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RAPID RUNWAY REPAIR PLANNING CONSIDERATIONS

STUDENT HANDOUT

I.
Introduction

A.
Lesson Purpose.  The purpose of this lecture is to familiarize the WTI student with the planning necessary to conduct Rapid Runway Repair (RRR) at an airfield.  The WTI student after this lecture will be able to task organize the repair crews and equipment needed to conduct effective Rapid Runway Repairs.  The WTI student will also know where to find information on RRR for planning purposes and know what communication requirements will be needed to execute the RRR plan.

B.
References
1.
NATO Standard Agreement 2929 (Secret)

2.
Operations Plan 1002 (Secret)

3.
FMFM 3-1

4.
TC 5-340, Air Base Damage Repair

5.
NAVY/MARINE CORPS Runway Crater Repair

6.
COMCBPAC/COMCBLANT OP PLAN 9000

C.
Enabling Learning Objectives 

1.
Without the aid of references, state the three main documents that assist planners in estimating potential airfield damage after an enemy attack.

2.
Without the aid of references, identify and describe the functions of the various crews that make up the RRR organization.

3.
Without the aid of references, identify the appropriate dispersal areas for personnel, equipment, and material stockpiles to support RRR.

4.
Without the aid of references, identify the means of communication available in regards to RRR, understand the communications requirements needed to perform RRR, and be able to develop a communications plan to support the RRR plan.

II.
Body

A.
Purpose
1.
The purpose of planning (any planning) is simple; it prepares you to accomplish a specific task.

a.
RRR planning is no different from any other engineering plan, except you do not use prints and the scope of the job is larger.

b.
Keep in mind that the runway repair planning and organization is similar to a small detachment.

c.
When planning, use operation plans and station disaster plans for information.

d.
While the goal in most planning is to be exact with as little waste as possible, the goal in RRR planning is to be ready for the worst case possible and hold a lot of excess.  Since the information you are dealing with is historical data on what could be expected to happen, you must interpolate the needs of your air base.

B.
RRR Specific Information
1.
Specific information on RRR can be found in various operation plans, the NATO Standard Agreement 2929, and station contingency plans.

a.
These documents will give an estimate on what type of damage to expect, how many craters to repair, and the time limit allowed repairing a Minimum Operating Strip (MOS).

b.
Also included in these various documents are the communication plan and the material, equipment, and personnel disbursement plans.

c.
It is important to note that all of the information contained in the documents above is either Secret or Confidential and should not be discussed openly.

d.
We will not discuss any of these documents further since they deal with specific troop strength, recovery ability and the disbursement of critical material.  However, if you are being sent to a specific location, it can not be over stressed the need for you to gain access to these documents.

2.
After reviewing all pertinent data, there should be a better understanding of what to expect.  The planning process can now begin.   

C.
Rapid Runway Repair Planning Process
1.
The first step in RRR planning is to make up a rough draft RRR organizational chart of your various repair crews.  An example of a RRR organizational chart is shown in Figure 1.  
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NOTE 1: FOD cover crews will be listed on the chart by what type of FOD cover they will be installing, i.e., precast panels, AM-2 matting, or FRP panels.

NOTE 2: The total number of crater, FOD, and spall crews that can be formed is limited to the number of personnel, assets, and materials that are available.

2.  The RRR Officer in Charge (OIC) controls all the repair crews during RRR operations.  Keep in mind that under ideal situations there should be one crater repair crew and one FOD cover crew for each crater that must be repaired in the MOS.  The repair crews involved in Rapid Runway Repair are as follows:

a.
Crater Crew Chief.  The Crater Crew Chief is responsible for directing the Crater Repair Crews and the FOD Cover Crews.  His main task will be the coordination of the equipment in the field and insuring that the repairs are being done correctly.

(1)
Crater Repair Crew.  The Crater Repair Crew has the following responsibilities:

(a)
Removing unwanted debris and ejecta from around a crater.

(b)
Repairing the sub-grade of a crater.

(c)
Repairing the base course of a crater.

(2)
FOD Cover Crew.  The FOD Cover Crew is responsible for the construction and placement of an operating surface over a crater repair.  There are four types of FOD cover crew that could be used in RRR.

