/AD-AD87 863 FOREIGN TECHNOLOSY DIV WRIGHT-PATTERSON AFB O F/6 1
THE ATMOSPHERIC POLLUTION CAUSED BY THE recuNOLoexcu. LIeuID ea-.gﬂ;(u,
DEC 78 Z HULEWICZe Z JACHLEWSKI, K EKSANOW
UNCLASSIFIED m—m(nsn-zlsu-u




e A = U g L 0 e e o ¢y AR AL R G e T T e e L ey s R

3 o M

PHOTOGRAPH THIS SHEET

() o

Nej § LEVEL INVENTORY
X g

o [ FTD-IDRT-RIS#-78
0 o) g DOCUMENT IDENTIFICATION
s [
g: DISTRIBUTION STATEMENT A
<< Approved for public release;

Distribution Unlimited
DISTRIBUTION STATEMENT
ACCESSION FOR s

NTIS GRA&I
™ DTIC
UNANNOUNCED O

JUSTIFICATION ELECTE ‘
AUG 151980 !

BY
DISTRIBUTION /
AVAILABILITY CODES

| DIST AVAIL AND/OR SPECIAL DATE ACCESSIONED

A !

DISTRIBUTION STAMP

DATE RECEIVED IN DTIC
PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDA-2

DTIC Jorye 70A DOCUMENT PROCESSING SHEET




FTD-ID(RS)T-2154-78

FOREIGN TECHNOLOGY DIVISION

ADAOBY863

THE ATMOSPHERE POLLUTION CAUSED BY THE
TECHNOLOGICAL LIQUID GAS EVAPORATION

By

Zbigniew Hulewilcz, Zygmunt Jachlewskl, Kamll Eksanow

Approved for public release;
distribution unlimited.

80 ¢ 25 00

Lt




FTD -ID(RS)T-2154-78

KPR 0= S

EDITED TRANSLATION

b i e et a2l e i bbb e §

FTD-ID(RS)T-2154-78 18 December 1978
MICROFICHE NR: A)) - 7f-(-00)765
CSB78054454

THE ATMOSPHERE POLLUTION CAUSED BY THE
TECHNOLOGICAL LIQUID GAS EVAPORATION

By: Zbigniew Hulewicz, Zygmunt Jachlewski,
Kamil Eksanow

English pages: 22 1

Source: Inzynierla Chemiezna, Vol. 7, Nr. 4,
1977, pp. 855-872

Country of Origin: Poland

Translated by: LINGUISTIC SYSTEMS, INC.
F33657-78-D-0618
J1ia Kimmelfeld

Requester: FTD/PHE

Approved for publlic release; distribution unlimited.

THIS TRANSLATION 1S A RENDITION OF THE ORIG!-
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR

EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY:
ADYOCATEDORIMPLIED ARE THOSE OF THE SOURCE

AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION

OR OPINION OF THE FOREIGN TECHNOLOGY DI. FOREIGN TECHNOLOGY DIVISION
VISION. WP.AFB, ONIO.

FTD ~-ID(RS)T=-2154-78 Datem Dec 1918




et g

R it T X

THE ATMOSPHERE POLLUTION CAUSED BY THE TECHNOLOGICAL LIQUID

» GASES EVAPORATION '

Zbigniew Hulewicz, Zygmunt Jacklewskl and Kamil Eksanow

The calculation method of the atmospheric dispersion of the pollution,
caused by the liquid gas evaporation, when thils process takes place in
the open space, has been discussed and illustrated.

1. INTRODUCTION

The problem of the gas dispersion in the atmosphere during the present
intensive development of the world economy becomes a very important
problem involving consideration of numerous specialists from different
branches of sciences and life. This problem comprises also systematical
and willful gas ejection into the atmosphere as well as unpredictable
gas penetration into the atmosphere as the result of reservoir damages,
industrial installations, etec.

The problem of systematical and controlled gas exhaust into the
atmosphere, mostly from industrial chimneys, is theoretically pretty
well worked out giving detalls connected with this problem. The
computational methods of this type of the pollution spread is known.
However, the scientists are short on the descriptions concerning the
cases of emergency, when the liquid gases, especially the toxic ones,
which dispersing in the atmosphere, can cause the life threat even in
the places located far away from the source of dispersion.

