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ECS PRESSURE TEST 

This note describes: the rationale for the test pressure of the inner ECN 
cryostat vessel, the equipment to be used in this test, the test procedure, 
the status of the vessel prior to the test, the actual test results, and a 
schematic diagram of the testing set up and the pressure testing permit. 

Test Pressure 

The ECN inner vessel was pneumatically pressure tested to 33 psig at the 
fabricator, Process Engineering in Plaistow, New Hampshire. The test 
pressure was determined as follows: 

- Test Pressure = (1.25 X MAWP) + 14.7 psig (full vacuum) 

= (1.25 X 15 psig) + 14.7 psig 

= 33.4 or 33 psig 


Removal and replacement of the heads and the installation of the nozzle 
extensions (4 signal boxes, 2 high voltage boxes, 1 instrumentation box, 1 
cold valve, and other appurtenances) are considered justification to do an 
additional pressure test on the completed calorimeter. The removal and 
subsequent welding of the heads, the beam and bypass tubes can be 
classified as "routine repairs"; ie, no additional pressure test is required by 
the rules of the National Board Inspection Code unless the inspector 
specifically requests it. 

The pressure testing performed at the vessel manufacturer did not take 
into account the "head" or additional pressure due to the weight of the 
liquid argon. A possible solution is to fill the vessel with liquid for the test, 
and install the vacuum jacket before the pressure test. Unfortunately, the 
vessel can not be filled with water without compromising the integrity of 
the modules within. Nor can it be filled with potentially dangerous liquid 
argon since the integrity of the vessel has not been established prior to- this testing. Also, the vacuum vessel can not reasonably be welded into 
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place to provide the vacuum loading (or insulation) if the final leak check 
is to follow the pressure test. This test sequence is accepted practice for 
obvious reasons. 

The usual accommodation which Process Engineering elected to do, is to 
relinquish the head pressure requirement. This works well on high 
pressure vessels, those with small heights, and/or those with low density 
liquids because the head pressure is a small fraction of the maximum load 
test pressure. The resolution for low pressure, tall, and high density liquid 
vessels (our situation) is more difficult, and not as obvious. The 
compromise proposed in this case, which was the same for the CC cryostat, 
is to test the entire vessel to the maximum pressure that it will experience 
which will be at the bottom. Therefore, the proposed test pressure is 

[15.0(MA WP) + 14.7(Full Vacuum) + 10.0(head)] psig = 39.7 or 40 psig. 

Since the multiple extensions emerge from the vacuum head near the top 
of the vessel, they will never be exposed to· an operational pressure of 
more than 15 psig. Although the nozzle extensions and their parts will be 
exposed to 267% of their design pressure by testing the vessel to the above 
derived test pressure, these extensions and parts have all been previously 
hydrostatically tested successfully to 48 psig. 

Equipment Setup/Preparations 

The pressurizing source will be a 160 liter (nom), high pressure (250 psig), 
argon dewar connected to an extruded aluminum. fin vaporizer (see 
schematic). Pressure will be controlled by a single stage, high flow 
regulator (Linde Model S03882) which will be located safely away from 
the cryostat. A relief valve set just above the maximum test pressure will 
be located on a tap at the top of the vessel and two relief valves set below 
the maximum design pressures of the piping will be located on each side of 
the regulator. Two 0-100 psig compound pressure indicators will be used: 
one connected directly to the vessel volume at the top tap, and the other 
located downstream of the pressure regulator. 
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A 2 micron filter will trap UO particles from the cryostat during the 
blowdown process. The element will be further analyzed after the test and 
the results given to RD/Safety. 

The testing will be performed after normal working hours either during 
the evening or on a weekend. No non-testing personnel will be allowed in 
the Clean Room and the area south of the detector. The control of the 
pressurizing source will be located in the pit or another non-exposed area. 
The test should take about two hours to perform. 

All arrangements with Standard Boiler and their designated Code inspector 
shall be made a couple of days prior to the testing. The inspector must be 
present to witness the testing. 

Testing Procedure 

1. Ensure that: the piping has been recently cleaned and is in accordance 
with the attached piping schematic, relief valve settings have been 
recently verified, the 160 liter dewar is at least 3/4 full, all pumpouts 
(including the PI-equipped beam tube ones) and ports other than the 
fill/drain line have been capped and piping components not compatible 
with the maximum test pressure removed. 

