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1. Simmod PRO! Description 

Developed by ATAC, Simmod PRO! is a PC-based (Windows Operating System) 

enhanced derivative of the widely used airport and airspace simulation model 

(SIMMOD).  It represents a suite of software tools including the latest version of the 

FAA-validated SIMMOD simulation engine, a user-friendly graphical interface for 

preparing simulation inputs, a versatile traffic animator for replaying the simulated 

aircraft movement, and a flexible output analysis and reporting module.  Simmod PRO!
extends the capabilities of the simulation engine by allowing the implementation of rule-

based logic as part of the simulation inputs.  This offers the ability to specify rules that 

query the state of the simulation for dynamic decision-making. 

There is no conceptual limit to the number of airports, size of terminal airspace and/or en 

route airspace, or number of flights that can be simulated by Simmod PRO!.  The model 

properly captures the interactions between airport and airspace operations, including 

interactions among multiple neighboring airports.  The model is capable of simulating 

current or potential airport facilities, runway configurations, dynamic gate use 

alternatives, runway and taxiway closings, dynamic runway switching, dynamic weather 

effects at an airport or in the airspace, airspace route structures, airspace sectorization, 

separation standards, traffic management techniques, and air traffic control procedures 

and policies. 

In order to provide the flexibility of Simmod PRO! to simulate current, as well as a wide 

range of potential alternatives, many air traffic parameters are controlled by user input.

The inputs are organized into three major categories: airfield-related input, airspace-

related input, and simulation event input.  The airfield-related input allows the user to 

specify the physical layouts of airports and operational parameters such as gate, taxiway, 

and runway structure, gate utilization by airlines, taxiway routings between gates and 

runways, departure lineup strategies, and aircraft landing and takeoff strategies.  The 

airspace-related input allows the user to specify airspace routings, airspace sectorization, 

airspace separation standards including wake turbulence, arrival and departure 

procedures, metering and flow constraints, and strategies for resolving potential conflicts.

Simulation event inputs provide the user with the capability to specify the departure and 

arrival demand schedules and desired changes in operating conditions including runway 

use configurations, terminal routing plans, and flow and metering constraints. 

Because Simmod PRO! simulates the movement of each individual aircraft on the airfield 

and in the airspace, the model is capable of producing a wide variety of results at a 

detailed or aggregate level. Examples of output from Simmod PRO! include delay time, 

undelayed travel time, taxi-in time, taxi-out time, gate hold use, congestion, runway or 

airport capacity, and runway or airport traffic flows.  The output data can be further 

refined by individual routes, taxi paths, airlines, sectors, gates, time periods, or individual 

aircraft.  The output is often formatted for use in other software packages such as the 

Integrated Noise Model (INM), Noise Impact Routing System (NIRS), spreadsheet 

programs, and animation packages. 
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2. General Modeling Assumptions 

This section describes the general modeling assumptions that apply to all simulation runs.   

2.1 Scope of Simulation Study 

This section presents a brief summary of the scope of the simulation work being 

performed in support of the Oakland International Airport (OAK) Master Plan 

Preparation. Part of this document contains the assumptions used to develop the airfield 

and airspace simulation models; specifically, a proposed improvement to access Runway 

29, an additional high-speed runway exit, and the addition of a new taxiway parallel to 

Taxiway B.  The proposed scenarios are being simulated for year 2010 with 18 million 

annual passengers and 0.9 million annual tons of cargo demands provided in conjunction 

with the Port of Oakland.  The West Plan with Visual Flight Rules (VFR) runway 

configuration is the predominant plan and weather combination at OAK.  In this 

configuration aircraft arrive and depart to the west.  The West Plan VFR configuration, 

which excludes West Plan with Instrument Flight Rules (IFR) and Southeast Plan 

operations, occurs approximately 87% annually at OAK.  The West Plan VFR 

configuration is used for all of the simulation runs for this study. 

2.2 Airspace

To simulate the movements of aircraft in the model, Simmod PRO! utilizes node and link 

structures to create paths traversed by aircraft in the simulations.  Ground links, which 

represent the ground tracks of the aircraft on the airfield, can be accurately modeled since 

the paths of these aircraft are constrained to existing taxiways and aprons at the airport.  

Thus, duplicating these paths as links would result in a fairly accurate representation of 

the ground route structures.  However, unlike the ground routes, air routes are more 

difficult to model since no two aircraft trajectories are identical.  Consequently, the 

simulation airspace is designed to capture an approximate air traffic flow of these aircraft. 

The focus of this simulation study is to accurately capture ground airfield inefficiency at 

Oakland International Airport.  The airspace necessary to capture these times are 

contained within approximately 15 nautical miles from OAK as shown below in Figure 1. 
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Figure 1: Oakland International Airport Simulation Airspace Structure 

2.3 Aircraft

Standard radar separations applied in this modeling effort conform to the criteria 

contained in the handbook “U.S. Department of Transportation, Federal Aviation 
Administration, 7110.65P, Air Traffic Control, February 19, 2004.”

