0500 - 0600
O7:00 - 0&:00

g2:00 - 0300
0300 - 04:00
04:00 - 05:00
06:00 - 07:00
0500 - 03:00
2200 - 23:00
2500 - 24:00

Starting Hour
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1.4.3 Simulation Scenarios
1.4.3.1 General Overview

Scenario 1.0perations at Otopeni and Baneasa airports with existing traffic flows
Scenario 2.0perations at Otopeni and Baneasa with new traffic flows introduced

Scenario 3.Operations at Otopeni and Baneasa with an additional taxiway serving runway
26L/08R at Otopeni

Scenario 4.Operations at Otopeni and Baneasa with an additional taxiway serving runway
26L/08R at Otopeni with new traffic flows introduced.

Scenario 5.Parallel runway operations in segregatemtie atOtopeni with Baneasa operational.
New traffic flows introduced.

Scenario 6. Parallel runway operations in segregatedde atOtopeni. Newtraffic flows
introduced . Baneasa closed.

Scenario 7.Parallel runway operations in segregated mode at Otopeni with an additional taxiway
serving runway 26L/08R. New traffic flows introduced. Baneasa operational.

Scenario 8.Parallel runway operations in segregated mode at Otopeni with an additional taxiway
serving runway 26L/08R. New traffic flows introduced. Baneasa closed.

1.4.3.2 Deconfliction of Traffic Flows

As part ofthe BucharesTMA Study undertaken by the Romanian Authorities and Eurocontrol,
it was proposed that arriving and departing traffic flows be altered. The purpose is to simplify co-
ordination and reduce the number of potential conflibence reducingFlight Deck and
Controller workload during a normal flight. The existi@lips andSTARs route all traffic to the
north of Otopeni, whilst th@ew traffic flows adopt routings to the south of OtopeNbise
abatement procedures fttrese newoutings have not, as ydieen developedhis simulation
study, however, does take account of possiliidure noise procedures by simulating
organisations withaircraft avoiding the city (see€Chapter 2. RESULTS and with aircraft
overflying the city (see AnneR). The TMA study stops short of@mpleteSID andSTAR re-
design adfactors such as terrain clearancejse and environment@sues areoutside of its
scope.

Diagrams illustrating the existing and proposed traffic flows used by SIMMOD in this simulation
study can be found on the following pages.

Page4
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1.4.3.2.1 EXISTING TRAFFIC FLOWS: RUNWAY LROP 08 / LRBS 07
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1.4.3.2.2 EXISTING TRAFFIC FLOWS: RUNWAY LROP 26 / LRBS 25
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1.4.3.2.3 PROPOSED NEW TRAFFIC FLOWS: AVOIDING THE CITY - RUNWAY

LROP 08 / LRBS 07
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Legend:
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1.4.3.2.4 PROPOSED NEW TRAFFIC FLOWS: AVOIDING THE CITY - RUNWAY

LROP 26 / LRBS 25
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1.4.3.2.5 SIMULATED NEW TRAFFIC FLOWS: AVOIDING THE CITY - RUNWAY

LROP 08 / LRBS 07
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1.4.3.2.6 SIMULATED NEW TRAFFIC FLOWS: AVOIDING THE CITY - RUNWAY

LROP 26 / LRBS 25
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1.4.3.2.7 PROPOSED NEW TRAFFIC FLOWS: OVER THE CITY - RUNWAY LROP
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1.4.3.2.8 PROPOSED NEW TRAFFIC FLOWS: OVER THE CITY - RUNWAY LROP

26 / LRBS 25
PROPOSED e N
TRAFFIC FLOWS varTky Scenario in which overflying | emz
RWY 5 /*V Bucharest city is permitted 1 M/ NDB \
\ VisKy ~N /
~ D8
P R~ <  SU / /
e N D> ™ — 4 VOR /
.’ N 3 a
Legend: \ / /
ber / /
— - Dep RWY26 \e%ﬁ ‘ o/ e
— - Ar RWY 26 \ ‘ /
e  NDB / / _
\p10 —
VOR/DME & NDB \ L /e =T
‘% VOR/DME o ‘ fﬂ -7
\ / .oomv\
on -’ t OPE
~ />M/ - N
~ ~ - o =V N Ab
v ™~ ~ RodarDep _, #2- o
A D1 1‘l P =
RN Vor o e
S S 7/
~ ; < - NQT TO SCALE, though retafive positions are represenfafive -

Pages



e

EUROCONTROL

BUCHAREST TMA STUDY -APT

1.4.3.2.9 SIMULATED NEW TRAFFIC FLOWS: OVER THE CITY - RUNWAY
LROP 08/ LRBS 07
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1.4.3.2.10 SIMULATED NEW TRAFFIC FLOWS: OVER THE CITY - RUNWAY

LROP 26 / LRBS 25
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1.4.3.3 Additional Taxiway Parallel to Runway 26L/08R, Otopeni

PhaseOne of the Otopeni Internationalrport Master Plahproposes singleunway operation
with the construction of a parallel taxiwayonnectingTaxiway D andthe runway 26L
threshold.

The newtaxiway wassimulated in conjunction with the other proposed changes as detailed in
this section, 1.4.3 Simulation Scenarios. Scenariaghere the additionataxiway was
implemented examined thgotential capacity benefits resulting from theduced runway
occupancy timeAdded tothis is the positive impact on the overaiiport safety casewith
taxiway access at botbnds of the runwayemoving theneedfor backtracking. Further
potential reductions in runway occupancy are also expected in Phase BefédhgpmenPlan

with the proposed introduction adipid runway exit taxiwaydiowever, thiproposal was not
included in this simulation study.

1.4.3.4 Introduction of Simultaneous Parallel Runway Operations at Otopeni

Otopeni Airport consists of two staggered parallel runways (orientation 26268metresapart
with a stagger o685 metres.08R hasthe westerly threshold. This configuration allows for
simultaneous operations on the two runways, in segregatdd, giverthat certain criteria are
mef.

Phase 2 (starting year 2002/2003)tln¢ Otopeni International Airpoi¥laster Planproposes
resurfacing and re-equipping runw@gR/08L toallow segregated parallel operatioMghen
runway 08 is in operatior8R will be usedfor landing traffic and O8L fordeparting traffic.
Whenrunway 26 is in operatior6R will be usedfor landing traffic and 26L fordeparting
traffic.

An alternative strategy under consideration is to re-surface and re-equip rR26REBL thus
implementing simultaneousperations firstwith the taxiwaydevelopment following inater
phases. Whilst thisvould increase thairport’'s capacity, itwould not eliminate theneed for
arrivals and departures to backtrack.

Simultaneous parallel runway operatiare simulated in this study both with and without the
additional taxiway described above.4.3.3Additional Taxiway Parallel to Runway 26L/08R,
Otopeni).

2 Otopeni International Airport Master Plan has bdeweloped by Romairport (a combined Romaraad Italian
company). This development plan is structured in three phases: a short term phase (until year 2000), a medium term
phase (until year 2010) and a long term phase (for after 2010). Those parts of the Masterplan, relevanidy, this

are described in Chapter 5 of the Eurocontrol Document, Evaluation of Terminal Airspace in Romania (July 1996)

% These criteria are detailed IBAO Annex 14. PANS-RAC Doc4444,PANS-OPS Do@®168 and the Manual of
Simultaneous Operations on Parallel or Near-Parallel Runways (Doc 9642)
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1.4.3.5 Baneasa Airport

Baneasa airport consists ofsagle runway (orientatior07/25), which is served by a limited
taxiway structureconnecting thepronwith the western endnd themid point of the runway.
Existing operations requirthat certain arrivals and departures backtiaefore landing oafter
take-off.