(a)
Concrete Cover Crew

(b)
Pre-cast Concrete Panel Crew

(c)
AM-2 Matting Crew

(d)
Fiberglass Reinforced Polyester Panel Crew

b.
Hauling Crew Chief.  The Hauling Crew Chief is responsible for directing the Hauling Crew.  The Hauling Crew is responsible for the transportation of all fill and FOD cover material to the various craters. They are responsible for doing this on time and in the proper amounts.  This includes all fill and FOD cover material such as cement, aggregate, sand and matting.  The Hauling Crew is also responsible for the transportation of personnel working on the various repair crews to the craters.

c.
Support Crew Chief.  The Support Crew Chief is responsible for directing the Crater Support OIC/NCOIC, the Spall Repair Crew(s), and the Aircraft Recovery OIC/NCOIC.

(1)
Crater Support.  The Crater Support OIC/NCOIC is responsible for directing the Motor Transport Detachment, the Fuels Detachment and the Maintenance Detachment.  His main task will be the coordination of these assets to quickly refuel and repair RRR equipment while transporting small amounts of fill and FOD cover materials to the various repair crews

(a)
Motor Transport Detachment.  The Motor Transport Detachment is responsible for transporting material shortfalls to the Crater Repair and FOD Cover Crews.

(b)
Fuels Detachment.  The Fuels Detachment is responsible for providing refueling support to all RRR equipment.

(c)
Maintenance Detachment.  The Maintenance Detachment is responsible for providing rapid field maintenance to the equipment involved in the RRR effort.

(2)
Spall Repair Crew(s).  The Spall Repair Crew is responsible for repairing all spalls on the MOS.  The total number of Spall Repair Crews is determined by the availability of personnel, equipment and materials.

(3)
Aircraft Recovery.  The Aircraft Recovery OIC/NCOIC is responsible for directing the Clearing and Sweeping Crew, the MOS Lighting and Marking Crew, and the Aircraft Arresting Gear Installation Crew.

(a)
Clearing and Sweeping Crew.  The Clearing and Sweeping Crew is responsible for clearing and sweeping debris off the MOS.

(b)
MOS Lighting and Marking Crew.  The MOS Lighting and Marking Crew is responsible for the placement of the distance to go markers, centerline, edge markers and airfield lighting on the MOS.

(c)
Aircraft Arresting Gear Installation Crew.  The Aircraft Arresting Gear Installation Crew is responsible for the placement, operation and repairs of the M-21 aircraft arresting equipment.

2.
The second step in RRR planning is to determine how many personnel are available to work in the various repair crews.  You should find out at this time how many personnel, if any, the air base commander will supply and include them with your personnel.  Normally, the air base commander will want the runway up immediately and will agree to commit a fair share of personnel to the RRR effort.

3.
The third step in RRR planning is the most difficult and time consuming, identifying the equipment availability and requirements for RRR.  The use of the Equipment Availability Matrix, shown in Figure 2, will aid the planner in this task.
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**NOTE: See back of outline for a workable copy of Equipment Availability Matrix

D.
Personnel and Equipment Requirements: See the back of this outline for a quick reference chart to assist in identifying personnel and equipment requirements.

1.
Crater Crew Chief.  Listed below is the optimum equipment and personnel allocation:

a.
Equipment.  One Utility Vehicle

b.
Personnel
(1)
Crew Chief (MOS 1371)

(2)
One Driver (MOS 3531 or 2531)

2.
Crater Repair Crew.  Listed below is the optimum equipment and personnel allocation:

a.
Equipment

(1)
One Front End Loader/TRAM

(2)
One Bulldozer

(3)
One Vibratory Roller

(4)
One Road Grader

(5)
One Multi-Purpose Excavator

(6)
One or more Concrete Saws

b.
Personnel

(1)
Five Heavy Equipment Operators

(2)
Eight Laborers.  These personnel will be responsible for guiding equipment and for handwork on the edge of the crater.

3.
FOD Concrete Cover Crew.  Listed below is the optimum equipment and personnel allocation:

a.
Equipment

(1)
One Mobile Concrete Mixer

(2)
One Front End Loader 

(3)
One water distributor

(4) One EBFL or TRAM

b.
Personnel

(1)
Two Heavy Equipment Operator

(2)
Two Utility Operators

(3)
One Motor Transport Driver

(4)
Seventeen Laborers.  These personnel will be responsible for the filling of the cement bins, setting forms and for the placement of the concrete.

