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1 Reason for tank opening  

This tank opening was required to repair the leak in the gas stripper system whose repair 

eluded us in the very recent Tank Opening #121 

The initial plan of action was to: 

 once and for all, fix the leak in the gas stripper system 

The leak in the gas stripper system was now worse than it was before TO #121 and it was 

as confusing as ever.  Everything appeared OK during the initial portion of gas up, but then 

at approximately 65 psia, the gas pressure began to rise. 

Upon first entry, the gas stripper system was to be isolated into two parts to discover if the 

leak is associated with the gas stripper plumbing before isolation valve or with the turbo 

pumps and trap after the isolation valve. 

As always, additional unplanned tasks were performed as opportunities presented 

themselves. 

2 Summary of work – A opening 

2.1 3-3-14 Monday 

 Tank had been pumped and vented over the weekend.  After gas testing, we entered 

the tank and then opened the terminal. 

 Both the gas stripper turbos were bagged with high quality ANU 50th anniversary 

plastic bags for some close leak testing attention. 

 Leak tester was attached to gas stripper roughing valve and a base leak rate of 

1×10-10 mbar·l/s.  After about six minutes of injecting both bagged turbos with helium, 

the leak rate went up to 3.2×10-10 mbar·l/s, peaking at 5.3×10-10 mbar·l/s after about 

eight minutes.  It recovered to about 3.1×10-10 mbar·l/s three minutes later.  Sprayed 

into top bagged turbo only and after about another eight minutes, leak rate was 

4.4×10-10 mbar·l/s. 

 Closed the gas stripper isolation valve and leak rate rocketed down.  Opened it up 

again. 

 After another few minutes, leak rate was at 5.8×10-10 mbar·l/s and after exiting at the 

top of the tank to fetch the air hose, then going back to the terminal, leak rate was 

8.3×10-10 mbar·l/s.  Started an air purge of the top bagged turbo at this point and the 

leak rate went up to 9.8×10-10 mbar·l/s and reached 1.2×10-9 mbar·l/s a few minutes 

later.  Excited by developments and feeling faint, we left it to recover over lunch. 

 Unbagged the top turbo but the leak rate still 1.4×10-9 mbar·l/s.  Started the top turbo 

increased to 2.4×10-8 mbar·l/s in about ten minutes.  After switching off, leak rate 

recovered to 4.9×10-9 mbar·l/s.  Started bottom turbo and leak rate peaked at 

1.6×10-8 mbar·l/s in about ten minutes. 

 Closed Weisser valve, but no response. 

 Tried to isolate leak source on top turbo, but wasn’t getting much of a response and 

in any case, the decision was made to proceed with the original plan of isolating the 

stripper box and closing the tank. 

 So, the tank was closed.  In the process we, found yet another damaged post, being 

unit 16, post D, gap 15.  This was left as is and will have to be replaced when we 

next enter the tank later this week. 
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 Pumping of the tank began 

2.2 4-3-14 Tuesday 

 SF6 was pumped into the tank and the gas stripper pressure monitored (isolation 

valve closed and fine valve closed).  Even sealed from any pumping, the gas stripper 

pressure in stabilised at 0.05 mT. 

 Everything looked good until the tank pressure reached ~43 psia.  The gas stripper 

pressure began rocketing up (see Figure 2) at a much higher rate than before.  No 

equivalent response could be seen on any of the terminal ion pumps indicating that 

the leak was in the plumbing section of the striper. This was an unexpected outcome. 

 A Th+5 beam was run to determine if any stripping was possible with the gas stripper 

system isolated from the acceleration tube and we measured 22 nA at LE cup, 

8.3 nA at HE cup and 0.5 nA of Th+5 at stop cup. The result confirmed that little 

stripping occurred in the terminal, taking into account only brief pumping of the 

system before the test.  

