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G. FEIMBERG, G. GIDEKEL and P. GOLDSCHMIDT
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The gas handling system for the 20 MV TANDAR accelerator has been sucessfully tested with air and SF6. A máximum pressure 
of 8.8 kg /cm 2 (125 psig) has been reached inside the accelerator vessel. A description of the system together with the results achieved 
is presented.

1. Introduction

As is the case for all National Electrostatics Corpo­
ration (NEC) accelerators, the insulating gas of the 
Buenos Aires 20UD Tándem  is puré sulphur 
hexafluoride (SF6). The gas handling system for opera- 
tion of the accelerator can be divided into two main 
sections: the transfer system, and the recirculation and 
purification system.

This report presents a description of the main com- 
ponents of the system and its operational routine as well 
as an account of the performance tests.

2. SF6 transfer system

The SF6 inventory is stored in the gaseous phase as 
opposed to liquid storage used in other facilities of 
similar size. The transfer system has been jointly desig- 
ned by personnel from CNEA and TECHINT engineer- 
ing company. A block diagram is shown in fig. 1. The 
principal components are the vacuum pumps, the com- 
pressors and the storage tanks.

2.1. Vacuum pumps

There are two groups of Roots pumps operating in 
parallel. Each group consists of five pumps:

2 X WAU 2000 (7.5 kW each),
1 X RAV 1000 (15 kW),
1 X RAV 1000 (22 kW),
1 X RAV 250G (7.5 kW).

They were supplied by Leybold Heraeus, West Germany. 
The RAV have been modified to work without rotatory 
pumps as boosters so allowing the system to be free 
from oil contamination.

The pumps were provided with their own Controls to 
regúlate the discharge pressure and the starting se- 
quence of the group. They are all located inside an 
acoustic enclosure which reduces noise to below 85 db. 
The pumping speed is 8000m3/ h  and the residual pres­
sure is rated at 0.5 mb.

2.2. Compressors

The high pressure gas transfer to and from the 
storage tanks is accomplished by means of two 
NORW ALK three stage compressors with non lubri- 
cated cylinders. The specification called for a máximum 
discharge pressure of 21 kg /cm 2 and a variable suction 
pressure of 1-10 atm. Each compressor requires 200 HP 
total electrical power and 190 1/min of cooling water 
for the inter- and after-coolers. One small additional 
unit is used to recover SF6 leakages from in the main 
compressors.

2.3. Storage tanks

The SF6 is stored in the gaseous phase in two spheri- 
cal containers 10 m in diameter with a capacity of 520 
m3 each. The máximum rated storage pressure is 21 
kg /cm 2, allowing the storage of a total of 120 tonnes of 
SF6 with a 20% of air contamination.

The spheres are made of Steel WELTEN 60, 31 mm 
thick and the design tempera ture range is — 28 °C to 
80°C.

3. Recirculation and purification system

The design and the components of the recirculation 
system for purification and refrigeration of the SF6 were 
both provided by NEC.
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A block diagram is shown in fig. 2. Two Spencer 
turbo compressors, 20 HP each, circuíate the gas through 
alumina absortion beds. In addition to the elimination 
of the SF6 breakdown producís, these dryers also re- 
move the moisture present in the gas. After this stage, 
the gas is cooled in a water-cooled heat exchanger and 
filtered before reinjection into the accelerator vessel.

The system includes two dryers, so while one of them 
is in operation the other can be reactivated by means of 
a hot air current at 400°C.

4. Operation of the system

Starting with 1500 m3 of air at atmospheric pressure 
inside the accelerator vessel, a total SF6 transfer opera­
tion from and to the storage tanks is performed in the 
following steps:

Step 1: Evacuation of the accelerator vessel. The 
Roots pumps allow evacuation of the vessel down to a 
pressure of 0.5 mb in 4.5 h, using the two pumping 
groups simultaneously.

Step 2: Filling of the vessel free-flow regime. This

operation takes advantage of the pressure difference 
existing between the accelerator vessel and the storage 
tanks. To limit the flow velocity and the low tempera- 
tures resulting from the expansión of the gas, the system 
includes two valves which regúlate the gas flow and 
pressure inside the piping line. The gas flow is normally 
kept at about 5.6 kg /s. Starting the operation at 0.5 mb 
in the accelerator vessel and 13.5 kg/cm 2 in the storage 
tanks, the pressure in the system reaches equilibrium at 
about 5.8 kg/cm 2 in 3.5 h.

