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THE ATMOSPHERE POLLUTION CAUSED BY THE TECHNOLOGICAL LIQUID
-GASES EVAPORATION

Zbigniew Hulewicz, Zygmunt Jacklewski and Kamil Eksanow

The calculation method of the atmospheric dispersion of the pollution,

caused by the liquid gas evaporation, when this 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, etc.

The problem of systematical and controlled gas exhaust into the

atmosphere, mostly from industrial chimneys, is theoretically pretty

well worked out giving details 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 life 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 is being considered.
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Thic-. damage caused the 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 surfuice coated with the liquid gas is horizontal and non-absorbable.

The liquid gas blot which wa2 formed in this way can be considered as an

intermittently continuous pointed source of emission. The source output

depends on the evaporation speed of the liquid gas which is presumed to be

constant.

The gaseous pollution 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

keeps moving in the direction of the wind and with a wind speed until its

complete diffusion. Cf1 the main intey'est is the area where the gaseous

concentrations exceeding the permissible ones are being observed.

The problem of the vortipity diffusion in the atmosphere ground layer is a

complex problem, comprising not only meteorological factors but also

topographical. I- ovder t simplify the calculations it is presumed that

during the orocess of the liquid gas evaporation and spreading thc gaseous

cloud, the meteorological conditions remiin unchanged and the procesF is

taking place in the plane area ':hich is partially covered with trees and

partially constructed.

The solution of the problem requires considering three separote processes,

namely - the liquid gaFs evaporation, the e >oratei gas spread at the

moment of evaporation, that is from the emi5. ion continuous source and

the gas soread when the evaporation is over.

3. THF SP .'D OF THE LIQUID GAS '%WPORATION

On the basis of the boundary layer theory Leibenson /I/ has, introduced the

empirical equation for the liquidi evaporation speed from the free surface in

the open snace which ha the following form:

M 1-.
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where q - liquid evaporation speed /g/s/;

D - diffusion coefficient of the liquid steam in the air /cm3/s/;

M - molecular mass of the liquid / g/mol /;

Pn- pressure of the liquid saturated steam under the T temperature /mm/Hg /;

T0 - surrounding temperature /K/;

R - ga. constant which is equal to 6.237.10 cm3 mmHg/K.mol;

b - width of the surface of the evaoorating liquid / cm /;

Re- Reynolds number (Re=ul /0);ee p
u - wind speed / cm/s /;

1 - length of the surface of the eva,)rating liquid / cm

P- kinematic viscosity of the liquid stem / cm2/s /

Pr" Prandtl number (Pr= O/D); 0.265 - experimental coefficient.

If the evaporating liquid surface han round shape '"ith the d diameter,

then the following dependence is comnulsory:

b4

Equation /l/ is not being solved in the Reynolds number optienal -cope.

However, it is possible to arrive at a certain generalization of equotion /1/,

introducing the viriable quantities of the k experimental coefficient as well

as these of the n rower factor under the Reynolds number. At that time

this equation becomes:

Y ley,,11 1A e"(2

Equation /2/ can be transformed to:

qlTf k k ,". (3)

DM',,b P0.

The lIft '-id of tni-- equotion is i certiin dimen-ionlesr qu-:ritity designated

aF. A 'nd 1n this case one obt-ins:

A 4' U.(4)i
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On the baris of equation2 /3/ and /1+/ it becomes possible to calculate,

using the xprimental datal the values of the A dimensionless number for

different valuec of the Peynols number. The A =f(Re) (tab. 1) ennirical

dependence, obtained in the above-menti-,ned way, ir. being u'-ed for the

c-alculation )f the liuid ev-'.'rati)n sneed:

q A D ".b11"rtj Al b(5)