The proportion of future traffievhich will be required tdacktrackwill depend on theraffic

mix. Thusdevelopmenproposals for Baneasa atependant upon the number and type of future
operations. Currently, Baneasa is operated as a sepatiyefrom Otopeni Airport with regard

to airport development. As yet, there is no Master Plan for the development of Baneasa Airport.

In this simulation study, Baneasa Airport msodelled with today’s runway and taxiway
configuration using theraffic mix as described in sectidh4.2 Traffic Samples page 15. In
Scenarios Six and Eight it is assumed that Baneasa Airport is closed.
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1.4.3.6 The Simulation Organisations

The two tables below give a brief summary of the simulation organisations for each of the eight
scenarios used in the simulation study.

1.4.3.6.1 Summary for Scenarios One, Two , Three and Four.

TRAFFIC | SCENARIO 1 | SCENARIO 2 | SCENARIO 3 SCENARIO 4
LEVEL
O

155 » Basecase * New Traffic Taxiway Addition | « Taxiway Addition
Flights Flows to Runway 26L/08R . New Traffic Flows

LROP
Runway | 233 * Basecase * New Traffic Taxiway Addition | « Taxiway Addition
Flights Flows to Runway 26L/08R . New Traffic Flows

LROP
26 311 » Basecase * New Traffic Taxiway Addition | « Taxiway Addition
LROP | Flights Flows to Runway 26L/08R . New Traffic Flows

25LRBS LROP
350 » Basecase * New Traffic Taxiway Addition | « Taxiway Addition
Flights Flows to Runway 26L/08R . New Traffic Flows

LROP
155 » Basecase * New Traffic Taxiway Addition | ¢ Taxiway Addition
Flights Flows to Runway 26L/08R . New Traffic Flows

LROP
Runway | 233 * Basecase * New Traffic Taxiway Addition | « Taxiway Addition
Flights Flows to Runway 26L/08R . New Traffic Flows

LROP
08 311 » Basecase * New Traffic Taxiway Addition | « Taxiway Addition
LROP | Flights Flows to Runway 26L/08R . New Traffic Flows

07 LRBS LROP
350 » Basecase * New Traffic Taxiway Addition | « Taxiway Addition
Flights Flows to Runway 26L/08R . New Traffic Flows

LROP
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1.4.3.6.2 Summary for Scenarios Five, Six, Seven and Eight.

TRAFFIC | SCENARIO 5 SCENARIO 6 SCENARIO 7 SCENARIO 8
LEVEL
O
155 Flights New Traffic * New Traffic e Taxiway Addition Taxiway Addition
Flows Flows ¢« New Traffic Flows New Traffic Flows
LROP Segregateql «+ LROP Segregated « LROP Segregated LROP Segregated
Mode Mode Mode Mode
» Baneasa Closed Baneasa Closed
Runway | 233 Flights New Traffic ¢ New Traffic e Taxiway Addition Taxiway Addition
Flows Flows ¢ New Traffic Flows New Traffic Flows
LROP Segregateql «+ LROP Segregated « LROP Segregated LROP Segregated
Mode Mode Mode Mode
¢ Baneasa Closed Baneasa Closed
26 LROP | 311 Flights New Traffic ¢ New Traffic ¢ Taxiway Addition Taxiway Addition
25 LRBS Flows Flows « New Traffic Flows New Traffic Flows
LROP Segregateql «+ LROP Segregated « LROP Segregated LROP Segregated
Mode Mode Mode Mode
¢ Baneasa Closed Baneasa Closed
350 Flights New Traffic * New Traffic e Taxiway Addition Taxiway Addition
Flows Flows ¢ New Traffic Flows New Traffic Flows
LROP Segregategl «+ LROP Segregated « LROP Segregated LROP Segregated
Mode Mode Mode Mode
» Baneasa Closed Baneasa Closed
155 Flights New Traffic * New Traffic e Taxiway Addition Taxiway Addition
Flows Flows ¢ New Traffic Flows New Traffic Flows
LROP Segregateql «+ LROP Segregated « LROP Segregated LROP Segregated
Mode Mode Mode Mode
» Baneasa Closed Baneasa Closed
Runway | 233 Flights New Traffic ¢ New Traffic e Taxiway Addition Taxiway Addition
Flows Flows ¢« New Traffic Flows New Traffic Flows
LROP Segregateql «+ LROP Segregated « LROP Segregated LROP Segregated
Mode Mode Mode Mode
¢ Baneasa Closed Baneasa Closed
08 LROP | 311 Flights New Traffic ¢ New Traffic e Taxiway Addition Taxiway Addition
07 LRBS Flows Flows ¢ New Traffic Flows New Traffic Flows
LROP Segregateql «+ LROP Segregated « LROP Segregated LROP Segregated
Mode Mode Mode Mode
¢ Baneasa Closed Baneasa Closed
350 Flights New Traffic * New Traffic e Taxiway Addition Taxiway Addition
Flows Flows ¢ New Traffic Flows New Traffic Flows

LROP Segregate
Mode

j-

LROP Segregate
Mode
Baneasa Closed

jo

LROP Segregated
Mode

LROP Segregated
Mode
Baneasa Closed

Pagel3




_—
[ =~
BUCHAREST TMA STUDY -APT

EUROCONTROL

1.5 Measurements

As this study focuses on the increaseaiiport capacity (aseflected in annuadircraft delays),
the measure of Averageotal Delay peraircraft wasused forthe analysis. A number afther
measurements were also calculated, by SIMMOD, pertaining to aircraft delay and travel time.

AverageTotal Delay Graphs forAvoiding theCity can be found irChapter Two Results. The
relevant tables can found in Annex B on pages B1 and B2; tables and graphs illuAtretagg
Travel Time can also be found iAnnex B.The results section al$ocludes a simple delay cost
savings analysis.

Annex Balso includegraphs and tables for Ovtire City, aswell as,graphs and tables for the
peak hour (14h00 to 15h00) for Avoiding the City.
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2. RESULTS

2.1 AVOIDING THE CITY - RUNWAY 08/07

2.1.1 SCENARIO ONE: BASECASE

Total Average Delay (minutes)

Basecase
B0

—»— ROF
50 -

‘j//’ —m=— RES
40

30

20

10 '—"/ 1
DM

155 194 233 272 311 350
Runway Orientation 0807 - Traffic Levels

Time {minutes)

The figure above illustrates tfieotal Average Delayfor the current situation in the Bucharest
TMA. Both Otopeni andaneasa, at traffilevel 155 flights, have an acceptable delay of less
than ten minutes. Increasing thaffic results in increasindelayfor both Otopeni and Baneasa.
Otopeni's delay increases more markettign Baneasayhich is to be expected @&aneasa
handles fewer operations than Otopeni.

