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ABSTRACT:

Accidental releases of heavy gases such as chlorine,
natural gas, liquefied petroleum gas, etc do occur, though
rarely, in many chemical industries. The impact of these heavy
gases in the surrounding atmosphere is very harmful/
hazardous to the human health. In this paper, the study of an
analytical model for heavy gas dispersion based on
modifications in plume path theory. Study has been carried out
to simulate the effect of the wind speed, density of the gas and
venting speed on the dispersion of heavy gas.

Case study of industrial accidental release scenarios to
identify the downwind concentration along with the horizontal
distances is presented. Comparison of the predicted values of
heavy gas concentrations obtained from the SLAB model for
the heavy gas dispersion and integrated jet models is also
presented.

Key words - Heavy gas dispersion, Wind velocity,
Integral jet model, SLAB model.

INTRODUCTION:

A dense gas i1s defined as any gas whose density is greater than the
density of ambient air through which is being dispersed. This result can be
due to a gas with a molecular weight greater than the air, or a gas with a
low temperature due to auto-refrigeration during release. The mechanisms
of dense gas dispersion differ markedly from neutrally buoyant clouds.
When dense gases are initially released, these gases slump towards the
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ground and move both upwind and downwind. e.g. Ammonia, Chlorine,
Hydrogen sulphide, Liquefied petroleum gas, CF4, C 2Fs etc.

As a gas cloud disperses two events occur; the concentration of the
gas cloud decreases and with this change the gas cloud density will
approach that of air. Therefore, as a gas cloud disperses its behavior
changes and finally becomes neutral with air. A diluted gas will never
separate again from air to produce higher concentrations. [17]

Many gases used in industrial processes may have molecular
welghts larger than air and are denser than air even at ambient
temperatures. In proximity to the ground, a dense cloud will tend to
spread laterally, and the vertical diffusion will be suppressed. This can
give rise to high ground-level concentrations, so the prediction of dense gas
dispersion in the atmosphere is a topic of considerable interest for
emergency response and site safety studies.

The dispersion of a dense gas cloud or plume proceeds through
several phases, dependent on the dominant physical mechanism involved
as shown in figure 1. [12]
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Figure 1: An illustration of different phases in the dispersion of heavy gas clouds.

METHODOLOGY:

Atmospheric dispersion of the release is calculated by solving the
conservation equations of mass, momentum, energy and species. A
continuous release (very long source duration) is treated as a steady state
plume. In the case of a finite duration release, cloud dispersion is initially
described using the steady state plume mode and remains in the plume
mode as long as the source is active.
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Integral jet Model:

Hoot, Meroney and Peterka (1973), Ooms (1974), Khan and Abassi
(1999), Banerjee (1996), The integral jet models are used to describe
continuous, elevated releases of the heavy gases. They are based on the
integration of conservation equations of mass, species, downwind and
crosswind momentum and energy averaged over a jet cross section. These
equation directly pradict jet variables such as the concentration, jet
velocity, radius, enthalpy. In steady state integral models the jet variables
are evaluated as a function of the downwind distance.

In the HMP model(Hoot,1973) which is one of the very first models
of this type it is assumed that the distribution of the variables within the
jet of the circular shape are uniform at a given distance from the source. It
1s also assumed that the specific heats of the jet and air are equal. The
model equatons are solved analytically for an upward-pointing jet leading
to the analytical expressions. [11]
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The ratios of the maximum concentration (Cn) to the initial mass
concentration (C,) at the downwind point where the maximum initial rise
occur and at the point where the cetreline stricks the ground are as
follows,
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Industrial Accidental Scenario:
Accidental release of ammonia from the storage tank vent and
chlorine as vertical jet from stack are considered for computing ground
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level concentration using SLAB (a heavy gas dispersion model) and
Integral jet model. The results obtained from these models are presented
in this paper.