Ta'lble I. D dl)* l+.~.cl .Il iltl~l.l nllillberl A: mli thel He

'I,' Re . I , I,' .k

6l. 1 oJ 21,1l ;3. lip, 213 r'. lod I oSuU

S. IO-' 25,1 -0 lop ;115 l U"  
30000

IJ-). o :15.,5 . Ii 900 . 10 93000
2,5. 1lo 4,3 I. I0-)4 1275 5. IU 16500o
3'.i ,4,7., .'," I0 IU7.1 I' 1ool 3'5000

;." I1 '( . I. IJ :1,1o 2 - Ij" S t100
1- Ii I 2 iII liii,,o 31 0 I o.-UoOU
2" II,' I 1: 3. I 0700

4 . GASEOU,; CLOUD SPPFAD DURPING THY! TVAPROTTON OF THE LT2UTD GA , BLOT

Ci. the Anlogy of the 2nd lDv: of the Fick diffusion, the changes of

the g-)seou.- pollution concentrati n in the atmosphere can be rerrerented

by the following equation:

LI" lit? EJE¢ tIC ( tic I) tiO vi £it
'O u " -W ' k- l ks -j -- ,- (6)

where:

e- g.,r: concen:.rati :;

u,v,w - c-om:onentr: of tuir: w."ni) .eel in ti(fi directi "n -f the I ,Y,Z ayis

of the co-nrdLn,tc r-.ctangul-jr .y .tem;

kx k ,k z - com onent of the coefficient of the vorticity -iiffu.:rion in the

dir:cti-n of th X, , aY i ,
.

The princi'.-l eommont of tr e ti,e ry of th- gafeoun nollution diarlersion in

th ., tm: -here ir, a pro er intoerprtti-n of the diffu -ion coefficient in the
I-)
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direction of the Z axis, since the kind of surface,where the vorticity

diffusion takes place, influences significantly this diffusion. From the
[21

Lajchtman4 studies, it turns out that the kind of the basis influences first

of all the air vortical currents. According to the halfempirical theory of

vorticity, the k diffusion coefficient is expressed by the followingz
equati n:

do' (7)

where 1 is the length of the agitation 'ay.

The dependence of the agitation way on the height is eypre' red in /3/

where: >" - constant empirical coefficien (0,40);

z - parameter characterizing the basis roughness, which re oresents the

height over the Earth surface where the wind speed is equal to 0 /m/;

z - height ober the Earth surface /m/;

- paramettr char-cterizing the degree of the atmosphere vertical stability

represented by the folloving function:

a (9)

In our geograuhical latitude thet values fluctuate from -.3 ur to +.$,

then:

Lit
(10)

where:

6t - temperature 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 renresented by the

following equation:

U~ lnz1)i0
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where u1 wind speed at the z1 height /m/;

After the transformation one can obtain from equations /7/,/8/,/11/ the

following:

The expression in the first brackets rerresents the kI diffusion coefficient

in the vertical direction at the z1 height and in this care one can write

k. (Z (13)Z,

For z 1=1 one obtains:

kz 1 - . (14)

It appears from this that in order to calculate the kz coefficient, it is
necessary to iinow the k coefficient. If in the equation determining the

k1 coefficient, the product of all quantities except u1 is designated as p,

then one obtain k, uk1 = .in,. (15)

For diffei'ent values of the & and z0 parameters one can calculate the p
values and from them it is poEsible to calculate values of the k coefficient.

The z0parameter usage is compnlicated because it changes d:-?nding on &, that

is on the atmosphere condition. Lajchtm-n /4 / has introduced the roughness

parameter d i ignated a, zoo which depend.: comn].etely on the basis condition

he also celculated the values of the U1 /u 1 quotient for diffirent vaiu,.

' "nd zoo* The z ° and z oparemetero are connected bet-ween each other with

the follo,-ing de endences:

Zo=Zo 0in tne c..-e of isothermality;

z 0 =2z O in the case of co-nvection;

z,,V z 00 in the case of inversion

Table 2 presents different values of the z 0 0 parameter for different kinds of

the basi,;. Fig. 1 rre-ents the nomogram of the p k,/u, -f(,z,,). funct" r.
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C 'I0sV-huh i-surftiuu With * (),0J10
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0,2 0,3

0,05 0,015
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0,050
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0,010
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The vorticity diffusion coefficients in the k and k horizontalx y
surface have the same value and are independent from the height.

