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ABSTRACT 

The electrorefiner is one piece of the process equipment for the Integral Fast Reactor 
(IFR) program. Its principal components include a primary vessel, a heater assembly, a support-
structure assembly, a cover assembly, four electrode assemblies, four elevator and rotator 
assemblies, and a cover-gas system. In addition, there are various miscellaneous tools and 
fixtures. The electrorefmer is to be installed within an existing enclosed cell. Design requirements 
dictate that all equipment within the cell should not be anchored. To assess the integrity of the 
electrorefiner during operational and seismic loads, extensive structural analyses have been 
performed. This paper presents some of the major structural evaluations for the electrorefiner 
and its auxiliary equipment. Results show that the design code requirements are satisfied, and the 
integrity of the electrorefmer will not be jeopardized during operational and seismic loadings. 
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I. INTRODUCTION 
The electrorefiner (ER) for the Integral Fast Reactor Program (IFR) is one piece of the 

process equipment to be installed within the enclosed fuel-cycle facility (FCF). It is designed to 
conform to the in-cell process-equipment requirements and the general radiological safety-design 
criteria, and is required to withstand the combined-loading criteria including the design basis 
earthquake (DBE) to the extent that its safety function is not impaired. 

The ER's principal function is to perform the pyrochemical and electrochemical refining 
of spent and experimental fuel elements. This operation is carried out at a nominal temperature 
of 500°C. The ER will be operated in a batch mode with addition and removal of a nominal 
heavy-metal content of about 44 lb per batch. It is remotely operable and maintainable. It is 
compatible with the process storage and transfer containers used to collect and transfer fuel 
segments. Auxiliary equipment is provided for the removal of the cadmium and electrolyte 
containing the waste fission products. 

The general analysis and design criteria are governed by the requirements of DOE Order 
6430.1 A (DOE 1987). Design loads in the analyses are specified as those resulting from the dead, 
operating, thermal, and natural phenomena which are combined in accordance with safety-class 
structural codes and specifications such as N690 (ANSI/AISC N690, 1984). Since the ER is to 
be installed within an enclosed facility, an earthquake will be the only natural hazard of concern. 
Seismic loading was developed in accordance with the requirements of UCRL 15910 (Kennedy, 
et al., 1990). In accordance with the guidelines for qualifying components and equipment within 
the enclosed FCF, the site-specific design-basis earthquake (DBE) is equivalent to the safe-
shutdown earthquake (SSE), and the operational-basis earthquakes (OBE) are taken to be zero. 

II. KEY FEATURES OF ELECTROREFINER 
Fig. 1 shows the key features and dimensions of the ER. Major components include a 

primary vessel, a heater assembly, a support structure assembly, a cover assembly, four electrode 
assemblies (EAs), four elevator and rotator assemblies (ERAs), and a cover-gas system (CGS). 
In addition, there are various miscellaneous tools and fixtures. The ER has a lateral dimension 
of 69-in., and its maximum height is almost 160-in. when an EA is elevated to its highest 
position. 

The primary vessel is a 0.375-in. thick cylindrical shell with inside diameter of 40-in. 
The vessel bottom is flat with a 0.625-in. thickness and is joined to the integral skirt by a corner 
radius. The inside depth of the vessel allows for approximately 6-in. of cadmium, and 12-in. of 
molten-salt electrolyte, 13.4-in. of gas space, and a 7.6-in. thick set of radiation heat shields. 

The heater assembly consists of a heater-support can, electric heaters, and insulation. The 
electric heaters are positioned near the sides and bottom of the heater-support can. The side 
heaters are held in place by 12, equally spaced, vertical I-beams that are attached to the top and 
bottom of the heater support can by bolts and disk washers. There is a copper plate which rests 
on the base of the support structure and acts as a heat diffuser to protect the cell floor from 
excessive temperature. Attached to the bottom of the copper plate is a ceramic fiber insulator. 
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The support structure consists of upper and lower 69-in. diameter disk sections that are 
welded to four posts and reinforced by a perpendicular member welded to the posts by gussets. 
These posts house the ERA support tubes and also contain leveling pads. A support ring which 
has a 69-in. OD, 42.5-in. ID, 3-in. thickness, and houses the primary vessel flange is bolted to 
the support structure. Bolted to the support ring is the cover assembly which is a steel disk with 
a 52-in. diameter and a 2-in. thickness. Attached to the underside of the cover are radiation heat 
shields. 

The upper section of each of the four EAs, left- and right-hand cathodes and anodes, is 
housed in a cover. A shaft extends down through an electrically insulated bearing and through 
a seal in a protective housing. The shaft enters a plug assembly, which is an enclosed section 
of insulation that has an electrically-insulated bearing (Fig. 2). Below the plug there is a shaft 
extension which aids in assembling the plug, followed by a shaft disconnect to which either an 
anode or cathode adaptor is attached. 

