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Objective

This project develops a finite element model of fluid flow in a
pipe to provide analysis of pipe plugging which has been
reported during transfer operations at DOE sites.

The model uses a multi-physics simulation software, COMSOL,
to simulate and predict the plug formation process in a high-
level waste pipeline in a stepwise approach.

The objective is to provide better understanding of the
interactions between critical flow velocity, chemical reaction
with formation of solids, and solids settling, and ultimately plug
formation.

Initial simulations were conducted for fluid flow, chemical
reactions and solids settling using 2D multiphase simulations.

The work will be used to provide analysis of the environmental
factors causing plug formation.
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Chemical Reaction Modeling (A+B—C)
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Two Phase Modeling
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Model Verification Study

Test Configuration Case 1|Case 2|Case 3|Case 4|Case 5
Particle diameter (um) 14.4 | 37.7 [129.5|182.3|203.9
Solids Density (kg/m3) 2500 | 7950 | 3770 | 2500 | 7950
Solids volume fraction (%) | 9.8 9.3 8.7 7.4 3.0
Liquid density (kg/m3) 1146 | 1647 | 1151 | 999 | 1026

Comparison of Numerical vs. Empirical and Experimental Results
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Computational Simulation and Evolution of HLW Pipeline Plugs
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Conclusion

" The numerical results were a good match with the experimental
results and demonstrated the use of COMSOL Multiphysics 4.3b
to accurately simulate the settling physics.

= The two phase modeling simulations show that the 220 um
heavier particles tend to settle fast on the bottom of the pipe,
especially at low flow velocities. For flow velocities lower than
1.0 m/s, a stationary bed is observed that eventually causes a
plug to form. For velocities greater than 1.0 m/s, the fluid
establishes a moving bed regime where the particles move along
the bottom of the transfer pipe.

= However, these baseline models do not consider the chemical
interactions such as precipitation, particle-particle interactions
and how these influence the formation of plugs.

"= Moreover, the influence of piping components such as elbows,
reducers and pipeline layouts on the plug formation need to be
further investigated.
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Future Work

=  Future work will include simulating plug formation via chemical
kinetics and investigating the chemical flow relationships.
Model simulations will also serve to evaluate the influence of
pipeline geometry on the settling dynamics.
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B Empirial Correlations (m/s) 0.58 0.82 1.58 1.61 3.20
® PNNL Experimental Values (m/s) 0.37 0.76 0.91 1.21 2.93
COMSOL Results (m/s) 0.60 0.80 1.50 1.55 3.50
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