Introduction:

This write up below describes the mechanical aspects of the Berkeley Offline Radioisotope Generator (BORG), a device being proposed at LBNL.  The desire of the scientists is to be able to perform fast gas chemistry and aqueous chemistry experiments in order to develop rapid and more reliable radiochemical separations with homologues of transactinide elements.  A Cf-252 source forms the basis of this device, because it spontaneously undergoes a fission reaction that produces nuclides with half-lives on the order of a few seconds to hours, or even weeks.  These longer-lived nuclides would be used as tracers in other experiments. 

The Source & Source Mechanism
For this device, the source is to be mounted on a moveable platform that allows for two different types of collection methods for the fission recoil products.  Minimizing the packaging and space requirements, a rotary motion was adopted, where the source would move from its two different collection positions, much like a windshield wiper on an automobile, only that there would be three distinct stops in the path.  These stops are the park/failsafe position (the first, zero position, that is), and the gas-collection (recoil chamber), and foil collection positions.  The entire sweep of the rotation would be 210 degrees in one direction from that park position.  At the second (105 degree) stop, the source mates up with the recoil chamber port.  This interaction will be described in more detail later.  The 210 degree stop is where the source mates up with the collection foil port, which will, again, be described in more detail later on.
The Cf-252 source itself will be supplied by Oakridge National Laboratory.  It consists of a platinum foil that is approximately .875" (22.2mm) in diameter by .01" (.254 mm) thick.  The center of one side of the foil will be plated with an oxide of Cf-252, approximately 5-10mm in diameter. 

The source carrier will be fabricated out of anodized aluminum, as all the subsequent parts (unless mentioned otherwise).  The Carrier consists of three parts:  the carrier, the cap, and the 6-m thick cover foil that prevents any solid particles from escaping into the environment.  There is an o-ring groove in the cap that captures an o-ring, which will provide the seal between the source carrier and the seal plate at all the stops.  The seal plate and its function will be described in a later section.
[image: image1.jpg]Cf-252 source
Source cover (cover foil not

shown)

Source carrier




Figure 1.  Cf-252 source carrier

The source carrier is mounted on the end of a pivoting arm, with a spring-and-solenoid-actuated rod pressing on the other.  This “seesaw” allows the source carrier to be pressed against the seal plate via the coil spring force on the other end.  This is the default position of the pivot arm when the solenoid is not powered up.  Applying power to the solenoid acts against the spring force, allowing the source carrier to separate from the seal plate.  The arm would then be free to rotate to its other positions without friction on the o-ring, thereby increasing its lifetime.  See Figure 2 for a depiction of the pivot arm assembly. The rotary shaft to which the pivot arm is attached is operated using a servomotor to rotate through the 210 degree sweep via computer control (described in a later section).
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Figure 2.  Rotating arm assembly.


The Sealplate 
The seal plate is the one component of the device that makes the whole mechanism work, as it has many features built into it.  There is a hole through which the rotary arm passes, which will be sealed by an o-ring.  See Figure 3 below.  
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Figure 3.  Sealplate assembly.

Source Access

From right to left in Firgure 3, the first position of the sealplate ports is the park position of the source mechanism.  This is where the source is located when the system is not in operation.  This position serves a dual purpose, though.  The source seals against a removable “plug” that is 1.6” (40 mm) dia.—slightly larger than the source carrier—that allows the source to be removed through that port for maintenance.  

Collection Foil & Neutron Activation

The third position from the right in Figure 3 is the “collection” position.  There is a similar removable “plug” to the park position location, but it is considerably smaller in size (.75”, 19 mm).  This plug provides for mounting a collection foil, where the source's recoil products embed themselves when the source is at this position.  After the source returns to the park position, the catcher plug can then be removed for experiments with the foil.

In addition, neutron activation experiments are also possible at this position.  It is proposed that a hollow tube sealed at one end can be mounted in place of the collection plug.  This tube could be filled with blocks of polyethylene and a sample sandwiched between them.  The position of the sample could vary by which blocks of polyethylene it sits between, and the neutron dose of the sample would then be measured with respect to the thickness of the polyethylene shielding.

The Recoil Chamber

The shallow, beveled hole of Figure 3 is the location where the recoil chamber mounts—the bevel forms a “prechamber” with the recoil chamber (Figure 4a), where the carrier gas will pick up the recoil products as it flows above the source.  A second 6-m thick cover foil, similar to that used as the source carrier cover foil, would cover the hole of the recoil port on the seal plate—a redundant protection against transport of any radioactive particulates out through the exhaust.

