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4

Alternatives

This chapter of the Airfield Master Plan identifies and evaluates airfield alternatives for Yeager Airport
(CRW). The focus of the alternatives analysis was on providing standard Runway Safety Areas (RSAs)
and additional runway length to accommodate forecast demand.

4.1

Alternatives Process

The CRW airfield alternatives analysis involved a multi-step process as shown on Exhibit 4-1. First, the
current runway alignment was evaluated to determine if an alternative alignment would be feasible
(Step 1). The second step involved developing initial alternatives that looked at various RSA and
runway extension options (Step 2). These alternatives were then pre-screened for construction
feasibility (Step 3), after which the remaining alternatives went through a more detailed “Level 1”
screening based on several evaluation factors (Step 4). This screening process resulted in the
identification of a short list of alternatives to be further evaluated (Step 5). In Step 6, the remaining
alternatives were refined to reflect the findings of the Level 1 analysis and to add further detail such as
runway exits and navigation aids. These remaining alternatives were evaluated and screened in Level 2
(Step 7), at which point a preferred alternative was selected (Step 8).
EXHIBIT 4-1

1
2
3
4
5
6
7
8

ALTERNATIVES PROCESS

• Determine Runway Alignment
• Develop Initial Alternatives
• Constructability Pre-screening of Alternatives
• Level 1 Screening
• Identify Short List of Alternatives
• Refine Remaining Alternatives
• Level 2 Screening
• Identify Preferred Alternative
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4.2

Step 1: Determine Runway Alignment

CRW’s sole runway is oriented in the 05-23 direction. It is situated on a hilltop about 300 feet above the
valleys below, with hills that drop off sharply on all sides. A runway extension in either the 05 or 23
direction would result in extensive fill. As a result, alternative runway alignments were considered.
Any realignment of the runway would potentially require the relocation of the passenger terminal, Air
National Guard, and/or general aviation facilities. The fill requirements and local impacts would be
extensive. In addition, relocation of the runway to a new alignment would require that the existing
runway be closed for a period of time, meaning the Airport would be closed to all operations. As a
result, runway realignment was determined to be infeasible. All runway extension alternatives evaluated
in this Master Plan therefore use the existing Runway 05-23 alignment.

4.3

Step 2: Develop Initial Alternatives

Based on the facility requirements presented in Chapter 3, the following components were included in
each alternative:

1

2



8,000-foot long Runway 05-23. This length can accommodate 100 percent of the high case
forecast fleet mix.



Required airfield safety areas in compliance with Federal Aviation Administration (FAA)
standards including RSAs, Object Free Areas (OFAs), and Runway Protection Zones (RPZs).
See Exhibit 4-2 for a description of these areas.



Category I (CAT I) approach capability on Runway 05, consisting of a glide slope, localizer and
a Medium Intensity Approach Lighting System (MALS) or Medium Intensity Approach Lighting
System with Runway Alignment Indicator Lights (MALSR). A MALSR is the same as a MALS
but it also has a Runway Alignment Indicator Light (RAIL) portion.1



CAT II approach capability on Runway 23 consisting of a glide slope, localizer and a High
Intensity Approach Lighting System with Sequenced Flashers (ALSF-2).2



Glide slope critical area (GSCA). Glide slope antennas provide vertical guidance to aircraft on
approach and landing. A capture effect glide slope was assumed for the alternatives analysis
because it is the preferred type of glide slope for CRW given the surrounding terrain. FAA Order
6750.16E, Siting Criteria for Instrument Landing Systems, states that the capture effect is the
most tolerant to rising terrain and is “generally the system of choice for difficult sites.”
The GSCA for a capture effect glide slope measures 1,300 feet long by 650 wide, as shown on
Exhibit 4-3.

An Instrument Landing System (ILS) approach with a MALS can achieve a Height Above Threshold (HATh) of 200 feet and 5/8 mile
visibility (3,000 feet runway visual range). An ILS approach with a MALSR can achieve a HATh of 200 feet and 1/2 mile visibility
(2,400 feet runway visual range). The light bars for a MALS extend out 1,400 feet from the threshold. The light bars for a MALSR
extend out 2,400 feet from the threshold. Source: FAA Advisory Circular (AC) 120-29A, Criteria for Approval of Category I and
Category II Weather Minima for Approach, and FAA Order JO 6850.2B, Visual Guidance Lighting Systems.
CAT II is defined as having a HATh lower than 200 feet but not lower than 100 feet and a runway visual range not less than 1,200
feet. The light bars for an ALSF-2 extend out 2,400 feet from the threshold. Source: FAA AC 150/5300-13A, Change 1, Airport
Design, and FAA Order JO 6850.2B, Visual Guidance Lighting Systems.
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EXHIBIT 4-2

Source:

FAA Advisory Circular 150/5300-13A Change 1, Airport Design.

EXHIBIT 4-3

Source:

AIRFIELD SAFETY AREAS

GLIDE SLOPE CRITICAL AREA (GSCA)

Landrum & Brown analysis.
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Eight alternatives were developed for the 8,000-foot long Runway 05-23. The alternatives range from
extending the runway/RSA by over 3,300 feet to the west, to a 3,600-foot long extension to the east.
Eight alternatives were developed, consisting of four sub alternatives labeled A through D as follows:


A: No Engineered Materials Arresting System (EMAS)3



B: EMAS on Runway 05 end



C: EMAS on Runway 23 end



D: EMAS on Runway 05 and 23 ends

The alternatives are shown on Exhibit 4-4 through Exhibit 4-19. Each alternative has a unique
“starting point” identified with a red circle. The starting point for each alternative is shown in Table 4-1.
The table also shows the distance the runway/RSA would be extended in each direction from the
existing runway ends in each alternative.
All alternatives except the 3, 4, and 8 series of alternatives show a MALS and a MALSR to demonstrate
the different land use requirements for the two systems. The series 3 alternatives do not contain a
MALSR because the MALSR would place the Runway 05 end in a similar location to the 6 series
alternatives. The 4 and 8 series of alternatives do not include a MALSR because it would result in the
loss of gates (more than four gates), which was deemed infeasible.