4.
FOD Pre-cast Concrete Panel Cover Crew.  Listed below is the optimum equipment and personnel allocation:

a.
Equipment

(1)
One Front End Loader with forks

(2)
One Lifting Beam

(3)
One Vibratory Compactor

(4) One or more Concrete Saws

b.
Personnel

(1)
Two Heavy Equipment Operators

(2)
Seventeen Laborers.  These personnel will be responsible for the hand screening of the fill material and the final placement of the panels.

5.
FOD AM-2 Cover Crew.  Listed below is the optimum equipment and personnel allocation:

a.
Equipment

(1)
One EBFL or TRAM Forklift with forks

(2)
One 5-ton Truck or M870

b.
Personnel

(1)
One Heavy Equipment Operator

(2)
One Motor Transport Driver

(3)
Twenty-one Laborers.  Sixteen for mat placement while the remaining personnel will man locking pins, hammers and pry bars to aid in the assembly of the mats.

6.
FOD Fiberglass Reinforced Polyester Panel Cover Crew.  Listed below is the optimum equipment and personnel allocation:

a.
Equipment


(1)
One EBFL or TRAM Forklift with forks

(2)
One 5-ton Truck

(3) One RTCH

b.
Personnel

(1)
Two Heavy Equipment Operator

(2)
One MT Driver

(3)
Twelve Laborers.  These personnel will be responsible for the unpacking, placement, assembly and anchoring of the FRP mats.

7.
Hauling Crew Chief.  Listed below is the optimum equipment and personnel allocation:

a.
Equipment.  One Utility Vehicle

b.
Personnel

(1)
Crew Chief

(2)
One Driver

8. Hauling Crew.  Listed below is the optimum equipment and personnel allocation:

a.
Equipment
(1)
All available Tractor Trailers

(2)
Two Dump Trucks per Crater Crew

(3) Three EBFL or TRAM Forklifts 

(4)
Three Front End Loaders

(5)
All available 5-ton Trucks

b.
Personnel
(1)
As required Motor Transport Drivers

(2)
Six Heavy Equipment Operators

9.
Support Crew Chief.  Listed below is the optimum equipment and personnel allocation:

a.
Equipment.  One Utility Vehicle

b.
Personnel
(1)
Crew Chief

(2)
One Driver

10.
Crater Support Crew Chief.  Listed below is the optimum equipment and personnel allocation:

a.
Equipment.  One Utility Vehicle

b.
Personnel
(1)
Crater Support OIC/NCOIC

(2)
One Driver

11.
Motor Transport Detachment.  Listed below is the optimum equipment and personnel allocation:

a.
Equipment

(1)
Two Dump Trucks

(2)
Two 5-Ton Trucks

b.
Personnel.  Four Motor Transport Drivers

12.
Maintenance Detachment.  Listed below is the optimum equipment and personnel allocation:

a.
Equipment.  Two Field Maintenance Trucks

b.
Personnel
(1)
Two Motor Transport Mechanics

(2)
Two Heavy Equipment Mechanics

(3)
Two Utility Mechanics

13.
Fuels Detachment.  Listed below is the optimum equipment and personnel allocation:

a.
Equipment.  One Refueler

b.
Personnel
(1)
One Refueler Driver

(2)
One Refueler

14.
Aircraft Recovery.  Listed below is the optimum equipment and personnel allocation:

a.
Equipment.  One Utility Vehicle

b.
Personnel
(1)
One Aircraft Recovery OIC/NCOIC

(2)
One Driver

15.
Spall Repair Crew.  Listed below is the optimum equipment and personnel allocation:

a.
Equipment.  One Utility Vehicle

b.
Personnel
(1)
One Motor Transport Driver

(2)
One Spall NCOIC

(3)
Three laborers.  These personnel will be responsible for the mixing of the spall filler material and the placement of that material.

16.
Clearing and Sweeping Crew.  Listed below is the optimum equipment and personnel allocation:

a.
Equipment
(1)
One Road Graders

(2)
All available Sweepers

(3)
One Front End Loaders

(4)
Dump Trucks, as many as can be spared from the Hauling Crew and the Motor Transport Detachment (minimum of two).