2. The video monitor should be transmitting the image of the pressure 
indicator on top of the cryostat to a monitor located safely away from the 
cryostat. The pers'on responsible for starting/stopping the pressurization 
process should have access to this monitor either directly or by means of 
radio transmitters. 

3. Make an announcement over the building PA system to instruct all 
personnel not associated with the testing to leave the Clean Room and the 
area south of the detector. Place signs suspended from ropes across all 
entryways to this area warning people to keep away during the testing. 

4. Make sure that the Code inspector and a witness from RD/Safety is 
present. 
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5. Pressurize the vessel to 20 psig as read on the indicator mounted on the 
top of the vessel. Hold at this pressure for ten minutes and listen for any 
leaks and notice if there is any drop in pressure. Leaks on compression or 
VCO type connectors can be fixed by tightening the connectors; however, 
those found on large flanges should be fixed only after entirely 
depressurizing the vessel. Any anomalies should be recorded in the Cryo 
Logbook. 

6. ALL personnel should leave the high bay areas exposed to the testing at 
this time. Proceed to increase the pressure in the vessel at a rate no 
greater than 4 psi/tO minutes. This rate can be checked on the PLC 
historical trending. Continue to pressurize until the maximum test 
pressure of 40 psig is reached and hold at this pressure for to minutes. 
Again note any drop in pressure but do not attempt to locate leaks at this 
point. 

7. Should any sign of vessel failure or distortion be observed, then 
terminate the test immediately by bleeding down the pressure entirely 
through the filter. A final disposition for the vessel will be arranged by 
the appropriate authorities. 

8. Depressurize the vessel to 32 psig through the filter and inspect the 
circumferential welds of the vessel and those around the beam and bypass 
tubes with a soap solution. The soap testing shall be augmented with a 30 
minute pressure drop test. The beam tube bellows assembly pumpout 
indicators should be checked for any presence of pressure buildup. 

9. Upon successful completion of the test, then reduce the pressure to 
atmospheric pressure and secure the pressure source. The warning signs 
may be removed and make an announcement that "the area south of the 
Detector and the Clean Room are accessible". Obtain signatures from the 
appropriate personnel on the test permit. 
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Vessel Status Prior to Testing 

The inner vessel heads including the argon excluder, bypass and beam 
tubes had just been welded into place. The vacuum heads were not on at 
this time but the vacuum shell was on covering the piping penetrating into 
the inner vessel. Signal boxes with all feed through boards, the 
instrumentation box, and high voltage boxes were all installed with their 
pump outs capped. All 1/4" instrumentation lines were terminated at 
their respective shutoff valves. The pumpout volumes between the bypass 
beam tube bellows were terminated with pressure indicators. The vessel 
had its welds taped and leak checked to a sensitivity of about SE-6 atm
ccls He which is well within the criterion for this vessel. 

All vacuum piping and instrumentation used for pumping down the inner 
vessel were removed as were the 4" VRC gate valve isolating the blower 
cart, and both the rupture disk and relief valve were also removed and 
replaced with blind flanges before pressurizing due to their pressure 
limitations. Stresses in plates used as blind flanges were checked using 
Code calcualtions. Before the CC pressure test, KF50 blanks and clamps 
were hydrostatically pressure tested to 150% of the maximum test 
pressure, 60 psig. 

The Code inspector and Research Division Safety had all given their 
approval to the test pressure and procedure prior to filling the vessel with 
argon. 

Test Results 

The pressure test occurred during the evening of September 19, 1991. In 
most respects, the test was successful: no visible deformations of the 
pressure vessel were noticed, the welds passed our soap test and appeared 
to be OK to the Code inspector, and the pressure only dropped about 3/4 
psi in 30 minutes despite a nicked portion of the tubing that leaked during 
the pressurization. 

-
 However, two leaks were found at other parts of the vessel, one of which 
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makes the pressure vessel vulnerable to pressure fluctuations. A fitting on 
the thermal siphon tubing at the top of the vessel was discovered to be 
unwelded but easily repairable. The gage indicating the pressure between 
the plies of the upstream Tevatron bellows had been breached (29 psi was 
noticed after the bleed down process was initiated). It was decided later 
to retest after grinding out the bellows assembly and repairing the 
damage. 

