Sioux Falls Regional Airport d Joe Foss Field

Master Plan Update
Chapter 4 dFacility Requirements

Chapter 4 : Facility Requirements

Introduction

This chapter of the Airport Master Plan analyzesthe existing and anticipated future facility
needs at the Sioux Falls Regional Airport (FSD). This chapter is divided into sections that
assess the needs of primary airport element s including airside facilities, passenger terminal
complex, air cargo facilities, general aviation facilities, landside elements and support
facilities.

Airside requirements are those necessary for the operation of aircraft. Landside r equirements
are those necessary to support airport, aircraft and passenger operations. Proposed
requirements are based on a review of existing conditions , capacity levels, activity demand
forecasts and airport design standards using FAA guidance and industy standards. Existing
facility deficiencies are identified along with potential future facility needs . The level of
review completed is sufficient to identify major  airport elements that should be addressed in
this comprehensive airport plan.

FSD is a greving airport facility as a result of continued increases in passenger enplanements
air cargo and corporate aviation . Since the last Master Plan, the airport has constructed
various improvements to automobile parking, curbside, ticketing, baggage screening
concessions and concourse areas.The airport continues to upgrade the terminal complex to
meet passenger demands Recently they expanded the security checkpoint, added shuttle
service to and from long term parking and added another concessioner inside t he terminal .

Discussions with airport management, coupled with forecasts depicting growth in all areas of
aviation led to a reas of emphasis in this chapter which include identifying future terminal
building and parking needs so an updated facility plan ca n be developed maximizing the
utilization of the existing terminal site.  Overall, airport facility development will be
identified to adequately accommodate existing and expected activity levels in this Master
Plan.

Potential solutions to address the facili ty needs through the planning period are discussed in
this chapter. Specific alternatives that implement the recommendations are evaluated in
Chapter 5: Alternatives

Planning Activity Levels

There are various airport activity measuresused to determine facility requirements including
passenger enplanements, peak hour and airport operations. Airport activity —can be sensitive
to industry changes, national and local economic conditions. This results in difficulty in
identifying a specific calendar year for the airport to each demand levels associated
recommended improvements. For this Master Plan, Planning Activity Levels (PALS) are used to



Airport Master Plan Update
Sioux Falls Regional Airport (FSD)

identify demand thresholds for recommended facility improvements. If an activity level is
approaching a PAL then the airport should prepare to implement the improvements.
Alternatively, activity levels that are not approaching a PAL can allow improvements to be
deferred. The demand forecasts developed in this Master Plan do correspond an anticipated
planning level calendar year to each PAL (2018, 2023, 2028, 2033) from the preferred aviation
forecasts.

The following exhibit sidentify the PAL metrics for the Sioux Falls Regional Airport.

. Planning ActivityLevels

Metric Base PAL 1 PAL 2 PAL 3 PAL 4
Passengers
Annual Enplanements 474,118 547,938 604,872 676,594 756,820
Peak Month 49,830 57,588 63,572 71,110 71,110
Design Day 1,827 2,112 2,331 2,608 2,917
Design HourDeparting 395 456 504 563 630
Design HourArriving 329 380 420 469 525
Design Hour Total 559 646 713 798 893
Passenger Airline Operations
Total Operations 15,989 15,837 16,405 18,482 20,441
Peak Month 1,680 1,665 1,724 1,942 2,148
Design Day 58 58 60 68 75
Design HourDepartures 6 6 6 7 8
Design Hour Arrivals 5 5 5 6 6
Design HourTotal 8 8 8 9 10
Total Operations
Total Operations 67,418 72,959 79,708 88,038 97,615
Peak Month 6,324 6,844 7,477 8,258 8,258
Design Day 266 287 314 347 385
Design Hour 27 29 31 35 38

Source: KLJ Analysis
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Airside Facilities

Airfield Design Standard s

Guidance on airport design standards is found in FAA Advisory Circular 150/5300-13A, Airport
Design Change 1to the Advisory Circular was issued February 26, 2014 and is incorporated
into this chapter . Airport design standards provide basic guidelines for a safe, efficient, and
economic airport system. Careful selection of basic aircraft characteristics for which the

airport will be designed is important. Airport de signs based only on existing aircraft can
severely limit the ability to expand the airport to meet future requirements for larger, more
demanding aircraft. Airport designs that are based on large aircraft unlikely to operate at the
airport are not economic al.

Design Aircraft

Aircraft characteristics relate directly to the design components on an airport. Planning a new
airport or improvements to an existing airport
aircraft. 6 FAA desi gnaredétermirgedhy d coding systemethat redaies p o r t
the physical and operational characteristics of an aircraft to the design and safety separation

distances of the airfield facility. The design aircraft is the most demanding aircraft operating

or forecast to o perate at the airport on a regular basis, which is typically con sidered 500

annual operations. The design aircraft may be a single aircraft, or a grouping of aircraft.  Itis

not the usual practice to base the airport design on an aircraft that  uses the airport

infrequently , thus some elements may be designed for a less demanding aircraft . The FAA
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typically only provides funding for the airport to be designed to existing and forecasted
critical aircraft that are expectedt o0 exceed 500 annual operations.

Airfield Design Classifications

The FAAhas established aircraft classification systems that group aircraft types based on
their performance and geometric characteristi cs. These classification systems described and
illustrated in Exhibit 3 and 4 , are used to determine the appropriate airport design standards
for specific runway, taxiw ay, apron, or other facilitie s, as described in FAAAC 150/ 5300-13A
Airport Design

1 Aircraft Approach Category (AAQ: a grouping of aircraft based on approach reference
speed, typically 1.3 times the aerodynamic stall speed . Approach speed drives the
dimensions and size of runway safety and object free areas.

91 Airplane Dedgn Group (ADQ: a classification of aircraft based on wingspan and tail
height. When the aircraft wingspanand tail height fall in differ ent groups, the higher
group is used. Wingspan drivesthe dimensions of taxiway and apron object free areas ,
as well as apron and parking configurations.

1 Approach Visibility Minimums: relates to the visibility minimums expressed by Runway
Visual Range (RVR) values in feet. These distances relate to the minimum distance
pilots must be able to see the runway or lighting from the runway.  Visibility
categories include visual (V), non -precision (NPA), approach procedure with vertical
guidance (APV) and precision (PA). Lower visibility minimums require more complex
airfield infrastructure and enhanced protection areas including safety and object free
areas as well as runway-to-taxiway separation distances.

1 Taxiway Design Group (TDQ: a classification of airplanes based on outer to outer
Man Gear Width (MGW) and Cockpit to Main Gear (CMG)distance. TDG relates
directly to taxiway/taxilane pavement width and fillet design at intersections .

Although not a classification, r unway length is driven by the landing and departure
performance characteristics of the most demanding design aircraft.
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Airfield Classification Systems

Aircraft Approach Category (AAC)
AAC Approach Speed
A Approach speed less than 91 knots
B Approach speed 91 knots or more but lessthan 121 knots
C Approach speed 121 knots or more but less than 141 knots
D Approach speed 141 knots or more but less than 166 knots
E Approach speed 166 knots or more
Airplane Design Group (ADG)
ADG Tail Height (ft.) Wingspan (ft.)
I <2060 <4960
Il 20306 49-67960
I 30456 7911860
v 45600 11848171506
Vv 6 0-0<6 6 & 1714821450
v 6 6-0<c8 00 214826260
Approach Visibility Minimums
RWR (ft)" Instrument Fli ght Visibility Category (statue mile)
N/A (VIS Visual (V)
5000 Not lower than 1 mile (NPA)
4000 Lower than 1 mile but not lower than % mile (APV)
2400 Lower than ¥ mile but not lower than % mile (CAT-I PA)
1600 Lower than %2 mile but not lower than % mile (CAT-II PA)
1200 Lower than ¥ mile (CAT-1l PA)

Source FAA AC 150/530013A, Airport Design
*RVR values are not exact equivalents
APV = Approach with Vertical Guidance, PA = Precision Approach

Airport Reference Code (ARC)

The Airport Reference Code (ARC) is an airport designation that represents the AAC and ADG
of the aircraft that the entire airfield is intended to a ccommodate on a regular basis. The
ARC is used for planning and design only and does not limit the aircraft that m ay be able to
operate safely on the airport.

Runway Design Code (RDC)

RDC is a code signifying the design standards to which the overall runway is to be planne d and
built, typical based on the design aircraft and approach visibility minimums for a particu  lar
runway. RDC provides the information needed to determine the design standards that apply.

Runway Reference Code (RRC)
RRC is a code signifying thecurrent operational capabilities of each specific runw ay end and
adjacent taxiways. RRC is split into Ap proach and Departure Reference Codes (APRC and
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DPRC).APRCclassifications are expressed in three components: AAC, ADG, and the lowest
approach visibility minimums that either end of the  runway is planned to provide. DPRC
classifications utilize AAC and ADG components only. A runway end may have more than one
RRC depending on the minimums available to a specific AAC.

Taxiway Design Group (TDG)

TDG relates to the dimensions of the aircraft landing gear including distance from cockpit to

main gear (CMG) andmai n gear width (MGW). These di mensions
to safely maneuver taxiways at an airport. Taxiways/taxilanes on an airport can be construct

to a different TDG based on the expected use of that taxiway/taxilane by the design aircraf  t.
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Other Design Considerations
Other airport design princip les are important to consider for a safe and efficient airport
design:

1 RunwayTaxiway Configuration d The configuration of runways and taxiways affects
the airportds capaci t yithother argraft orrthesukway fand ncur si o
overall operation al safety. Airports with simultaneous operations on crossing runways
can cause delay. Location of and type of taxiways connecting with runways correlates
to minimizing runway occupancy time. The design of taxiway infrastructure should
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promote safety by min imizing confusing or complex geometry to reduce risk of an
aircraft inadvertently entering the runway environment.

Approach and Departure Airspace & Land Used Runways each have imaginary surfaces
that extend upward and outward from the runway end to prot ect normal flight
operations. Runways also have land use standards beyond the runway end to protect
the flying public as well as persons and property on the ground from potential
operational hazards. Runways must meet grading and clearance standards considering
natural and man-made obstacles that may o bstruct these airspace surfaces.
Surrounding land use should be compatible with airport operations. Airports should
develop comprehensive land use controls to prevent new hazards outside the airport
property | ine. Obstructions can limit the utility of a runway.

Meteorological Conditions 83An ai rport &6s runways shoul d
land and takeoff into the prevailing wind. As wind conditions change, the addition of

an additional runway may be need ed to mitigate the effects of significant crosswind
conditions that occur more than five percent of the year.  Airports that experience
lower cloud ceiling and/or visibility should also consider implementing an instrument
procedures and related navigational aids to runways to maximize airport utility.
Controller Line of Sight d The local Air Traffic Control Tower (ATCT) relies on a clear

l ine of sight from the controller cab sto
the runways, taxiways, aprons and arr ival/departure corridors. Structures on an

airport need to consider this design standard, and in some cases require the
completion of a shadow study to demonstrate no adverse impact .

Navigation Aids & Critical Areas &Visual navigational aids (NAVAIDs) toa runway or the
airfield require necessary clear areas for these NAVAIDs to be effective for pilots.
Instrument NAVAIDs on an airport require sufficient clear areas for the NAVAID to
properly function without interference to provide guidance to pilots. The  se NAVAID
protection areas restrict development.

Airfield Line of Sight d Runways need to meet grading standards so that objects and
aircraft can be seen along the entire runway. A clear line of sight is also required  for
intersecting runways within the Ru nway Visibility Zone to allow pilots to maintain
visual contact with other objects and/or aircraft that may pose a hazard.

Interface with Landside & The airfield configuration should be designed to provide for
the safe and efficient operation of aircraft a s they transition from the airfield to
landside facilities such as hangars and terminals.

Environmental Factors dAirport development must consider potential impacts in and
around the airport environs through the National Environmental Policy Act (NEPA).
Additionally, development should also reduce the risk of potential wildlife hazards
such as deer and birds that may cause hazards to flight operations.