They are designated by the k0 joint symbol. As opposed to the

vertical direction, the diffusion in the horizontal direction is

not a subject to the basis hampering influence. Therefore, at

small heights the k coefficient has to be smaller than the kz 0

coefficient. The k coefficient is increasing along with the

height increase, whereas the k coefficient remains constant. At0

a certain height in the layer which is called the isotropic

vorticity layer one can see the k and k coefficient equalization.z o

It is 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, it is assumed that the isotropic vorticity height is

equal to 13m. Using this assumption one can calculate the k0
diffusion coefficient, which is:

k, A k, = k,'13'-'. (1)

This relation can be used in the inversion condition

for a small wind speed.

Knowing k and k one can solve the differential equation /6/Z 0

which for this purpose is better to transform introducing k z

according to formula /13/ as well as from kx = ky = k0 one obtains:

yi
r .. , '-z ) a- i i 1 t l iI

0- .... ...
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Equation /7/ is being solved while maintaining the following boundary

conditions:

a) it is assumed that there is no gaF absorption through the basifo, that is

do
Iiin - 0;

o z

b) at the T -- 0 tine the gas concentration in all points of the space is

equa,- to zr-, ryecnt for the initial noint of the co-ordinate system

where there is the source:

Ziiii(t,.,,,z) 0t) fo r . - , .V x 0, y = 0, z --- 0;

c) at the distance infinitely remote from the source, the ga concentration

is always equal to zero:

linio(r, X,Y, Z) =0, r

t. to ! ',it Lro-eler e(: thr-ugh tw -urce is located in the

atmosphere:

Vf dZ fJay f (r, , y, ) d,0 -00 _00

whrc: a - the emission sourse outzout is equal to the evaporation speed of

the liquid gaoi:/g/s/;

evaporation time of the. liquid gas /s/;

(,x,y,zr)-r c 'centration at the point of the x,y,z co-ordinates after - _-t
71

t~f: .. mcnt of evalaoration beginning /g/m /.

The solution of equation /17/ after taking into consideration all above-

mentioned boundary conditins .,!ill look like:

q(.4k, (zz,)'z

exi 4x11 -P k. k~mwta 18

where: t , the indey of the atmosrnhere :otability; 1'(L ±1]r)

.rnnctlon of the I I I/n. -'-ument;

Assuming thot zI=1, equation /18/ will be reducedl to the follo,ing:

V~koaJ'( L)~,1ir 19)
4x k 114



Equation /19/ enables to calculate the gas concentr'ation iItngfrom

the emission sourse with the q constant output. This calculation can be

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

4. GAS CLMD DIFFUSION AFT01 FVAPOPATION IS OV7R.

The gas cloud, created as the result of the liquid gay evaporation after

the reservoir or installatioa was damaged, will detach from the emission

source after the bp time which in equal to the evanoration time. After

the emisr:ion is over, the ga cloud will keep diffusing an the result of

stormy atm spheric diffusion.

The formula for the calculation of the gan: ir atmospher at different

distances from the emisn:ion sourcelr after che optional U time eypiration,

can be introduce,' by meanr7 of the integration of equation /17/ while

maintaining the a, b, c bounrlary conditions as well as the arproyimative

cond tion ::hich presumes that the tot,l amount of the liquid gan after

evacor-tion com-osen tU: cloud v-ith com-lete dimennions.

quat-on /17/ after, being sol ed ka!numing that zI=1) aquires the follo-ing

form in this cane:

Qcxp2( 1 *p
2 k Zr A

4(k. ,,-i-," h )"' -(j4kri hf 
('01,I' + ()I (4kor.+r ,)