2.1.2 SCENARIO TWO: NEW TRAFFIC FLOWS

Total Average Delay (minutes)

Mew Traffic Flows
&0

—+— ROF
. 50 —m— RBE=
T ap
5
=
‘E 3O ///"
2 2o
= -f—’_'___j__—'

10

155 194 2335 272 =11 350

Runwray Orientation - Traffic Levels

The figure above illustrates tf@tal Average Delayafterthe implementation of theewtraffic
flows. A decrease in the overall delegsults areseen; howeverfor both Otopeni and Baneasa
the delay figures for traffic levels 311 flights and 350 flights are still above ten minutes.
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2.1.3 SCENARIO THREE: NEW TAXIWAY ADDITION AT LROP

Total Average Delay (minutes)
Ta=xiway ROP
50 -+
—a— ROP
a0
o —m— RES
£ 40
=
‘£ 30
n 20
£
T oo ————%
o E ¥ o t !
155 194 233 272 311 350
Runway Orientation 0807 - Traffic Levels

The figure above illustrates tfital Average Delayafter the implementation theew taxiway
addition parallel to runway6L/08R atOtopeni. The implementation of theew taxiway is
clearly beneficial. Delay at Otopeni is below ten minutes for all traffic levels. Baneasmjalg®
a decrease in delay. Otopeni and Baneasa have virtually no difference in expected delay.

2.1.4 SCENARIO FOUR: NEW TRAFFIC FLOWS & TAXIWAY ADDITION

Total Average Delay (minutes)

Hew Traffic Flows & Taxiway Addition
B0 T

—a— ROF
—m— RE=

a0

40

30

20

Time {minutes)

10

o ; —'/r_/l. —
153 194 233 272 311 a0
Runwray Orientation 0807 - Traffic Levels

The table above illustrates ti®tal Average Delayafter the implementation of both the new
traffic flows and thenewtaxiway addition. The benefits of these tiwmaplementations is clearly

seen at Otopeni: expected delssbeen reduced to lesisan two minutedor all traffic levels.
Baneasaexperiences a fractional decreasben compared to the results of Scenario Three.
However, when compared to Scenario Two, the expected delay for Baneasa has been significantly

reduced, indicatinghat the proposedstructuralchange at Otoperiias apositive effect on
operations at Baneasa.

Pagel6



_—
[ =~
BUCHAREST TMA STUDY -APT

EUROCONTROL

2.1.5 SCENARIO FIVE: NEW TRAFFIC FLOWS & LROP SEGREGATED

Total Average Delay (minutes)
Mewr Traffic Flows & Segregated LROP

—a— ROF
__ a0 — = RES
w
& a0
=1
=
E =0
g 20
= I‘/'
" —-1//_—
-—
o e T ; t ~t |
155 194 233 272 311 350

RPunwray Orientation D80T - Traffic Levels

The figure above illustrates tf@tal Average Delayafterthe implementation of theewtraffic

flows, along with segregated parallel operations at Otojéimén compared to tHeasecase, the
expected delay has been significantly reduced for both Otopeni and Baneasa. The delay values for
Otopeni are less than those found in Scenario Two and Scenario Aiitrgesater thathose for
ScenarioFour. Thisindicatesthat the implementation of segregated operations at Otopeni, in
conjunction with thenew traffic flows, has had a significaeffect on the expected delay (less
thanfive minutesfor all traffic levels) but not as significant as the implementation of the new
taxiway in conjunction with the new traffic flows (less than two minutes for all traffic levels).

2.1.6 SCENARIO SIX: NEW TRAFFIC FLOWS, LROP SEGREGATED & LRBS
CLOSED

Total Average Delay (minutes)

Mew Traffic Flows, Segregated ROP & RES Closed
B0 T

2 o
2
‘E 3O /
2 2o
= /_/—/_/
10
. q’____—_/*l—f_f

155 194 233 272 311 350
Runwray Orientation 0807 - Traffic Levels

The figure above illustrates tf@tal Average Delayafterthe implementation of theewtraffic
flows, segregated parallel operations at Otopeni and the closure of BaAigasa Whilst the
expected delayfor Otopeni is considerably reducedhen compared to the Basecasehen
Scenario Six ixompared to Scenarios Two, Thré®ur andFive the expected delay is higher
for all traffic levels.This would indicatethat, if the newtaxiway addition is not impmented, the

implementation of thaew traffic flows, aswell as segregatedperations at Otopeni, imost
beneficial with Baneasa in operation.
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2.1.7 SCENARIO SEVEN: NEW TRAFFIC FLOWS, TAXIWAY ADDITION, LROP
SEGREGATED

Total Average Delay (minutes)

New Traffic Flows, Taxiway ROP & Segregated ROP
B0 T

—— ROIP

=0 —m— RE=

40

30

20

Time {minutes)

10

o ; ﬂ//E/:
155 194 233 272 311 350
Runwray Orientation 0807 - Traffic Levels

The figure above illustrates tf@tal Average Delayafterthe implementation of theewtraffic

flows with the new additional taxiway and segregated parallel operations at Otopeni. The
expected delajor Otopenihasbeen significantly reduced, being belowe minutefor all traffic

levels - the most beneficial $ar. Baneasa shows the same result$oasScenarioFour. This
indicatesthat the implementation of theew taxiway at Otopeni benefits the operations at both
Otopeni and Baneasa whereas the implementation of segregated operations only benefits Otopeni.

2.1.8 SCENARIO EIGHT: NEW TRAFFIC FLOWS, TAXIWAY ADDITION, LROP
SEGREGATED & LRBS CLOSED

Total Average Delay (minutes)
Mew Traffic Flows, Taxiway ROP, Segregated ROP & RES Closed
60 T
=0
]
= 40
=
'E 30
2 2o
E
10
] ; * 7 * *
155 194 233 272 311 350
Runwray Orientation 0807 - Traffic Levels

The figure above illustrates tfi@tal Average Delayafterthe implementation of theewtraffic

flows, thenew taxiway addition, segregated operations at Otopeni and the closure of Baneasa
Airport. Whilstthe expected deldpr Otopeni might be higher in scenario eitjtin in Scenario
Seven, the overall expected defay the BucharesTMA traffic is less tharthree minutes - by

far the most beneficial of all the scenarios.
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2.2 AVOIDING THE CITY - RUNWAY LROP 26/ LRBS 25

2.2.1 SCENARIO ONE: BASECASE

Total Average Delay (minutes)

Basecase
G000

—e+— ROFP

—m— RE=

S0.00

40.00 &

30.00

20.00 ;f} -
10.00
000 -:_____z_——_,f_:_:—p_/

135 194 233 272 311 330

Time (minutes)

Traffic Levels

The figure above illustrates tfieotal Average Delayfor the current situation in the Bucharest
TMA. Both Otopeni andaneasa, at traffilevel 155 flights, have an acceptable delay of less
than ten minutes. Increasing thaffic results in increasindelayfor both Otopeni and Baneasa.
Otopeni’'s delay increases more marketiign Baneasayhich is to be expected d&aneasa
handles fewer operations than Otop&hen compared to thiRunway 08/07 Basecagetopeni
has lower expected delay values and Baneasa has slightly higher.

