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4 DEMAND/CAPACITY ANALYSIS AND 
FACILITY REQUIREMENTS 

The demand/capacity analysis assesses the capacity of Airport facilities, and defines what additional 
facilities are necessary to accommodate the projected demand through the planning horizon, based on the 
inventory of existing facilities and the approved FAA aviation forecasts. The functional areas analyzed in 
this chapter include: 

�x Airfield (runway and taxiway design requirements, runway capacity, runway length);  

�x Passenger terminal, including aircraft gates and apron, public parking and rental car facilities 

�x Air cargo 

�x General aviation 

�x Aviation support 

�x Landside 

4.1 AIRFIELD FACILITIES 

This section outlines future airfield requirements to meet the long-term aviation demand defined in Chapter 
4, Aviation Activity Forecasts. In addition to meeting the growing demand, the airfield should accommodate 
aircraft types expected to operate at the airport through the planning horizon. The main drivers of the 
analysis are the following factors:  

�x Capacity and safety of existing facilities 

�x Climate (wind coverage and temperature) 

�x Future activity and profile of aviation demand 

�x Projected fleet mix (and aircraft characteristics)  

4.1.1 RUNWAYS ORIENTATION AND NUMBER 

RUNWAY ORIENTATION 

An analysis of wind coverage allows to determine the most advantageous orientation of runways required 
at an airport, by calculating the percentage of time certain crosswind values (10.5, 13, 16 and 20 knots) are 
not exceeded for each runway orientation. The desirable wind coverage for an airport is 95 percent. Two 
runways may be required to achieve the desired 95 percent wind coverage for the critical aircraft. A wind 
coverage analysis was conducted and considers weather observations for the most recent ten years (2008 
through 2017 at the time of this analysis).  Appendix 4A provides a memorandum summarizing the results 
of the wind coverage analysis. 
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At SAT, both Runways 13L-31R/13R-31L and 4-22 individually provide 95 percent or greater wind coverage 
for ADG III, IV and V aircraft, as shown in Table 4.1-1.  However, neither runway alone provides sufficient 
wind coverage for smaller aircraft (A-I, B-I), and Runway 4-22 also does not provide sufficient wind coverage 
for A-II and B-II aircraft, as illustrated in red text in Table 4.1-1.  Combined, however, the two SAT runway 
orientations provide 95 percent or greater wind coverage for all aircraft. 

If an airport needs more than one runway to provide the required wind coverage, the additional runway 
(Runway 4-22 at SAT) is considered a “crosswind runway”, with the purpose of providing the required wind 
coverage for smaller aircraft (A-I and B-I at SAT).   

Table 4.1-1: Annualized Runway Wind Coverage by Runway (All Weather)  

CROSSWIND 
COMPONENT  

AIRPLANE DESIGN 
GROUP (ADG) 

WIND COVERAGE  

Runways 13 -31 Runway 4 -22 Combined  

10.5 knots  A-I, B-I 94.2% 84.5% 98.8% 

13 knots  A-II, B-II 97.5% 91.4% 99.8% 

16 knots  

A-III, B-III 

C-I through C-III 

D-I through D-III 

99.5% 97.6% 99.9% 

20 knots  All others 99.9% 99.5% 100.0% 

Sources: Federal Aviation Administration, Advisory Circular 150/5300-13A, Change 1, Airport Design, February 2014; National 
Climatic Data Center, Weather Station 722530, San Antonio International Airport, 2008-2017; WSP USA, 2018. 

To address stakeholder concerns about strong northerly winds in the winter months, a seasonal wind 
analysis was also conducted, with results shown in Table 4.1-2.  

Table 4.1-2: Runways 13-31 Seasonal Wind Coverage (All Weather)  

YEAR MONTH 

CROSSWIND 

10.5 knots  

(A-I, B-I) 

13 knots  

(A-II, B-II) 

16 knots  

(A/B-III, C/D-I 
through III)  

20 knots  

(All 
others)  

2017 January 88.7% 94.1% 98.5% 99.9% 

2017 November 89.4% 94.8% 98.9% 99.7% 

2017 December 89.5% 94.1% 98.2% 99.7% 

2017 November, December, January 89.4% 94.4% 98.5% 99.8% 

2014 November, December, January 85.5% 92.3% 98.0% 99.7% 

2011 November, December, January 90.5% 95.5% 99.2% 99.9% 

2008 November, December, January 87.3% 92.5% 97.3% 99.4% 

2008-2017 12 months 94.2% 97.5% 99.5% 99.9% 

Sources: National Climatic Data Center, Weather Station 722530, San Antonio International Airport, 2008-2017; WSP USA, 2018. 

In addition to the findings of the annualized wind coverage analysis, the seasonal analysis revealed that 
Runways 13-31s also do not provide 95 percent or higher wind coverage for A-II and B-II aircraft during the 
months of November through January (illustrated in red text).   
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Although a crosswind runway is only required for A-I and B-I aircraft based on annual wind coverage, the 
seasonal analysis of wind coverage shows that a crosswind runway accommodating A-II and B-II aircraft is 
also required during the winter months. 

RUNWAY FUNDING ELIGIBILITY  

The FAA determines the funding eligibility of runway projects based on runway definitions: primary, 
crosswind and secondary runways are eligible for funding, while additional runways are not.  At SAT, per 
the FAA definitions of funding eligibility, Runway 13R-31L is a primary runway, Runway 4-22 is a crosswind 
runway for small aircraft up to A-II and B-II, and Runway 13L-31R is an additional runway. 

