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Abstract - To assess downward positions of water spray for the small-scale release of chlorine gas, dis-

persion coefficients for the Gaussian dispersion model were validated at the small-scale release experiment. 

And the downwind distances of water spray were assessed with the simulated results. As results, the Gaussian 

plume model using the Briggs’ dispersion coefficient well estimated the dispersed characteristics for 

small-scale release of chlorine gas. The best adequate downwind position of water spray is the position of the 

maximum concentration of chlorine at the ground level. And the adequate vertical and horizontal dimensions 

of water spray consider the maximum width and height of cloud.
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I. INTRODUCTION

Accidental dangerous release of toxic or flam-

mable compounds can occur during process, stor-

age or transportation, and can magnify serious 

risks to both people and property[1-3]. The miti-

gation of accidental release of dangerous toxic or 

flammable vapor cloud is a serious concern in 

industries.

The dispersion of these clouds can be controlled 

by using more or less expensive techniques as 

thermal inactivation, fans, specific foams, water or 

air sprays[4]. Recently, the water curtain is recog-

nized as a useful technique to mitigate a heavy 

gas cloud[5]. Also, water sprays appear to be a 

good technique to mitigate heavy gas clouds and 

also for protection of small storages where other 

mitigation means are economically or technically 

unachievable[6].

The actions of water sprays are threefold, and 

†
Corresponding author:kimto@mju.ac.kr

 Copyright ⓒ 2015 by The Korean Institute of Gas

consist mainly in reducing the density difference 

between the ambient air and the dense gas[7]. The 

mechanical dilution of the cloud by entrainment of 

the pollutant and ‘clean’ air in the spray consist in 

momentum exchange between the droplets and 

the gas phase[8]. And the forced dispersion of the 

toxic cloud is enhanced by physicochemical ab-

sorption of the pollutant in the water droplets and 

finally by cloud heating[6]. 

Effectiveness of the water spray depends on its 

own characteristics such as droplets distribution, 

types of nozzles, width and height, water pres-

sure, etc. or extrinsic parameters, such as cloud 

features, gas nature, wind speed, atmospheric sta-

bility[6]. Generally, release experiments for toxic 

gases were carried out at large-scale release that is 

very lower likelihood and very higher accidental 

effect. But respectively small-scale release experi-

ments, which are very lower accidental effect and 

very higher likelihood, were carried out nearly. 

The Gaussian plume model is probably the most 

widely used one in estimating pollutant disper-

sion. Most parameters in the Gaussian plume equa-
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tion are straightforward. However, this does not 

apply to plume rise or the dispersion coefficient, 

which seldom can be measured. One must often 

resort to the use of empirical formulae, of which 

many have been proposed. The influence of the 

lateral and vertical dispersion coefficients is as-

sumed that no turbulence measurements are avail-

able[2]. Several well-known sets of empirical for-

mulae for the dispersion coefficient are tested un-

der different simulated dispersion conditions and 

results are compared. The comparison should nec-

essarily be carried out between the concentrations 

computed with the dispersion coefficient scheme 

being tested and those obtained through a “model” 

or standard computation under identical atmos-

pheric conditions. Because the general character-

istics of our area prevent an ideal experiment with 

a single point source and flat ground, the latter 

approach has been used.

Therefore, dispersion coefficients for the Gaussi-

an dispersion model could need to validate at small-

scale release experiment. This paper gives results 

of validated dispersion coefficients for the Gaussi-

an plume model at the small-scale release experi-

ment and assessment of various downward dis-

tances of water spray.

II. THEORETICAL
 

2.1. Atmospheric stability and wind speed
A large number of parameters affect the disper-

sion of gases. These include atmospheric stability, 

wind speed, local terrain effects, height of the re-

lease above the ground, release geometry, momen-

tum of the material released, buoyancy of the ma-

terial released, etc.[9].

Weather conditions, especially atmospheric sta-

bility and wind speed, have a major influence on 

the extent of dispersion. Generally, atmospheric sta-

bility suggested to the Pasquill-Gifford Stability 

and Pasquill-Mohan-Siddiqui Stability. The Pasquill-

Gifford Stability[10] considers an angle of sun and 

the Pasquill-Mohan-Siddiqui Stability[11] consid-

ers a radiation of sun.

Also, a wind speed with a release height used 

Hanna’s formula[12].
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where   (m/s) is a wind speed at   height and 

 is power coefficient (-) which is a function of at-

mospheric stability and surface roughness.