Design Aircraft

The design aircraft types must be identified to determine the appropriate airport design
standards to incorporate into airport planning. The design aircraft is the most demanding
aircraft to operate at the airport at least 500 annual operations.
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Operational Analysis

Existing airport operations at FSDin FFY 2013 were analyzed considering potential changes to

the design aircraft from the aviation forecasts developed in  Chapter 3 from local and national

aviation trends. Exhibit 5 and 6 summarize the existing FSD air cargo and passenger airline
operations conducted by ibkbal Mosairdemanditypesr base
standards.

Critical Air Cargo Operations

Aircraft Type AAC ADG TDG 2013 Operations
Air Cargo
Airbus A300-600 C \Y 5 545
ATRA42/72 B 1 2 507
Beechcraft 1900 B 1] 2 2,035
Boeing 727-200 C 1 4 76
Boeing 757200 C \Y 5 1,340
Boeing 767-300F D v 5 447
Embraer EMB120 B Il 3 48
Swearingen Metro B Il 2 3,434

Source: FAA Enhanced Traffic Management Counts (FFY 2013) KLJ Analysis
NOTE: (perations counted are on an instrument flight plan. Shaded cells represent design aircraft.

Critical Passenger Airline Operations

Aircraft Type AAC ADG TDG 2013 Operations
Passnger Airlines
Airbus A318/A319 C 1] 3 933
Airbus A320/A321 C I 3 615
Boeing 737-800 D 1] 3 129
Bombardier CR3200 D 1] 2 4,074
Bombardier CR3700 D Il 2 869
Bombardier CRJ900 D Il 2 88
Bombardier Q400 C [ b* 573
Embraer ER3135 C I 2 1,549
Embraer ER3145 C Il 2 3,359
Embraer ER3145X C Il 2 2,182
Embraer E170 C 1] 1A 568
Embraer E190 C I 1A 287
Boeing (Douglas) MB83 D Il 4 1,004
Boeing (Douglas) MD88 C Il 4 55
Boeing (Douglas) MBO0 C Il 4 152

Source: FAA Enhanced Traffic Management Counts (FFY 2013),KLJ Analysis
NOTE: Operations counted are on an instrument flight plan. Shaded cells represent design aircraft.
*Aircraft no longer has regular service to FSD
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The most demanding aircraft for the overall airport is the Boe ing 767-300F, operated by UPS.
The Boeing 767 is an AACD, ADGIV, TDG)5 aircraft with a maximum takeoff weight of

414,000 pounds. This aircraft operates on both Runway 3/21 and Runway 15/33 depending on
local wind conditions and ATCT arrival and departure fligh t patterns. There is also occasional
use of a smaller EMB 120 aircraft with TDG -3. For commercial service aircraft, the design
airplane is a family of aircraft with AAC -D, ADGIII, TDG-4. These aircraft have a maximum
takeoff weight of up to 175,000 pounds . Occasional use by larger commercial service use
including the Boeing 757 aircraft is expected.

The following exhibit depicts the critical general aviation aircraft operations.
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Critical General Aviation Aircraft Operations

Aircraft Type AAC ADG TDG 2013 Operations
General Aviation
Raytheon BAe 125 B I - 16
CessnaCitation CJ2/3/4 B I 1A 399
Cessna Citation 500/501 B I - 28
Cessna Citation Mustang B I 2 629
Beechcraft Beechjet 400 B [ - 401
Learjet 25 C [ 1A 8
Learjet 31/35 C I - 165
Learjet 40/45 C [ - 98
Learjet 55/60 C [ - 82
Al 1124 Westwind C I - 4
IAl 1125 Astra C I - 14
Pilatus PG12 A Il - 296
Beechcraft King Air 350 B Il - 373
Beechcraft King Air 200/300 B Il 2 5,843
Beechcraft King Air 90 B Il 1A 2,445
Cessna 525 CitationJet CJ1 B Il 2 80
Cessna 550Citation I B Il 2 283
Cessna Citation 560 Ultra B Il 2 795
Cessna Citation 560 Excel B Il 2 271
Cessna Citation 650 B Il - 169
Cessna Citation 680 Sovereign B ! 1B 59
Bombardier Challenger 300 B ! - 47
Dassault Falcon 2000 B [ - 32
Dassault Falcon 900 B [ - 22
Dassault Falcon 10/20 B Il - 167
Dassault Falcon 50 B Il 1B 112
Bombardier Challenger 600 C Il - 23
Cessna Citation X C Il 1B 119
Gulfstream G200 C Il - 42
Gulfstream G280 C [ 1A 4
Gulfstream G400 C [ - 39
Raytheon Hawker 800 C Il - 91
Dassault Falcon 7X B 11 - 5
Gulfstream G500 C 11 2 16
Bombardier BD-700 C 11 - 4

Source: FAA Enhanced Traffic Management Counts (FFY 2013), KLJ Analysis
NOTE: Operations counted are on an instrument flight plan. Shaded cells represent design aircraft.
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The most demanding general aviation aircraft is a family of airplanes with AAC-C, ADG Il and
TDG2. It should be noted there is occasional use by ADGIII aircraft . According to Landmark
Aviation, there are additional operations in ADGIII and/or greater than 60,000 Ibs. restricted
by the current weight capacity and apron size along the east apron. Operations in these
aircraft are expected to grow at FSD. A typical general aviation design aircraft will currently
weigh up to 60,000 Ibs. but future larger aircraft will be 90,000 Ibs.  Some passenger airline
aircraft operated as unscheduled charter flights may also utilize the general aviation area
with TDG-3. The proposed use of an EMB120 may occur in the general aviation area with a
TDGS3.

Small general aviation aircraft utilize Runway 9/27 during crosswind conditions on an
occasional basis. It is only used a few days per year when wind cond itions are limiting on the
other two runways for small aircraft.  Its location in the southern portion of the airfield is not
in close proximity to general aviation facilities. Runway 9/27 classification should be limited
to aircraft 12,500 pounds or less. An example design aircraft would be a Beechcraft King Air
B-250 with AAC-B, ADGII and TDG2.

The most demanding family of aircraft to utilize FSD are summarized in Exhibit 8. This

determination is consistent with the current classification of the airport as an AACD, ADGIV,
TDGH5 facility.

Design Aircraft Operations

Design Component 2013 Operations
AACD 6,611
ADGIV 2,332
TDG5 992*
TOTAL 9,935

Source: FAA Enhanced Traffic Managemen Counts (FFY 2013) KLJ Analysis
*Does not include Bombardier Q400 operations as they have ceased from regular airport operation

Forecast Trends

The aviation forecasts predict the overall design aircraft should continue to be an AAC -D,
ADGIV and TDG5 representing a mix of aircraft regularly serving FSD including the Boeing
767-300F airplane operated by UPS. Passenger airline service aircraft are forecast to maintain
the same design aircraft with overall operations increasing. New aircraft types are
anticipated to be introduced to FSD, however, these aircraft are not forecast change the
design aircraft classification throughout the planning period.

Based on user input, the EMB-120 turboprop aircraft is anticipated to operate more from FSD
for air cargo op erations. This aircraft has a TDG -3 classification thus operational surfaces
utilized by this aircraft type should be upgraded to meet this standard.

General aviation corporate aircraft of ADG -llI classification are anticipated to utilize the
airport more frequently. These aircraft have a maximum takeoff weight of up to 91,400

4-11



Airport Master Plan Update
Sioux Falls Regional Airport (FSD)

pounds. There is uncertainty as to when operations will increase to become the design
aircraft, although a growing Sioux Falls business community will likely contribute to increased
operations over time. Future general aviation airport facilities should plan to accommodate
the design standards for ADG-II airplanes to provide flexibility .

Summary

The design characteristics associated with the runways at FSD are summarized in the tabl e
below. Additional design aircraft information will be utilized to drive the design standards for
taxiways, aprons and parking areas.

Airfield Design Aircraft Summary

. - Runway 3/21
Design Characteristics Runwayy15 /33 Runway 9/27
Aircraft Make/Model Boeing 767-300F Beechcraft King Air B-250
Airplane Approach Category D B
Airplane Design Group v Il
Taxiway Design Group 5 2
Wingspan 15606 160 5706 116
Length 17606 160 4306 1060
Tail Height 5208 06 146 1060
Approach Speed 145 knots 97 knots**
Maximum Takeoff Weight 412,000 pounds 12,500 pounds
Landing Gear Configuration Dual Tandem Dual Wheel
Aircraft Classification Number 57 4**
FAR Takeoff Runway Length* 10,500 feet 4,200 feet**
FARLanding Runway Length 6,700 feet 2,500 feet **

Source: Boeing Airport Planning Manual s, Beechcraft, KLJ Analysis

*Runway length is for planning purposes only and varies based on operation. Figure shown is based on
maximum takeoff or landing weight, wet ru nway (if applicable) 90 degrees F at FSD.

**Performance Characteristics for Beechcraft King Air B -200

Airfield Capacity

The total capacity of the airfield is the measure of the maximum number of aircraft arrivals
and departures capable of being accommodate d for a runway and taxiway configuration.
Delay occurs when operations exceed the available capacity at an airport. Airports should
plan to provide capacity enhancements well in advance to avoid undue operational delays. A
master planning-level analysis was completed using the methods outlined in FAA Advisory
Circular AC 150/5060-5, Airport Capacity and Delay .

Capacity is measured using various metrics:

1 Hourly Capacity ¢ The maximum throughput of arrivals and departures an airfield can
safely accommodate in a one-hour period.

1 Annual Service Volume d The maximum throughput of annual operations and airfield
can safely accommodate in one-year with an acceptable level of d elay.
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1 Aircraft Delay & The difference in time between a constrained and an unconstrained
aircraft operation, measured in minutes.

Input Factors

Measuring arfield capacity is d riven by many factors including aircraft fleet mix, runway use
configuration, meteorological flight conditions and runway operational procedures. Each is
calculated to cumulatively determine the hourly capacity and annual service volume for an
airport.

Aircraft Fleet Mix

Different types of aircraft operating on an airport impacts ai  rport capacity. In addition to
required arrival and departure flow separation requirements between similar aircraft types,
aircraft with different speeds create the need additional spacing requirements to maintain
minimum separation . Greater spacing is also required for small aircraft to avoid wake
turbulence created by | arger aircraft.
guidelines.

Aircraft Fleet Mix Classification s

The

Aircraft Maximum Takeoff :
Classification Weight (MTOW) Number of Engines Wake Turbulence
A Single Small (S)
B <12,500 Ibs. Ml Small (S)
C 12,500 6300,000 Ibs. Multi Large (L)
D >300,000 Multi Heavy (H)
Source: FAA AC 150/50685, Airport Capacity and Delay
The aircraft fleet mix percentagef or capacity calcul ations s

formula (C + 3D) using aircraft fleet mix classifications. Overall fleet mix calculations are

summarized in the following table.

In reviewing the aviation forecasts for FSD, the fleet mix percentage for Instrument Flight
Rules (IFR) operations and Visual Flight Rule (VFR) operations are summarized in the table
below. Over 85 percent of the total operations under IFR are estimated to be conducted in
Class C aircraft. Operations in Class D aircraft total about 1.5 percent.

Aircraft Fleet Mix Percentage

Metric Base PAL 4
IFR Fleet Mix Percentage 90.24% 90.14%
VFR Fleet Mix Percentage 81.39% 79.90%

Source: FAA AC 150/50685, Airport Capacity and Delay , KLJ Analyss

Runway Use
The runway use configuration affects the operational efficiency and capacity of an airfield.
An independent runway is one that can be operational and not affect arrivals and/or
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departures from other runways. A dependent runway is directly affe cted by t he operations of
another runway. Operations from another runway must be clear so operations on the other
runway can safely occur. This dependent runway configuration increases wait time, reduces
capacity and can increase overall delay. This is commonly seen for airfields with crossing
runways.