FAA ATC place aircraft into one of four possible categories as defined below: 

Heavy:  Gross weight greater than 255,000 lbs 

B757:  Boeing 757 

Large:  Gross weight greater than 41,000 lbs but less than 255,000 lbs 

Small:  Gross weight less than 41,000 lbs 
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Based on the aircraft’s category, minimum general airspace wake turbulence separations 

in nautical miles would apply as presented below: 

Heavy behind heavy – 4 miles 

Large/heavy behind B757 – 4 miles 

Small behind B757 – 5 miles 

Small/large behind heavy – 5 miles 

Based on the aircraft’s category, minimum final approach wake turbulence separations in 

nautical miles that exist when the lead aircraft is over the landing threshold are shown 

below:

Heavy behind heavy – 4 miles 

Large/heavy behind B757 – 4 miles 

Large behind heavy – 5 miles 

Small behind large – 4 miles 

Small behind B757 – 5 miles 

Small behind heavy – 6 miles 

During periods when visual separations are allowed at OAK, the “U.S. Department of 
Transportation, Federal Aviation Administration, 7110.65P, Air Traffic Control, 
February 19, 2004,” handbook allows the use of as little as 2.5 Nautical Mile (nm) 

separation between aircraft established on the final approach within 10 nm of the landing 

runway.   Table 1 presents the minimum separations allowed based on aircraft category.

Table 1:  Minimum Oakland International Airport Final Approach Visual Separations 

Trailing Aircraft 

 B757 Heavy Large Small 

B757 2.9 nm 2.9 nm 2.9 nm 3.7 nm 

Heavy 3.6 nm 2.9 nm 3.6 nm 4.5 nm 

Large 2.5 nm 2.5 nm 2.5 nm 2.7 nm 

L
ea

d
 A

ir
cr

af
t 

Small 2.5 nm 2.5 nm 2.5 nm 2.5 nm 

2.4 Simulation Schedule 

The simulation event files are a representative day at OAK for the projected demand year 

of 2010. Aircraft in this demand schedule are grouped into one of eight groups.  They are 

defined as: 
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B757 – Boeing 757, all models 

Heavy Jet – Jet aircraft with a maximum gross takeoff weight limit greater than 

255,000 pounds (e.g., A310, B763) 

Large Jet – Jet aircraft with a maximum gross takeoff weight limit greater than 

41,000 pounds and less than 255,000 pounds (e.g., B733, B737, A320) 

Large Turboprop – Large turbine-propeller and piston-propeller powered aircraft with 

a maximum gross takeoff weight limit greater than 41,000 pounds (e.g., F27) 

Small Jet – Jet aircraft with a maximum gross takeoff weight limit less than 41,000 

pounds (e.g., LJ35) 

Small Single Piston – Small single piston-propeller powered aircraft with a maximum 

gross takeoff weight limit less than 12,000 pounds (e.g., C152, C172) 

Small Turboprop – Small turbine-propeller and piston-propeller driven aircraft with a 

maximum gross takeoff weight limit between 12,000 and 41,000 pounds (e.g., C208, 

BE99)

Small Twin Piston – Small twin piston-propeller powered aircraft with a maximum 

gross takeoff weight limit less than 12,000 pounds (e.g., BE58, PA31) 

Table 2 presents operational counts for OAK by the above defined aircraft groups in the 

demand schedule year of 2010. 

Table 2:  Daily Operational Total by Aircraft Type at Oakland International Airport 
Daily Operation Total by Aircraft Type  

(2010 Demand Schedule) 

Aircraft Type Arrival Departure Touch & Go Total 

Boeing 757’s 4 4  0 8 

Heavy Jet 40 40  0 80 

Large Jet 276 276  0 552 

Large Turboprop 12 12  0 24 

Small Jet 23 22  0 45 

Small Single-Engine 43 43 132 218 

Small Turbo Prop 15 15  0 30 

Small Twin-Engine 43 43  0 86 

Total 456 455 132 1,043 

Figure 2 below presents hourly airport runway demands for all aircraft in the 2010 

demand schedule year.  The demand is solely based on the event schedules and is 

different from simulated runway flow.  The differences arise from the air and ground 

delays and other factors that delay aircraft from using the runways at scheduled times. 
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Figure 2: Oakland International Airport Hourly Demand in Year 2010 

2.4.1 Methodology for Flight Matching Departures with Arrivals (Turnaround 

Flights)

Airline, flight number, origination, destination, and aircraft type information are all 

contained in the event files which are used as the basis for building the simulation model 

schedule. The Simmod PRO! simulation model has the ability to keep track of the various 

effects arrival delays have on departing flights as well as keep track of gate availability if 

the information can be obtained from the event files.  The event file is composed of 

individual flight segments.  For example, if a flight lands at OAK, occupies a gate, and 

disembarks with the exact same flight number, the event file will have two unique flight 

segments for this flight.  This is a turnaround event, and the gate occupied during the time 

on the ground is easy to determine.  However, if the flight number changes, it is much 

harder to tie an arrival flight segment to a departure flight segment and the associated 

gate occupied unless that information is part of the model input. 

To match arrival and departure segments into a turnaround event involves several steps.

The first step involves finding arrival flights with the same characteristics as departing 

flights.  On a first pass through the schedule a match is attempted for each departing 

flight based on airline, flight number, origination, destination, and aircraft type.  In 
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addition, an arriving flight must also be at a gate within a minimum of 15 minutes and 

maximum of 4 hours of the departing flight in order to be considered a match.

Departing and arriving flights that are not matched up the first time through the schedule 

are then processed again taking only airline, origination, destination, and aircraft type 

into account.  Specific flight numbers are not considered on this second pass.  In addition, 

an arriving flight must also be at a gate within a minimum of 20 minutes and maximum 

of 3 hours of the departing flight in order to be considered a match.   

