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1 Reason for tank opening 
This was a scheduled opening for general maintenance.  There are no pressing 
performance issues to address although given the long running time, terminal stripper foils 
must be restocked. 

2 Summary of work 

2.1 Tank opening #131 
2.1.1 9/3/21 Tuesday 

• The SF6 was pumped from the 14UD into the storage vessel. 
• The porthole doors were opened, and the fresh air ventilation system was run 

overnight. 

2.1.2 10/3/21 Wednesday 
• Gas tests showed the atmosphere within the 14UD was OK and compliant with the 

Confined Space regulations and was safe to enter. 
• Platform was deployed and tool and lighting setup loaded on. 
• Performed initial 10kV HV entry test using the Megger.  Only Unit 13, tube 4 (8-gap) 

showed any sign of being out of spec. 
• Mechanical tests were performed 

o Shaft bearings sounded all OK 
o Chains were not noisy or whipping around 
o Static chain leg clearances were 38, 62, 32mm for chain 1, 2 and 3 

respectively 
o The dynamic leg clearance for chain 3 was approximately 15mm. 
o The down side chain 2 pick off is tight but misaligned. 
o Overall, that probably means that links need to be removed from one or two 

chains. 
• It was noted that there was less oil in the units and under the tank than was 

expected. 

2.1.3 11/3/21 Thursday 
• Wiped down the column with a very mild, warm RBS and water.  
• Noticed a loose casting cover pin on top of unit 16. 
• Opened the terminal to access the Weisser valve for stripper mechanism removal 

and to check mechanicals. 
• Powered the terminal temporarily to wind back the terminal stripper back to the zero 

position using EPICS (HE midsection group 3 has been by-passed). 
• Closed the Weisser valve and prepared for venting.  Noticed some SF6 in the XXXX 

section. Need to think about this.  Vented the stripper mechanism and for reference, 
HE vacuum went from 5×10-8 Torr to 3×10-7 Torr.  LE vacuum barely changed. 

• Removed stripper foil mechanism for repopulation.  

2.1.4 12/3/21 Friday 
• Replaced corona needle assembly 
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• Wiped down all three chains and counted the number of links in each: 
o Chain 1: 534 links 
o Chain 2: 537 links 
o Chain 3: 532 links 
o which compares to 545 links in a new chain (as per NEC quote of 25/9/19) 

• Attempted to shorten chain 1, but the drill bits to remove pins are getting blunt very 
quickly.  Also, the pellet that we would be re-joining appears to have damage.  So, 
we left the tank to ponder that and sharpen some drill bits, but then we remembered 
it was Friday afternoon. 

2.1.5 15/3/21 Monday 
• Attempted to drill out a chain pin again, but you know, it just wasn’t happening.  Have 

ordered new fluted drill bits that should arrive tomorrow. 
• Reinstalled the repopulated stripper mechanism, pumped down the volume and then 

opened up the Weisser valve.  This was done when the vacuum was 1×10-4 Torr in 
the stripper and pretty much no response was observed on the low-energy and high-
energy vacuum readings. 

• Checked the chain idlers at the terminal (the ones with the black wheel material) and 
found that both on chain 1 were noisy and the down side idler on chain 3 was tight.  
All were replaced and interestingly, the inner bearing on the chain 3 idler had seized 
completely. 

2.1.6 16/3/21 Tuesday 
• Today was more of an out of tank kind of day.  Work continued to prepare a set of 

“twist on” resistor assemblies for testing, a new jig is being manufactured to assist 
with chain breaking and more EPICS control type work continued at level 4. 

2.1.7 17/3/21 Wednesday 
• Cleaned and inspected the terminal.  All seems good. 
• Removed the gas stripper bottle to check for SF6 content and remaining N2.  This 

process is discussed in section 4. 