At FSD,Runway 15/33 and 3/21 intersect at about the mid -point of each total runway length .
Both of these runways can handle VFR and IFR operations, arrivals and departures. The
estimated runway end utilizat ion is identified in the table below.

Runway Ultilization

Runway End End Utilization Runway Utilization
2 2% s3%
= 1% %
o)
2 05 1%

Source: KLJ Analysis(estimate )

Based on weather observations and operational patterns, it is assumed a two runway scenario
occurs 95 percent of the time during VFR conditions and 80 percent of the time during IFR
conditions. This scenario assumes one runway is used for departures andthe other is used for
arrivals. Runway 9/27 is used periodically during high wind conditions as a general aviation
runway.
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Exhibit 4-13 dRunway Use Configuration
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Other Considerations

Meteorological conditio ns are a considerable consideration for capacity calculations. An
analysis of the weather observations over the past 10 years show VFR conditions are
experienced 90.59 percent of the time, IFR conditions within the capability of current
approach minimums experienced 8.49 percent, and IFR conditions below current instrument
approach minimums occurring 0.92 percent of the time.

The number and location of exit taxiways were considered. Ideally spaced exit taxiways allow
aircraft to expediently leave the runwa y environment upon landing, thus increasing airfield
capacity. Each assumesan average of two exit taxiway s spaced between 3,500 and 6,500 feet
from the landing threshold spaced at least 750 feet apart for VFR operations and one exit
taxiway between 5,000 and 7,000 feet for IFR operations. FAA determines the exit factor to
range from 0.86 to 0.97, depending on runway configuration and weather conditions.

Touch and go operation are or those that land then takeoff on the same runway without
exiting the runway . These typically occur with small training aircraft and counts for two
operations, thus increasing airfield capacity. There is no unusually higher percentage of
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touch-and-go operations at FSD as a result of flight training operations, thus a standard 1.00
exit factor was applied for capacity calculations.

A weighting factor is also applied per FAA guidance ranging from 1 to 25 for determining
weighted hourly capacity . Arrivals are assumed to be 50 percent of total operations.
Additional arrivals causes capacity to decrease due to separation requirements.

Hourly Capacity

Hourly capacity is calculated during IFR and VFR conditions using FAA recommended equation
based on runway configuration, touch -and-go and taxiway exit factors. Weighted hourly
capacity is determined based on runway utilization, weather conditions and an FAA weighting
factor. The results for the base and PAL 4 scenariosare identified below. Assuming no change
to the airfield configuration, the results are similar for the base through PAL4d uetoa
minimal change in fleet mix.

Hourly Capacity
Factors Base, PAL 1-4 Fleet Mix

Single Runway Use Scenario

VFR Hourly Capacity 52.7

IFR Hourly Capacity 46.4

Dual Runway Use Scenario

VFRHourly Capacity 73.7

IFR Hourly Capacity 56.2
Weighted Hourly Capacity 58.7

Source: FAA AC 150/50605, Airport Capacity and Delay , KLJ Analysis

Annual Service Volume

Annual Service Volume (ASV) is an estimate of the total annual aircraft operations on an
airfield annually. ASV is calculated based on the weighte d hourly capacity multiplied by
hourly and daily demand ratios. The ratio of the total operationstoa n ai r port ds
determines if and when an airport should plan for capacity improvements to increase overall
capacity.

ASV

Annual Service Volume (ASV)

Metric Base PAL 1 PAL 2 PAL 3 PAL 4
Annual Operations 67,418 72,959 79,708 88,038 97,615
Average Design Day 266 287 314 347 385
Average Design Hour 27 29 31 35 38
Annual Service Volume 148,923 149,370 149,156 149,076 148,978
Capacity Level 45.3% 48.8% 53.4% 59.1% 65.5%

Source: FAA AC 150/50605, Airport Capacity and Delay , KLJ Analysis

FAArecommended airports take action to implement capacity enhancement projects when an
airport has reached 60 percent of its annual capacity. FSD should take steps starting after PAL
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3 to implement capacity improvements. A re-evaluation of capacity calculations should be
completed at that time.  Specific infrastructure enhancements will be discussed further in this
chapter.

Aircraft Delay

Aircraft delay exists because of local weather and operational conditions and cannot be

entirely eliminated. Del ay i s measured in minutes per aircraf
assumptions identified in Advisory Circular 150/5060 -5, Airport Capacity and Delay are used

to identify delay measures and estimated cost. A four-to-six minute delay per aircraft is

considered acceptable for normal air port operations. Delay consistently approaching 10 to 15

minutes per aircraft is a trigger for a new capacity -driven runway. Delay at FSD on average

does not approach these thresholds. Delay is considered acceptable for operations into the

planning period.

Aircraft Delay

Factors Base PAL 4
Capacity Level 45.3% 65.5%
Single Aircraft Delay (minutes)
Average Aircraft Delay 0.3060.4 0.6 80.95
Peak Aircraft Delay 1.5064.0 2.909.0
Annual Delay (hours)
Average Aircraft Delay | 26,967 | 92,734
Delay Cost (2013 dollars)
Average Aircraft Delay | $499,544 | $1,717,858

Source: FAA AC 150/50605, Airport Capacity a nd Delay, KLJ Analysis

Summary

The purpose of this review is to provide a master planning -level review of airport capacity for
long-range planning. FSD should plan for capacity enhancements after PAL 3. A review of the
capacity assumptions is recommended at or before that level as operational patterns may
change over time. If the capacity ratio of 60 percent is still reached, enhancements should be
programmed into the capital improvement plan to enhance capacity, and reduce delay.
Example improvements may include additional taxiway turnoffs or high -speed exits.

Meteorological Considerations

Meteorological conditions that affect the facility requirements of an airport include wind
coverage and weather condition encountered. Metrological data at FSD were reviewed using
that past 10 years of data from the Sioux Falls Regional Airport AWOS facility from 2003 -2012,
available from the National Climatic Data Center (NCDC) . This provides a comprehensive look
into the average weather trends at an airport.

Wind coverage and weather conditions are evaluated based on the two different flight rules,
VFR and IFR. Visual Meteorological Conditions (VMC) are encountered when the visibility is 3
nautical miles or greater, and the cloud ceiling height is 1,000 feet or greater. Conditions less
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than these weather minimums are considered Instrument Meteorological Conditions (IMC)
requiring all flights to be operated under IFR.

Wind Coverage

Wind coverage is important to airfield configuration and utilization. Aircraft ideally takeo ff

and land into headwinds alighted with the runway orientation. Aircraft are also designed and

pilots are trained to land aircraft during crosswind conditions but there are limitations. Small,

light aircraft are most affected by crosswinds. To mitigate th e effect of crosswinds, runways

on an airport are aligned so that they meet a minimum of 95 percent wind coverage where
crosswind conditions are encountered 5 pA&DGcent of
combination corresponds to a maximum crosswind wind speed component.

Wind Coverage Requirements

AAGADG Maximum Crosswind Component
A-1 & B-1 10.5 knots
A-ll & B-Il 13.0 knots
A-lll, B-lll, C-I through D-llI 16.0 knots
A-1V through D-VI 20.0 knots

Source: FAA AC 150/530013A, Airport Design

Wind coverage for the airport is separated into  all-weather (VMC and IMC) and IMC aloneAll-
weather analysis helps determine runway orientation and use. Local weather patterns
commonly change in IMC. An IMC review helps determine the runway configuration for
establishing instrument approaches.

All-Weather Wind Analysis

Crosswind Component (Wind Speed)
Y AACGADG 5 5 knots 13.0 knots 16.0 knots 20.0 knots
Runway 3/21 D-IV 80.40% 87.96% 94.80% 98.19%
Runway 15/33 D-IV 92.86% 96.58% 98.96% 99.74%
Runway 9/27 B-1I 82.08% 89.38% - -
Combined* - 99.74% 99.97% 99.99% 100.00%
3/21, 15/33 - 96.77% 98.87% 99.67% 99.94%

*Combined assumes up to maximum design aircraft crosswind component for each runway
Source: National Climatic Data Center data from Sioux Falls Regional Airport ASOS (2003-2012)

The design aircraft is accommodated on Runway 3/21 and 15/33 during all -weather conditions
with airfield wind coverage exceeding 95 percent. Runway 15/33 has a better prevailing wind
alignment than Runway 3/21 as evidenced by the increased wind coverage. For small aircraft
that have a 10.5 knot crosswind threshold, these airplanes can be accommodated 99.74
percent of the time with the current three  -runway configuration.


http://www.faa.gov/documentLibrary/media/150-5300-13A-ch1-interactive.pdf
http://www.ncdc.noaa.gov/

Airport Master Plan Update
Sioux Falls Regional Airport (FSD)

The wind coverage for Runway 3/2 1 and 15/33 combined still exceeds 95 percent for these
small aircraft (96.77%). This means the weather observations for the past 10 years shows this
runway exceeds FAA standards and may not be eligible for continued funding.

IMC Wind Analysis

Crosswind Component (Wind Speed)
Runway AACADG 55T hots 13.0 knots 16.0 knots 20.0 knots
Runway 3/21 D-IV 79.79% 87.09% 93.96% 97.46%
Runway 15/33 DIV 86.81% 92.54% 97.32% 99.11%
Runway 9/27 B-1I 82.34% 89.72% - -
Combined* - 99.51% 99.92% 99.98% 99.99%
3/21, 15/33 - 95.48% 98.41% 99.54% 99.93%

*Combined assumes up to maximum design aircraft crosswind component for each runway
Source: National Climatic Data Center data from Sioux Falls Regional Airport ASOS (2003-2012)

The design aircraft is accommodated on Runway 3/21 and 15/33 during IMC with airfield wind
coverage exceeding 95 percent. Runway 15/33 has an advantage as a runway providing better
wind coverage than 3/21. Without Runway 9/27 wind coverage still exceeds 95 percent for
these small aircraft (95.48%).

When analyzed by runway end, Runway 3 is the preferred end by wind for IMC operations,
followed by 15, 33 then 21. Runway 15/33 as a whole has better wind coverage than does
Runway 3/21. The lowest published instrument approach minimums are available on Runway
21 followed by Runway 3. It is recommended to take steps to lower approach minimums to
Runway 3 then 15/33 to maximize airfield utilization.

IMC Wind Analysis by Runway End

Crosswind Component (Wind Speed)

RULLEY Ene AACGADG 5 5 nots 13.0 knots 16.0 knots 20.0 knots
Runway 3 D-IV 54.28% 58.83% 63.08% 65.61%
Runway 21 D-IV 33.34% 36.10% 38.71% 39.70%
Runway 15 D-1vV 48.11% 50.36% 52.24% 52.84%
Runway 33 DIV 46.54% 50.02% 52.93% 54.12%
Runway 9 B-Il 56.87% 61.28% - -
Runway 27 B-Il 33.32% 36.28%

Source: National Climatic Da ta Center data from Sioux Falls Regional Airport ASOS (2003-2012)

Weather Conditions

When IMC weather conditions occur, aircraft must operate under IFR and utilize instrument
approach procedures to an airfield. These IMC conditions drive the need to accom modate
instrument approach procedures with sufficient weather minimums to continue airport
operation and increase utilization.

Weather conditions are broken down into occurrence percentages based on current
instrument approach minimums in the following ta ble.
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Meteorological Analysis

Condition Percent Description
Occurrence Ceiling Visibility
VMC 90.69% >1, 0000 >3 mi.
IMCa Existing Capture 8.39% 10000628000 3 mi.>and>1800 RVR
IMC 0 Potential Capture 0.76% 200 6 >1lan0dd 1800 RVR>andg1200 RVR
IMCdBelow Capture 0.16% <1006 <1200 RVR
ALL 100.0% - -

Source: National Climatic Data Center data from Sioux Falls Regional Airport ASOS (2003-2012)

According to available weather data, FSD experiences conditions below current Category |
landing weather minimums (1800 RVR for Runway 21). If an approach were enhanced to
provide 1200 RVR in a Category Il approach, then an additional 0.76% or 807 observations
could be captured thus increasing airport utilization.  Establishment of a Category Il ILS
approach for Runway 3/21 should be planned. Enhancement to the Runway 3 end is preferred
based on weather observations. If enhancements are made to Runway 21, an enhanced
approach with lower weather minimums to Runway 33 should be also reviewed because of the
higher occurrence of northwest winds during IMC conditions at FSD.