As a result, when Runway 4-22 requires reconstruction, it is not eligible for reconstruction as a C/ D-III/IV 
runway.  It might be eligible for FAA funding for reconstruction up to B-II airfield design standards, assuming 
the results of the seasonal wind coverage are applied; this will be assessed further in the Alternatives 
Development Evaluation chapter.  When existing Runway 13L-31R requires reconstruction, it would not be 
eligible for FAA funding in its current role, as it does not meet requirements of a secondary runway. 

4.1.2 AIRFIELD GEOMETRY 

In addition to a significant evolution in aircraft characteristics, many airports were designed long before 
current geometry standards came into effect and, as a result, may not meet the latest standards set forth 
in FAA AC 150/5300-13A, Airport Design, Change 1.  Airfield geometry is typically tailored to the projected 
critical aircraft.   

CRITICAL AIRCRAFT  

FAA AC 150/5000-17 on Critical Aircraft and Regular Use Determination defines the critical aircraft as the 
most demanding aircraft type, or grouping of aircraft with similar characteristics, operating at the airport 
with a minimum of 500 annual operations. Based on the FAA-approved forecast for SAT, the following 
aircraft were identified as the critical aircraft: 

�x Existing: Airbus 300-600F (C-IV) 

�x Future: 

— Passenger: Boeing 787-9 (D-V) 

— Cargo: Boeing 747-8F (D-VI) 

Although the Boeing 747-8F is ADG VI, the entire airfield does not need to be designed for ADG VI 
requirements. Indeed, this aircraft type is associated with air cargo carrier UPS only, and is only anticipated 
to operate on Runways 13R-31L and 4-22 and associated taxiways. As such, airfield upgrades should be 
selective and cost-effective for accommodating the specific aircraft that use each portion of the 
infrastructure, specifically towards the UPS facility. 

Beyond the FAA planning horizon (2038) toward 2068, it is projected that larger passenger aircraft, such 
as the Airbus A350-1000 and Boeing 777-8/-9 and 787-10 may operate at SAT. Requirements for these 
aircraft types will not drive the 20-year needs for SAT, but will be considered to inform the future alternatives, 
so as to not preclude the use of these aircraft through the 2068 planning horizon. 
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AIRPORT REFERENCE CODE 

The Airport Reference Code (ARC) is composed of the Aircraft Approach Category (AAC) and the ADG. 
The ARC provides design standards based on operational and physical characteristics of aircraft expected 
to use the airport. AAC represents the aircraft approach speed and ADG is a combination of wingspan and 
tail height.  

As shown in Table 4.1-3, the existing ARC for SAT is D-IV, and is anticipated to become D-V through the 
planning horizon based on passenger aircraft. Should the Boeing 747-8F cargo aircraft start operating at 
SAT, the ARC would become D-VI.   

Table 4.1-3: Proposed  Airport Reference Code  

TIMEFRAME CRITICAL AIRCRAFT  
AIRPORT 

REFERENCE CODE 

Existing  MD-11 (D-IV) D-IV 

Future  
Passenger: Boeing 787-9/-10 (D-V) 

Cargo: Boeing 747-8F (D-VI) 

Passenger: D-V 

Cargo: D-VI 

Source: San Antonio International Airport Master Plan, Approved Aviation Activity Forecasts, 2018. 

RUNWAY DESIGN CODE 

The RDC provides information on runway design standards (dimensions, separations, etc.). The RDC, 
similar to the ARC, is based on the critical aircraft and is composed of the AAC, the ADG, and approach 
visibility minimums. Approach visibility relates to the approach visibility minimums for a specific runway. 

Based on the FAA-approved forecast, SAT runways should be able to accommodate D-V aircraft on a 
regular basis.  However, it would be prudent to plan for at least one D-VI runway, should regular activity by 
cargo aircraft such as the Boeing 747-8F materialize. 

AIRFIELD DESIGN STANDARDS  

The existing runway dimensions and airfield design standards for ADGs III, IV, V and VI are summarized 
in Table 4.1-4. Red text indicates that existing conditions do not meet standards. 
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Table 4.1-4: Airfield Design Standards  

 RUNWAY 13L-31R RUNWAY 4-22 RUNWAY 13R-31L 

Design Standard  Existing (B-III) B-III Standards Existing (D-IV) D- IV Standards Existing (D-IV)  D- IV Standards D-V Standards D-VI Standards 

Runway Width  100’ 100’ 150’ 150’ 150’ 150’ 150’ 150’ 

Shoulder Width   0’ 20’ 25’ 25’ 0’ 25’ 35’ 40’ 

Blast Pad Width  100’ / 0’ 140’ 200’/ 220’ 200’ 150’/200’ 200’ 220’ 280’ 

Blast Pad Length  150’ / 0’ 200’ 200’/ 400’ 200’ 200’ 200’ 400’ 400’ 

Runway Safety Area  

 Length Beyond 
Departure End 

600’ 600’ 1,000’ 1,000’ 1,000’ 1,000’ 1,000’ 1,000’ 

Length Prior To 
Threshold 

600’ 600’ 600’ 600’ 600’ 600’ 600’ 600’ 

Width 300’ 300’ 500’ 500’ 500’ 500’ 500’ 500’ 

Runway Object Free Area  

 Length Beyond 
Departure End 

600’ 600’ 1,000’ 1,000’ 1,000’ 1,000’ 1,000’ 1,000’ 

Length Prior To 
Threshold 

600’ 600’ 600’ 600’ 600’ 600’ 600’ 600’ 