2.2.2 SCENARIO TWO: NEW TRAFFIC FLOWS

Total Average Delay (minutes)
MNew Traffic Flows
s50.00
—e— ROP
. S0.00 - RES
o
L]
.E. 40.00
'E 30.00 /,.4»
g zo.00
=
10.00 _-f-jf =
0.00 !:/_/./_/_‘Tf/ ; t i
155 194 233 272 311 350
Traffic Levels

The figure above illustrates the Total Average Delay after the implementation of the new traffic
flows. A decrease in the overall delay results are seen; however, for both Otopeni (traffic levels
311 flights and 350 flights) and Baneasa (traffic level 350 flights) the delay figures are still above
ten minutes. The new traffic flows appear to have a more beneficial effect when runway 26/25 is

in operation when one compares this scenario Two with Scenario Two for Runway 08/07 (see
page 16).
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2.2.3 SCENARIO THREE: NEW TAXIWAY ADDITION AT LROP

Total Average Delay (minutes)
Taxiway ROP
G000 T
—a— ROP
= S0.00 = RES
£ 40.00
=
£ 30.00
2 2000
000 F= 1 t 1 1 i
155 194 2335 272 311 350
Traffic Levels

The figure above illustrates the Tofalerage Delayafterthe implementation of theewtaxiway
addition parallel to runway6L/08R atOtopeni. The implementation of theew taxiway is
clearly beneficial. Delay at Otopeni is below thirteen miniesll traffic levels.Baneasa also
enjoys a decrease in delajnencompared to the Basecasat there is a slight increasghen
compared to Scenario Two. Otopeni and Baneasa have virtually no difference in expected delay.

2.2.4 SCENARIO FOUR: NEW TRAFFIC FLOWS & NEW TAXIWAY ADDITION

Total Average Delay (minutes)
Mew Traffic Flows & Taxiway ROP
50.00 4
—e— ROF
__ s000 - RES
(]
5]
= 40.00
£
£ =0.00
g 2000
E
10.00
0.00 & i ¥ * %
155 194 2335 272 311 350
Traffic Levels

The table above illustrates tA®tal Average Delayafter the implementation of both the new
traffic flows and thenewtaxiway addition. The benefits of these tiwmaplementations is clearly

seen at Otopeni: expected delssbeen reduced to lesisan two minutedor all traffic levels.
Baneasaexperiences a fractional decreasben compared to the results of Scenario Three.
However, when compared to Scenario Two, the expected delay for Baneasa has been significantly
reduced, indicatinghat the proposedstructural change at Otopendlso reduces delays for

operations at Baneas&/hen compared tRunway 08/07 Scenario Fo(see page 17) thdelay
values are very similar.
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2.2.5 SCENARIO FIVE: NEW TRAFFIC FLOWS & LROP SEGREGATED

Total Average Delay (minutes)
MHew Trafic Flows & Segregated Mode
G000 —
—a— ROP
=0.00 —m— RBS
W
D 4000
5
E
£ 3000
g2 zooo
=
tone _e—2
000 ; = " ' |
153 194 233 272 =11 350
Traffic Levels

The figure above illustrates tf@tal Average Delayafterthe implementation of theewtraffic

flows, along with segregated operations at Otop¥viien compared to th&asecase, the
expected delay has been significantly reduced for both Otopeni and Baneasa. The delay values for
Otopeni are less than those found in Scenario Two and Scenario Aiitrgesater thathose for
ScenarioFour. Thisindicatesthat the implementation of segregated operations at Otopeni, in
conjunction with thenew traffic flows, has had a significaeffect on the expected delay (less
thanseven minutefor all traffic levels)but not as significant as the implementation of the new
taxiway in conjunction with theew traffic flows (less than two minutefer all traffic levels).

When compared to Runway 08/07 Scenario Five (see page 17), Re®AR&VScenaridive has
slightly higher delay values

2.2.6 SCENARIO SIX: NEW TRAFFIC FLOWS, LROP SEGREGATED & LRBS

CLOSED
Total Average Delay (minutes)
MHew Traffic Flows, Segregated ROP & Baneasa Closed
S0.00
—e— ROF
S0.00 —m— RES
o
)
= 40.00
=
£ =0.00
B 2000 _—
= /_’————’*_
10.00
o.00 t t t+ t+ !
155 194 233 272 311 350
Traffic Levels

The figure above illustrates tf@tal Average Delayafterthe implementation of theewtraffic
flows, segregated operations at Otopeni and the closure of Bakigamd. Whilst the expected
delayfor Otopeni is considerably reducetiencompared to the BasecagéhenScenariO Six is
compared to Scenarios Two, Thrémur andFive the expected delay is highfer all traffic
levels. This would indicate that, if the new taxiway addition is not mplemented, the
implementation of thaew traffic flows, aswell as segregatedperations at Otopeni, imost
beneficial withBaneasa in operatiodvhen compared t®Runway 08/07 Scenario S{gee page
18), Runway 26/25 Scenario Six delay values are slightly lower.
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2.2.7 SCENARIO SEVEN: NEW TRAFFIC FLOWS, NEW TAXIWAY ADDITION &
LROP SEGREGATED

Total Average Delay (minutes)
Mew Traffic Flows, Taxiway ROP & Seqgregated
G000 —
—e— ROP

S0.00 = FES
i 40.00
£ .
E
E 30.00
£ 2000
E

10.00

000 = ; —lrrf—ﬁff
155 194 253 272 311 Fs0
Traffic Levels

The figure above illustrates tf@tal Average Delayafterthe implementation of theewtraffic
flows with thenewadditional taxiway and segregated operations at Otopeni. The exdetigd

for Otopenihasbeen significantly reduced, being belowe minutefor traffic levels - the most
beneficial sdfar. Baneasa showthat same results as for ScenaFour. Thisindicatesthat the
implementation of thewew taxiway at Otopeni benefits the operations at both Otopeni and
Baneasa whereas thmplementation of segregated operatiamdy benefits OtopeniWhen
compared to Runway 08/07 Scenario Seven (see page 19), the results are very similar

2.2.8 SCENARIO EIGHT: NEW TRAFFIC FLOWS, NEW TAXIWAY ADDITION,
LROP SEGREGATED & LRBS CLOSED

Total Average Delay (minutes)
Mew Traffic Flows, Taxiway ROP, Seqgqregated ROP & RES Closed
50.00
—e— ROF
S0.00 RES
= -
5]
£ 4000
=
'E 3F0.00
2 2000
E
10.00
0.00 ' > ] %
155 194 233 27z 311 350
Traffic Levels

The figure above illustrates the Total Average Delay after the implementation of the new traffic
flows, the new taxiway addition, segregated operations at Otopeni and the closure of Baneasa
Airport. Whilst the expected delay for Otopeni might be higher in scenario eight than in Scenario
Seven. The overall expected delay for the Bucharest TMA is less than two minutes - by far the

most beneficial of all the scenarios. When compared to Runway 08/07 Scenario Eight (see page
19), the results are very similar.
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2.3 COST SAVINGS ANALYSIS

Cost (1000's of $)

F250,000 -

$200,000 -

$1:50,000

100,000 -

$50,000 -

$0 B

Cost Savings Analysis

—4—zcen
—8— zcen 2

SCen 3
—&—zcen 4
—%— sCen S
—8—zcen B

scen ¥

scen 8

133 194 233 22 311 Fa0

Traffic Levels

The annualised cost figures were computed by first averaging the daily delay per aircraft in

minutes by arrivals, departures and runway. These figures were then annualised and weighted by

annual percentage use for each runway orientation (70 % for Runway 08/07 and 30% for
Runway 26/25) to provide the annualised delay in minutes. Then, using an average aircraft

operating cost of $300@er hour, these figures were transformed to represent annualised delay
cost. The figure above illustrates these costs. Clearly the most beneficial scenarios are Scenario 4

(New Traffic Flows and Taxiway Addition), Scenario 7 (New Traffic Flows, New Taxiway

Addition and Segregated Operations at Otopeni) and Scenario Eight (New Traffic Flows, New

Taxiway Addition, Segregated Operations and Baneasa Closed).