3

An EMAS uses crushable material, which is placed at the end of a runway to stop an aircraft overrun. The aircraft tires sink into the
EMAS material, which forces the aircraft to decelerate without additional action by the flight crew. EMAS is provided for runways
where it is not possible to have a 1,000-foot overrun area. According to FAA Advisory Circular 150/5300-13A, Airport Design, a
standard EMAS provides an equivalent level of safety as a full-dimension RSA.
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TABLE 4-1

STARTING POINTS FOR ALTERNATIVES
Starting Point Description

Runway/RSA
Western
Extension
(in linear feet)

Runway/RSA
Eastern
Extension
(in linear feet)

1

Start Runway 23 RSA at Runway 23 current
runway end and extend west

3,174

None

2

Start Runway 05 RSA at the western property
limit

665

2,174

3

Start Runway 05 MALS at western property limit

315

2,522

4

Start Runway 05 MALS at current Runway 05
end

None

3,578

5

Start Runway 05 RSA from south end of new
Runway 05 wall

Southwest and northwest
corner of RSA

3,025

6

Start Runway 05 RSA from current Runway 05
end

Southwest corner of RSA

3,173

7

Start Runway 05 RSA from current Runway 05
end

None

300

8

Start Runway 05 RSA from current Runway 05
end

Southwest corner of RSA

3,244

Alternative
Series

Source:

Landrum & Brown analysis.
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EXHIBIT 4-4

Sources:

RUNWAY ALTERNATIVES 1A & 1B

Aerial photography by Quantum Spatial, 2017; Landrum & Brown analysis.
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EXHIBIT 4-5

Sources:

RUNWAY ALTERNATIVES 1C & 1D

Aerial photography by Quantum Spatial, 2017; Landrum & Brown analysis.
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EXHIBIT 4-6

Sources:

RUNWAY ALTERNATIVES 2A & 2B

Aerial photography by Quantum Spatial, 2017; Landrum & Brown analysis.
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EXHIBIT 4-7

Sources:

RUNWAY ALTERNATIVES 2C & 2D

Aerial photography by Quantum Spatial, 2017; Landrum & Brown analysis.
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EXHIBIT 4-8

Sources:

RUNWAY ALTERNATIVES 3A & 3B

Aerial photography by Quantum Spatial, 2017; Landrum & Brown analysis.
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EXHIBIT 4-9

Sources:

RUNWAY ALTERNATIVES 3C & 3D

Aerial photography by Quantum Spatial, 2017; Landrum & Brown analysis.
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EXHIBIT 4-10 RUNWAY ALTERNATIVES 4A & 4B

Sources:

Aerial photography by Quantum Spatial, 2017; Landrum & Brown analysis.
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EXHIBIT 4-11 RUNWAY ALTERNATIVES 4C & 4D

Sources:

Aerial photography by Quantum Spatial, 2017; Landrum & Brown analysis.
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EXHIBIT 4-12 RUNWAY ALTERNATIVES 5A & 5B

Sources:

Aerial photography by Quantum Spatial, 2017; Landrum & Brown analysis.

4-14 | Landrum & Brown Team

Aifield Master Plan
DRAFT – March 2019

EXHIBIT 4-13 RUNWAY ALTERNATIVES 5C & 5D

Sources:

Aerial photography by Quantum Spatial, 2017; Landrum & Brown analysis.
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EXHIBIT 4-14 RUNWAY ALTERNATIVES 6A & 6B

Sources:

Aerial photography by Quantum Spatial, 2017; Landrum & Brown analysis.
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EXHIBIT 4-15 RUNWAY ALTERNATIVES 6C & 6D

Sources:

Aerial photography by Quantum Spatial, 2017; Landrum & Brown analysis.
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EXHIBIT 4-16 RUNWAY ALTERNATIVES 7A & 7B

Sources:

Aerial photography by Quantum Spatial, 2017; Landrum & Brown analysis.
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EXHIBIT 4-17 RUNWAY ALTERNATIVES 7C & 7D

Sources:

Aerial photography by Quantum Spatial, 2017; Landrum & Brown analysis.
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EXHIBIT 4-18 RUNWAY ALTERNATIVES 8A & 8B

Sources:

Aerial photography by Quantum Spatial, 2017; Landrum & Brown analysis.
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EXHIBIT 4-19 RUNWAY ALTERNATIVES 8C & 8D

Sources:

Aerial photography by Quantum Spatial, 2017; Landrum & Brown analysis.
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4.4

Step 3: Constructability Pre-Screening of Alternatives

The constructability pre-screening of alternatives consisted of eliminating options that did not appear
viable based on the following critical impacts:


Location



Geometry



Topography



Other Constraints

Originally, 32 alternatives were examined. Eight alternatives (Alternatives 1A through1D and 2A
through 2D) were eliminated based upon the four preceding criteria.

4.4.1

Alternatives 1A through 1D

These alternatives would require the furthest westward expansion through an extension of the
Runway 05 end. These alternatives would result in significant filling of the valley covering Elk Twomile
Creek, Keystone Drive, and Barlow Drive. Based on proximity to the Elk River, Alternatives 1A through
1D would require unreasonably high retaining walls. Additionally, both sides of the runway extension
were less than ideal for an installation of the GSCA and for Taxiway A extensions. Significant property
acquisitions would be required and covering Elk Twomile Creek would create a high hazard dam
scenario with downstream residents and potential for increased upstream flooding. These options were
therefore deemed infeasible and eliminated in Step 3.