Step 3: Filling with the compressors. This is per­
formed with the two three stage compressors operating 
in parallel. The máximum pressure attained has been 8.8 
kg /cm 2 in 3.75 h.

Step 4: Evacuation of the vessel free-flow regime. 
Operating in an inverse manner to Step 2, starting with 
8.8 kg/cm 2 of SF6 in the vessel and regulating the flow 
velocity, the pressures equalise at 5.8 kg/cm 2 in 1.5 h.

Step 5: Evacuation with the compressors. Operating 
both compressors in parallel, the vessel pressure is re- 
duced from 5.8 kg /cm 2 to atmospheric pressure in 
about 6.5 h.

Step 6: Evacuation with compressors and vacuum
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pumps. A partial recirculation of the gas through a 
by-pass valve prevenís the pressure at the intake of the 
compressors falling below atmospheric. In the sub- 
atmospheric range the vacuum pumps are started, dis- 
charging into the input of the compressors. Another 
by-pass valve in the pumping system keeps the pressure 
at the compressors below 1070 mb. This combination 
allows the pressure to stay slightly above 1 atm. Final 
pressure in the vessel is 1 mbar, in 5.5 h.

Step 7: Filling with air. Clean air is injected into the 
vessel through a control valve. Atmospheric pressure is 
reached in about 45 min.

The complete operation of pressurization of the ves- 
sel with SF6 up to 10 atm, including the transfer of the 
gas back to the storage tanks and filling of the vessel 
with air up to atmospheric pressure, takes a total of 
approximately 26 h. The system is operated from a 
remóte control panel located in the plant. A picture of 
this panel is shown in fig. 3.

5. Initial operation and performance during the column 
high voltage tests

5.1. Operation with dry air

The system was first operated with dry air. The 
initial SFé inventory was stored in one of the tanks; the 
other was pressurized with dry air. The test allowed the 
checking of the control panel including the protection 
logic which prevenís incorrect opening of the electro- 
pneumatic valves, calibration of all control instruments 
and elimination of serious leaks in the system.

Running the test was not particularly troublesome. 
Some water accumulation was found in the piping lines 
and leaks were found in several blocking valves due to 
spoiled Teflon seáis. They were all traced back to the 
cleaning process carried out during the installation. The 
moisture sensors used in the storage tanks have been 
found to be inadequate and have to be replaced. Only 
one NORW ALK compressor was available for the tests, 
rusting in the cylinders of the other during transporta­
ro n  prevented its operation.

5.2. Operation with SF6

The first SF6 transfer test showed up a design prob- 
lem in the compressors. These were rated for a suction 
pressure variable between 1-10 atm and it was found 
that the máximum power of the drive motor current was 
reached at only 4 atm. The solution to this problem 
consisted in a sequential operation of the three stages of 
the compressor. Obviously this procedure made the SF6 
transfer longer than foreseen.

As expected, the heat of compression of the pumping 
system and compressors during the SF6 test was lower 
than in the case of the operation with air. The safety 
system consisting of an automatic sequential sensor of 
SF6 leaks and 0 2 level was calibrated. The second 
compressor was repaired and made operational with the 
same restrictions as for the other. The installation was 
then ready to run the first SF6 transfer for the high 
voltage test of the column structure of the accelerator 
which was successfully performed in April 1983. The 
accelerator vessel was first pressurized with SF6 in 10 
steps from 0.35 kg /cm 2 (5 psig) up to 7.0 kg /cm 2 (100 
psig). The pressure was then lowered to 5.6 kg /cm 2 (80 
psig) and finally raised up to 8.8 kg /cm 2 (125 psig).

The recirculation system was not operated at 8.8 
kg /cm 2 (125 psig) because of lower safety calibration 
valúes of some of its components. The time intervals 
mentioned in §3 have been recorded while performing 
this test.

6. Conclusions

The operation of the SF6 gas handling system during 
the two weeks high voltage column structure tests has 
demonstrated the reliability of the installation.

It performance fulfils to a large extent the three basic 
design premises of the system, that is, to conserve the 
SF6 purity, to be free of significant leaks, and to accom- 
plish a full transfer cycle in about 24 h.