(5) One 250 CFM Compressor

b.
Personnel
(1)
As required Motor Transport Drivers

(2)
Two Heavy Equipment Operators

(3) Two Utilities Operators

17.
MOS Lighting and Marking Crew.  Listed below is the optimum equipment and personnel allocation:

a.
Equipment.  One Utility Truck

b.
Personnel.  As required Aircraft Recovery Personnel

18.
Airfield Arresting Gear Installation Crew.  Listed below is the optimum equipment and personnel allocation:

a.  Equipment
(1)
M-21 Arresting Gear

(2)
One 10,000 lb. Forklift

(3)
One 7 1/2-ton Crane

(4)
One Excavator

(5)
One Utility Vehicle

b.
Personnel
(1)
Ten Aircraft Recovery Personnel

(2)
Two Surveyors

(3)
Three Heavy Equipment Operators

(4)
One Motor Transport Driver

E.
Material Requirements: Figures 3 – 8 provide a quick reference for estimating material requirements and only should be used during rapid or crisis planning.  This is because graphs may be off by several tons, which would unnecessarily tie up critical equipment and manpower.  Therefor, planners should always use deliberate planning when estimating material requirement because of the unreliability of graphs.  Material estimation equations are provided at the end of this outline and should be used whenever possible.  

1.
Fill Material.  There are three basic types of fill material used for crater repair.

a.
Ballast Rock.  Ballast rock is used for craters that are wet or have unsuitable backfill material.  A small crater having an actual diameter of 20 feet would require 75 cubic yards of ballast rock.  A large crater having an actual diameter of 40 feet would require 300 cubic yards of ballast rock.  Refer to Figure 3 to determine the proper amount of ballast rock needed for a given crater diameter.
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b.
Crushed Stone.  A small crater having an actual diameter of 20 feet would require 30 cubic yards of crushed stone.  A large crater having an actual diameter of 40 feet would require 120 cubic yards of crushed stone.  These figures are based on the assumption that 25% of the crushed stone will be used for base course supplementation.   Refer to Figure 4 to determine the proper amount of crushed stone needed for a given crater diameter.
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c.
Sand.  A small crater having an actual diameter of 20 feet would require 20 cubic yards of sand.  A large crater having an actual diameter of 40 feet would require 80 cubic yards of sand.  The main use for the sand is for the placement of the sand grids used when preparing the crater for a FRP FOD cover.  Refer to Figure 5 to determine the proper amount of sand needed for a given crater size.
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2.
FOD Cover Material.  There are four types of FOD cover that can be used by the Marine Corps for crater repair.

a.
FRP Panels.  A small crater having an actual diameter of 20 feet would require 900 square feet of FRP panels.  A large crater having an actual diameter of 40 feet would require 3,600 square feet of FRP panels.  FRP panels must extend beyond the edge of the repaired section to provide the necessary stability support for anchoring.  Five feet on all sides for small craters of 20 feet or less in diameter and ten feet for large craters.  Refer to Figure 6 to determine the proper amount of FRP panels needed for a given crater size.
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b.
AM-2 Matting.  A small crater having an actual diameter of 20 feet would require 576 square feet of AM-2 matting.  A large crater having an actual diameter of 40 feet would require 1,936 square feet of AM-2 matting.  AM-2 matting must extend two feet on all sides beyond the edge of the repaired section for both small and large craters to provide the necessary stability support for anchoring.  Refer to Figures 7A and 7B to determine the proper amount of AM-2 matting needed for a given crater size.
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c.
Rapid Set Concrete.  The amount of concrete needed for FOD cover can be determined by multiplying the length of the crater (ft) by the width of the crater (ft) by the thickness of the desired pour (ft) needed for a flush repair, then dividing the total by 27 to convert into cubic yards.  Each cubic yard of concrete would require:

(1)
Eight Bags of Portland Cement

(2)
One Cubic Yard of 3/4 Inch minus Aggregate

(3)
One Cubic Yard of Sand

(4) Water

d.
Pre-cast Concrete Panels.  A small crater having an actual diameter of 20 feet would require 16 pre-cast concrete panels.  A large crater having an actual diameter of 40 feet would require 49 pre-cast concrete panels.  Refer to Figure 8 to determine the proper amount of pre-cast concrete panels needed for a given crater size.
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e.
Crushed Stone.  The amount of crushed stone needed for FOD cover can be determined by multiplying the length of the crater (ft) by the width of the crater (ft) by the depth of the crater (ft) to be filled in feet, then dividing the total by 27 to convert into cubic yards.  The thickness should be increased by four inches when making this calculation.  Four inches of crushed stone above the undamaged pavement would allow for a flush FOD cover repair after compaction.  This method is not necessarily recommended for runway or taxiway repairs for fixed or rotary wing aircraft.

