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PRESSURE VESSEL ENGINEERING OOTE 
PER MANDATORY STANDARD 5037 1 

Preparation date: ,0c...':)RE:-e. I,S. ' ~a D 

k""I'io.iOY\, ~e.,: 'flu-I"") 11/11/a.1 j.r 30M N",
Description and Identification p..'I1I~,,;e.p '2.-6 -'II IIZ;t L-
Fill in the label information below: 

This vessel conforms to engineering standard 5037 

Vessel Title DiP - ~~ ~lI'il.s7~ .z:.wR4.. tlE!5S*l. 

Vessel Number R. D - Y02 '3 

Vessel Drawing Number 3740.'2.1t+ -ME'-223'2~S-­

Maximum Allowable 
Working Pressure (MAWP}f'/~-~/~ (JlrN 1"194/'#.1'" ::. 30 PSIO 

Working Temperature Range - 300 of IDa OF 

Contents LIOuIlJ,4,u.,~ Avo (7AI.OI2N1?t'r~ ~(c'S 

Oesigner/Manufacturer ?.cHInOND - {.ole" Eo~I'/)M€7V7' ~. 

AcceptanceTest Pressure (if tested at Fermi) Date: 

PSI, Hydraulic Pneumatic 

Acce~!:orming to standard by 
-tl!!i!L~~ fJS-T~ 11 

of Division/Section f(eUtld. Dkllsl'oAJ 

NOTE: Any subsequent changes in contents, pressures, 
temperatures, valving, etc., which affect the safety of 
this vessel shall require another review and test. 

j Obtain from 
...- Division/Section
I Safety Officer 

iJIIIY~ cfJ/tf(/1Pc.u 

(!IfJL h')Pc 9 

- Actual signature 
required in this 

... space 

Reviewed by:_..;.U--=:;.·::.:....::~=.::.;..., Date: /-2S-- CJ/. ~t;;;...::.dL....io;;.Ii~~~~.L..-________ 
Director's signature (or designee) if the vessel is for manned areas but doesn't 
confo:nn to the requirements of the standard. 

Date: 

Lab Property Number(s): 

Lab Location Code: DAe (obtain from Safety Officer) 

P'.Jrt)ose of Vessel(s): Cd ~/~/£lEr~ ~A1~r~ aer'~.jrn-r 

D• // I /1 "L h 10 IVessel Capacity/Size:~4+!. '-/<PUlO ~DN lameter: /c- - /~ engt :_;...=________ 


Normal Operating Pressure (OP) ~ !" PSI~ 


MAWP-OP = ID PSIG. 


Is the above enough to provide relief cracking pressure tolerance plus system 

uncertainty tolerance per M-9. Yl::;' 


As an option, provide a photo of the entire vessel in the Appendix. 




2 
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List the nuabers of all pertinen~ drawings and the loc&~ion of the orilinals. 
(A.ppend cOllies). 

" 


Drawing' Loca~ion of Original 

D~374'-0. 21v - Me-- - 223Z35: U/ ~ A1!c........ 'I~.s 
.220' M~ - 22Z.z.s-~ 

" ,21 cj. - Nt 1) - 'Z Z.~:z ~ c:. 
p - z.z.3 2.3., 
'I .210 - ~ E - Z2'Z.:'~ I 


" . := , 0 - Me::! - z. Z %. 'Z~'" 


.- . ZIt:> -MF - 'Zz,.., Z~ 


1/ • Z. I ~ - M ~ - '2 Z. 3t.. 't:3 

" /. -M6 - 22.!~71 - '173 

Design VeTification 

Does the vessel(s) have a U stamp? Yes X No If ''Yes''. fill ou~ data 

below and skip page 3; if "No". fill out page 3 and skip this page. 


Staple photo of U stamp plate below. 


Copy "u" label details to the side if photo 

is not clear of if copies are unreadable. Copy data here: 


NATt. e oA.l2.I> No. 3~ 

UI-fA 5/ {<T-4­

VE:!JSeL DP 

'~F'II . !€n ti 30oQ"3 'It !LT It:ltB 7 
,~ZS' 

q~u '1-a. . !'1..!"" 



""""" ... ocpruwrcon 
COf''''' Sloe 
Por. UC;- 3} 

....... 

~OOOrd 
C.QI\N1:1101'1, -""'T'........~ 

Por.uG-"'3 . 
'ToDle UC;-"'3 

Wild joint 
eircieftcin 
Por. UW· 12 
Table W-12 

AIqnmtnt tolef'OftlZ · 
1on9"udonoljlWlt 
Por.UW-Sl 

Sb , It-<>Q I h 
ld101e~ 
f'uilJG· 2~ and 

LithftQ' 
Par. UC;-Z6 
Po"-UCL 

'­ \ 
F,,~o" w~~'CDnntC1.o", 
Pot. UW'I~ oncS'ft!J .uw-'6 

==u=: 
Sto,.ed _foca 
Por.\JG-"'7 
Por.UW-" 
FiQ.UW-'9 

3 

On the~ tch below, circle all applicable sections of the~SME code per 
Sections~~I' Oivision 1. List the results of all calcu~~~ns. (Insert 
copies of c~culations in the appendix). ~ 

\ / 
\ / 

~ot1 Iieftq'" \\ ""'" '?lo1 heoOI / 

POt uti - ~2 '" --+-~ 
 \ Pot. \$;\..\2 ~r. UG-~ ,/ 

FIonQe~ 

F~.UA-48 


\ 
~... thick....u 

\ 


TorICon.,oi ~ ----...... 80ltecl '-OdI 

Poo. uG -12" and UA-~G Pw. UG-l~ar.s UIl-'Ah~'" !:O~.d IMO'.

'OIef'OIf" eGge' ">9- UA.... 
Por Ulilo'- 3" Pot-.UW-9C, 

Pfln F'9· UW-9'"CU"'7". lOt 

/ 

Por. UC-}Z \/\K.:L-~b " 
/ 

\ 

... 

/ 
/ 
/ \ 

\ 
\ 

C~kUl.ATION RESULT 
(Require~thickness or stress 

! Reference ASME level vs. \ctual thickness or 
Item / Code Section calculated stress level) 

/ 
I 

/ vs_ 

/ vs. 

/ vs. 

vs./ ---
If this vessel is exceptional or had exceptional parts, list 
under 5.6. Yes No-----­

E\lI~oi heOd = V4 ........ _ 

Pew. UG-12d 



---

---
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System Ventin[. Provide the system schematic in the Appendix, if the vessel 

safety is system sensitive. 


Is it possible to isolate the relief valves by a valve from ~he vessel? 


Yes No X 


I f "Yes", the system must conform to M-S. Provide an explanation on the 

appended schematic. (An isolatable vessel, not conforming to M-S violates 

the Standard.) 