The relevant costing tables can be found below.

The table below illustrates the annualised delay time for the Bucharest TMA.

ANNUALISED DELAY (MINUTES)
Ops/ | Ops/year | Scenario| Scenario | Scenario | Scenario | Scenario | Scenario | Scenario | Scenario
day 1 2 3 4 5 6 7 8
155 | 49000 98000 68000 35000 19000 33000 86000 16000 2100(
233 | 74000 736000 328000 173000 74000 154000 523000 65000 7100
310 | 98000 2708000 1614000 569000 268000 533000 | 1532000 225000 171000
349 | 110000 410600( 3041000 1028000 443000 913000| 3045000 376000 27300p

* The estimate of $3000 per hour for the average operatisigvas determinedrom
historical cost data collected by AEA. Actual operatogtsmayvary. Alternativecosts
may be applied if needed.
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The table below illustrates the annualised costs at $3000 per hour for the Bucharest TMA.

ANNUALISED COST @ $3000 PER HOUR ($USA in 1 000 000’s
Ops/ | Ops/year| Scenario| Scenario | Scenario | Scenario | Scenario | Scenario | Scenario | Scenario
day 1 2 3 4 5 6 7 8
155 | 49000 $5 $3 $2 $1 $2 $4 $1 $1
233 | 74000 $37 $16 $9 $4 $8 $26 $3 $4
310 | 98000 $135 $81 $29 $1B $27 $77 $11 $9
349 110000 $205 $158 $5p $22 $46 $154 $19 $14

The table below illustrates what the expected differences in operating cost savings would be
between the present situation (Scenario One: Basecase) and the other eight scenarios.

VARIANCE OF INCREMENTAL COST TO BASECASE ($USA in 1000 000's)
Ops | Ops/ Scenario| Scenario| Scenario| Scenario| Scenario| Scenario| Scenario| Scenario
/day | year 1 2 3 4 5 6 7 8
155 | 49000 0 -$2 -$3 -$4 -$3 -$1 -$4 -$4
233 | 74000 0 -$21 -$28 -$33 -$29 -$11 -$34 -$33
310 | 98000 0 -$54 -$106 -$122  -$108 -$58 -$124 -$126
349 | 110000 | 0 -$52 -$153 -$183  -$159 -$51 -$186 -$19]
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3. CONCLUSIONS

Runway Orientation: the similaritpetween the delayesults for both runway orientations
indicatethat runwayorientation does not have a significant effect on the expected delay for
Bucharest TMA.

New Traffic Flows reduced the expected delay for both Otopeni and Baneasa.

Taxiway Addition at Otopeni significantly reduced delay at Otopeni, as well as at Baneasa.

Segregated Operations at Otopemhen implemented in conjunction with timew traffic

flows, had a significant effect on the expected dé&ayOtopenibut nonefor BaneasaWhen

implemented in conjunction with theew traffic flows and thenew taxiway addition both
airports benefited from significant reductions in delay.

Baneasa: With the implementation of both ih&rallel taxiway and segregated parallel
operations at Otopeni, sufficient capacdppears to berovided to accommodate both
Baneasa and Otopeni traffic, for all traffic levels, at the one airport.
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4. RECOMMENDATIONS

The results of this study indicatihat the phaseddevelopmentproposed in the Otopeni
Masterplan andleveloped in th&fMA study matches expectedapacity with forecastraffic
during the next eight years.

Phaseone of theMaster Plandevelopmentproposes singleunway operations with taxiway
access to runway ends. The results of this study indibatethis approach is sound. tnis
configuration, increased capacityashieved by reducedinway occupancy through removal of
the backtrack requirement.

Introduction of parallel runway operations may dmnsidered as &rst developmentphase if
other factors dictate this. However, whitgbviding Otopeni with increased runwegpacity, the
need tobacktrack is notemovedand runway occupancy times remain high.trsiffic levels
beyond forecast 1998 levels Baneasa operations are affected by this.

Baneasa operations asmulated in this study based on current operations with applied
forecasting. If theéntended levelnd type of operationare changed, it is recommenddidiat a
further capacity study be carried out.

Traffic forecastswill be continuously refined with the benefit of experience and to reflect
development ofoperational plans foOtopeni andBaneasa. Agthese becomavailable it is
recommendedhat a further capacity study Imeade to measure tleapacity ofsingle runway
operations with optimised taxiwaructurebeyond thdorecasts 2004 traffitevel addressed by

this study. Similarly, although introduction of simultaneous parallel runway operations at
Otopeni together with an optimised taxiwagructure clearlyprovides adequate capacity at
forecast 2004 traffic mix and level, measurement of capacity beyond that may be required.

Furthermore, Bucharest TMA operations simulated in this study based on curregaffic mix
and level with a growth factor applied tathat base trafficShould the operational fleet mix
change, or growth exceed simulated levels, a new capacity study may be necessary.

Bucharest TMA, as with the majority of airports associated with terminal airspace, is subject to a
“peak and trough” traffic patteriNevertheless, scheduling at both Otopeni Badeasahould

be examined as existimpaks significantlynfluencecapacity requirementwhenforecasts are
applied.

It is recommendedhat Standardnstrument Departure and Arrival proceduresdegeloped
using the Eurocontraf MA evaluation document ashasis. Operationgirocedures relating to
the interaction between Otopeni and Baneasa could be developed at that time

Page26



_—
[ =~
BUCHAREST TMA STUDY -APT

EUROCONTROL

5. ANNEX A

How are the end results achieved ?

The complete air and ground system is represented by a network of points and connecting segments
along which the aircraft 'navigate'. Along with other point qualities, an altitude is associated to each
point. This altitude is usually derived from free profiles but can be madified to represent, for example,
height restrictions, SIDs, STARs, etc.

The simulation module is the core of the SIMMOD system. The module traces the "steps" through
time and space of each aircraft defined in the traffic sample from one point to the next along its route.
Potential violations of any of the modelled separation requirements between two or more aircraft
moving towards a given point are detected and then resolved by adjusting their arrival times at the
point. Depending on the importance of this adjustment, the controller action deemed to be causing it is
interpreted as either track adjustment, speed control, holding or re-routeing of aircraft. Such specific
occurrences as overtaking in the air, shuffling aircraft in the departure queue, as well as many other
ATC procedures and actions either on the aerodrome, in the approach/departure environment or in en-
route airspace can be simulated by careful selection of the input parameters.

Input requirements

The SIMMOD input is constructed in a number of files. The validity and correctness of the input data
is crucial for the accuracy and realism of the simulation. The SIMMOD files constructed will contain
detailed information regarding:

Geographical boundaries of airspace and restrictions,
Geographical boundaries of sectors and restrictions (capacities),
Points data and restrictions (separation standards),

Route data and restrictions (separation standards),

Airfield data and restrictions (aircraft size limitations),

Aircraft data and restrictions (wake turbulence),

Scheduling of events (list of flights), and

Weather considerations (reduced visibility operations).

Output
Output data is produced in a report format which may also be converted into charts and graphs. The
data available from SIMMOD includes:

Airfields, which includes:
Runway utilisation,
Ground delays at gates, holding points or during taxiing,
Average times for completing ground movements.