4.4.2

Alternatives 2A through 2D

On the Runway 05 end, Alternatives 2B and 2D would extend fill over the newly constructed retaining
wall and EMAS system and would likely cover Keystone Drive, and possibly Elk Twomile Creek.
This could create a high hazard dam scenario with downstream residents, increased potential for
flooding upstream, and other property acquisition and drainage issues.
Additionally, for Alternatives 2A through 2D, lighting towers would extend over Keystone Drive and
numerous residences; these towers would be over 300 feet. On the Runway 23 end, the proximity of
the GSCA to Elk River for Alternatives 2A through 2D would result in having to construct unreasonably
high retaining walls. For all these reasons, Alternatives 2A through 2D were eliminated during Step 3.
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4.5

Step 4: Level 1 Screening

The remaining runway extension alternatives (3A through 8D) were evaluated based on the following
criteria:


Obstructions



Air Traffic Control Tower (ATCT) siting



RPZ impacts



Terminal impacts



Construction phasing



Navigational Aid (NAVAID) siting



Grading Requirements



Environmental and local impacts

Each alternative was evaluated against each of the Level 1 criteria and given a green, yellow, or red
color in the evaluation matrix based on that evaluation. The color coding is depicted in Table 4-2,
Evaluation Criteria Coloring. The color coding is further defined in the subsections that follow. It is
important to note that red does not necessarily mean an alternative is infeasible. Rather, the color
coding is a tool to show minor (green), moderate (yellow), or more extensive (red) impacts.
The evaluation matrix is presented at the end of Level 1 evaluation section.
TABLE 4-2

EVALUATION CRITERIA COLORING

Definition

Coloring

Minor
Moderate
More Extensive
Source:

Landrum & Brown, 2018

4.5.1

Obstructions

Obstructions to the Runway 23 Part 77 surfaces were evaluated as part of the alternatives evaluation.
The Part 77 surfaces for instrument runways are shown on Exhibit 4-20. Google earth 3D imagery was
used to identify obstructions.
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EXHIBIT 4-20 PART 77 SURFACES FOR PRECISION INSTRUMENT RUNWAYS

Source:

Landrum & Brown analysis.
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Obstructions were analyzed for two of the alternatives – Alternatives 3A and 4A. These two alternatives
were chosen because Alternative 3A represents the smallest eastward shift of Runway 05-23 and
Alternative 4A represents the largest eastward shift. The obstructions for all other alternatives would fall
between these two alternatives. Exhibits 4-21 and 4-22 show the areas that are considered
obstructions to the Runway 23 approach for the two alternatives that were analyzed.
Areas 1 and 2 are on Airport property and have been identified as borrow areas for the runway
extension fill requirements (see Section 4.5.7, Grading, for more details on the fill requirements).
Therefore, these areas would be addressed as part of the construction. Area 3 is off of Airport property.
It is a mountain top that is owned by several private individuals. This land may have to be purchased
and lowered, trees may need to be cut down, and/or an increased climb gradient for aircraft may be
required.
EXHIBIT 4-21 OBSTRUCTIONS – ALTERNATIVE 3A
PART 77
TRANSITIONAL
SURFACE

Airport Property
Boundary

Sources:

Alternative 3A
Area 1

PART 77
APPROACH
SURFACE

Alternative 3A
Area 3

Alternative 3A
Area 2

Google Earth accessed in April 2018; Landrum & Brown analysis.
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EXHIBIT 4-22 OBSTRUCTIONS – ALTERNATIVE 4A
PART 77
TRANSITIONAL
SURFACE
Alternative 4A
Area 1

Airport Property
Boundary

Sources:

PART 77
APPROACH
SURFACE

Alternative 4A
Area 2

Google Earth accessed in April 2018; Landrum & Brown analysis.
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The same three areas were identified as obstructions for both alternatives. Exhibit 4-23 shows how
these three areas differ between the two alternatives. In addition to these areas, tree mitigation would
likely be needed. A separate study would be required to analyze the tree mitigation associated with the
development of the alternatives.
EXHIBIT 4-23 OBSTRUCTIONS – ALTERNATIVE 3 AND 4 COMBINED

PART 77
TRANSITIONAL
SURFACE

PART 77
APPROACH
SURFACE

Difference between
Alternative 3A and 4A

Airport Property
Boundary

Sources:

Google Earth accessed in April 2018; Landrum & Brown analysis.

Based on the preceding analysis, the alternatives were color coded in the evaluation matrix as green,
yellow, or red for obstructions based on the following criteria:


Green: No obstructions



Yellow: Obstructions can be removed or will not likely result in an increase in approach minima



Red: Obstructions cannot be removed and/or will result in an increase in approach minima

Because there would be similar obstructions for all of the alternatives and it is likely that these areas
can be mitigated, all alternatives were color coded yellow in the evaluation matrix. Obstructions do not
differentiate the alternatives.
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4.5.2

ATCT Siting

The FAA’s Tower Visibility Analysis Tool4 was used to determine object discrimination/recognition and
line-of-sight (LOS) for the alternatives. This tool is illustrated on Exhibit 4-24.
EXHIBIT 4-24 FAA AIR TRAFFIC CONTROL VISIBILITY ANALYSIS TOOL

Key Point
Line of Sight Angle
of Incidence
Corrected Observation
Height

Tower to Key Point Distance

Source:

FAA Air Traffic Control Visibility Analysis Tool.

This analysis was completed from the existing ATCT to the furthest possible location of the Runway 23
end, which occurs in Alternative 4A. All of the other alternatives fall within the Alternative 4A bounds for
line-of-sight and did not require analysis beyond that of what was conducted for Alternative 4A.
The following information was used as input to the FAA model:

4
5



Observer eye height: 5.5 feet (from floor of cab)



Ground elevation at ATCT: 948.9 feet Above Mean Sea Level (AMSL)



ATCT Cab Floor elevation: 1,006 feet AMSL



Ground elevation at LOS critical point5 (Runway 23 end): 881.5 AMSL for Alternative 4A



Distance from ATCT to LOS critical point: 8,026 feet for Alternative 4A

http://www.hf.faa.gov/visibility.
LOS critical point is defined as the point with the lowest elevation and longest linear distance from the ATCT.
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The alternatives were color coded as green, yellow, or red for ATCT siting based on the following
criteria:


Green: Passes FAA Tower Visibility Analysis Tool



Yellow: Fails FAA Tower Visibility Analysis Tool; alternative procedures or mitigation required



Red: Fails FAA Tower Visibility Analysis Tool; new ATCT required

All of the alternatives pass the FAA Tower Visibility Analysis Tool analysis, so all of the alternatives
were color coded green in the evaluation matrix. The distance from the Runway 23 end to the ATCT
does not differentiate the alternatives.