The recoil chamber is conically shaped on one end in order to mate with the bevel feature in the seal plate, in order to have the carrier gas pass as close to the source as possible.  This is because the short-lived nuclides were calculated to travel only about 4-mm from the Cf-252 source (through the thin cover foils, etc.).  Gas is fed through the inlet lines to the "pre-chamber”, where it then is directed through the center hole of the cone and out through the exit of the recoil chamber.  The chamber itself is about 1.5” in diameter (36 mm), and 3” (75 mm) long from the conical hole to the beginning of the curvature of the recoil cap (Figure 4b).  This is because the longer-lived nuclides have a travel of about 30 mm (they would embed themselves into the walls of the chamber and would not be captured by the carrier gas).
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Figure 4.  The (a) recoil chamber and assembly, and (b) Recoil cap geometry.

Note the two .125" (3mm) dia. through holes in the bevel feature of the seal plate in Figure 3.  Because cover foils are so thin to allow the lightest nuclides to pass, any large pressure difference (such as a gas flow pressure wave) cannot be tolerated otherwise they could burst.  These thru holes provide a method of equalizing the pressure difference between the recoil chamber and the containment chamber where the source carrier is located.  
Containment

The entire rotary arm/source assembly is sealed in an inner chamber, below the sealplate.  The inner chamber and recoil chamber volumes are connected through the equilbrium holes mentioned above, but are contained to prevent accidental release of the gas and/or radioactive fission products.  The only exhaust would be through the recoil outlet to the experimental station.

This inner chamber assembly is mounted inside an external containment chamber, which is what physically sits in the polyethylene shielding structure.  This containment chamber is roughly a hollow 8” cube with .125” walls.  At the same time, because this outer volume is also completely sealed, the dangers of releasing radioactive contaminants to the outside atmosphere are minimized by this "double-wall" approach, when combined with the inner chamber.  See Figure 5 below.
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Figure 5.  Bottom cutaway view of the inner and outer chambers.

There are ports in the top plate, which allow the external access of the source and collection foil.  In addition, there are the gas feed/inlet line, recoil gas/outlet line, and purge lines for purging the outer vessel.  See Figure 6.
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Figure 6.  Outlet port configuration.

Shielding

Outside of the containment chamber is the polyethylene (PE) shielding. It is fabricated from stacks of 20"X20"x1" sheets of borated PE to a 48" height. The neutron shielding calculations previously performed showed that 20" of borated PE should be sufficient to shield the neutrons produced in the spontaneous fission of Cf-252 source. An 8" square cutout in each 48"x48" sheet provides the cavity in which the containment vessel sits.  Blocks of PE will fill in the gaps between the outlet ports of the containment vessel cover, in order to block most of the neutrons in the upward direction.
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Figure 7.  Rendered image of cutaway view, showing polyethylene 

shielding and source assembly.

Because the floor of the room (Bldg 70-203) is designed to hold about 125-lb/square foot, an external support frame will help distribute the weight of the PE & chambers.  This frame consists of aluminum plate and I-beam sections.

Computer Control & Safety

A computer is designed to be the heart of the system.  Via Lab view(tm), it will control the gas flow, source transport, and safety checks.  As such, it will have backup power connected to it, as well as to the servomotor & solenoid, so that everything could return to their origin positions.  The solenoid, however, being a "normally closed" type, will be able to seal the source against the seal plate in any event, preventing any abnormal release of radioactive material. Additionally, the gas valves are pneumatically powered, computer-controlled units that are also "normally-closed".  In all, this system is designed to be failsafe, for the safety of the users.

The gas lines to purge the outer containment chamber are required to ensure that no toxic or radioactive gases/materials are released into the atmosphere during source maintenance or accessing the collection foil.  It is assumed that an inert gas, such as Argon or Nitrogen could be used for such purposes.

The gas lines will need to be double-walled in order to provide redundant protection in the gas transport, since toxic and/or reactive gases have been proposed for experiments.  Venting will occur most likely through a slight vacuum via a pump or fume hood, the exhaust of which can be scrubbed prior to releasing into the atmosphere if toxic gases are used.

Fitting up of the gas lines will be subject to stringent requirements, due to the safety regulations in the use of corrosive or toxic gases. The use of an orbital welder to join sections of tubing w/o fittings, and 316L stainless tubing (or even possibly Hastelloy tubing) will be required in critical locations of the lines, to ensure the integrity of the gas lines.  Downstream of the recoil chamber, the carrier gases (plus radioactive particles) will pass through a Teflon inner tubing of the gas line before reaching the experimental station at the fume hood.

(((Gas Cabinets could be mentioned when talking about safety.  Overall labeled drawings will really make this write up more attractive and understandable for a layperson.)))