Sectors, which includes:

Total number of aircraft that crossed the sectors within a specified time period,
Maximum number of aircraft in each sector's area of responsibility at any one
time within a specified time period,

Average flight times for the sectors,

A workload index for the sectors, and

Number of aircraft in level flight, climbing or descending for each sector within
a specified time period.
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Points, which includes:
Rate of traffic flow over points,
Number of aircraft climbing, descending or in level flight at a point,
Number of potential conflicts that will require ATC intervention.

Routes, which includes:
Average flight times on each route, and
Number of aircraft on each route.

Simulation Animation
In addition to the output data, the SIMMOD post-processor module produces an animated high

resolution colour display of the simulation. All aircraft can be displayed during all stages of flight, or
ground movement, following procedures defined in the input data.

During the animation run various items can be analysed:
Evolution of a traffic situation and traffic flow,
A visual check of the simulation's realism,
Verification that procedures defined for the model do not violate the

defined separation specifications, and
Areas of scheduling congestion can be located.

Disadvantages - Limitations
SIMMOD is designed as a "quick look" simulation tool and has the following limitations:

No resolution of conflicts during a simulation by changing an aircraft's level,
and

* A global view only, no detail regarding an individual controller or
operating position
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6. ANNEX B: DATA MEASUREMENTS

6.1 AVOIDING THE CITY

6.1.1 RUNWAY 08 LROP /07 LRBS - AVERAGE TOTAL DELAY (MINUTES)

Average Total Delay (min)

Flights ROP RBS
Scenario 1 Basecase 155 2.38 1.16
233 14.67 4.37
310 40.20 11.22
349 50.78 15.65
Scenario 2 New Traffic Flows 155 1.74 0.68
233 5.35 251
310 21.01 10.40
349 36.40 16.34
Scenario 3 Taxiway 155 0.65 0.55
Addition LROP 233 2.04 1.79
310 4.85 5.13
349 7.57 9.01
Scenario 4 New Traffic Flows & 155 0.30 0.47
Taxiway Addition 233 0.52 1.69
310 1.34 5.29
349 1.89 8.09
Scenario 5 New Traffic Flows & 155 0.70 0.68
LROP Segregated 233 1.66 251
310 2.85 10.39
349 4.22 16.36
Scenario 6 New Traffic Flows, 155 2.04
LROP Segregated & 233 6.01
LRBS Closed 310 14.49
349 29.32
Scenario 7 New Traffic Flows, 155 0.24 0.47
Taxiway Addition & 233 0.39 1.69
LROP Segregated 310 0.72 5.29
349 0.99 8.09
Scenario 8 New Traffic Flows, 155 0.43
Taxiway Addition, 233 1.04
LROP Segregated & 310 181
LRBS Closed 349 2.70
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6.1.2 RUNWAY 26 LROP /25 LRBS - AVERAGE TOTAL DELAY (MINUTES)

Average Total Delay (min)

Flights ROP RBS
Scenario 1 Basecase 155 2.37 1.44
233 8.76 6.01
310 27.07 15.81
349 41.58 21.91
Scenario 2 New Traffic Flows 155 1.77 0.69
233 6.01 2.59
310 20.30 6.14
349 31.96 10.19
Scenario 3 Taxiway 155 0.93 1.04
Addition LROP 233 3.46 2.90
310 7.47 8.31
349 12.37 12.15
Scenario 4 New Traffic Flows & 155 0.40 0.52
Taxiway Addition 233 0.73 1.72
310 1.56 4.31
349 1.91 7.10
Scenario 5 New Traffic Flows & 155 0.60 0.69
LROP Segregated 233 2.16 2.59
310 4.29 6.13
349 6.14 10.19
Scenario 6 New Traffic Flows, 155 1.10
LROP Segregated & 233 9.56
LRBS Closed 310 18.29
349 23.86
Scenario 7 New Traffic Flows, 155 0.26 0.54
Taxiway Addition & 233 0.42 1.72
LROP Segregated 310 0.69 4.25
349 0.86 7.10
Scenario 8 New Traffic Flows, 155 0.49
Taxiway Addition, 233 0.95
LROP Segregated & 310 1.29
LRBS Closed 349 2.33
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6.1.3

RUNWAY 08 LROP / 07 LRBS - AVERAGE AIR TRAVEL TIME (MINUTES)

- TABLE
Average Air Delay (min)
Flights ROP RBS
Scenario 1 Basecase 155 9.20 14.92
233 9.30 14.67
310 9.17 15.01
349 9.17 14.98
Scenario 2 New Traffic Flows 155 12.37 17.09
233 12.40 16.82
310 12.34 17.06
349 12.41 17.10
Scenario 3 Taxiway 155 9.20 14.92
Addition LROP 233 9.30 14.67
310 9.17 15.01
349 9.17 14.98
Scenario 4 New Traffic Flows & 155 12.37 17.09
Taxiway Addition 233 12.40 16.82
310 12.40 17.19
349 12.41 17.10
Scenario 5 New Traffic Flows & 155 12.37 17.09
LROP Segregated 233 12.40 16.82
310 12.40 17.19
349 12.41 17.10
Scenario 6 New Traffic Flows, 155 13.58
LROP Segregated & 233 13.58
LRBS Closed 310 13.70
349 13.66
Scenario 7 New Traffic Flows, 155 12.37 17.09
Taxiway Addition & 233 12.40 16.82
LROP Segregated 310 12.40 17.19
349 12.41 17.10
Scenario 8 New Traffic Flows, 155 13.58
Taxiway Addition, 233 13.58
LROP Segregated & 310 13.70
LRBS Closed 349 13.66
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6.1.4 RUNWAY 08 LROP / 07 LRBS - AVERAGE AIR TRAVEL TIME (MINUTES)
- DIAGRAMS
Total Average Air Travel Time {minutes)
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6.1.5

RUNWAY 26 LROP / 25 LRBS - AVERAGE AIR TRAVEL TIME (MINUTES)

- TABLE
Average Air Travel (min)
Flights ROP RBS
Scenario 1 Basecase 155 12.07 16.29
233 11.79 16.12
310 11.72 16.34
349 11.80 16.32
Scenario 2 New Traffic Flows 155 15.50 17.22
233 14.99 16.96
310 15.10 17.12
349 15.15 17.14
Scenario 3 Taxiway 155 12.07 16.29
Addition LROP 233 11.79 16.12
310 11.72 16.34
349 11.80 16.32
Scenario 4 New Traffic Flows & 155 15.50 17.22
Taxiway Addition 233 14.99 16.96
310 15.09 17.14
349 15.15 17.14
Scenario 5 New Traffic Flows & 155 15.50 17.22
LROP Segregated 233 14.99 16.96
310 15.10 17.12
349 15.15 17.14
Scenario 6 New Traffic Flows, 155 16.31
LROP Segregated & 233 15.89
LRBS Closed 310 16.09
349 16.11
Scenario 7 New Traffic Flows, 155 15.52 17.12
Taxiway Addition & 233 15.00 16.90
LROP Segregated 310 15.10 17.12
349 15.15 17.14
Scenario 8 New Traffic Flows, 155 16.31
Taxiway Addition, 233 15.89
LROP Segregated & 310 16.09
LRBS Closed 349 16.11
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6.1.6 RUNWAY 26 LROP / 25 LRBS - AVERAGE AIR TRAVEL TIME (MINUTES)
- DIAGRAMS
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6.2 OVER THE CITY

