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NOTICE

This document is disseminated under the sponsorship of the Department
of Transportation in the interest of information exchange. The United
States Government assumes no liability for its contents or use thereof.

The contents of this report do not necessarilv reflect the official view
or policy of the Coast Guard; and they do not constitute a standard,
specification, or regulation.

This report, or pc-tions thereof may not be used for advertising or
sales promotion purposes. Citation of trade names and manufacturers
does not constitute endorsement or approval of such products.
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enthalpy associated with mass flux of water from surface
(J/kg)

energy converted to internal energy

vertical turbulent diffusivity, mass (m2/s)
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vertical turbulent diffusivity, momentum (mZ/s)

constant in Equations 11-72 and III-75 (m]-y])
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surface under the source (kg/s)

number of observers
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an

o

s

:.: Nu Nusselt number

W PE potential energy (N m).

:«i’,;; Pr Prandtl number

i':%': p atmospheric pressure (atm)

: P empirical constant in Table A.1

f}% — Py, vapor pressure of water (atm)

é P cloud momentum (kg m/s) |

“ - P, momentum of head in density-driven flow (kg m/s)

1;22‘:: P, momentum of tail in density-driven flow (kg m/s)

!.Efﬁ Pv virtual momentum due to acceleration reaction (kg m/s)
- Q volumetric release rate (m3/s)

: QE source mass f ux (kg/m2 s)

%." Qe .volumetric entrainment flux (m/s)

s 01 flux of ambient fluid into front of gravity current head
‘E§§, (m/s)

f??:t!. 65 rate of heat transfer from the surface (J/s)

a8 Qe atmospheric takeup flux (kg/m2 s) |
%‘g‘é Q*max maximum atmospheric takeup flux of contaminant (kg/m2 s)
By qg surface heat flux (J/m’ s)

:33 9@ vertical heat flux (J/m’ s)

QE ' a empirical constant in Table A.}

e R gas source cloud radius (m)

;S. Rh inner radius of head in density-driven flow (m)

’E'::Q Ro value of R when (w RZ Q,) is a maximum (m)

L .

“ Rnax maximum radius_ of the cloud (m)

;;:;: xxi
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5

ﬁ%% Rp primary source radius (m)

"»{‘49 \

igé R* nondimensionalized radius (R/%)

_— : RiT Richardson number associated with temperature differences,
AR

Equation I111-66

Wit

:é& Rig,Rié Continuous and instantaneous release Richardson numbers
o respectively

A

fﬁ% Ri" Richardson number associated with density differences
Wy

;ﬁ& corrected for horizontal turbulence velocity

O, Ri, Richardsnn number associated with density differences
WY

ﬁgg. ‘ corrected for convective scale velocity

:::.:t’

RO Ri, Richardson number associated with density differences,
-

! Equation III-56

¥, "

4o Sc Schmidt number

gt

on Sh Sherwood number

3§§ StH Stanton number for heat transfer

ey

;5& Sty Stanton number for mass transfer

iﬁ"

p0H . . .

s Sy horizontal concentration scaling parameter (m)

LR )

ﬁéh S, vertical concentration scaling parameter (m)
A ,'

3&&. 5,0 S, at the downwind edge of the source (x = L/2) (m)
."'h’ "

o 5,0 value of S, when (m RZQ*) is a maximum (m)

et z m z

el T temperature associated with source blanket enthalpy (K)
éé; ToL temperature associated with averaged enthalpy (K)

'—.’, . ’

i TS surface temperature (K)

=

%Q: TE turbulent kinetic energy (Nm)

LA,

%Z:. To contaminant storage temperature (K)

(K

e t time (s)

’\“.\v

vg’il }

g

e xxii
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%& te characteristic time of cloud formation (s)

‘;‘ t specified time (s)

%g tt cloud travel time to the maximum distance exposed to a
?g given concentration (s)

u tn. time when observer i encounters downwind edge (s)
%é ’ tuPi time when observer i encounters upwind edge (s)

R t* nondimensional time t/o

& uy ambient average velocity (m/s)

g? Ug horizontal or frontal entrainment velocity (m/s)

53 Uprp effective cloud advection velocity (m/sL

kx ug cloud front velocity (m/s)

‘; u; velocity of observer i (m/s)

kS U local velocity in j direction (m/s)

gk u average transport velocity associated with HL (m/s)
§{ u, wind velocity, along x-direction (m/s)

" ug wind velocity measured at z = z;, (m/s)

§; U horizontal r.m.s. turbulence velocity (m/s)

E? us internal flow out of gravity current head (m/s)

‘t . Uy internal flow into gravity current head (m/s)

éﬁ U1g wind velocity at z = 10 m (m/s)

3; Uy friction velocity (m/s)

;; u characteristic average velocity (m/s)

df v cloud volume (m3)

E Vy heat transfer velocity (0.0125 m/s) in Equation III-16
3 (m/s)

N

'4 Xxiii
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?.' Vs initial volume (m3)
L T —
Va specific volume of air (m3/kg)
.v' ). _
glL V. specific volume of contaminant (m3/kg)
- ‘s 3

ka Vw,vapor specific volume of water vapor (m~/kg)
i W gas plume width (m)
\
ga. Wy rectangular source width (m)
1""
3&; Wy mass fraction of air
" W, mass fraction of contaminant
Ity
%« Wo vertical entrainment velocity associated with H/ (m/s)
'l »
f?ﬁ , W, total entrainment velocity in Equation II-31 (m/s)
RN W, convective scale velocity (m/s)

