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Bottom Line Up Front

Study to quantify and model mobility and burial of munitions and
explosives of concern (MEC) in dynamic riverine environments using a
Munitions Response Site (MRS).

Completed 2 successful field deployments, including a ~10 month
deployment with 30 surrogate munitions tracked.

Calibrated numerical model and built site climatology of MRS

Remaining tasks:
« Parameterized models for UnMES
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Technical Objective

Our primary objectives are to:

1.Quantify mobility and burial of munitions and explosives of concern
(MEC) in dynamic riverine environments using a Munitions Response
Site (MRS)

2.ldentify and reduce the parameters necessary to predict MEC mobility
and burial in riverine sites for models such as the Underwater Munitions
Expert System (UnMES) (MR-2227, MR-2645, and MR19-1126).

The long-term goal is to reduce the amount of independent field observations
and model parameters required to effectively operate MEC mobility and
burial predictive models for MRS site management.
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Technical Background

« Existing Data / Data Gap o R BN | concerrialENR
 Recent SERDP munitions mobility [Erest S ie . N\ 2%

studies focused on wave or tidally st

dominated environments

+ At least 288 identified FUDS or et

MRS on / near river systems S
(USACE FUDS 2013 GIS data) Current Regime

* 48 fall on major river / streams “current study
* 11 or more fall in close proximity to
pUinC receptors (pers. comm Bryan Harre, NAVFAC)
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Technical Background

. . . . relative density, 5, is the 5, < 1 $y = 1 Sy > I
« Mobility & burial previously linked to: e e Y
* MEC density | {,o,,,
« MEC denser than sediment bury, less dense mobilize " S  metwiat | tawot
. . . MOBILITY - P BURIAL
» Sediment type (cohesive / non-cohesive)
« Controls burial via scour / bed liquefaction / bearing capacity e R2930

APRIL 18, 2011
162, 000 CF5

* A new environment introduces new parameters that must
be considered:

» Channel gradient (i.e. slope & aspect)
» Decreases critical threshold for mobility?

* River flood / discharge
» Greatly increase current forcing and sediment transport

» Channel erosion / deposition
» Exposure or burial of historic MEC?

Courtesy Sundance Institute
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Technical Background

« The pronounced variability of rivers
/ complicate direct translation of
previously observed and modeled
- MEC mobility and burial

-+ Conceptual model combining the MEC
) research with expected conditions in
3} riverine environments

> Dlt//“ » Requires field observations to validate
and modify existing / develop new
parameterized relationships

3. High Riverbed Erosion;
Mobility or Burial Possible

Off-Channel Sand Banks

Behind Man-Made
Impediments (e.g. Dams)

Sand / Mud Bed
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Technical Approach

 This study will use a two part approach:

1.

An in situ experiment at a riverine MRS (or proxy
site)

» Provide needed observations to develop / calibrate
parameterized models

Parameterized modeling of munitions mobility and
burial in rivers

» Leverage existing literature, real-time observation &
operational hydrodynamic modeling

* Provide bridge to leverage real-time observation and
forecast models for MEC probabilistic modeling

Data Inputs

Proposed MRS Field Real-Time

Experiment Observation |8
(Current objective) Networks i

Analysis and Parameterization

Long-term Objective
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Technical Approach

Task 1: Task 3:
R Developing Surrogates & Tracking Methods Munitions Mobility Field Study
Field
Experiment
Site Selection & Characterization
Modeling
Component Pl TIELTR Parameterized Model Development Field Data Fusion Climate Scenarios / UnMES
. Task 5:
Reportlng Experimental Design Plan*** Progress Review Final Report & Pubs
*In-Scope
Go /No-Go Extension
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Task 1: Development of MEC

Surrogates and Tracking Methodolo

Goal: Provide quantitative and statistically significant
observations of MEC mobility / burial

« Subtask: Construct a suite of instrumented and simple

surrogates
» Leverage existing instrumented surrogates (MR-
2730)
* Design and build >=20 simple, inexpensive
surrogates

» Goal: Monitor surrogate mobility and burial in situ

« Subtask: Modify / refine Vemco VPS (acoustic tracking
system) methods for riverine application

* Incorporate Vemco Fathom Live monitoring
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Task 2: Site Selection & Geophysical

Site Characterization

- Goal: Identify field experiment site (MRS or + P T
proxy site) B P A g
» Task: Work with SERDP / MRS site managers .-~ &~ B
to identify appropriate study location & i i )
permitting = el “
¢ Potomac / Patuxent . \m)z 2 i
Rivers contain multiple N Asgg"“rﬁ‘-
MRS % 10 i = ;Wm : ;
¢ Short recurrence £ E“ s £
interval for high- 8o ‘*/, ;
discharge (re 100000 : _
ft3/s discharge) o - e )

s 107
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Task 3: Munitions Mobility Field Study