6.2.1

RUNWAY 08 LROP /07 LRBS - AVERAGE TOTAL DELAY (MINUTES) -

TABLE
Average Total Delay (min)
Flights ROP RBS
Scenario 1 Basecase 155 2.38 1.16
233 14.67 4.37
308 40.20 11.22
349 50.78 15.64
Scenario 2 New Traffic Flows 155 1.75 0.70
233 5.28 2.52
310 21.10 10.11
349 36.88 16.08
Scenario 3 Taxiway Addition at 155 0.65 0.55
LROP 233 2.04 1.79
310 4.85 5.13
349 7.57 9.01
Scenario 4 Taxiway Addition& 155 0.28 0.46
New Traffic Flows 233 0.54 1.69
310 1.34 5.20
349 1.89 7.93
Scenario 5 New Traffic Flows & 155 0.70 0.70
LROP Segregated 233 1.68 2.52
310 2.92 10.11
349 4.24 16.10
Scenario 6 New Traffic Flows, 155 2.12
LROP Segregated & 233 6.19
LRBS Closed 310 14.88
349 29.76
Scenario 7 Taxiway Addition, 155 0.22 0.46
New Traffic Flows & 233 0.40 1.69
LROP Segregated 310 0.73 5.20
349 1.01 7.93
Scenario 8 Taxiway Addition, 155 0.44
New Traffic Flows, 233 1.01
LROP Segregated & 310 181
LRBS Closed 349 2.69

Page3s



BUCHAREST TMA STUDY -APT

=
[ -

EUROCONTROL

6.2.2 RUNWAY 08 LROP / 07 LRBS - AVERAGE TOTAL DELAY (MINUTES) -
DIAGRAMS

6.2.2.1 SCENARIO ONE: BASECASE

Average Total Delay {minutes)
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6.2.2.3 SCENARIO THREE: NEW TAXIWAY ADDTION AT LROP

Delay Time {minutes)
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6.2.2.5 SCENARIO FIVE: NEW TRAFFIC FLOWS AND LROP SEGREGATED

Average Total Delay (minutes)
Mew Traffic Flows & ROP Segregated
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6.2.2.6 SCENARIO SIX: NEW TRAFFIC FLOWS, TAXIWAY ADDITION & LROP
SEGREGATED
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6.2.2.7

6.2.2.8

SCENARIO SEVEN: NEW TRAFFIC FLOWS, TAXIWAY ADDITION,
LROP SEGREGATED

Delay Time {minutes)

Average Total Delay (minutes)

New Traffic Flows, Taxiway Addition & ROP Segregated
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SCENARIO EIGHT: NEW TRAFFIC FLOWS, TAXIWAY ADDITION,
LROP SEGREGATED AND LRBS CLOSED
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6.2.3

RUNWAY 26 LROP / 25 LRBS - AVERAGE TOTAL DELAY (MINUTES) -

TABLE
Average Total Delay (min)
Flights ROP RBS
Scenario 1 Basecase 155 2.37 1.44
233 8.78 6.05
310 27.07 15.81
349 41.59 21.91
Scenario 2 New Traffic Flows 155 1.77 0.70
233 6.02 2.70
310 20.29 6.50
349 31.70 10.35
Scenario 3 Taxiway Addition at 155 0.93 1.04
LROP 233 3.46 2.90
310 7.48 8.31
349 12.37 12.15
Scenario 4 Taxiway Addition& 155 0.40 0.53
New Traffic Flows 233 0.73 1.81
310 1.57 4.48
349 191 6.99
Scenario 5 New Traffic Flows & 155 0.60 0.70
LROP Segregated 233 2.17 2.70
310 4.29 6.49
349 6.15 10.86
Scenario 6 New Traffic Flows, 155 1.10
LROP Segregated & 233 9.55
LRBS Closed 310 18.29
349 23.86
Scenario 7 Taxiway Addition, 155 0.26 0.55
New Traffic Flows & 233 0.42 1.80
LROP Segregated 310 0.70 4.41
349 0.87 6.99
Scenario 8 Taxiway Addition, 155 0.49
New Traffic Flows, 233 0.95
LROP Segregated & 310 1.29
LRBS Closed 349 2.33
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6.2.4 RUNWAY 26 LROP / 25 LRBS - AVERAGE TOTAL DELAY (MINUTES) -

DIAGRAMS

6.2.4.1 SCENARIO ONE: BASECASE

Average Total Delay (minutes)
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6.2.4.3 SCENARIO THREE: NEW TAXIWAY ADDITION AT LROP

Average Total Delay (minutes)
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6.2.4.4 SCENARIO FOUR: NEW TRAFFIC FLOWS AND TAXIWAY ADDITION

Average Total Delay (minutes)
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6.2.4.5 SCENARIO FIVE: NEW TRAFFIC FLOWS & LROP SEGREGATED

Average Total Delay (minutes)
Mew Traffic Flows & ROP Segregated
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6.2.4.6 SCENARIO SIX: NEW TRAFFIC FLOWS, LROP SEGREGATED & LRBS
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6.2.4.7 SCENARIO SEVEN: NEW TRAFFIC FLOWS, TAXIWAY ADDITION,
LROP SEGREGATED

Average Total Delay (minutes)
New Traffic Flows, New Taxiway ROP & ROP Segregated
G0.00 -
—+—FROP
W O000 o mmm e e e e e
o —8—RES
E 4000 T - - - mmmmmmm e mm e mmm oo
E
11 e T
E
2000 -
k)
R L 11 L T
0.00 % : —T/r/:
133 194 233 272 In Fa0
Humber of Flight=s

6.2.4.8 SCENARIO EIGHT: NEW TRAFFIC FLOWS, TAXIWAY ADDITION,
LROP SEGREGATED & LRBS CLOSED
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6.2.5

RUNWAY 08 LROP / 07 LRBS - AVERAGE AIR TRAVEL TIME (MINUTES)

- TABLE
Average Air Travel (min)
Flights ROP RBS
Scenario 1 Basecase 155 9.19 14.92
233 9.30 14.67
310 9.16 15.01
349 9.17 14.98
Scenario 2 New Traffic Flows 155 11.70 16.68
233 11.69 16.38
310 11.69 16.76
349 11.70 16.68
Scenario 3 Taxiway Addition at 155 9.19 14.92
LROP 233 9.30 14.67
310 9.16 15.01
349 9.17 14.98
Scenario 4 Taxiway Addition& 155 11.70 16.68
New Traffic Flows 233 11.69 16.38
310 11.69 16.76
349 11.70 16.68
Scenario 5 New Traffic Flows & 155 11.70 16.68
LROP Segregated 233 11.69 16.38
310 11.69 16.76
349 11.70 16.68
Scenario 6 New Traffic Flows, 155 13.00
LROP Segregated & 233 12.96
LRBS Closed 310 13.10
349 13.05
Scenario 7 Taxiway Addition, 155 11.70 16.68
New Traffic Flows & 233 11.69 16.38
LROP Segregated 310 11.69 16.76
349 11.70 16.68
Scenario 8 Taxiway Addition, 155 13.00
New Traffic Flows, 233 12.96
LROP Segregated & 310 13.10
LRBS Closed 349 13.05
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6.2.6 RUNWAY 08 LROP / 07 LRBS - AVERAGE AIR TRAVEL TIME (MINUTES)
- DIAGRAMS
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6.2.7 RUNWAY 26 LROP / 25 LRBS - AVERAGE AIR TRAVEL TIME (MINUTES)