2.1.8 18/3/21 Thursday 
• Checked oiler reservoir levels: chain #1 was a quarter to a third full, chain #2 was 

basically empty and chain #3 was also a quarter to a third full.  We don’t know whare 
all that oil has gone, because it’s fairly dry in there. 

• Checked drip rate for oilers.  After priming, we had in a 10 second period, 14 drops 
for chain #1, 13 drops for chain #2 and 14 for chain #3.  This was with the gas bottle 
set to 100 psig for testing.  We also noted that the SF6 gas bottle is nearly empty, 
with the bottle pressure being just over 100 psig, which would be too low for actual 
gassed up operation. 

• Gas stripper bottle was refilled to 1.3 barg and reinstalled.  The Pfeiffer Hi-Cube 
pump station was used to evacuate the lines up to the acceleration tube, which 
means the gas stripper needle valve had to be opened up.  “Full open” was found to 
be about 27% 

• Stripped rings from all accessible units in preparation for clean and close. 
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2.1.9 19/3/21 Friday 
• Reinstalled chain idler wheels on chain #1 after machining new washer to replace 

the lost one.  
• Shortened chain #3 by 3 links, which leaves a leg clearance length of 105 mm.  A 

new jig was used to hold the chain in place while the rivet is drilled.  This is shown in 
XX. 

• The same shortening process was attempted on chain #1, but the rivets on this chain 
seem to be very hard and resist the drill.  Looking for a solution. 

• Solution was higher speed using a fluted bit and some more muscle.  Chain #1 
shortened by 2 links for a leg clearance of 88 mm.   

• Chain #2 leg clearance is still 63 mm 

2.1.10 22/3/21 Monday 
• Completed clean and close operations in units 1 through 10.  Some minor fixes were 

required along the way. 
• Completed terminal operations test in preparation for terminal closing. 
• Closed terminal 
• Continued with clean and close until we ran into some issues with unit 12.  Tube 1 

has five shorted gaps an all dummy resistors on this tube had charred banana plugs 
and some issues with two ring screws.  Also remeasured the current leakage across 
the shorted gaps.  Results were: 

o Unit 12 Tube 1  
 Gap 1 10 µA 
 Gap 2 12.9 µA 
 Gap 3 19.5 nA (yes, nanoamperes) 
 Gap 4 4.3 µA 
 Gap 5 1.3 µA 

2.1.11 23/3/21 Tuesday 
• Continued with clean and close up to and including unit 24. 
• The resistance deviation on unit 13, tube 4 detected on entry seemed to have 

disappeared. 
• Corrected some minor faults, the biggest of which was a broken resistor.  This was 

unit 16, post gap 16, upper resistor that was broken at its base. 

2.1.12 24/3/21 Wednesday 
• Finished up clean and close and reinstalled all casting covers 
• Completed blow down of column 
• Performed HV tests on low energy end of the column.  Results are a bit strange in 

that there are none that are way out of specification, but the variability is much higher 
than the entry tests, or the exit tests of the last two tank openings.  It has been 
raining for a few days, so perhaps moisture is a thing? 

2.1.13 25/3/21 Thursday 
• On Greece’s Independence Day, we proclaimed to free ourselves of the tyranny of 

the tank and attempt to move to close. 
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• Continued with HV tests on high-energy end.  Same variability was observed as the 
low energy end, but nothing completely out of spec. 

• Wiped down the column 
• Completed operational checks before closing 
• Unloaded platform but left buttoning up until more staff were available. 

2.1.14 26/3/21 Friday 
• Platform up, portholes closed 
• Relax 

2.1.15 29/3/21 Monday 
• Pumped SF6 back into the tank 

3 Recirculation System Flanges 
The 14UD tank was connected to two different SF6 recirculation systems via a series of 
pipes.  One was the original system, which is in use now, and the second was a “newer” 
higher flow system introduced sometime in the 1980s to combat the high rate of SF6 
breakdown production due to the use of corona needles as a voltage gradient system.  The 
latter was no longer required after the change to a resistor voltage gradient system. 