Is the relief cracking pressure set at or below the M.A.W.P.? 

Yes X No Actual setting /3 PSIS­
(A no response violates the Standard.) 

Is the pressure drop of the relief system at maximum anticipated flow such 
that vessel pressure never rises above the following? (UG 125) 
Yes X No 110% of MAWP (one relief) 

116% of MAWP (multiple reliefs) 
121% of MA~~ (unexpected heat source) 

Provide test or calculational proof in the Appendix. D~ cHtl..IVOrE 37'1-o.o0·€N · c"3 

(Non-conforming pressure rises violate the Standard.) 

List of reliefs and settings: 

Manufacturer 	 Relief Setting Flow Rate Size 

I="' IKE:.. 

2 01", 3 1\ 

3 
11 

Is the relief device an ASHE stamped device? Yes X No 

4 	 Operating Procedure 

Is an operating procedure necessary for the safe operation of this vessel? 

Yes No X If "Yes", please append. 

5 	 Welding Information 

Has the vessel been fabricated in a Fermilab shop? Yes No <' 
If "Yes", append a copy of the welding shop statement of welder qualification 
and 	a copy of the Welding Procedure Specification (WPS) used to weld this vesse 

6 	 Exceptional, Existing, Used, and Non-Manned Area Vessels 

Is this vessel or any part thereof in the above categories? Yes No 'X 

If "Yes", follow the Engineering Note requirements for documentation in free 
form below. 



Exhi bi t A-I 5 
Vacuum Vessel Engineering Note 
(per Mandatory Standard SO-41) 

Prepared By "R, D. L~-r>-JfYL Date ::-//4 /~7 Div/Sect AD/F5D -od 
Reviewed Date 1-2/-1( Div/Sect /2J)

; 
! c·./< YQ 

Div/Dept (-Z'i?· 'Jr R~J)/t/ . Of4c t'::.:~tt Date 	 Div/Sect 

I. Identification and Verification of Comeliance 

Fill 	in the Fermilab Engineering Conformance Label information below: 

This vessel conforms to Engineering Standard 50-41 

Vessel Title od - cc C!.Ryt:)s?'A-r CGI,T7!=7;J-i/F~€t. (~-PPhl.:7Ar:-~Fr) 
Vesse 1 Numbe r___R_D_V_-_Ll_,0_2_3________ 

Vessel Drawing Number ;;?7~.2/U-M€---;Z:Z3S 

Working Temperature Range 

Date of Manufacture. __/:.....q~8:......2'--____________ 

Acceptance Date____________________ 

Director's signature (or designee) if vessel is for manned area and requires 
an exception to the provisions of this standard. 

ftrnencinent No.: 	 Reviewed By: Date: 



---------------------

---

Exhl bl t A-2 

II. 	 Description of Vessel and Relief System 

Laboratory location code___...::D:::.....:.A.....:...::;B~_______ 

Laboratory property number 

Purpose of vessel ~&~II'f@(!KC-.T ~k UOC//,(jA'C;GNA-)aJ"~.r,;IMF-T~72 


List all pertinent drawings (append copies) 


Drawi ng No.: Location of Original: 

371../0.21<1 .ME -2:2.-;2.-;S 	 D-$ ~/VE.s 

-I'-\Cf -	 ::: 2225"' ­

- A-1e- - 22. Z. !G. , 
. Me· 	;?"2 Z t c:.q , 
. MO-1..2.3Z.3' 
'M~ - 22"3t.83 
-,Vo,6' - z:~3 8,,), - 1"~ 

."'Ie, - :2 2.3~~' - 8'1'15" ~I 

CcYl this vessel tE pressurized? No 

If yes. to what pressure. ____ 

, Is a testing procedure necessary for the safe acceptance testing (proof testing) of 
this vessel? Nb 

If yes. supply the written procedure with this Engineering Note. 

Is an operating procedure necessary for the safe operation of this vessel? ;VD 

If yes. supply the written procedure with this Engineering Note. 

List all reliefs and settings. Provide a schematic of the relief system 
components. and appropriate calculations or test results to prove that 
overpressurization beyond the maximum allowable internal pressure will not 
occur. 

ASME 
Stamped 

Manufacturer Relief Setti ng Flow Rate Size Dev; ce 

Yes/No 

~/w«3 (psv ·zoG~) 
&G.J-oF/"

,{J/.:5c.. tJ,B5,(J1 ~ 10000 ~4 / 0 " - /5,CJ#A7\I51 No 
nA-.V6&: 

'Ie1 d 11 9 In format i on 


Has the vessel been fabricated in a Fermilab shop? Yes No >( 


If "Yes", append a copy of the welding shop statement of welder qualification. 


http:22"3t.83
http:MO-1..2.3Z
mailto:II'f@(!KC-.T


D-ZERO ENGINEERING NOTE 
#3740.214-EN-68 

December 5, 1986 

DESIGN SUMMARY 

CC CRYOSTAT VESSELS 

By Ri ck Luther 
December 5, 1986 

A summary of the design of the CC Cryostat pressure and vacuum vessels ;s 
presented on the following pages along with supporting calculations. In 
the calculations several references are made to an independent review of 
the design performed by the Battelle Memorial Institute, Columbus Division. 
This review has been published as D-Zero Engineering Note #3740.510-EN-54. 
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\ PRESSURERELIEFCALCULATIONSIlMMARYPAGE 

REQUIRED FLOW CAPACITY 
CONpmON (SCFM. air> REFERENCE 

1. Fire Condition 264 EN-6, pg. 5 

2. Loss of Vacuum 139 EN-6, pg. 5 

3. LN2 Condenser coil ruplUre 443 Cooling loop cales, pg . 5 

4. Maximum Pressure Building Rate EN-321, appended 

5. Overpressure from LAr storage dewar EN-321, appended 

CONCLUSION: The relief valve and relief piping 
capacity was calculated to be 908 sefm air. This 
exceeds all relieving conditions. The vessel also has a 
rupture disc with a 2640 scfm air stamped capacity. 

Explanation of conditions 4 and 5; 

Revised, 9/26/91: Pressure building in the CC is accomplished by 
supplying gaseous argon from the argon storage dewar. The argon 
storage dewar will be at a relieving pressure of 20 psig when argon 
transfer between the storage dewar and CC can take place. 116 percent of 
the CC MAWP is 34.7 psid or 19.7 psig, therefore. in order to prevent 
overpressure from the argon dewar. the maximum temperature of the 
modules within the cryostat before filling with argon was determined in 
EN-321 to be 218 K. The operating procedures will ensure that the module 
temperature is below this temperature before filling the cryostat with 
argon. EN-321 has been appended to this note at the end. 