Width 800’ 800’ 800’ 800’ 800’ 800’ 800’ 800’ 

Runway Obstacle Free Zone  

 Length Beyond 
Runway End 

200’ 200’ 200’ 200’ 200’ 200’ 200’ 200’ 

Width 400’ 400’ 400’ 400’ 400’ 400’ 400’ 400’ 

Precision Obstacle Free Zone  

 Length N/A N/A 200’ 200’ 200’ 200’ 200’ 200’ 

Width N/A N/A 800’ 800’ 800’ 800’ 800’ 800’ 

Approach Runway Protection Zone 1/ 

 
Length 1,000’ 1,000’ 1,700’ 1,700’ 2,500’ 1,700’ 2,500’ 2,500’ 

Inner Width 500’ 500’ 1,000’ 1,000’ 1,000’ 1,000’ 1,000’ 1,000’ 

Outer Width 700’ 700’ 1,510’ 1,510’ 1,750’ 1,510’ 1,750’ 1,750’ 

Departure  Runway Protection Zone  

 Length 1,000’ 1,000’ 1,700’ 1,700’ 1,700’ 1,700’ 1,700’ 1,700’ 

Inner Width 500’ 500’ 500’ 500’ 500’ 500’ 500’ 500’ 

Outer Width 700’ 700’ 1,010’ 1,010’ 1,010’ 

 

 

1,010’ 1,010’ 1,010’ 

Runway -Parallel 
Taxiway Separation 

 

 

410’ 300’ 400’ 400’ 400’ 400’ 400’/ 500’2/ 500’/550’ 2/ 
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Notes:  

Red text indicates existing conditions do not meet design standards. 

SM = statute mile 

1/ Approach Runway Protection Zone Visibility Minimums: 

Runway 13L-31R:  > 1 statute mile 

Runway 4-22: visual for B-II, > ¾ statute mile for C-IV 

Runway 13R-31L: < ¾ statute mile 

2/ Visibility Minimum < ½ statute mile 

Sources: Federal Aviation Administration, Advisory Circular 150/5300-13A Change 1, Airport Design, 2014; San Antonio International Airport, Airport Layout Plan, June 2017.
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RUNWAY DESIGN 

Runways 13R-31L and 4-22 are designed for ADG IV aircraft, and Runway 13L-31R for ADG III aircraft. 
Should Runway 13R-31L remain, the critical aircraft is anticipated to become ADG V and possibly ADG VI 
within the planning period, requiring improvements to meet ADG V and ADG VI standards. Runway 4-22 is 
not required as a D-IV runway, and would not be eligible for FAA funding at D-IV design standards when 
the time comes to reconstruct it.  It is anticipated that if Runway 4-22 were to remain, it would be 
downgraded to a B-II visual runway upon reconstruction.  Runway 13L-31R is not required from a capacity 
or wind coverage perspective, and as such, would not be eligible for FAA funding when the time comes to 
reconstruct it. 

RUNWAY INTERSECTIONS/HOT SPOTS 

Intersecting runways are undesirable and often create “hot spots”. Eliminating existing runway intersections 
or avoiding future intersections increases margins of safety, and is therefore recommended by the FAA. 
There are two hot spots at SAT, one where Runway 13R-31L intersects with Taxiway N, and one where 
Runways 13R-31L and 4-22 intersect.  Additionally, intersecting runways, such as Runways 13R-31L and 
4-22, cannot be used independently of each other, and therefore, either add no or very little airfield capacity.  

RUNWAY WIDTH 

All runways meet the design standard for their respective existing and potential future RDCs.  

RUNWAY SHOULDERS 

Paved shoulders are required for runways accommodating ADG IV aircraft and larger, and are 
recommended for runways accommodating ADG III aircraft. Runways 13R-31L and 13L-31R do not have 
paved shoulders. Twenty-foot wide shoulders are recommended to be added to Runway 13L-31R, and 40-
foot wide shoulders are required on Runway 13R-31L to accommodate ADG VI aircraft. Runway 4-22 has 
25-foot-wide paved shoulders that meet the ADG IV standards. 

BLAST PADS 

The Runway 4-22 blast pads are ADG IV-compliant. The Runway 13R-31L blast pads would need to be 
widened to either 220 feet or 280 feet, to meet ADG V or ADG VI standards, respectively. The Runways 
13L-31R blast pads do not meet ADG III standards, and should be widened to 140 feet and lengthened to 
200 feet. 

RUNWAY/PARALLEL TAXIWAY SEPARATION DISTANCES 

Separation distances between runways and parallel taxiways at SAT meet current FAA standards as 
reported in the 2017 SAT ALP. Should the Runway 13R-31L RDC increase to D-V or D-IV, the separation 
with Taxiway G would need to increase to either 500 feet or 550 feet respectively, based on approach 
visibility minimums less than ½ statute mile. 

RUNWAY LENGTH REQUIREMENTS 

The purpose of this section is to determine the runway length required to accommodate the forecast fleet 
mix through the planning horizon, for both takeoff and landing. 

The main sources of information on aircraft performance for runway planning and design are the 
aircraft/airport compatibility manuals provided by the aircraft manufacturers – also known as Aircraft 
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Characteristics for Airport Planning (ACAP) and Airport Planning Manual (APM). These documents feature 
charts for different aircraft configurations (weight, flaps, etc.) and weather conditions (temperature, 
elevation, etc.). The operating weight of the aircraft has a considerable influence on the takeoff and landing 
performances. Runway length requirements were calculated for the Maximum Gross Takeoff Weight 
(MGTOW) and Maximum Landing Weight (MLW). Additionally, lower fuel (Boeing 747-8F on SAT-SDF 
route) and payload (Boeing 787-9 to Europe at 75% and 90% load factors) were also considered. 