2.2. Gaussian plume model
The Gaussian plume model describes a con-

tinuous release of material. The solution depends 

on the rate of release, the atmospheric conditions, 

the height of the release above the ground, and 

the distance from the release. In its simplest form, 

the Gaussian plume equation for the average con-

centration for this case is: 
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where    is the average concen-

tration,  is the continuous release rate (kg/s),  

is the wind speed (m/s),  and   are the dis-

persion coefficients in the   and   directions (m), 

 is the height of the source above the ground 

level plus plume rise (m),  is the cross-wind di-

rection (m), and   is the distance above the 

ground (m).

Generally, various dispersion coefficients are sug-

gested. This paper used various dispersion coeffi-

cients appeared on Briggs[13], Pasquill-Gifford[14], 

Burt[15], and Vogt[16].

 

III. RESULTS AND DISCUSSION

3.1. Suitability of dispersion coefficients for small-
scale release of chlorine gas

This study adopted the experimental results for 

the small-scale release of chlorine gas by Dan-

drieux et al.[17] at Champclauson(Gard, France). 

Especially, experimental results of trials 3 and 4 

were carried out at similar meteorological condi-

tions. This study assessed the suitability of various 

dispersion coefficients at experimental result of tri-

als 3 in absence of the water curtain. The ex-
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Classification
Distance (m)

5 10 15

Experimental (by Dandrieux et al.[17]) 488 54 17

Dandrieux et al.[17]  UIC A 13 7 5

 UIC B 754 189 84

 DN 284 90 46

 ALOHA A 233,000 54,000 27,000

 ALOHA B 218,000 50,500 25,400

This study  Briggs A 419 117 53

 Briggs B 732 251 118

 Vogt A 394 118 51

 Vogt B 372 111 51

 Pasquill-Gifford A 15,354 7,755 3,677

 Pasquill-Gifford B 29,073 10,362 5,131

 Pasquill-Gifford & Burt A 15,747 5,167 2,515

 Pasquill-Gifford & Burt B 29,163 10,429 5,161

*A, B: meteorological stability 

Table 2. Comparisons of experimental and theoretical concentrations of chlorine gas [unit : ppm]

Experimental conditions Trial 3 Trial 4

Release rate (kg/min) 0.33 0.33

Temperature (℃) 26 26

Relative humidity (%) 30 30

Wind speed (m/s) 1.7 1.8

Solar radiation (W/m2) 570 730

Water curtain no 4 m from the source

Table 1. Experimental conditions (meteorological conditions and release rates)[17]

perimental conditions for trials 3 and 4 are shown 

in Table 1.

 

At meteorological conditions of trial 3, there 

were two stability categories A and B by the 

Pasquill-Mohan-Siddiqui[11]. Therefore power co-

efficient is 0.07, respectively, and wind speed was 

calculated 1.59 m/s by equation (1). Also, the 

average concentrations with downward distance 

were calculated by equation (2) for various dis-

persion coefficients that indicated by Briggs, Pas-

quill-Gifford, Burt, Vogt, and combined Paquill-

Gifford & Burt[2]. 

Dandrieux et al.[17] calculated the average con-

centration with downward distance of chlorine gas 

by the software ALHOA (Areal Locations of Hazar-

dous Atmospheres) Ver. 5.0 based on the DEGA-

DIS (Dense Gas Dispersion) model and Gaussian 
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Fig. 1. Comparison of experimental and the-

oretical concentrations with various 

dispersion coefficients.
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Fig. 2. Concentrations of chlorine at the ground level 

with downward distances using the Briggs’ dis-

persion coefficient.

plume model using Doury's parameterization for 

normal diffusion (henceforth DN). Although chlor-

ine gas is heavy gas, these calculations were also 

performed with a traditional Gaussian model used 

for passive plumes using two parameterizations of 

standard deviations[18].

The results of this study and Dandrieux et al. 

are shown in Table 2. The predicted results very 

differ from various dispersion coefficients and dis-

persion models. Carrascal et al.[2] recommended 

the use of several sets of standard deviations to 

study dispersion because of large differences in 

the predictions according to the chosen parame-

terization.

The ALOHA DEGADIS model predicts concen-

trations far higher than those measured for distan-

ces. The main reason for this discrepancy between 

experimental and calculated concentrations is that 

the model may not be appropriate for the dis-

tances used in this study that are considerably 

lower than 100 m and it may not be validated for 

such short distances[17].

