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SHARC

System for Hazard Assessment of Released Chemicals

 Modeling system designed for use within all aquatic environments to
provide information on dispersion patterns, concentration levels, and
potential impact zones

* Supports a wide range of extensible material classes ranging from Qil to
Hazardous Chemicals/Materials to Pathogens to Radiological

e _leverages Lagrangian Transport and Dispersion Techniques

* Advanced Fate and Composite Material Algorithms:

Dissolution . Hydrolysis . Dissociation . Evaporation

Volatilization . Adsorption/Desorption . Limnological REDUX

 @GIS Based User Interface
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SHARC User Interface

Pull-Down Menus

Incident System Layer Accessories Zoom Help
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Incident Analysis ' Preferences

= Incident Info

Material: Acrylonitrile

Quantity: 50000 Gallons

Time of release: 11/08/2023 01:00 UTC +03 [C]
Model Timestep (minutes): 10.0

Output Timestep (minutes): 10.0

Swept Area: 0.97 mi2

Sediment Area: 0.42 mi2

&M Distributi
= Output Display
M Draw Spillets
Ml Draw Shoreline Impacts
il Draw Time Polygons
Waterborne
M Draw Mesh
@ Draw Maximum Mesh
Ml Draw Swept Area

Sediment
Ml Draw Mesh
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Export
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Il Exceeds minimum risk level (150 - 15,000 ppm)
Il Limited short-term impairment (15,000 - 100,000 ppm

B skin irritant (100,000 - 294,000 ppm)

Potentially lethal (>294,000 ppm)

I stranded Material
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SHARC Output Visualization

Time-Varying Visualization of the Material Concentration Plume

maximum water column concentration

Simulated release of 50,000
gallons of Acrylonitrile from a
barge within Arthur Kill
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SHARC Output Visualization

Maximum Water Material Excursion Material Stranded

Column Concentration Time Contours Along the Shoreline

Simulated release of 50,000
gallons of Acrylonitrile from a
barge within Arthur Kill
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SHARC Output Visualization

Simulated release of 50,000
gallons of Acrylonitrile from a
barge within Arthur Kill
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SHARC Output Visualization

Shoreline Impact Timeseries

SHARC contains a Global Shore Type Database

simulated release of 50,000 When a material strands it continues to decay using dry kinetics associated with the shoreline type

gallons of Acrylonitrile from a
barge within Arthur Kill DU
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Lagrangian Transport & Dispersion

VT — VHydro + VWind + VSettling + VDiSperSion

Analogous to following aleaf as it's
carried by a stream. If you were to
travel with the leaf, observing its
journey and the forces acting upon
it, you're adopting a Lagrangian
perspective.

. V,_,ydro : Water speed and direction

. Vwmd : Calculated as 3.5% of the
wind speed with a random
deflection ranging between 0° &
25°, Only applied when particle is
within the wind mixed layer.

. VSettIing : Modified specific gravity
Stokes formulation.

_’
*  Vbispersion - Random walk to
account for turbulence.




Kinetics & Fates

Receiving Water Entrainment

S

Particle
Disperses
or
Slick
Spreads

Post
Transport

State &
Position

New State
Ready for
Transport

Fate Processes

Dissolution: Solute in gas, liquid or solid phase dissolves in solvent
to form a solution. Primarily driven by material solubility.

Hydrolysis: Decomposition of compound due to chemical reaction
with water forming two or more products. Primarily driven by pH.
Under the hood SHARC tracks daughter products.

Dissociation: Process by which acids and bases ionize. Driven by
pH and the materials dissociation constant.

Evaporation: Phase transition from liquid to vapor. Primarily
driven by temperature.

Volatilization: Phase transition from dissolved liquid phase to

vapor phase.

Adsorption/Desorption: Processes in which material accumulates

on the surface of particulates in the water column and is
potentially released back into the environment. Primarily driven by
the ratio of particulate organic carbon to total suspended material.

Limnological REDOX: These reactions involve the transfer of

electrons between substances, leading to changes in the oxidation
state of the involved elements.




Aquatic Fates

Volatilized Evaporated
Mass Mass

olatilizatio

Order of Operations
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Composite Materials

example materials degradation pathways

Hydrolysis
NH3 W
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Acrylic | AcdKa

EEEEEE

OH- EDA+
AKb2 I
OH- EDA+

1
[ e ]

H2S Kal
‘é‘a’;l H2S |+—| Hs- |H+

-----

= Database Chemical




Oil Composition

Saturates
Volatile
Low Reactivity
Low Density
Low Viscosity

Aromatics
Less Volatile
More Reactive
Toxic
Carcinogenic

|

Resins
26%

Resins

16%
D‘lSEL

Asphaltenes

13%

Asphaltenes

Resins
10%

10%

Waxes
3%

CRUDE

Diesel Fuel
Low Density
Low Viscosity
Moderate Volatility
33 Saturate Constituents
131 Aromatic Constituents