An ERA is located at each of the four electrode ports on the ER cover. A 61-in. long 
rotator tube fits over the upper section of the support post and turns on an upper and lower 
bearing. 

The cover-gas system (Fig. 3) controls the delivery of high-purity argon to the top of the 
ER and regulates its operating pressure. This system has a relatively low center of gravity and 
is connected to the ER through bellows. Not attached to the ER is the mechanical handling 
system (Fig. 4) to manipulate, store, and maintain components related to the process operations 
of the ER. 

IH. STRUCTURAL CONCERNS FOR THE SYSTEM 
The design specifications require that the integrity of the ER and its auxiliary equipment 

must be preserved when subjected to operational conditions as well as the DBE. The primary 
vessel is to be operated at 500°C; thus, both thermal and seismic loads have been imposed on the 
vessel. 

Other than the immediate concerns of structural integrity, relevant investigations have also 
been performed to assure the safety of the system, such as sloshing of the liquid salt and 
cadmium within the primary vessel during the DBE will not expose the cadmium to the cover 
gas. 

The FCF into which the ER is to be installed is an existing facility and has a steel liner. 
In order not to breach the liner which also serves as containment, and to keep operational 
flexibility of equipment such as the ER, all new equipment to be installed within the FCF are 
required to be unanchored. As a result, there are concerns about the potential for tipping and/or 
sliding during an earthquake, in addition to considerations of the structural integrity of these 
unanchored equipment. 

Potential sliding of an unanchored piece of equipment will depend on the input load and 
the friction between the contacting surfaces of the equipment and the supporting floor. For 
equipment to be installed within the FCF, the seismic qualification requirements specify that, 
during the DBE, the maximum sliding distance of an item of unanchored equipment is 6-in. 
Effects of sliding thus can be avoided when a piece of equipment is positioned either 6-in. or 12-
in., respectively, from other anchored or unanchored equipment. Therefore the major concern for 
an unanchored item within the FCF will be on the potential for tipping. Overturning could also 
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be a possibility when the tipping becomes very excessive. 

IV. SUMMARY OF RESULTS FROM ANALYTICAL EVALUATIONS 
Only some of the major analytical results are presented here. These include the analysis 

of the primary vessel, sloshing of the liquid salt and cadmium, and assessment of seismic tipping 
during the DBE. 

IV. 1 Structural Integrity of the Primary Vessel 
The 0.375-in. thick primary vessel with an inside diameter of 40-in. has an upper flange, 

whose underside rests on a support ring. The vessel bottom is flat with a 0.625-in. thickness and 
is joined to an integral skirt by a corner radius. The material for the vessel is SA-387 grade 22 
CI. 2 steel. The inside depth of the vessel allows for approximately 6-in. of cadmium, 12-in of 
salt (lithium chloride and potassium chloride) 13.4-in. of gas space, and a 7.6-in. thick set of 
radiation heat shields. Design specifications are that the requirements of the ASME Boiler and 
Pressure Vessel Code-Section VIII-Division 1, 1989-90 should be satisfied. 

The maximum temperature and internal pressure for the vessel could reach 500°C and 2 
psi, respectively. Other loads the vessel will be subjected to are the weight of the cadmium, salt, 
and the vessel itself, and the seismic loads from the DBE. A finite-element model, shown in Fig. 
5, has been used in calculating the stresses. In the modeling, the vessel thicknesses have been 
reduced 0.03-in. to allow for corrosion. At the top flange, the vessel is allowed to expand freely. 
Other than the horizontal seismic loading, all loads are axially symmetric with respect to the axis 
of the vessel. Axially symmetric elements are therefore used in Fig. 5 for simulating the vessel. 
Stresses introduced by the horizontal seismic load have been evaluated by the static-equivalent 
method, and then superimposed on the results from the finite-element method. Overall results 
from all the axially symmetric loads and together with those from the horizontal seismic loading 
show that both the maximum tensile and compressive stresses are within the allowables. 

IV.2 Sloshing of Molten Salt and Liquid Cadmium 
There are two liquid solutions in the primary vessel: approximately 6-in. liquid cadmium, 

and 12-in. molten salt. The cadmium has a density that is about four-times heavier than the salt, 
and is at the lower portion of the vessel (Fig. 6). The major concerns are that during the DBE 
the upper liquid will have vertical displacement exceeding the freeboard space provided, and 
would the cadmium be exposed to argon. 