Releases of Chlorine Vapour:

This problem is a hypothetical release of chlorine vapor from a
vertical jet. Since chlorine has a molecular weight greater than that of air,
the resulting cloud is denser-than-air at all concentrations. The maximum
ground level concentration is computed using Equations 1 to 3 are
computed for different wind velocity ranging from 1 m/sec to 25 m/sec.
These maximum ground level concentrations are computed its values
obtained from SLAB model for the same release scenario. The input
parameters used for this case of taking are using Table 1. The SLAB
dispersion calculation begins with the plume rise calculation which
extends over a downwind distance varying from x = 107.55 m to x =116.78
m, for wind velocity varying from u, = 1 m/sec to ua = 25 m/sec. Beyond the
plume rise region, the SLAB dispersion calculation continues in the steady
state plume mode until the release is terminated at ¢ = 300 s. At this time,
the dispersion calculation changes to the transient puff mode for the
duration of the simulation. [4]

The sensitivity of the downwind concentration of vertical release of
Chlorine gas with changes their wind velocities are determined for ranging
1 m/sec to 25 m/sec. The maximum ground level concentration obtained
using Equation 1 to 3 for different wind velocities are compared with the
result obtained from SLAB model for same wind velocities and the result
as shown in Figure 2.

The Source and the meteorological parameters are given in Tables I
and II respectively.

Table I: Source Parameters

Source Parameters Values
Initial velocity (m / sec) 5.62
Initial density (Kg / m?) 3.61
Initial radius (m) 0.02
Height of release (m) 10
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Table II: Meteorological Parameters

Air density (Kg / m?) 1.277
Wind velocity (m / sec) From 1 to 25
Stability class D (neutral)

RESULT & DISCUSSION:

It is observed that the maximum downwind concentration decreases
with respect to the increasing the wind velocity. Figure 2 shows same
behaviour for the maximum downwind concentration predicted using
Equation 1 to 3 and SLAB model with respect to the increasing wind
velocity. For the predicted equation the maximum downwind
concentration at distance Xg = 107.55 m is 0.004963 (volume fraction) at
the wind velocity ua = 1 m/s. For SLAB model the maximum downwind
concentration at Xg = 107.55 m 1s 0.0027 (volume fraction) at same wind
velocity ua = 1 m/s. Also, at ua = 25 m/sec, the maximum downwind
concentration predicted by equations 1 to 3 1s 0.000496 (volume fraction)
and for SLAB model is 0.000408 (volume fraction) at maximum horizontal
distance of Xg = 116.7855 m.
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Figure 2: Variation of downwind concentration by using SLAB model and predicted
equations with different wind velocities

CONCLUSION:

The present study covers the different steps required for the
identification of the various hazardous distances and their concentration
due accidental release of heavy gas through the vertical jet form. The
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study includes the different model equations to analyse the maximum
horizontal safety distance at surrounding atmosphere release of heavy gas.
Accidental release of heavy gases from the chemical industrial
processes or storage containers can typically be modelled by either dense-
gas model 1.e. SLAB or Integral jet model. While each model has its
assumptions and limitations, the common limitations among these models
discussed in this study include:
e A single set of meteorological conditions is used to represent the
whole dispersion phenomenon.
e A flat terrain is assumed. In other words, the effects of complex
terrain (e.g. hilly areas) or building downwash are not considered.
e A single release source is allowed in case study.
e No chemical reactions in the plume are considered.

As shown in the case studies, while more than one model can be
applied to a specific release scenario, different models may give different
results due to inherent assumptions and limitations associated with each
model. Details of the release scenario should be reviewed carefully in order
to reach a reasonable decision. More importantly, a model that gives best
result may not be the most suitable model for the occasion.

As the pollutants being heavier than air it is recommended that use of
heavy gas dispersion model such as SLAB, which are conservative values.
Applications of SLAB model and other heavy gas models will be useful for
computing safe distances and for providing risk based action plan for
taking appropriate measures for reducing any material/human loss due to
accidental releases.

