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Why this matters...

= USACE spends approximately $1B annually on
dredging &7

= USACE routinely reports low channel availability
due to constrained maintenance funding 123

» Increasing vessel size trends increases C, O&M
dredging * > 7

* Inadequate channel depth impacts the safety and
efficiency of waterborne goods movement ’

= Cargo tonnage and value used to prioritize
maintenance dredging funds in ad hoc framework

1)
RankingDetail Charleston Harbor Project Commodity Draft vs. Average Yearly Dollars for AliShipments

* Dredge reassignment has costly network
implications in NAV and FRM BLs.

»= Gains in vessel navigability from dredge activity is
not measured.
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Research Topics

* Leverage emerging technology to improve
underkeel “around hull” clearance estimates for
transiting vessels.

= Develop improved management framework that
enables maintenance dredging prioritization
based on acceptable clearance “around hull”.

" Img. Ref: OMC International

Disruptions
to shipping

dredge-to depth
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Research Goals

prioritization metrics (tonnage, value).
= (Cast channel performance in terms of vessel clearance.
= Formulate management metrics at “portfolio scale”.

BALTIMORE HARBOR CHANNEL DEPTHS
TABULATED FROM SURVEYS BY THE CORPS OF ENGINEERS - SURVEYS TO AUG 1998

CONTROLLING DEPTHS FROM SEAWARD IN FEET AT MEAN LOWER LOW WATER (MLLW) PROJECT DIMENSIONS

LEFT LEFT RIGHT RIGHT WIDTH LENGTH DEPTH

NAME OF CHANNEL OUTSIDE  INSDE INSDE ~ OUTSIDE | DATE OF SURVEY geEn  (NAUT. Muw

QUARTER QUARTER QUARTER QUARTER MILES)  (FEET)
BREWERTON CHANNEL A475 509 505 A46.6 698 700  3.06 50
BREWERTON ANGLE 463 492 486 462 698 700-1450 0.79 50
00 377 50

FORT MCHENRY CHAN AdB.5 502 496 48.4 698
Detall Charleston Harbor Progect Commaodity Draft vs. Average Yearly Dollars for AllShipments.
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Augment navigation channel performance metric (available depth), and proxy project maintenance
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Controlling Depth in Reach

BALTIMORE HARBOR CHANNEL DEPTHS
TABULATED FROM SURVEYS BY THE CORPS OF ENGINEERS - SURVEYS TO AUG 1998
CONTROLLING DEPTHS FROM SEAWARD IN FEET AT MEAN LOWER LOW WATER (MLLW) PROJECT DIMENSIONS
LEFT LEFT RIGHT RIGHT WIDTH LENGTH DEPTH
NAME OF CHANNEL OUTSIDE INSIDE INSIDE OUTSIDE DATE OF SURVEY (FEET) (NAUT, MLLW
QUARTER QUARTER QUARTER QUARTER MILES) (FEET)
__=-
BREWERTON CHANNEL A475 | 509 505 A6 > 698 700 3.08 50
BREWERTON ANGLE 463 | 492 aB6 | 462 6-98 700-1450 0.79 50
FORT MCHENRY CHANNEL Ad65 | 502 496 484 6-98 700 377 50

= Controlling depth location within |47.5( 1
reach not specified

= Possible to pass through a reach 209
without encountering the
controlling depth.

= May result in “unavailability” \ | 460
without significant risk of keel
strike.
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Southwest Pass Draft Restrictions

Average channel condition of 42-ft since 18 NOV 2018 has
incurred $73.2M in additional shipping costs as of 15 JUL 2019.
FY19 dredging expenditures at Southwest Pass of $236M have
kept channel conditions stable and prevented even higher
shipping cost impacts. For example, a 38-ft draft restriction
would have incurred $410M in additional shipping costs over
the same time period.
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Distribution of Value wrt Vessel Draft

Cargo Types: Los Angeles, 2012-2014
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Draft

Coming next: 70’ VLCC design vessel!
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Cargo Types: Portland, ME, 2012-2014
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Draft

Doesn’t have design vessel.
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= Amount of cargo moved on vessels with draft exceeding design depth
varies by port. Many ports have long tails at deeper drafts.
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Tidal Elevation at Vessel Arrival
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* NY/NJ ~ Jacksonville @ Savannah ¥ Charleston
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Channel Depth and Underkeel Clearance

MHHW
Mean
tide
variation
MLLW ' —_
Design ship
loaded draft
(summer, saltwater)
1 Kesign channel. depin 3 Effect of freshwater
Sr:gz?keel : Ship motion from waves
clearance : Skt ;
¥ Authorized channel level : Safety clearance

3 Advance maintenance

;

Dredging tolerance

Img. Ref: USACE EM 1110-2-1613
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Existing Underkeel Clearance Use Cases

Ship Operation'2e.g. EMOGS Channel Design?'" e.g. CADET
Likelihood of safe passage right now Likelihood of safe passage in the future or % depth
= Uses: available to design vessel

+ 1 ship (well defined) = Uses:

* 1 transit « 1 ship (largest, well defined)

« Real time, Ambient conditions * Many simulated transits

+ Determine probability keel will exceed a depth * Model time, Simulated conditions
= Parameters: * Determine new-work depth