The present study gives the sketch describing the method of the
computation of the gaseous cloud dimensions as well as the area,

where the 1life threat can exist. This method can be useful for
drafting the threat maps in the area of the existing installations

or the installations under construction or in the area with the liquid
gas reservoirs depending on the meteorological, and regional conditions
and on the sort of gas. This method can serve for the evaluation of
the precise location of new constructions.

2. FUNDAMENTAL PRINCIPLES

The case of the reservoir damage with the liquid gas 1s being considered.
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Thi-. damage caused thc whole amount of the liquid gas being ejected outside
However, the ejection time was so short that it can be neglected. It is
presumed that the liquid gas, thrown out of the reservoir, makes ''a blot"
having round shape and coating uniform thickness all over the surface

and the surface coated with the liquid gas is horizontal and non-absorbable,
The liquid gas blot which was formed in this way can be considered as an
intermittently continuous pointed source of emiscion. The source output
depends on the evaporation speed of the liquid gas which is presumed to be
constant,

The gaseous rvollution cloud, resulting from the liquid gas evaporation,
undergoes diffusion in the atmosphere according to the vorticity diffusion
laws., After the liquid gas is evaporated completely, the gaseous cloud
keevs moving in the direction of the wind and with a wind sveed until its
complete diffusion. Cf the main interes? is the area where the gaseous

concentrations exceeding the vermissible ones are being observed.

The problem of the veortigity diffusion in the atmosphere ground layer is a
complex vnroblem, comprising not only meteorological factors but also
tovographical, Iz osrder t+ simolify the calculations it is presumed that
during the »rocess of the liquid gas evaporation and spreading the gaseous
¢loud, the metecorological conditions remain unchanged and the process is
taking »nlacc¢ in the vlane area which is vartially covered with trees and

partially constructed.

‘The solution of the problem requires considering three separate processes,
namely - the liquid gas evavoration, the ev:iroratel gas sgread at the
moment of evaporation, that is from the emi= ion continuous source and

the gas swpread when the evaporation is over,

3e THZ SPSED OF THE LIDUID GAS FVAPNRATION

On the basis of the boundary layer theory Leibenson /1/ har introduced the
empirical equation for the liquis evaporation speed from the free surface in

the open snrace which ha the following form:

)
q 0,200 1) ﬁ;'ﬁ bllfd"'l‘r“", ()

2
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where q - liguid evaporation speed /g/s/;
D - diffusion coefficient of the liquid steam in the air /cm3/s/;
M < molecular mass of tne liquid / g/mol /;
Pn- pressure of the liquid saturated stcam under the TO temverature /mm/Hg /:
T,- surrounding temperature /K/;
R - ga. constant which is equal to 6.237.104 cmi mmHg/K.mol;
b - width of the surface of the evavorating liquid / cm /3
R_~ reynolds number (Rezulp/ﬂ);
u - wind speed / cm/s /;
1 - length of the surface of the evausrating liquid / em /3
J - kinematic viscosity of the liquid stem / cma/s /3
P_- Prandtl number (Pr=\)/D); 0.265 - experimental coefficient.

If the evaporating liquid surface has round shape »illi the d diameter,

then the following dependence is comnulsory:

bt - V ff 0,585
Equation /1/ is not being solved in the Reynolds number opticnal rcove,
However, it is possible to arrive at a certain generalization of equation /1/,
introducing the variable quantities »f the k experimental coefficient as well
as these of the n vrower factor under the Reynolds number. At that time
thic equation Dbecomes:

MNP T
II«I) - » P ™
IC'_’I'“ blte yli.