* Goal: In situ observations of munitions
mobility / burial

« Task: Extensive field experiment at / near
MRS

Depth (m)"‘
RN

« Maximize coverage of potential conditions / .l ~
parameter space RS
« Sediment type
* Depth
» Currents
» Target seasonal window of increased ra—— T — ; ; o
discharge T == e ' i
$ e B ot T |
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Task 4: Data Analysis and Model

Integration

» Goal: Parameterized relationships for UXO mobility and burial in riverine environments

« Task: Data analysis and parametrized model development leveraging field experiment and
observational networks / models

Real-Time Observations
USGS National Water Information System
NOAA Tides and Currents
MARACOOQOS

Lit Review m
Existing MEC Mobility and Burial 9 Field Study
Field & Lab Riverine Parameterized Models
Data

&

Validation

Observations

Forecast / Hindcast Models
NW S Advanced Hydrologic Prediction Service
NOAA CBOFS
VIMS CBEFS
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Task 5: Reporting

« Experimental Design Plan*** F
b GO / NO-GO De||verab|e SERDP and ESTCP Management System sevs)

Helping manage a large and divers@feSearch portfolio
« Data / Model Transfer

 UnMES (Rennie MR19-1126)
« MRS Site Manager(s)

* Project Reporting
 Finances
* Quarterly Reports
- IPR ' - I

SERDP & ESTCP Symposium
Final Report
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Results to Date

FY21 | FY22 Fy23 _ Fy24* & FY25* | FY26*
I
I
Field I
Experiment :
I
I
I
I
|
Modeling
CQmponent Lit & Data Compilation Parameterized Model Development Field Data Fusion Climate Scenarios / UnMES
. Task 5:
Reportlng Experimental Design Plan*** Progress Review Final Report & Pubs
*In-Scope
Go / No-Go Extension
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Task 1: Surrogate Fabrication

o Fabricated [usnn]
¢ 60mm mortar (5x) N e i o
¢ 81mm mortar (5x)
¢ 47 Projectile (5x)
¢ 6" Projectile (5x)
o Densities from 2 g/cm3 -5 g/cm3

o Materials
¢ Steel
¢ Nylon (3D Printed)
¢ PVC/PET

e Cost per unit:
~ $175 - $500
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Task 2.1: Site Selection

* NSF Indian Head, MD
* 12000 Acres

 Sediments:
» 36% Clay, 27% Silt, 37% Sand

* Median grain size (0.01mm —
Silt)

« Battleship Gun test 1891-
1921
* 1-in to 16-in AP & HE
projectiles

 Rockets 1946-1947

17

tulf of
Mexica

& %
=
'-'-/{?ﬁ
A
7
1 Lﬁ{r,/{)?;‘ﬁdswc Indian Head &
“LMCB Quantico A i ¢

UMCB Quantico

P
B, Blossom Point Research Facility %,
3 %

|
%,
N jﬂ %ﬁg “2, %
N, 2 L%
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- N

&
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Task 2.1: Site Selection

NSF Indian Head

e Identified potential study areas on:

¢ Depth

¢ Channel Location

¢ Sediment Type (usSEABED)

¢ Underwater Hazards LR e
o Identified 2 sites within Water Impact T i ﬂé&é

Area

« Geophysical Survey (10-12 Oct, 2022) A

¢ Multibeam bathymetry, side-scan sonair, e *%E

magnetometry — —= ~
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Geophysical Survey 10-12 Oct, 2022

1. Characterize site bathymetry and sediments
2. Anomaly detection and avoidance

L3Harris IVER3
with Edgetech 2205 PMES

NO§BIT iWBMSh-ST
Mulitbeam sonar

Marine Magnetics Magnetometer

0 & SERDP



Task 2.2: Site Selection &
Geophysica Site Characterization

Spatial Reference 3
Horizontal: NAD 1983 UTM Zone 18N
Vertical: NAVDSS
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Task 2.3: Geotechnical Characterization

N
B x a4 T 1 - s
A 0 025 05 1Rm
. Sampling
' Locations

lelageGrVe_es,n.»:‘_U_-q'a_r! j—(eaQ1 T2

% Naval Support
Facility Indian
=

Warsh Isiand #
7
Tharoughfare 4,
sland
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Task 2.3: Geotechnical

Characterization

e Backscatter vs Penetrometer

¢ Slopes (lower backscatter) showed
lower avg Qdyn

¢ Thalweg (higher backscatter) showed
higher avg Qdy

34

32

Avg Qdyn (kPa)

1.2 3 4 6 6 7 B8 9 10 11 12 13 14 15 16 17 18
Drop Location (#)
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Task 3: Field Experiment 1

[ 2 7 F e b 2 8 A r 2 O 2 3 USGS 01646500 POTOMAC RIVER NEAR WASH, DC LITTLE FALLS PUMP STA
48000
3
3 38888
200680

* Deployed 20 surrogates (16 simple, 4 instrumented)
« Continuous monitoring V|a Innovasea Fathom Live,
Sofar spotter buoy, HE==
and USGS gauges
» Below average
discharge
« 2 weather events