Average high temperature data for the hottest month was reviewed from climate summaries
available from the National Weather Service for Sioux Falls. The average high temperature in
the hottest month from 2004 -2013 was 85.6 degrees Fahrenheit.

Runways

FSD has three runways, two air carrier runways and one general aviation runway. Runway
3/21 is the longest air carrier runway at 8,999 feet long and 150 feet wide. This runway is
currently designed to accommodate precision approaches with lowest precision instrument
approach minimums on the airfield of less than %2 mile (1800 RVR). Runway 15/33 is also an
air carrier runway at 8,000 feet long and 150 feet wide designed to accommodate non -
precision instrument approaches with visibility minimums as low as 1 mile . This runway is
used to enhance capacity, provide a backup to the primary runway and operati onal benefits
to reduce commercial airline ground taxiing time. Runway 9/27 is a secondary runway used by
small general aviation aircraft. This runway is 3,151 feet long by 75 feet wide with non -
precision instrument approaches with visibility minimums as | ow as 1 mile.

Runway Design Code

The existing design aircraft identifies the RDC for Runway 3/21 and 15/33 as D/IV/1600

(lower than ¥ mile but no lower than % mile). This is expected to change into the future to ¥4
mile (1200 RVR) on Runway 3/21. Runway 15/33 currently has an RDC of D/IV/4000 but should
be evaluated for reduction of approach minimums to ¥2 mile (2400 RVR). The RDC for Runway
9/27 is B/11/5000 accommodating small aircraft exclusively. This is not planned to change into
the future.
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Design Standards

One primary purpose of this master plan is to review and achieve compliance with all FAA
safety and design standards. The design standards vary based on the RDC and RR@s
established by the design aircraft. In addition to the runway pavement width, s ome of the
safety standards include:

1 Runway Safety Area (RSAY; A defined graded surface surrounding the runway prepared
or suitable for reducing the risk of damage to aircraft in the event of an undershoot,
overshoot or excursion from the runway. The RSAmust be free of objects, except
those required to be located in the RSA to serve their function. The RSA should also be
capable to supporting airport equipment and the occasional passage of aircraft.

1 Runway Object Free Area (ROFA); An area centered on th e ground on a runway
provided to enhance the safety of aircraft operations by remaining clear of objects,
except for objects that need to be located in the OFA for air navigation or aircraft
ground maneuvering purposes.

1 Runway Obstacle Free Zone (ROFZx The OFZ is the three-dimensional volume of
airspace along the runway and extended runway centerline that is required to be clear
of taxiing or parked aircraft as well as other obstacles that do not need to be within
the OFZ to function. The purpose of the O FZ isfor protection of aircraft landing or
taking off from the runway and for missed approaches.

Other design standards runway shoulder width to prevent soil erosion or debris ingestion for
jet engines, blast pad to prevent soil erosion from jet blast, and required separation

distances to markings, objects and other infrastructure for safety . Critical areas associated
with navigational aids as well as airspace requirements are described further in this chapter.

Runway Protection Zone

The Runway Protection Zone (RPZ)is a trapezoidal land use area at ground level prior to the
threshold or beyond the runway end to enhance the safety and protection of people and
property on the ground. The land within the RPZ should be under airport control and cleared
of incompatible land uses. FAAissued aninterim policy on activities within an RPZ on
September 27, 2012. Currently there are public roads within the approach RPZs to Runway 21
and 15, a railroad within the Runway 21 RPZ, at least portions of buildings within the RPZ for
Runway 3, 15 and 21, and a recreational trail within the RPZ to Runway 15 and 21. FSD
controls the RPZ for Runway 9, 27 and 15, has an avigation easement for the full Runway 3
RPZ, and only controls a portion of the Runway 33 and 21 RPZ.

New development discouraged within the RPZ includes new roads, structures and places of
public assembly. New development within an RPZ or new RPZ size/location of an RPZis
subject to FAA review on a case-by-case basisto reduce risk to people on the ground .
Mitigation tactics for new or existing land uses may include removal/relocation of the object
or modifying usable runway length (declared distances) to relocate the RPZ outside of the
land use. Tables identifying the runway design standards follow.
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Runway 3/21 FAA Design Standard Matrix |

Runway Design Code (RDQ
Design Standard Actual D/IV/ 1600
(Existing & Ultimate )
Approach Reference Code D/V1/1600 D/IV/1600
Departure Reference Code D/VI DIV
Runway Width 150 feet 150 feet
Shoulder Width 0 feet 25 feet
. 15 ®BW3

Blast Pad Width 15 BRW 21 200 feet
Blast Pad Length 150 feet 200 feet
Line of Sight Requirements Object No Objects
RSA Width 500 feet 500 feet
RSA Length Past Departure End 1,000 feet* 1,000 feet
RSA Length Prior to Threshold 600 feet 600 feet
ROFA Width 800 feet 800 feet
ROFA Length Past Departure End 1,000 feet* 1,000 feet
ROFA Length Prior to Threshold 600 feet* 600 feet
ROFZ Length Past Runway 200 feet 200 feet
ROFZ Width 400 feet 400 feet
Inner Approach OFZ 50:1 Slope* 50:1 Slope
Inner Transitional OFZ Varies* Varies
Precision ROFZ Length 200 feet 200 feet
Precision ROFZ Width 800 feet 800 feet
Approach RPZ Start from Runway 200 feet
Approach RPZ Length Objects in 2,500 feet
Approach RPZ Inner Width RPZ 1,000 feet
Approach RPZ Outer Width 1,750 feet
Departure RPZ Start from Runway 200 feet
Departure RPZ Length Objects in 1,700 feet
Departure RPZ Inner Width RPZ 500 feet
Departure RPZ Outer Width 1,010 feet
Runway Centerline to Parallel 56 @BW 3 400 feet
Taxiway Centerline 66000 RW 21
R.unway Cenjerlme to Edge of 850 feet 500 feet
Aircraft Parkin g
Runway Centerline to Helicopter
Touchaoun Pad P 830 feet 700 feet
Runway Centerline to Hold Line 257-320 feet 265 feet

Note: REDindicates a deficiency to existing design standards

*Facility improvements completed in 2014 through AIP funded project to meet design standards

Source: FAA AC 150/530013A Airport Design, KLJ Analysis
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Runway 15/33 FAA Design Standard Matrix

Runway Design Code (RDC)
Design Standard Actual D/1V/5000 D/IV/4000 D/1V/2400
(Existing) (Future) (Ultimate )

Approach Reference Code D/V1/1600 D/IV/5000 D/IV/4000 D/IV/2400
Departure Reference Code DIVI D/IV D/IV D/IV
Runway Width 150 feet 150 feet 150 feet 150 feet
Shoulder Width 0 feet 25 feet 25 feet 25 feet
Blast Pad Width oS | 200 feet 200 feet | 200 feet
Blast Pad Length ; g gw ?5 200 feet 200 feet 200 feet
Line of Sight Requirements Object No Objects No Objects | No Objects
RSA Width 500 feet 500 feet 500 feet 500 feet
RSA Length Past Departure End 1,000 feet 1,000 feet 1,000 feet 1,000 feet
RSA Length Prior to Threshold 600 feet 600 feet 600 feet 600 feet
ROFA Width 300 feet * 800 feet 800 feet 800 feet
ROFA Length Past Departure End | 7 5 @BW15* | 1,000 feet 1,000 feet 1,000 feet
ROFA Length Prior to Threshold 600 feet 600 feet 600 feet 600 feet
ROFZ Length Past Runway 200 feet 200 feet 200 feet 200 feet
ROFZ Width 400 feet 400 feet 400 feet 400 feet
Inner Approach OFZ N/A N/A N/A 50:1 Slope
Inner Transitional OFZ N/A N/A N/A Varies
Precision ROFZ Length N/A N/A N/A 200 feet
Precision ROFZ Width N/A N/A N/A 800 feet
Approach RPZ Start from Rurway 200 feet 200 feet 200 feet
Approach RPZ Length Objects in 1,700 feet 1,700 feet 2,500 feet
Approach RPZ Inner Width RPZ 500 feet 1,000 feet 1,000 feet
Approach RPZ Outer Width 1,010 feet 1,510 feet 1,750 feet
Departure RPZ Start from Runway 200 feet 200 feet 200 feet
Departure RPZ Length Objects in 1,700 feet 1,700 feet 1,700 feet
Departure RPZ Inner Width RPZ 500 feet 500 feet 500 feet
Departure RPZ Outer Width 1,010 feet 1,010 feet 1,010 feet
Runway Centerline to Parallel 400 feet 400 feet 400 feet | 400 feet
Taxiway Centerline
R.unway Cerﬁerlme to Edge of 700 feet 500 feet 500 feet 500 feet
Aircraft Parking
Runway Centerline to Helicopter 1,100 feet 700 feet 700 feet | 700 feet
Touchdown Pad
Runway Centerline to Hold Line 255-300 feet 265 feet 265 feet 265 feet

Note: REDindicates a deficiency to existing design standards

*Facility improvements completed in 2014 through AIP funded project to mitigate, but not fully meet

airport design standards.

Source: FAA AC 150/530013A Airport Design, KLJ Analysis
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Runway 9/27 FAA Design Standard Matrix |

Runway Design Code (RDC)
Design Standard Actual B/11/5000 & Small Aircraft
(Existing & Future)
Approach Reference Code N/A N/A
Departure Reference Code N/A N/A
Runway Width 75 feet 75 feet
Shoulder Width 0 feet* 10 feet
Blast Pad Width 0 feet* 150 feet
Blast Pad Length 0 feet* 95 feet
Line of Sight Requirements No Objects No Objects
RSA Width 150 feet 150 feet
RSA Length Past Departure End 300 feet 300 feet
RSA Length Prior to Threshold 300 feet 300 feet
ROFA Width 500 feet 500 feet
ROFA Length Past Departure End 300 feet 300 feet
ROFA Length Prior to Threshold 300 feet 300 feet
ROFZ Length Past Runway 200 feet 200 feet
ROFZ Width 250 feet 250 feet
Inner Approach OFZ N/A N/A
Inner Transitional OFZ N/A N/A
Precision ROFZ Length N/A N/A
Precision ROFZ Width N/A N/A
Approach RPZ Start from Runway 200 feet
Approach RPZ Length No Objects in 1,000 feet
Approach RPZ Inner Width RPZ 250 feet
Approach RPZ Outer Width 450 feet
Departure RPZ Start from Runway 200 feet
Departure RPZ Length No Objects in 1,000 feet
Departure RPZ Inner Width RPZ 250 feet
Departure RPZ Outer Width 450 feet
Runway Centerll_ne to Parallel 670 feet 240 feet
Taxiway Centerline
R.unway Centerllne to Edge of 670 feet 250 feet
Aircraft Parking
Runway Centerline to Helicopter
Touchdown Pad N/A 700 feet
Runway Centerline to Hold Line 320 feet 140 feet

Note: REDindicates a deficiency to existing design standards

*Not required for aircraft operations type and RDC

Source: FAA AC 150/530613A Airport Design, KLJ Analysis

Recommendations

Runway blast pads should be upgraded to standards for jet aircraft. A 25 foot wide paved
runway shoulder should be implemented as it is required for ADG -1V aircraft. There is one
runway holdline along Taxiway K that should be relocated to at least 265 feet from
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centerline. The parallel taxiway varies in distance from runway centerline,  and actually
exceeds the minimum requirement in all areas for the RDC.

