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Presentation Overview

® Background
— Why waterborne transport
— Waterborne modeling| data reguirements
— Data Availability

® Phase | SBIR

— Objective

— ASA Waterlboerne Chemical Transport Vieodel




Why Waterborne Transport

Interdiction at sea

Active Defense

Deposition from an; atmospherc chemical plumertoeraiwateiF ey

I'a chemical agent: intora Water

Impedance: ofi Expeditionany forces ]‘ It "Lhea;ter
SpPecial operatorns MISsion; EMECLVENESS
Contamination of comlatant VESSels

Impact to arinkinefwater Stpplies



Environmental Data Requirements

Land-Water delineation
Bathymetry

Currents

Temperature

Salinity

Winds
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Environmental Data Reguirements

Land-Water delineation
Bathymetry

Currents
Temperature
Salinity

Winds




Environmental Data Requirements

e |and-Water delineation
e Bathymetry
e Currents
® Temperature
e Salinity
Winds




Data Availability

* A truly operational system requires rapid Iif not
Immediate availability ofi datasets ranging In scale: firom
global to potentially 10’s of meters

® Global scale datasets are readily: availanierand loeal
datasets are typically: available within the: Ceontinental
United States (CONUS). Hewever, these: datasetsyare net
usually integrated.

® QOutside CONUS regions mid and lecal scale datasets are
often difficult to ehtain

— Intelligence Assets

— Envirenmentall ReEconnalssance

— Dedicated reach hack cells




Phase | Objective

® Couple ASA’s waterborne chemical transport and

e
a
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CHEMMAP

* Integrated modeling system designedl te predict the trajectory, fate
and effects of Toxic Industrial Chemicals and Materals

* Developed as a Natural Resource Damage Assessmeni: Medelitor US
Government Regulations

e Expanded commercial development
— SIMAP (OIl' Spill' Impact Model Application; Package)
— CHEMMAPR (Chemical Moedel Application; Package)

e Continued DoeD develepment te predict tianspertand iate o
weapenized chemical agents and refinemenitc aififl /v
algornithms for military utihity iwatereerne ERVIFeRMERLS




CHEMMAP Structure
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Evaporation
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Physical/Chemical Processes

Sediment Surface _ _
Sedimentation

: : Volatization
Dispersion i
: Adsorption
Spreading e
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Modeling Approach

® Three-Dimensional Lagrangian Particle Model

e Each particle has an associated
— mass (density)
— Size
— age

* Particle classified by spill conditions and chemical propesties
— on the surface (slick)
— particulate in the water column
— dissoelved in the water column
— adsorbed to sediment in the water column
— on bottom sediments
— stranded on shoereline

e Particles transperted by
— Cuments

— Winds

— Natural Dispersion

— Stiekes; settling




Floater Example

Surface Floating
Mass [g/m2)
NONYLPHENOL
110

105 100

100> 1000

1000 > 10000

0 knots 10000 100000
100000 1000000
1000000 > 10000000
10000000 > 100000000
> 100000000




Dissolved Example

Dissolved Concentration
Vertical Maximum in the Water [mg/m3)
ethylene glycol

1410

10 100

100> 1000

1000 -»> 10000

10000 -» 100000

100000 > 1000000
1000000 -»> 10000000
10000000 -> 100000000

» 100000000

0 knots
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Phase | Integration

* Link HPAC meteorological files tor ASA model

® Link HPAC chemical database to ASA moedel

® Link HPAC run-time files toi ASA model

e Utilize HPAC terrain data te develop land-water grids

e Utilize SCIPUEE atmospheric deposition: results;as Watererne: seulice

HPAC INPUT DATA

e HPAC readable waterborne chemical transpert resulis

Land Water

Oceanographic

CHEMMAP




Atmospheric
chemical
properties

Phase | System Schematic

HPAC Meteorological

INTERFACE AND data
SCIPUFF
SIMULATION

Waterborne
chemical
properties

HPAC
properties .
file Oceanographic

data

Terrain Data
process

HPAC - ASA CHEMICAL
Deposition MODEL INTERFACE

process

Material
process

Meteorological
process

ASA WATERBORNE CHEMICAL
TRANSPORT AND DISPERSION
MODEL

Generate MOF File



|nterface

)
& HPAC/Chemodel Interface X]

Preparing Data...

e Simplified wizard approach

Amount Complete

e JAVA based interface and

algorithms I:l

Processing...

e (Consistent with HPAC

development philosephy. ]

— Design patterns

— Cross platform utilization

— Re-using existing HPAC
classes where poessible




HPAC Atmospheric Results HPAC Deposition Results
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HPAC Waterborne Results
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Phase Il Objectives

Investigate integration of model into JEM! architecture

Expand model’'s 1/O architecture accommodate passing evaperated watererme mass
to SCIPUFF

Develop analytical summary: of traditionall andl thickened weaponized chemical
fate and kinetics

Tabun

Sarin

Soman

Cyclosarin

VX

Distilled Sulfur Mustard

D
()
(b
.:
Lo,
(V2

Develop and incorporate numerical aloprthims 9ased tpen analyiical summany

)

Develop expanded chemicallagent datalaas

(12

evelop advanced numerical algortams Lo Simieliiy/ operatonal USEMInPULS
—  Adaptive time step

—  Adaptive gridding

—  Smart stochastic modeling



Mustard Kinetics

Ho/\/s\/\CI N e

Hemimustard

HO/\/S\/\OH il

thiodiglycol
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Hydrolysis Rate Constants: 1,4-thioxane

K

SAaf
od

Water

Ky (mint)
0.0040
0.0141

%9) 0,995 0:0215
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