"here: Q -amount of gas in the cloud /g/; u - time measured since the

moment of the evaporation end /s/; r,h - sm>,-cific dim nsionEn of the gan.

cloud (r- radiuc of t,;e horizontal profile on the Earth level;

h - height /m/);

The ga: cloud mr ves in the direction of the wind .%ith its speed. In the

name way th. co-ordinato r:yntem wh~re eauation /20/ is mand' tory, han, to

mnve in t:.e me...y. It it; a.!umed that the beginning of the co-ordinate

syr:tem i. c-vnrd .ith the gravity center of t.e gas cloud.

The r 3nd h -,rametf-rt; introduced in equation /?0/ ar not abs-olute

dim-n i n -: th rna. cloud. in order to determine the values of these

n-irneir .r, e!untin /79/ can be logrithm'ted n'ich gives the following
rer:ult :

1 )



- X 1s -./s z

4kr, r A1  .r i.h110 (21)

where

A ....

iW (i+ -)(ima , t h",)11  (4k.T. I-rs)

If the clou': :cti Y) i: b-in.- r do,-,Ar,,d in the z= conzt. plane, then

Int = 1uAB- 4k , r" ' (22)

':here -k 4

Equation /22/ can be written in the form:

AU
x2 + y2 - (4k,.r + rl)n AB (23)

This is the circle equation ,,"ith th! r-riiu::

R' (4k Ir')lit AB

0 ('24)

From equation /24/ it apnears that if Lu=O and ABc- 1=e, then r2=R 2 .

-2If in this case z=h, then B=e -  and in the result e=Ae - . Therefore, r and h

are such specific cloud dimensions for which th, gas concentrati-n in the

atmosphere at the LU=O moment amounts to:

hrQ (26 )

5. GFV: :RAL '4-'TH, ) OF CALCULATINSl

The basic data for calculationr to be determined are the parameters

11



characterizing the liquid gas, such as: the ga! sort and xmount, molecular

mass, pressure of the gas saturated under the temperature for which

calcul-tions will be done, density, kinematic viscosity, the diffusion

coefficient under the came temperature, permi.r'ible gas concentration in

the air; the parameters characterizing the atmosphere condition: the wind

s eed and direction, the air temperature at the 50 and 200 cm height;

and finally the parameter of the basis roughness designated a- zoo. It

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

The gas physical and chemical parameters are -t!ibilized and given for the

standard temperatures. Values of these narameter:- for c-aer temperatures

can be calculatod from the formulas given in t,:,- lite ature.

After the dete:mination of the basic d-ita, it becomes possible to calculate

the Reynolds number, as well as the Prandtl number and A number from

formrula/5 / i'hich is - formula of the evaporation speed of the liquid gas

which determines at the same time the outr.ut 6f the emission source.

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

air e ceeds the :aermi-s-ible concentration lies in the determination from

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

C(x,y,z)=Cd (cd - permissible concent, tion). The y co-ordinates are being

calculated for the following x co-ordinates (e.g. the pitch is every 10 r)

within the scale from x=0 up to x=t u (b - evauorati-n time; u - wind
p

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 atmospheric layer the human being

is threatened nostly.

The coordinates of the points where c=cd, calculate'- in this way, denote

the cloud dimensions at the moment ,-hen th,, eva nrati-n is over. After the

evanora0ion is over, the cloud is mvino Ln the direction of th- '.ind.

The cloud location and dimensions after the (/ optional time. calculatedu
from the m-ment o)f the evarorati-n termination, are being calculated from

f rmula /20/. Ho.:ever, there are t.,"o rr)bleemr, *.horse soluti :n, is conditioncd

by a correct interpretation of the calculation rerfults. The firrt nr~blem

is the d termination -f the r and h specific dimens ions of the gaseous cloud,

that is the parimeters -hich are necessary i-hen equation /20/ is being used.