P— P



Results: Field Experiment 1

« Little to no detectable mobility
from acoustic tracking

Offsets in start and end position within
positional error

& SERDP



Results: Field Experiment 1

» Divers reported general burial trends:

* Less dense mortars tipped nose down, ~ 50 — 75 % buried (tail exposed)
* Less dense shells ~ 50 — 100% buried

* More dense were >100% buried, with densest up to 15cm below surface

Using geotechnical measurements, ran settling model from MR20-1480 to compare predicted burial depth to diver observations

V‘ Q L X Q& NN
Q‘?'cg’ WENANANASANY r@bﬂf t:l« SN & b‘”,\ﬂa{o.\@b,\bﬁ S W,\c-;‘b
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— ——
————
1
I
I
I
R
1
I
|
|
|
|

Depth (m)

Burial Depth (m)
o
i\) o
(3} \"]

o
w
T

0.35F
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Task 3: Field Experiment 2

* Improvements from Experiment 1

» Grid pattern array to increase detections
and coverage
* 12 receivers
» 3 instrument platforms
« 1 data buoy
* More surrogates = more
observations
« 20 simple surrogates
* 10 instrumented

* 6 pressure surrogates
(MR19-1317)

@ Real-Time Comms Buoy Bathymetry

£\ Tnstrument Frame melers

@ VPS Sensor —
AUV Survey Areas - Low:-12.9

Pore
pressure

— Meters
0 30

60 120 180 240
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Results: Field Experiment 2

* Oct. 30, 2023 - Sep 11’ 2024 October 30, 2023 - September 16, 2024

. . _ ischarge, cubic f d
Peak dISCharge 94100 ft3/s - Apr 05, 2024 12?32?00%\%?50? ic feetpersecon
94,100 cu. ft / sec |
(nor’easter)
« Rapid discharge event August

 Importance of dHs/dt in wave
environments -> dUc/dt ? 10000

20000

5000

3000

2000

T T T T T T
Nov 2023 Jan 2024 Mar 2024 May 2024 Jul 2024 Sep 2024
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TS ‘%\ NS

- —- 100% Burial Depth

L

e
(N

0.25

o
w

0.35

04 | 1 1 1 1 1 1 | | 1 1 1 1 1 1 1 1 1 | 1

“Crust’ “<25% Burial” “75-100% Burial”  “50-100% Burial”
“50% Burial”
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Results: Field Experiment 2

« All surrogates successfully
tracked and recovered

* Including 5 surrogates not
recovered following Experiment 1

* Tracking for full deployment
(Oct 23 — Sep 24)
 Limited to no lateral mobility
across entire deployment
 Burial dominant mode

& SERDP



Results to Date: Hydrodynamic Model

Regional Ocean Modeling System (ROMS) code, 20-layers, 86-m resolution.
Bathymetry from NOAA NCEI; discharge from USGS Potomac fall-line gauge.

3-D ROMS
model ' Wind & elevation forcings from NOAA MET & water level station at Dahlgren, MD.
, Boundary forcings for temp & salinity from Chesapeake Bay “CBEFS” model.

domain
(NSF Indian Head MRS site is well upstream of the estuarine salt front.)

38.9

38.8

Latitude

* = Model grid point

x = 2023 Current meters

o = 2023 Surrogate UXO
= 2024 Current meters
= 2024 Surrogate UXO

A= NOAA Dahigren MET
& water level station

38.5

38.4

$©SERDP
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Results to Date: Hydrodynamic Model

£ os[- A) Surface Elevation - Panels A & B: Modeling (black lines)

g b alNAA A IYNVV ANV reproduces ADCP surface elevations (red) and
g _ velocities (red and blue) well (MAE 4.9 cm,
205 /\ Neapitide | | | Sprlng t|de ] 3.6 cm/s).

ar ar 31 pr01 pr pr pr O pr 05 Apr pr 07 Apr pr pr1 pr 11
M30M3A AOA03A4AOA06A A08A09AOA

ADCP redeployment lageUmax. 2024 _ Panel B: Different ADCP sites (red and blue
— 60 Ebb—c % : =Ty T 5 lines) are highly consistent (MAE 1.8 cm/s).
g ‘2‘3 \WA ' ' Ebb is stronger than flood, and ebb is more
E= S0 VO 0 L O VO OOmoommeee e U0 U UV ARV SO /Y 500 0 O O Y A A O O relevant for potential munitions motion.
3 -20 i
= 40

Yi - Maximum ebb velocities (Umax) in Panel B
Mar 30 Mar 31 Apr01 Apr02 Apr03 Apr 04 Apr05 Apr06 Apr07 Apr08 Apr09 Apri0 Apr11 . T o
024«  are only slightly greater at the peak of the field
4 Neap tide Spring tlde . ; . . )
x10 | | experiment’s largest river discharge event (in
Panel C) compared to several days after.