4.5.3

RPZ Impacts

Structures and roads within the Runway 05 RPZ were identified for each alternative. Objects in the
Runway 05 RPZ were identified separately for the central and controlled portions. The alternatives were
color coded as green, yellow, or red for Runway 05 RPZ impacts based on the following criteria:


Green: 10 or fewer structures in the central + controlled portions of the RPZ



Yellow: 11 to 20 structures in the central + controlled portions of the RPZ



Red: 21+ structures in the central + controlled portions of the RPZ

Table 4-3 shows the Runway 05 RPZ impacts for each alternative. All RPZs contain residential houses,
businesses, Keystone Road, and Barlow Road. The series 4 alternatives, as well as 7A and 7C have
minor Runway 05 RPZ impacts. Alternatives 5A, 5C, 6A, 6C, and 8A through 8D have moderate RPZ
impacts, whereas Alternatives 3A through 3D, 5B, 5D, 6B, 6D, 7B, and 7D have extensive RPZ
impacts.
The Runway 23 RPZ impacts were also assessed. The Runway 23 RPZ is fully encompassed by
Coonskin Park in all alternatives. Coonskin Park is owned by the Airport. However, since Coonskin
Park includes Section 4(f) and/or Section 6(f) lands, defined by the Clean Water Act, all Runway 23
RPZ impacts in all alternatives were color-coded red. The Runway 23 RPZ impacts were not
considered to be differentiating factors in the evaluation of alternatives.
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TABLE 4-3

RUNWAY 05 RPZ IMPACTS

Alternative

Central Portion

3A - 3D

-

16 residential houses
2 businesses
1 abandoned business
Keystone Drive
Barlow Drive

4A - 4D

-

2 residential houses
Keystone Drive

-

12 residential houses
1 business
Keystone Drive
17 residential houses
2 businesses
1 abandoned business
Keystone Drive
Barlow Drive
6 residential houses
2 businesses
Keystone Drive
Barlow Drive
18 residential houses
1 business
1 abandoned business
Keystone Drive
Barlow Drive

7A / 7C

-

3 residential houses
2 businesses
Keystone Drive
Barlow Drive

7B / 7D

-

8A - 8D

-

5A / 5C

5B / 5D

6A / 6C

6B / 6D

Sources:

-

20 residential houses
3 businesses
1 abandoned business
Keystone Drive
Barlow Drive
2 residential houses
1 business
1 church
Keystone Drive
Barlow Drive
1 business
Keystone Drive
Barlow Drive

-

17 residential houses
3 businesses
Keystone Drive
Barlow Drive

-

5 residential houses
2 businesses
Keystone Drive
Barlow Drive
16 residential houses
3 businesses
1 abandoned business
Keystone Drive
Barlow Drive
1 residential house
3 businesses
1 church property
Keystone Drive
Barlow Drive

14 residential houses
2 businesses
1 abandoned business
Keystone Drive
Barlow Drive

-

14 residential houses
3 businesses
Keystone Drive
Barlow Drive

4 residential houses
1 business
Keystone Drive
Barlow Drive

-

6 residential houses
3 businesses
1 church
Keystone Drive
Barlow Drive

Landrum & Brown analysis.
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4.5.4

Terminal Impacts

Terminal impacts were assessed for each alternative to determine if there would be any loss of gates
due to the location of the relocated RPZ. The alternatives were color coded as green, yellow, or red for
terminal impacts based on the following criteria:


Green: No impact, which means no gates are impacted by the alternative



Yellow: Minor impact to the terminal, which means the alternative causes the loss of one to two
gates



Red: Major impact to the terminal, which means the alternative causes the loss of three or more
gates and/or portion of the building

The series 4 alternatives would result in the loss of one gate so these alternatives were color coded as
yellow in the evaluation matrix. The remaining alternatives have no impact on the terminal, so they are
color coded as green. These results are depicted in Table 4-4, Terminal Impact Evaluation.
TABLE 4-4

TERMINAL IMPACT EVALUATION

Alternative Terminal Impact
3A - 3D

No gates

4A - 4D

1 gate

5A - 5D

No gates

6A - 6D

No gates

7A - 7D

No gates

8A - 8D

No gates

Source:

Landrum & Brown Team analysis.

Chapter 4 | Alternatives | 4-31

Appendix A
DRAFT – March 2019

4.5.5

Construction Phasing

The construction phasing evaluation assessed the impacts for all remaining alternatives
(24 alternatives). A primary goal of construction phasing was to keep the airport operating with as much
runway length and instrument approach capability as possible, while proceeding with construction that
is accomplished with the utmost safety for airport users and construction crews alike. Extra challenges
are presented in this planned construction project, since the work area is adjacent to the active runway
environment for the duration of construction. To meet the challenges of construction phasing for a
runway extension project, ways to perform construction activities outside of the protected surface of the
airfield environment (RSAs, approach surfaces, etc.) were reviewed, and focused on limiting closures
and delays to existing runway operations.
To limit operational impacts, the existing 6,715-foot runway length and the current precision instrument
approach capabilities to each runway end should be maintained throughout construction. To do this,
phasing should start with work in locations outside the existing RSA, and then proceed with
construction within the RSA, which is further explained in the subsections that follow. The nature and
duration of construction required in these two work areas will dictate operational impact in terms of
runway closures, loss of runway length, or affected instrument approaches.