Revised, 11/21/91: EN -323 contains calculations of the maximum module 
temperature allowable when filling the ECN from various sources. The 
maximum temperature is 155 K for filling the ECN from the CC. The ECN is 
the worst case cryostat. therefore. the operating procedures will require 
a temperature below that calculated for the ECN. A section entitled 
"Determine Worst Case Cryostat to Fill" has been appended to this note to 
show that the ECN is a worse case than the CC. 
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O-ZERO COOLING LOOP INFORMATION 

Recently there has been concern at the laboratory about the 
safety concerns of vessels having internal cooling loops in them. 
I will address these concerns. 

Piping flexibility: 

The annular space plpmg was analyzed and found to be safe. It 
is documented in O-Zero engineering note number 25. The cover 
sheet which includes a summary of this note is included in the 
appendix. 

Inside the vessel, the inlet and exhaust ports are only 18.4" and 
20.2" apart on the shell. The shortest length of piping between 
these ports is about 175" which includes no less than six 90 
degree turns. A quick rough calculation shows that clearly 
there is enough flexibility to take up the 0.06" contraction. 

Condenser Rupture: 

A very worst case was considered to do the quickest most 
conservative case. The maximum LN2 mass flow rate was 
calculated. This maximum flow rate was 252 g/s. 

Assumption for relief conditions: 

1. LN2 of 100 percent quality delivered to the CC at 252 g/s. 
2. Condenser piping is completely severed. 
3. CC -is warm at 300 K. 
4. The LN2 is vaporized to 300 K. 
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From Anderson Greenwood. to convert mass flow rate to 
volumetric flow rate; 

Where: V = Required capacity in scfm 

v = (W*6.32)/M W= Required capacity in Ibs/hr 

M = Molecular weight of flowing gas 

Converting the mass flow rate from g/s to lbs/hr gives, 


W= 1996 Ibm/hr. N2 gas at 300K 


Using M= 28.013 and substituting into the A & G equation, 


v= (1996*6.32)/28.013 = 450 scfm, N2. 


Converting to scfm, air, 


V (air) = 450*SQRT[28.018/28.97] = 443 scfm, air 


The above required flow rate is less than the 908 scfm flow 

capacity of the relief valve and piping on the ce. In addition to 
the relief valve, the CC also has a 2640 scfm stamped air 
capacity rupture disc. 

http:450*SQRT[28.018/28.97
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revision 11/18/91 John Wu 

Determine Worst Case 

Cryostat to Fill 


00 Engineering Note 3740.224-EN-323, "ECN Pressure and Vacuum Vessel 
Engineering Notes," contains calculations to determine the maximum ECN 
relief capacity (p.5 -14), and the maximum module temperature when 
filling the ECN from the CC (p.15-24). The ECN is the worst case cryostat to 
fill. 00 Engineering Note 3740.224-EN-329 compares the ECS to the ECN to 
show that the ECN is a worse case. This section compares the CC to the ECN. 
The CC differs from the ECN in that the CC has a much shorter equivalent 
length of vent piping, and also a shorter equivalent length of piping from 
the LAr dewar to the CC. To determine the worst case cryostat, both the 
fill capacity and the vent capacity are compared. 

Ventin~ capacity 

Reference: 00 Engineering Note 3740.224-EN-323, ECN Pressure and 
Vacuum Vessel Engineering Notes. 

The first spreadsheet in EN-323 (p.8-14) calculates the ECNrelief flow 
capacity. In the section, "AP Across Relief Valve", line 108 shows the 
maximum theoretical flow through the relief valve. In the section, "AP 
Across Rupture Disk", line 181 shows the maximum theoretical flow 
through the rupture disk. Therefore, the total mass flow can be calculated 
as: 

EOl~ lb lb. Ibm 
( = 7740 --2!!.(relief valve) +7458 --2!!.(rupture dISk) = 15,198-P q 1re max hr hr hr 

Note that q here represents the flow through the relief piping, 2l!1 of the 
ECN". 
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John Wu
revision 111/18/91 

The calculation of the venting capacity of the ECS was done in D0 
Engineering Note 3740.224-EN-329. The only difference in the relief 
piping of the ECS is that the equivalent length of the common outlet Uust to 
the platform bayonet) is 238 ft. The ECN has an equivalent length of 273 
ft. The CC equivalent length can be determined from drawings of the 
Ar/N2 vent line as follows: 

Relief Common Outlet to Platform Bayonet 

Reference: Drawings from Tony Parker of 4" x 6" ArIN2 vent lint. 

d = 4.260 in = 0.355 ft (inside diameter of 4" pipe) 

There is no rotary bayonet assembly for the CC vent line. 

~iping == 4 + 27.5 + 157.5 + 38 + 10 + 40 + 67 + 210.5 + 457.5 + 74 + 16 

~iping = 1102 in = 91.83 ft 

# els, 90° = 6 

# els, 45° = 1 

# tees, thru == 1 

# tees, branch == 2 


Using K factors for standard elbows and tees as a conservative estimate, 

Leq = 91.83 + 0.355 [6(30) + 1(16) + 1(20) + 2(60)] = 204 ft 

In EN-329, the total mass flow for the ECS was calculated to be 16,815 

Ibm/hr. The ECN and ECS relief piping flowrates were then compared: 


ECS ECS 16,815 ibm 

qrel = pqrel = ____h_r_= 1.106 


q ECN qECN 15,198 ibmreI P reI 
hr 
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revision 1i/18/91 John Wu I 

The maximum relief outlet flow from the ECS is greater than the maximum 
relief outlet flow from the ECN by about 10%. The CC has an even shorter 
equivalent length of vent piping than the ECN or ECS. Therefore, the 
maximum relief outlet flow from the CC would be greater than that of the 
ECN by more than 10%. 

Fill capacity 

Reference: ECN numbers taken from D0 Engineering Note 3740.512-EN­
321, Cryostat Filling Limitations for Proposed Ar Dewar Pressure Increase, 
in the section "Calculation of Max. Flowrate from LAr Dewar to ECN". 

There are two cases to consider for the CC, filling from the LAr dewar, and 
filling from one of the EC's. Note that the equivalent lengths of piping from 
the ECN and the ECS will be approximately the same. Looking at the ECN, 
since the CC has a higher venting capacity than the ECN, it would be worse 
to fill the ECN from the CC. than the CC from the ECN (or the ECS). The case 
of filling the ECN from the CC is covered in EN.;.323. Filling from the LAr 
dewar is considered next. 

(q~)max = 12.3 gpm 

Note that q here represents the flow through the inlet fill piping. iJl1Q. the 
ECN. 