Equation /2/ can be transformed to:

qk?,

v kRe". C(3)
DMP LY Py

The le<ft ~id. of tai- ~quati~n ie 2 certnain dimen~ionless qu-ntity designated

ac A and in this case one obtains:

A Skkd". (4)




On the bacis of equations /3/ and /4/ it becomes possible to calculate'

using the -xp.rimental data; the values of the A dimensionless number for
different values of the Reynolds number. The 4 = f(Re) (tab. 1) ennirical

dependence, obtained in the above-mentinsned way, ic being u~ed for the
c2lculation of the liquid evavnoration sneed:
ne, s
AD " LY Pr.
R, ¥ ¥r (5)

. Lild
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4o GASECUS CLOUD SPRFAD DURING THM WVAFORATICN OF THE LISUID GAS BLOT

Ci. the an-logy of the ”nd 1aw of the Fick diffusion, the changes of
the giseous pollution concentrati .n in the atmosphere can be rerrecented

by the following equation:

e e e e ) J .
or i e ' ‘)y- e v o ke U: ¢ ‘:fv '33, 1 l:—'; s Z:—’ (6)
vhere:
e- gac concenLrati o
u,v,w - comvonentr of tun wind speed in thue directin »f the ",Y,7 avis
of the co-ordinste roctangular =y: tem;
£ 0k sk, = com onent of the coefficient of the vorticity +iffucion in the

diracti-n of th ¥,Y,2 axirc, .

The princi>nl elemont of trne the ry nf the gareous wnnllution disrersion in i

th- tmo: rhere ic 2 pro er interpretotison of the diffu-ion coefficient in the

b 1




direction of the Z axis, since the kind .of surface,where the vorticity

diffusion takes place, influences significantly this diffusion., From the
Lajchtmannstudies, it turns out that the kind of the basis influences first
of all the air vertical currents, According to the halfempirical theory of
vorticity, the kz diffusion coefficient is expressed by the following

equatin:

K, e p o
ds’ (7

where 1 is the length of the agitation wray.

The devendence of the agitation way on the height is evpresced in /3/

l - m(i)l—tzo
g 4 (8)

where: » - constant empirical coefficien (0,40);
z, = parameter chsracterizing the basis roughness, which rewnresents the
height over the Earth surface where the wind speed is equal to 0 /m/;
z - height oWer the Zarth curface /m/;
¢ - parametor char-cterizing the degree of the atmosphere vertical stability
represented by the folloving function:
At

. = (..) (9)

In our geogravhical latitude the G values fluctuate from -3 ur to +.3%,

then:

£ = - = (10)

where:

At - temperaturc difference at the 50 and 200 cm height /°C/;

u - wind speed at the z height / m/s /.

De~endenc: of the wind sreed on the height /3,4/ is revresented by the

following equation:

w _ Inzja (1)
T‘T - ‘nz:’zo,

|




T G A A it e T s e RS L N M ) N N e b SAEMNGIIED o, e, 0 abd i - < e vy s s

where u, wind speed at the z; height /m/;

"After the transformation ~ne can obtain from equations /7/,/8/,/11/ the

following:

e v
k.=( —'f—‘—f!f——)(—z— : (13)
zl"'zn z\

The expression in the first brackets revresents the k] diffusion coefficient

in the vertical direction at the z, height and in this case one can write

“2“&)' (13)

For z1:1 one obtains:

ky = k2t (14)

It appears from this that in order to calculate the k, coefficient,it is
necesesary to know the k1 coefficient, If in the equation determining the

k1 coefficient, the nroduct of all quantities except u, is designated as p,

1
then one obtain

ky = pu,. ' (16)

For different values of the £ and z, parameters one can calculate the p
values and from them it is poscible to calculate values of the k1 coefficient,
The zoparameter usage is comnlicated because it changes domending on E/, that
is on the atmosvhers ccndition, Lajchtmn /4/ has introduced the roughness
parameter de:ignated a: 250 which depends comnletely on the baris condition
he also czlculated the values of the kl/u‘ quotient for diffcrent valyee Ap

§ nd z_ . The 2, and zooparameters are connected between each other with

00
the follovwing de endences:

24220, in tae ¢ .re »f isothermality;

Z2,.=22 in the case of convection;
@] 20

z,%% z_, in the case of inversion

Table 2 vpresents different values of the 200 parameter for different kinds of

the basis, Fig. 1 precents the nomogram of the p  k /4, —~ fle, %) Tunct -n.