REFERENCES:

1. Ashok Kumar, Abijeet Mahurkar, Amit Joshi (2003), Study of the
spread of a cold instantaneous heavy gas release with surface heat
transfer and variable entrainment, journal of hazardous material,
B101,157-177

2. CCPS (2000). Guidelines for chemical Process Quantitative Risk
Analysis (2 edition). New York: AIChE.

3. Cquest Consultants (2004), Worst-case consequence analysis for
ultramer’s Wilmington refinery alkylation improvement project,
Environmental Audit, Inc. Section F - Page 1-Section G - Page 5

Dehankar, Deshpande & Katekhaye



IJAAR Vol.1 No.2 ISSN - 2347-7075

4. Donald L. Ermak (1990), User’s manual for SLAB: An atmospheric
dispersion model for denser than air release, pp-1-141.

5. Draft Report (2007), Atmospheric dispersion model validation in low
wind condition, U.S. Department of Energy, National Nuclear
Security Administration, DOE/NV/25946—277.

6. Drager, Gas Dispersion, Risk Management Program Gas Dispersion,
peg-5-11.

7. Faisal I. Khanl, S.A. Abbasi,” Modelling and simulation of heavy gas
dispersion on the basis of modifications in plume path theory’,
Journal of Hazardous Materials A80 (2000) 15-30.

8. J. McElroy and F. Pooler (1968), the St. Louis Dispersion Study, Vol.
IT (Nat. Air Poll. Control Admin., 1968).

9. James McQuaid (1998), Dispersal of Chemicals, Methods for
Assessing and Reducing Injury from Chemical Accidents Edited by
Philippe Bourdeau and Gareth Green, pp-157-178.

10. M. Epstein, H.K. Fauske and G.M.Hauser (1989), A model of
the dilution of a forced two-phase chemical plume in a horizontal
wind, j. Loss prev. Process ind, vol-3.

11. M. Markiewicz, Mathematical modelling of the heavy gas
dispersion, Models and Techniques for Health and Environmental
Hazard Assessment and Management, pp-281-295.

12. M.J.Borysiewicz, M.A. Borysiewicz, I.Garanty, A.Kozubal,
Quantitative risk assessment, Institute of atomic energy, pp-218-
226.

13. Mr. Carl A. Mazzola, Mr. Robert P. (1995), Atmospheric
Dispersion Modeling Resources, Second Edition, 4-172.

14. Ooms, Digadis (1988), A dispersion model for elevated dense
gas jet chemical release, User guide, vol-II, epa-450, pp-1-4.

15. Ooms, Digadis (1998), A dispersion model for elevated dense
gas jet chemical release, vol-1, epa-480, pp-7-24.

16. Richard W. Boubel, Donald L. Fox, Arthur C. Stern,
Fundamentals of air pollution, third edition, pp-295.

17. Robert Macdonald (2003), Theory And Objectives of Air
Dispersion Modelling, Department of Mechanical Engineering,
University of Waterloo, Wind Engineering MME 474A.

18. Robert N. Moroney (1983), Transient characteristics of dense
gas dispersion part-II, journal of hazardous material,draft.21/12/83.

Dehankar, Deshpande & Katekhaye



IJAAR Vol.1 No.2 ISSN - 2347-7075

19. S.Durucan, P.R.Johnston (2004), The Development of an
Advance Gaussian Plume Air Pollution Model, EPA Compliance
Response, Doc. No.: 2004_121.

20. SCREEN3 Model User's Guide, September 1995, US. EPA-
454/B-95-004.
21. Spyros Sklavounos, Fotis Rigas (2004), Validation of

turbulence models in heavy gas dispersion over obstacles, journal of
hazardous material, A108 (2004) 9-20.

22. Thomas G. Grosch, Mark D. Miller (1998), An Expert System
for Source-Term Analysis and Accidental Release Modeling, For
Presentation at the Air & Waste Management Association's 91st
Annual Meeting & Exhibition, San Diego, California, June 14-18.

23. U.S.EPA (1988), a workbook of screening tech. For assessing
1mpacts of toxic air pollutants, epa-450/4-88-009.
24. Weiping Dai (2004), Applying proper dispersion models for

industrial accidental release, Annual conference, paper 726, pp (3-9).

Dehankar, Deshpande & Katekhaye