This approach may differ from the analysis individual airlines perform as part of the decision-making 
process, when considering new air service or a change of aircraft type – where market considerations and 
aircraft performance are balanced. Also, airlines are subjected to different standards than airports, and the 
runway length is not the only factor to be considered. Aircraft operators’ specific criteria, such as the One 
Engine Inoperative (OEI) surface for ensuring the safety of large aircraft commercial flights performing 
takeoff with an engine failure, can prevent an airline from utilizing all the runway length available to clear 
objects. Therefore, this analysis assumes “unconstrained” runway length available – i.e. without obstacle 
limitations.  

Methodology and Assumptions 

The runway length requirements were determined in accordance with the guidance provided by FAA AC 
150/5325-4B, Runway Length Requirements for Airport, for aircraft over 60,000 pounds. The following 
factors were taken into consideration:  

�x Local climate: Mean Daily Maximum Temperature (MDMT) of 97.6°F in August  

�x Airport elevation: 809.1 feet Above Mean Sea Level (AMSL) 

�x Runway characteristics:  

— Maximum difference in runway centerline elevations: effective runway gradient for Runway 
13R-31L of 0.33 percent  

— Runway surface conditions 

�x Critical aircraft: MTOW, MLW and preferred flap settings (when available)  

The FAA recommends computing the runway length requirements by grouping aircraft types with similar 
performance characteristics that “result in the longest recommended runway length”.1 The aircraft chosen 
for the runway length requirements are the Airbus A330-900neo, the Airbus A350-900, the Boeing 787-9, 
and the Boeing 747-8F. Also, the needs of the Boeing 777 family were evaluated for the period beyond the 
2038 horizon. 

Typical Destinations for Heavy Aircraft : 

The forecast projects an increase in long-haul international service. The Boeing 787-9 could start operations 
to Europe by 2028, with daily flights in 2038. Furthermore, UPS expressed the desire to operate the Boeing 

 

 

1 FAA AC 150/5325-4B, Runway Length Requirements for Airport Design, Section 102.a.2, p. 1, 2005. 
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747-8F to its Louisville Muhammad Ali International Airport (SDF) hub from SAT as soon as possible. 
Therefore, the runway length requirements analysis was performed for various payloads and ranges: 

�x 4,700 nautical miles (NM), as a representative range to the large European hub airports, such as 
Amsterdam (AMS), London (LHR and LGW), Paris (CDG), Frankfurt (FRA) and Oslo (OSL).  
Today, the Boeing 757-200 and 767-300/400ER can fly to Europe from SAT’s existing runways, 
but with reduced payload only. 

�x 800 NM to SDF, the U.S. hub for UPS 

Figure 4.1-1 depicts range rings from SAT relevant to this analysis. 

Figure 4.1-1: Range Rings from San Antonio  

 

Source: WSP USA, 2018. 

Landing and Take-Off Length Requirements 

Take-off and landing runway length requirements were evaluated separately. Landing length requirements 
were assessed using the MLW, while take-off length requirements were assessed using the MGTOW or 
the Maximum Allowable Take-off Weight (MATOW). MATOW is the maximum weight an aircraft can take 
off at, based on local conditions (runway length, airport elevation). Additionally, take-off length requirements 
were assessed for load factors of 75 percent and 90 percent.  
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The landing and take-off runway length requirements for the current and future critical aircraft are 
summarized in Table 4.1-5 and depicted on Figure 4.1-2.   

Findings for the 20 -year planning period:  

�x The Boeing 747-8F can operate on the existing 8,500-foot-long runways: UPS expressed the desire 
to operate the Boeing 747-8F to its SDF hub from SAT as soon as possible. The departure runway 
length requirement for this aircraft to this relatively close destination is 7,900 feet. However, this 
aircraft type currently cannot operate at SAT because its tail would penetrate the Part 77 
Transitional Surface when parked on the UPS apron. 

�x Direct flights to certain western Europeans destinations are possible with the existing runway length 
(8,500 feet), but for the 20-year planning horizon, serving all European destinations with an 
extensive fleet mix would require a runway extension, depending on the aircraft. The runway length 
requirements to Europe for the critical aircraft, the Boeing 787-9, are: 

— MATOW: 13,200 feet (the longest length of several similar aircraft types)  

— 90% load factor: 12,500 feet 

— 75% load factor: 10,700 feet (more realistic load factor) 

Other suitable aircraft have requirements between 9,450 feet (Airbus A350-900) to 12,200 feet 
(Boeing 777-300ER). 

Based on the Boeing 787-9 at a 75% load factor, the recommended runway length through the 20-year 
planning horizon is 10,700 feet. The actual runway length that can be achieved will be studied in Chapter 5 
- Alternatives Development and Evaluation. 

Considerations for ru nway length requirements beyond the planning period:  

Potential new routes beyond Europe could require more length than 10,700 feet, up to 12,000 feet. 
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Table 4.1-5: Runway Length Requirements  

AIRCRAFT 

TYPICAL 
SEAT 

CAPACITY ASSUMPTIONS 
WEIGHT 
(LBS.) 

