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1. Introduction 

For the licensing and installation of an integrated 

hydrogen production facility with a nuclear power plant, 

it is essential to ensure that the hydrogen production 

facility located near the nuclear site maintains a 

sufficient safe stand-off distance to prevent any impact 

on safety due to a potential hydrogen explosion. To 

evaluate the impact of a hydrogen explosion on the 

nuclear power plant, the primary task is to estimate the 

flammable hydrogen mass as it disperses into the 

atmosphere. This paper presents an atmospheric 

dispersion model for hydrogen gas and a methodology 

for evaluating the flammable hydrogen mass within the 

model. 

 

2. Methodology 

 

Hydrogen gas produced in hydrogen production 

facilities is generally stored or transported at high 

pressure relative to atmospheric pressure. For a 

conservative assessment, hydrogen leakage accidents are 

assumed to occur due to a guillotine break at the nozzle 

of a storage tank or in a transport pipeline. Since 

hydrogen gas leaking from susch a rupture experiences 

critical flow, it is assumed to form a jet release. The jet 

release model for a hydrogen gas leakage accident is 

assumed to follow the Top-Hat jet/plume model, as 

shown in Figure 1[1][2]. 

 

 
 

Fig. 1. Hydrogen jet release model 

 

2.1 Determination of Hydrogen Jet/Plume Boundary 

Radius 

 

The radius of the expansion region downstream (R0) 

is determined by the rupture cross-sectional radius and 

the mass flux (G), as expressed in Eq (1). The radius of 

the leaked hydrogen gas jet (R) can be calculated using 

the downstream expansion region radius (R0) and the 

centerline mass fraction (Ycl) of the jet, as given in Eqs 

(2). centerline mass fraction (Ycl) of the jet described by 

Equation (3), where E0 and ρa represent the entrainment 

coefficient and ambient density, respectively[1]. 
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2.2 Calculation of Hydrogen Jet/Plume Centerline 

Dispersion Distance & Concentration 

 

As the dispersion distance increases, the mass fraction 

of the hydrogen gas jet gradually decreases. The 

dispersion distance corresponding to the mass fraction of 

the hydrogen gas jet is derived using Eq (3) and is given 

by Eq (4). The centerline concentration of the hydrogen 

gas jet is expressed in Eq (5). 
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2.3 Hydrogen Jet/Plume Concentration Profile Modeling 

 

When hydrogen gas is released as a jet, it disperses 

into the atmosphere following a Gaussian distribution 

with a standard deviation centered along the jet 

centerline. The horizontal dispersion distance of the 

hydrogen gas is determined by the standard deviation of 

the Gaussian distribution, and this value is obtained from 

the Pasquill-Gifford model. The dispersion coefficients 

corresponding to different atmospheric stability classes, 

as categorized by Pasquill-Gifford, are presented in 

Table 1[5]. 
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Table 1. Standard deviation of Pasquill-Gifford model 

Stability 

category 
x (km) 

σz (m) = a ·xb 

a b 

A 

<0.10 122.8 0.9447 

0.10-0.15 158.08 1.0542 

0.16-0.20 170.22 1.0932 

0.21-0.25 179.52 1.1262 

0.26-0.30 217.41 1.2644 

B 
<0.20 90.673 0.93198 

0.21-0.30 98.483 0.983 

C All 61.141 0.915 

D <0.30 34.459 0.86974 

E 
<0.10 24.260 0.8366 

0.10-0.30 23.331 0.81956 

F 
<0.20 15.209 0.81558 

0.21-0.3 14.457 0.78407 

 

The dispersion distance from the centerline at a specific 

concentration corresponds to the hydrogen jet/plume 

radius for that concentration region (Rconc) and is given 

by Equation (6) based on the Gaussian distribution 

equation. 

 

(6) Rconc = ± σz × √−2 × ln (
yconc

ycl
) 

 

2.4 Calculation of Hydrogen Flammable Mass 

 

As leaked hydrogen gas disperses into the atmosphere, 

it mixes with air to form a hydrogen-air mixture. The 

hydrogen-air mixture ignites and combusts only when its 

concentration is within a specific flammability limit 

range. For hydrogen, this flammable range is between  

4% (Lower Flammability Limit, LFL) and 75% (Upper 

Flammability Limit, UFL) by volume[6]. Thus, the 

hydrogen flammable mass refers to the mass of hydrogen 

gas within the region bounded by these flammability 

limits, and it can be calculated based on the dispersion 

distance corresponding to these limits, as shown in 

Equation (7)[3]. 

 

(7) mflam = ∫ πRconc
2 ρY dz

zLFL

0
− ∫ πRconc

2 ρY dz
zUFL

0
 

 

Generally, the mass of hydrogen gas between the leak 

source and the upper flammability limit (UFL) is 

relatively small and can be considered negligible. 

Therefore, the explosion mass is determined by applying 

the hydrogen explosion efficiency to the flammable 

hydrogen mass, as described in Eq (8). 

 

(8) mflam ≅ ∫ πRconc
2 ρY dz

zLFL

0
 

 

3. Modeling Results 

 

After applying the atmospheric stability classes from 

Table 1 to set the dispersion standard deviation, Equation 

(6) was continuously utilized to model the concentration 

gradient of the hydrogen jet/plume. The modeling results 

are shown in Figures 2–4. For the modeling, a guillotine 

break of a pipeline connected to a high-pressure 

hydrogen storage tank was assumed. The storage tank 

pressure and temperature were set to 18 MPa and 333 K, 

respectively, with a failure diameter of 0.02 m and a 

discharge coefficient (CD) of 1.0. 

 

 
Fig. 2. Hydrogen jet/plume concentration profile model for 

atmospheric stability class F 

 

 
Fig. 3. Hydrogen jet/plume concentration profile model for 

atmospheric stability class D 

 

 
Fig. 4. Hydrogen jet/plume concentration profile model for 

atmospheric stability class C 
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Fig. 5. Hydrogen jet/plume concentration profile model for 

atmospheric stability class B 

 

The evaluation results for each model are presented in 

Table 2. Under the initial conditions described above, the 

dispersion distance to the lower flammability limit(zLFL) 

is identical for all cases at 43.6 m. 
 

Table 2. Evaluation Results of Leaked Hydrogen Gas 

According to Atmospheric Stability Classes 

Stability  

category 

Flammable mass 

mflam (kg) 

B 5.27 

C 2.78 

D 1.27 

F 1.00 

 

4. Conclusions 

 

To evaluate the impact of a hydrogen leakage 

explosion on a nuclear power plant, it is important to 

estimate the hydrogen flammable mass. The hydrogen 

flammable mass can be assessed by applying the top-hat 

jet/plume model and the dispersion standard deviation 

based on the Pasquill–Gifford model for hydrogen 

dispersing into the atmosphere. The hydrogen flammable 

mass varies depending on the atmospheric stability class, 

allowing a flexible evaluation tailored to specific 

scenarios. By determining the explosive hydrogen 

mass—calculated by applying a hydrogen explosion 

efficiency factor to the flammable hydrogen mass—and 

evaluating the explosion overpressure, it is possible to 

propose a safe separation distance that meets regulatory 

guidelines. This approach is expected to secure 

feasibility for permitting and licensing in the installation 

of hydrogen plants integrated with nuclear power plants 
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