ECN 
tK = 90.05 

tKa: = lXECN _ f(Leg) == 90.05 _ (0.022)(30 ft) = 85.34 
d 0.1402 ft 
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John Wu 
revision 1l/18/91 

The CC has a smaller resistance coefficient because it has a shorter 
equivalent length of piping from the argon dewar. Th~refore, the same 
driving pressure from the dewar will produce a larger Inlet flow to the CC 
than to the ECN (Note the ECS is the worst case in this respect). The 
flowrate is inversely proportional to the square root of the resistance 
coefficient: 

cryostat 1 
q ---;==== 

~ lJ(cryostat 

Therefore, the flowrates of the CC and ECN can be compared as follows: 

../90.05 =1.027 

../85.34 

The maximum inlet flow to the ECS is greater than the maximum inlet flow 
to the ECN by about 3%. 

Conclusion 

The CC has a higher venting capacity than the ECN (and the ECS). The only 
situation where the CC also has a higher inlet flow is the case of filling the 
CC from the LAr dewar. Since, in this case, the flowrate 2.l11 of the CC 
relative to the flowrate QlU. of the ECN (more than 1.106 times ECN) is 
greater than the flowrate in1.2. the CC relative to the flowrate in12. the ECN 
(1.027 times ECN), the ECN is the flowrate limiting vessel. Therefore, the 
calculations in EN-323 for the ECN are also valid for the CC, specifically, the 
maximum module temperature before filling any cryostat with argon is 
determined by the worst case of the CC filling the ECN. 
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7.0 CC CRYOSTAT 

These proc~dures ~escribe the operation of the cryostat on the platform. Refer to 
the cryogenic flow diagram, 3740-ME-222394, revision W for platform operations. 

Only subs~uent changes or modifications which affect the safety of the vessel will 
be updated In the CC Cryostat Engineering Note and in 00 Note #3740.EN-263. 

7.1.0 Inner Vessel Pump and Purge 

The following assumes that the platform piping has been installed, leak checked, 
and pressure tested as required, the connections to the CC cryostat have been 
made, helium has been provided to the cold valve (PV219A), IIA (open 
MV14001/14011) and GN2 purge are connected and flowing to the platform, a" 
valves have been stroked and are operational, EC cryostat and UV branches are 
properly capped or (welded) closed if required, and the cryocorner jumpers have 
been fabricated and "tested, and are ready to install. Note that the u-tubes that 
connect the storage dewar to the cryostat must be removed at this time; the cryostat 
must be isolated from the LAr dewar when not in operation. If it is necessary to 
have the LAr filVdrain u-tube (440LA) installed at this point, then the key lock for 
VPX18A shall be in the DISABLE position and the key secured in the lock box. 

r 7.1.1 Install the cryocorner jumper lines in order according to their designations; 
406V, 416E, 430LA, 424UV, 421GA, and 411LN, in strict accordance with 10.2 of 
the special procedures. 

7.1.2 Start pumping down the CC insulating jacket according to 3.5. This operation 
is independent of the pressure vessel and may be performed in parallel with those 
that follow. 

7.1.3 To Pump and Purge the Inner Vessel CLOSE: 

Cryostat _ 	mv205A(test) PV214A 
PV215UV mv217N 
PV219A _ PV228A(vent) 
MV241 A(sample) MV243A( sample) 

Pump room PV706V PV707UV 
_ MV712UV(vent) EV714UV 

MV727N MV722A 

Note: the liquid sample valves, MV241 A and MV243A, are closed to 
eliminate the long lines to the Cryocorner. Those lines must be separately pumped 
and purged at the Sample panel in the cryocorner before either of the sample 
valves are opened or a sample attempted, see Appendix S for the LAr Sample 
Procedure. 



2October 23. 1991 CC Cryostat 

7.1.4 To Pump and Purge the Inner Vessel OPEN: 

Cryostat mv203A 
MV244A 

mv224A (outer) 
mv245A 

Cryocorner MV454UV 

Pump Room MV705UV 
mv729UV 

mv728UV 
mv734UV 

7.1.5 Backfill the UV manifold with GN2 to 1 psi as read on PI716UV (PT717UV) by 
opening MV727N and EV714N. Close EV714N. 

7.1.6 Vent any inner vessel positive pressure greater than 1 psi through PV215UV 
by opening the vent valve, MV712UV, and then closing it tightly. Note: PV215UV is 
interlocked CLOSED and will have to be temporarily overridden to release the 
pressure. Close PV215UV. Check MV712UV tightly closed before proceeding. 

7.1.7 Start the utility roughing pump and begin pumping on the inner vessel by 
opening PV707UV to the manifold and PV215UV to the cryostat. 

7.1.8 If there is an unacceptable cryostat vacuum due to bakeable outgassing 
components, the warm-up heaters may be used to bake out the detector according 
to the procedures in 10.5. UNDER NO CIRCUMSTANCES SHOULD THE 
HEATERS BE OPERATED AT ANY LEVEL WHILE THE CRYOSTAT IS UNDER 
VACUUM. 

7.1.9 Continue pumping the pressure vessel until the pressure reaches at least 
100 Il as read on TG258A. This process may take several days to weeks for a tight 
system, depending on the cryostat pump history and the current rate of outgassing 
of the contents. Open all trapped (capped) volumes to the vessel while pumped 
down and until back filled. Do not include these volumes in any long term pumping 
or in ROR measurements, and be sure to leave them closed at the procedures end. 
Indicate completion of the opening of the trapped volumes; mv205A, MV241 , and 
MV243. Please be careful not to inadvertently open any of the VPT charging 
valves; mv253, 254, or 255. 

7.1.10 Isolate the UV pump from the header, close PV707UV. 

7.1.11 Check the ROR of the inner vessel for one hour or a 50 Il rise, and record 
the data in the logbook. 

7.1.12 Check PI742N to ensure that the supply pressure from PRV725N is 
between 2 and 3 psig. Start backfilling the cryostat with GN2 by opening EV714N. 

7.1.13 Continue to fill the cryostat with nitrogen gas. When the pressure in the 
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cryostat reaches 1 pSig as read by PT717UV and checked with P1716UV, close
MV727N. 

7.1.14 Open PV707UV and pump the cryostat to at least 1 00 ~ once again. 

7.1.1.5 If the .co~denser outlet overflow switch, TS232E, has not been tested in situ, 
special permission shoul~ be ob~ained from the safety panel if necessary in order 
to !Iood the condenser with LN2 In an attempt to trip the temperature switch. If the 
sWitch has been tested in situ recently, continue to 7.1.20. 

7.1.16 Once the necessary safety approval has been granted, install the LN2 
dewar/cryostat jumper at the storage dewar and pump and purge the nitrogen 
transfer line as described in 7.2.3 through 7.2.7. 

7.1.17 Ensure that PV513N is closed and MV535N, MV493N are closed and 
locked. Open or check open all valves from the N2 storage dewar through the 
condenser steady state cooling coil and into the condenser exhaust. Specifically, 
OPEN 

MV543N MV477N MV491 N 
PV202N@1 00% _ PV210N@100% 

7.1.18 Open PV513N, cool down the transfer line and flood the condenser. The 
condenser outlet overflow switch, TS232E, should open when liquid flows past 
PV210N. If TS232E fails to open when there has been a reasonable amount of 
time allotted to flood the condenser, then the switch must be repaired and the "flood 
test" repeated until reasonable confidence is attained with this device. 