LANDING 
LENGTH 

REQUIREMENT 
(FEET) 

TAKE-OFF 
LENGTH 

REQUIREMENT 
(FEET) 

A330-
900neo1,2 

287-303 MLW 421,000 TBD N/A 

MTOW 554,000 N/A TBD 

To 4,700 NM 
(Europe) 

TBD N/A TBD 

A350-9001 315-325 MLW 457,00 6,600 N/A 

MTOW 618,000 N/A 10,400 

To 4,700 NM 
(Europe) 

580,000 N/A 9,450 

90% of Load Factor 568,000 N/A 8,800 

75% of Load Factor 550,000 N/A 8,250 

767-200ER 174-245 MLW 300,000 6,300 N/A 

MTOW 395,000 N/A 11,540 

To 4,700 NM 
(Europe) 

388,000 N/A 10,500 

90% of Load Factor 380,000 N/A 9,400 

75% of Load Factor 369,000 N/A 8,500 

787-8 242-359 MLW 380,000 6,500 N/A 

MTOW 502,500 N/A 15,4003 

To 4,700 NM 
(Europe) 

481,000 N/A 14,600 

90% of Load Factor 472,000 N/A 13,250 

75% of Load Factor 458,500 N/A 12,800 

787-91,3 290-406 MLW 425,000 7,200 N/A 

MTOW 560,000 N/A 14,0503 

To 4,700 NM 
(Europe) 

544,000 N/A 13,200 

90% of Load Factor 532,000 N/A 12,500 

75% of Load Factor 514,500 N/A 10,700 

747-8F1 N/A MLW 763,000 9,000 N/A 

MTOW 987,000 N/A 13,350 

To 800 NM (SDF) 777,000 N/A 7,900 

Notes: 

MGTOW – Maximum Gross Takeoff Weight 

MLW – Maximum Landing Weight 

NM – Nautical Miles 

SDF – Louisville International Airport 
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The Boeing 757-200 and 767-300/400ER can fly to Europe from SAT’s existing runways with reduced payload only. 

1 – Design aircraft per FAA approved forecasts.  

2 – Airbus has not yet released the takeoff performances of the A330-900neo. 

3 – At SAT elevation, 787-8 cannot takeoff at MGTOW. The maximum weight allowed at SAT elevation is 494,000 lbs. 

4 – At SAT elevation, 787-9 cannot takeoff at MGTOW. The maximum weight allowed at SAT elevation is 548,000 lbs. 

Source: WSP USA, 2018. 

Figure 4.1-2: Runway Length Requirements vs Existing Runway Length  

 

Notes: 

MLW – Maximum Landing Weight 

MTOW – Maximum Takeoff Weight 

NM – Nautical Miles 

SDF – Louisville International Airport 

Source: WSP USA, 2018. 
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Long-Term Climate Change Impacts 

Per NOAA and the recently completed report of the City of San Antonio, San Antonio Climate Ready Plan 
of June 2018, San Antonio is likely to continue to warm up over the 21th century. The report has generated 
21 global climate models proposed by the Coupled Model Inter-Comparison Project 5 (CMIP5). CMIP is a 
project developed by the World Climate Research Program (WCRP) that aims to realize climate simulations 
in coordinated ways between the different research groups, allowing a better estimation and understanding 
of the differences between the climate models.  

For the SA Climate Ready Plan, two projections were explored: a scenario of the Climate Change of Lower 
Representative Concentration Pathway (RCP) 4.5, and a scenario of the higher RCP 8.5. These two 
scenarios encompass the uncertainty of human activities and emission of heat trapping gas. Each 
projection was averaged over 30-year periods, a typical interval used to estimate climatic norms. 

The temperature projections for the City of San Antonio are depicted in Figure 4.1-3 and summarized in 
Table 4.1-6.  

The changes were computed for the Summer Daytime Maximum Temperature averaged over 30-year 
periods, which is a different concept than the Mean Daytime Maximum Temperature (MDMT) used in 
aviation planning. The MDMT assessment considers only the temperatures of the hottest month, whereas 
the Summer Daytime Maximum Temperature focuses on three whole months. However, the hottest month 
of the year in San Antonio is August and therefore, the same temperature increase was assumed for the 
MDMT. 

Figure 4.1-3: Average Summer Daytime Maximum Temperature in San Antonio  

Source: SA Climate Ready, Climate Projections for the City of San Antonio, June 2018. 
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Table 4.1-6: Forecasted Temperature for San Antonio  

TEMPERATURE SCENARIO 2011-2040 2041-2070 2071-2100 

Temperatures  

Low Scenario  97.3 °F  98.9 °F 99.5 °F 

High Scenario  97.3 °F 100.1 °F 103.1 °F 

Temperature Increase  

Low Scenario  97.3 °F  +1.6 °F +2.2 °F 

High Scenario  97.3 °F  +2.8 °F +5.8 °F 

Source: SA Climate Ready, Climate Projections for the City of San Antonio, June 2018. 

There is a differential of 0.3°F between the MDMT computed and the average summer daytime maximum 
temperatures for the current 30-year period (2011-2040). For the following period, the analyses published 
in the SA Climate Ready Plan led to an increase by 1.6° F for the low scenario and by 2.8° F for the high 
scenario. Using these climate assumptions, the runway length required for the Boeing 787-9 flying to 
Europe has a sensitivity of an additional 125 feet per 1° F increase. 

The runway lengths for the Boeing 787-9 operating for a 4,700-NM range are projected to need an additional 
200 feet for a low climate change scenario, and an additional 350 feet for a high scenario, as shown in 
Table 4.1-7. 