Adequate runway line of sight requires a point five feet above the runway be visible five feet
above any part of that runway, or within a certain area for crossing runways. The SDANG blast
wall is within this Runway Visibility Zone. If it cannot be removed then it shoul d otherwise be
noted on the Airport Layout Plan.

The ROFAbeyond the Runway 15 departure end (Runway 33 arrival end) does not meet
current design standards. The airport perimeter fence and a portion of Minnesota Avenue is
located within the ROFA. The fence relocated to maximize the ROFA. Any remaining
deficiency should be mitigated with an FAA Modification of Standards request or the use of
declared distances. Declared distances is an airport design method where operational
restrictions are placed o n a runway to reduce its usable length to meet a design standard. By
relocating the fence, all but the last 250 feet of the Runway 15 departure end ROFA would
meet standard without operational restrictions .

The blast pad for Runway 33 does not meet geometric standards and should be upgraded. A
25 foot wide paved runway shoulder should be implem ented as it is required for ADG -1V
aircraft. There are holdlines along Taxiway B that should be relocated to at least 265 feet
from centerline.

Runway 9/27 has overlapping RSAs with Runway 3/21 and 15/33. This is not recommended per
FAA design standards and should only remain at constrained airports where non-overlapping
safety areas are impracticable. There are no other deficiencies to existing design stand ards
for Runway 9/27.

Figure 4 -1 depicts the existing runway design standards and deficiencies.

Runway Length

The recommended runway length for an airport facility varies widely based on runway usage
(number of operations per year) , specific aircraft opera tional demands (aircraft type,
weight/load) and local meteorological conditions (elevation, temperatures) . Runway length
should be suitable for the forecasted critical design aircratft.

Design Aircraft

A runway length analysis was performed usingthe manufact ur er s Aircr aft
and other available performance data. Sufficient runway length is important for the airport to
maintain operational capability. It allows an aircraft operator to adequately serve their
destinations. Restrictions on runway length may lead to reduced weight on a flight, which

then translates in reduced fuel, passenger and/or cargo loads . The design approach identified
in FAA Advisory Circular AC 150/5325-4B, Runway Length Requirements for Airport Design

was used to determine runway length calculations for FSD.
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It is very important to adequately plan for a future runway configuration as these project s
tend to effect the community beyond the property line. Projects of these magnitude require
many resources and long lead times for planning, environmental review and funding
allocation.

A summary of the runway length requirements for various design aircraft types is outlined in
the following exhibit .

Design Aircraft Runway Length Requirements

Aircraft Type MTOW Temp. (°F) Required Length
Boeing 767-300F 412,000 Ibs. 90 10,500 feet
Boeing (Douglas)MD-83 160,000 Ibs. 86 9,500 feet
Boeing 737-800 174,900 Ibs. 86 8,900 feet
Airbus A300F4600R 380,518 Ibs. 86 8,700 feet
Boeing 757-200 255,500 Ibs. 84 8,500 feet
Bombardier CR3900 82,500 Ibs. 86 7,900 feet
Airbus A-320 171,961 Ibs. 86 7,500 feet
Boeing 717-200 121,000 Ibs. 86 6,200 feet
Embraer E195 115,280 Ibs. 86 6,200 feet
Mitsubishi MR390 94,358 Ibs. 59 5,710 feet

Source: Aircraft Manufacturer Airport Planning Manuals and Specifications.
Note: Runway length requirements estimated based on charts for airport planning purposes only.

Not all aircraft are operated at maximum takeoff weight  at FSD According to airport
management, there have been no operators that currently have expressed a need for

additi onal runway length to meet operational requirements including UPS or FedEx operating
the Boeing 767, 757 and Airbus A-300. These aircraft on average have 30,000 pound cargo
payloads which would be less than 50 percent of total maximum payload. Additionally  stage
lengths are only around 1,000 nautical miles which would further reduce runway length

needs. These needs are met with the existing runway length. Domestic air cargo destinations
are not expected to change however cargo per flight is forecast to incr ease but not to
maximum payload weight limits.

During hot summer days, a few operators may be weight limited by the existing 8,999 -foot
runway length according to the Airport Planning Manuals . An example would be the MD-83
operated by Allegiant Airlines that requires 153,000 pounds to takeoff from the existing
runway for a destination nearly 1,200 nautical miles away (Los Angeles) . Takeoff weight is
restricted when the temperature reaches 88 degrees Fahrenheit. These routes are planned to
be replaced by a more efficient Airbus A -320 aircraft into the future.

The design aircraft not expected to change over time.  Anticipated non -stop destinations in
the most critical aircraft types are not expected to be beyond current state lengths, if at all.
Further destinations in Mexico could be reached in Boeing 737-800 charter aircraft with the
existing runway length. New aircraft types are also trending to have more efficient engines
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and improved takeoff performance. The existing length is sufficient for current and

forecasted operations.

Aircraft Less Than 60,000 Pounds

A runway | ength analysis for

ot h e rmethddalogyr feumdt

in FAA Alvisory Circular AC 150/5325-4B, Runway Length Requirements for Airport Design .

These aircraft include business jets and other general aviation aircraft for identifying the
recommended runway length for secon dary runways accommodating aircraft less than 60,000
pounds. The FAA recommended runway length calculations for FSD are summarized in the

following table:

FAA Runway Length Requirements

Airport and Runway Data

Airport Elevation 1,430 feet
Mean Daily Maximum Temperature of Hottest Month 85.6°F
Maximum Difference in Runway Centerline Elevation 7 feet

Runway Condition

Wet and Slippery Runways

Aircraft Classification

Recommended Runway Length

Large airplanes less than 60,000 Ibs. but greater than 12,500 Ibs.

100 percent of fleet at 90 percent useful load 8,560 feet
100 percent of fleet at 60 percent useful load 5,730 feet
75 percent of fleet at 90 percent useful load 7,000 feet
75 percent of fleet at 60 perc ent useful load 5,500 feet
Small airplanes 12,500 Ibs. or less
10 or more passenger seats 4,470 feet
Less than 10 passenger seats at 100 percent of fleet 4,130 feet
Less than 10 passenger seats at 95 percent of fleet 3,500 feet

Source: FAA AC 150/53254B, Runway Length Requirements for Airport Design

Note: Runway length requirements estimated based on charts for airport planning purpose s only.

The existing length of 8,000 feet is sufficient for Runway 15/33

as it is sufficient to handle

the vast majority of departures from FSD . Takeoff operations requiring a longer runway can
utilize Runway 3/21. This may be needed for operations in airc raft greater than 60,000
pounds, and aircraft less than 60,000 pounds at 100 percent of fleet aircraft with 90 percent
useful load. Local wind conditions allow this runway to accommodate aircraft over 96 percent
of the time by corporate business jets. Common mid-sized business jets that operate at FSD
including the Cessna Citation 650/750, Falcon 900 and Learjet 45/55/60 series aircraft. High
load factors are common for aircraft that require passengers and cargo to be transported to
destinations located tho usands of miles away. These operations are common at an airport
such as FSD with a high percentage of corporate general aviation traffic. Additionally, site
constrains including terrain and environmental factors limit the expandability and improved

utility of Runway 15/33 without significant development costs.
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The design aircraft for Runway 9/27 is Beechcraft King Air B-200 general aviation turboprop
aircraft with 10 or more passenger seats. While the ideal runway length is 4,500 feet, the
runway is not ant icipated to be lengthened due to the high constructions associated with a
1,400 foot extension coupled with the frequency of use.

Pavement Strength

Airfield pavements should be adequately maintained, rehabilitated and reconstructed to meet
the operational needs of the airport. Typical airport pavements have a 20 -year design life.
The published pavement strength is based on the construction materials, thickness, aircraft
weight, gear configuration and operational frequency for the pavement to perform overi ts
useful life. Larger aircraft could exceed the pavement strength but not on a regular basis.

The new FAA standard for measuring the reporting pavement strength is defined in Advisory
Circular 150/5335-5B, Standard Method of Reporting Airport Pavement Strength . The Aircraft
Classification Number d Pavement Classification Number (ACN-PCN) method is defined within
this guidance. The PCN value must equal or exceed the ACN value assigned for the design
aircraft. Public -use primary airports must report PCN figures by August 2014 to be eligible for
federal funding. An ACN-PCN analysis for Runway 3/21 and Runway 15/33 for FSD was
completed in February 2013.

The pavement strength for Runway 3/21 and Runway 15/33 should be sufficient to
accommodate regular use by the design aircraft. The design aircraft for pavement strength
calculations is the Airbus A300-600 freighter with an Aircraft Classification Number (ACN)of
60. The calculated Pavement Classification Number (PCN) of both runways is at least 60, thus
no increases to pavement strength are necessary through the planning period. Runway 9/27
should be maintained to accommodate small aircraft of 12,500 pounds or less maximum
takeoff weight.

Pavement Strength Requirements

Rlnnay Existing Future Need
Capacity PCN Capacity PCN

200,000 Ibs. - SW 30,000 Ibs. - SW

Runway 3/21 200,000 Ibs. - DW 60 175,000 Ibs. 8DW 60
444,000 Ibs. - DT 412,000 Ibs. - DT
100,000 Ibs. - SW 30,000 Ibs. - SW

Runway 15/33 180,000 Ibs. - DW 70 175,000 Ibs. 6DW 60
400,000 Ibs. - DT 412,000 Ibs. - DT

Runway 9/27 30,000 Ibs. 8SW N/A 12,500 Ibs. - SW 3

Source: FSD Airport Master Record (FAAForm 5010-1), KLJ Analysis
SW = Single Wheel, DW = Dual Wheel, DT = Dual Tandem landing gear configuration

Instrument Procedures

Instrument approach procedures to a runway end are used by landing aircraft to navigate to
the airport during IMC when cloud ceiling is 1,000 feet of less and/or visibility is 3 miles or
less. Establishing approaches with the lowest possible weather minimums allow the airport to
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maximize its operational capability. Each approach type requires differing infrastructure and
navigational aids. Approaches with lower visibility minimums typically have additional
infrastructure and navigational aids requirements. Types of approach procedures include non-
precision approach (NPA), approach with vertical guidance (APV) and precision approach (PA).

As of May 2014,FSD has a Category | Instrument Landing System (ILS) established for Runway
3 and 21 ends each with a 200-foot cloud ceiling minimum. Th e Runway 21 approach has a
published visibility minimum of 1800 RVR (less than %2 mile) while Runway 3 has a 2400 RVR
(*2 mile) published. All other runway ends are served by a non -precision RNAV (GPS) approach
with the lowest design visibility minimums of 1  mile. Runway 15 and 33 ends are now also
served by an approach with vertical guidance.

The existing approach procedures are considered adequate for the current facility. The goal
for an airport is to enhance its approach procedures to increase its operat ional capability. At
FSD, these include upgrading Runway 3/21 to accommodate a Category Il ILS and upgrading
Runway 15/33 to an approach with visibility minimums % mile or less. A feasibility review for
upgrading the existing approaches was completed.

Upgraded Runway 3/21 Approach

Upgrading to a Category Il ILS precision approach would allow for weather minimums as low as
100 foot cloud ceiling and 1200 RVR (¥4 mile) visibility. The airport has experienced 807
weather observations in the past 10 years where the current approach minimums have closed
the airport , or 0.7 percent of the time . With each observation is taken about every hour, this
equates to about 3 days per year of lost airport utilization. The additional capacity would

allow certified aircraft an d crews of passenger, cargo and critical air ambulance flights to
operate in and out of the airport during these periods of poor weather . Additionally, an
upgrade of the Runway 3 approach in some form is recommended as this procedure aligns
better with IMC wind conditions.

Upgrading to a Category Il approach would require a Benefit -Cost Analysis (BCA) to be
completed. Asidentified in FAA Report ASP76-1, Establishment Criteria for Category 1l
Instrument Landing Systems (ILS) typically an airport with at least 2,500 certificated air

carrier instrument approaches would be a candidate for an upgrade to a Category Il ILS. When
counting the large number of air taxi operations for passenger and air cargo aircraft, FSD is
forecast to meet this threshold near PAL 3.