3.
Spall Material.  The five types of spall repair material we will be discussing are as follows:

a.
Silical.  Silical is a powder that can be mixed with a catalyst, hardener, accelerator and if needed, pea gravel.  Only use if Spall is 2 inches or deeper.

b.
Cold Mix Asphalt.  The cold mix asphalt is used for a temporary patch only for spalls.  The spall is filled to within 1 1/2 inch of the pavement surface with a well-graded stone, which is heavily compacted with a plate compactor.  The stone is then topped with a 2 1/2 inch layer of Amalgavpave 
which is compacted flush with the pavement surface.

c.
Penatron (Polymer).  Penatron is formed when components "A" and "B" are mixed together with aggregate.  The mixed material encapsulates the rock and forms a matrix bond with the rock and concrete.  The material begins to set in 7 to 9 minutes and has a drive over time of 45 minutes.

d.
Magnesium Phosphate.  Magnesium Phosphate is mixed in a concrete mixer for 1 to 2 minutes.  You can extend the mix by 50% by mixing in pea gravel.  Magnesium Phosphate must be used immediately after mixing.

e.
Rapid Set Concrete.  Rapid Set Concrete is a mixture of Regulated Portland Cement, aggregate, sand and water.

4.
Material Availability Matrix.  Knowing the different types of materials available for Rapid Runway Repair, the planner can then calculate the material requirements needed to perform Rapid Runway Repair at his airfield.  This is done by using the Material Availability Matrix (Figure 9), which identifies the materials needed for each type of repair.  The first phase is to identify what materials are available to you, which is done by going through the Base Contingency Plan and by talking to the Logistics Officer.  The next phase is to determine the anticipated total number of craters and spalls that would need to be repaired to achieve a Minimum Operating Strip (MOS).  This information can be found in the Standard NATO Agreement 2929, the Base Contingency plan, and intelligence reports.  If this information is not readily available then at a minimum, plan for 12 craters with an average diameter of 35 feet and 400 spalls on your MOS.
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F.
Dispersal
1.
Personnel.  Always refer to your Base Contingency Plan.  As a key, wooded areas around the airfield are ideal sites for personnel placement.

2.
Equipment.  Equipment dispersal would be the same as personnel dispersal.  Refer to your Base Contingency Plan, but wooded areas around the airfield are ideal sites.

3.
Material Stockpiles.  Refer to your Base Contingency Plan.  Underground storage next to runways and remote locations less than two miles away from the runway are ideal.

G.
Communication.  As we know, communications is the key to successful completion of a given task.  In RRR, everyone must communicate to accomplish the task.  The first step is to list the types of communications available to you.

1.
Communication Options.  Communication options for Rapid Runway Repair are as follows:

a.
Base Telephone System.  This is the first option of communication, but you must anticipate it being damaged during the attack.

b.
Radio.  This is the second option of communication.  The main consideration is whether or not it is compatible with the rest of the base's radio network, i.e., Control Tower, MP's, etc.

c.
Messenger.  This is the final option of communication and will require extra personnel to run.  This method is the most reliable and secure means of communication but is the most time consuming.

2.
When making a communications plan, use all three of these communication options plus any additional methods you deem necessary.  This will allow for proper backup in case of any unforeseen events.

H.
Operation Order.  Once the Rapid Runway Repair planning phase is complete, the following information must be submitted to the air base commander.  This information will be part of the Air Operation Order or unit Operations Order.

