
Engineering Case Study:

Finite element analysis (FEA) of nuclear waste melters

Duratek, Inc., Columbia, MD, a national leader in the design and fabrication of energy systems had a Department of Energy (DOE) contract to design, build, and test two refractory nuclear waste melters which would process spent nuclear power plant fuel material by combining it with molten glass in a vitrification process.

Dozens of engineers of various disciplines were involved in the design of these two melters as well as a pilot melter which was used for testing purposes. Three analysts were selected to perform all of the stress, heat transfer, and thermal stress analysis calculations on most of the components of these melters. Ted K. Fryberger, PE, the principal of DeepSoft, Inc., was selected as one of the three stress and thermal analysts. One additional analyst was selected to perform computational fluid dynamics (CFD) on this project.

All of the stress and thermal analysts were using Algor’s FEA software for structural stress analysis, steady state heat transfer,  and thermal stress analysis using non-linear material properties. The CFD work was done with Fluent 

This work was performed over an eighteen month period of time in a tight time schedule which coordinated all of the design and analysis work of many engineers and supporting personnel. During this period I was completely responsible for twenty different FEA analyses. Each required a written technical report with size varying from 25 to 80 pages in length including numerous FEA models, and FEA results plots. Some of these analyses were quite complex, all were completed accurately, on time, and within budget allowing this large and complex design project to move forward efficiently and on schedule.

The melters consisted of various refractory materials plus exotic metals. The FEA models used temperature dependent non-linear material properties. This job involved building 3D solid models of selected components with Mechanical Desktop and building 3D FEA models with Algor for all components. The FEA models were built manually, semi-automatically, or fully automatically as appropriate. The FEA analyses included: linear static stress analysis of the structural base including simple seismic loading, steady state heat transfer thermal analysis, heat transfer based on Fluent’s CFD output, and thermal stress analysis of the melter and electrodes. I also performed cooling channel pressure drop calculations and some manual heat transfer computations with Mathcad. 

List of FEA Engineering Reports Created

LAW Level Detector Thermal Expansion
LAW Thermowell and Thermocouple Thermal Expansion
LAW Lid Refractory Thermal Expansion
LAW Electrode Thermal Expansion Stresses and Pressure Differential
HLW Electrode Thermal Expansion Stresses and Pressure Differential
HLW Idle Mode Refractory Thermal Expansion, Stresses, and Jackbolt Displacement
LAW Melter Heat Transfer, Final
LAW Refractory Thermal Expansion, Idle Mode
LAW Glass Discharge Refractory Thermal Expansion
LAW Refractory Thermal Expansion, Feed Mode
HLW Cooling Panel Heat Transfer, Initial
HLW Cooling Panel Heat Transfer, Loss of Coolant, Initial
HLW Cooling Panel Pressure Drop
HLW Glass Discharge Thermal Expansion
HLW Plenum Refractory Thermal Expansion
HLW Glass Contact Refractory Thermal Expansion
LAW Cooling Panel Heat Transfer, Initial
LAW Melter Glass Contact Refractory Seismic, Initial
LAW Melter Structural Analysis Report 1
LAW Melter Structural Analysis Report 2

Because these analyses are proprietary, details of the analyses are not shown in these figures; i.e., descriptions, dimensions, materials, material properties, loads, boundary conditions, and output result legends are not shown.

Ted K. Fryberger, PE

BSME, MSME & OE

Stress & Thermal Analyst

DeepSoft, Inc.
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Figure 1 – FEA Model - Melter Structural Steel Base – FEA Geometry
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Figure 2 – FEA Model - Melter Structural Steel Base – Displacement
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Figure 3 - FEA Model - Melter Structural Steel Base - Stresses
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Figure 4 - FEA Model – Melter Lid – FEA Geometry – Three Refractory Materials
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Figure 5 - FEA Model - Melter Lid - Steady State Temperatures
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Figure 6 - FEA Model - Melter Lid – Displacements
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