6.12 OPERATIONAL Procedures

Installation and Testing of Hydrogen Absorbers

Pre-assembly and Testing

The hydrogen absorber must be assembled, and pre-tested on the bench in accordance with the relevant pressure vessel code standards, before initial installation into the focusing solenoid. The required steps include:

· Pressure test the absorber to the “standard test pressure” of 1.25 times the design pressure (1.6 bar) of the section of the absorber being tested.
· Cool down the absorber and fill with liquid nitrogen to verify cryogenic performance of seals.

· Vacuum leak check the absorber hydrogen volume and the absorber annulus cooling channel with a helium leak detector to a leak rate below 1 × 10–9 mbar L s–1. 

· Purge the hydrogen absorber with dry nitrogen and pressurise with dry nitrogen to an absolute pressure of 1.3 bar.

· Install multi-layer insulation around the absorber body.

Thereafter, until such time as it is installed into the focusing solenoid, the absorber will be protected from damage by carefully placing the tested assembly into its storage container. 

Installation into focusing coil warm bore
The installation procedure for the absorber involves a number of testing steps to ensure that the absorber is leak tight prior to operating it with liquid hydrogen. The proposed procedure is as follows:

· Purge the absorber and the annulus cooling channel with dry nitrogen gas.

· Install the absorber into the magnet bore and connect it to the external supply pipes.

· Spray the joints with liquid nitrogen to reduce their temperature to about 100 K.

· Vacuum leak check the supply pipe connections to verify a vacuum leak rate below 1 × 10–9 mbar L s–1.
· Pressurise the absorber and the annulus cooling channel with dry nitrogen at 1 bar.

· Install the absorber vacuum vessel end plate onto the end of the focusing coil module. Verify that the fixed vacuum window is installed on the opposite side of the warm bore of the focusing magnet.

· Pressurize the absorber vacuum space with dry nitrogen gas (and simultaneously the absorber itself ) to 1.6 bar and hold for 10 minutes to make sure that the seals are tight.

· Evacuate the absorber vacuum space (and simultaneously the absorber itself) to below 0.1 Pa (7.5 × 10–4 Torr). Vacuum leak check the seals to verify a leak rate below 1 × 10–7 mbar L s–1.

· Evacuate the absorber heat exchange region to 0.1 Pa (while the vacuum space remains evacuated to this pressure), back-fill with dry Grade A helium gas to 1 bar, and measure the leak rate from the annulus cooling channel to the absorber vacuum space. 
· Evacuate the absorber hydrogen region to 0.1 Pa (while the vacuum space remains evacuated to this pressure), back fill with dry Grade A helium gas to 1 bar, and measure the leak rate from the absorber hydrogen region to the absorber vacuum space. Then purge the absorber hydrogen region and refill with dry Grade A helium gas.

· When the liquid absorber and the focus coil module are inserted into the MICE channel, the following steps should be taken:

· Install the focusing module with absorber into the MICE channel and make up the seals between the adjacent modules.

· Evacuate the MICE vacuum space on either side of the focus module to below 0.1 Pa and back-fill with dry nitrogen. Repeat the pump and purge of the MICE vacuum space.

· Pump the absorber vacuum region to a pressure below 0.1 Pa and back-fill with dry nitrogen. Repeat the pump and purge of the absorber vacuum region. 

· Pump the annulus cooling channel and the hydrogen space to a pressure below 0.1 Pa and back-fill with dry helium. Repeat the pump and purge.
· Pump the absorber, the absorber vacuum and the MICE vacuum space to a pressure below 0.1 Pa. Vacuum leak check the MICE vacuum space on either side of the absorber to a leak rate below 1 × 10–7 mbar l s–1.
· Purge, and pressurize to 1.1 bar with dry argon gas, the argon gas jacket around the absorber vacuum pipe.
Cool down the absorber body using liquid nitrogen and gaseous helium 

Open the valve between the absorber and the hydride bed and adjust the hydride bed temperature until hydrogen flows to the liquid absorber. The pressure in the liquid absorber during the filling process should be maintained at all times between 1.1 and 1.3 bar. Switch the cryocooler on and keep filling the absorber from the hydride bed until the liquid level gauge in the standpipe on top of the absorber indicates the presence of liquid hydrogen.
After the absorber is completely filled with liquid hydrogen, the magnet may be powered.