—_
o

(I:) River Discr'\arge, Qriv

Peak discharge

Discharge (ft%/s)
(6]
|

- Peak discharge (Panel C) was just after

N | | | | | | | | | | | 7| neap tide. Umax is a function of both river

Mar30 Mar31 Apr0O1 AprO2 Apr03 Apr04 Apr05 AprO6 Apr07 Apr08 Apr09 Apr10 Aprit discharge (Qriv) and tidal range.
2024

1All velocities are depth-averaged.
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Results to Date: Hydrodynamic Model

ax (cm/s)

0.5 1
ADCP tidal range (meters)

Qriv (ft%s) x10%

Umax (cm/s) no TR variation

0.5

ROMS tidal range (meters)

Qriv (ft%/s) (m%/s)

x10

4

® Qriv >
25,000 ft3/s

O Qriv
25,000 ft3/s

© ADCP

A Model

32

- Panels A & B: Umax is (unsurprisingly)
dependent on tidal range. Umax visually shifts
higher for Qriv > ~ 25,000 ft%/s.

- Panel C: Dependence of Umax on Qriv is also
apparent, but noisy. Similar trends for ADCP
data and model results.

- Panel D: Best-fit relations from A & B used to
remove effect of variation in tidal range (TR).

- Panel D: ADCP & model results pooled to
derive best-fit relation between Umax (in cm/s)
and Qkriv (in ft¥/s):

Umax = 38 + 2.4 x Qriv /(10,000 ft3/s)

(in cm/s) (in ft3/s)

$©SERDP



Results to Date: Hydrodynamics

—
T

__&5-+@" 2023 =34 lowest ever.
* 2024 = Also below median.

45710° —
1936.

= 4f Circled years: 2016 — 2025 1942, ]
o have quality forcing data
P (Dalgren tide gauge 1937 - 1972 |
2 5| installed late 2015) > 1996 ]
§ 1986
5257 Median |
2 | N 2025 2018 | 4gg4
-O ...
%, 5| 2024 J
[oX
[
2
Cc

2018 = 5.3 yrs, 82" percentile
1984 = 14 yrs, 94t percentile.

i 2025 = 3.8 yrs, 74! percentile. |
i

20237 0
10

A
-o
[§)]
(=) &'.

10’ 102

Return period (years)

Umax (cm/s)

120

110 -

100

x 25,18, ‘84 annual peak daily discharge & estimated Umax

© :23 - :24 ADCP Umax ¢ simultaneous Qriv -
A ‘23 -’24 Model Umax -7

-
—
-
-
-

(ii) Plus likely Umax]

© (i) Umax = 38 + 2.4 x Qriv /(10,000
(in cm/s) (in ft3/s)
05 | 15 2
Qriv (ft¥/s) x10°

variability

due to tides, winds etc.

ftd/s)

Additional modeling can investigate recent higher flow years with high quality forcing available, namely 2025 & 2018.

33
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Results to Date: Hydrodynamics

120 T T T T 120 T T T T

110 L X 25,718, ‘84 annual peak daily Q & estimated Umax 410 3% 2025 Model Umax

‘ ’ & simultaneous Qriv
© '23-"24 ADCP Umax ] g simuitaneous Qriv 4 100 © 2018 Model Umax}

100 | . )
A ‘ - ) -
ool 23 - 24 Model Umax (Umax for 2025 & 2018 shown 3
90 only for Qriv > 40,000 ft¥/s) -
80 | 80
70|

Umax (cm/s)
Umax (cm/s)
\‘

o

S

(ii) Umax variability - 50

Damping of

from tides, winds, etc. tides by high
"o (.) Umax = 38 + 2.4 x Qriv /(10,000 t¥/s) Qriv?
(in cm/s (in ft3/s) i
20 A | | L 20 7AW | I 1
0 0.5 1 1.5 2 0 0.5 1 1.5 2
Qriv (ft%/s) x10° Qriv (ft¥/s) x10°

- Umax is unlikely to have exceeded 80 cm/s in the last 10 years and not exceeded 100 cm/s since the mid ‘80s.
- The contribution of tides to Umax may decrease due to frictional damping as Qriv increases ('Cai et al., 2014).
- Observed near-bed currents will be used to constrain forces on munitions as function of Umax.
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Planned Work: Simple UXO Sinking Models

UXO in the present study (MR21-1227) sank into the bed
and were not transported.

Sinking of UXO more deeply into the bed without
horizontal transport has been observed at other at other
SERDP field sites:

At Duck, NC (Calantoni MR-2320) due to momentary
liquefaction of sand by waves.

« At Delaware Bay (Trembanis and DuVal MR-2730) due to
fluidization of mud by waves.