During the simulation, Simmod PRO! will use the turnaround flight information in order 

to determine how much scheduled departure times are offset due to delays that arrival 

segment incurs.  If a departing flight has a matching arrival flight, the departing flight 

will not be allowed to “push back” from its gate until the departing flight’s matched 

arrival flight pulls up to the gate and the appropriate gate service time has been satisfied.

In the case that the arriving aircraft is late to the gate and prevents the departing segment 

from proceeding, delay is assigned to the arrival segment and only the scheduled 

departure time is changed for the departure flight segment.  The arriving aircraft waits at 

the gate and will not allow another arrival to use its gate until the departing segment 

pushes back from the gate. 

2.5 Runways 

OAK operations were modeled for both the South Field (Runway 29/11, 10,000 feet) and 

North Field (Runway 27R/09L, 5,454 feet, 27L/09R, 6212 feet, and 33/15, 3372 feet).

For West Plan VFR, all jet departures must use Runway 29.  Within the simulation 

model, the majority of jet arrivals occur at the South Field, however, small jets that can 

utilize Runway 27R or 27L may land there. 

Due to the surrounding airports, most notably SFO and SJC, Northern California 

TRACON (NCT) requires departures to have a minimum separation of 10 nm if the two 

aircraft are flying the same route from the same airport.  For example, if there are two 

north-bound departures at OAK, they are required to have a minimum separation of 10 

nm; but individual north-bound departures from OAK and SJC will not require such 

restriction.  Currently OAK will use an intersection departure procedure from Taxiway U 

to stage aircraft in order to reduce the occurrence of same route departures.  This is only 

done for those aircraft that can depart using the shorter runway length from Taxiway U.

For example, if two north-bound flights are ready to depart, and a south-bound flight is 

taxiing towards Runway 29, the ground controller can hold the second north-bound 

departure flight and clear the south-bound departure to take-off from the intersection of 

Taxiway U on Runway 29. 

Detailed North Field runway usage for OAK was calculated using approximately 4 years 

of ANOMS data provided by the Port of Oakland.  ANOMS data includes detailed flight 

information such as aircraft type, runway used, and departure or arrival information.  

From the ANOMS data it was determined that there are few jet operations on the North 
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Field.  As Table 3 illustrates, out of 68,299 total North Field operations per year, only 

11.9% were jet operations with the majority of those operations being arrivals. 

Table 3:  North Field Jet Operations 
Average Annual North Field Jet Operations 

  All Jet Ops Jet Arrival Jet Departure 

Number of Ops 68,299 8,146 6,881 1,266 

Percent of Ops 100.0% 11.9% 10.1% 1.9% 

       

Ops = operations (take-offs and landings) 

Under VFR weather conditions, approximately 14%-15% of North Field arrivals “side 

step” to Runway 27L.  Touch and Go operations were modeled using Runway 27L.  A 

small number of jet departures from Runway 33 were modeled based on the ANOMS 

data (approximately 1 aircraft per day).  Figure 3 presents a depiction of the runway use 

for OAK under West Plan VFR conditions that was used in the simulation model. 

ARRIVALS

DEPARTURES

29

2
7
L

2
7
R

Non Jet DEPARTURES

14-15% of North Field Arrivals 

Offload to 27L Based on 

ANOMS historical data

Touch and Go

Departures (1-2 Jets per day)

Figure 3: Airfield Layout of Oakland International Airport West Plan Flow – VFR 
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2.6 Gates

As requested by the Port of Oakland, all airlines were made anonymous except for 

Southwest Airlines and Federal Express.  The anonymous airlines were coded with “P” 

for passenger and “C” for cargo followed by another alphabet designating a unique 

airline (“PA” designates “Passenger Airline A” and “PB” designates “Passenger Airline 

B”).

On the South Field, in addition to the current gate configuration at OAK, a new 20 gate 

passenger terminal was modeled near Taxiway B.  The new passenger terminal was 

modeled to be used by Southwest Airlines, and the previous gates used by Southwest 

Airlines were modeled to be available for all other passenger airlines. 

On the North Field, several parking locations were used to reflect an accurate 

representation of OAK.  Cargo aircraft and all general aviation aircraft park at the North 

Field.  The gate assignment for each airline and their locations are depicted in Figure 4.  

The percentages for the GA operations indicate what percentage of GA jet, turbo-

propeller, and propeller driven aircraft park at the given locations. 

GA - Prop (20%)

GA - Prop (20%)

CE

CB

GA - Jet/Turbo (10%)

GA - Jet/Turbo (10%)

GA - Prop (30%)

GA - Prop (30%) 

GA - Jet/Turbo (60%)

CC

CD, CF

CA

CH

GA – Jet/Turbo (20%)

SOUTHWEST

PA, PB, PC, PD, PE, PF, PG, PH, PI

FEDERAL EXPRESS

CG

M

GA = General Aviation

M = Military

C = Cargo

P = Passenger

Figure 4: North and South Field Gate Assignment and Locations 
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2.7 Taxiway Assumptions 

Taxi speeds vary throughout the airport depending on the various conditions encountered 

by the aircraft.  Average taxi speeds used in the simulation are based on observed 

operations at OAK provided by the Port of Oakland which gathered data by observing 

and timing actual aircraft operations. 

Although there is significant variation of observed taxi speeds based on the congestion 

encountered by the aircraft, for the purposes of the simulation, taxi speeds within the 

terminal area were determined to be 3 knots for departures and 7 knots for arrivals.  The 

specific simulation ground links that these speeds apply to are depicted in the shaded area 

in Figure 5. 