I gy -
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Table 2. Dependence of roughness parumeter g, ve. the
kind of covering of the terrain

]

! |

Kind of covering of Height ! Roughuoss
the tervain f (thickness)  purameter

ioof (,ovcrmg

! fm) ' {m]
| !
Close-land-surface with | I 0,010 ]
no plants l i
0,05-0,1 g 0,022
1dle Land ‘ i ;
. . . l -
0,3 { 0, 039 J
0,2 ! 0,032
Griss ! 0,1 ( 0,025
0,05 ' 0,016
. I | R
. ! 1,2-1,3 0,046
Ripe corn ‘
- 0,060
Equal snow-covering of
~ considerable thicknoss ‘
0,010
lTuequal know-covering )
of averago Chicknoss | }
i — ! e
‘ do 1V 0,100
Single buildings, chuups '
of hushes winl troos, ‘
suindl woods
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The vorticity diffusion coefficients in the kx and ky horizontal
surface have the same value and are independent from the height.

S T

They are designated by the ko joint symbol. As opposed to the
vertlical direction, the diffusion in the horizontal direction is
not a subject to the basis hampering influence. Therefore, at
small heights the kz coefficient has to be smaller than the ko

coefficient. The kz coefficient is increasing along with the
height increase, whereas the ko coefficient remains constant. At
a certain height in the layer which is called the isotropic
vorticity layer one can see the kz and ko coefficient equalization.
It 1s assumed that the isotropic vorticity appears at the height
where the relation of the squares of the horizontal component of
the wind speed to the squares of the vertical one reaches the
minimum /5/. The xperience indicated that for the isotherm, the
isotropic vorticity takes place at the 12-14 m height /6/.
Generally, 1t is assumed that the isotropic vorticity height is
equal to 13m. Using this assumption one can calculate the ko

diffusion coefficient, which is:
ky = k, = ky-13' . (16)

Thils relation can be used in the inversion condition

for a small wind speed.

Knowing kz and ko one can solve the differential equation /6/ f

which for this purpose 1s better to transform introducing kz

according to formula /13/ as well as from kx = ky = ko one obtains: L
de do a z2\'"* de die 910 i
— _—=—k=] = 2o .2° (17) v
or +“dz 0z [ '(zl) 0z]+k°[0a;' + dy']'
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Equation /7/ is being solved while maintaining the following boundary
conditions:

a) it is assumed that there is no gas absorption through the basis, that is
do

lim ——

g0 O2

b) at the 7 :~0 tinme the gas concentration in all voints of the space is
equa. to zern, excent for the initial noint of the co-ordinate system
where there is the source:

lime(r, 2, y,2) = 0 for T=0, ¥ =0,y =0, z-0;

c¢) at the distance infinitely remote from the source, the gas concentratinn

is always equal to zero:

limo(v,w,y,2) =0, r = l/a,’l-&?;z_*,
r-+00

tios tor b magal 0 Lk o relescec through tae c-urce is located in the ]
atmosvhere:

+oo

2of f dyf ofz, &2y Y,2)ds,

where: g - lhe emission sourse outvwut is equal to the evaporation speed of

the liquid gas:/g/s/;

Zi‘- evanoration time of tuc liquid gas /s/;

o(,’m,y,z)__f"f ¢ 'centration at the point of the x,y,z co-ordinntes after +hJ

7\
T time v £ ment of evanoration beginning /g/m /.

The solutinn of equation /17/ after taking into consideration al! above-
mentioned boundary conditi-ns will look like:

Ciru.c)

Lk )l 1 L "
o, Kk, ‘m F) m&p:'- “[-’l 4(z/z, )*z,]} (18)
3 l/;tk.,'uzll'(L {- 1 )'b.llil Ve 40 L k l"‘
"

vhere: m & the indev of the atmospherc stability;  p(L4l/m) '

g omo funetion of the L §/jm. ~~ument;

Assuming that z, =1, equotion /18/ will be reduced to the following:

G2 ul /I._m')""‘ oxp[ v I ol )J 19
o 3kaou/(| t'L)J"“'m 4z ko k,mi)) (19)
m

0
4
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Equation /19/ enables to calculate the gas concentration c.i,liating from ]
the emission sourse with the q constant output. This calculation can be

made at any roint with the x,y,z co-ordinates.