Together, these three data sets provide an opportunity to
synthesize simple parameterized models which explain
the dominant factors leading to deep seabed burial of
UXO in place.

35

B/D

S, _P_m
Ps
*
A
2 3

Calantoni MR-2320

AOOC

xxxxxxx

¢

[m]

3.3 34 35 3.6 37 38 3.9
Relative Density (S) TrembaniS MR_2730
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Planned Work: Simple UXO Sinking Models

* Questions to be addressed with simple parameterized modeling:

1. In all three studies, why did UXOs sink without horizontal motion? Builds on previous
modeling of Friedrichs (MR-2224).

2. At Duck, NC, why did UXOs sink to systematically different depths in sand as a
function of their size & density at a given site? Builds on previous modeling of
Friedrichs (MR-2647).

3. At Delaware Bay, why did UXOs of different sizes & densities sink to approximately
the same depth at a given site? Builds on previous modeling of Trembanis & DuVal

(MR20-1480)

a6 & SERDP



Planned Work: Simple UXO Sinking Models

« A UXO sinks if its weight minus buoyancy = submerged weight (SW) > the sediment’s bearing
capacity (BC), and stops sinking when SW < BC (Trembanis & Duval MR20-1480; 'Shrestha et al.
2024).

« Some shallow sinking in mud is common because of low BC at the muddy bed surface.
« Relatively deep sinking can be triggered by bed fluidization or liquefaction by waves.
« Sinking can be arrested by:
(i) a decrease in UXO SW with depth (buoyancy T as partial burial increases);
(ii) an increase in sediment BC with depth or time.
« Similar or contrasting total sinking depths for UXO depend on (for example):
(i) Rate of sediment BC increase with depth relative to differences in UXO properties;

(i) Duration of fluidization / liquefaction events relative to the UXO sinking time scale.

Thttps://doi.org/10.1016/j.apor.2024.103948 - %SERDP



Planned Work: Simple UXO Sinking Models

dUXt?] = @ @ @ 1. Before waves 2. Just before end of storm waves 3. Return of BC to before waves
epths
A A) A) ce
UXO @ N @ N @ - ) Bed surface 8 Bed surface 8 = Bed surfa
weights bt Sedment © fluidized a g _
o bearing o layer e} i Sediment
A. Mud fluidization at € capacity = £ @ BC
Delaware: Duration of & (BC) = ! : i B ;
fluidization > Time g | Fed | v 8 | uxo! ; || Sediment S | uxo!
scale for sinking. All weight (SW) | »L Sw | i ; \L Ssw |
UXO sink to depth of A o i l l l :
rapld Strength Increase. B) Bed surface B) Bed surface B) Bed surface
? s : /: ,: 1 3 uxo .~ 7 3 S L7 W
B. Sand liquefaction 38 ¢ ¢ ¢ Q sw b s . £ I ’ I
. ; @) i i i ) i ! i liquefied ie] | ! !
at Duck: Duration of = i i i z ! i i layer € ] |
fluidization < Time c : : : < @ : i < @ : i
scale for sinking. a | Uxo i | Sediment o i @ ! 2 i @ | Sediment
Heavier UXO sink o | SWi § L BC o || . (3) Sediment © | uxoi T @ %
more quickly and thus |, i i i J i ! ——\°¢ J SW i !
deeper. ' ' : : : : ) ) '
Bearing capacity, UXO subm. weight — Bearing capacity, UXO subm. weight —  Bearing capacity, UXO subm. weight —>
(arbitrary, normalized units) (arbitrary, normalized units) (arbitrary, normalized units)
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Planned Work: Simple UXO Sinking Models

For fluidized muddy beds or liquefied sandy beds, the time-varying
thickness of the very low BC sediment layer can be predicted from bed
sediment properties and storm wave time series (building on 'Soltanpour et
al. 2009; 2Qi & Gao 2015) .

If the duration time for the very low BC layer (T,,gc) is longer than the
time scale for UXO sinking (Tgjnking): the sinking depth is given by the
maximum depth of liquefaction or fluidization.

If Tiowsc is shorter than Tg;,inq, @ force balance still exists between (i) UXO
submerged weight and (ii) a velocity-dependent frictional resistance.
Utilizing an effective sediment viscosity or UXO drag coefficient, the
UXO'’s sinking velocity can be derived (building on Friedrichs MR-2647).

Depth of sinking then follows from integrating the UXQO'’s sinking velocity
in time during the brief duration of the very low BC bed.

thitps://doi.org/10.2112/07-094.1
2https://doi.org/10.1016/j.tam!.2015.01.004. 39

TIowBC > TSinking

Bed surface

2 ~Uxo
o |IBD= i SW liquefied
€ ||Perth@ | | layer
c BC > SW i
‘g !
Q L O Sediment
\L ' BC

l \

TIowBC <TSinking
Bed surface

o 7
2 ¢ UXO
o |[IBD= i SW liquefied
c i |
'_E IWuxo(t)dt ayer
g
(@) L i Sediment
\L ' BC

l )
Bearing capacity, UXO subm. weight —>

(arbitrary, normalized units)
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* Timeline
» Task 4
» Complete parameterized UXO sinking model
* Incorporate into UnMES
* Task 5
* Final reporting
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Technology Transfer

* Introduce simplified framework for leveraging real-time observations
and models to predict MEC mobility and burial in riverine
environments.