Figure 5: Terminal Area Taxi Speeds 



15

The taxi speed, after exiting the Runway 29, along taxiway W for arrivals was defined as 

20 knots, and everywhere else on the airfield as 16 knots as depicted in Figure 6. 

Figure 6: West Plan Taxi Speeds 
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To optimize the aircraft flow at OAK, all of the scenarios included the new parallel 

taxiway adjacent to Taxiway B as shown in Figure 7 below.

Figure 7: West Plan Taxi Flow 
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3. Scenario Specific Modeling Assumptions 

Each of the scenarios have the same airspace structure integrated in the simulation model, 

with variations in ground structure and procedures.  This section will explain the 

differences.  One baseline scenario and three alternatives have been simulated to capture 

travel time and delay impacts to assess the impacts of each change.  The three alternatives 

are the 1) Runway 29 access improvement, 2) the addition of a high-speed runway exit, 

and 3) the combination of Runway 29 access and high-speed runway exit.  A fourth 

analysis was conducted to quantify the impact of the addition of a parallel taxiway near 

the proposed new terminal.  All of these alternatives are compared to the baseline 

scenario, which incorporated a new terminal and a new dual taxiway.   

3.1 Baseline Scenario 

The baseline scenario is the bases for all the alternatives and the results of the alternatives 

will be compared against it.  The baseline scenario consists of the proposed new terminal 

and parallel taxiway with all of the assumptions made in Section 2 including the Taxiway 

U intersection departure to minimize the 10 nm same route departure restriction.  Figure 

7 from the previous section represents the ground structure of the Baseline scenario. 

3.2 Runway 29 Access Improvement Scenario 

The first of the three proposed alternative scenarios at OAK is the Runway 29 access 

improvements to provide flexibility for departure queuing.  The enhancement includes 

creating a parallel taxiway, adjacent to Taxiway W for queuing aircraft.  Figure 8 shows 

the ground layout of the proposed enhancement over the original drawing. 

Several drawings of the proposed airfield and terminal structures, provided by the Port of 

Oakland, were referenced to develop the link-node structure required by the simulation to 

model aircraft movement on the ground.  As mentioned in Section 2.5, due to air traffic 

from surrounding airports, such as SFO and SJC, departures are required to have a 

minimum separation of 10 nm between two aircraft flying the same route from the same 

airport.  The baseline scenario uses the Taxiway U intersection for departure to allow 

ATC to inject an aircraft on a different departure route between same route sequences.  

This requires precise timing in the sequencing of aircraft.  During times of high departure 

demand this presents a problem because once aircraft reach Taxiway W, only a few can 

be switched within the queuing area.   

By improving the queuing stage at Runway 29, aircraft can be sequenced more efficiently 

to minimize the 10 nm restriction, thus decreasing delay at OAK. East-bound departures 

make up the majority of the flights in the 2010 demand schedule; therefore all east-bound 

aircraft taxi using the upper taxiway and north-bound and south-bound aircraft taxi using 

the lower taxiway as depicted in Figure 8.  This made it possible to pull the aircraft out of 
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the two taxiways and sequence them in such order that the 10 nm restriction is avoided as 

much as possible. 

North & South-Bound Departures

East-Bound Departures

Sequencing Area

Figure 8: Proposed Runway 29 Access Improvement at Oakland International Airport 

3.3 Addition of a High Speed Runway Exit Scenario 

The second proposed enhancement at OAK involves creating a high-speed runway exit 

between Taxiway V and Taxiway Y.  The proposed high-speed runway exit will allow 

aircraft to clear the runway more efficiently, thus reducing runway occupancy times.  

This creates a greater opportunity for a departure from Runway 29 to be able to depart 

between arrivals.  To minimize the 10 nm restriction on same route departures, the 

Taxiway U intersection departure procedure will be used in this alternative.  Figure 9 

shows the proposed high-speed exit ground structure over the existing drawing.
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Existing Runway Exit

New High-Speed Runway Exit

Taxiway W

Taxiway Y

Taxiway V

Figure 9: Proposed High-Speed Runway Exit at Oakland International Airport 

Table 4 and 5 depicts the runway exit percentages by aircraft type for the existing and 

proposed high-speed runway exit scenario using the Runway Exit Interactive Design 

Model (REDIM) software.  The percentages indicate how often each aircraft will be able 

to utilize a particular exit.  For example, Table 4 shows that a B727-200 (e.g. B722, 

B72Q) will exit on Taxiway V 14.8% of the time and exit on Taxiway Y 85.2% of the 

time.  The simulation model used Tables 4 and 5 for the simulation runway exit 

distributions without or with the proposed high-speed exit respectively. 