1.
Annex A: Rapid Runway Repair Organization

a.
Appendix I: Specific Personnel Assignments to the Rapid Runway Repair Organization

b.
Appendix II: Specific Responsibilities of Rapid Runway Repair Organization Positions

c.
Appendix III: Rapid Runway Repair Organization Communications Plan

d.
Appendix IV: Rapid Runway Repair Organization Essential Support Equipment Assignments

2.
Annex B: Intelligence (Include only items that are in addition to the intelligence already found in the Air Operation Order)


a.  Appendix I: Rapid Runway Repair Capability Assessment

3.
Annex C: Operations

a.
Appendix I: Pre-attack Actions

(1)
Tab A: Personnel Dispersal Plan

(2)
Tab B: Support Equipment Dispersal Plan

b.
Appendix II: Post-attack Actions

(1) Tab A: Recall Plan

c.
Appendix III: Equipment Hardening Actions

d.
Appendix IV: Crater Repair SOP

(1)
Tab A: Crushed Stone Compaction Requirements

(2)
Tab B: Mix Design for Regulated Set Portland Cement

(3)
Tab C: Spall Repair Procedures

e.
Appendix V: Anticipated EOD Support

f.
Appendix VI: NBC Decontamination Support

g.
Appendix VII: Tool/Collateral Equipment Requirements

4.
Annex D: Logistics

a.
Appendix I: Rapid Runway Repair Resource Matrix

(1) Tab A: Local Sources of Rapid Runway Repair Material

b.
Appendix II: Medical Support

c.
Appendix III: Billeting and Messing Arrangements for Rapid Runway Repair Crews

d.
Appendix IV: Relief Schedule

5.
Annex E: Rapid Runway Repair Training Schedule

III.
Summary


Today we have covered what is involved in RRR planning, what types of crews are required, and where to find information for planning purposes.  We have also discussed material, manpower and equipment dispersal, and the communications requirements of a RRR organization.  With this information you should be able to develop a RRR Plan, in Operation Order format, for the air base commander.
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MATERIAL ESTIMATE PLANNING FIGURES

Determining the quantity of material for repairs is based on the shape and type of repair 

being conducted (i.e. normal crushed stone, cheap ballast, choked ballast, or sand)

	Estimating Fill Material for crushed stone, ballast rock and sand (in feet)

	Area (A) of square/rectangle
	L x W = ft2

	Area (A) of Cylinder
	3.1416 x R2 = ft2 [or] 0.7854 x D2 = ft2

	Volume (V) of Square/Rectangle 
	L x W x H = cu ft

	Volume (V) of Cylinder
	3.1416 x R2 x  H = cu ft [or] 0.7854 x D2 x H = cu ft

	Conversion: cu ft to cu yd
	cu ft divided by 27 = cubic yards

	Estimating FOD Cover Requirements (in feet)

	AM-2 Matting
	(L+4)(W+4) = ft2 matting 

	FRP
	Kit = (4) 34 2/3’ x 32’ or (1) 69 1/3’ x 62’ panels

Craters <20’ diameter require 5’ overhang

Craters >20’ diameter require 10’ overhang

	Pre-cast Concrete Slabs


	Slab = 2 x 2 meters (meter = 3.2808 ft)

Y = L divided by 6.5616 (round up to whole #) 

Z = W divided by 6.5616 (round up to whole #)

Y x Z = # slabs required

	Rapid Set Concrete

     Portland Cement

     ¾ Inch Aggregate

     Sand

     Water
	V of repair (square/rectangle/cylinder)

     8 bags per cu yd concrete

     1 cu yd per cu yd concrete

     1 cu yd per cu yd concrete

     TBD by sump required


A = Area

L = Length


H = Height/Depth

cu ft = cubic feet


V = Volume

W = Width


ft2 = feet squared

cu yd = cubic yards


R = Radius

D = Diameter


< = less than


> = greater than







 

	MATERIAL AVAILABILITY MATRIX

DATE:

	TYPE OF MATERIAL
	ON SITE INVENTORY
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	FILL
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	BALLAST ROCK
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	PRECAST CONCRETE
	
	
	

	
	REHEATED ASPHALT
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	MIX
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	MIX
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	COLD MIX ASPHALT
	
	
	

	

	SPALL AND FOD COVER
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	WATER
	
	
	

	

	OPTIONAL MATERIALS
	SAND GRIDS
	
	
	

	
	GEOTEXTILE SEALS
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