7.1.19 When the testing is complete. close PV513N and allow the boil off in the 
transfer line and loops to vent out of the building. The remaining liquid may be 
flushed out by connecting the utility vacuum at MV535N and using 3 psig nitrogen 
gas. 

7.1.20 Backfill with GN2 a second time. following the same procedure described in 
7.1.10-7.1.13. Close MV727N. 

7.1.21 Open PV707UV and pump the inner vessel to at least 1 00 ~ a third time 
prior to backfilling with GAr. 

7.1.22 Open EV714N and pump out the small volume from the UV manifold to 
MV727N and MV722A to at least 150 11, then close PV707UV. Check that the 
output of PRV818A is set and locked at 150 psig and the ·PRV822A is set between 
2 and 3 psig. 

7.1.23 Continue to backfill with argon gas until the pressure in the cryostat reaches 
1.5 psig (compare PT204A and PT230A), and then close MV722A. 

7.1.24 Open PV228A, disconnect the air supply from the solenoid, and 
mechanically secure the main relief vent manifold block valve in the OPEN position 

http:7.1.10-7.1.13
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by switching the position of the rack s~op. (drg. no. 3~40.512-MC-295020). 
Checkthat the PV228A position switch indicates open In the contr.ol s~stem 
software graphic and is armed, but not "in alarm". Record all these actions In the 
log book. 

7.1.25 Close PV215UV. Activate the interlock and, redundantly, "lock" PV215UV 
closed. Close MV454UV. Note that MV454UV redundantly closes downstream of 
PV215UV. 

7.1 .26 Pump down the UV manifold to 20 ~ to demonstrate the UV manifold 
isolation valve, MV454UV, is tight. 

7.2.0 Transfer Line Pump and Purge 

The following assumes that the necessary safety approval has been granted in 
order to allow the u-tubes which connect the storage dewars to the cryostats to be 
installed. All platform piping is assumed to have been pressure tested, leak 
checked, and UV and EC cryostat branches capped or (welded) closed if 
necessary. All building piping is assumed to have been pressure tested, leak 
checked, the alternate cryocorner connections and purge valves are closed and/or 
capped. and both helium and air supplies to pneumatic valves are fully functional. 

7.2.1 Lock MV617A, the argon dewar relief selector 3-way valve, in the 
OPERATION (16 psi relief valve) position at the argon storage dewar. Note that this 
operation limits the pressure of the LAr dewar and insures the safe operation of the 
CC cryostat. Record this action in the logbook. 

7.2.2 Using a portable vacuum pump with monitoring hardware, ensure that all 
insulating vacua of the following lines are 30 ~ or less: 

_ LN2 to cryostat withdrawal stub at N2 dewar 
_ LN2, N2 dewar to cryostat u-tube, 443LN 
_ LN2, N2 dewar to cryocomer manifold, 412LN, 4 vac. spaces 
_ LN2, cryocorner to platform u-tube, 411 LN 
_ LN2 platform manifold, 409LN, 2 vac. spaces 
_ LAr withdrawal stub at Ar storage dewar 
_ LAr, Ar storage dewar to cryostat u-tube, 440LA 
_ LAr, Ar storage dewar to cryocomer, 427LA, 4 vac. spaces 
_ LAr, cryocorner to platform u-tube, 430 LA, 
_ LAr platform manifold, 429LA 
_ GAr withdrawal stub at Ar storage dewar 
_ GAr, Ar storage dewar to cryostat u-tube, 441 GA 
_ GAr, Ar storage dewar to cryocomer, 422GA, 4 vac. spaces 
_ GAr, cryocorner to platform u-tube, 421 GA 
_ GAr platform manifold, 419GA, 2 vac. spaces 
_ GAr/GN2 platform manifold, 414E, 2 vac. spaces 
_ GAr/GN2 platform to cryocorner u-tube, 416E 
_ GAr/GN2 cryocomer to outdoor manifold, 417E, 5 vac. spaces 

http:contr.ol
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~Note that the in~talled EC female bayonets/connectors are closed with vacuum­
insulated/PO-equipped males. Those insulating vacua and POs should be checked
as well.) 

Record all the data in the Cryo Logbook. 

7.2.3 Inst~1I t~e j~mper a~d. line up the valves in the foJ/owing order to pump and 
purge the liqUid nitrogen piPing. The pumped line here is between the LN2 dewar 
PV513~, a~d the outlet of the cooling loops, PV210N. Install the jumper lin~ 
443LN In stnct accordance with 10.2. 

.G!i1 P&P CLOSED OPEN 

N2 dewar PV513N MV543N 
_ mv559N (bypass) _ mv559N (shut-ofts) 

mv535N 

Cryocorner mv439N MV477N 
mv481 N (bypass) _ mv481 N (shut-ofts) 
mv485N (bypass) _ mv485N (shut-ofts) 
MV493N MV491N 

Cryostat PV210N PV201N 
mv217N PV202N 

mv216N 
PV1403N mv493N (capped) 

7.2.4 Run the tlex-line from the utility vacuum header to the pres/vac fitting at 
MV535N outside, near the LN2 dewar. Unlock and open MV535N and MV573UV 
and pump on the nitrogen piping from the N2 storage dewar (PV513N) to the 
cryostat condenser outlet valve, PV210N. Attain a minimum of 20 J.1 in order to 
eliminate the water. TIghten packings, flanges as necessary. If 20 J.1 can not be 
attained, close MV491 N at the cryocorner and pump on the nitrogen piping 
upstream of MV491 N to 20 J.1. The piping downstream of MV491 N may have to be 
flow purged because of small flow-through leaks in the cooling loop control valves. 

7.2.5 Unlock and cycle the capped MV493N and pumpout the trapped volume. 

7.2.6 After valving oft the pump, measure the ROR, and record it in the log book. 
Then backfill with GN2 to 1 psig as read on PT717UV (and checked with P1716UV) 
through EV714UV by opening MV727N. Close MV727N. 

7.2.7 Pump the line again to 20 J.1 and backfill to 1 psig. close and lock MV535N. 
and MV493N, place a cap on pres/vac flange, and cap and secure the flex-line 
end. 

7.2.8 Install the jumper and line up the valves in the following order to pump and 
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purge the liquid argon piping. The pumped line here is bet~een th? LAr dew~r, 
PV638A, and the cryostat cold valve, PV219A. Install the Jumper hne 440LA In 

strict accordance with 10.2. 