» We are working to incorporate the field and parameterized mobility model
results into the SERDP UnMES expert system.

* All results from the field experiment and model parameterization will be
made available for existing MEC mobility and burial models and studies.

« Characterization of site conditions, both historical and present, for the
NSF Indian Head MRS site in and around study area

« All results will be formally presented to relevant MRS site managers to aid
in future MEC monitoring and management.

4 & SERDP



B SERDP

BACKUP MATERIAL

These charts are required, but will only
be briefed if questions arise.




MR21-1227: Parameterizing Munitions Mobility and

Burial in Riverine Environments

Performers:

. Dr. Carter DuVal (US Naval Research Lab)

*  Dr. Art Trembanis (University of Delaware

. Dr. Carl Friedrichs (Virginia Institute of Marine Science)

Technology Focus

+  Parameterized modeling of munitions mobility and burial in rivers leveraging in situ observations of
acoustically-tracked surrogates

Research Objectives

*  Quantify mobility and burial of MEC in dynamic riverine environments at an MRS

. Identify and reduce the parameters necessary to predict MEC mobility and burial in riverine sites for
models such UnMES

Project Progress and Results

. Fabricating suite of surrogates

» Identified field site (NSF Indian Head) and conducted geophysical surveys of field site

*  Conducted 2 field experiments (Spring 2023, Oct 2023 — Sep 2024)

Technology Transition

. Introduce simplified framework for real-time observations and models to predict MEC mobility and
burial in riverine environments.

. Incorporate parameterized models into UnMES

»  Allresults will be formally presented to relevant MRS site managers to aid in future MEC monitoring
and management.

e & SERDP



Plain Language Summary

= Munitions are found in underwater environments from conflict, live-fire
training, exercises, and disposal.

= The fate of munitions in the underwater environment remains a topic of
concern.

= \We are conducting experiments to characterize how legacy munitions
move or bury underwater and develop models to predict this behavior,
focusing on dynamic riverine environments.

* The models were are developing will assist in the management of
underwater munitions at formerly-used defense site to reduce the risk
of military, government, commercial, or public interaction in the future.

4 & SERDP



Impact to DoD Mission

» Athorough understanding of the fate of Munitions and

Explosives of Concern (MEC) is required for the detection, Discovery of WWII shells at state park spurs search
classification, modeling, monitoring, and mitigation of MEC at R ———— ttps://waw. baltimoresuncom/
Munitions Response Sites (MRS). Dwers search the Potomac for unexploded

N . . ) ordnance to prep for Nice Bridge work

° PrObabIIIStIC mOdels for munltlons m0b|||ty and burlal DIVERSSWEEPRIVERFORORDN.ANCE‘ MORE TO PREP FOR A NEW NICE BRIDGE

= =:https://fredericksburg.com/

(e.g. UnMES) require data for training and validation
» Data gap identified in both:

Survey Planning Indian Head

+ 12000 Acres
* River Sediments -
- 36% Clay, 27% sm, 37% Sand

1. the number of observations of munitions mobility and - Bt o ot 001
burial :%g%??fi;ﬁffﬁ;e
2. environmental types studied (e.g. riverine, lacustrine, g
and coralline) e G N
. . BNARC L
« Lacking much needed observations at underwater Courtesy Brian Harre
munitions sites (MRSON-21-C1) NAVEAC
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We have added a Technology Transition task to your project plan to more explicitly delineate Technology Transition products and activities. Under this task, we've added subtask 6.1: Critical Findings Sheet. The Critical Findings Fact
Sheet should be nae more than 1 -2 pages long and should contain the following sections: Technology Overview; Research Approach; Critical Findings; Point of Contact; One or more images. An example fact sheet has been
uploaded to your Miscellaneous Documents. Please note, the Program Office will format the final fact sheet; please focus on the content

Closed Assigned: 10/28/2024 Due Date: 11/13/2025 Subtask: Critical Findings Sheet

Acknowledgment Only

% Comment

The Final Report is currently due in October 2025. In the comment box below, please confirm this submittal date is accurate given that there is substantial funding remaining to be sent. In addition, review all subtasks and confirm
the accuracy of current completion dates; propose new due dates as needed.

w

2024 MR October In Progress Revie
Submitted Assigned: 10/30/2024 Due Date: 2/5/2025

B comment

The actual amount invoiced on this project is substantially different than what is being reported through the Monthly Financial Report(s) for fiscal years 2021, 2022, and 2023, Check the status of invoicing with your organization
and provide an update in the comment section of this action item explaining the discrepancy and when invaicing will be up to date.

