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MR19-1126: Advanced Capabilities in the

Underwater Munitions Expert System (UnMES)

Underwater Munitions Expert System

Develop computer-based probabilistic expert
system for predicting UXO location and burial

> Synthesize basic knowledge of underwater
UXO burial, migration, re-exposure

> Address knowledge gaps

> Predict areas of UXO concentration,

ili & UXO, Waves, UnMES "'l"'-*:"
exposure, stability Koo |amp| Migroton & |
i Sediments Burial :
- Important environmental factors  Burial
- Physics-based modeling of processes =

- Validation by recent field & laboratory data
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UnMES: Module in Decision Support System

Site of Interest
,, 1 l
Environmental Military Human
data —l archives Activities
SERDP Munitions Sensor
Response Performance ‘
Field Studies Risk
Assessment
Lab & l
Modeling
Studies Visualization and

decision support
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UnMES: Module in Decision Support System

Site of Interest
¥ M'Il'(t l
Environmental lhitary Human
data —l archives Activities
Sensor
Performance
SERDP Munitions 1\
RespOnse Field Studies UnMES Risk
> Assessment
Lab & s |Re-exposure|\ l
Modeling Mierati
Studies Burial \gration Visualization and

decision support
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UnMES Implementation: Probabilistic Bayesian Network

(Water=Depth)
(SedGrainSize )

Environmental input (Rate_Wave_Growth )
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(Wave_Direction )

CWave-UXO_angle

Total%Burial

(UX0_angle )

Initial
conditions

/ (Erosio n/Accretion )
—

Predictions

( Current )

lmpact%BuriaI)—>Clnitial%Burial )
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Y
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CBedform Burial HDune_Length )

» Implemented as Bayesian Network in Netica™ software
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A PL » Arrows indicate causal relationships between forcing and UXO behavior SYM PUSIUM
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UnMES Implementation: Probabilistic Bayesian Network

Environmental input ~ (Rate_Wave_Growth )

Fixed Values Water_Depth)
(SedGrainSize ) (Peak_Hsig) CPeriod

(Current_Direction ) Required Environmental input
gathered during EE/CA, RI/F'S stages

(Wave_Direction )

Environment may be poorly known -
* low cost, minimal investment: inputs may be broad distributions
- spread in output distributions represent large uncertainty
or Environment represented by high-fidelity model
 e.g. DELFT3D implementation (Palmsten & Penko)
= narrow output distributions represents higher certainty

» Variables (nodes) represented by Probability Distributions SERDP - ESTCR

A PL > Probability structure accounts for uncertainty SYM POSI U M
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UnMES Implementation: Probabilistic Bayesian Network

(Rate_Wave_Growth )

(Water_Depth)
(SedGrainSize ) (Peak_Hsig ) (Period

Y
(Current_Direction }’(Wave-Current_angle >—>@rD/

(Wave_Direction )

Total%Burial
lessthan20percent 012

Total Burial =

. perc20to50 012 Initial +
(Wave-UXO_angle Total%Burial perc50to75 012
fullyBuried 100 Liquefaction

594+ 29

(Initial%Burial )

Input:

Very small

dense UXO UXO Type
is Bullet

» Relationships quantified by Conditional Probability Tables

SERDP+ ESTCP
A PL - extreme inputs result in highly certain CPT SYMPOSIUM
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UnMES Implementation: Probabilistic Bayesian Network

(Rate_Wave_Growth )

(Water_Depth)
(SedGrainSize ) (Peak_Hsig ) (Period

A

A
(Current_Direction }’(Wave-Current_angle >—>@m

: ) Total%Burial
(wave—D'reCtlon/ lessthan20percent  0.16

perc20to50 12.8
(Wave-UXO_angle Total%Burial perc50to75 38.7
perc75to100 32.7

fullyBuried 15.7

1.5+£2.2

(Initial%Burial )

a mix of larger,

less dense UXO UXO Type

unknown

» Uncertain, mixed, or moderate inputs produce uncertain outputs
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Improved

Process Models for UnMES

Implemented
Recent Updates to UnMES: Impact Penetration
Improved Physics with additional factors: - provisional model

- terminal velocity approached exponentially

* Lagged scour burial - drag of coefficient based on Angle of Attack

* Rate of Wave Growth - assign Angle of Attack thru water trajectory
» fast storm arrival increases migration probability - based on empirical PDF
* Liquefaction burial :
* Duration of storm based on wave height ‘
[Dolan and Davis, 1992]
Ll
Implemented: &
: d @
* Impact Burial e
< Howitzer
 Burial & Exposure by Dune Migration / 'I‘:"I°”a’ (fins)
are

A PL broadside angled nose-down
11 #SerdpEstcp2019
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Improved

Process Models for UnMES

Implemented

Recent Updates to UnMES:
Improved Physics with additional factors:

* Lagged scour burial

* Rate of Wave Growth
» fast storm arrival increases migration probability

non-cohesive
sandy sediment

* Liquefaction burial :

* Duration of storm based on wave height
[Dolan and Davis, 1992]

Impact Penetration

Implemented: d

* Impact Burial

* Burial & Exposure by Dune Migration

UXO_type
bullet 7.0 0
Naval 5"38 5.0 0
mortar 3.0 100
howitz 2.6 0
flare 1.9 0

APL
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Air_Velocity
slow 20 0
moderate 50 0
fast 100 0
veryfast 200 100
150+ 29
& Depth
Impact%Burial
lessthan20percent  9.29
perc20to50 9.60
percd0to75 8.85
perc75to100 4.63
fullyBuried 67.6
Impact%Burial
lessthan20percent ~ 9.46
perc20to50 12.2
percb0to75 16.1
perc/5to100 13.0

fullyBuried 49.2
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Field Validation of UnMES Predictions

Applying new factors in UnMES for Scour, Liquefaction, and Mobility processes

UnMES predictions compared to

SERDP-ESTCP 2005-2006 field test at Duck FRF
[Wilson et al., 2008]

* 4 sequences of 24 surrogate UXO .
« 5”/38 Naval rounds; density S;=5 3 \\
e 2waterdepths: h=3mand h= 7m — s B IS

A

Stake
» diver surveys measure burial & movement Sequenc\l\- N
» small migration distances observed

. _ Sequence 2:
- (mean distance = 4.6 m) areal uncertainty

» almost complete burial observed \ due to triangulation

APL
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Field Validation of UnMES Predictions

Observations

Combined Locations
Observed Burial
lessthan20percent 10| | | |

perc20to50 0
percH0to75 0
perc/5t0100 0
fullyBuried 99.0
Observed Migration
Stay  71.0 |
Near 290
Far 0

mean = 4.6 m

APL
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UnMES Predictions

Shallow Location

Deeper Location

TotalBurial TotalBurial
lessthan20percent 0 + lessthan20percent .011
perc20to50 002 perc20to50 2.12
perc50to75 1.89 perc50to75 8.68
perc75to100 129 perc75to100 13.0
fullyBuried 85.2 fullyBuried 76.2 —

MigrationDistance MigrationDistance
Stay 100 Stay 100
Near .003 Near .002
Far 003 Far 002
25+16 25+15
4 4

Stay
Near
Far > 50 meters

r3m

&
= Bathy
[ | | | | | |
100 200 300 400 500 600 700

Cross Shore Bathymetry at FRF, Duck NC

0-5m
5-50m

SERDP+ ESTCP
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Field Validation of UnMES Predictions

Statistical Accuracy based on 90% C.1. for UNIFORM PDF

. . = 90% C.l. for MODAL PDF
Observation Sample Size: 2015 o
for N = 48, at 90% confidence level ¢
a tolerance of d = +10% is achieved 3 o.1
[t

for strongly peaked distributions

[Thompson, 1987] 0.05 ‘ -
20 30 40 50 60 7080 100
Sample Size (N)

Observed Burial TotalBurial TotalBurial
lessthan20percent 10| @ @ | lessthan20percent 0 + lessthan20percent 011
perc20to50 0 perc20to30 002 perc20to50 2.12
perc50to75 0 perc50to75 1.89 perc50to75 8.68
perc75to100 0 perc/5to100 12.9 perc75to100 13.0
fullyBuried 99.0 jmt fullyBuried 85.2 fullyBuried 76.2 p—

Observed Migration MigrationDistance MigrationDistance
Stay  71.0 Stay 100
Near 290 Near .002

APL Far o
Observatlons

The Johns Hopkins University
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Stay 100
Near .003
Far  .003

Far 002

UnMES Predictions

SERDP+ ESTCP
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Low vs High Investment in UnMES Input

Application Example: Duck15 Field Test (calantoni, MR-2320) Low Effort: Regional Bathymetry

] & Offshore Wave Data
Complete Burial Observed at Depth = 8m :
Total%Burial

. i - i = lessthan20percent ~ .002
UnMES UXO Type: Mortar Diam =81 mm Density S, =3 061201050 e
perc50to75 3.26
Wave Height at Peak of Storm perc/5t0100 fa
. . . . : : . — fullyBuried 63.9
351 -8m-
B . y TN
3¢ 'DELFT3D computed — High Effort : DELFT3D
25 Wwave transformation i
= Total%Burial
':cll':: 2r / i lessthan20percent .002
5L Low-fidelity shoaling model perc20to50 004
using nominal parameters perc50to75 0.311 & =
1 . perc/5to100 130m:
fullyBuried 86.7 mii——
0.5 | | | | | | |