With the proposed new high-speed taxiway, Table 5 shows the same B727-200 will exit 

Taxiway V 14.4% of the time, proposed new taxiway 83.2% of the time, and Taxiway Y 

2.4% of the time.  By comparing Tables 4 and 5, it can be concluded that more arrival 

aircraft will be able to clear the runway earlier and decrease runway occupancy time.  In 

addition to the added benefit of reduced runway occupancy times, aircraft that can exit 

the runway prior to Taxiway Y by using the proposed exit instead will have a shorter 

distance to taxi because of the geometry of the airfield.  This shorter distance will reduce 

the average taxi time needed for arrival aircraft to reach their gates at OAK 
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Table 4:  Runway 29 Exit Distribution without the Proposed High-Speed Runway Exit 

Runway 29 Existing Taxiway Distribution 
Taxiway 

V
Taxiway 

Y
Taxiway 

W

Location of Exit   4200 (ft) 6150 (ft) 10000 (ft)   

Exit Type   30 Deg 30 Deg 90 Deg   

Aircraft Condition Distribution (Percentage) Total 

A300-600 Dry 0 100 0 100 

A310-300 Dry 0 100 0 100 

A320-200 Dry 0 100 0 100 

B767-300 Dry 0 99.6 0.4 100 

B727-200 Dry 14.8 85.2 0 100 

B737-300 Dry 8.4 91.6 0 100 

B737-400 Dry 4 96 0 100 

B757-200 Dry 0 100 0 100 

Learjet Dry 100 0 0 100 

B747-200 Dry 0 8.4 91.6 100 

DC-10 Dry 0 100 0 100 

MD-11 Dry 0 4.8 95.2 100 

          * Data Provided by HNTB 

Table 5:  Runway 29 Exit Distribution with the Proposed High-Speed Runway Exit 
Runway 29 Proposed Taxiway Distribution 

Taxiway 
V

Proposed
Taxiway 

Taxiway 
Y

Taxiway 
W

Location of Exit 4200 (ft) 4920 -5000 (ft) 6150 (ft) 10000 (ft) 

Exit Type   30 Deg 30 Deg 30 Deg 90 Deg   

Aircraft Condition Distribution (Percentage) Total 

A300-600 Dry 0 91.2 8.8 0 100 

A310-300 Dry 0 98.8 1.2 0 100 

A320-200 Dry 0 95.6 4.4 0 100 

B767-300 Dry 0 63.2 36.8 0 100 

B727-200 Dry 14.4 83.2 2.4 0 100 

B737-300 Dry 7.6 90.8 1.6 0 100 

B737-400 Dry 3.6 94.4 2 0 100 

B757-200 Dry 0 90 10 0 100 

Learjet Dry 100 0 0 0 100 

B747-200 Dry 0 0 8.4 91.6 100 

DC-10 Dry 0 72.8 27.2 0 100 

MD-11 Dry 0 0 2.4 97.6 100 

* Data Provided by HNTB 
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Table 6 shows the correlation between the aircraft used to calculate the runway exit 

distribution by REDIM and the 2010 aircraft models used in SIMMOD. 

Table 6: Correlation of Aircraft between REDIM and SIMMOD 
REDIM Aircraft 

Model
SIMMOD Aircraft 

Model
% of Aircraft 

A300-600 A306 3.6% 3.6%

A310-300 A310 1.5% 1.5%

A319 1.8% 
A320-200

A320 7.3% 
9.1%

B722 0.3% 
B727-200

B72Q 0.6% 
0.9%

B737-300 B733 13.0% 13.0%

B734 3.6% 

B735 3.3% 

B737 39.3%

B738 6.3% 

B737-400

B739 0.9% 

53.5%

B741 0.3% 
B747-200

B742 0.3% 
0.6%

B757-200 B752 1.2% 1.2%

B762 0.3% 
B767-300

B763 1.8% 
2.1%

DC-10 DC10 1.2% 1.2%

BE99 0.3% 

C208 1.2% 

C550 0.3% 

C560 0.3% 

CARJ 3.0% 

CL60 1.8% 

F27 0.3% 

GLF3 0.3% 

H25A 0.3% 

H25B 0.6% 

LJ35 0.3% 

LJ60 0.3% 

P46T 0.3% 

Learjet 

PA32 0.9% 

10.3%

MD-11 MD11 3.0% 3.0%
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3.4 Combination of Runway 29 Access Improvement and the Addition 

of a High Speed Runway Exit Scenario 

The third alternative proposed is the combination of the improved Runway 29 access and 

a new high-speed runway exit.  This would clear an arrival aircraft off from the runway 

as soon as possible and allow for better departure aircraft sequencing to avoid the 10 nm 

restriction.  The assumptions discussed in Section 3.2 and 3.3 were both used in this 

alternative. 

3.5 New Dual Taxiway Parallel to Taxiway B  

To quantify the impact of the proposed parallel taxiway, an additional simulation 

alternative was created.  The alternative scenario is identical to the baseline scenario 

except for the removal of the proposed parallel taxiway.  Figures 10 and 11 show the 

ground structure for the alternative and the baseline scenario.  Refer to section 2.7 

“Taxiway Assumptions” and Figure 7 for more information on the taxiway structure for 

the baseline scenario. 

Existing Taxi Path

Figure 10: Terminal ground structure without Proposed Parallel Taxiway 
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New Taxi Path

Existing Taxi Path

Figure 11: Terminal ground structure with Proposed Parallel Taxiway (Baseline) 
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4. Results

The first section of the results describes the various output statistics of the Simmod PRO!
models under three alternative scenarios.  The first alternative is the Runway 29 access 

improvement, the second alternative is the addition of a high-speed runway exit, and the 

last alternative scenario is the combination of a high-speed runway exit and Runway 29 

access improvement.  The second section of the results will show the impact of a new 

dual taxiway, parallel to Taxiway B. 

