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Numerical modeling and validation of evaporation and discharge of low-level radioactive

wastewater based on high-pressure spray technology
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Abstract  [Background] Low-level radioactive wastewater (LLW) is generated during the operation of nuclear
facilities. Usually, LLW is discharged directly into the ocean in the form of liquid effluent after purification under the
discharge management limits. However, discharging LLW into inland water bodies is difficult for inland nuclear
facilities because of the poor dispersion and the lack of public acceptance. Thus, LLW disposal has become one of the
challenges limiting the development of inland nuclear facilities. Liquid-to-gas discharge, which is based on high-
pressure spray evaporation technology, is an alternative solution for LLW disposal for inland nuclear facilities.
[Purpose] This study aims to develop and validate a model for simulating spray flow and evaporation to assess the
design feasibility. [Methods] A numerical method coupling a two-phase flow model, mass transfer model, and heat
transfer model were established to describe droplet evaporation during the flow process. To validate this numerical

method, a sample high-pressure spray evaporation system was developed which included three key subsystems:
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carrier gas generation, source term generation, and measurement systems. Finally, considering evaporation and

deposition factors, three experimental cases were designed for experimental comparison of the droplet diameter,

number, and deposition rate among these cases. [Results] The comparison results show that the numerical method is

highly consistent with the experimental results, with a maximum uncertainty of 15%. [Conclusions] The numerical

model developed in this study can be used for the technological design of liquid-to-gas LLW discharge based on high-

pressure spray evaporation technology.

Key words Low-level radioactive wastewater, High-pressure spray, Airborne discharge, Numerical modeling
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1 Blower, 2 Diffuser, 3 Flexible Connection, 4 Condenser Pipe, 5 Water Chiller, 6 Drainage Hole,
7 First Stage Heater, 8 Transition Section (with Anemometer, Flowmeter and Temperature-Humidity Probe),
9 Second Stage Heater, 10 Spray Nozzle, 11 Laser Scattering Particle Size Analyzer, 12 Computer,

13 Evaporation Chamber, 14 Stack
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Fig.1 Schematic diagram of high-pressure spray evaporation technology
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Table 1 Three cases used to validate numerical modeling

Z ¥ Parameter T Case 1 LWL Case 1T LI Case 11T
# P Velocity / m+s™ 3.98 3.98 1.27

{2 Specific humidity / g-kg™ 13.61 8.20 8.10

HHXF I Relative humidity / % 83.91 50.86 49.14

i J¥ Temperature / °C 21.60 21.60 21.90

5 57 B Mass flow rate of nozzle / kg+h™ 3.12 3.16 5.55
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Table 2 Comparison of droplet Salter mean diameter variation and distance from nozzle

T4 Case  FEWiMEIE R Distance / m T4 Simulation / pm 51256 Experiment / um FH X% 2 Relative error / %
Tl 0.15 27.72 27.94 4.37
Casel 1.0 27.48 26.90 2.16
2.0 28.15 26.35 6.85
3.0 27.98 25.51 9.67
4.0 27.86 24.52 13.62
LA 0.15 26.46 26.64 0.67
Case Il 1.0 27.56 26.52 3.92
2.0 26.47 25.44 4.05
3.0 26.12 24.13 8.27
4.0 25.86 23.08 12.04
F®3 REITIIRRERE BB B T LAV ELER
Table 3 Comparison of droplet deposition and distance from nozzle
Lt Case  FEMEHEEE B Distance / m 4 Simulation / g+h™ 245 Experiment / g+h™ AHXT 1% ZE Relative error / %
T n 1.0 0.1200 0.114 6 4.71
Case III 2.0 0.382°8 04146 7.67
3.0 0.963 0 1.026 0 6.14
4.0 0.955 8 1.127 4 15.22
5.0 0.638 4 0.654 0 2.39
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