Given the additional, unnecessary, volume in the associated pipes and the risk of failure of 
the additional bellows and flanges, the entry and exit ports to the “newer” recirculation 
system on the 14UD tank were blanked off and the baffles on the inside of the tank 
removed. 

 

 
Figure 1 Baffle inside the tank on the ports of the unused SF6 recirculation system.  There 
were two such baffles and both were removed. 
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4 Stripper gas cylinder SF6 analysis 
The stripper gas N2 (nominal) gas cylinder was removed from terminal and connected to the 
SF6 analyzing system as shown in Figure 1. 

Initially the system was purged and tested with dry GN2 and water moisture was 5.4 ppmV, 
the SF6 content was below lower limit of 0.1% by volume. 

The cylinder was pressurized to 24 psia and tested. The result was 0.8% SF6 by volume and 
50 ppmV of water. No breakdown products found.  This is shown in Figure 2.  The portable 
halogen detector also displayed a very large response when bleeding gas out of the system. 

 

 
Figure 2 Connection of gas stripper N2 cylinder for SF6 analysis system 
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Figure 3 Initial test result of gas stripper cylinder contents 

The cylinder was removed for pump/purge cycles to clean out of SF6 background.  It 
needed to be purged and pumped ten times. This was 0.1% SF6 and no response to the 
halogen detector. The cylinder was pressurized to 1.3 barg with dry N2 and reinstalled. 

 

 
Figure 4 Final test result for refilled stripper gas cylinder 
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5 Chain Breaking Jig 
Some improvements were required to our process of breaking and shortening the pelletron 
chains. The main issue was our inability to apply pressure to the pellet pin, which then led to 
work hardening of the pin head, which in turn makes drilling out the pin extremely difficult. 

A jig/brace was designed that fits into the casting holes as shown in Figure 5.  This allows 
more force to be applied using a drill, as shown in Figure 6. 

 
Figure 5 Chain breaking jig inserted into casting 
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Figure 6 Chain breaking jig inserted into unit that allows the operator to distance themselves 

from the drill end. 

6 RGA measurements 
We continue to monitor SF6 levels in the acceleration tube vacuum space during after tank 
openings. Figure 7 shows SF6 levels in the acceleration tube vacuum space after gas up.  
There is still a low level of SF6 that seems to always be there, even after SF6 is pumped out 
of the tank before an opening. 
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Figure 7 SF6 levels in acceleration tube vacuum space after gas up 

 

7 Tube ceramic insulator current leakage 
The current state of shorted tube ceramic gaps is shown in Table 5.  No new shorts were 
added in this tank opening. 

Table 1 Summary of tube ceramic current leakage in the 14UD 

Un
it 

Tu
be 

Ga
p 

Leakage though 
insulator @5kV 

(µA) 
Discovery Comment Repair 

TO 
#1
23 

TO 
#129 

TO 
#13
2 

3 2 2 8  8.8  TO #121  Dummy resistors top and bottom, 
dummy on post gap ???? 

6 1 2 1.1  1.2  TO #123  Dummy resistors top and bottom, 
dummy on post gap 5, top 

6 1 3 60 80  TO#128  Dummy resistors top and bottom, 
dummy on post gap 4, top 

7 3 10 12  14  TO #120  Dummy resistors top and bottom, 
dummy on post gap 10, top 
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12 1 1  32 10 TO #129  Dummy resistors top and bottom 

12 1 2 0.2
5  43 13 TO #123  Dummy resistors top and bottom, 

dummy on post gap 5, top 

12 1 3  4 0.0
2 TO #129  Dummy resistors top and bottom 

12 1 4  73 4 TO #129  Dummy resistors top and bottom 

12 1 9  7.2 1 TO #129  Dummy resistors top and bottom 

13 1 10 0  0  TO #120 
Suspicious 
arc mark 

across gap 

Dummy resistors top and bottom, 
dummy on post gap 3, top 

13 2 1 0.0
5 0.02 

 
TO #120  Unshorted TO#129, deemed too 

small.  Monitor. 