4.1 Runway 29 Access Enhancement, New High-Speed Exit, and the 

Combined Alternative 

Figure 12 shows the effect of each airfield improvement on departure queue delay on 

Runway 29.  Queue delay represents any delay incurred by an aircraft waiting in line to 

depart as well as the delay of an aircraft ready to depart but not yet cleared to depart 

because of air traffic control procedures.  For example, an aircraft waiting for an arrival 

aircraft to land and clear the runway and an aircraft waiting in line behind that aircraft to 

depart will both be accounted as queue delay.  The data points that define the lines in 

Figure 12 represent the average queue delay per aircraft for the previous hour.  For 

example, the average delay shown at 7 a.m. will be an average of all the delay that 

occurred between 6 a.m. and 7 a.m.   

The queue delay is highest in the baseline scenario with a delay of 20.2 minutes per 

aircraft at 8 a.m. (i.e. average delay between 7 a.m. and 8 a.m.).  The delay is highest 

during this time period because of the high departure demand level. 

Implementation of the proposed Runway 29 access improvement reduces the peak delay 

down to 11.8 minutes per aircraft.  The high-speed runway exit reduces the peak 

departure queue delay down to 16.4 minutes per aircraft.  Implementation of both the 

high-speed runway exit with the Runway 29 access improvement produces the largest 

benefit by further reducing the departure queue delay down to 9.5 minutes per aircraft 

during the peak hour. 

Figure 13 shows the Runway 29 departure flow for each scenario.  It shows the total 

number of aircraft departing Runway 29 during the previous hour.  The flow of 

departures is highest with the combined high-speed exit and Runway 29 access scenario 

with a peak departure flow of 35 aircraft. This increase in departure flow as shown in 

Figure 13 has a direct correlation to lower queue delay as shown in Figure 12.  As 

departure flow increases, departure queue delay generally decreases as shown in Figures 

12 and 13.
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Figure 12: Average Departure Queue Delay for Runway 29 at Oakland International 
Airport
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Figure 13: Runway 29 Departure Flow at Oakland International Airport 
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Figure 14 below represents the number of Runway 29 departure aircraft delayed verses 

the minutes of queue delay experienced by those aircraft during peak hours.  The baseline 

scenario and the Runway 29 access improvement have aircraft that experience queue 

delay of up to 28 minutes.  With the proposed high-speed runway exit, the aircraft 

experiencing departure queue delay is reduced to a maximum of 22 minutes.  The number 

of aircraft delayed for up to 22 minutes is further reduced with the combination of high-

speed exit and Runway 29 access improvements. 

Queue Delay Between 7 AM ~ 10 AM on Runway 29
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Figure 14: Number of Departure Aircraft Delayed for Runway 29 at Oakland 
International Airport 

In addition to having fewer aircraft delayed as shown in Figure 14, Table 7 below shows 

that the total cumulative delay for Runway 29 is lower during the same period of time. 

While the departure flow from the runway remains the same over this period of time, the 

amount of delay experienced by these aircraft is reduced significantly due to the airfield 

improvements.  

Table 7: Total Queue Delay Between 7AM ~ 10AM on Runway 29 

Configuration Aircraft Flow Total Queue Delay (Hours) 

Baseline 96 15.8 

High-Speed Runway Exit 96 12.0 

Runway 29 Access 
Improvement 96 9.6 

Combined 96 8.0 
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When the aircraft exits the runway sooner as is the case in the scenarios with the 

additional high-speed runway exit, it not only decreases the average arrival travel time to 

the gate, but frees the runway for either another arrival operation or a departure operation.

Table 8 presents average Runway 29 queue delay, Runway 29 arrival travel time, and the 

airport-wide queue delay per aircraft.  The arrival travel times represent the average 

ground travel time between runway exit points and gates.  The first two columns of Table 

8 represents the results obtained only on Runway 29, but column three, Airport-wide 

queue delay, includes average queue delay from both North and South fields.  The 

combination of the Runway 29 access improvement and the high-speed runway exit 

results in the most savings in queue delay and arrival travel time.   

Table 8: Average Daily Queue Delay and Arrival Travel Time
Queue Delay and Arrival Travel Time in Average Minutes per Aircraft 

Configuration 
Runway 29 

Queue Delay 
Runway 29 Arrival 

Travel Time 
Airport- 

Wide Queue Delay 

Baseline 4.7 5.4 3.7 

High-Speed Runway Exit 3.7 4.9 3.0 

Runway 29 Access 
Improvement 

3.6 5.4 2.9 

Combined 3.0 4.9 2.4 

Table 9 presents the data in Table 8 as a percentage improvement compared to the 

Baseline scenario. 

Table 9: Percent Improvement from Baseline Scenario
Percent Improvement from Baseline Scenario 

Configuration 
Runway 29 

Queue Delay 
Runway 29 Arrival 

Travel Time Airport Queue Delay 

High-Speed Runway Exit 21% 9% 19% 

Runway 29 Access 
Improvement 

23% 0% 22% 

Combined 36% 9% 35% 

In each of these 3 simulation alternatives, the capacity of the airport is not changed as a 

result of the alternative airfield enhancements.  These enhancements to the airfield allow 

the airport to handle the projected demand during those periods of peak demand with 

much lower delay levels than without the proposed improvements.  In effect the airfield 

improvements allow more aircraft to land and depart within the hours they are scheduled 

to operate within. 

4.2 New Parallel Taxiway 

This section reports the findings of the proposed parallel taxiway adjacent to Taxiway B. 

This analysis was done to quantify the impact of not constructing a new dual taxiway 

next to the proposed new terminal.  The “Number of Aircraft” field in Table 10 

represents the total number of aircraft using either Taxiway B (Single Taxiway) or the 
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proposed parallel taxiway (Dual Taxiway).  Table 9 shows that with the Dual Taxiway, 

fewer aircraft are delayed and the total minutes of delay is lower compared to the Single 

Taxiway scenario. 