12



The s cond nrobiem lies in the non-congruence of ti.e figures obtr)ined ris

the result of the equation /19/ and /20/ solution.

It is proposed to use the following pro)cedure .hich renrerent: a conditional,

approximative solution of the above-mentioned problems: the figure v'hich is
Nv

being madd by the c~cons:t. lines -after the2 (Otime (solution of equation /19/)

should be tran ferred in proper dimension -of'the circles. The transposition

basis can be maintaining the same area of thte Furface, circums:ctibed by the

given figure and circle. After obt-3inins- two circles.--.ith the R 1and R

ra dius whih crresondto he I nd c2 c-)n,.nr,)ti-).,-,itbecm~2

possible to detcrmine the snecific radius of the r-cloud 1 PJ a eua-tion /2W'4.

The specific height h can be calctiloteI in the . -mc' -y.

In order to calculate the dir,(nnionF! of tee( cloud after6 u time it is

possible t apply equati-n /-4/ or / .The circle obtt med as the reFsult

of calculatio)ns, ith the ' r-idius has to be retransferred (mitintaining

the same sizc of the surfaice area) into the figure siirto the ripg.inol1

one.

This rocedure enable to detornine. not only the s.ize -)f the g-aseous clo-ud

but als-o it2 s~hane. How-ever, one must be warned that the ass-imption of the

similrity f the cloud share at the moment of its7 diffurion not alw 'ays

can be realized.

6. -AV'_LA+ Y CALCtJL-IT N"

The mentioned method sho'.,s the calculations7 of the results of the damage of

the resErvoir w-.hich contains the liquid chlorine. The calculations were

mnde by me r5 of the Minsk 22 and (Cdra 1004 digital comnuters-. The basic

dataL are com-;ared in Table 3 and 4.

The Re, A values (Tab.1) and q 1':alues (Formul-i /5/) calculated on the basis7 of

thesc data, am~unt:Re= 8.0-1 i6 ; A=2.5010 4 , the evaooratio)n speed

q=37.7 kg/s.

It is a-ssumed that the process of the atmo-oheric dif-urion takes rilace in

the inversion condition:7, in the area which is partially covered wvith forests

and partially cultivated. For the inversion the aver-ige value of the E

parameter Jse20 (m=1+ 6 '= 1.2); however, the surface, roughnei. in the

'3



accepted here area -mounts .lOm. For these conditions one reads out the
value of the kI/u, quotient equal to .04 fom monogram (Fig.1). From this
value ne calculites the value of the k diffusion coefficient ".hen
a.--tming that the wind speed at the ?m height is; 1.2 times lovor than this
one -t the ?m heig .t, that i. u = u..,/I.2. These data are comnared in Table 5.

Using formwla (1 ?) the chlorine diffusion in the atmo: rhere ha! been
com--uted. The ga eous cloud dimensions indicate the oints ",here the
chlorine concentrati,)n reaches the permissible value. It is assumed that

the chlorine pormis-ible concentration amounts .001mg/dm. .hiF: value is
given by the Polish Stnte Standara PN-56/Z-040050 which identifies the
maximum rermi ' ible gas concentrations in the air surrounriins the ,orking
"lace. The ga. eous cloud dimen :ions after the va'oration ,a terminated are

presented on Fig. ?.

Tablhi, 3. trt daLtg, for cowputing

tQukiutity SI1xiabul Numericd

Aiii 'll| of|' chloride , 1000 kg

di$oL dtnii:ar

.Air tt.aaa )llturei 293 K

U42 4 jik/lI
W i nad ' '.1 rit ly at i iglht af 2 mi

Sc/rraa isugilie. Clolla tltation oaf ai, Crj 0,001 g/li3

- . I

''oxie c,-n -ntriiatioaa of 0,01 3 elms

14



Table 4. Phyico-chouliO&i properties of ehlorine in $0C

S ymbol Numerical

value

Molclar II"" Al 70,1 g/ukol

Saturated vapmur proasuro pi 4993 1m l[8

Kintic v 'uhity 0,0442 ciuj/M

| )iIliagiUl, :coffieuut I) 0.124 thiS/a

- Table 5

(uantity Symbol Numerical
value

i 0 , 1 0 in

I1oughbilua parali etertoo 
10I

Vurtical stability J)Aratnicter ,2O

of the atimoseph,,re I

Indt istmability of the2
atmiwiebere

k 0,133 nit"/
l)iffutiin coefficienat (eq. (15))