4e GAS CLOUD DIFFUSION AFTwR HVAFORATIOK IS OVER.

The gas cloud, created as the result of the liquid gas evavoration after
the reservoir or installatina was damaged, will detach from the emission
source after the’tp time which is equal to the evanoration time, After

the emission is over, the ga~ cloud will keep diffusing a= the result of

stormy atmospheric diffusion.

The formula for the calculation of th< gas ir atmospher at different
distances from the emission sourcekr after che optiona11; time evpiration,
can be introduced by meanc of the integration »f egquation /17/ while
maintaining the 2, b, ¢ boundary conditions as well as the approvimative
cond . tion which »nresumes that the tot:l amount of the liquid gas after

evacorttion com-oses th- cloud vith complete dimenrions,

quation /17/ after being solved (ar-cuming that z1=1) aquires the follo-ing
form in this care:
02 | g2 "
chv(~ chy
4/&'—97“ '+":2 kl '"litu_'_l.m

I(i 1 2 "yl

o(l.u.z) =

' (20)

vhere: @ —amount of gas in the cloud /g/;?ﬁx- time measured since the
momant of the cvaporaticn end /s/; r,h - snecific dim nsinne of the gan
¢loud (r- radius of tue horizontal profile on the karth level;

h - heignt /m/);

Th2 ga: cloud maves in the direction of the wind with its sveed. In the
same way th- co-ordinate cyctem whére ecuation /20/ is mand-story, hac to
move in tne  ome vy, It 1s accumed that the beginning of the co-ordinate

syctem ic cover-d vith the gravity center of tie gas cloud,

The r and h ~arameters intrnduced in equation /20/ ar¢ not abcolute

dimencions o0 the rgas cloud. In order to determine the values of these

naramet-re, ecuati-on /79/ can be logarithmoted wich gives the following

reoult
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) e ~lm4 - - "S- - - p
¢ 4k, T, -+ 1 kymiz, b’ (21)
where
{
T
"P(l N R) (kyma, + b)) (1ky1,, +13)
If the cloui :ectim i: bzing regardcd in the z= conct. vlane, then
.’b‘* I ,lz
. = —_ : 22
Ine = mAB dhyr, +72 (22)
where "
B _.exp{— , - ? -)
-l kymit, W™

Equation /22/ can be written in the form:

AB o
L2+ y? = (dkyT, +rY)in Pt (23)
This is the circle equatinn vith the rodiuc:

B (ks 1ty A8
( “T,‘IT“][ P . (24)

. ~ =
From equation /24/ it apnears that if (u=0 and ABc 1=e, then r2=R2.

If in this case z=h, then B=e~!| and in the result ezAe~°

are such specific cloud dimensions for which the gas concentratinsn in the

—~
atmosphere at the (=0 moment amounts to:

6. .9 ot (20)

5. GEISRAL MUTHOD OF CALCULATICNS

The basic d:ta for calculatinne to be determined are the
1"

parameters

« Therefore, r and h

Caa
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characterizing the liquid gas, such as: the gar sort and amount, molecular
mass, oressure of the gas saturated under the temperature for which
calculations will be done, density, kinematic viscosity, the diffusion
coefficient under the came temperature, vermiccible gas concentration in
the air; the parameters characterizing the atmospher~ condition: the wind
s:eed and direction, the air temverature at the 50 and 200 cm height;

and finally the parametef of the barcis roughness designated a« z . It

00
is necessary to evaluate tThe size of the liquid gas blot.

The gas physical and chemical parameters are ctabilized and given for the
standard temperatures, Values of these varameters far :cuaer temperatures

can be calculated from the formulas given in th~ lite ature.

After the determination of the basic dqta, it becomes possible to calculate
the Reynolds number, as well as the Prand*l number and A number from
formula/5 / vhich is = formula of the evaporation speed of the liquid gas

which determines al the same time the outrut 6f the emission source.