Table 4.1-7: 787 Runway Length Requirement Considering Long-Term Climate Change  

TEMPERATURE 
IMPACT ON TAKE -OFF LENGTH REQUIREMENT 

(FEET) 

MDMT2018
1  Reference 

MDMT2018 + 1.6 °F +200’ 

MDMT2018 + 2.8 °F +350’ 

Notes: 

MDMT – Mean Daytime Maximum Temperature 

Source: WSP USA, 2018. 

In addition, the SA Climate Ready Plan studied the annual number of hot days, defined as days with 
temperature over 100 °F (approximately but not identical as the MDMT), as shown in Figure 4.1-4 and 
Table 4.1-8.  



2021 San Antonio International Airport Master Plan  
Demand/Capacity and Facility Requirements 

 
 

Page | 4-15 
June 2021  

 

Figure 4.1-4: Annu al Number of Days with the Maximum Temperature above 100°F  

 
Source: SA Climate Ready, Climate Projections for the City of San Antonio, June 2018. 

Table 4.1-8: Annual Number of Days with the Maximum Temperature above 100°F  

SCENARIO 2011-2040 2041-2070 2071-2100 

Annual Number of Days with Maximum Temperature above 100°F  

Low Scenario  31 47 55 

High Scenario  31 61 101 

Annual Number of Days Increase  

Low Scenario  31 +16 +24 

High Scenario  31 +30 +70 

Source: SA Climate Ready, Climate Projections for the City of San Antonio, June 2018. 

During these hot days, based on a runway designed for the current MDMT per FAA standards, long-haul 
flights may experience operational restrictions as they will not be able to takeoff at their MGTOW. As runway 
planning advances, climate effects will need to be considered further. 

RUNWAY AREAS  

The FAA’s design standards for the various runway areas at SAT are presented in this section. The 
following is a list of the airfield safety areas that were evaluated for the Airport: 

�x Runway Safety Areas 

�x Runway Object Free Areas 

�x Runway Obstacle Free Zones 

�x Runway Protection Zones 
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The existing ALP was used to determine the locations of objects that may affect navigation. The existing 
runway area deficiencies are described in more detail in this section.  

RUNWAY SAFETY AREA 

The RSA is a surface located at ground level and centered on the runway centerline. The RSA surrounds 
the runway and is designed to reduce the risk of damage to aircraft in the event of an undershoot, overshoot, 
or excursion from the runway. The surface shall be clear of objects except those required for air and ground 
navigation. RSA standard dimensions assume containing about 90 percent of aircraft that overrun and veer-
off the runway within the RSA. RSA grades shall meet specific requirements: the longitudinal grade should 
be from 0 to -3 percent for the first 200 feet from the end of the runway, and to -5 percent for the last 300 
feet. Transverse grades should be -1.5 to -3 percent away from the runway shoulder edge.  

Per the 2010 SAT Master Plan and the 2017 SAT ALP, the existing RSAs meet design standards for aircraft 
anticipated to operate at SAT through 2038. Table 4.1-4 summarizes the standards for ADG IV, V and ADG 
VI RSAs. 

RUNWAY OBJECT FREE AREA 

The Runway Object Free Area (ROFA) is a surface located at ground level and centered on the runway 
centerline. The ROFA surrounds the runway and aims to enhance the safety of aircraft operations by 
clearing the area of objects, to avoid any collisions between aircraft and objects. The surface shall be clear 
of objects, except those required for air and ground navigation. The ROFA design standards for ADG VI 
are provided in Table 4.1-4, which shows different transverse grade standards for ADG IV and ADG V-VI. 
The maximum allowable slope between the edge of the RSA and the edge of the ROFA is 10:1 for ADG IV 
aircraft, and 16:1 for ADG V and ADG VI aircraft.  

SAT’s existing ROFAs are meeting FAA standards for ADG IV, V and VI, based on the 2017 SAT ALP.   

OBSTACLE FREE ZONE 

The Obstacle Free Zone (OFZ) shall be clear of objects, except for frangible navigational aids fixed by 
function. The OFZ is composed of a Runway Object Free Zone (ROFZ), an Inner-approach OFZ, and an 
Inner-transitional OFZ, as applicable.  

The ROFZ is a volume of airspace centered above the runway centerline, with an elevation at any point 
that is the same as the elevation of the nearest point on the runway centerline. It extends 200 feet beyond 
the end of each runway and has a width of 400 feet for runway accommodating large aircraft (maximum 
takeoff weight greater than 41,000 pounds).   

The Inner-approach OFZ is a volume of airspace centered on the approach area that applies only to 
runways equipped with an Approach Lighting System (ALS). This surface is 400 feet wide, begins 200 feet 
from the runway threshold at the same elevation as the runway threshold, and extends 200 feet beyond the 
last light unit in the ALS. The Inner-approach OFZ has a slope of 50:1. 

The Inner-transitional OFZ is a volume of airspace along the sides of the ROFZ and Inner-approach OFZ, 
and applies to runways with lower than ¾ statute mile approach visibility minimums. It begins at the edge 
of the ROFZ and the Inner-approach OFZ, and then rises at a slope of 6:1 to a height of 150 feet above 
airport elevation for instrument approach category I (CAT I) runways. The Inner-approach OFZ cannot be 
penetrated by an aircraft tail. 
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The Precision Obstacle Free Zone (POFZ) applies to runways with precision instrument approaches. It is 
defined as a volume of airspace above an area beginning at the runway’s landing threshold and centered 
on runway centerline. It extends 200 feet from the runway threshold, has a width of 800 feet and has the 
same elevation as the runway threshold elevation. The Precision OFZ can be penetrated by the wing of an 
aircraft holding on a taxiway waiting, but not by the fuselage or the tail of an aircraft. 