Table 10: Comparison between Single and Dual Taxiway
  Dual Taxiway Single Taxiway 

  Arrival Departure Total Arrival Departure Total

Number of Aircraft 182 190 372 182 188 370

Delayed Aircraft 8 22 30 36 23 59

Minutes Delayed 3.2 5.5 8.7 29.9 8.4 38.3

Table 11 presents a more detailed comparison of the data presented in Table 10 by 

including airline and gate location.  A total of four more North Field based aircraft (ten 

minus six) and 25 more Southwest airlines flights (49 minus 24) are delayed in the single 

versus dual taxiway scenarios.  Furthermore, the total minutes of delay is reduced from 

38.3 to 8.7 with the addition of the dual taxiway. 

Table 11: Detailed Comparison between Single and Dual Taxiway
Scenario 

Gate
Location

Airline
Number of 

Aircraft 
Delayed 
Aircraft 

Minutes
Delayed 

CA 1 0 0 

CB 2 1 2.4 

CD 2 0 0 

CE 4 0 0 

CF 11 2 0.2 

CH 3 0 0 

GA 40 3 0.6 

North Field 

Subtotal 63 6 3.2

South Field Southwest 309 24 5.5 

Dual Taxiway 

Total All 372 30 8.7

CA 1 0 0 

CB 2 1 5.7 

CD 2 0 0 

CE 4 0 0 

CF 11 3 0.4 

CH 3 0 0 

GA 40 6 4.4 

North Field 

Subtotal 63 10 10.5

South Field Southwest 307 49 27.8 

Single
Taxiway 

Total All 370 59 38.3

The total number of aircraft delayed is reduced from 59 to 30 aircraft as shown in Tables 

10 and 11.  Furthermore the cumulative delay for aircraft that are delayed is reduced from 

38.3 down to 8.7 minutes of total delay.   

The other three alternatives, including the baseline model, all incorporated this dual 

taxiway due the assumption that they all would include a new terminal with the dual 

taxiway.  In order to efficiently utilize the gates at a new terminal, a dual taxiway parallel 
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with Taxiway B would be required.  The dual taxiway would also relieve congestion 

already present on Taxiway B for south-bound corporate jet departures that originate on 

the North Field and must taxi across the airport to Runway 29. 
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Methodology 

This memorandum documents the methodology used in the development of proposed exit taxiways 

improvements for Runway 11-29 at Oakland International Airport (OAK).  This analysis is being 

conducted in support of the OAK Master Plan. 

HNTB is under contract with ATAC, who is performing airfield modeling and simulation on proposed 

improvements to the airfield.  The primary goal of these improvements is to enhance the efficiency of 

aircraft operations by reducing runway occupancy time, and by providing additional aircraft queuing and 

sequencing.  These improvements would reduce congested airfield areas (hot-spots). 

Background and Setting 
Runway 11-29 is located in the South Field of OAK.  This runway serves all air carrier operations and all 

jet departure traffic as a result of noise abatement measures. 

Runway 11-29 is 10,000 feet long and it currently has two acute-angle taxiways (V and Y) and a right-

angle (W1) to serve arrivals to the west, and one acute-angle (U) and one right-angle taxiway (W) for 

arrivals to the east.

Based on observations of runway operations and discussions with the Port, the location of the exit 

taxiways is an area that might not be optimal for the current and projected fleet mix.   

Another area that has been identified as a potentially being congested is the taxiway system that connects 

to Runway 29.  The current taxiway configuration of Runway 29 includes a “holding bay” along Taxiway 

W.  This is area is used to sequence aircraft for departure, however is limited in space for aircraft queuing.   

Airfield Planning Criteria – Exit Taxiways
There are two important considerations of exit taxiway design.  The first is the location of the exit 

taxiway with respect to the distance from the runway landing threshold and the second is the 

configuration of the exit taxiway.  Exit taxiway designs are provided for both airplane design groups used 

in the geometric analysis. 

Exit taxiways should be located at intervals along the runway corresponding to the average turnoff points 

of the airplane design groups using the runway.  The objective is to provide free flow of aircraft between 

the runway and parallel taxiway.  Runway efficiency is affected by exit taxiway locations because the 

runway occupancy time (ROT) of aircraft is determined by the location and design of exit taxiways. 

Types of Exit Taxiways

1 Taxiway W is a full parallel taxiway and connects both ends of Runway 11-29 
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The type of design of exit taxiways is based upon an analysis of contemplated aircraft traffic.  There are 

two principal exit taxiway designs – right-angled and acute-angled. The acute-angled taxiway, commonly 

referred to as the “high speed exit” is used to enhance runway efficiency and can accommodate aircraft 

exiting the runway at higher turn-off speeds.  On the other hand, right-angled exit taxiways can be 

constructed at less cost and when properly located along the runway, they can achieve an efficient flow of 

aircraft, particularly with slower approach speeds. 

Exit taxiways incorporating spiral geometry and more effective lighting are gaining favor to achieve 

runway occupancy times of less than 60 seconds for landing aircraft.  This approach is an attempt to 

enhance runway capacities by reducing longitudinal spacing of aircraft on final approach from 3 miles to 

2.5 miles provided that runway occupancy times can be reduced to about 45 seconds. 

