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SERDP funds ~ 10 PIs on burial & mobility. Far more on developing better detectors
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Formerly Used Defense Sites (FUDS) 

Public Munitions Response Sites (MRS)

Homeland Infrastructure Foundation-Level Data (HIFLD)

DISTRIBUTION OF FUDS WITH MUNITION CONTAMINATION

12 Million Acres, ~ 5 Million Underwater or Coastal. Does not include active sites

Vieques, PR

Martha’s Vineyard, MA

https://hifld-geoplatform.opendata.arcgis.com/
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June 2017October 2017Dunes removed and detection underway

Vineyard Gazette: Jeanna Shepard

MV Times: A 100 pound photo flash bomb, dating 

back to WWII, was discovered at Long Point Wildlife 

Refuge on Tuesday (6/17). —Carol Charette

LONG POINT ONGOING REMEDIATION WORK
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JUNE 2015, USACE FEASIBILITY STUDY, TISBURY GREAT POND 

MUNITIONS RESPONSE AREA,  MARTHA’S VINEYARD, MA

http://www.nae.usace.army.mil/Portals/74/docs/Topics/MarthasVineyard/Tisbury/TisburyFeasibilityStudy.pdf
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Shoreline retreat and UXO exposure



Woods Hole Oceanographic Research on 

Surf-Zone Mobility and Burial of UXO
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Goals:

• To better understand which (if any) 

objects will migrate vs. bury

• There is a wide range of different 

munitions in varying states of 

decay

• What wave conditions can cause 

objects to migrate or dunes to erode?

• Our research will help site managers 

decide what remediation actions are 

appropriate

• How large an area  needs to be 

surveyed?

Surf Zone

DX~100 M

??
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SONAR TRANDCUERS

MOTION SENSORS
(from cell phones & game controllers!)

Surrogate sUXO

𝑆𝑜 𝑠𝑎𝑛𝑑 =
𝜌𝑈𝑋𝑂

𝜌𝑤𝑒𝑡 𝑠𝑎𝑛𝑑
= 0.9, 1.1, 1.3 2.0

𝑆𝑜 𝑤𝑎𝑡𝑒𝑟 =
𝜌𝑈𝑋𝑂

𝜌𝑤𝑎𝑡𝑒𝑟
= 1.8, 2.2, 2.5, 4.0

100 Lb. WW2 Bomb    𝑆𝑜 𝑤𝑎𝑡𝑒𝑟~ 4
Photoflash Bomb 

WAVE & CURRENT

SENSORS

Research Methods

• Explore a wide range of object parameter and forcing conditions.. e.g. big storms

• Focus on role of relative density (So), as not examined in previous research, using 

“realistic” objects
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WAVE & CURRENT

SENSORS
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Measured Migration Trajectories

S0 water = rUXO / rwater

• Migration vs Burial Strongly Dependent on Relative Density

• Less Dense Objects Migrated Across Surf-zone

• Little Along-shore Migration

• No sUXO made it to the beach.   All ended ~ 50 m offshore in ~ 1.5 meters depth

Deployment Locations

Final

Locations
(for mobile sUXO)

SHORE LINE
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Mobility Parametrized Modelling 

• To understand our measurements use “college-level-101” fluid dynamics

• Basically F=MA, with fluid (wave&current) forces and object mass & buoyancy

• Solve torque balance based on a prescribed initial burial depth (bd)

• This theory compares well to laboratory measurements for threshold of mobility

• Lab measurements typically start with no waves, then the wave maker is 

turned on at full force

• Very different from natural storms where waves increase over a few days 

and background wave and tidal flows are present

Dynamic Force Balance:

𝐹𝑏 = 0.5 𝐶𝑑 𝜌𝑤 𝐷𝑜 − 𝑏𝑑 𝑈𝑤 − 𝑈𝑜 𝑈 − 𝑈𝑜 + 𝐶𝑚𝜌𝑤
𝜋 𝐷𝑜 − 𝑏𝑑

2

4
 𝑈𝑤 −  𝑈𝑜 − 𝜌𝑤

𝜋 𝐷𝑜 − 𝑏𝑑
2

4
 𝑈𝑤

𝜌𝑜𝜋
𝐷𝑜
2

4
 𝑈𝑜 = 𝐹𝑏 + 𝐹𝑑

𝐹𝑑 = 𝑔 (𝜌𝑠𝑈𝑋𝑂 − 𝜌𝑤) 𝜋
𝐷𝑜
2

4
𝑏/(0.5𝐷0 − 𝑏𝑑) Rigid Object rolling on deformable bed friction 

Equation of motion:

Fluid Drag Inertial “Added Mass” Pressure Gradient

bd
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Results compared to theory

Relative Density S0= rUXO / rwater

Surf Zone Field Measurements:

• Theory could not classify field measurements in a natural surf-zone based 

on a constant initial percent burial 

• A time-dependent parametrized numerical model that accounts for slow 

burial of UXO was developed
• Introduced a new parameter: The rate of hydrodynamic energy change:

• Slowly increasing moderate waves sufficient for scour, but not object mobility -> BURIAL

• With waves increasing rapidly from a calm state, object is subjected to large waves before partial 

burial, -> MOBILITY

U
w

a
v
e

(m
/s

)



Results compared to the new theoretical approach

In locations with very low  

background wave energy, and 

then suddenly increasing waves 

UXO stay exposed on seafloor 

and are more likely to move during 

storms

S , Uwave initial motion for mobile objects

S , Uwave maximum for non-mobile buried objects

So =ruxo / rw
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Rate of Wave Velocity Increase DUwave/Dt (m/s/day)

0.1 0.3 1.1 3.4
Fast DUwave/Dt converges to 

previous “instantaneous forcing” 

model, Incorrectly predicts 

dense objects are mobile for 

Uwave > 0.6 to 0.8
Slow DUwave/Dt 

All but least 

dense objects 

bury

• Produces the same qualitative structure of a sharp transition in S0 as measurements.

•The time dependent relation between Uwave and S for  U increasing with realistic rates 

successfully classifies burial and mobility data.

In locations with 

moderate background 

wave energy most UXO 

will tend to bury, as 

wave forcing has 

sufficient time to 

gradually scour but not 

energy to mobilize 

objects 
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Using A Numerical Surf Zone Hydrodynamics Models to simulate sUXO Migration

• Not college 101 level fluid dynamics! Many PhDs go into making these models.

• Complex models with many adjustable parameters and choices to make when running them.

• Need extensive testing & validation for a given environment or set of processes.  

• Model results for final UXO location are sensitive to mobility threshold, but not to migration rate.  

• Final resting location is determined by a balance between swell onshore forcing and reflected wave 

group energy offshore forcing 
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Preliminary Conclusions based on Ongoing Research

• Munition mobility tends to be restricted to less dense objects

• Most dangerous “live training” munitions are more dense than typical 

mobility thresholds

• There are some exceptions with low density. e.g. photoflash bomb.

• Most migration tends to occur in across-shore direction in response to direct 

wave forcing

• Spreading of dense UXO to adjacent beaches over long distances is 

unlikely

• Shoreline erosion and dune migration exposing contaminated areas behind 

current dunes is a significant concern.
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Cape Hatteras, NC

There is always potential for “unexplained” appearance of UXO that fall from expected mean 