Dliffusion coefticwent (eq. (14)) 1.3tnI

15
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The cloud :secti )nl at the mf)ment of the ev.-jr -Dr,,ti In tc -mi; nation i n the z=2 m

DIine ha!- the rhip, c)o to the ioceestri-ingi e. Two triangles were

found. On trfrir sjde,- the-e are the known c1I and c ? concentration. The areas

of these triangles' surfaces, have be n calculated. Xftt- that the radius

of the circlt25 whoz. area is equal tc the triangle.-' areas ho)ve been found.

For calcul-iti n, the following concentrations have been accepted:

c .001 mg/dm; c.'= P?' 0 mg/din 3. The obtained radiuses were: P R .0m

R.42. m. Using f )rmul~ i as! a basis and as, uing that iA =0, it was

obtained ai s p-cific ralius of the cli.ud - r=Y-.75m.

The gvi e-lur cloud --cti n in the y-=0 vertical se: ction has also (it is

a'sible to a:,:ume in ar -royimation) t' e tri-onglre shane. T -o trianizles

corrs:s-pondin- the c1 and c - co)ncentration.- have boo n fr'urd. Their surface

areas hayv. been d.-terminea -3rd then one obtAncd the2 circle sections

havin.- the ,,ame areas-, and cho)rd-s being- onqu-l to the 2R Iand 2P diameters.

The coilcul-ited a3rr-owsr of Thes-e --ecti-ons -tr~ant to z2<r 1 nd z 2 = i4.55 m.
Applying thes-e daita it hjis b o n ' btaine1 frorn equ-:ti-on /.I .-ith the

conliti athat L/=1. that the h-.soncific hcl.g.t> *.,,ou-Q! to 7.r' 7r.

Knowing~r and h %'hic:i ar- specific narainet,)rs o)f tho cloud, one calcula)ted on

the basis of equati 'n (210) thr raidiuses and the foliow..ing ar-ea.- of the

~ iz-nt-il i~~'sof tue ci oul 1r tbe A -ine after dif'erent t time'
for two coaccntrati-,n values2 of th- chlorine in t:.e air, tsa-t : s for the

perissibie c-)nc ntri tinn (.01ig/drr,~ and the, concerits, t-; :s:c

Deyrnd -nduranc o)f tshum-in being even for rhort-larptinp C-:7poc~ire.

Thl: co)ncontro-ti )n i- evo,,luat-d 1:s .012 mg/dm~ /7/ and called "to-xic" and

de:signaited a: ct. Th, newt rten w-as to find out the triangles 's-it; tiie alreafs

being equal to the area- of t-e horizontail r, cti )nr of thec cioivi. These

tkiangles are . im lar to the triaingulair anocarini at the'C time. These

triaingles represent aTnnroyzm tive lirnenr nr ainci ha-i-c of the chline

cloud at the- m m-nt of its: ~i ffuvion. Tney ar!o -ho n o- Fig. 3. It is

natural tha)t thp gaseous cloud! h-ivin!g the sh-lo a wr,,imatir the-

trinngle does not poss ess it.- .-harply o)utlined Pleientr, e!secially

vertexes. It is- o-.-amriified on tK'. :icture by Ynearv- of lii,:eninF7 the -hapie

of the diffusinp cloud1 to the z=?m scinon Fi.&.2.