FAA Order 8400.2,Pr ocedures for the Evaluation and Approva
I 1 € Op e r, BAA Omlar §750.16D,Siting Criteria for Instrument Landing Systems and FAA

Advisory Circular 150/5300-13A, Airport Design all identify the facility requirements to

accommodate a Category Il ILS approach. Enhanced runway environment infrastructure is

required to accommodate lower minimums on Runway 3/21. Runway 21 iscurrently equipped

for redu ced Category | ILS minimums through installation of Runway Visual Range (RVR) sensor

at the touchdown zone , runway centerline and touchdown zone lighting. A Category Il ILS

approach would require the following infrastructure :

4-30


http://www.dtic.mil/dtic/tr/fulltext/u2/a043784.pdf
http://www.dtic.mil/dtic/tr/fulltext/u2/a043784.pdf
http://www.faa.gov/documentLibrary/media/Order/8400.13.pdf
http://www.faa.gov/documentLibrary/media/Order/8400.13.pdf
http://www.faa.gov/documentLibrary/media/Order/ND/6750_16D.pdf
http://www.faa.gov/documentLibrary/media/150-5300-13A-ch1-interactive.pdf
http://www.faa.gov/documentLibrary/media/150-5300-13A-ch1-interactive.pdf

Airport Master Plan Update
Sioux Falls Regional Airport (FSD)

1 Upgrade the existing MALSRapproach lighting to Approach Lighting System with
Sequenced Flashing Lights (ASF equipment

FAA recommendedland area of 2,600 feet long by 4 00-foot wide for ALSF equipment
In-pavement runway centerline and touchdown zone lights

ILSequipment with glideslope located at least 400 feet from runway centerline

RVR equipment at the touchdown, midfield and rollout points located at least 400 feet
from runway centerline

Provide standby power to activate within 1 second of primary power failure

1 Provide personnel instrument navigational aid monitoring

=A =4 =4 =4

=

Other considerations include the Runway 3 end having approach lights that extend into an
existing golf course. This golf course was reconfigured in 2013 -2014 to meet airport design
requirements.

The decision to upgrade the Runway 3 or 21 to a Category Il ILSapproach should be evaluated
in the Alternatives chapter. The opposite runway end should be enhanced to lowest possible
Category | ILS minimums.

Upgraded Runway 15/33 Approach

As of May 2014, Runway 15 and 33 endsare served by an approach procedure with vertical
guidance (LPV). The weather minimums are 301 foot cloud ceiling and 1 mile visibility for
Runway 33 and 410 foot cloud ceiling and 1 and 3/8 mile visibility for Runway 15. For Runway
15/33, an upgrade to ac commodate approaches with visibility minimums of % mile or less was
evaluated with the ARC DIV design aircraft.

An approach with visibility minimums of no lower than % mile triggers the following
requirements:

1 The FAA airport design approach surface is widened to 800 feet inner width expanding
upward and outward at a 20:1 slope.

1 The 14 CFR Part 77Primary Surface expands from 500 feet to 1,000 feet wide
centered on runway centerline. New development that penetrates this or its related
7:1 transitional sur face is discouraged.

1 The 14 CFR Part 77 Approach Surface is widend but the slope remains at 34:1 (34
horizontal feet for each 1 vertical foot).

1 Approach Runway Protection Zone (RPZ) expands to 1,000 feet wide inner width and
1,510 feet for the outer width . The length remains the same at 1,700 feet.

1 An approach lighting system may be needed to achieve ¥ mile visibility minimums
depending on obstructions. An example is an Omni Directional Approach Lighting
System (ODALS) which extends 1,400 feet from runway end.

1 Typical lowest cloud ceiling is 250 feet depending on obstructions .

In addition to the requirements stated above, an approach with visibility minimums of less
than % mile will trigger these requirements:
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1 The FAA airport design approach surface expandsupward and outward at a 34:1 slope .

1 The 14 CFR Part 77 Approach Surface is widened and slope is reduced to 50:1 for the
precision end of the runway.

1 Typically requires a Category | Instrument Landing System which includes a localizer
antenna, glide slope antenna and an upgraded approach lighting system.

1 Approach Runway Protection Zone (RPZ) expands to 2,500 feet long, 1,000 feet wide
inner width and 1,750 feet for the outer width.

1 A 200foot long and 800-foot wide Precision Obstacle Free Zone (OFZ) is required at
the runway end.

1 Typical lowest cloud ceiling is 200 feet depending on obstructions.

1 Precision approach runway markings.

The decision to upgrade Runway 15/33 to accommodate lower instrument approach visibility
minimums will be evaluated in the Alte rnatives chapter. Runway 33 is the preferred runway
into the prevailing wind. Existing roadways, obstacles and land uses near the Runway 33 end
appear to make upgrading this approach to accommodate visibility minimums below 1 mile
less feasible than upgrading Runway 15 A more detailed FAA obstruction evaluation is
recommended to review feasibility. An evaluation of passenger terminal expansion should also
be completed as the 7:1 transitional surface for a % mile approach should clear of buildings
and aircraft tails . Upgrading to lower than % mile would place terrain within the Part 77 50:1
approach surface which is not recommended.

Recommendations
Instrument procedure recommendations include the following:

1 Maintain or remove any obstructions from existing approache s to maintain or
improvement current minimums .

1 Explore options to upgrade Runway 3 or 21 ends to a Category Il ILS approach by PAL
3.

1 Plan to upgrade the runway end opposite the Category Il ILS approach to accommodate
the lowest Category | ILS minimums as low as 1800 RVR.

1 Explore options to upgrade Runway 1533 with visibility minimums below 1 mile.

Airspace Protection

Airspace is an important resource around airports that is very essential for safe flight
operations. There are established standards to iden tify airspace obstructions around airports.
FAA grant assurances (obligations)require the airport s ponsor to take appropriate action to
assure that airspace is adequately cleared to protect instrument and visual flight operations
by removing, lowering, relocating, marking or lighting, or otherwise mitigating existing

airport hazards and preventing the establishment or creat ing of future airport hazards.
Sufficiently clear airspace near the a pproach and departure ends and along extended
centerline are vitally important for safe airport operations.
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An obstruction analysis is currently underway to identify obstruction to Part 77 and other
airspace surfaces. The results of this analysis will be identified in the Airport Layout Plan
drawing set.

Area Airspace

The airspace classification including and within 5 nautical miles of FSDat 3,900 feet MSL and
lower is Class D controlled airspace. Air Traffic Control Tower (ATCT) safely and efficiently
handles all operations within this airspace. There is also Terminal Radar Control (TRACON)
service provided beyond the limits of Class D airspace for IFR aircraft and available to VFR
aircraft. The FAAis studying the need to establish Class C airspace out 20 nautical miles from
FSD tocontrol and safely separate traffic within the local area. Any implementation of Class C
airspace is not anticipated to affect the immediate facility infrastructure needs at FSD, but
will likely improve the safety and flow of  aircraft o perations within th e local area.

Part 77 Civil Airport Imaginary Surfaces

Title 1 4 CFR (Code of Federal Requlations)Part 77 Safe, Efficient Use, and Preservation of
the Navigable Airspace is used to determine whether man-made or natural objects penetrate
t hese 0i ma gidimensiond airsphce sudaces and become obstructions. Federal
Aviation Regulation (FAR) Part 77 surfaces are the protective surfaces most often used to
provide height restriction zoning protection around an airport.  Sufficiently c lear airspace is
necessary for the safe and efficient use of aircraft arriving and departing an airport. Part 77
airspace standards are defined by the most demanding approach to a runway. Theseairspace
surfaces include the primary, approach, transitional, horizontal and conical surfaces each

with different standards. The slope of an airspace surface is defined as the horizontal

distance traveled for every one vertical foot (i.e. 50:1).

Of note is the primary surfaces which should be kept clear of non -essential objects above the
runway centerline elevation. The approach surface extends upward an outward from the
runway a slope defined as the horizontal distance traveled for every one vertical foot (  i.e.
50:1). The transitional surface is a 7:1 slope and extends to the size of the primary and
approach surfaces. The following exhibit depicts the future approach airspace surfaces for
FSD:
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Future Part 77 Approach Airspace Requirements

RuEnr\‘/\(/jay Approach Standards ng d7e7 vl\zg'?hr* \?V?éfr: Length Slope
3 Precision PIR 1,00 16, 0( 50, 0¢( 50:1/40:1
21 Precision PIR 1,00 16, 0(¢ 50, 0¢( 50:1/40:1

Non-Precision

15 Other-Than-Utility D 1,00 4, 00| 10, 0¢( 34:1
As low as %4 mile
Non-Precision

33 Other-Than-Utility D 1,00 4, 00| 120, 0O( 34:1
As low as %4 mile

9 Non-Precision Utility A(NP) 50006 2, 00| 5,00 20:1

27 Non-Precision Utility A(NP) 500 & 2,00| 5,00 20:1

Source: 14 CFER Part 77 KLJ Analysis
*Inner width is also the Primary Surface width driven by the most demanding approach to a runway.
Blue indicates change from existing standard.

New development should be kept below the Part 77 surface elevation . Airspace surfaces must
clear public roads by 15 feet, interstate highways by 17 feet, railroads by 23 feet, and private
roads by 10 feet or the height of the mo st critical vehicle.

For existing obstructions that cannot easily be removed , an aeronautical study should be
completed to determine the aeronautical effect and identify potential mitigation s  trategies
(i.e. lighting, marking). There are various existing Part 77 obstructions located around FSD
that will be identified on the Airport Layout Plan  for evaluation .

Runway Approach/Departures Surfaces

FAA identifies sloping approach surfaces that must be cleared at an absolute minimum for
safety for landing aircr aft. These surfaces are identified in Table 3-2 of FAA Advisory Circular
150/5300-13A, Airport Design . All objects must clear the surface for the applicable runway
operational design standard to meet minimum aviation safety standards for a given runway
landing threshold location . Approach airspace penetrations re quire mitigation which may
include the removal of the object or the runway landing threshold to be shifted o r displaced
down the runway.

The departure surface applies to instrument departures. It begins at the end of the takeoff
distance available and extends upward and outward at a 40:1 slope. P enetrations to the
departure surface may simply require the obstac le to be published, or require mitigation
including increasing the minimum aircraft climb rate or runway length operational
restrictions .

An FAA aeronautical study should be completed to determine the operational impacts and
necessary mitigation. When usable landing or takeoff distances do not match the runway
length, then a special application of declared distances should be used to meet operational
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safety requirements. Declared distances can be used to mitigate approach/departure
obstructions, land use i ncompatibilities, or incompatible airport design areas.

Per Table 3-2, the following approach/departure surface standards apply:

Approach/Departure Surface Requirements

Runway | Table 3-2 _
End(s) Row Description Slope
Existing
321 7 Instrument approaches haV|ng_V|S|b|I|ty minimums < ¥ 341
statute mile
15, 33 5 Approaches supporting instrument nlght operations in 20°1
greater than Category B aircraft
15, 33 8 Approach end of runways to acgommodate approaches 30:1
with vertical guidance
9, 27 4.8 Approaches supporting mstrume_:nt night operations in 20°1
Category A and B aircraft only
All 9 Departure runway ends for all instrument operations 40:1
Future
Instrument ap proaches having visibility minimums > % but ,
15 6 . . 20:1
<1 statute mile, day or night
Approach end of runways to accommodate approaches ,
9,27 8 : ; ) 30:1
with vertical guidance

Source: FAA Advisory Circular 150/5300-13A, KLJ Analysis
Note: Most critical row(s) shown. Only changes from existing shown in future.