Bunker C Heavy Fuel Oil
High Density
High Viscosity
Low Volatility
71 Saturate Constituents
131 Aromatic Constituents

Medium Crude Qil
Moderate Density
Moderate Viscosity
Moderate Volatility
102 Saturate Constituents
131 Aromatic Constituents




Environmental Data Requirements

*  Currents — Primary transport mechanism in aquatic environments.
— Forecasting Systems
— Climatology
— Boutique Forecasts
— Tidal Harmonic Database (MPA design)

*  Winds — Secondary transport mechanism in aquatic environments.
Materials that form slicks or are within the mixed layer will be affected.
— Forecasting Systems
— Weather Stations

* Bathymetry
— Hydrodynamic Model Bathymetry
— Local Surveys
— Coastal Relief Model (CONUS Bundled with SHARC)
— Shuttle Radar Topography Mission (OCONUS Bundled with SHARC)

*  Water Chemistry
— Coastal/Offshore Database (Bundled with SHARC)
— Limnological Database (CONUS Bundled with SHARC)
— Environmental control files

Should be customized based upon modeling objectives and area of concern




Case Study: Operation Tomodachi

* On March 11 the Tohoku-Chihou-
Taiheiyou-Oki earthquake and ensuing
tsunami damaged the Fukushima
Nuclear Powerplant resulting in the
catastrophic failure of the F1 reactor.

* To cool the reactor millions of gallons
of water were pumped into the
reactor housing resulting in a release
of radiological material into the
coastal ocean.

 SHARC was utilized by DTRA Technical
Reachback to providing daily forecasts
to support Operation Tomodachi from
Mar-Jun 2011.




Case Study: Operation Tomodachi

Development of environmental forcing

contingency plans:
»  Primary - NAVOCEANO high resolution NCOM nest
»>  Secondary - Global NCOM blended with nearshore tidal currents
»  Tertiary - Nearshore tidal currents

Coordination with Japanese response teams
in their data collection efforts

Continuous validation and refinement of the
nearshore source term and model
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Case Study: Operation Tomodachi

not spectacular

As the operation evolved so did the quality of the simulations:

*  Refined environmental forecasts driving transport

* Added more collection stations (particularly nearshore) and increased
collection frequency

*  Refined the source term to be a distributed release at the to account
for nearshore transport uncertainties

Representative snapshot of '3'l predicted
activity on 25APR2011

15 km offshore of Minami-Sowa - NS4 15 km offshore of Minami-Sowa - NS4 =
1] (Ba/L) 1] (Ba/L) 7Cs (Bq/L) | *7Cs (Ba/L) NS4
Sample Date/Time Observed Predicted Sample Date/Time Observed Predicted e
4/14/11 9:42| 76 1.5 4/14/11 9:42) 69 3 NS5 -
4/15/11 9:55 73 53 4/15/11 10:30 37 3 TEPCO stations ~15 km offshore
15 km offshore F ima Dai-ichi — NS1 15 km offshore F ima Dai-ichi — NS1 NS1 Momt?rmg Samp.Ie 31 (Bq/L) B (Bq/L)
— ) (Bg/L) wCs (Ba/l) | *7Cs (Ba/L) . St:ltslzn 4Dza;eﬂ'|;nf24 NObserved Preguz:ted
Sample Date/Time|  Observed Predicted Sample Date/Time|  Observed Predicted NS2 /22/ : on-Detect .
4/14/11 10:43 190 1.5 4/14/11 10:43 140 0.5 . NS5 4/22/11 10:22 5 5.6
4/15/11 9:00 140 53 4/15/11 9:00 120 3 NS6 NS1 4/22/119:45 10 8.5
" — NS2 4/22/11 9:10 15 9
i iini — 15 km offshore F Dai-ini — NS2 NS3 °
15 km offshore Fukushima Dai-ini — NS2 m et /L)a' In:37c s NS6 4/22/11 8:36 37 36
131 (Bg/L) 11 (Bg/L) s (Bq s (Bq -
le Date/Time|  Observed Predicted le Date/Time|  Observed Predicted ) NS3 4/22/11 8:07, 5 2.4
4/14/11 10:19 98 1.5 4/14/11 10:19 84 0.5
4/15/11 8:58 200 45 4/15/11 8:58 210 2.3 NS4 4/25/11 9:45 Non-Detect| 33.4
NS5 4/25/11 9:20 4.9 58.2
15 km offshore of Hirono Town - NS3* 15 km offshore of Hirono Town - NS3 NS1 4/25/11 8:50 14 283
311 (Ba/L) 1] (Ba/L) #7Cs (Ba/L) | **Cs (Ba/L) NS2 4/25/11 8:20 25 24.7
Samplill:;zt/el/;';mzeg Obslerved Pre(liicted Samplz/l)lit/elllT:z; obsze(;ved Pregi;ted NS6 4/25/11 7:50 22 4.1
. 7 .5 . . N
4/15/11 8:05) 17 6.5 4/15/11 8:05 6.3 5.2 NS3 4/25/117:20 20 1.0
4/17/11 8:19) 68 1.2 4/17/11 8:19 76 4.9




