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Llearning Olyjectives

Discover the Key steps to delivering
Airfield Resilience in coastal areas

Learn lhow innovation can be achieved with a novel
blend of existing techniques and new technology

’j Explain how Initial Cost and Life Cycle Cost work
=% logether to support Course of Action selection

|'1 Underscore the importance of full Stakeholder
AU Emgagement in infrastructure project development




overview

 Langley History
 Military Resilience

* Ildentify Problem

- Teaming & Approach
« Technology & Timing
* Findings

« Courses of Action

- Q&A




Langley Airfield History

June 9, 1941 From the Bruno Dall’Ava Collection

Design
aircraft

= B-17

Built by Army
Corps of
Engineers

Current runway built 83 years ago ' " & i i almcnart micio pavewext
. . e [ JOINT DETAIL

=y {AE3TRICT IOy Ll are
(VAb-B52L~1BRIXE~9~41-2:25F02-10000) CAMOUFLACED RUNWAYS, LANGLEY FIELD, YA | o\ 7o O




current Mission and operations
JointBase Langley - EUSHS sieaoperaio

Ai rf Id Operatlons
Threats/Challenges

o P

a6k
Flat Topography Sealevel Rise Subsidence

urrent Future

—

Fifth Gen n Formal Training Unit Optimization Draft EIS



Why do tlis Project?

\

Spending increasing Runway is degrading Need a long-term plan
amounts on runway faster than it is to guarantee future combat
maintenance being fixed power projection




Military Installation Resilience

Resourceful +
Redundancy

Robustness

Redundancy

— T — )
Resilience- , Climate-
Focused Informed

Q@

Performance /£
Recovery

Response




The Problem? Easyas..1 2 3

F
| 8 EL R
Airfield sinking Water rising Groundwater is rising
approximately approximately approximately

1!! 2!! 3 yy
every 10 years every 10 years every 10 years

(2-5’ below runway base
depending on season)




Ihie Frobilem

1933 1999 2003 2009 2011 2012 2015 2016 2016

Unnamed Floyd Isabel Nor’easter Irene Sandy Joaquin Hermine Matthew
Water
Levaty | 89 6.3 7.9 7.6 75 6.9 65 | 612 | 578
Storm
Wind 82 95 62 75 85 90 46 65 61
(mph)
s % |NoData|NoData| 146M* | 44M* | 1.5M* | 40K* | 6.5M* | 9K* | 168K*
open  |NoData|NoData| 4days | 72hrs | 24 hrs | 24 hrs | 72hrs | 18 hrs -
Base Open | No Data|[No Data| 1 Wk | 48hrs | 24 hrs | 24 hrs | 72 hrs - -

ST98M in damage between 2003 and 2016




Water Level Rise: +4.5 Feet

“ater .evel
'S TeeT MEVIES




current Resilience Status:
Action Plan

- Glimate change mitigation planning ongoing for aimost 10

years
- Protections already in place:
- 895 Best Management Practice Structures
112 Outfalls
124,000 galion/minute pumping station
2 Miles of Living Shorelines
3 Miles Sea Wall and Rip Rap
- 9 Adaptively Designed Shoreline Water Barriers
- Protective effect degrades as tides rise, storms surge, and
features hecome damaged and/or hecome submerged




Current Resilience Status:
North Airfield District Master Plan

Reloaty Hush Hoases and Maimtenance Shop Stemage
it a4 88E nd 555

Comnet Duncam Ave teMorth Ramp for MunRions Boute
et 343 ELEW NED#]

Graphic Legend
Installation Boundary
ADP Boundary
Demolition "= o et~

1 Planned Facility N
[ Existing Facility 3
[ Pavementand Sidewalk
Elevation Contours (67)
— — — Airfield Imaginary Surfaces & OD Arcs
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1 Trees
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Planned Fence
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Resilience Status:
Future Plans

F- : 7 ._; Yoo.4 88

Stormwater Best P B T B _
Management Practices p3es ot fiaggh R N
(BMP) designed, priced, i« e il L] e

and ready for construction v - 7/

4 | Dry Swale + Underdrain

4 ..-r I..Ll:lr"l|:u o MO

4 L] LLE: Turf to Fonest

A A LLE Turl 1o MO

4 [o/| Wetland Restoration

d | Tree Planting
el |

A o LLE b, o T

4 | LLE MO 1o Forest




PROJECT APPROACH




PROJECT APPROACH

| B

Airfield sinking
approximately

1"

every 10 years

Et

Water rising
approximately

2"

every 10 years

=

Groundwater is rising
approximately

every 10 years
-5 below runway ba

(2
depending on season )