There are penetrations to the existing d eparture surface s that should be evaluated by FAA for
aeronautical effect. Critical obstructions to the existing approach exist along the Runway 33
end. Several objects including t he airport perimeter fence and city water tank penetrate the
20:1 approach surface. Mitigation options to be reviewed to clear the approach include
obstruction removal, lighting/marking, declared distances and/or adjustment of the visual
guidance slope indicator angle.

Terminal Instrument Procedures (TERPS)

The FAA has establishedstandards to develop instrument procedures in the United States.
FAA Order 8260.3B,U.S. Standards for Terminal Instrument Procedures (TERPShnd related
orders outlines these complex standards to develop departure, climb, en -route, approach,
missed approach and holding standards for aircraft operating along a published route with
different navigational equipment . Some critical obstruc tion clearance standards are
integrated into the approach/departure surfaces identified in Airport Design including many

final approach segments and the 40:1 sloped departure surface. Other important obstacle
clearance surfaces within the inner airport env ironment identified in TERPS include the
precision obstacle clearance surfaces and the missed approach surfaces. Some TERPS surfaces
may even be more restrictive that Part 77 standards. Penetrations to TERPS surfaces results in
higher weather minimums or o perations restrictions.
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There are higher than typical approach minimums published for Runway 15 and 33 signifying
an obstruction or several obstructions causing these higher minimums. A full TERPS study is
not planned at this time, however coordination wit h FAA Flight Procedures Office is
recommended to identify the critical obstruction within each approach.

Every three years the FAA will conduct a review of the most critical final approach o0 v i s ual
ar eao6 duiEaReR 16 verify compliance. There are existi ng penetrations to the Runway 33
visual area surface (20:1 slope) which may result in the loss of night minimums unless the
obstacles are removed or obstruction(s) lighted . The airport should be proactive to address

these obstructions or be prepared to los e operational capability from that runway end.

One Engine Inoperative (OEIl) Surfaces

One Enginelnoperative (OEI) procedures are developed by air carriers to clear obstacles in
situations where one engine becomes inoperative. OEI obstacle surfaces have shallow slopes
to provide object clearance when aircraft climb performance is reduced as a result of engine
power loss. OEI procedures are developed by each airline. Critical obstructions effect the
utility of the runway by these aircraft. The FAA had require d a clear 62.5:1 sloped surface to
be kept clear of obstacles from departure ends. The 62.5:1 OEI surface is no longer required
by FAA because of the large area covered, the scope of obstructions found and inability for
airport sponsors to clear these area s.

As of April 2014, the FAA published a Federal Register proposing to have airports develop
individual OEI departure area in coordination with FAA. Submittal to FAA will enable the OEI
surface to be consolidated so that the effects of new structure encro aching them can be
evaluated under Part 77. In lieu of developing a new surface at this time, w e recommend a
standard 62.5:1 surface be used for future runway, ai rspace and land use planning. This
should apply to the primary air carrier runway - Runway 3/21.

Other Design Surfaces
Other airport design airspace surfaces considered protect navigational aids and identify
airport data to populate FAA databases.

Inner-Approach/Transitional Obstacle Free Zones

If an approach lighting system is installed, a clear inner-approach and inner-transitional
Obstacle Free Zone (OFZ) is necessary. The innerapproach OFZ is a 50:1 sloped surface
begins 200 feet from the runway threshold and extends 200 feet beyond the last approach
light. The inner -transitional OFZ airspace surface is along the sides of the ROFZ. No objects
not necessary for airport operations, including aircraft tails can penetrate this surface. After
improvements to Runway 3 are completed, no objects penetrate this surface at FSD but
consideration should be made for a future installation on Runway 15.

Precision Obstacle Free Zone (POFZ)

If a precision instrument approach is established there exists as POFZ which begins at the
runway threshold as a flat surface 800 feet wide centered on the runway centerline  and
extending 200 feet to conn ect to the inner -approach OFZ. As with the OFZ, no objects not
necessary for airport operations including aircraft or vehicles on the ground can penetrate
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this surface. This surface is currently clear of all objects where it a pplies at Runway 3 and 21
ends.

Airport Surveillance Radar (ASR)

The Airport Surveillance Radar (ASR) provides primary radar coverage for terminal airspace
areas in the vicinity of the airport . The ASR site at FSD is located west of Runway 3/21 and
south of Runway 15/33. A 1,500 foot circular critical area from the radar site is  typical . Any
development within this area needs to be reviewed to protect the integrity of the ASR
operation. Larger buildings and/or development is generally prohibited from thisa rea.

Visual Aids

Visual aids at an airport requir e clear Obstacle Clearance Surface (OCS)to provide sufficient
guidance for pilots. These include approach lighting systems and visual guidance slope
indicators. For a Precision Approach Path Indicator (PAPI) system, this surface begins 300 feet
in front of the VGSI system and extends upward and outward at an angle 1 degree less than
the lowest on -course aiming angle. For a standard 3 degree glide path this equates to a
31.29:1 sloped surface. The specific airspace standards for this and for approach lighting
systems are defined in FAA Order 6850.2B FAA is now highlighting the need to review this
surface. The VG3$ OCS to Runways 15 and 33 should be reviewed for complianceas it appears
objects are close to this surface . The Runway 15 PAPI is published to be unusable beyond 6
degrees left and 5 degrees right of centerline.

FAA Aeronautical Surveys

The FAA has implenented Aeronautical Survey requirements per Advisory Circular 150/5300-
18B General Guidance and Specifications for Submission of Aeronautical Surveys to NGS:
Field Data Collection and Geographic Information System (GIS) Standards. FAAairport survey
requirements require obstruction data to be collected using assembled a erial imagery for the
airport. This data is used in aeronautical publications and to develop instrument approach
procedures.

An updated aeronautical survey is currently in progress with this planning effort . Imagery was
acquired in 2013. As of FY 2013, all projects at this airport must now comply with Airports GIS
standards. When runway ends change or an enhanced instrument approach is proposed then a
new obstruction analysis is necessary. Obstructions that have been removed can be deleted
from the database by coordinating with FAA Flight Procedures Office.

Navigationa | Aids

Airfield NAVAIDs are any ground or satellite based electronic or visual device to assist pilots
with air port operations. They provide for the safe and efficient operations of aircraft  on an
airport or within the vicinity of an airport . The type of NAVAIDSequired are determined by
FAA guidance basedonan ai r port 0s |aodusapeitypea, acti vity

Area Navigation
The FAA is updating the nationds ai Nextransportat:.
Generation Air Transportation System (NextGen) program. New procedures and technology
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are to be implemented to improve the efficiency and safety of the national air transportation
system. For area navigation, satellite -based NAVAIDs will primarily be used for air navigation
with ground -based NAVAIDs useddr secondary purposes. Other initiatives include
implementing a new surveillance technology for tracking aircraft known as Automatic
Dependent Surveillance-Broadcast (ADSB) to improve position accuracy reporting and
supplement ground radar data for air tr affic control.

FSD should plan for the use of satellite -based area navigation by establishing satellite -based
approaches rather than rely on ground -based NAVAIDs such as the existing Venhigh
Frequency Omnidirectional Range (VOR). These gound based NAVADs are currently being
decommissioned by FAA. Over time, the existing Airport Surveillance Radar will be replaced
by ADSB.

Runway Approach

Other NAVAIDsar e devel oped specifically to provide odapp!
assists aircraft in landing at a specific airport or runway. These NAVAIDs are electronic or

visual in type. FAA Order 6750.16D,Siting Criteria for Instrument Landing Systems and FAA

Order 6850.2B, Visual Guidance Lighting Systemsdefines the standards for these lighting

systems

Instrument Landing System (ILS)

An ILS is aground-based system that provides precision instrument guidance to aircraft
approaching and landing on a runway. ILS approaches enable a safe landing in IMC with low
cloud ceiling and/or visibility. Major components of ILS include the localizer antenna for
horizontal guidance, glide slope a ntenna for vertical guidance and an approach lighting
system. The localizer and glide slope require critical areas that are sufficiently graded and do
not contain certain objects.

There are three categories of ILS systems, each capable of supporting approa ches in equipped
aircraft with lower weather minimums. Each category also requires an increasing complexity

of airport equipment as well as aircraft and flight crew certifications. Currently Runway 3 and

21 are equipped with Category | ILS approaches. It i s proposed to plan for an upgraded
Category Il ILS into the future for either Runway 3 or 21 ends. A Category Il ILS requires an
enhanced approach lighting system among other facility requirements. Ultimately, the
ground-based localizer and glideslope systems may eventually be replaced by precision GPS
systems.
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Standard ILS Categories

ILS Category Decision Height (ft.) Runway Visual Range (ft.)
Category | 200 2,400/1,800
Category Il 100 1200

Category llla 0-100 700

Category llib 0-50 150

Category llic 0 0

Source: FAA Aeronautical Information Manual

Visual Guidance Slope Indicator (VGSI)

A VGSI system providesvisual descent guidance to aircraft on approach to landing. There are
several types of VGSI sytems available including a Precision Approach Path Indicator (PAPI)
system and a Visual Approach Slope Indicator (VASI). These systems are typically installed on
runway ends with instrument approaches and co -located with the glideslope antenna, but are
also installed for visual runways. PAPI systems, a newer technology, consist of a single row of
two to four lights. The two light system is for non -jet runways and the four light system is for
jet -capable runways.

FSD should upgrade the existing VASI system on Runway 21 to a-4ox PAPI when the existing
system reaches the end of its useful life. The existing Runway 3, 15 and 33 PAPI should be
maintained. A 2 -box PAR for Runway 9/27 should also be installed as a long -term need. All
PAPIs should meet obstacle clearance requirements.

Runway End Identifier Lights (REIL)

REILsconsist of high-intensity flashing white strobe lights located on the approach ends of
runways to assist the pilot in early identification of the runway threshold. Additionally, t hese
are typically installed on runways that are surrounded by a preponderance of other lights or if
the runway lacks contrast with surrounding terrain. These are not installed with an approach
lighting system.

The REILs for Runway 15/33 should be maintained through the long-term. If an approach
lighting system is installed for Runway 15 then they should be replaced. RElLsare currently
unidirectional but should consider an omnidirectional installation to provide good circling
guidance, especially for Runway 33 as this runway is aligned into the prevailing wind

Approach Lighting System (ALS)

ALPhelp pilots transition from instrument flight to visual flight for landing. An ALS is required
as part of an ILS. An ALS installed on non-precision approach runways can help provide ¥ mile
visibility credit for instrument approach minimums.  There are various configurations, lighting
types and complexities to these systems. The requirement for an airport runway end is
dependent upon the type of precision approach and visibility minimums of the approach.

Common types of ALSto consider at FSD include:
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1 Omnidirectional Approach Lighting System (ODALS)consisting of seven omnidirectional
sequenced strobe lights along runway approach centerline providing visual guidance to
non-precision runways. This is recommended to establish a future % mile approach to
Runway 15.

1 Medium-intensity Approach Lighting System with Runway Alignment Indicator Lights
(MALSRXonsists of seven rows of lights, five flashing lights and a row of steady
burning green lights prior to runway threshold. The system is 2,400 feet in total
length. This is required for a Category | approach for existing Runway 3/21.

1 Approach Lighting System with Sequenced Flashing Lights (ALSF)s a more complex
lighting system required for Category Il precision approach. The system includes a
green threshold bar, 15 total rows of white lights, nine side rows bars along
centerline, and sequenced flashing white lights totaling 2,400 feet in length.

THRESHOLD

-----

500 FT [152 M]

..................

1000 FT [205 M]

------------------

-----

2400 FT [732 M]

SYMBOLS LEGEND

® STEADY BURNING RED LIGHTS A SEQUENCED FLASHING LIGHTS
(ALIGNED WITH TOUCHDOWN
ON RUNWAY) THRESHOLD LIGHTS

@ HIGH INTENSITY STEADY BURNING
WHITE LIGHTS

Source: FAA AC 150/530013A, Airport Design
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Airfield Visual

Visual NAVAIDs provide airport users with visual references within the airport environment.
They consist of lighting, sighage and pavement markings on an airport. Visual NAVAIDS are
necessary airport facility components on the airfield, promoting enhancing situational
awareness, operational capability and safety. FAA AdvisoryCircular 150/5340-30E, Design and
Installation of Airport Visual Aids  defines the standards for these systems.