The calculation of the size of the area where the gas concentration in the

air e ceeds the vermizsible concentratisn lies in the determination from

equation /19/ the x,y,z coefficients of the svace points where

c =¢c, (¢, -~ vermissible concent: tion), The y co-ordinates are being
(x,¥y,2z) "d *7da " °

calculated for the following » co-ordinates (e.g. the pitch is every 10 m)
v U e . .

within the scale from x=0 u» to x:Ubu (UD- evavorati~n time; u - wind

speed at a given height). The calculations are being conducted for

differ nt z heights or for the chosen height. However, the most frequently

chosen height is 2 meters, since in this atmosvheric layer the human being

is threatened aostly.

I'he coordinates of the points where C=Cq» calculatei in this way, denote

the cloud dimensions at the moment when the eva »rati-n is over. After the
evanoration 1s over, the cloud is m:ving in the directi~n of the¢ +ind,

The cloud locatinn and dimensions after theZL optlional time. calculated
from the m:ment »f the evarorati-n terminatinn, arc being calculnated from

f rauls /20/. However, there are tvo rroblems, whome soluti n, is conditioned
by a correct interpretation of the calculation rectlts. The first nr-blem

is the 4 termination ~f the r and h specific dimens ions of the gaseous cloud,

that is the parameters ~hich are necessary vhen equntion /20/ is being used.

12
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The s cond vroblem lies in the non-congrucnce of trne figures nbtsined ns
the result of the equation /19/ and /20/ solution,

It is provosed to use the following orncedure which revrerent:s a conditional,
approximative solution of the above-mentioned problems: the figure vhich is
being madd by the c=conct. lines after thc‘yﬂtime (solutisn of equation /19/)
should be tran ferred in vrover dimension nf.the circles., The transpnsition
basis can be maintaining the same area of the surface, circum-ctibed by the
given figure and circle., After pbtaining two circles vith the R1 and R2

radius which correspond to ~he ¢, and ¢, concrntratione,it becomes

1 2
possible to detcrmine the specific radius of the r-cloud uvelrg eauation /24/,

The specific height h can be calculsted in the . »me way,.

In order to calculate the dimencions of the cloud afterxaltime it is
poscible t: avply equati-n /°4/ or /7 /. The circle obt-ined 2= the result
of calculations, ith the & rndius has to be retransferred (maintaining

the same size <f the surface area) into the figure rimilar t» the riginal

one,

This nrocedure enable to determine not only the size »f the gaseous cloud
but also its chare. Hovever, one must be warned that the assumption of the
similarity »f the cloud share at the moment of its diffusion not always

can be realized.,

6o 5 AM LARY CALCULATTON:

The mentioned method sho.s the calculations of the results of the damage of
the reservoir which contains the liquid chlorine., The calculations were
made by me ns of the Minsk 22 and Odra 1004 digital comnuters. The basic

data zre comnared in Table % and 4.

The Re, A values (Tab.,1) and g values (Formuln /5/) calculated on the basirs of
thes: data, amiunt:Re= 3,0~ 106; A=2.5'10u, the evanorati-n speed

q=37.7 kg/-'_‘v Y

It is acrumed that the process of the atmo-vheric dif urion takes rlace in
the inversion cnnditions, in the area which ic partially covered with forests

and partially cultivated., For the inversion the averige value of the ¥

parameter 1s.20 (m=1+ &= 1.2); however, the surfacc rougnne: = in the

\3
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accepted here area amounts = ,10m, For these conditinns one reads out the
value of the k1/u1 quotient ég%al to ,04 fromAmonogram (Fig.1), From this
value 'ne calculates the value of the k1 diffusion coefficient when

arcuming that the wind speed at the 'm height is 1,2 times 1o or than this
one t the 2m heig'.t, that ir- u,= up/1.2. These data are comvared in Table 5,
Using formwla (1:) the chlorine diffusion 4n the atmnorhere has been
comruted, The ga-eoue cloud dimensions indicate the oints »here the
chlorine concentration reaches the permissible valuc., It is assumed that

the chlorine permisr-ible concentratiosn amounts .OO1mg/dm3. “his value is
given by the Polich State Standard PN-56/7-0400%0 which identifiea the
maximum vermi- ible gas concentratinons in the air surrounding the +orking
~laces The ga eouc cloud dimencions after the ~va:oratinn va: terminated are

wresented on Fig. 2.