Both analytical and finite-element methods have been used in the analysis. In the 
analytical approach, the tank is assumed to be rigid. For the present system, the first three natural 
frequencies are 0.897, 1.614 and 2.044 Hz. These frequencies are slightly lower when the liquid 
within the vessel has one uniform density which is the same as the cadmium. 

Fig. 7 is the simulated finite-element model that includes the vessel, cadmium, and salt. 
The results (Tang, et al., 1991) confirm that the design of the vessel and the heights of the liquids 
are satisfactory, that there is sufficient freeboard space, and no separation of the salt and 
cadmium will occur during the DBE. 

4 



IV.3 Seismic Tipping 
Earthquake loads will introduce not only stresses to an unanchored piece of equipment, 

but also the potential for sliding and tipping. If sliding or tipping does occur, the equipment and 
its neighboring structures could be subjected to additional undesirable transient loads. Overturning 
is also a possibility when the tipping amplitude becomes excessive. 

When an unanchored rigid body is resting on a horizontal floor and subjected to 
gravitational and seismic loads, its potential for tipping can be characterized by a dimensionless 
parameter k=r/h, where h is the elevation of the center of gravity of the body above the floor, 
and r is the minimum tipping radius of the body measured horizontally from the projection of 
the center of gravity on the horizontal floor to the potential tipping axis. 

Tipping/uplifting of the mechanical handling system of the ER during DBE has been 
extensively analyzed, and the results have been presented (Wu, et. al., 1993). This system 
consists of two electrode storage fixtures and an electrode assembly and disassembly machine 
(Fig. 8) and is also not anchored. Using the response spectrum analysis and a finite-element 
model with leveling pads assumed to be anchored to the floor, results show that, during the DBE, 
vertical seismic reaction forces at the pads are all less than the corresponding forces introduced 
by the dead and live loads, or no impending uplifting will occur. 

Since the four EAs of the ER could move up or down as well as rotate about the vertical 
ERA axis, tipping of the ER will depend on the EA configurations. Among these configurations, 
the one when all four EAs are full and up, and two of them are rotated outward gives the ER the 
highest and the most off-centered center of gravity. This configuration therefore is most prone 
to potential tipping/overturning. Preliminary results show that, when the ER is in this most 
vulnerable configuration, the largest corner uplift resulted from the DBE is 0.041-in., maximum 
corner velocity is 2.8 in/sec, and the largest uplift angle is 0.0011-rad. Peak total stresses, 
including those introduced by such an uplift, are still within the allowable of N690 (ANSI/AISC 
N690, 1984). 

IV.4 Miscellaneous Devices 
A number of lifting devices and fixtures have been designed to facilitate the operation and 

movement of the ER and CGS. Their tensile stresses are mostly trivial, but the bending stress 
could become exceedingly high, e.g., the simple bail shown in Fig. 9 for lifting a load of 630-lb. 
The safe working load to be used in the analysis is required to be 1/3 higher, or 840-lb. The 
majority of the stresses from the 840-lb load are less than 9,000 psi. The normal stress at location 
B is only 896 psi; however, with a little moment arm, the bending stress at the bend C is 26,369 
psi, which is almost 30-times higher than the 896 psi normal stress. 

V. CONCLUSIONS 
The ER ranks as a major piece of process equipment for the Integral Fast Reactor. 

Extensive investigations using different analytical methods have been performed to assess the 
structural integrity of the various elements of the ER and its auxiliary equipment under dead, live, 
thermal, and the DBE loads. The ER and its auxiliary equipment are not anchored, and the 
primary vessel contains two liquids of distinctively different densities. Thus, in addition to 
structural integrity, there are concerns about the effects of seismic sloshing and tipping during 
the DBE. 
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The substantial base of computational results lends a significant measure of confidence 
about the structural integrity and safety of the ER and its auxiliary equipment. Analytical results 
show that stress resultants of all components of, or related to, the ER introduced by their loads 
are within the allowables of the design codes, the interface between the two liquids within the 
primary vessel will remain in contact, and that the maximum vertical displacement of the upper 
liquid does not exceed the available freeboard space. 

In the most unfavorable configuration, which is an unusual deployment of the EAs from 
an operational standpoint, the ER may have maximum uplift of 0.041-in. during the DBE. Overall 
stress including the effect of this uplift is still within the design code allowable. It has been 
pointed out (Naeim, F., 1989), on the other hand, that some uplift may in fact be beneficial in 
reducing earthquake forces. Furthermore, an unanchored structure could have sliding motion 
during an earthquake that will dissipate some of the seismic energy. Therefore, seismic results 
for the ER and its auxiliary equipment obtained without including the effects of sliding are 
conservative. 
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Fig. 3 Cover Gas System (CGS) 
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