OPENLAr PiP CLOSED 

MV660AAr dewar PV638A 
MV658A := MV661 A (capped) 
MV678UV 

- mv667A (bypass) mv667A (shut-offs) 
=: mv668A (bypass) := mv668A (shut-offs) 

Cryocorner _ mv437A (capped) MV476A 

Cryostatl _ PV219A PV218A* 
Platform _ mv237A (bypass) _ mv237A (shut-offs) 

_ mv494A (capped) 

* The VP218A enable/disable key switch will have to be temporarily set to the 
ENABLE position for the duration of the pump and purge process. 

7.2.9 Run the flex-line from the utility vacuum header to the preslvac frtting at 
MV658A in the argon dewar room. Unlock and open MV658A, and MV678UV and 
pump on the liquid argon piping from the Ar storage dewar (PV638A) to the cryostat 
argon cold valve, PV219A. Attain a minimum of 20 Il in order to eliminate the 
water. lighten packings, flanges as necessary. 

7.2.10 Unlock and cycle the capped valves, MV661 A and MV494A on the LAr line, 
to pumpout the trapped volumes. Cycle MV643A (capped), mv667A(bypass), 
mv668A (bypass), and mv237A(bypass), as well. 

7.2.11 After valving off the pump, test the ROR and record it in the log book. 
Backfill with GAr to 1 psig as read on PT717UV through EV714UV by opening 
MV722A. Close MV722A. 

7.2.12 Pump the line to 20 J.1 again and backfill to 1 psig, lock closed MV658A, 
MV661A,and MV494A and place a cap on preslvac flange and secure the flex-line. 
The enable/disable key lock for I/P218A shall now be switched back to the 
DISABLE position and the key returned to the lock box. 

7.2.13 Install the jumper and line up the valves in the following order to pump and 
purge the gaseous argon piping. Install the jumper line 441 GA in strict accordance 
with 10.2. 

GAr PiP CLOSEP OPEN 

Argon dewar PV611A _ MV646A (capped) 
CLOSEP OPEN 
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MV643A _ MV648A 
mv677A (bypass) _ mv677A (shut-ofts) 

Cryocorner _ mv435A (capped) _ MV474A 

Cryostatl 
Platform 

_ PV214A _ MV483A (capped) 

~.~.14 Run the fl~x-line from the utility vacuum header, MV678UV, to the pres/vac 
fitting at MV643A In the argon dewar room. Unlock and open MV643A and pump 
on the gaseous argon piping from the Ar storage dewar (PV611A) to the GAr 
control valve, PV214A, at the cryostat by opening MV678UV. Attain a minimum of 
20 J.L in order to eliminate the water. Tighten packings, flanges as necessary. 

7.2.15 Unlock and cycle the capped MV646A and mv483A to pumpout the trapped 
volumes. 

7.2.16 Valve oft the pump, measure a ROR, and record it in the log book. Backfill 
with GAr to 1 psig as read on PT717UV through EV714UV by opening MV722A. 
Close MV722A. 

7.2.17 Pump the line again to 20 J.L and argon backfill to 1 psig, lock closed 
MV643A, MV646A, and mv483A, place cap on preslvac flange and secure the flex­
line. 

7.3.0 Cooldown 

The following procedures assume that both sections 7.1, Inner Vessel Pump and 
Purge, and 7.2, Transfer line Pump and Purge, have been successfully 
completed. Additionally: all the safety approvals necessary to bring cryogens into 
the assembly building high bay have been granted, EF7 ventilation fan (4,500 cfm) 
is running and EF6 (13,000 cfm) is operational and in standby, all trough 
bellows/ducting is installed and sealed as appropriate, the ODH monitoring and 
warning system is fully commissioned, the nitrogen warming purge is connected 
and flowing into the vent line (open MV498N), the overflow switch (TS232E) is 
operational and interlocked to the condenser inlet valves, the VP218A key lock 
switch is in the DISABLE position, and the nitrogen dewar is at or near its maximum 
fill level of 14000 gallons. 

7.3.1 At the nitrogen dewar check MV510N open and set the back pressure 
regulator, PRV530N, to vent the nitrogen dewar at 45 psig (60 psia) Turning the 
adjusting screw in, increases the set pressure. Raise the dewar pressure as 
required to make this adjustment. Put the LN2 dewar pressure build control loop, 
PV501 N, in automatic at 40 psig (55 psia) The pressure build loop will normally be 
active during this period supplying the large amounts of nitrogen required by the 
cooldown of the CC Cryostat. Watch the dewar pressure, PT501 N, to ensure that 
the proper operation of the pressure build circuit, and that the regulator venting and 
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pressure build operations are mutuallr exclusive. The LN2 dewar pressure should 
not exceed SO psia or fall below 55 pSla. 

7.3.2 Set the argon storage dewar condenser inlet controller, PICS12N, t~ a ~ew~r 
pressure of 25 pSia, and the condenser outlet controller; PIC615N, to maintain this 
loop pressure at 45 psia. Check MVS10A and ~V664A open to the pressure 
building coil and raise and set PICS01A to 20 pSla. Watch the dewar pressure, 
PTS53A to ensure that the vaporizer circuit is functioning properly and that the 
conden~ing and vaporizing operations are mutually exclusive. The LAr dewar 
pressure should not exceed 25 psia or fall below 20 psia. 

7.3.3 Confirm that the valve positions in 7.2.3, 7.2.8, and 7.2.13 have not changed 
with the following exceptions: CLOSE MV64SA, MV6S1 A, mv483A, and mv494A. 
Check and record that the inner line pumpout valves, MV535N, MV643A, and 
MVS58A are closed and the adjacent pres/vac fittings are capped and securely 
locked. Set the manual valves on the nitrogen flow meter to the cryostats to their 
"cooldown" positions. The valve positions are now arranged to support the CC 
Cooldown. 

7.3.4 Change PIC214A (makeup/vent) to MAKE-UP (reverse acting: no) mode, the 
clamped SP limit; low to 17 psia, and the clamped SP limit; high to 25 psia on the 
PLC loop page for cooldown. Set PIC214A in automatic at 20 pSia. Set ML611A to 
100% open, and check the pressures of the cryostat, PT230A, and the dewar, 
PTS53A, to ensure that argon storage dewar gas is pressurizing the cryostat. As the 
cooldown proceeds and the temperatures fall, PV214A will open as necessary to 
provide the gas needed to keep the cryostat pressure approximately constant as 
the gas density increases. 

7.3.5 Adjust the low clamped set points on PIC201 and 202N to 24 psia and 
PIC210N to 16 psia. This will help to avoid sub-atmospheric cryostat pressures 
and frozen argon on the fins of the condenser coils. Place both PIC201 Nand 
202N in automatic and adjust their set pOints to SO pSia. The condenser inlets are 
now set to cool the gas within the cryostat without condensing it. 