De-installation of the Hydrogen Absorber

The process for removing the absorber from the MICE channel involves the following steps:

· Turn off the cryocooler cooling to the absorber and allow the absorber to warm up naturally for about 30 minutes. Adjust the temperature of the hydride bed so it is capable of reabsorbing hydrogen.

· Turn on the absorber heater or flow warm He gas through the annulus cooling channel to boil away the liquid hydrogen and warm up the absorber body. Monitor the system pressure to verify that the hydride bed is taking up the hydrogen being released from the absorber
· Once the hydrogen absorber is warmed to 250 K, close the valve between the absorber and the hydride bed. Evacuate the absorber to below 0.1 Pa (venting the pump through a flame arrester) and purge with dry helium. Repeat the pump and purge cycle with dry helium. Keep the absorber filled with dry helium until it reaches ambient temperature.

· Evacuate the absorber heat-exchanger space to below 0.1 Pa (venting the pump through a flame arrester) and purge with dry helium. Repeat the pump and purge cycle with dry helium. Keep the absorber filled with dry helium until it reaches ambient temperature. 

· Back-fill the absorber vacuum volume to 1 bar with dry nitrogen and then pump to below 0.1 Pa. Repeat purge and pump cycle with dry nitrogen, then fill again to 1 bar with dry nitrogen.

· Back-fill the vacuum spaces on either side of the focusing module with dry nitrogen to a pressure of 1 bar.

· Break the seal between the focusing module and the adjacent modules and remove the focusing module from the MICE channel.

· Break the vacuum seal on the large end plate of the absorber vacuum volume and remove the end plate.

· Disconnect the hydrogen pipe and the two helium-cooling pipes from the absorber. 

· Carefully slide the liquid absorber from the focusing magnet bore, being careful to protect the absorber windows.

· Carefully put the absorber assembly into its storage container.

After this, a new tested liquid absorber or a solid absorber may be installed into the focusing magnet. If a new or refurbished liquid-hydrogen absorber is to be installed into the focus magnet, the above steps must be repeated. If a solid absorber is to be installed into the focus magnet, a simpler procedure can be used, as listed below.

Installation and Removal of Solid Absorbers

Due to the lack of significant safety implications, the procedure for installing or removing a solid absorber is considerably simpler than that for a liquid-hydrogen absorber.

Installation

The steps required for installation of a solid absorber are as follows:

· Install the solid absorber into the bore of the focus magnet, locating it longitudinally at the midplane between the two focusing coils (i.e., at the null point of the magnetic field when the magnet is powered in the flip mode). Secure the solid absorber to the magnet bore at this location.

· Install the focus assembly into the MICE channel and make up the vacuum seals between the focus module and the adjacent modules.

· Pump the MICE vacuum space to a pressure below 0.1 Pa and leak check on either side of the absorber to a leak rate below 1 × 10–7 mbar L s–1.

· Connect the focusing coil module to the coupling coil with vacuum seals and the force-carrying members between the adjacent modules.

Removal

To remove a solid absorber from the MICE channel, the following procedure will be used:

· Back-fill the MICE vacuum on either side of the focusing module to be removed with dry nitrogen gas.

· Break the vacuum seals and the force-carrying members between the adjacent modules and remove the focusing module from the MICE channel.

· Disconnect the solid absorber from the magnet bore and remove the absorber.

· Put the solid absorber in its storage container to protect it from damage.

Normal operation

The absorber will be operated in such a manner to ensure that the temperature remains at all times well above the triple-point of hydrogen, Tt = 13.8 K, to avoid the possibility of plugging the H2 pipe. To ensure this, the helium gas that cools the hydrogen has an inlet temperature of 14 K or higher.

To prevent other gases, in particular O2, from entering the H2 system, the H2 pressure is kept slightly above atmospheric pressure. To enforce this pressure limit, the H2 temperature at the liquid level must be higher than 20.4 K. The high-temperature limit on the hydrogen, 21.9 K, comes from the design pressure specification of 1.6 bar for the absorber assembly. To measure the absorber temperature in this range we use temperature sensors that are calibrated and have well known behaviour in a high magnetic field. The accuracy of temperature measurement is better than 0.1 K over the range of 10–30 K. The H2 pressure is also monitored, with an accuracy of better than 0.3% of the measured value
