
When installing a hydrogen production facility to NPP, the impact of a hydrogen explosion on
NPP safety must be considered. To assess the impact of a hydrogen explosion, it is necessary
to determine the hydrogen detonable mass. For calculating the hydrogen detonable mass, it is
assumed that a guillotine break accident occurs in the pipeline connected to the hydrogen
production equipment or hydrogen buffer tank. In the event of a guillotine break accident in
a pipeline connected to a high-pressure hydrogen storage tank, hydrogen gas will be released
in a choked flow and will form a jet/plume. After modeling the hydrogen gas jet/plume, the
detonable mass is determined using this model. In this model, hydrogen detonable mass is
calculated by integrating over the predefined explosion region.
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To evaluate the impact of NPP accidents caused by hydrogen explosions from hydrogen
production facility, an analysis of the hydrogen detonable mass was conducted. The mass
analysis involved modeling the boundaries of the jet/plume of leaking hydrogen based on the
initial temperature and pressure conditions of a hydrogen storage tank. A Gaussian distribution
was applied to the modeled hydrogen jet/plume to model the contours according to hydrogen
concentration. Using this model, the hydrogen detonable mass was calculated. The hydrogen
detonable mass can vary depending on the standard deviation setting of the Gaussian
distribution. Therefore, it is important to set the standard deviation correctly to determine the
hydrogen detonable mass. By appropriately setting the standard deviation based on
experimental data or technical guidelines, the hydrogen detonable mass within the hydrogen
jet/plume can be determined. Using the calculated hydrogen detonable mass, overpressure
calculations can be performed to assess the safety impact on the NPP.
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Symbol variable initial data

Pst(Pa) Storage pressure 7.00E+06

Tst(K) Storage temperature 293

Ta (K) Ambient temperature 293

Re (m) Pipeline radius 0.05

concentration gradient at 𝜎 = 2 × R/4

4 Ycl = 1 +
2E0

R0

ρa

ρ0

0.5
z
−1

5 ycl = 1 +
1

Y
− 1

MH2

Mair

−1

6 𝑓 𝑥 =
1

𝜎 2𝜋
𝑒
−
1

2

𝑥−𝜇

𝜎

2

7 𝑓𝑚𝑎𝑥 𝑥 =
1

𝜎 2𝜋

8 𝛼 =
𝑦𝑐𝑙

𝑓𝑚𝑎𝑥(𝑥)

9 Vjet = 0
z
πR2 dz 10 mjet = 0

z
πR2ρY dz

11 ρ =
Rid Ta

Pa

Y

MH2

+
1−Y

Mair

−1

12 mdet = 0
𝑧LDL πR2ρY dz − 0

zUDL πR2ρY dz

concentration gradient at 𝜎 = 2 × R/6

standard deviation σ detonable mass(kg)

2 × R/4 5.65

2 × R/6 2.51

2 × R/8 1.41

concentration gradient at 𝜎 = 2 × R/8