4.5.5.1

Work Outside the RSA

Runway 23 End
For all alternatives, it is advisable to begin construction on the Runway 23 end to minimize operational
impacts and to capitalize on the location of the source material for the fill needed on each runway end.
This is an efficient way to provide the runway length needed to maintain airport operations while
constructing any alternative that will effectively shorten the runway length on the Runway 05 end.
Some alternatives require a change of threshold to address existing RSA deficiencies and provide for
an Airport Lighting System (ALS) installation. The extension of the Runway 23 end in the first
construction phase will also facilitate the implementation of alternatives that consider an EMAS
installation on one or both runway ends.
The Runway 23 RSA is currently set at the existing physical end of the runway because of a drop off in
terrain. Any construction that occurs below the current Runway 23 end elevation will be clear of the
RSA and will not impact airfield operations until after the site has been brought up to the existing/
proposed tie-in elevation. The Runway 23 Part 77, Threshold Siting Surface (TSS), Obstacle Clearance
Surface (OCS), and Obstacle Free Zone (OFZ) airspace surfaces do not include the area beneath the
existing runway end/RSA elevation, so there would be no penetrations to approach or departure
surfaces as a result of construction of any alternative, until after the site has been brought up close to
the existing/proposed tie-in elevation.
Construction on the Runway 23 end will include earthwork, utility work, paving, and installation of the
ALS towers, Runway 23 glide slope, and Runway 05 localizer. Construction in this first phase also
should include the Runway 23 localizer installation on the Runway 05 end, as well as the Runway 05
glide slope to reinstate precision instrument approach capability to the extended runway as soon as
possible. Construction of the Runway 23 localizer and Runway 05 glide slope can be accomplished
without impact to airport operations, since they are located outside of the RSA. Although the ALS
towers, glide slope, and localizer can be installed during this phase of work, the Runway 23 precision
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approach will not be immediately operational. The assumption here is that the Runway 23 end is
physically constructed and the new Instrument Landing System (ILS) is in place and functioning during
the first phase.
Runway 05 End
Like the Runway 23 end, the Runway 05 end has a steep terrain drop-off shortly beyond the physical
runway end. Also like the Runway 23 end, construction occurring before the approach end of
Runway 05 can occur outside of the RSA until the site is brought up to the existing/proposed tie-in
elevation, minimizing operational impacts. This directly affects the level of operational impacts for each
alternative.
The series 3 alternatives propose to construct the ALS starting at the western property limit, outside of
the RSA and below the approach and other protected surfaces. This results in less operational impacts
than the other alternatives that propose to construct most of the ALS system on portions of the existing
runway. Alternative series 4 through 8 require the Runway 05 threshold be relocated. Maintaining a
runway length of at least 6,715 feet throughout construction will lessen the degree of operational impact
of a Runway 05 threshold relocation. The location of the Runway 05 threshold will directly impact the
construction schedule. The closer the Runway 05 threshold is moved towards the Runway 23 end, the
longer the construction duration. This is primarily due to impacts to the taxiway system and/or terminal
apron.
Depending on the alternative, construction activities for the Runway 05 end will be like the Runway 23
end. The construction will include earthwork and utility work, paving, and installation of Runway 05 ALS
towers. The glide slope and localizer installations will have varying timeframes for becoming
operational, depending on the alternative.

4.5.5.2

Work within the RSA

Once all construction is completed outside of the RSA, work must begin within the RSA as part of a
second phase of construction, resulting in operational impacts to Runway 05-23 operations. It is
expected that impacts to operations can be lessened by construction proceeding primarily at night
(off-peak operational hours). This way a 6,715-foot runway length would remain available during
daytime hours. Work in this phase would include adjustments to airfield signage and airfield lighting.
The potential installation of EMAS on either runway end would result in some additional impact to
operations. If any EMAS alternative is selected, it is estimated an additional 30 days of runway closure
during non-peak periods would be added to the construction time. Selection of the series 7 alternatives
will require work in the RSA to provide full-width RSA standards, and could be scheduled during
non-peak periods to minimize operational impacts.
The third phase of construction completes most construction activities and converts operations from the
old runway configuration to the new one. Runway conversion activities will include: shutting down the
existing airfield lighting, glide slopes, and localizer, as well as implementing the new systems; removal
and instillation of pavement markings; and establishment of new runway thresholds. The runway
conversion will be accomplished by an extended runway closure, possibly over an entire weekend.
Switching to the final runway configuration will occur twice – once for the Runway 23 end, and once for
the Runway 05 end. Coordination with the FAA on the Airport/Facility Directory and Instrument
Approach Plates will be worked into the design and construction schedules well in advance.
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Milestones will be included for flight checks as well, to ensure the timely publication of new runway
approaches. Coordination will be required with the FAA and airport stakeholders to prepare for each of
the various construction phases.
The fourth and final construction phase consists of project clean-up and demobilization of the
construction site. The work can be performed at night but would require runway closures.
During daytime operations, the full 8,000-foot runway length and instrument approach procedures
would be available.

4.5.5.3

Evaluation of Construction Phasing

Most of the construction phasing operational impacts are considered moderate. All of the alternatives
indicate low impact for starting the runway extension project on the Runway 23 end due to the ability to
conduct most construction activities outside of the RSA for the duration of that work.
The primary operational impacts of all alternatives for the runway extension project are associated with
the following factors:


Timing and duration of reduced approach minimums due to loss of ALS



Timing and duration of loss of ILS approach due to NAVAID relocation and commissioning



Overall duration of construction contract due to project phasing and complexity



Duration, number, and nature of runway closures required for construction within the RSA

In reviewing each of the 24 alternatives, the construction phasing impacts can be summarized as either
low severity (green) or of moderate severity (yellow) when it came to impact (none of the alternatives
had severe construction phasing impacts). These are defined as follows:


Green: Majority of grading and construction activities occur outside of the existing RSA and
below operational surfaces. Minor runway impacts for tie-in and construction activities within the
RSA. Minimizes loss of ALS and NAVAID systems.



Yellow: Majority of grading and construction activities occur outside of the existing RSA and
below operational surfaces. However, the impacts to the existing runway are increased due to
the duration of tie-in activities. Requires more coordination of ALS and NAVAID impacts and
extends periods of these items being out of service.

All construction phasing was considered to be moderate in severity for impacts, except for the series 3
alternatives, which were considered to be low severity.
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4.5.6

NAVAID Siting

The ability to site the glide slope, localizer, and ALS was assessed for each Level 1 alternative.
There were no issues with localizer siting in any of the alternatives. However, there are NAVAID
challenges present at CRW with regards to siting the ALS and the glide slope:


ALS: In some alternatives, a portion or all of the ALS must be placed on tall towers due to the
terrain differences. Tall towers are an issue because they are more difficult to maintain.



Glide Slope: It is preferable to place the glide slope on the side of the runway with no taxiways
or other potential sources of traffic interference. In the case of CRW, the north side of the
runway is preferred because Taxiway A is located on the south side. Some alternatives have
grading issues that preclude the placement of the glide slope and its associated GSCA on the
north side of the runway due to the proximity of the Elk River.

Each runway end was evaluated separately. The Level 1 alternatives were color coded as green,
yellow, or red in the evaluation matrix for NAVAID siting based on the variations that the ALS and LOC
siting meet standards:


Green: No tall structures are required for ALS system and GSCA is established on north side of
runway with no impacts to airport operational capacity.



Yellow: The alternative EITHER requires tall structures for the ALS system, OR establishes the
GSCA on the south side of runway with impacts to airport operational capacity



Red: The alternative requires tall structures for the ALS system AND establishes the GSCA on
the south side of runway with impacts to airport operational capacity.