PROJECT APPROACH

PROBLEM + WHERE -+ WHAT + TEAM

Above Geospatial Subsidence
Stormwater Conveyance
Around Coastal Condition
Integation w/ Resilience Plan
on Pavement Surface Condition
Repair History
In Pavement Matrix
Pavement Strength

Under Geophysics




+ TEAM Alove

Geospatial Runway Surface Sulisidence — E059

Around
Stormwater Conveyance — Coastal Condition — Integration with Resilience
Nimiley-Horn ENGenuity Infrastructure Plan — NuGlobal
on

Pavement Surface Condition + Repairs — AFCEC /633 CE Suuadron

in
Pavement Matrix / Bearing Capacity — GET Solutions

Under
Geophysical Composition — Collier Geophysics




Above

- AP P “ c n'" 0 N Geospatial Runway Surface Subsidence — F059
inSAR"

Around

Stormwater Conveyance — Coasial Condition — Integration with Resilience Plan —
Kimley-Horn ENGenuity Infrastructure NuGlobal

Hydrologic & Hydraulic Coasial studies Resilience

on
Pavement Surface Condition + Repairs — AFCEC /633 CE Sguadron

PCr

n
Pavement Matrix / Bearing Capacity — GET Solutions

Geotechnical Studies

Under
Geophysical Composition — Collier Geophysics

FOEM " & GPR Additional Info Coming Next..




Translating Technology

inSAR Interferometric Synthetic Aperture RADAR (inSAR)
PCI 2023 Air Force Civil Engineer Center Pavement Condition Index Report
Field Data Field Inspection and Repair Records from 633 Civil Engineer Squadron
Core Samples from recent design/construction project
Geotech : .
Test pit data from recent projects
FDEM Frequency Domain Electromagnetic (FDEM)
GPR Ground Penetrating RADAR (GPR)
Hydrology & Hydrography
H&H Visual inspection of sheet flow and edge drain condition

Capacity review of existing drainage network/model

Coastal Study

Engineering Inspection of coastal areas near airfield




InSAR lnterferometric Synthetic Aperture Radar]

= Satellite data can be used to calculate £
measurements of millimetric ground >
movements.

i

——

= By using long time series,
movements rates and their
variations over time can be
calculated.

wavelength ~5 cm

U W N R P O i 2 O
i x.\ y / \ / \ / \/ \ K]
i X X ' fF X % X
Imagel —/ /\ \ £ K ) A i A\
I A T \ f F ) \ ! \ \ J ‘\ !
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Image 2...n / / \ \ ‘ \
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millimetric distances can be measured through the phase



Pavement Condition fndex [PCI] suprox. every 4 yrs =

@\ Rt
PN =

* Provides numerical rating of pavement =
surface condition ey

- Based on observed surface distresses 7

* Indicator of structural issues and - >
operational concerns PR o~

_ == REPRESENTATIVE
g Rel PCI pel PAVEMENT
Ui = — SURFACE

ROUTINE
MAINTENANCE
X
PAVEMENT
PRESERVATION
MAJOR
REHABILITATION
SERIOUS
FAILED




frequency Domain Eleciromagnetic [FDEMI

= Electromagnetic energy directed = Technology allows:

down and measures electrical * In-situ measurements of
properties of subsurface bulk ground conductivity
materials and magnetic susceptibility
= Different materials (sand, silt, clay, « Can measure properties
water...) have different electrical at multiple depths

characteristics




Ground Penetrating Radar (GPR)

* GPR sends and receives high-
frequency (10MHz-2,500MHZz)
electromagnetic waves to detect
buried objects or structures

= Technology allows:

* The detection of metallic and
non-metallic objects as well as [
geologic boundaries, and voids.

« Good estimation of depth to -

targets




FOEM and GPR Dala Collection

FDEM and GPR Data

collected with:

« 5-foot profile spacing on
the runway
10-foot profile spacing in
the wings RTK GPS s _

A L]
li!"
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__I_l al-ﬂ el | S e _
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| 3-Coil Receiver FDEM
* mounted on a fiberglass ca

P

Dual Frequency (170MHz/600MHz)
GPR with encoder wheel
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InSAR Results

» Subsidence = yellow/red “hot spots

« Larger deformations @ R/W ends

« Largest subsidence nearest water

* This was a “quick look” study

* More detail can be made available
during runway repair design phase




FOEM Results - Conductivity Shallow Sensor

Northing (m)

Northing (m)

4105200

4104800
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4105000

Coil 1 - Southwest ( ~ 7ft Depth) Coil 1 - Center ( ~ 7ft Depth)

4104000 4105100

Northing (m)

4104700
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379200

Easting (m) . Easting (m)
Apparent Conductivity (mS/m)

Coll 1 - Northeast ( ~ 7ft Depth)
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Shallow Low-Conductivity
Anomaly

Scale (meters,
380000 380200

[ 200 400 600

Easting (m) Coordinate System: WGS 84 UTM Zone 18N meters

MNote: Low conductivity vaiues [cosler colors) represent more coarse
groined or sandier material with fines (4its deys) increasing with higher
coruttivity (warmer calarz).