- Tidal water surface = Parameters:

* Atmospheric setup * Reference low water datum

+ Authorized depth (or controlling depth if available) * Probabilistic wave response motions

* Probabilistic wave response motions * Water density

+ Water density * Squat

« Squat (model verified empirical relationship) * Excludes tidal variation
= Consequence: « Excludes atmospheric effects

+ Keel strike = Consequence:

« Cost inefficiency in construction / maintenance /
transport

US Army Corps of Engineers e Engineer Research and Development Center
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Vessel Clearance Analysis

Nationwide AIS - vessel footprint & draft
« Coupling IWR Entrance & Clearance or 3™ party data improves draft accuracy

eHydro — bathymetric elevation

CSAT - historical shoaling rate

NOAA - water level & tide harmonic data

Channel Framework links input & provides boundaries
Channels can be characterized by 3D vessel clearance

29.2325
—=— Vessel Shell - 61.2
+  Survey Point
¢ AlS Transponder 59.4

F57.6

— Vessel Surface

t
1.; Bathymetry

_| Minimum TUKC

tude

£ 29.2320

(3) wdag

E Shoaling Rate

/. Channel Reliability Index

Billions of vessel positions Thousands of channel surveys

29.2315 =
-89.2960 -89.2955 -89.2950

Longitude
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Marine Cadastre

= Nationwide AIS 1-minute sampling
= Available 2009-2017
= Marinecadastre.gov

2009 - 2017 National AIS at 1 Minute Intervals @& O

MarineCadastre.gov

Automatic Identification System (AIS) data are information collected by the U.S. Coast Guard to

monitor real-time vessel information to improve navigation safety. Data such as ship name, purpose,
course, and speed are acquired 24 hours per day primarily in coastal U.S. waters. However, the data
sets featured on this website are the 2009 to 2017 archived AIS data sets intended to be used by the
ocean planning community to better understand vessel traffic patterns. These data are provided for
analysis in desktop GIS software. For more information, visit the Nationwide Automatic Identification

System website.

US Army Corps of Engineers e Engineer Research and Development Center
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Vessel Clearance Analysis

Data Validation:(MMSI, Time, Lat, Lng).

AIS Spatial Filtering

Time Conversion
UTM zone tagging.
Data collation to SQL db.

RIS AIS Particulars

Data Validation:(MMSI, Time, Lat, Lng).

2| Assign AlS positions to CF reach
Retain matched data as SQL .db

Dimension Vessels
Hash position data into detailed vessel dimensions

WCSC Ent. & Clear.
Data Validation:(MMSI, Time, Lat, Lng).

Build Vessel Shell
Resolve vessel footprint and best estimate of sailing draft

NOAA WL Records

Build list of gages (verified & prediction)

Assign gages to CF reach
Epoch time conversion

!

Estimate Water Level @ Transit
Index tide record with CF ID for each AlS data point

v

Drop repeated data ?77?

eHydro Surveys

Data validation

Estimate Elevation @ Transit

Index survey record with CF ID

Use KD-Tree to determine nearest survey node to each AIS Position
Interpolate elevation @ transit

Assign surveys to CF reaches

v

Channel Framework
Dissolve Polygons
Buffer polygons by 1k ft.

AIS Draft is available,
but unreliable on
individual transits.

Options to pursue:

« WCSC E&C: data
covers some ships.

« Large-Draft isolation:

Convert to common datum (WGS84)
Data filtering

Compute Clearance Metrics
Underkeel = Water Level — Bathy El. — Eff. Draft
Channel Side = minimum distance between unbuffered CF boundary & Shell

better than ex.

metrics?
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UNCLASSIFIED

Engineer Research and Development Center



UNCLASSIFIED

Management Metrics

Convey to decision makers the volume of traffic in dredged
reaches with “insufficient clearance”.

g Requires someone to decide what that means.

survey time

Opportunity to combine all relevant data and contextualize depth contour
dredging operations. | T Pass

- Possibly more functional than underkeel.
m Potentially significant questions about business as
usual

Need to socialize this concept and derive a metric that
conveys the right information.

03312016  Southwest

| Vessel Traffic
" Shoal Area
B Dredge Activity

N

1
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Conclusions

In general, USACE pays a premium to support a small number of vessels at drafts
approaching or exceeding authorized depth, with or without authorization to do so.

AlS-derived traffic metrics quantitatively relate vessel clearance at time of vessel transit
- Still working out some uncertainties
AlS-derived traffic metrics can relate operational tactics to user experience

- Bypasses some uncertainties
* Needs hard questions answered about channel dimensions.

AlS-derived metrics facilitate rational allocation of scarce operating funds

Development of parallel computing capability in this space strategically positions CIRP
within the vessel computational analysis space

US Army Corps of Engineers e Engineer Research and Development Center
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Benefits

= Working at scale strategically positions CNPM to explore other AlS-derived portfolio-wide metrics

4-D around-ship clearance — FY 20 goal
Vessel-based infrastructure classification
Large scale quantification of navigation risk

= Nationwide answers — navigation projects don’t exist in a vacuum.
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