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DenseGas Dispersion Mode| =Y
A SLAB dense gas dispersion model
A FEM3 computational fluid dynamics model

Field Experiments
A HAZMAT Spills Center at the Nevada Test Site
A Goldfish and Hawk experimental HF releases

ReaiWorld Application
A 1987 accident at Marathon Texas City Refinery
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Analytical Dispersiododels

Analytical approach:

Plumes are dispersed horizontally and
vertically according to distributions
estimated from empirical field data.

Neutral or buoyant releases
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Numerical Dispersion Models

Computational Fluid Dynamid€CFD) approach:

A source is released as thousands of marker particles
(shown as red dots) into a3 numerical grid of wind

and turbulence calculated from full physics equations at
each grid point, typically at 1 to 10 m resolution.

[
1. Dense gases follow terrain & pool in low areas

1
2. Dense gas'es collect behind buildings

CFD dense gas models explicitly treat two L .

Important aspects of dispersion: Example concentration plot from

Terrain and building effects the LLNL Finite Element Model
(FEM3 in an urban area




NTS providesn ideal
location for atmospheric
testing of hazardous
chemicals, with controlled
access and steady winds
from the SW.

name year | material | size e
Avocet |[1978 |LNG 5
Burro 1980 | LNG 24-39
Coyote |1981 |LNG 3-28

Desert 1983 | Ammonia | 15-60
Tortoise

Goldfish | 1986 | HF 4
Falcon 1987 | LNG 20-66

Hawk 1988 | HF 0.2




HAZMAT Spills Center Field Experiments

To understand dense gas releases, effects of water spray, and provide data to
develop and validate densgas dispersion models, during the summer of
1987, LLNL and AMOCO conducted 6 releases fobiHa 5006galtank

called theGoldfishseries
Goldfish Release Data, Weather, and Purpose

{ Purpose
Dispersion

Dispersion

Dispersion

Humidity

Air &
Water
Spray

Up Water
Spray

Down
water

spray

We will focus on the first and largest release, Goldfish 1
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Test data came from a large array of gas
concentration and atmospheric measurements

Typical arcs of instrument towers
Each tower made measurements at at 300 m, 1000 m, and 3000 m
1 m, 3 m, and 8 m above grade downwind

Goldfish 1



Comparison of SLAB and DEGADIS models with
from 3 GoldfisteExperiments

Test

Data from arcs of
iInstruments at 300

Data (ppm) 25,473 (ppm)  3,098(ppm)  411(ppm) m, 1000m, and
1 3000m downwind
SLAB 25,000 2,580 400 from the release
DEGADIS 21,000 1300 230 point.
Data 19,396 2,392 96* SLABINd DEGADIS
2 SLAB 12,500 1,250 200 model calculations
DEGADIS 6,800 820 110 (ppm)compared
very well with
Data 18,596 2,492 221 plume groundevel
3 centerline air
SLAB 10,000 960 142 concentration
DEGADIS 6,800 820 110 measurements
(Ppm)



Comparison of FEM3 Model with Goldfish 1

Release: 976 gal (469 gal/min for 2.08 min) s
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FEMS3 recreated the cold cloud temperatures Goldfish 1 cloud temperatures measured at 1 m
and horizontal dispersion well above ground along plume centerlicempared

with several FEM3model calculations



Goldfish5 and @ Effects ofwaterspray

Tests 5 and 6 showed the
net effects of water spray,
both upflow and

downflow, was to reduce
air concentration of HF by
36 to 49%.
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About 100 Hawk series HF water spray tests were
conducted in the NTS wind tunnel to explore detalls c
water spray mitigation

With a water to HF ratio of 60 to 1, water sprays were 95% effective at removing HF
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