7.3.S Open the LN2 dewar to the cryostat cooling loops by setting ML513N to 
100%. Set PIC210N to automatically control the cryostat pressure at 18 psia. The 
transfer line is probably warm and it will take several minutes before liquid will 
enter the condenser. A decreasing pressure trend should be observed in the 
cryostat; recheck valves, pressures and line up if this is not the case. 

7.3.7 Throughout the cooldown, the temperature gradients within the cryostat shall 
be closely watched and maintained within the limits summarized in table 1. In 
order to decrease the cooling, INCREASE the setpoint(s) of PIC210N, PIC201 N 
and/or PIC202N. Some trial and error will be required to determine what the best 
combination of setpoints is for various phases of the cooldown. Conversely, if more 
cooling is required, DECREASE the setpoint(s) of PIC210N, PIC201 Nand/or 
PIC202N. Take additional care when the condenser pressure is set below 50 psia 
since condensation will occur on the cooling coil surfaces and large temperature 
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gradients on the module skins will develop rapidly. Avoid subatmospheric 
pressures and pressures greater than 13 psig, the cryostat relief valve setting. 
Note th~t control. of the cooldown rate is a constantly monitored function; the 
concern IS excessive temperature gradients due to a high cooldown rate this rate 
can ,be, slowed to zero nearly instantaneously. Alarms may be provided to aid in 
momtonng, but the cooldown must not be left to proceed unattended. 

TABLE 1, Temperature Gradient Limits 

MAXIMUM 
LOCATION QUALIFIER DELTA T REMARKS 
Intra-module CH 100K within a module 

FH 100K within a module 
EM SOK within a module 

Module end plates any two 100K each type; CH, FH, EM, 
any adjacent 20K each type; CH, FH, EM 

Module-Beam nearest Beam 2SK modulskin avg.nearest 
beam-beam avg. 

Beam-Cryostat shell nearest Beam 20K shell avg. nearest 
beam- beam avg. 

7.3.8 Activate the pressure, temperature, and level alarms and set up the historical 
trending of these cryostat parameters and the flow through the nitrogen line using 
the monitoring software. 

7.3.9 Make daily checks of the delta p across the filters on the LN2 lines to the 
cryostat and storage dewar condensers, and most importantly, the filter on the GAr 
line to the cryostat and record the data in the log book. If the delta p exceeds 1 psid 
on the argon filters and S psid on the nitrogen filters, plans should be made to have 
the line isolated, warmed, and the filter element inspected and cleaned/replaced. 

7.3.10 When the detector structural components reach an average temperature of 
100K (10K above eqUilibrium temperature) and the temperature gradient limits of 
Table 1. can be maintained, the cryostat LAr is "fill ready". 

7.4.0 Filling the Cryostat 

This procedure assumes the cryostat is free of contaminants and COld, and must be 
preceded by section 7.2, Transfer Line Pump and Purge and 7.3, Cooldown, or, if 
recently disconnected and moved, by section 7.2, Transfer Une Pump and Purge. 
If there is any question of the tightness of the transfer lines it should be verified by 
repeating section 7.2. 
The cryostat internal temperatures should be checked prior to LAr filling and the 
cryostat convection cooled, as necessary, before filling until the temperatures are 
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below those specified as "fill ready· in 7.3.10. 
There should be a minimum of 5200 gallons of LAr in the storage dewar that has 
been tested for purity according to section 6.0 just prior to filling the cryostat. If the 
argon is deemed to be unacceptable, it will have to be pressure transferred back to 
a ground level trailer transport (see 5.5). 

7.4.1 Valve positions and control settings to fill the cryostat are as follows: 

Fill LAr CLOSED 	 OPEN 

N2 dewar _ MV535N (capped) _ PIC501 N@45 psia 
_ MV546N (capped) _ PV513N 

PRV530N@50 psia 
MV543N . 
MV544N 
PV548N 

Ar dewar PV625A 	 _ PIC601 A@20 psia 
_ MV638A 	 _ PV611A 
_ MV646A (capped) _ PIC612N@25 psi a 
_ MV658A (capped) _ PIC615N@45 psia 
_ MV661 A (capped) _ MV648A 
_ MV663A (capped) _ MV686N, 694N (SS pos.) 

MV683N 

Ensure that MV617A Is locked open to the low pressure 
relief side (PSV620A, RD621A) 

Cryocorner _ mv435A (capped) MV474A 
_ mv437A (capped) MV476A 
_ mv439A (capped) _ MV477N 
_ MV483A (capped) _ EV480N, 487N (CD pos.) 
_ MV493A (capped) MV491N 
_ MV 494A (capped) 

Platform/ _ PV201N _ PIC202N@60 psi a 
Cryostat PV219A _ PIC210N@18 psi a 

OPEN 

_ 	 PIC214A@20 psi a 
PV218A 

7.4.2 Set the cooling loops, PIC201 N to 40 psia in automatic. Set the cryostat 
pressure controller, PIC210N, to 18 psia in automatic. This will enable the heat 
exchanger to condense LAr at a pressure slightly above atmospheric -
OPERATION BELOW THIS POINT MAY LEAD TO A NEGATIVE PRESSURE 
DIFFERENTIAL AND ARGON CONTAMINATION. Flow through the condenser is 
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automatically governed by the pressure in the cryostat. 

7.4.3 ,Increase the set pOints of PIC612N, dewar condenser inlet valve controller, to 
33 pSla a~d PIC6~1 A, the vapo~izer controller, to 32 pSia. The set pOint of 
PSV620~ IS approxImately 34.5 pSla. Check that the vaporizer and condenser are 
n~t run~Jng concurrently, and that the relief is not weeping. The pressure 
dIfferentIal should be sufficient to fill the cryostat 3/4 full at a reasonable rate When 
i~it!ally filling the cryostat the modules (avg. temp. approx. 100) heat capa~ity will 
"mIt the transfer rate to that determined by the condenser capacity. 

7.4.4 Place PIC214A in the MAKE-UP (reverse acting: no) mode and set the 
controller to make-up gas at 17 psia; this will protect the cryostat from experiencing 
a subatmospheric pressure by flowing gas from the dewar if the pressure 
decreases below 17 psia. Verify that the SP limits, high and low, of 7.3.4, 7.3.5, 
7.3.6, and 7.3.7 are in place on the respective loop pages before proceeding. 

7.4.5 Open the cold valve, PV219A, and open PV218A after turning the key lock 
switch for I/P218A to the ENABLE position (NOTE: THIS SWITCH MAY BE 
ENABLED ONLY IF THE AVG. DETECTOR MODULE TEMPERATURE IS BELOW 
164 K). Open the LAr dewar outlet valve, PV638A, initially to 5% and increase the 
opening SLOWLY while observing the cryostat pressure from PT230A is being 
maintained at its setpoint. Make adjustments to the PIO loops if necessary. The 
cryostat pressure should increase rapidly at first due to the surge of warm gas 
resulting from the warm transfer line. 