Airport Beacon

The airport beacon serves as the airport identification light so approaching pilots can identify

the airport location during nig htand IMC The airport beaconds | ocation
any development areas and adequately serves the airport without known obstruction to its

line of sight.

Runway Lighting

Runway edge lights are placed off the edge of the runway surface to help pilots define the
edges and end of the runway during night and low visibility conditions. Runway lights are
classified according to the intensity of light they produce including high intensity (HIRL),
medium intensity (MIRL) and low intensity (LIRL). The e xisting HIRL for Runway 3/21 is
required for RVR based minimums. Runway 15/33 also has HIRL but only MIRL is required.
HIRL is still recommended for air carrier operations. Runway 9/27 has MIRL and this system is
recommended for continued night operations.

Other runway lights are installed at airports to facilitate the safe and efficient opera tion of
aircraft. These include runway centerline lighting (RCL), touchdown zone lighting (TDZL),

land and hold short lighting systems (LAHSO) and runway status light (RWSL). Runway 3/21 is
equipped with RCL and Runway 3 has TDZL installed. An inpavement TDZL system isneeded
for Runway 3 to achieve 1800 RVR minimums. A RWSL systermay be installed by FAA to help
prevent runway incursions. LAHSO operations are uncomma at FSD.

Taxiway Lighting

Taxiway edge lighting delineates the taxiway and apron edges. The FAA standard taxiway
edge lighting system is Medium Intensity Taxiway Lights (MITL). Taxiway edge lights are
installed for all taxiways at FSD. Enhancements at int ersections may be needed to meet low
visibility (<1200 RVR) Surface Movement Guidance and Control System (SMGCS) operational
requirements. Other taxiway lights are installed at airports to promote  safe operations. These
include taxiway centerline lighting, runway guard lights (RGL), runway stop bar and clearance
bar. RGL are installed at all taxiway -runway intersections for Runway 3/21 and 15/33 as
recommended by FAA. To facilitate low visibility operations down as low as 600 RVR, taxiway
centerline lights should be installed along the preferred route(s) and to lead in to non -
movement areas.

Airfield Signage

Airfield signage is essential for the safe and efficient operation of aircraft and ground vehicles
on the airport movement area. Common si gns include mandatory instruction signs, location
signs, boundary signs, direction/destination signs, information signs and distance remaining
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signs. Airports certificated under 14 CFR Part 139such as FSDmust have a sign plan
developed and implemented to identify taxi routes and holding positions. This plan must be
consistent with FAA Advisory Circular 150/5340-18F, Standards for Airport Sign Systems. This
plan should be updated to meet current standards and operating procedures.

Pavement Markings

Pavement markings help airport users visually identify important features on the airfield. FAA
has defined numerous different pavement markings to promote sa fety and situational
awareness as defined by FAA AC 150/53401L, Standards for Airport Markings .

Runway

Runway pavement markings are white in color. The type and complexity of the markings are
determined by the approach threshold category to the runway end. The minimum required
runway markings for a standard runway are as follows:

9 Visual (landing designator, centerline)

1 Non-Precision (landing designator, centerline, threshold)

1 Precision (landing designator, centerline, threshold, aiming point, touchdown zone,
edge)

Additional runway markings for blast pad and runway shoulders are also required. Runway
3/21 and 15/33 should continue to have precision and non -precision markings maintained,

respectively. Runway 9/27 now has a non-precision approach, thus non-precision approach
markings should replace the basic runway markings.

Taxiway/Taxilane

Taxiway and taxilane markings are important for directional guidance for taxiing aircraft and
ground vehicles. Common taxiway and apron markings include taxiway/taxiway centerline,
edge and non-movement area boundary. Enhanced taxiway markings are required along
taxiway centerlines that lead to runway entrances. Taxiway/taxilane centerline markings
should be used throughout to define a safe centerline with object clearance.

Taxiway/taxilane edge markings should be used to delineate the taxiway edge from the
shoulder, apron or some other contiguous paved surface. The non -movement area boundary
should be marked appropriately per ATCT line of sight requirements.

Holding Position

Holding position markings are a visual reference to prevent aircraft and vehicles from

entering critical areas such as an active runway environment. These markings consist on
yellow bars and dashes on a black background. The required setback is 265 feet from Runway
3/21 and 15/33 centerlines, and 140 feet for Runway 9/27. Deficiencies noted are at the
Taxiway K & Runway 3/21 intersection (257 feet) and Taxiway B at Runway 15/33 (262 feet).
These setbacks are not expected to change into the future.

Low Visibility Operations
Taxiing occurring in visibility conditions less than 1,200 feet Runway Visual Range (RVR)
require a Surface Movement Guidance Control System (SMGCS) developed for the airpat. This
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program requires the creation of low visibility taxi plans and the development of enhanced
infrastructure to help operators clearly identify taxi routes. Airport navigational aid
enhancements may include stop bars, taxiway centerline lines, runway guard lights,
geographic position markings and clearance bars.

Based on the planned visibility minimums at FSD, only departing aircraft would require SMGCS
as landing operations prohibited below 1200 RVR. Takeoff operations must be specially
authorized below 1200 RVR.Takeoff operations at 1000 RVR require two or more RVR reports,
HIRL and runway centerline markings with 500 RVR possible with runway centerline lights.
Specific taxi routes are defined as low visibility.

Requirements for low visibility are fully identified in  FAA AC 120/57A,Surface Movement
Guidance and Control System. Operations below 600 RVR require taxiway centerline lights
with edge lights at cur ves, in-pavement runway guard lights at the runway and ILS holdine,
and additional pavement markings.

FSD should consider identifying low visibility taxiing route(s) to Runway 3/21, upgrade
infrastructure and coordinate to have low visibility departures ap proved.

Meteorological

Aircraft operating to and from an airport require meteorological aids to provide current
weather data. Weather information helps pilots make informed decision about flight
operations. Airports have various aids installed providing lo cal weather information.

Surface Weather Observation

The existing FAAowned ASOS located west of the Runway 3 glideslope antenna is sufficient
for the long -term. Weather observing systems are recommended to be kept clear of
agricultural operations within 1 00 feet, clear of objects 15 feet below the sensor height
within 500 feet, and clear of objects greater than 10 feet above the sensor within 1,000 feet .
Trees are southwest of the ASOS system are located 680 feet from the system at a height of
36 feet above an assumed 30 foot sensor height, which is acceptable.

Wind Cone

Wind cones visually indicate the current wind direction and velocity on an airfield. =~ The
primary wind cone and segmented circle is located within all three runways ina central
visible location, lighted for night operations. Lighted supplemental wind cones are installed
around the airfield near Runway 3/21 and 15/33 ends to provide local surface wind direction
information to pilots.

Other

Runway Visual Range (RVR) visibility sensor systemgrovide instant reporting of the visibility
at targeted locations on the airfield. The existing Runway 3/21 system is installed to serve
the touchdown zone for each runway end. An additional system at the mid-point is required
to allow for Category Il or | ower operations.
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A Low-Level Windshear Alert System (LLWAS)s installed at FSD to measure differences in
wind conditions that may cr eate operational hazar dsPilotso f |l yi ng
are notified via the ATCT. This system should be maintain ed at FSD.

Communications & ATC
The ability for pilots to communicate with other pilots and air traffic control is critical for the
safety and efficiency of the overall air transportation system.

FSDhas an operating airport traffic control tower (ATCT) located north of the passenger
terminal complex . ATCT provides clearances, radar advisories and safety alerts to IFR and VFR
flights within the controlled Class D airspace. The ATCTfacility also houses Terminal Radar
Control (TRACON).ATCT and TRACON opeta between 5 a.m. and 12 midnight daily. Airport
communication frequencies are sufficient for Class D airport operation.

ATCT requires clear line of sight to the airfield. The tower cab controller eye heightis 65  feet
above ground level or 1487.7 feet MSL. Currently, the tower has limited visibility to Taxiways

H, G and J between the east cargo ramp and Taxiway B as a result of east general aviation
hangar development. Protection of ATCT line of sight restrict can building placement. The
tower is approachi ng 50 years old and is currently being rehabilitated to extend its useful life.
Within the planning period the structure may need to be replaced on the current site or at
another location . The potential addition of public airport access to the west side of the
airfield could open new ATCT site options not previously explored . FAA Order 6480.4A,
Airport Traffic Control Tower Siting Process identifies the criteria used for consideri ng a new
tower location:

Visual performance

TERPS airspace surfaces
FAR Part 77 airspace
Sunlight/daylight
Airport/background lighting
Atmospheric Conditions
Industrial Municipal Discharge
Site Access

. Interior Physical Barriers

10. Security

©oNOOORWNRE

The Airport Layout Plan will show the preferred site location based on a preliminary analysis.
Additional research and modeling will be required prior to actual site selection.  An ATCT
siting study would be initiated by the FAA.

Taxiways

Taxiways provide for the safe and eff icient movement of aircraft between the runway and
other operational areas of the airport. The taxiway system should provide critical links to
airside infrastructure, increase capacity and reduce the risk of an incursion with traffic on the

4-44


http://www.faa.gov/documentLibrary/media/Order/ND/6480_4A.pdf
http://www.faa.gov/documentLibrary/media/Order/ND/6480_4A.pdf

Airport Master Plan Update
Sioux Falls Regional Airport (FSD)

runway. The taxiway system should meet the standards design requirements identified in FAA
AC 150/5300-13A, Airport Design .

System Design

FAA has placed a renewed emphasis on taxiway design in their updated airport design
standards. Fundamental elements help develop and efficient system to meet demands,
reduce pilot confusion and enhance safety. Considerations include:

1 Design taxiways to meet FAA design standards for existing and fut ure users considering
expandability of airport facilities.

1 Design taxiway intersections so the cockpit is over the centerline with a sufficient
taxiway edge safety margin.

1 Simplify taxiway intersections to reduce pilot confusion using the three -node concept,
where a pilot has no more than three choices at an intersection.

T EIl'i minate Ohot spotso6é6 identified wherethe FAA Ru
enhanced pilot awareness is encouraged.

1 Minimize the number of runway crossingsand avoid direct access from t he apron to
the runway.

1 Eliminate aligned taxiways whose centerline coincides with a runway centerline.

1 Other considerations include avoiding wide expanses of pavement andav oi di ng oO0hi gh

rd

energy intersectionsd near the middle thi of
FSDhasandent i fi ed Ohot spotdé at the intersection of
|l ocally as the o0five cornerso6 intersection. A pil

non-standard angles. This intersection should be corrected to meet design standard s. One
possible correction measure is to move the Taxiway E entrance to connect direct with
Taxiway A or B.

Runway 9/27 has an aligned taxiway connected to each runway end. Additionally, these
taxiways lead directly to Runway 3/21 and 15/33 that may lead t o pilot confusion . This
configuration should be corrected so that a taxiway provides perpendicular access to the
runway ends.

There are exit taxiways at FSD that either are not a standard right -angle or acute -angled
design, or not in a location to facilita te the efficient movement of aircraft from the runway
to the taxiway system . These taxiways should be reevaluated for the efficient flow of aircraft
to enhance capacity.
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Source: FAATerminal Procedures

Design Standards

FAA identifies the design requirements for taxiways. The design standards vary based on the
Taxiway Design Group (TDG) and Airplane Design Group (ADG) identified for the design
aircraft using a particular taxiway. In addition to taxiway/taxiway pavement width, s ome of
the safety standards include:

1 Taxiway/ Taxilane Safety Area (TSA)¢ A defined graded and drained surface alongside
the taxiway prepared or suitable for reducing the risk of damage to an aircraft
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