The change -)f t ec! u-i dlm'ens-i~n, 't trV moment of itfs di f~u-ion 'hen the

em1:i ( i .- -7ver i- rorr' srntod in a c,)nt ~nu,.u,- kii on 'i g 4 a- the
ch-,nge of it:: fr-n -'Pith.

L1



The e-s ential Value!, enabling. to cond(uct the evalu--tipn of the threatin spc~j±. ditance from? the? emis ton source rire the I'olo,.A'ng ones:the time afte 7.hich the cloud front will reach this- plo; the time,during -'hich this 1U -c !%il remin ,,within the cloud. The doeendenc. of thesetimes on the dirstance from the emis -ion source isshow,.n on Fig.5.
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The cloud size in the X /m/ direction
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7. DTY:CU: ION

The methodi presented h,,,Of calculaltioDn of the ga. i3iffu-idon in thre near-

iLiarth layer of t.,,c atm:o'.".,he e if- not a r-,rfect miethod. It hac7 certain faults

res~ulting from tne acceptance of numerous -in lifying ns:-um~ti -nr. Such

a'.umrtion'. are the ,7,at(rmonto- that in tfl(. ca e of daoiagr (e.g. a reservoir)

a liquid gar,- after pouring out compor-re a blot w.ith ncrmoanent tlrickne-f-;

th-it the surface of t ,e liquid level during tit .va-oroiti -n ,- T.4n:- irerm-nnt;

and that th. cvoi oraticon -r..edi in- a rer-rman n-t v.oluo,. -r r- lity, t;.(

ev,' nratirr. -r ,,,d ca,-' und rrgo -ignLfic-nt fluctwitio)n? -- u ed not only by

a -o- ible chainge o.f tii: evaortcd surf lc' but al by t~he b-1i i -ib.rtJ on,

by -,he. ,-,nr4 -- eed fi -ctuatiren--, by chrmnre-f- of t - t.: <smal !9 iin

The asf.umnoti- n of th- cont -ncy of t,,. )n"i'-t -,,-ed '.a h-)-,v.V r, t-,e

condition )f tri -oluti n o)f equati n /

The matheonatical !" I ..,h~ch i.- reo.r S'.-ntfd by fornui-I /1')/ i'.- ql o idce-dizod .

It does not t- i -'nto co)n id eratiea -uch f -ct-or's a: th -cul -tur ')f t}'h,*

.- rtht-- -urfic-, zire nc: 3 i f"'e--nt rcf-- )n :. h . inc,?:,, changes r~f the



atmo!sheric conditi,:,n'- a .,.ell. ar; th. f'uct ation., of" the vind -)fl and

dir,:ction.

The :-am re~nrmr-s are relat-d to the c-1culation.- of the gn eour- cloudI

diffu::i-n after tne va or-Ation ti..Lminati--n (formula /2-/). Wh,, intro,3ucing

thiv formula. it ha~- bren a umed, that th tota.1 gas amount after ev-??-oration

is in the atmos-.phere, .-.hereas7 a part of the ga: is being abs-orbed by the

oil, water reSp'rvoir%- fo)restS, etc. It has al.e been -A- umed' that there is

imilarity of t e gai eous cloud -hi,)e during the ev-a-oration, -. hich not

a1l.' ay.: can bo realized.

',)me f th- mf-.ntioned sim-plifying- a un,,ti-onP: .,.orren toec re:-ults- of

caiculqtir.n2, otherfs act in a diff erent d cin. .t is7 difficult to

d-,tsmLne -hich ones of t :mwill ;s)rcvai2. io- ever, 9ne caIn as. urle that

thesr- act La-n:- c-in be com en-a--ed in certaiin conditions. There: ore, it is

also considered, that thi-, ., thofi c-A be artslied. to th, rurose for ,-.hich

it was adonted, that is fa r' te calculationF of the rc-ult- of damge f

the res-ervoir -ith liquid gases aind qnal,-gou,,- nrhen-micna.
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