- TABLE
Average Air Travel (min)
Flights ROP RBS
Scenario 1 Basecase 155 12.068269| 16.293931
233 11.793867 16.12002
310, 11.717558| 16.335609
349 11.797738| 16.318586
Scenario 2 New Traffic Flows 155 15.498676| 16.979118
233 14.99543 16.732382
310 15.102377 16.888725
349 15.148256 16.89767
Scenario 3 Taxiway Addition at 155/ 12.068285| 16.293585
LROP 233 11.793504 16.119981
310 11.717045 16.335508
349 11.797604 16.317686
Scenario 4 Taxiway Addition& 155| 15.498676| 16.979338
New Traffic Flows 233 14.995429 16.733196
310/ 15.090101| 16.895228
349 15.148407| 16.898626
Scenario 5 New Traffic Flows & 155| 15.498676| 16.979118
LROP Segregated 233 14.99543 16.732382
310, 15.102386| 16.888725
349 15.148293 16.897721
Scenario 6 New Traffic Flows, 155| 16.302701
LROP Segregated & 233 15.88303
LRBS Closed 310| 16.087553
349| 16.108959
Scenario 7 Taxiway Addition, 155/ 15.522316| 16.884938
New Traffic Flows & 233 15.00478 16.67979
LROP Segregated 310{ 15.102212| 16.889841
349 15.148392| 16.898626
Scenario 8 Taxiway Addition, 155 16.31
New Traffic Flows, 233 15.89
LROP Segregated & 310 16.09
LRBS Closed 349 16.11

Page47



P o
[ =
BUCHAREST TMA STUDY -APT

EUROCONTROL

6.2.8 RUNWAY 26 LROP / 25 LRBS - AVERAGE AIR TRAVEL TIME (MINUTES)
- DIAGRAMS

Average Total Air Travel Time (minutes)
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6.3 PEAK HOUR - AVOIDING THE CITY - RUNWAY 08/07 - DIAGRAMS

The peak hour, for the Bucharest TMA, was found to be from 14h00 to 15h00 (see 1.4.2 Traffic
Samples page 2). The delay values for the traffic in this peak hour are illustrated in the diagrams
below (pages 21 to 25), the tables can be found on pages 26 and 27.
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Peak Hour Average Total Delay (minutes)
Scenario Four
8000 T — e ROF
= S0.00 —m— RES
E aonoo
-]
E =0uoo
=
2 2000
-
= 1000 P ——
0.00 . — ' ' =
155 194 233 272 311 350
Traffic Levels for 24 hours
Peak Hour Average Total Delay (minutes)
Scenario Five
EO.00 -~ ROP
£ s0.00 = RES
E 4000
L)
E =000
[=
z 20.00
2 1000
0.00 = : — ; = |
155 194 233 272 =11 350
Traffic Levels for 24 hours
Peak Hour Average Total Delay (minutes)
Scenario Six
G000 -+
£ s0.00
E 4000
- L)
E =0.00
(=
B 2000 -
2 1000 ________‘/,
o.o0 T 5 1 1 |
155 194 233 272 311 =50
Traffic Levels for 24 hours
Peak Hour Average Total Delay (minutes)
Scenario Seven
G0.00 e ROP
£ =0.00 = RES
E 4000
-2
E =000
[=
& 20.00
2 1000
0.00 & . — : = |
155 194 233 272 311 350
Traffic Levels for 24 hours

Page50



BUCHAREST TMA STUDY -APT

=
5

EUROCONTROL

50.00
S0.00
40.00
30.00
20.00
10.00

0.00

Delay Time (min)

Peak Hour Average Total Delay (minutes)
Scenario Eight

[—+—roF]

.y

153

194

233
Traffic Levels for 24 hours

272

311

350

6.4 PEAK HOUR - AVOIDING THE CITY - RUNWAY 08/07 - TABLE

ROP RBS Total Total Average Delay
Flights Flights Flights ROP RBS
Scenario 1 Basecase 12 3 155 5.23 1.29
12 6 233 18.85 3.19
10 6 310 36.03 3.87
11 6 349 48.15 3.22
Scenario 2 New Traffic Flows 12 3 155 5.03 0.66
18 7 233 13.81 2.19
15 7 310 48.36 3.13
14 7 349 56.06 3.22
Scenario 3 Taxiway 11 3 155 0.73 1.00
Addition LROP 16 7 233 1.45 2.69
23 7 310 6.81 2.98
23 7 349 10.28 3.21
Scenario 4 New Traffic Flows & 11 3 155 0.36 0.66
Taxiway Addition 16 7 233 0.88 1.92
23 7 310 5.22 2.78
27 8 349 7.55 2.92
Scenario 5 New Traffic Flows & 11 3 155 0.53 0.66
LROP Segregated 16 7 233 1.02 2.19
23 7 310 3.32 3.13
27 7 349 4.18 3.22
Scenario 6 New Traffic Flows, 14 155 0.59
LROP Segregated & 23 233 1.74
LRBS Closed 33 310 5.54
38 349 20.90
Scenario 7 New Traffic Flows, 11 3 155 0.18 0.66
Taxiway Addition & 16 7 233 0.50 1.92
LROP Segregated 23 7 310 1.23 2.78
27 8 349 1.84 2.92
Scenario 8 New Traffic Flows, 14 155 0.23
Taxiway Addition, 23 233 0.83
LROP Segregated & 32 310 1.76
LRBS Closed 36 349 221
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6.5 PEAK HOUR - AVOIDING THE CITY - RUNWAY 26/25 - DIAGRAMS

Feak Hour Avwvwerage Total Delay (minutes)
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Peak Hour Awverage Total Delay (minutes)
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6.6 PEAK HOUR - AVOIDING THE CITY - RUNWAY 26/25 - TABLE

ROP RBS Total Average Total Delay
flights flights Traffic ROP RBS
Scenario 1 Basecase 12 2 155 8.51 1.76
13 5 233 20.51 8.90
14 6 310 33.64 20.99
14 6 349 44.35 14.28
Scenario 2 New Traffic Flows 12 2 155 6.66 0.02
14 5 233 15.49 1.88
15 7 310 24.72 291
15 6 349 34.40 3.19
Scenario 3 Taxiway 12 2 155 2.42 1.16
Addition LROP 15 5 233 11.49 2.77
18 6 310 16.48 3.84
18 6 349 21.11 452
Scenario 4 New Traffic Flows & 12 2 155 0.59 0.02
Taxiway Addition 18 5 233 1.52 1.10
24 7 310 5.18 1.93
28 6 349 6.29 1.83
Scenario 5 New Traffic Flows & 12 2 155 0.85 0.02
LROP Segregated 17 5 233 7.34 1.88
20 7 310 10.41 291
21 6 349 12.30 3.19
Scenario 6 New Traffic Flows, 14 155 1.31
LROP Segregated & 17 233 9.85
LRBS Closed 20 310 13.75
21 349 16.25
Scenario 7 New Traffic Flows, 12 2 155 0.15 0.02
Taxiway Addition & 18 5 233 0.33 1.10
LROP Segregated 24 7 310 0.84 1.93
28 6 349 1.24 1.83
Scenario 8 New Traffic Flows, 14 155 0.15
Taxiway Addition, 23 233 0.47
LROP Segregated & 32 310 1.59
LRBS Closed 35 349 2.73
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