100 200 300 400 500 600 700 800
cross shore distance
More Burial: better match
A PL to DUCK15 observations
The Johns Hopkins University 1 7
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Interaction with Site Managers

* Preliminary questionnaire sent out to NAVFAC and USACE site managers

- collaboration with Bryan Harre and Andrew Schwartz
= top stakeholder concerns ; time horizons

= remedial / monitoring strategies

 ~dozen respondents
- various underwater environments — differing dominant processes

4 Wave-driven sandy beach 5 Estuarine cohesive 2 Wave-driven coral reef

e magaEalits g e o } MarbUry
Burial by scour & liquefaction; Impact burial in muddy sediments; coralline encrustation
A PL bathymetry modulation biogenic changes

The Johns Hopkins University 1 9 #Serd pESth201 9

APPLIED PHYSICS LABORATORY



UnMES Contribution to Risk Management

Lab/Modeling Historical Demonstration Pilot
Studies literature |
Process Statistical
9
l models UnMES Velidation
Physics-based . . . -
parameterization Burial, Re-exposure & Migration CFD Forecasting
T Probability ( M. Palmsten )
: . Case Studies Visualization
SERD(PJ_'EL(:?;Ud'eS ~~ & Validation Products
A. Trembanis ) ) M EC H daZ4d rd
Operational Risk Assessment/
Site Managers Decision Support Assessment

SERDP +« ESTCP
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UnMES Contribution to Site Management

USEPA MEC

Contact Hours

Amount of MEC
TargetArea 0
OB/OD 0
FunctionTest 0
BurialPit 100

Maneuver 0
FiringPoint 0
SafetyBuffer 0
Storage 0

115

Many 0
Some 100
Hazard Assessment e :
Very Few 0
70
\
Site Accessibility
Full 0
Moderate 100
Limited 0
VeryLimited 0
Energetic Material Type o9
High Explosive 0
WhitePhosporus 0
Pyrotechnic 30.0
Propellant 40.0
Spotting 30.0
Incendiary 0
50+7.7
Human Receptor Location
In ESQD 100
Outside 0 130
30
Severity

N\

/

Min MEC Depth/Max Intrusion

Surf&Subsurface 100
Only Subsurface 0
Shallow Intrusion 0

MEC Classification

240

»

Migration Potential

Possible 100
UnIiker 0

SensitiveUXO
uxo

FusedSensDMM 0

FusedDMM
UnfuzedDMM
Bulk

0
100

0
0
0

110

30

MEC Accessibility

MEC Size

/ Small

45

100
0

40

i/ Large

Sensitivity

SERDP+ ESTCP

SYMPOSIUM
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UnMES - MEC

Assessment

USEPA MEC

Hazard Assessment

Contact Hours

Many
Some
Few
Very Few

100

UnMES provides
information about

Energetic Material Type

High Explosive 0
WhitePhosporus 0
Pyrotechnic 30.0
Propellant 40.0
Spotting 30.0
Incendiary 0

50+7.7

Site Accessmlllty

Full 0 / MEC Depth &
Moderate 100 Min MEC Depth/Max Intrusion . . g
Umited 0 SurfaSubsurface 100 [ Migration Potential
VeryLimited 0 Only Subsurface 0

55 Shallow Intrusion 0

\ \ / 240
»~

Migration Potential

Possible 100
Unlikely 0

Human Receptor Location

In ESQD 100
Outside 0

30

\ MEC Accessibili MEC Size
Small 100
Large 0
40

/
hd

20 130 SERDP+ ESTCP

Sensitivity

SYMPOSIUM
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UnMES - Cost Analysis

UnMES predictions are only as good as

> the inputs
* environmental setting and forcings

*  munitions characteristics

Previous deterministic modeling approach
evaluated Low and High Investment inputs:
- Low required 8 inputs, High required 40
- Low achieved predictive skill r>2< 0.6

- High quality input =2 r2> 0.85

> the skill of the underlying models

APL 2

The Johns Hopl(ins University
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UnMES Sensitivity Analysis

can indicate which information
is most valuable

Total%Burial Migration_Distance
UXO_type UXO_type
Peak_Hsig Peak_Hsig

Wave_UXO_angle Total%Burial

Current Rate=Wave=G rowth

> 10% variance reduction
1to 10%
~ 1% variance reduction

SERDP+ ESTCP

SYMPOSIUM
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UnMES Summary / Future

m= Demonstrated probabilistic expert system for burial & mobility
m= \/alidated with SERDP field data

m= Future Work
== |mproved and additional process models
m= Statistical design for demonstration experiment

m== Transition to applied decision tool

» need to collaborate closely with working managers
- Follow-up questionnaire with phone contact, face-to-face
meetings or web conferences. S —

APL 2 SYMPOSIUM
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Questions?

SERDP +« ESTCP
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