The UIC A of Gaussian model predicts concen-

trations far lower than those measured for dis-

tances and UIC B of Gaussian model predicts con-

centrations far higher than those measured for 

distances. And the Pasquill-Gifford and Pasquill-

Gifford & Burt of the Gaussian model predicts 

concentrations far higher than those measured for 

distances.

Comparison of various dispersion coefficients 

(excepted the aforementioned it) of the Gaussian 

model is shown in Fig. 1.

At Fig. 1, with meteorological stability classes 

(A, B), dispersion coefficients of Briggs are far sen-

sitive than dispersion coefficients of Vogt and DN. 

Also, dispersion coefficients of Briggs, Vogt, and 

DN are similar suitability near the source. 

Therefore, as the results, we found that the dis-

persion of chlorine gas was fairly varied with dis-

persion coefficient and meteorological stability 

and that chlorine concentrations were well esti-

mated by the Gaussian plume model using the 

Briggs’ dispersion coefficient and meteorological 

stability class A.

3.2. Assessment of downward position of water 
spray

Using the Briggs’ dispersion coefficient from the 

results of part 3.1, first we calculated the average 

concentrations with downward distances of chlor-

ine gas at the ground level for trial 4. At afore-

mentioned conditions, the calculated average con-

centration profile with downward distance is 

shown in Fig. 2.

As presented in Fig. 2, the calculated concen-

trations of chlorine nearby source show steep in-

crease; thereafter its tendency with downward dis-
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Fig. 3. The calculated 3D profile with IDLH of 

chlorine.

tance shows exponential decrease. At the ground 

level, the maximum concentration of chlorine and 

downwind distance are 1176 ppm and 2 m, 

respectively.

To assess downward positions of water spray, 

we calculated the 3-distances (downwind, cross-

wind and above the ground) with IDLH (imme-

diately dangerous to life or health) of chlorine, 

which is 10 ppm. At aforementioned conditions, 

the calculated 3-distance profiles with IDLH are 

shown in Fig. 3. 

In Fig. 3, the maximum downward distance of 

IDLH is 35 m. And the maximum crosswind dis-

tance and maximum distance above the ground 

level are about 10 and 6 m at 21 m of downward 

distance, respectively. Also, the width and the 

height of chlorine cloud are 2 and 1.8 m at 2 m 

(downward distance at the maximum concen-

tration of chlorine), respectively. 

Also, the water curtain (trial 4) by Dandrieux et 

al.[17] is a peacoak tail spray (Pons DSP65). Water 

is thus directed upwards, forming a fan. The flow 

rate of water was measured and found to be equal 

to an average of 0.730 kl/min, with a functioning 

pressure of 8 bars. Its vertical and horizontal di-

mensions are 8 and 20 m, respectively. Therefore, 

at 4 m of downwind distance, we calculated the 

width and the height of chlorine for IDLH. Thus, 

the width and the height of chlorine are about 4 

and 2.7 m, respectively.

Therefore, because the maximum width and 

height appeared at 21 m form the source, the ver-

tical and horizontal dimensions of water spray 

must be, respectively, 6 and 10 m at least. And, 

at 4 m of downwind distance, the vertical and 

horizontal dimensions of water spray must be, re-

spectively, 2.7 and 4 m at least. Also, because of 

the maximum concentration of chlorine at 2 m, the 

vertical and horizontal dimensions of water spray 

must be, respectively, 1.8 and 2 m at least. From 

aforementioned results, we found that downwind 

position of water spray over 21 m is inadequate 

and the best adequate downwind position of wa-

ter spray is 2 m.

IV. CONCLUSIONS

To assess downwind position of water spray for 

the small-scale release of chlorine gas, dispersion 

coefficients for the Gaussian dispersion model 

were validated at small-scale release experiment. 

And downwind distances of water spray with si-

mulated results were assessed. The results were as 

follows:

(1) The dispersion of chlorine gas was fairly 

varied with dispersion coefficient and meteoro-

logical stability and that chlorine concentrations 

were well estimated by the Gaussian plume model 

using Briggs’ dispersion coefficient.

(2) The best adequate downwind position of 

water spray is the position of the maximum con-

centration of chlorine at the ground level.

(3) The adequate vertical and horizontal dimen-

sions of water spray consider the maximum width 

and height of cloud.

ACKNOWLEDGEMENT

This work was supported by 2013 Research 

Fund of Myongji University. 

