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ATMOSPHERE POLLUTION MODELING IN THE CASE OF THE
ACCIDENT AT THE ROCKET PROPELLANT STORAGE

Po3po0iieHo 4rcenbHy MOJIEb Ta KOJI JJIsl MOJCIOBAaHHS TPUBUMIPHOTO MPOIIECY MEPEHOCY 3a-
Opy/HIOBaua MpHU aBapiifHOMY BUKH]I HeOe3reuHol1 pedoBUHHU. Po3polOiieHa Moiens 0a3yeThecsl Ha
YHCEILHOMY IHTETPYBaHHI TPHBUMIPHOTO PIBHSHHS NIEPEHOCY JOMIIIKH. J[JI1 YUCEIBHOTO IHTETPY-
BaHHS BUKOPUCTOBYETHCS HEesSIBHA PI3HUIICBI CXeMa.

Pa3paboTana ymciaeHHas: MOJICTb U KOJI VI MOJICIUPOBAHUS TPEXMEPHOTO MpoIiecca mepeHoca
3arpsA3HUTENS IPU aBapUHHOMY BBHIOPOCE OMACHOTo BemiecTBa. Pa3paboTaHHas MOJelIb OCHOBBIBA-
eTCsl Ha YUCIICHHOM MHTEIPUPOBAHUH TPEXMEPHOTO ypaBHEHHS NepeHoca mpumecu. Jjis ducieHHo-
IO HHTETPUPOBAHUS MCIOJIb3YETCS HESIBHASI PA3HOCTHAS CXEMa.

A numerical model and code were developed to simulate the pollutant dispersion in the case of
the accident release of the toxic chemical. The model is based on the K-gradient model of pollutant
dispersion. The implicit schemes is used for the numerical integration.

Introduction. The storage of the rocket propellant (this is the solid propellant
of RS-22 rocket ) which is situated at Pavlograd Chemical Plant is a very dangerous
source of the atmosphere chemical pollution in the case of the possible accident
(Fig.1, 2).

Fig. 1. Territory near the storage of rocket propellant: 1 — storage with rocket
propellant; 2 — receptor (building at the territory of the plant)
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Fig. 2. Solid propellant of the RS-22 system (Pavlograd Chemical Plant)

That is why the prediction of the atmosphere pollution in the case of the acci-
dent at the storage is of great interest. Nowadays to predict the dimensions of the hit-
ting area in the case of outdoor toxic chemical release the special standard model is
used in Ukraine [2]. This model is formed on the basis of some empirical models and
it has a lot of lacks and 1s , without doubt, unrealistic . The model doesn’t take into
account the influence of the wind velocity and the atmosphere diffusion on the con-
centration dispersion in the atmosphere. The main lack of this model is that the stan-
dard model cannot calculate the change of toxic chemical concentration in the atmos-
phere after the accident. The main purpose of this work is the development of the
numerical model to predict the atmosphere pollution which is more effective than the
standard model and application of this model to predict the atmosphere pollution at
the territory of the Pavlograd Chemical Plant.

Governing equation. To simulate the process of toxic chemical dispersion in
the atmosphere the transport equation is used [1,4,5]:

oC ouC ovC owC 0 ( 8Cj 0 oC) 0 ( GCj
+ + + +oC=—| Uy— |+ | My | T | bz |+
ot  Ox oy 0z ox ox ) Oy oy ) oz oz (1)

+2Qi(t)5(x—xi)5(y—yl-)5(z—zl-)

where u, v, w are the velocity components in x, y and z direction respectively; C is the
concentration of toxic chemical; ¢ is the parameter taking into account the process of
toxic gas decay or rain wash out; s, u,, u. are the coefficients of turbulent diffusion
in x, y and z direction respectively; x; , y;, z; are the coordinates of point source of
emission; Qi(?) is the intensity of pollutant emission;

5(x—x;)6(y—y;)8(z—-2z) is Dirac delta-function.

In the developed numerical model, the following profile of velocity component
u and coefficient of diffusion u_ is used [2]:
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where u; 1s the velocity at height z;; £,=0,2; n=0,16; m~1. The following models to
calculate the other diffusive coefficients are used
Uy= Hx, Uy = KoU,
where K, is the empirical parameter..
The transport equation is used with the following boundary conditions [1,5]:
— inlet boundary: C|. , = Cpg, where Cg is the known concentration (very of-

ten Cp =0);
— outlet boundary: in numerical model the condition C (i +1, j,k) =C (i, Jj ,k) 1S
used (this boundary condition means that we neglect the process of diffusion at this plane);

— top boundary and ground surface Z—C =0.
n

To develop the numerical model the implicit difference scheme was used [1].

Results. The developed numerical model was used to predict HCL (this is the
product of the propellant firing) concentration in the case of the accident at the rocket
propellant storage. The place of toxic chemical emission is shown on Fig.1. It is situ-
ated apart from the working buildings of Pavlograd Chemical Plant. The main in-
terest was to compute the level of the atmosphere pollution at the territory of this
plant to find out the risk of hitting at this place. The duration of HCL emission was
supposed to be 15min. The emission rate was 4000 g/s, the wind speed was
u;=4.5m/s. The length of the region was 3500m, the width of the region was 2500m,
the height of the computational region was 500m.

The height of the plume which is formed during the propellant firing was cal-
culated using the following empirical model [ 6 ]
00444

h=4,71-
u0’694

where u is wind speed, Q is the intensity of the heat emission (Q=4*10> kJ/kg).

This vertical plume is simulated as the set of vertical point sources using
Delta function.

The result of the numerical modeling is shown in Fig. 3. This Figure illustrates
the HCL plume which covers the territory of the plant. In Table 1 the concentration
of HCI near the industrial building (see Fig.1, position 2) at the plant territory is
shown. Also one can see in this Table the ratio of the toxic chemical concentration to
the threshold concentration which is equal to 0.02 mg/m”.

Table 1
HCL concentration near the building at the territory of Pavlograd Chemical Plant
Level of Contamination
(concentration / threshold concentration)

Time after accident | Concentration

450 sec 2.85 mg/m’ 14,2
510 sec 3.24 mg/m’ 16,2
550 sec 3.40 mg/m’ 17,0
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Fig. 3. Contours of HCL concentration, t=550 sec (level z=10 m):

It is clear that in the case of the accident at the storage the concentration of the
toxic chemical concentration will quickly exceed the threshold level at the territory of
Pavlograd Chemical Plant. This is a real danger for the people working at the plant. That
is why the protection measures should be developed for the working people.
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