4
0@? wé entrainment velocity associated with HEFF (m/s)
Wy
U %
o x;(t)  x position of observer i at time t (m)
igﬁ X5 position of puff center due to observer i (m)
o
{ﬁa Xy downwind distance where gravity spreading terminates (m)
:'l"'
" Xy virtual point source distance (m)
o Xdn x position of downwind edge of source for observer i
N ¢ i
%ﬂ: xup x position of upwind edge of source for observer i
t'.' ‘i
ol x,y,z Cartesian coordinates (m)
{": Xg downwind edge of the gas source (m)
it _ .
inaw y average cloud mole fraction
5 o~
[) )
T Zp surface roughness (m)
e
h

s reference height in wind velocity profile specification (m)
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o ]

fi‘_c,

WY

!’;!.

dea

R . . .

¢$§ a constant in power law wind profile

DA

R 8 constant in o, correlation in Equation III-75

!;v‘;l

Eég: B constant in Equation I1-37

t’{‘i -

ﬁg& B' coefficient of expansion (K ])

i 8 . characteristic time scale, V}/G/v/gA;

wi .

ﬁq“ T gamma function

e

§§5 ‘ Y ratio of (p - p,) /¢,

doy f constant in Equation III-75

R

f‘f A ratio of (p - pa)/o

$§ AT temperature driving force (K) (TS - Tc L) or (TS -T)

‘§¢ A ratio of (p - pa) /0,

>, ‘: ' «  ea . .

\ 5 A initial ratio of (p - pa) AR

e ) constant in oy correlation in Equation III-75

G 8 empirical constant (2.15) in Equation III-31

)

: Sy constant (0.20) in Equation II-59

o

o € frontal entrainment coefficient in Equation III-11

s z collection of terms defined by Equation 111-40

§

i3 (n!/ (1a))

Ve

e . A Monin-Obukhov length (m)

gl .

;ﬁﬁ Afus latent heat of fusion for water in Equation A-4 (J/kg)
o

ﬁ . !

;$% Avap latent heat of vaporization for water in Equation A-4

N (3/kg)

:E& A modified latent heat for water in Equation A-4 (J/kg)
v

:; u viscosity (kg/m s)

. o density of gas-air mixture (kg/m3)

E& XXV
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ambient density (kg/m3)

a

Oc - cloud density (kg/m3)

0 initial cloud density (kg/m3)

pL vertically averaged layer density (kg/m3) {

Po density of contaminant's saturated vapor at To (kg/m3) :

oy x-direction dispersion coefficient (m)

Oy Pasquill-Gifford lateral dispersion coefficient (m)

g, - z-direction dispersion coefficient (m) &

Ty surface shear stress (N/mz) ?

T shear stress at the cloud top (N/mz) 1

n constant of Equation II-5

) function describing influence of stable density %
stratification on vertical diffusion, Equation III-54 l

; integrated source entrainment function

¥ logarithmic velocity profile correction function

1 Q'. i
e XXV




) SUMMARY

e

v The mathematical modeling methods which have been proposed

QS: for prediction of dispersion of heavier-than-air gases are

:gﬁ y reviewed and critiqued. The phenomenology of atmospheric dispersion
‘ﬁgf of heavy gas is described, and a simplified representation of the

a - general heavy gas dispersion scenario is proposed which involves

o three distinct flow regimes:

--Buoyancy-dominated dispersion (near field)
Nl --Stably stratified shear flow (intermediate field)
--Passive turbulent dispersion (far field)

j$3t Modeling concepts based on investigations of laboratory gravity
o currents are used to describe the flow and dilution processes that
R;. characterize. the buoyancy-dominated dispersion regime. Measure-

ments of the spreading and dilution of heavy gas volumes released

ﬁﬁz suddenly in calm (laboratory) air are used to demonstrate scaling
',E‘:: methods for small releases from 35 to 530 liters, and the laboratory
3g§ results when scaled to 2000 m3 volume are consistent with the

. experimental data from the Thorney Island 2000 m3 Heavy Gas Trials.
%& A box model is used to describe the laboratory releases, and the

%ﬁ gravity spreading and air entrainment velocities are determined

ﬁﬁ from analysis of the laboratory experimental data.

- Data from laboratory-stratified shear flow mixing experiments
§f’ have been used to model the vertical diffusion of heavy gases in

%5 ) the atmospheric constant stress layer. The modeling concepts used
ﬁ& in the Shell HEGADAS (HEavy GAs Dispersion from Area Sources) model have
;,‘ been adapted to model the stably stratified shear flow and passive
S?J turbulent diffusion regimes. Several important modifications to

i the HEGADAS model have been made, including provision for heat
transfer and convective turbulence, incorporation of additional
laboratory-stratified layer mixing data in the vertical entrainment

WY XXvii
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velocity correlation, and improvements in the method used for
modeling the rate of heavy gas entrainment (from the source) by
the atmospheric flow. The provision for air entrainment into the
gravity spreading gas blanket which may form over some releases,

as well as heat exchange between the blanket and the earth surface,
extend the applicability of the model to a much wider class of
heavy gas release scenarios.

The interactive computer model DEGADIS (DEnse GAs DISpersion),
which is proposed for incorporation in the Coast Guard Hazard
Assessment Computer System (HACS), has been used to simulate
thirty-ni