 The main outcome of this test was that the leak was isolated to the plumbing and 

convectron/fine valve section of the gas stripper system. Since most individual 

components were leak chased at high pressure, we will focus on the Swagelok joints 

and tubes. 

 

2.3 5-3-14 Wednesday 

 Pumping out of the tank began in the morning. 

 The gas stripper convectron gauge was noted to be behaving erratically, with 

voltages on both its ranges calculating out to be two different pressures, one being a 

very constant 858.61 mT in its linear range and the other about 5 T in its nonlinear 

range. 

 The problem with the charging system described in TOR #121 was still present and 

an inspection of the cable connecting the Glassman HV supply to the charging 

system revealed a leakage current through the insulation of 52 μA at 35 kV.  The 

electronics unit will assemble a new cable. 

 Tank was vented overnight 

3 Summary of work – B opening 

3.1 6-3-14 Thursday 

 Deployed platform and entered the tank after customary confined space safety 

checks. 

 Performed 30 kV HV and LV tests on unit 16 (the one with the crack in post D, gap 

15).  HV tests were OK, but LV tests showed a hint of a problem.  The rings and 

resistors were stripped and 5 kV test across just gap 15 showed a leakage current of 

0.8 μA.  Although small, the post required changing out primarily for structural 

reasons. 

 Replaced unit 16, post D (#1577) with our least worst spare in post #2044.  This post 

was removed from unit 5, position B during TO #121 and has a known current 

leakage of 0.02 μA through gap 8. 
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 Set up a pressured helium leak test on gas stripper system (from fine valve to 

isolation valve only).  Base sniffer leak rate was ~9.6×10-7 mbar·l/s and system was 

pressurised to 4.6 barg.  Found a 3×10-6 mbar·l/s leak rate at Swagelok elbow 

between fine valve and convectron gauge.  This joint was bagged and the leak rate 

increased to 1.2×10-5 mbar·l/s 

3.2 7-3-14 Friday 

 Retested helium leak rate (He bottle and been shut overnight and left shut) and leak 

rate still at ~2.0×10-5 mbar·l/s and pressure still at 4.5 barg.  Switched back to normal 

“hard vacuum” leak testing, but need to wait for the copious amount of helium to 

clear. 

 Checked chain leg to tank base measurements: 

o chain 1: 87 mm 

o chain 2: 72 mm 

o chain 3: 62 mm 

 Measured distance from bottom of top section of the terminal to the tank wall and 

points A though D (post positions): 

o A: 2118 mm 

o B: 2114 mm 

o C: 2112 mm 

o D: 2117 mm 

 Began hard vacuum leak testing with a base leak rate of 6.0×10-9 mbar·l/s sprayed 

helium into bagged Swagelok elbow. Leak rate rose to 8.0×10-9 mbar·l/s within seven 

minutes.  The nut on the convection side (the one with the suspected leak) was 

tightened and leak rate peaked at 8.8×10-9 mbar·l/s after twelve minutes (after initial 

spray) and rose no further even after addition of more helium.  After a pump purge at 

44 minutes, the leak rate reduced to a base of 5.8×10-9 mbar·l/s.  Helium spray into 

bagged convection tee and isolation valve produced no result. 

 Reverted to sniffer leak testing with a background of 9.6×10-7 mbar·l/s.  The 

background leak rate in each of the three bagged regions was: 

o isolation valve: 5.7×10-7 mbar·l/s 

o 90° elbow: 9.5×10-5 mbar·l/s 

o convectron tee: 8.7×10-7 mbar·l/s 

 System was pressurised to 4.6 barg.  There was no definitive response from the 

convectron tee or 90°elbow regions, but a leak rate of 1.4×10-6 mbar·l/s was read 

from the isolation valve area.  However, this is where the helium bottle connected to 

the system, so it was unclear whether this was “real” or not.  Nevertheless, tightening 

the nut on the 90° elbow stopped the leak that was seen yesterday. 

 Tested the pressure in the gas stripper O2 cylinder and was found to be 0.246 barg.  