These criteria determined the extent of the complications associated with siting NAVAIDS in each
alternative. Table 4-5, NAVAID Siting Evaluation, shows the NAVAID siting issues for each
alternative. Alternatives 3A, 3B, 3C, 3D, 5B, 5D, and 6D would require tall towers on the west end and
have GSCA siting issues on the west end. The series 4 and series 8 alternatives, as well as 5A, 5C,
6A, 6C, 7A, and 7C were found to have no NAVAID siting issues. Alternatives 6B, 7B, and 7D would
require tall structures on the west end but have no NAVAID issues on the east end.
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TABLE 4-5

NAVAID SITING ISSUES

Alternative

Runway 05

Runway 23

3A - 3D

Tall structures required for MALS

GSCA cannot be sited on north side of runway

4A - 4D

None

None

5A / 5C

None

None

5B / 5D

Tall structures required for MALS

GSCA cannot be sited on north side of runway

6A / 6C

None

None

6B

Tall structures required for MALS

None

6D

Tall structures required for MALS

GSCA cannot be sited on north side of runway

7A / 7C

None

None

7B / 7D

Tall structures required for MALS

None

8A - 8D

None

None

Source:

Landrum & Brown Team analysis.
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4.5.7

Grading Requirements

Each of the alternatives would require significant grading. The criteria used to evaluate the grading
requirements are shown in Table 4-6, Grading Evaluation Criteria. These criteria determined the
extent of the complications associated with the grading requirements.
TABLE 4-6

GRADING EVALUATION CRITERIA

Fill Volume
(cubic yards)

Retaining Walls
(feet)

Additional Grading
Impacts
(square feet)

Additional
Construction
Impacts

Minor fill volumes
Runway 05: <1,000,000
Runway 23: < 15,000,000

Smallest and least
complex retaining
wall requirements
Runway 05: <76
Runway 23: <76

Minor impacts
requiring mitigation
Runway 05: <30,000
Runway 23: <50,000

Minor Concerns

Moderate fill volumes or
complexity
Runway 05: 1,000,000 –
4,000,000
Runway 23: 15,000,000 –
25,000,000

Intermediate sized
retaining walls
requiring complex
solutions with
extensive limits
Runway 05: 76 – 120
Runway 23: 76 – 124

Moderate impacts
requiring mitigation
Runway 05: 30,000 –
50,000
Runway 23: 50,000 –
75,000

Moderate Concerns

Excessive fill volumes or
complexity
Runway 05: > 4,000,0000
Runway 23: >25,000,000

Excessively
tall/large/complex
retaining walls
required
Runway 05: >120
Runway 23: >124

Excessive
Property/Environme
ntal/Infrastructure
Impacts
Runway 05: >50,000
Runway 23: >75,000

Critical Concerns

Source:

Landrum & Brown Team analysis.

The criteria evaluated included fill volume, retaining wall height and area, as well as additional
construction impacts. The fill volume and retaining wall heights and area were quantitatively evaluated,
while the additional construction impacts were qualitatively evaluated. Criteria assessed as additional
construction impacts included the following:


On the Runway 05 End:
–

Impact of removal of slope debris in place

–

Buries new retaining wall and geofoam fill

–

Significant haul distance for borrow

–

Extension beyond Airport property

–

Displacement of residential/commercial property
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–

Possibility of sanitary sewer relocation

–

Possibility of gas well relocation

–

Possibility of drainage concern at Deerslayer

–

Possibility of rerouting Elk Two Mile Creek creates regulated dam

–

Relocation of roads (issue on both runway ends)

–

Loss of roads (issue on both runway ends)

–

Continual tunnel maintenance cost (issue on both runway ends)

On the Runway 23 End:
–

Impact to Coonskin Park and covering of borrow area

–

Impact to wetland/ creek (drainage tunnel)

–

Emergency/maintenance access road

–

Relocation of roads (issue on both runway ends)

–

Loss of roads (issue on both runway ends)

–

Continual tunnel maintenance cost (issue on both runway ends)

The grading requirements analysis estimated and evaluated the fill volume and retaining wall
area/heights and identified any additional grading impacts for two alternatives – Alternatives 3A and 4D.
These two alternatives were chosen because they represent the furthest extent in the direction of the
Runway 23 and Runway 05 ends. These two alternatives are considered the bounding alternatives with
all other alternatives analyzed through interpolation using these quantities. In addition to the two
bounding alternatives, quantity estimates obtained from prior analyses were used in the interpolations.
The interpolations are based on two criteria:


The first parameter is proposed extension length, which typically has the most influence over
the fill volume.



The second parameter is the distance to the glide slope area, which typically has the most
influence on the amount of retaining wall required.

Both parameters were measured from the edge of the existing runway. A linear trend line was fit to the
data of the two alternatives whose wall area and fill volumes were calculated in depth. The relationship
between said data was used to estimate quantities for the remaining alternatives based on their
respective extension length and glide slope area location.
The Level 1 grading evaluation for Runway 05 is shown in Table 4-7, Runway 05 Grading Evaluation,
and the Runway 23 grading evaluation is shown in Table 4-8, Runway 23 Grading Evaluation.
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TABLE 4-7

RUNWAY 05 GRADING EVALUATION

Runway 05
Fill Volume
(cubic yards)

Runway 05
Wall Height
(feet)

Runway 05
Wall Area
(square feet)

3A
3B
3C

6,930,090
3,279,030
6,930,090

90
90
90

6,370
22,052
6,370

3D

3,279,030

90

22,052

4A
4B
4C
4D
5A
5B
5C

767,160
773,029
767,160
773,029
1,390,000
3,000,000
1,390,000

0
0
0
0
15
50
15

0
0
0
0
5,500
22,000
5,500

Alt.