At SAT, all runways have a ROFZ. Only Runways 13R-31L and 4-22 have an Inner-approach OFZ, Inner-
transitional OFZ and a Precision OFZ. The 2017 ALP states that all OFZs meet FAA standards, i.e. there 
are no penetrations to the OFZs. Table 4.1-4 summarizes the dimensional standards for OFZs. 

RUNWAY PROTECTION ZONE 

The RPZ is a two-dimensional surface with the purpose to enhance the protection of people and property 
on the ground through specific land-use limitations designed to keep an area clear of incompatible uses, 
such as residences and public assembly buildings. The shape of this area is a trapezoid centered on the 
extended runway centerline. There are two types of RPZs: approach and departure. The dimensions of 
these areas are depending of the type of aircraft and the approach visibility minimums. FAA AC 150/5300-
13A recommends that the airport have control of the RPZs and have it “clear of all above-ground objects”. 
When it is not practical to have complete control of the entire RPZ, the airport should at a minimum obtain 
avigation easements to keep the RPZ clear of incompatible objects and activities. 

Table 4.1-4 provides the standard RPZ dimensions. Table 4.1-9 summarizes the portions of the existing 
RPZs that are not within airport property, and that have incompatible land uses. These include the RPZs 
for Runway 4, Runway 22, Runway 13L and Runway 31L. FAA policies recommend mitigation such as land 
acquisition, avigation easements and removal of incompatible land uses inside the RPZ2. 

Table 4.1-9: Existing Runway Protection Zones Off Airport Property 

OFF-AIRPORT RUNWAY 
PROTECTION ZONE 

LAND USE 

RUNWAY 4-22 RUNWAY 13L-31R RUNWAY 13R-31L 

4 End 22 End 13L End  31R End 13R End 31L End  

Incompatible Land Use        

  Buildings (acres)  3.2 0.0 1.0 6.1 0.0 0.0 

  Public Roadways  (acres)  3.2 0.0 16.7 1.8 0.0 0.0 

Compatible Land Use  (acres)  0.0 1.4 0.0 0.0 0.0 0.0 

TOTAL PER RUNWAY  
(acres)  7.8 25.6 0.0 

TOTAL (acres)  33.4 

Source: San Antonio International Airport, Airport Layout Plan, June 2017. 

 

 

2 Federal Aviation Administration, Interim Guidance on Land Uses Within a Runway Protection Zone, September 2012. 
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TAXIWAY DESIGN 

Taxiway upgrades should be selective and cost-effective for accommodating the specific aircraft that use 
each portion of the infrastructure. 

TAXIWAY WIDTH 

Table 4.1-10 compares the existing and standard width of the SAT taxiway network, based on the existing 
TDG. Red text indicates deficiencies. Future width requirements were not evaluated, as the proposed 
airfield layout will be determined in Chapter 6 – Alternatives Development and Evaluation. 

Figure 4.1 -5 depicts the three taxiways that do not meet existing width standards:  

�x Taxiway E  

�x The northern part of Taxiway J  

�x Taxiway P  

Taxiway E has a width of 40 feet. This portion of Taxiway E provides access to the east GA apron, where 
the FBOs occasionally serve large charter aircraft, and have expressed the desire for a wider taxiway. In 
addition, the south end of this apron is served by a TDG 6 taxiway. The two other taxiways are both TDG 
3 and only have a width of 40 feet, instead of 50 feet. Therefore, enhancements are recommended for 
these taxiways to meet existing design standards.  
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Table 4.1-10: Existing and Standard Taxiway Widths  

TAXIWAY 

EXISTING 
TAXIWAY 

DESIGN GROUP  

STANDARD 
TAXIWAY WIDTH  

(IN FEET) 
EXISTING TAXIWAY WIDTH 

(IN FEET) 

A 6 75 75 

B 5 75 75 

D (West of Taxiway N)  6 75 75 

D (East of Taxiway N)  6 75 130 

E (East of Taxiway N)  6 75 40 

F 4 50 75 

G 6 75 75 

G1 4 50 130 

G2 4 50 135 

G3 4 50 135 

H 6 75 75 

J (North of Runway 13R -31L) 3 50 40 

J (South of Runway 13R -31L) 6 75 75 

K 6 75 90 

L 6 75 75 

M 3 50 50 

N 6 75 75 

N1 6 75 100 

N2 6 75 132 

N3 6 75 102 

N6 6 75 130 

N7 6 75 100 

N8 6 75 100 

P 3 50 40 

Q 6 75 75 

Q1 6 75 100 

R 6 75 75 

S 6 75 75 

T 5 75 75 

V 6 75 82 

W 6 75 110 

Y 6 75 80 

Z 6 75 150 

RC 2 35 50 

Note: Red text indicates deficiencies in meeting design standards. 

Sources: San Antonio International Airport, Airport Layout Plan, June 2017; Source: Federal Aviation Administration, Advisory Circular 
AC 150/5300-13A Change 1, Airport Design, 2014. 
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Figure 4.1-5: Taxiways with Non -Compliant Widths  

Source: San Antonio International Airport Layout Plan, 2017; WSP USA, 2018. 

TAXIWAY SHOULDERS AND FILLETS 

Paved shoulders are required for taxiways, taxilanes and aprons accommodating ADG IV and higher 
aircraft, and are recommended for taxiways, taxilanes and aprons accommodating ADG III aircraft. Table 
4.1-11 summarizes taxiway fillets and shoulder standards.  