The vessel was subsequently retested using the same procedure on 
October 17, 1991 and the bellows assembly and welds looked fine. 

-


-
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EXHIBIT Bo Fermilab Pressure Testing Permit* 

r-- Type of Test: D Hydrostatic ~~umat;c 
Test Pressure: i/o psig Maximum Allowable Working Pressure: /l;"'-l-Fy psig 

Items to be Tested: f;C~ Cy';)eJ'!r(,7 Iu! .ekc.~;(;J I!t!'#ij,yl'~/' 
P,'(€S k/~1 ill 1&. 101/ of ~ r~S9-l,L., 

Location of Test: 
~~~---------------

- Special Conditions or Requirements: tlr..e /'-e/Yt()R· e4A1'\.t~ . 1~,,;-fD,... ~ri.,1 
1&: Va..c~{.,LI'1'I.. l1.tt:Lds tllt't{ Jt.(;-C k a.t6:<-ci.."d OlT tf1/~ 6~~ 

~....!::.IJtIj!.U...-~~.,q....£:..~;":""'--R--_:.....-~Dept/Date: ! I ~ / 
-+-r'T==-~I¥.:z::=--__Dept/Date : III Sef_q I 

-.r:I=-or:.".",-:;----"-~_______Dept/Date: If.!iI!2, 
1'e)' /f.e 

- 4-~ ~Jgi- 1 I 
lcer Deslgnee • J 

*Must be signed by division/section safety officer and division head prior to 
conducting test. It is the responsibility of the test coordinator to obtain signatures. 

5034TA-6 
t../Rt.. 



EXHIBIT B Date: 10 Ii 7 / <j ,O' Fermilab Pressure Testing Permit* 

Type of Test: E:J Hydrostatic S Pneumatic 

Test Pressure: ~O psig Maximum Allowable Working Pressure: 15 +FV psig 


Items to be Tested: ECS Q;V'y<> s+-~ lcl~t0 e)e(!..tt-id fe.c..ot +Wt> uJh. 

.boxes bo I+e..o( -h, +k -hp ri tk vesseJ . 


Location of Test: DAB CAeCLYl R.OO"W1 Date and Time: I()A7/~1 5+o..rt 3:10fM 

Hazards Involved: L.tArje.. btA1l+ !4f ~c...e.~ ol1A....e.. ~ fre..ssv..res. ovvr 

Iaf~ e.. ~ LA.('~o...ce Q£e_D•.S. r0 S"SIb (e, i-teo...ol () R.f O\Kt:\.:1-itTYl SW¥V\~ I !

) ); 

e+c-. tv-yo 0~s LAsed -h fY~S~~\-:e-e.... ik vesseA. 
Safety Precautions Taken: C,,{ e.0VY1 V"tl 0VV1. o.YLJ. ()..£e lA...<; 'S oili p..r;.-d 
eA.S+ of -t-k ote-+e..c...+trv- ",,)1 (I b€. €Na.~-kLol As:?k ~ 

p~t af€..aL iNke ryeS~lAri?-~-h'bv\ Idepret;;'&v.rf~~ ezv1p~ is. 

Special Conditions or Requirements: Use (ew\..:ot-e.. CCt..v'VlerA.'ft> W\lJv\.tfoY"" 
pre&"sl.A..l"€... Th.e va-CAI\.~ h.e...o..ols. ~l{( vu:J- be a.+ra-c.h:ed 
0...+ ~~ 

~u:1~:.......1~~~F=Il!LW.c:[~F-1Dept/Date: 1<&JPD ItJ-/7 -<f/ 

'___..:::IX::~~==--=----.JDept/Date: Res ~s/tf /0 -,7 - C"t( 

Di vi sion/Secti on Head :1.l.~?£~~---=:~____~Dept/Date :...:.:.~.:..:~.:..:::-:.:..-_..:./1_0_-I_"'_-_P....;.(
Results:_____....:-______________________ 

~7ii'i~~:=t.~rt::r~~~~.~~~21Z1~. 
cer 0 s gnee . 

;.;;L'. ifePt/Date:......;..,.;M;.,.:·;...::~~......c.....1...-_-
*Must be signed by division/section safety officer and division head prior to 
conducting test. It is the responsibility of the test coordinator to obtain signatures. 

5034TA-6 
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