Cenauctinty vaiues below 20 mS/m [pink aress| have the potential
foe higher sand content end permesdility.

Depths listed stove are the approvimate maxmium depth
schisvabie by the indiwoual coil Dut net orfrmed

FDEM Results

Langley Air Force Base
Hamgton. VA

@ Kimley-Hom
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FOEM Results - Conductivity Mid Sensor

Coil 2 - Southwest ( ~ 14ft Depth) Coil 2 - Center ( ~ 14ft Depth)
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FOEM Results — Conductivity Deep Sensor

Coil 3 - Southwest ( ~ 22 ft Depth) Coil 3 - Center ( ~ 22 ft Depth)
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FOEM Results - In-Plhiase Deep Sensor

4108200

Northing (m)

4104700

4104200

378000 378200

Note: Law conductivity values [codler colors) represent more coarse
grained or zandier material with fines (silts clays) increasing with higher
conductivity (warmer colors|

Linear red features represent utilities and infrastructure.

Cepth fizted above are the spproximate maximum depth
achievable by the individual coil but not confirmed

378400

In-Phase Signal (~ 22ft Depth)
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GPR Data Example (600MHz Datal

Portland Cement Concrete ™
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High amuplitude reflections from this interface could be caused by
sandier materials containing more water




GFPR Dala Example [600MHz Datal - Outside Runway
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GPR and FOEM Anomaly Comparison
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Ffindings: Viewing the Patients “MRI”

« Taking all our Langley Runway
research material and
stacking it, we get a
multi-method/muilti-
parameter “MRI” of
the runway:

Stack Map of InSAR, PCI, GPR & FDEM Data A

Pavement Condition Index
Subsidence

GPR Anomalies

FDEM Inphase

Apparent Conductivity (mS/im)

71-83
’ InSAR Data []%5% 10 20 30 40 50 60 70 80 90 100110120

F D E M @ Ap p r. 7 Deformation Scale PCOR
_'5— 4r-55

YERY POOR Data Results Stack Map

F D E M A r 1 4’ - "_w = Joint Base Langley-Eustis

" 0 mm/fyr -|:-N;sl ’ Hampien, VA
FDEM @ Appr. 22 i e G [ tmerton
p p r. ¢ " =0 e iy I:] HoT TR COLLIER |Prcject®: ZECEEEIFIGURE
Coordinate System: WGS 84 UTM Zone 18N meters e
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Finaings:
Geophysical:

No significant internal issues found in the concrete
runway or the cement treated base

Soil composition varies greatly.

Sandier and higher water content soils appear to be more
prevalent in the eastern portion of the runway.

Sandier soils may erode easier and thereby accelerate
subsidence.

Not a focus of this investigation = unknown utilities
were discovered below the runway



Findings:

= Runway concrete is structurally sound
= Surface deterioration rate is increasing
« See 2019 to 2023 comparison
= Deferred maintenance has compromised
runway layers
« Stormwater + Storm surge + Ground water
= Continued water rise and subsidence will
accelerate deterioration
= Repairs must establish
« A“tight roof” (runway surface)
 A“dry basement” (move water from base
layers)

7-Color PCI by Section
I Good 86-100
- Satisfactory 71-85
[ ] Fair 56-70

[ | Poor 4185
- Very Poor 26-40
- Serious 11-25
[ Failed 0-10
l:l Not Rated




Findimgs:

Achieving a “tight roof & dry asement”

= Stay above rising groundwater
« Raise runway elevation

= |mprove surface drainage
* Provide proper runway profile

= Create a sub-surface drainage path for water
 Add drainage layer

= Minimize effect of flooding _ oo

* Harden the airfield against storm surge ; LH it

Defend from tidal influences N
- g 7 W

- Utilize gate valves and pumps : T e
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Courses of Action [C0A4s]

COA Variables

DESCRIPTION

o Sustain/Maintain/Modernize

CONTINUE ANNUAL MAINTENACE

* New location/Keep location
 Move North/Move West

REHABILITATE WITH NEW SHOULDERS

« Asphalt/Concrete/Combo

CONSTRUCT NORTH PARALLEL RUNWAY

« Same/New pavement section
« Same or higher elevation

UNBONDED CONCRETE OVERLAY

Cost / Schedule / Phasing

ASPHALT CONCRETE OVERLAY

RAISE RUNWAY IN PLACE (CONCRETE)

RAISE RUNWAY IN PLACE (ASPHALT)