Table 3. Start duta for colputing

Quantity Symbal ‘. Numierieal
.! value
e | :
Amount of chloride . ¢ { 1000 kg
i
Spot dismeter ’ 4 1o
J I’
A temperature ! 1 , Wik
J u, 4m/s
Wind velovity at u hight of :!mii
Permissiblo concontration unf(*l,f ‘4 0,001 g/w?
I
Toxio concontration of Cly || o 0,013 g/m?

; _ .

o




Table 4. Physico-chomical properties of ehlorine in 0°C

Qnuntity Symbol [ Numerical
- _ value
Moleenlar mass A 70,81 g/mol
Suturated vapour prossure b, 4993 wum g
Kinotic visconity 4 0,0442 cu?/s
Diffusion cocfficiont b 0,124 emd/u
~ Table &
Quauntity 8ymbol Numerical
: value
B .- v’_,, ! DO
: 240 0,10 m
Roughness parsimeter l
l
{ D
Vertical stability parameter . .20
of the atmosphere !
Index atability of the m-=ltel 1,20
atmosphere
k, 0,133 md/s
Diffusion cocffisiont (oq. (15))
ko 1,035 int/s
Diftusion coefficiont (vq. (16))
15
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Fig. 2n. Vertical-soction XZ and cruss-scetion XY of w ohlorine cloud for the inversion

Fig. 2b. \ ertical-sections V2 of o clidorine cloud for the inversion at the ead tine of souree

m

=0

A

90

130

the end time of source emission

b)

— z[m]

sinission

1,206, =0,0-00 2g/ud, @ = 1000 kg, d - 10 m, uy - 4 /e, 1, -
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The cloud sectinsn at the moment of the evansration termination in the z=2 m

plane hacs the chnap. clin o tn the inonceles triangie, Two triangles were
found, On tneir sides there are the known c, and c, concentratinon, The areas
of these trianglec' surfaces have be - n calculated., ifte  that the radius

of the circles whooo area is equal to the triangles!' areas have been found,
For calculatisn the followlng concentrations have been accepted:

C,= <001 mg/dms; 5= o U mg/dms. The nbtained radiuces weisz 91143.50 m;

R =42.1°m. Using formula /2 / ac a basis and as uming that Uy =0, it wvas

obtained 1 cpecific radius of the clwud - r=1".75m,

The g:cesur cloud «ctisn in the y=0 vertical s«ctinn has also (it is
5y s8ible tn arume in arcpoyimation) the triangle shane. T 0o triangles

correeponding the c¢,and ¢, - concentrationes have been found, Thelr surface
I's

1 i
areac hav.- been d:lerminea 'md then one nbtained the circle sections i
having the came areas and chords being eoual to the ZR]and 2R diameters,

The cnlculated srrows of there ~ectinns mount to z2.=27,7%0m and z.= "4.55 m,

] 2
Applying these data it has becn cbtained from equation /21/ vith the
P
corditin that U=C that the h-cvocific heig.t L+ roun! to 3.77%m,

Knowingbr and h whica ar+ srecific vnarametore »f the cloud, one ¢alculated on

the basis of eaquati:n (24) th: radiuses and the following areac of the

£ozontal coctions of tone cloud in the; " . ane after diferent bu time
for two comcentratiosn values of the chlorine in tie air, tuat is for the

2z
vermiesible concontration (4001 mg/dm”) and the concentr ti o Uhich is

beynnd enduranc »f ti- human being even for cshort-lnsting &pocure, i
Z .
Thi: concentration i~ evaluatod ar ,012 mg/dm~ /7/ and called "tovic" and ]

designated ac ¢ Th. nert nten was to find out the triangles with the areas

Le
being equal to the area of tre horizontal s-cti ns of the cloud, These
triangles are :imilar to the triangular anpecaring at ﬂhez; time, These
triangles revresent annroryim:tive dimens -ne and rhave Af the chlorine
cloud at the m ment of its Adiffurion, Tney are chon or Fig. 3., It is

natural thost the gaccour clout having the shane ac»raximating the

triangle doer not possess it.: ~harrly ~utlined elemengs, errecially
vertexes, It is evamnlified on th. n»icture by mean: of liikening the rharpe

of the diffu:ing cloud to the z=°m g.ction on Fig,2,

The change »f t ¢ clw?! dimenci n «t tu moment of ite dif“u-ion wvhen the

emi . irn 1~ :ver i- rerricented in a eontinuour vai on Fig 4 as the
chsnge of it fron ~idth,