Unfortunately, SF6 detector detected some SF6 inside the cylinder. 

 Decided to sacrifice remaining O2 in cylinder to pressure test the supply side of the 

gas stripper system (the fine valve remained closed).  System was pressurised to 

4.7 barg.  Background of helium was high from reconfiguring plumbing with a leak 

rate of 1.6×10-6 mbar·l/s, so it was left to subside.  Helium cylinder was valved off 

after system pressurisation. 

3.3 10-3-14 Monday 

 Canberra Day public holiday 
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3.4 11-3-14 Tuesday 

 After three days, helium background reduced to 8.4×10-7 mbar·l/s although we 

realised that helium leaks out from the He bottle regulator even if the bottle itself is 

valved off, causing the background to increase slowly.  Note for future leak testing! 

 No leaks could be detected on either side of the gas stripper system. 

 Pressure inside the tube side and the O2 bottle side of the gas stripper system was 

measured at 4.23 and 4.54 barg respectively. 

 Fine valve was opened to double check for leaks around the valve body.  None were 

found, so it was closed again. 

 After venting both sides of the gas stripper system, O2 bottle was pump purged, 

pumped again and filled to 0.302 barg in situ. 

 Terminal was cleared of all equipment, all functions tested and closed. 

 High-voltage 30 kV exit tests were performed with abnormal readings coming back 

for a few units, the one of greatest concern being in unit 14.  A combination of high- 

and low-voltage tests isolated the issue to unit 14, post C, gap 6 with a 2.2 μA 

leakage through the gap at 5 kV.  A closer inspection revealed a very feint crack at a 

“7 o’clock” position.   

 Other problematic gaps tested OK on closer inspection. Unit 21, tube 2 still displayed 

a higher than normal current of 7.4 μA during a normal 30 kV test.  Nothing 

definitively wrong could be found, so this unit and tube was placed on the watch list. 

3.5 12-3-14 Wednesday 

 Unit 14, post C, (#2428) was replaced with post 249 (which had been removed from 

unit 18 during TO #188). 

 Exit HV tests were performed, tank exit tasks performed, cleaned the platform 

 Tank closed and exit. 

 Pump down began.  
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4 Gas stripper leak 

The gas stripper leak persisted and was even worse after the tank was closed after TO 

#121.  Figure 1 shows the rate of pressure increase as the tank was gassed up.  The 

increase began when the tank pressure was approximately 65 psia.  It was looking good 

before that. 

Having tried many other things, and the accelerator being unusable for AMS applications, it 

was decided that for TO #122 A, we would enter the machine, open the terminal and valve 

off the gas stripper from the acceleration tube and not do anything else.  This would in 

theory indicate whether the leak was on the stripper side of the isolation valve, the tube side 

or both.  Figure 2 shows the gas tripper pressure during gas up after TO #122 A, where the 

increase in pressure began when the tank pressure reached approximately 40 psia.  There 

was no similar response from any of the terminal ion pumps suggesting that there was a 

leak somewhere between the isolation valve and the fine valve inside the gas stripper box 

(from previous tests, we were quite confident that the fine valve does not leak through). 

 

 

Figure 1 Indication of gas stripper leak during SF6 gas up after TO #121 
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Figure 2 Increase in isolated gas stripper tube section pressure over time as the tank 

pressure was increased after TO #122A.  The tank pressure was approximately 43 psia 

when the increase began. 