The basic geometric components of the spiral exits include a wide entrance throat (150 feet wide), a 231 

foot tangent leading into an 800 foot long spiral curve, which is then followed by a 400 feet radius curve.  

Night visibility is enhanced by alternating yellow/green, in-pavement taxiway centerline lights that 

emphasize the sweep radius of the exit taxiway. 

It is recommended that the high-speed exit taxiways be based on a spiral geometry design.  

Location of Exit Taxiways.

The location of exit taxiways depends upon the performance capabilities of aircraft operating at the 

airport, the desired exit speed for efficiency purposes, the type of exit taxiway, and the length of the 

runway. 

Other considerations enter into the decision of where to locate exit taxiways which may preclude placing 

the exits at the optimal locations.  The trade-off between a few seconds of additional runway occupancy 

time (ROT) and good utilization of exits is weighted in favor of the latter. 

According to AC 150/5060-5, “Airport Capacity and Delay,” the exit taxiway factor of 1.0 will produce 

the highest efficiency with all other efficiency considerations being equal.  An exit factor of 1.0 is 

achieved if two or three exits are located between 5,500 and 7,500 feet from the runway landing 

threshold, provided the taxiways are at least 750 feet apart. 

Entrance Taxiway Design

Entrance taxiways of various configurations have been utilized at commercial airports with the intention 

of increasing the efficiency of a runway.  The FAA has found that the entrance taxiway “system” 

containing dual parallel taxiways with a by-pass taxiway is essential to runway efficiency.  An alternative 

to a by-pass taxiway is a “holding bay” or apron, also commonly known as “penalty box”; however by-

pass taxiways enable air traffic control easier direction and control of departing aircraft. 

Assumptions
The following assumptions were used in the analysis. 
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Aircraft Traffic

Activity levels and aircraft fleet mix used in the analysis were developed by the Port of Oakland for the 

year 2010.  From the data generated, which consisted on a daily flight schedule with runway assignments, 

a simplified list of aircraft operating on Runway 11-29 was generated.  The following table summarizes 

the types of aircraft and daily operations used for this analysis. 

Table 1 
Runway 11-29 Aircraft Mix 2

Aircraft Category % of the Total 

A300-600 3.6% 

A310-300 1.5% 

A320-200 9.1% 

B767-300 2.1% 

B727-200 0.9% 

B737-300 13.0% 

B737-400 53.4% 

B757-200 1.2% 

Learjet 10.3% 

B747-200 0.6% 

DC-10 1.2% 

MD-11 3.0% 

Total 100% 

Methodology 
The assessment of the efficiency and effectiveness of additional exit taxiways was modeled by using the 

Runway Exit Design Interactive Model (REDIM 2.1).  This model relies on the following input specific 

to the conditions of the runway and fleet mix.  Specifically, model input includes: 

Aircraft Fleet Mix 

Airport Operational Data 

 Free Roll and Breaking 

Airport Environmental Data 

 Wind Speed 

 Wind Direction 

 Airport Elevation 

 Airport Temperature 

 Runway Orientation 

Runway Gradient 

Weather (Dry/Wet Split) 

The model can be used in an evaluation or design mode.  In the evaluation mode, the model determines 

the effectiveness of the exit taxiway system – in terms of Runway Occupancy Time (ROT) and the 

distribution of the fleet mix by exit.  In the design mode, the model, based on the parameters listed above, 

finds an optimal taxiway distribution for the fleet mix. 

2 The aircraft types used for the 2010 demand schedule were grouped into the listed aircraft categories for the 

purposes of this study. 
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The analysis performed for OAK relied on the model’s evaluation mode using several proposed new exit 

locations.  Since the predominant operations are to the west, improvements to reduce ROT during this 

condition were run. 

Results and Recommendations 
The following tables summarize the results of the modeling. 

Table 2 
Runway 11-29 Exit Taxiway Distribution

Exit V New Twy (Z) Y W 

Exit Type 30 Deg 30 Deg 30 Deg 90 Deg 

Aircraft

Category Condition Distribution (Percentage) 

A300-600 Dry 0.0% 91.2% 8.8% 0.0% 

A310-300 Dry 0.0% 98.8% 1.2% 0.0% 

A320-200 Dry 0.0% 95.6% 4.4% 0.0% 

B767-300 Dry 0.0% 63.2% 36.8% 0.0% 

B727-200 Dry 14.4% 83.2% 2.4% 0.0% 

B737-300 Dry 7.6% 90.8% 1.6% 0.0% 

B737-400 Dry 3.6% 94.4% 2.0% 0.0% 

B757-200 Dry 0.0% 90.0% 10.0% 0.0% 

Learjet Dry 100.0% 0.0% 0.0% 0.0% 

B747-200 Dry 0.0% 0.0% 8.4% 91.6% 

DC-10 Dry 0.0% 72.8% 27.2% 0.0% 

MD-11 Dry 0.0% 0.0% 2.4% 97.6% 

As noted in Table 2,  an acute-angle taxiway would greatly improve the aircraft distribution and would 

therefore reduce the time aircraft occupy the runway.  This taxiway should be located approximately 

5,000 feet from Runway 29 threshold.  The layout of this taxiway should follow the FAA 

recommendations for a 30 degree exit taxiway with a long spiral. 

Guidance regarding the preferred geometric layout for this new taxiway is found in the FAA Advisory 

Circular 150-5300-13 “Airport Design.” 

This taxiway will likely impact current field conditions, including existing wetlands.  The treatment and 

mitigation of this potential impact is outside of the scope of this study. 