RELOCATE RUNWAY TO WEST

RAISE RUNWAY AND RELOCATE WEST




COAs: Taking it to the Bank

It is DoD policy on large scale projects to consider just First cost,
but also Life Cycle Cost (LCCA). Here’s how our COAs stacked up:

COA#

0o ~N OO A WODN-O

DESCRIPTION

INITIAL COST

CONTINUE ANNUAL MAINTENACE $2M/YR-$4M/YR | $257M - $258M
REHABILITATE WITH NEW SHOULDERS $38M - $42M $316M - $320M
CONSTRUCT NORTH PARALLEL RUNWAY | $254M - $280M | $446M - $472M
UNBONDED CONCRETE OVERLAY $97M - $107M $332M - $342M
ASPHALT CONCRETE OVERLAY $87M - $96M $328M - $337M

RAISE RUNWAY IN PLACE (CONCRETE)

$252M - $278M

$257M - $283M

RAISE RUNWAY IN PLACE (ASPHALT)

$239M - $263M

$258M - $282M

RELOCATE RUNWAY TO WEST

$216M - $238M

$224M - $246M

RAISE RUNWAY AND RELOCATE WEST

$237M - $261M

$243M - $267M




Slide 39

HRO part of the value of this is convincing senior leaders that this is a requirement.
The unrealized cost (hidden but actual) - TDY, mission
mission cost + COA cost.
make sure to highlight flooding

proving that you need this is
Hill, Ryan, 2024-06-07T21:22:21.452



COAs: And Stakeholders Chose...

pAb

Keep runway location .« — COA 6 - RAISE RUNWAY IN PLACE (ASPHALT) Kimley»Hom
Rubblize existing runway Ewr i % e D
Raise r/w elevation 24"

* Improves surface drainage
» Elevates above ground water for 50 years

Create drainage layer
Touchdowns = 1,000’ concrete
Center = 8,000" asphalt

First cost $240-260M

Phased construction
» Full closure for center phase

PROPOSED DRMKAGE WPAOVEUENTS | | PROPOSID OVERRUN

|- WCREASED UFE CYCLE COST




Summary and Takeaways: .
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ler's Make
This Happen!




Name

Affiliation

Project Role

Contact

Air Force (Partial Li

st of Many More Stakeholders...)

Bob Barrett

Engineer Flight Chief

Senior Executive

robert.barrett@us.af.mil

LtCol "Bogey" Parr

1 FW/Ops Support Sq CC

Senior Pilot

evan.parr@us.af.mil

1Lt Grace Russell

Engineer Flight

Project Mgr

grace.russell.2@us.af.mil

Joe Zagari

Engineer Flight

Project Mgr

joseph.zagari.2@us.af.mil

Anhthu Nguyen

Engineer Flight

Project Mgr

anhtuh.nguyen@us.af.mil

Melvin Carter

Asset Mgmt Flight

Master Planner

melvin.carter.3@us.af.mil

Consultant Team

Michael Creasy

Guernsey Tingle

Project Manager

mcreasy@guernseytingle.com

Jaclyn Flor

ENGenuity Infrastructure

Environmental/Shoreline

jflor@engenuitynj.com

Jeffrey King

ENGenuity Infrastructure

Environmental/Shoreline

jking@engenuitynj.com

Daphne Williams

NuGlobal Solutions

Installation Resiliency

ddwilliams@nuglobalsolutions.com

Kandi Brown

NuGlobal Solutions

Installation Resiliency

kbrown@nuglobalsolutions.com

Jay Wheeler GET Solutions Geotechnical JWheeler@getsolutionsinc.com
Doug Laymon Collier Geophysics Geophysics doug@colliergeophysics.com
Bryan Hafertepe Connico Cost Estimate bahafertepe@connico.com
Michael Feeney Connico Cost Estimate mgfeeney@connico.com

Carl Pucci EO59 Surface Geospatial carl@eo59.com

Alfredo Rocca EO59 Surface Geospatial alfredo@e059.com

Veronica Mercuri  |EO59 Surface Geospatial veronica@eo59.com

Tony Esposito Kimley Horn Airfield Pavement tony.esposito@kimley-horn.com
Lauren Sweeney |Kimley Horn Stormwater lauren.sweeney@kimley-horn.com
Jamie Williams Kimley Horn Project Data Coordinator  |jamie.williams@kimley-horn.com
Scott Borges Kimley Horn Task Leader scott.borges@kimley-horn.com




	Learning Objectives
	Overview
	Military Installation Resilience 
	Current Resilience Status:�North Airfield District Master Plan
	InSAR (Interferometric Synthetic Aperture Radar)
	COAs: Taking it to the Bank
	COAs: And Stakeholders Chose…
	Summary and Takeaways:
	Let’s Make �This Happen!