 

Having found no leak using the traditional “hard vacuum” leak detection method, which only 

allows a maximum pressure differential of roughly one atmosphere, it was decided to try the 

“sniffer” method by pressurising the internals of the gas stripper system. From the summary 

of work above, the leak testing proceeded thus: 

 Leak tested the gas stripper system from fine valve to isolation valve only using the 

sniffer method.  Base sniffer leak rate was ~9.6×10-7 mbar·l/s and system was 

pressurised to 4.6 barg.  Found a 3×10-6 mbar·l/s leak rate at Swagelok elbow 

between fine valve and convectron gauge.  This joint was then bagged as shown in 

Figure 3 and the leak rate increased to 1.2×10-5 mbar·l/s 

 Switched to hard vacuum leak testing of same portion of system with a base leak 

rate of 6.0×10-9 mbar·l/s and sprayed helium into bagged Swagelok elbow. Leak rate 

rose to 8.0×10-9 mbar·l/s within seven minutes.  The nut on the convection side of 

that elbow (the one with the suspected leak) was tightened and leak rate peaked at 

8.8×10-9 mbar·l/s after twelve minutes (after initial spray) and rose no further even 

after addition of more helium.  After a pump purge at 44 minutes, the leak rate 

reduced to a base of 5.8×10-9 mbar·l/s.  Helium spray into bagged convection tee 

and isolation valve then produced no result. 

 Reverted to sniffer leak testing with a background of 9.6×10-7 mbar·l/s. System was 

pressurised to 4.6 barg and there was no definitive response from the convectron tee 

or 90°elbow regions.  At this point the leak at the Swagelok elbow was deemed to 

have been “repaired”. 

 Leak tested the O2 bottle side of the gas stripper using the sniffer method (fine valve 

remained shut) and system was pressurised to 4.7 barg. No leaks could be detected 

on this side. 
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Figure 3 Bagging of the Swagelok elbow to allow helium leak testing via the sniffer method.  

A leak rate of 1.2×10-5 mbar·l/s was read in this configuration. 

Although the sniffer method revealed a leak, the lowest detectable leak is effectively  

1.0×106 mbar·l/s, even at an internal pressure of ~4.5 barg.  Traditional hard vacuum leak 

testing did show a small response (delta) of +2.8×10-9 mbar·l/s, but the location of leak was 

known and the response time was at least ten minutes for a leak that was relatively large.  

Hard vacuum leak testing the entire system becomes impractical given the timeframe 

required and the additional uncertainty for every additional joint tested due to the addition of 

helium to the tank atmosphere. 

The only other improvement in technique for the sniffer method may be that after 

pressurisation, the helium bottle and all pipework leading up to a close valve be removed 

from the tank entirely.  This may gain half an order of magnitude in sensitivity. 

This outcome reveals the weakness of re-usable Swagelok fittings in the gas stripper 

plumbing. The Swagelok engineer advised that the fittings can be reliably re-fitted up to 

twenty times. Future upgrade call for better fittings, such as VCR. 

 

5 Post damage 

Yet more post ceramic insulators were found to have cracked. 

One was in unit 16, post D, gap 15, as shown in Figure 4.  The interesting thing about this 

insulator is that low-voltage tests did show an issue upon first entry into the tank for TO 

#122 A.  However, during exit tests for TO #121, it was tested and found to be good.  The 

implication is that the damage must have occurred between tank openings, although the 

terminal voltage was not run above 4 MV. 

The other was found during the exit tests for TO #122 B in unit 14, post C, gap 6.  This also 

had not displayed any problems during the exit tests for TO #121.  A very feint crack was 
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found at a “7 o’clock” position.  It is not clear when this may have happened since entry HV 

tests were not performed for either TO #122 A or B, to our detriment.  In future, the full set of 

entry and exit HV tests should be performed regardless of how short the tank opening may 

be. 

Both the above posts were swapped out and replaced by our dwindling supply of “least 

worst” spares. 

See Table 1 for serial numbers of removed and inserted posts. 