Table 4.1-11: Taxiway Shoulder  and Fillets Standards 

DESIGN STANDARDS 
TAXIWAY DESIGN 
GROUPS 3 AND 4 

TAXIWAY DESIGN 
GROUPS 5 AND 6 

Taxiway Edge Safety Margin  10’ 15’ 

Taxiway Shoulder Width  20’ 30’ 

Source: Federal Aviation Administration, Advisory Circular AC 150/5300-13A Change 1, Airport Design, 2014. 

Most of SAT’s taxiways do not have paved shoulders; shoulders should be added to taxiways that 
accommodate ADG IV aircraft or larger as part of these taxiways’ next pavement rehabilitation project.   

Since 2013, taxiway fillets were improved on Taxiways D, G, J, N, Q and W. A taxiway fillet analysis is 
recommended as part of a subsequent study to assess taxiway turning movements with insufficient taxiway 
edge safety margins (TESM). 

TAXIWAY PROTECTION AREAS 

The terminal apron and a service road penetrate the existing ADG IV Taxiway H object free area, north of 
Terminals A and B, and the Purple Lot.  The available OFA is only 100 feet wide on this side of the Taxiway 
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H centerline, for a requirement of 129.5 feet.  The southern edge of the service road/terminal apron is 125 
feet from the Taxiway H centerline; as such, approximately 4 feet of apron are inside the taxiway OFA.  

Additionally, ADG V and VI taxiway protection standards will be considered in Chapter 6 - Alternatives 
Development and Evaluation, where appropriate.  

PARALLEL TAXIWAY 

A full length parallel taxiway is required for instrument approach procedures with visibility minimums below 
one SM, and recommended for all other conditions. 

Runways 13R-31L and 4-22 both have instrument approaches with visibility minimums below one SM, and 
both have a full-length parallel taxiway, Taxiway G and Taxiway N, respectively, and two partial-length 
parallel taxiways, Taxiway H and Taxiway Q, respectively.  

Additionally, Runway 13L-31R has a full-length ADG IV parallel taxiway, Taxiway R. 

RUNWAY ENTRANCE AND EXIT TAXIWAYS 

Runway entrance and exit taxiways connect runways to the taxiway network. An entrance taxiway may also 
be used as an exit taxiway. The FAA recommends two types of runway entrance/exit taxiways: right-angled 
exit taxiways and high-speed exit taxiways. A right-angled taxiway forms a 90-degree angle with the runway 
centerline, which provides the pilot with the best visual perspective and thus increases safety. A high-speed 
exit taxiway typically forms a 30-degree angle with the runway. It is designed to allow an aircraft to exit a 
runway without decelerating to typical taxi speed, thus reducing the Runway Occupancy Time (ROT) and 
increasing runway capacity if located properly.  

Geometry 

Runways 13R, 13L, and 31R ends have four angled exit taxiways: Taxiways B, L, M and P. The geometry 
of these exit taxiways does not meet the FAA design standards (see Figure 4.1-6) for high-speed exit 
taxiways, as their initial radius is too short.   

Additionally, high-speed runway exits should not connect directly to another runway (such as Taxiways M 
and P), nor should connect to the outer of two parallel taxiways (such as Taxiway B to Taxiway H).  As 
such, Taxiways B, L, M and P are not considered to be high-speed exit taxiways. 

However, these taxiways still allow aircraft to exit Runway 13R-31L through Taxiways B, L, M and P at a 
design speed of 35 knots, 20 knots, 11 knots and 11 knots, respectively, instead of approximately 50 knots 
per high-speed exit standards, as shown in Table 4.1-12. To avoid confusions and allow aircraft to vacate 
the runway at 50 knots, their geometry could be corrected and their initial radius from the runway to the 
taxiway should be increased to 1,500 feet. 
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Figure 4.1-6: Taxiway Design Group -5 High -Speed Exit Taxiway  Standard Geometry  

Source: Federal Aviation Administration, Advisory Circular 150/5300-13A, Change 1, Airport Design, February 2014. 

Table 4.1-12: Characteristics of Existing Angled Taxiways 

DESIGNATION RUNWAY 

INITIAL 
TURN 

RADIUS 
DESIGN 
SPEED 

LANDING 
DISTANCE 

AVAILABLE  

THEORETICAL 
CUMULATIVE 
UTILIZATION 

PERCENTAGE 

B 31L 890’ 35 knots 2,830’ 
30% - T 

99% - S 

M 31L 85’ 11 knots 3,026’ 
40% - T 

100% - S 

L 31L 290’ 20 knots 5,239’ 

75% - H 

80% - L  

100% - T 

100% - S 

P 13L 80’ 11 knots 3,000’ 
40% - T 

100% - S 

Notes:  

S - Small, single engine aircraft: 12,500 lbs. or less;  

T - Small, twin engine aircraft: 12,500 lbs. or less;  

L - Large aircraft: 12,500 lbs. to 300,000 lbs.;  

H - Heavy aircraft: > 300,000 lbs. 

Source: Federal Aviation Administration, Advisory Circular 150/5300-13A, Change 1, Airport Design, February 2014. 

Location 

ATCT personnel mentioned that the existing angled runway exit taxiways are not in optimal locations. 
Taxiways B, M and P are located at approximately 3,000 feet from the runway threshold, as shown on 
Figure 4.1-7, and intercept a significant part of the general aviation traffic landing on Runway 13L and 13R. 
Taxiway L is strategically located for utilization by most of the fleet landing on Runway 13R. There is no 
angled exit taxiway on Runway 4-22.  
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