5D

3,000,000

50

22,000

6A
6B
6C
6D
7A
7B
7C
7D
8A
8B
8C
8D

740,000
1,820,000
740,000
1,820,000
805,320
818,279
805,320
818,279
570,000
170,000
570,000
170,000

0
25
0
25
0
0
0
0
32
12
32
12

0
10,500
0
10,500
0
0
0
0
11,000
2,000
11,000
2,000

Source:

Additional Grading Impacts
Minor

Moderate

Severe

-Removal of slope debris in place
-Extends beyond CRW property
-Sanitary sewer relocation
-Gas well relocation
-Loss of roads
-Continual tunnel maintenance costs

-Buries new retaining wall & geofoam fill
-Significant haul distance for borrow
-Displacement of residential/commercial
-Drainage concerns at Deerslayer

-Reroute Elk Twomile Creek creating regulated dam
-Relocation of roads

-Continual tunnel maintenance costs
-Loss of roads

None

None

-Extends beyond CRW property
-Displace of residential/commercial
-Sanitary sewer relocation
-Gas well relocation
-Relocation and loss of roads
-Continual tunnel maintenance costs

- Significant haul distance for borrow
-Drainage concerns at Deerslayer

None

-Removal of slope debris in place
-Gas well relocation
-Relocation and loss of roads

- Significant haul distance for borrow
-Drainage concerns at Deerslayer

None

-Gas well relocation
-Loss of roads

- Significant haul distance for borrow

None

-Removal of slope debris in place
-Sig. haul dist. for borrow
-Gas well relocation
-Relocation and loss of roads

-Drainage concerns at Deerslayer

None

Schnabel Engineering analysis.
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TABLE 4-8

RUNWAY 23 GRADING EVALUATION

Runway 23
Fill Volume
(cubic yards)

Runway 23
Wall Height
(feet)

Runway 23
Wall Area
(square feet)

3A
3B
3C

19,160,605
19,160,605
18,187,239

150
150
150

104,115
104,115
107,110

3D

18,187,239

150

107,110

4A
4B
4C
4D
5A

20,251,730
20,251,730
20,159,760
20,159,760
20,000,000

75
75
75
75
90

48,835
48,835
48,835
48,835
51,000

5B

19,300,000

125

79,500

5C

19,700,000

100

59,500

5D

18,800,000

140

93,000

6A

20,200,000

80

46,500

6B

19,600,000

110

66,000

6C

20,000,000

90

52,500

6D

19,200,000

120

78,000

7A
7B
7C
7D
8A
8B
8C
8D

20,347,310
19,569,445
20,347,310
19,569,445
20,200,000
20,200,000
20,000,000
20,000,000

75
100
75
100
80
80
90
90

48,835
49,614
48,835
49,614
45,500
45,500
51,000
51,000

Alt.

Source:

Schnabel Engineering analysis.
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Additional Grading Impacts
Minor
-Coonskin Park impact/covering of borrow area
-Wetland/creek impact (drainage tunnel)
-Emergency/maintenance access road
-Loss of roads
-Continual tunnel maintenance costs
-Wetland/creek impact (drainage tunnel)
-Emergency/maintenance access road
-Loss of roads
-Continual tunnel maintenance costs
-Wetland/creek impact (drainage tunnel)
-Emergency/maintenance access road
-Relocation and loss of roads
-Continual tunnel maintenance costs
-Coonskin Park impact/covering of borrow area
-Wetland/creek impact (drainage tunnel)
-Emergency/maintenance access road
-Relocation and loss of roads
-Continual tunnel maintenance costs
-Wetland/creek impact (drainage tunnel)
-Emergency/maintenance access road
-Relocation and loss of roads
-Coonskin Park impact/covering of borrow area
-Wetland/creek impact (drainage tunnel)
-Emergency/maintenance access road
-Relocation and loss of roads
-Wetland/creek impact (drainage tunnel)
-Emergency/maintenance access road
-Relocation and loss of roads
-Coonskin Park impact/covering of borrow area
-Wetland/creek impact (drainage tunnel)
-Emergency/maintenance access road
-Relocation and loss of roads
-Relocation of roads

Moderate

None

Severe

-Relocation of roads

-Coonskin Park impact/covering of borrow area

-Coonskin Park impact/covering of borrow area

None

-Coonskin Park impact/covering of borrow area

None

-Coonskin Park impact/covering of borrow area

None

-Wetland/creek impact (drainage tunnel)
-Emergency/maintenance access road
-Loss of roads

-Coonskin Park impact/covering of borrow area

-Wetland/creek impact (drainage tunnel)
-Emergency/maintenance access road
-Relocation and loss of roads

-Coonskin Park impact/covering of borrow area

None

Aifield Master Plan
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On the Runway 05 end, Alternatives 3A and 3C, extend the furthest to the west. These alternatives
were considered to be the most challenging (red) when it came to fill volumes and wall impacts.
Alternatives 4A through 4D, 6A, 6C, 7A through 7D and 8A through 8D were the best alternatives on
the Runway 05 end when it came to grading impacts and were color-coded green.
On the Runway 23 end, Alternatives 3A through 3D, 5B, 5D, and 6D would require substantial retaining
wall heights and area needs due to the GSCA encroaching on the Elk River. This is further depicted in
Exhibit 4-25, where Alternatives 3C and 3D (alternatives with the tallest wall heights and greatest wall
area needed) are compared to Alternatives 8A and 8B (alternatives with the shortest wall heights and
wall area needed where the GSCA does not encroach on the Elk River). In alternatives where the
GSCA does not encroach on the river, the Runway 23 retaining wall heights and areas were
substantially less (ranked green or yellow with minor to moderate impacts). For alternatives where the
GSCA encroaches on the Elk River, the glide slope could be relocated to the south side of the runway.
The operational impacts of this move were assessed in the NAVAID siting section (Section 1.5.6).
When the glide slope is moved to the south side of the runway in Alternatives 3A through 3D, 5B, 5D,
and 6D, they are no longer considered for elimination due to grading issues. These grading concerns
can be downgraded to minor (green) or moderate (yellow) concerns.
Additional construction impacts posed the greatest challenge for Alternatives 3A through 3D (ranked
red overall) due to the relocation of roads and re-routing of Elk Twomile Creek, while Alternatives 4A
through 4D and 7A through 7D (ranked green overall) posed the least challenging due to minimal
impacts to the Runway 05 end during construction. All other alternatives were considered to have
moderate concerns (ranked yellow overall) when it came to additional construction impacts due to few
moderate concerns and slightly higher minor concerns.
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EXHIBIT 4-25 GLIDE SLOPE AND ELK RIVER ENCROACHMENT AREAS COMPARISON

Source:

Landrum & Brown analysis.