The ercential valuesn

enabling to conduct the ev

alustisn of the threat

in a svecifi:g distance from the emis

the time afte

vhich the ¢loug front

fon source are the follow

ing ones:

during vhich tnis vl
times on the distance

o Cq = Q001g/m? {m}
chlorine-lnversionCfﬂm@ml o
m=}2 U ~1000kg
' d =< 10m
u,= qmys

from the emisrion source ico

yim] o= 2m

IUC/@\)‘S“‘JJ
[}

P L36,0)

will reach this place; the time,
Ce will remain within the cloud, The de

vendenc:-
shown on Fig,s,

7, <215 . e )
Lp=i08m O] 7, 80005 l &
3 e v2ukm

Lo L

L.

¥, w00
Catohm)

Fig. 3. Zones of chlorine risk

of thece
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The cloud size in the ¥ /m/ direction
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Pig. 4. The chango in zones for the allowable and toxic concentration in the vertical direetion
v, wind xis during the dispersion of the gascous chlorine cloud after the end of source
emission

m o= 1,2, ey 0,001 g/ws, ¢ = 0,012 g/md, ¢ = 1000 kg, d = 10 m, uy == $4mfy,z =2m
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from source cinission

mo= b2 og 2 0,00 (g, op = 0,002 g/, ¢ = 1000 kg, d > 10, uy = 4mfs, 2 = 2m

7o DIECU. ION

The methoq Presented hereof calculation of the ga

carth layer of t. is not & r=urfect method,

[

atmosnhe e

4iffucion in the near-

It has certain faults

resulting from tne acceptance of numerous =im lifying as:umrti-ns, Such
ascumptione are the mtatements that in the ca e of damrpge (e.8e a reservoir)

a liguid gar after nouring out comvose a blot with oermanent thicknens;

that the surface of tuc liquid level during th

and that tn. =va
eva oration sruond can unduorgo ignificant fluctuations cmu ed not only by

a no~ible change »f ti. evapoar:ted surface but 2l o by the ba i
by the wind -»eed fl.ctuaticn~, by changes of th.

The as:umpti n of th conct-ncy of trn-

condition of tn:

The mathematical

It does not t- «

“arth'-

curfaca,

oration

‘oluti-n of equatin /12/.

ma

‘ntn concideration

vre

1 which i reosroscnted by formul~ /19/ i alv0 idenlized,

ne:

2

s

Ajffecent regionsd

avavaratiosn opeed

evanorati-n

> main: rernmancent;

~p-ed i a rerman nt value. Tn ora2-lity, tie

absorrtion,

trormal ennditione,

h »d-ncer,

va~, havover, the

cuch f-ctors ar the ~cul tur of the

changes nf the

e




atmocvheric conditions a~ well as the fluct:ations of the vind =n»need and

dir~ction,.

The ~am-. remarks are related to the colculations of the gn2 eour cloud
diffusisn after tne «va oration termination (formula /22/). Wwhen introducing
this formuls it ha- bren a :umed that th total gas amount after evanoration
iz in the atmosvhere, whereas a part of the ga- ic being absorbed by the
‘0il, water resServoirs, forests, etc. It has al-o becen arrumed that there is
cimilarity of t ¢ gn eous tloud r~hane during the evanoration, which not

alvay: can be realized.

Zome .f tn: menticned simplifying a  umn»ntions worsen the rerults of

calculations, others act in a different dirccti-n. 1t iz difficult to
detormine »hich ones of tiem will prevail. Hovwever, one can ar ume that
thes~ actinn- c~n be com enr-ated in certain conditionc. Toere:ore, it is
also considered, that thi~ m-thod ca be anvliied to th. purvose for which
it was adoonted, that ic for the calculatio:s of the result- of damage of

the recervoir- +~ith liguid gares and analogous nhen—-mena,
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