 

Figure 4 Ceramic insulator damage in unit 16, post D, gap 15 

Table 1 Serial numbers of posts removed and installed  

Unit Post position Removed Installed 

16 D 1577 2044 

14 C 2429 249 
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6 Watch list items 

There are a number of accelerator components that were examined and passed as OK, but 

require monitoring over time.  These are: 

 

 unit 16, post D, gaps 4 and 8 are known to have small cracks in the 

ceramic.  Gap 8 leaks 0.02 μA.  This post should be changed out at 

the earliest possibility!; 

 unit 21, tube 2 has a slightly higher than normal current of 7.4 μA 

when tested at 30 kV (normal entry/exit test) 

 

 

7 Machine hour meter readings 

 

Table 2 - Machine hour meter readings 

Date compiled 5-3-2014 

Team member AGM 

Reading 
CHAIN #1 

(1O) 

CHAIN #2 

(2N) 

CHAIN #3 

(3P) 

LE 

SHAFT 

HE 

SHAFT 

CH 

VOLTS 

Notes 

New 

@TO121 

15-1-14 

New 

@TO121 

15-1-14 

New  

@TO118 
   

Hours at 

5-3-2014 
21556 21495 21643 38372 38371 23392 

Hours at 

6-1-2014 

(TO#121) 

21532 21470 21619 38264 38262 23383 

Change in hours 24 25 24 

Accumulated 

total hours  
24 25 4366 

8 Initial performance 

Well, we almost did it.  The large leak present during gas up after TO #121 had 

disappeared.  However, there is still something there as noted in Figure 5.  In all of this, it is 

important to note that before November 3 2013, when all the issues began (this time around 

anyway), the base pressure of the gas stripper was 0.10±0.04 mT. 
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Figure 5 Gas stripper pressure during SF6 gas up after tank opening #122 B  

The gas up stopped at 62 psi in order to stabilise the gas stripper pressure. AMS began 

their experimental run with the machine in this state, with the terminal voltage limited to just 

above 4 MV and the LE bias voltage limited to 90 kV. The gas up continued on 19th March 

after completion of the AMS run. Surprisingly, the gas striper pressure rose to about 

0.4 mTorr and stabilised at this level at the nominal tank pressure of 103 psi. In its current 

condition, the gas stripper is fully functional for any AMS applications. There is a plan for the 

future upgrade of gas stripper plumbing with VCR fittings that are more suitable for high 

pressure applications. 

Initial machine conditioning was a struggle. The voltage gradually increased to 12 MV with 

no further increase. The conditioning continued with shorting rods as shown in Table 3. 

Table 3 Machine conditioning after tank opening 122B 

Set Live units Max. voltage per unit, 

(MV) 

Conditioning time (hours) 

1 15-21 1.09 2 

2 22-28 1.14 1.8 

3 7-14 1.04 8.3 

4 1-6 1.1 3.25 

5 7-14 1.07 2.75 

6 7-14 1.04 0.1 

7 9-14 1.048 0.1 

8 11-14 1.075 0.1 

9 10-14 1.08 0.1 

  

The conditioning data shown in rows 3 and 6 of Table 3 indicates that the weakness (a low 

voltage per unit of 1.04 MV/u) is associated with LE section adjacent to the terminal within 

gas up paused at 69 pisa 

tank pressure at 30 pisa 
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units 7 to 14. The problem still remains with units 9 to 14 live. It disappears when units 10 to 

14 are live as shown. Therefore the weakness is in unit 9.  

The unshorted 14UD conditioned up to 14.4 MV. This was followed by an AMS run when it 

was re-conditioned and operated at 13.3 MV for two weeks. We aim to continue conditioning 

and achieve 14.5 MV during the next month if this is practically possible. The weakness of 

the 14UD high voltage operation might be linked to the use of a few leaking posts with 

compromised ceramic insulators. 

AMS reported a difference between their experience now and previously, when gas cylinder 

was known to be contaminated with SF6 gas. With pure oxygen as the stripper gas, the 

optimum pressure for a Cl beam was 20 mTorr. Previously, with the stripper gas 

contaminated with SF6, the optimum pressure was down to 10 mTorr. The AMS Group 

suggested that this data can be used as a diagnostic of possible leaks from the tank SF6 

space into the gas bottle.  

 