Overcome by Assigned: 10/29/2024 Due Date: 1/24/2025
Events

% Comment

An action has been assigned to you in SEMS to update your F¥23 and FY24 Expenditure Plan(s) to better estimate when these funds will be completely expended. Also, in the response to this action item, provide an amount needed,
if any, to continue the project without interruption through January 2026. Once this information is provided, you will receive an action in SEMS to enter your F¥25 Expenditure Plan. 2024 MR October In Progress Re:

Submitted Assigned: 10/30/2024 Due Date: 1/24/2025
% Comment

The Final Project Summary presentation is currently scheduled for October 2025. The presentation will be conducted via teleconference. Additional meeting information will be provided 2-3 months in advance of the meeting. The
Final Report should be submitted prior to the presentation date; we will reschedule the final presentation if additional time is needed to submit the Final Report. 2024 MR October In Progress Review

Closed Assigned: 10/30/2024 Due Date: 1/24/2025

Acknowledgment Only

% Comment

1 25 ~  items per page

48

= No outstanding items — all 2024 IPR comments addressed
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Publications

* Provide a list of all publications, patents, awards, etc., resulting
from this work.
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Literature Cited

= Provide a list of all the published work you cited in the
presentation.
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Additional Slide(s) for High-Quality Photos
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Acronym List

BC: Bearing Capacity

DOD: Department of Defense .
FUDS: Formerly-Used Defense Site .
GPS: Global Position Systems .
IMU: Inertial Motion Unit .
MEC: Munitions and Explosives of Concern .
MR: Munitions Response .

MRS: Munitions Response Site
QSBC: Quasi-Static Bearing Capacity
RTK: Real-Time Kinematic

SCUBA: Self-Contained Underwater Breathing
Apparatus

SERDP: Strategic Environmental Research and

53

Development Program

SW: Submerged Weight

UD: University of Delaware

UnMES: Underwater Munitions Expert System
UXO: UneXploded Ordnance

VIMS: Virginia Institute of Marine Science
VPS: Vemco Positioning System
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Deliverables

* Quantify the influence of conditions unique to river systems on munitions
mobility and burial (e.g. discharge, channel gradient, riverbed composition)

« Parameterized models for munitions mobility and burial in riverine
environments

* Incorporate into UnMES

* Framework to incorporate real-time monitoring and forecast / hindcast
modeling into parameterized models

MRS geophysical / geotechnical site characterization
» Report / Presentation to MRS site managers

s & SERDP



Task 1: Development of MEC

Surrogates and Tracking Methodology

MR-2730

08:00:00 12:00:00 16:00:00 20:00:00 00:00:00
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Task 2.2: Site Selection &
Geophysical Site Characterization

15 S
14 7

7

< ",

EYAPL P Tin

/ A B 7%

Jaa sgSAa ey, sy,

/ /;;QI’, PZay, /)
PV L. 13

Magnetic Anomalies

) p
e v 3 /
P // v p
" M ]
18 2py /e e
an 14/
FG ffyg‘/n - OareEpzone,
2.y, WiE T 193342408 P
" i 7./ 20 s so (seepiote A)y .
bs S 23 p B A >
-_—— Kilometers
0 025 05 1 1.5 2

5 Side-scan Sonar
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Magnetic Anomalies

Side-scan Sonar
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Social Media Content

p U.S. Naval Research Laboratory &

6,005 Tweets

U.S. Naval Research Laboratory &
@USNRL

Official U.S. Naval Research La
Corps' corporate research labo

® Washington, DC (2 nrl.na

2,701 Following  31.1K Follower

Tweets Tweet

o Project outreach through multiple

social media platforms

o Twitter, Facebook, and Google+

o Outreach highlights:

Project development and field
highlights shared through Facebook
Teampage- UDel Team Habitat
Mappings

Twitter feeds- @QUSNRL
&@~PapaZissou

Public Google Photo Page
https.//photos.app.goo.gl/HYdZ69Ma
nvZHuzB96
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Results to Date: Hydrodynamic Model

Example surface elevations at Spring 2023 deployment site
1

Mean Absol. Error (MAE) = 7.1 cm

/ Shown at ,/
© 2023 IPR

’

Mar07 Mar10 Mar13  Mar16

Surface elevation (meters)

Mar07 Mar10 Mar13  Mar16

Depth-averaged currents at deployment site, 1 Mar - 26 Apr 2023

ADCP observed (cm/s)

60 7
MAE = : )
40+ 4.4cm/s : ,
20 '._.' i
K ;‘. 4 ..'
T
i o - (positive
20 | e downstream)
-40 {/ o Shown at
3 ":,' 2023 IPR
-60 L==s
-50 0 50

ROMS output linearly scaled (cm/s)

60 y
MAE = VeV

© 40+ 3.2cm/s . "y

£ s |

o . b

S 20 3

0 i

s -

o O - AD

_8 1:1 . . A ”

8 . Ak (positive

% -20 - downstream)
I/

2407 |4 ) Updated
e Model

-60 ==

-50 0 50

ROMS output nonlinearly scaled (cm/s) 59

- The ROMS hydrodynamic model version
presented at 2023 IPR underestimated
extremes in observations. (See dashed circles
on left-hand plots).