V&YV Study: Cosco Busan Oil Spill

On November 7, 2007 the container
ship Cosco Busan collided with the
San Francisco Oakland Bay Bridge,
resulting in a spill of 53,000 gallons
of IFO-380 fuel oil

* This incident was selected for the
following reasons:

— Observational data was available for

comparison with model predictions

Poor visibility delayed initial response
efforts; therefore, the remediation
impacts did not impact initial
observational data

IFO-380 is highly viscous which
contributes to prolonged
environmental persistence

The study primarily focused on the first 72 hours after the incident




V&YV Study: Cosco Busan Oil Spill

Recreating the Environment

 Atmospheric
— The atmospheric models at the time of

*9 ol
SFB1220 51001p$03010
9414290 Gpgi007 4769

the incident were very course (12km) i
and did not capture the dynamics of

SFBI218

the bay

— i H H @ current predictions
13 meteorological stations surrounding e
the bay were used to reconstruct the © water level, water temperature
winds during the incident e e

@ wind, water level
@ wind, water level, water temperature

* Oceanographic

— Ahigh resolution tidally forced model
was developed for the region using
DELFT

— The oceanographic model was
calibrated and validated using the
NOAA stations with the region

— Validation results quite good with
RMSE on the order of 4 inches for the
water levels and 0.2 knots for the
surface currents




V&YV Study: Cosco Busan Oil Spill

M/ Cosco Busan, Bay Bridge, San Francisco Bay, CA
Overflight Map Date/Time: 8 November 2007 1245-1400
prepared by NOAA Observers: Simecek-Beatty(NOAA), Parker(Polaris),
Valleris(USCG), Henkel(CAOSPR)
USE ONLY ASA GENERAL REFERENCE Graphic does not represent precise amounts or locations of oil
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V&YV Study: Cosco Busan Oil Spill

e Three data sources were
available to validate the
spill model:

— Shoreline Oiling Surveys

— QOil Extent Collections




V&YV Study: Cosco Busan Oil Spill

 The model performed extremely
well during the first 48 hrs of the
incident with 85% overall
accuracy.

During the final 24 hrs of the
incident the model quality
degraded to 65%.

. Attrlbutlng Factors

The transport appeared to be biased to the
lower south-western side of the basin.

Bias expected to be driven by local wind shifts
not captured by the available meteorological
stations.

Future use of this validation scenario will focus
on “smarter” blending of the wind data.

Biased transport of Rainbow and
Silver Sheen during last 24 hours




V&YV Study: Wilmette Pumping Station

e On 23 August 2007, the Metropolitan Water Gk
Reclamation District of Greater Chicago 4
released 224 million gallons of stormwater
from the Wilmette Pumping Station into
Lake Michigan at Wilmette Harbor. The
discharge began at 12:00pm local time and
lasted 24 hours.

*  The concentration of e-coli within the
stormwater discharge was estimated to be
1.25M cfu/100ml.
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V&YV Study: Wilmette Pumping Station

e
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V&YV Study: Wilmette Pumping Station

Station Name Distance from Source Data Model Delta Percent Difference
(mi) (cfu/100ml)| (cfu/100mt)| (cfu/200ml) %

L] [ ]

Preliminary Results
:

* The model-to-data comparison 11

: o

focused on 25 August 2007 which 3%
- o
had the greatest data density. —ouechvioxcramon | ss | asss | ass | a0 | o
31L6CH WOXCHIHORNDAE] 6 | 6 | 07 | 113 | ow
o
iiscH worcHmoNTRosE] 5| a2 | aoas | a7 | 1o

Significant underprediction at
station WMGILLISON which is 0.5
miles to the north of the release
site. Believed to be due under

resolved current field.

In general, slight underprediction
out to 5 miles south of the release
site then slight overprediction
thereafter.

Good preliminary agreement ... Validating kinetic parameters
Further refinements in grid resolution and turbulence parameters will be studied to reduced overall errors
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SHARC

Other Use Cases

Real-World Incidents and US Government Exercises Ranging from Hazardous Material Spills to Radiological Deposition

Hazardous Material Spills within Urban Waterways

Ship Collisions Resulting in Hazardous Material Spills

Pathogen Transport After Extreme Weather Events

Significant Waste Water Releases near USG Installations

Unprecedented Releases of Radiological Materials in Coastal Regimes

Salvage of Ex Military Vessels

Potential Catastrophic Oil Spills

Weapons of Mass Destruction Demilitarization

Radiological Deposition on Waterways due to Nuclear/Radiological Detonations
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Demonstration

* |nshore Toxic Industrial
Chemical Spill

e Offshore Oil Spill

* Radiological Deposition

 Ensemble Forecasting Mode




Thanks for Listening — Any Questions

MPA
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