REFERENCES

[1] Harris, C., "Analysis of chlorine accidents re-

ports", In Proceedings of the chlorine institute’s 

21st plant manager’s seminar, Houston, p.11.1-11.9, 

(1978)

[2] Carrascal, M. D., Puigcerver, M., and Puig, P., 



Seo-Il Jang․Youngran Kim․Woogun Yu․Dongil Shin․Kyoshik Park․Tae-Ok Kim

KIGAS Vol. 19, No. 1, February, 2015 - 56 -

"Sensitivity of Gaussian Plume Model to Dis-

persion Specifications", Theoretical and Applied 

Climatology", 48, 147-157, (1993)

[3] Marco, E., Pena, J. A., and Santamaria, J., "The 

chlorine release at Flix (Spain) on January 21st 

1996: A case study", Journal of Loss Prevention 

in the Process Industries, 11, 153-160, (1998) 

[4] Fthenakis, V. M., "The feasibility of controlling 

unconfined releases of toxic gases by liquid 

spraying", Chemical Engineering Communications, 

83, 173-189, (1989)

[5] Hald, K., Buchlin, J. M., Dandrieux, A., and 

Dusserre, G., "Heavy gas dispersion by water 

spray curtains: A research methodology", Jour-

nal of Loss Prevention in the Process Industries, 

18, 506-511, (2005)

[6] Dandrieux-Bony, A., Dimbour, J. P, and Du-

sserre, G., "A simple model for calculating chlo-

rine concentrations behind a water spray in 

case of small releases", Journal of Loss Prevention 

in the Process Industries, 18, 245-253, (2005) 

[7] McQuaid, J., and Fitzpatrick, R. D. "The uses 

and limitations of water spray barriers", In 

Proceedings of the symposium of the institution of 

chemical engineers, North Western Branch Pa-

pers, Manchester, 5, p.11-113, (1981)

[8] Prétrel, H., and Buchlin, J. M., "Experimental 

study of the hydrodynamic of water-curtain—

Application to the attenuation of fire radiation", 

In Proceedings of the fourth conference on experi-

mental heat transfer fluid mechanics and thermody-

namics, Brussels, p.8., (1997)

[9] AIChE, Guidelines for Consequence Analysis of 

Chemical Releases, American Institute of Chemi-

cal Engineers(AIChE), New York, (1999)

[10] Slad, D. H., US Air Resources Laboratory and 

Division of Reactor Development and Technology, 

US Atomic Energy Commission, TID-24190: 

Methodology and Atomic Energy, Washing-

ton D.C., (1968)

[11] Mohan, M. and Siddiqui, T. A., "Analysis of 

Various Schemes for Estimation of Atmos-

pheric Stability Classification", Atmospheric En-

vironment, 32, 3775-3781, (1998)

[12] Hanna, S. R., Briggs, G. A., and Jr. Hosker, R. 

P., Handbook on Atmospheric Diffusion, Oak 

Ridge National Laboratory, U.S. Department 

of Energy, DOE/TIC11223, (1982)

[13] Briggs, C. A., Diffusion Estimation for Small 

Emissions, In Environ. Res. Lab., Air Resour-

ces Atmos. Turbulence and Diffusion Labora-

tory, NOAA, Oak Ridge, Tennessee, Annual 

Rep., ATDL-106, USCOD-NOAA, (1973) 

[14] Cramer, H. E., Industrial Source Complex(ISC) 

Dispersion Model-User's Guide, NTIS PB80-

133044, H. E., U.S. Dept. of Commerce, 2, 

26-2.29, (1979)

[15] Burt, E. W., VALLEY Model User's Guide, 

U.S.E.P.A., EPA-450/2-77-018, Research Trian-

gle Park, N.C., 2.8-2.9, (1977)

[16] Vogt, K. J., "Empirical Investigations of the 

Diffusion of Waste Air Plumes in the Atmos-

phere", Nuclear Technol, 34, 43-49, (1977)

[17] Dandrieux, A., Dusserre, G., and Ollivier, J., 

"Small Scale Field Experiments of Chlorine 

Dispersion", Journal of Loss Prevention in the 

Process Industries, 15, 5-10, (2002)

[18] Union des Industries Chimiques, Cahier de 

s'ecurit'e no6l Groupe de travail risques technolo-

giques majeurs, Dispersion Atmosph'erique, 

French, (1995)