4.5.8

Environmental and Local Impacts

The objective of the analysis of environmental and local impacts was to estimate and evaluate the
environmental and local impacts associated with the Level 1 alternatives. The criteria used to evaluate
the grading requirements are shown in Table 4-9, Environmental Evaluation Criteria. There were
either no or minor impacts (green) or significant impacts to the Level 1 alternatives (red). Yellow was
not used as a means of defining environmental and local impacts for this analysis because the
alternatives either impact the park or they do not impact the park – there is no middle ground.
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TABLE 4-9

ENVIRONMENTAL EVALUATION CRITERIA

Environmental Impacts

Local Impacts

No or minor impacts

No or minor impacts

N/A

N/A

Significant impacts and mitigation required

Significant impacts and mitigation required

Note:
Source:

Yellow was not used in the environmental evaluation criteria.
Landrum & Brown Team analysis

Significant impacts and mitigation (red) were discovered for all the Level 1 alternatives in both the
environmental and local impacts evaluation. All the Level 1 alternatives had the following potential
environmental impacts associated with their development:


Loss of 3,400 linear feet of Coonskin Branch



Potential loss of wetlands



4(f) Impacts to physical and potential constructive use of Coonskin Park



6(f) Impacts to replacement of land and resources purchased with Land and Water
Conservation Funds



Loss of Coonskin Branch Conservation Easement WV 401 / USACE 404



Potential impacts to rare, threatened and endangered species in Elk River



Loss of floodplain storage over Elk Twomile & Coonskin Branch



Potential Cultural Resources impacts



Potential Noise and noise-compatible land use issues



Potential Air Quality impacts including construction emissions



Potential Visual Effects of project



Potential Compatible Land Use impacts

In addition, the Alternative 3 series of alternatives also result in the loss of 1,100 linear feet of Elk
Twomile Creek on the west side of the Airport.
In additional to environmental impacts, local impacts were also evaluated for the Level 1 alternatives.
All the alternatives had the following local impacts associated with their development:


Closure / relocation of 1,300 LF Keystone Drive



Acquisition / removal of 3 homes



Acquisition / removal of church building



Relocation 2,000 LF active service utilities



Closure / relocation of 5,000 LF Coonskin Drive
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Loss of 20 picnic shelters / sites



Loss of 10 hiking trails



Interrupted access to Kanawha Railroad Club



Potential loss of return to service of inactive Norfolk Southern Corporation railroad in Coonskin
Park



Potential Socioeconomic, Environmental Justice and Children's Environmental Health impacts
to Keystone Drive residents and Coonskin Park users

All of the alternatives are color coded red for environmental and local impacts. The only differentiator is
the loss of 1,100 linear feet of Elk Twomile Creek in Alternatives 3A through 3D.

4.5.9

Summary Evaluation Matrix

The Level 1 evaluation criteria and alternative results are summarized in Table 4-10, Evaluation
Matrix Summary. The matrix allows the alternatives to be easily compared against one another using
the Level 1 evaluation criteria. The following alternatives were screened out:


Alternatives 3A, 3B, 3C, and 3D: Alternatives 3A through 3D differ from the other alternatives
because they would have the most extensive Runway 05 impacts. Extensive grading would be
required on the Runway 05 end, but the Runway 23 grading would not be significantly less. In
addition, the environmental impacts are estimated to be greater on the Runway 05 end with the
Alternative 3 series of alternatives compared to the other alternatives.



Alternatives 4B, 4D, 8B, and 8D: It was determined that Alternative 4B was the same as 4A,
Alternative 4D was the same as 4C, Alternative 8B was the same as 8A, and Alternative 8D was
the same as 8C in terms of the Level 1 evaluation criteria. This occurs because the Runway 05
end for these alternatives is fixed based on the starting point of the Runway 05 MALS. The 400
feet gained from the Runway 05 EMAS is already graded and was not considered an impact to
the fill needed on the Runway 05 end. Alternatives 4B and 8B would have the exact same
impacts as their A counterparts along with the additional cost of one EMAS. Similarly,
Alternatives 4D and 8D would have the exact same impacts as their C counterparts along with
the additional cost of one EMAS.



Alternatives 5B, 5D, and 6D: These alternatives were eliminated because they would have
similar impacts as their A and C counterparts but worse Runway 05 RPZ impacts. In addition,
the Runway 23 glide slope cannot be sited in the most ideal location (to the north).



Alternatives 5A, 5C, 6A, 6B, 6C, 7B, 7D, 8A, and 8C: These alternatives were eliminated
because they have similar Runway 23 impacts but more Runway 05 RPZ impacts and higher
Runway 23 wall heights when compared to the other remaining alternatives (4A, 4C, 7A, and
7C).

Alternatives 4A, 4C, 7A, and 7C remain and will be carried forward into Level 2. These alternatives
were found to have the lowest Runway 05 RPZ impacts, the least amount of NAVAID siting issues, the
lowest wall heights, and the least amount of construction impacts.
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TABLE 4-10

EVALUATION MATRIX SUMMARY
Evaluation Criteria

Alt.

Obstructions

ATCT
Siting

RPZ
Impacts
Rwy
05

Rwy
23

NAVAID Siting
Terminal
Impacts

Constr.
Phasing

Rwy
05

Rwy
23

Grading Requirements
Rwy 05
Grading/
Walls

Rwy 23
Grading/
Walls

Add’l
Constr.
Impacts

Env. & Local
Impacts
Env.

Local

Series 3 Alternatives: Start MALS from Western Property Limit
3 (A ,C)
3 (B ,D)
Series 4 Alternatives: Start MALS from Current Rwy 05 End
4 (A, C)
4 (B, D)
Series 5 Alternatives: Start RSA from South End of Runway 05 Wall
5 (A ,C)
5 (B, D)
Series 6 Alternatives: Start RSA from Current Rwy 05 End
6 (A ,C)
6B
6D
Series 7 Alternatives: Start RSA from Current Rwy 05 Full-Width RSA
7 (A, C)
7 (B, D)
Series 8 Alternatives: Start MALS from Center of Rwy 05 Wall
8 (A, C)
8 (A, D)
Source:

Landrum & Brown Team analysis.
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