MAE = 4.1 cm MAE calculated
over full deployment
05y | (1 Mar — 26 Apr)
ol ROMS
Model
osf Updated
. _\\_/,’ IGOZ:I , ) observed

- Improved hydrodynamic forcing plus
improved current scaling in updated ROMS
model captures observed extremes better.
(See dashed circles on right-hand plots.)

(Scaling adjusts for inconsistencies in tidal

current magnitude and phase likely caused by
errors in the model’s fine-scale bathymetry.)
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Results to Date: Hydrodynamic Model

Q [0) ®
2 [&] r . . O -1
g 0.6 (Both for Mar to Apr 23) | é 0.6 (Both for Mar to Apr 23) § (Both for Mar to Apr ‘23)
[0
E‘éj 05 | gos 3 - Statistics for improved
w L
5 04 5 04 5 102 ROMS model (e.g., Prob. of
203 £ 03 ADGR = ADCP [ Exceedance) match Mar to
£021 2 er aoce | § oz (FORS g . Upaida April ‘23 ADCP currents well.
o 01 ROMS Current | & 54| Model a 10 ROMS —>
E | Model —> | g o £ Model
& 20 30 40 50 60 & 20 30 40 50 60 O 240 45 50 55
Depth-Averaged Current Speed (cm/s) Depth-Averaged Current Speed (cm/s) Depth-Averaged Current Speed (cm/s)
— 60 T T T T T T T T T T T 0
@ ADCP Current g 107y
£ 55 brren Updated ROMS Model (all of 2023) - & Mar to Apr
= ;50 3 U&gﬁgd - Improved model shows
[0 B .
52 S ! i i 10 ADCE max daily currents tended to
= i H . S A H = .
g =™ e} s i "?l B "‘l;. ° be lower during rest of 2023
TS24 i ‘1}. i T "é = Rest of 2023 (lower Prob. of Exceedance).
23 e ] l! . S Updated >
] >35 i I #1210 ROMS
S 1 ( > (Outside Mar to Apr ‘23)
30 12
% a
E 25 C 1 | | 1 1 1 1 1 1 1 | T 30 40 50 60

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Depth-Averaged Current Speed (cm/s) %SERDP
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Results to Date: Hydrodynamic Model

1200 T T T T T T T T T T T . .
1000 1 USGS Potomac River discharge (Qg;,) at Little Falls | - Model logically suggests 2023 subtidal current
800 (Correlation with ROMS subtidal current (Usubridal) Was dominated by river discharge.

at deployment site = 0.94)
600

400
200

- Model Ug ptigal (in cm/s) = Qg;, (M3/s) /100

- 25-year return flood = 10,000 m3/s
> Potential Ugpiga UP to ~ 100 cm/s

Discharge (meter®/sec)

| 1 1 1

1 | |

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

o

2023
- Max 2024 discharge = 2,500 m3/s

o 12 T T T T T T T T T T T

& ADCP Gaussian low-pass filter of current | = 2024 Ugyytiga up to ~ 25 cm/s
@) ?E) 10 subtidal (std dev of Gaussian = 1.8 days)

N — t — 0 - .
S = 8 oen - Plus ~ 45 cm/s spring tidal current in absence of
z 2 6 1 i i ~
E = Updated ROMS Model notable discharge suggests Uy,,, in 2024 ~ 70 cm/s.
5> 4 subtidal current ]
O ©
aE 2t 1

S

UJ o | |

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

2023
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Planned Work: Simple UXO Sinking Models

*  Why do UXOs placed on unconsolidated mud or sand usually sink or bury without notable
horizontal mobility?

» Answer: Most UXOs have densities greater than bed the sediment (Calantoni MR-2320).

» Therefore, initial UXO sinking and/or scour-driven burial typically occurs faster than
increasing waves or currents can initiate horizontal transport of the UXO (building on
Traykovski MR-2729).

» Partial sinking or burial (i) decreases the exposure of the UXO to near-bed flow and (ii)
increases the physical resistance to UXO motion, both of which reduce the likelihood of
horizontal UXO mobility (building on Friedrichs MR-2224).

» Mobility is more likely for objects with density lower than bed sediment, especially in
combination with steeply sloping flat beds found in wave breaker and swash zones
('Cristaudo & Puleo 2020).

https://doi.org/10.1016/j.0ceaneng.2020.107322 62 %SERDP
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