13 2 2  95 

 

TO #129 

Short 
moved 

from U13 
T2 G1 

Dummy resistors top and bottom, 
dummy on post gap 8, top 

24 3 10  18 
 

TO #129  Dummy resistors top and bottom, 
dummy on post gap 14, top 

25 3 10 7  7.2 
 

TO #120  Dummy resistors top and bottom, 
dummy on post gap 16, top 

26 3 5 0.1
5  >100 

 
TO #123  Dummy resistors top and bottom, 

dummy on post gap 12, bottom 

26 3 9  0.25 
 

TO #129  Dummy resistors top and bottom, 

26 3 10 0.0
1  >100 

 
TO # 123 shorted 

TO129 Dummy resistors top and bottom, 

26 3 11 2.5  16 
 

TO # 123  Dummy resistors top and bottom, 
dummy on post gap 14, bottom 

28 3 1 0.0
1   

 
TO # 123  None, deemed too small.  Monitor 
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28 3 5 0.4
7   

 
TO # 123  Dummy resistors top and bottom, 

dummy on post gap 12, top 

28 3 7 0.1   
 

TO # 123  Dummy resistors top and bottom, 
dummy on post gap 13, top 

28 3 9 0.0
2   

 
TO # 123  None, deemed too small.  Monitor 

28 3 10 0.0
5   

 
TO # 123  None, deemed too small.  Monitor 

28 3 11 0.2
8   

 
TO # 123  Dummy resistors top and bottom, 

dummy on post gap 14, top 
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8 Machine hour meter readings 
Date compiled 9/03/2021           
Team member(s) PL      

Reading Chain #1 
(1O) 

Chain #2 
(2N) 

Chain #3 
(3P) LE shaft HE shaft Ch. volts 

Notes New 
@TO121 

New 
@TO121 

New 
@TO118 

   

Current reading 53150 53073 53093 76043 76014 47343 
Previous reading (TO 
#126) 44817 44740 44904 66572 66564 41173 

Change in hours 8333 8333 8189 9471 9450 6170* 
Previous total hours 24240 24163 28669    

Current total hours 32573 32496 36858       

 

Table 2 Machine hour meter readings 

*Note: there is a known issue with the charging volts meter 

 

9 Terminal voltage distribution for period of service 
The terminal voltage distribution during this service period is somewhat complicated by two 
events.  The first being an outage of the EPICS archiver that was not noticed for a number 
of weeks and the other of course is the shutdown due to the COVIC-19 pandemic. 

The total hours with voltage on the terminal was at least 6522 hrs, which gives a utilization 
of 65% assuming a twenty-four hour, seven-day maximum (any terminal voltage testing 
during the shutdown period has been excluded). 

Note that from Table 6, the meter readings indicate that the chains were running for about 
8300 hours, which would include the period when the EPICS archiver was offline.  In any 
case, that has to be some sort of record. 
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Figure 8 Terminal voltage distribution for period of operation from the end of tank opening 

131 to the start of tank opening 132 with breakdown in type of usage.  Note that this is 
broken into three periods.  The EPICS archiver was offline from 3rd December 2019 until 21st 
February 2020 and the facility was in a COVID shutdown from 23rd March 2020 until the 27th 

July 2020. 

 

10 Initial performance 
Voltage was applied to the terminal starting at ~10 MV and working up to 14.5 MV over two 
days. There were several mid-range sparks over this time.  After completion of conditioning, 
the users completed few runs at ~14MV. 
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Post-closing, SF6 leak checks revealed substantial leaks in the SF6 circulation system. The 
leak rate of ~10 kg per year was estimated with a bubble test. The repair of leak is planned 
in one months time at the beginning of next schedule. It will be a partial tank opening without 
entering the tank. 
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