7.4.6 As liquid starts to accumulate in the cryostat, the level can be read from the 
fill level LEOs, EI250A, and level transmitter, DPT222A, that are monitored and 
recorded by the PLC. Record LED voltages every hour or so in the Cryo Logbook 
throughout the duration of the fill. Vapor pressure can be read using PT233A 
(upper), PT234A (lower) and PT240A (middle). The relative fill rate and an 
estimate of the instantaneous value can be obtained from the flow meter FM671A 
at the argon storage dewar. 

7.4.7 If the cryostat was recently drained (still very cold) the cryostat will initially fill 
at a relatively rapid rate. The fill rate will slow as the liquid level rises due to the 
decrease in transfer pressure caused by the static head in the cryostat. The filling 
rate can be slowed by decreasing the setting of LAr dewar pressure, PIC601 A, or 
for more immediate results, close down on LAr dewar outlet, PV638A. 

7.4.8 After the liquid level reaches about 8 psid, the liquid flow from the storage 
dewar will seriously slow or stop due to the loss of a sufficient transfer pressure 
between the storage dewar and cryostat. At this pOint, close PV219A and then 
close PV218A after 15 minutes. The rest of the liquid will have to be condensed 
into the cryostat. 

7.4.9 Set the cooling loops" PIC201 Nand PIC202N, to control at 26 psi a in the 
automatic mode. Increase the PIC210N setting to 20 psia. 



12October 23, 1991 CC Cryostat 

7.4.10 Ensure that PIC214A is still in the direct acting mode and se~ it in auto to 
supply the cryostat to a pressure of 22 psia. The dewar is. now suppl~ln~ gas to the 
cryostat where it is being condensed by the condenser coils to bUild hqUid level. 

7.4.11 During this final phase of the fill, close PV214A and tune the PID lo?ps f?r 
PI201 N PI202N and PI210N if necessary to minimize the pressure fluctuations In 

the cry~stat. A~ the ullage volume in the cryostat decreases, the effects of this loop 
will be increasingly faster. 

7.4.12 As the level approaches its final operational height, between the 8th and 
12th LEOs (one inch above the top of the CH endplate) on the top level probe or 
9.33 psid on DPT222A, compare the argon liquid temperatures as read from the 
VPTs, with the saturated temperature associated with the cryostat operating 
pressure (90.3 K @ 20 psia). This will should indicate the direction and magnitude 
of the volumetric changes toward the steady state, i.e. indicate whether the liquid 
will shrink or swell after filling. 

7.4.13 Stop condensing at a level either slightly above or below the final operating 
height depending on the temperature of the liquid. A final level adjustment may 
have to be made to compensate for the shrinking/swelling of the liquid. Condense 
into the cryostat or vent gas to the storage dewar until the temperature equilibrium 
operating level is achieved. 

7.4.14 Record the cryostat vapor pressure temperatures and final level in the Cryo 
Logbook. 

7.5.0 Steady State Operations 

7.5.1 In steady state operation, the argon storage dewar will be prepared to accept 
gaseous argon from the cryostat should the need arise. Reduce the settings of the 
dewar vaporizer, PIC601A, to 15.5 pSia, the dewar pressure, PIC612N, to 17 psia, 
and the condenser pressure, PIC615N, to 44 psia. Change PIC214A to the VENT 
(reverse acting) mode (increasing cryostat pressure increases the valve opening) 
on the PLC, and set it to vent the CC cryostat to the storage dewar at 22 psia in 
automatic. 

7.5.2 PIC210N should be controlling the cryostat pressure at 20 psia and 
PIC202N/PIC202N controlling the condenser pressure at 26 psia. Adjustments to 
the condenser pressure change the LN2-LAr temperature difference and the 
wetted area directly. 

7.5.3 The level in the cryostat should continue to be carefully watched immediately 
after being filled. Relatively small changes in fluid temperature toward the steady 
state value will measurably change the leveL Make level adjustments as required 
after an eqUilibrium is clearly demonstrated. Activate low liquid level alarm as 
indicated by the operating level probe. 
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7.5.4 Less flashing of the liquid nitrogen across the inlet valve, PV202N will occur 
if the .liquid nitrogen storage dewar pressure is reduced. Set the nitrogen dewar 
vaponzer pressure, PIC501 N, to 40 psia and adjust PRV530N to vent the dewar 
pressure at 45 psia. 

7.5.5 At the cryocorner, close MV4nN and switch the positions of manual shutoff 
valves to FM478N and 479N to the OPERATE mode. The nitrogen flow meter, 
FM479N, is now in its lower range to monitor the steady state, operate, flow. 

7.5.6 Check PS471 N, the GN2 purge manifold pressure switch, to confirm that the 
nitrogen warming purge is flowing through the restricting orifice to the vent line. 

7.5.7 The nitrogen manifold subcooling valve, PV1403N, position should be 
adjusted to 60% open in manual to assure a subcooled source to cooling loop inlet 
valves. 

7.5.8 The argon in the cryostat should be checked periodically for purity as in 6.0. 

7.6.0 Emptying and Warming the Cryostat 

7.6.1 
i.e. ; 

Maintain the same original steady state PIC settings as in 7.5.1 and 7.5.2, 

Controller 
PIC612N 
PIC615N 
PIC214N 
PIC202N/202N 
PIC210N 

~ 
LAr dewar pressure 
LAr dewar condenser pressure 
Cryostat GAr vent 
Cryostat condenser pressure 
Cryostat pressure 

~ 
17 psia 
44 psia 
22 psia 
26 psia 
20 psia 

7.6.2 Check that the valves in the cryostat fill/drain line are in the following 
positions: 

Draining LAB OPEN: 	 CLOSE: 

mv203A 	 PV214A 
MV476A PV219A 

- mv437A (capped) 
=: MV494A (capped) 

MV638A 
=: 	 MV658A (capped) 

MV660A 
:= 	 MV661 A (capped) 

7.6.3 Check that the LAr dewar pressure is 17 pSia , the cryostat pressure is 20 
psia, and open MV638A and MV660A to connect the LAr dewar to the outlet of 
PV218A. Open the cold valve, PV219A, and then open PV218A in 5% increments; 
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graduallY'increase the opening as the ~orage dewar co~de.nser demonstr~tes it 
can maintain a pressure less than 25 pSla. Note that the h~uld head 0.6, psi/ft, or 
about 10 psi, provides all the initial transfer pressure difference reqUired. The 
current PIC615N (condenser pressure controller) setting ensures that the pressure 
in the storage dewar will not drop below one atmosphere. 

7.6.4 Check the LAr dewar gas phase valve, PV611 A, open, and change the PLC, 
if necessary, to assure that PIC214A is in the MAKEUP (direct acting) mode. Set 
the pressure on PIC214A to 17 psia. This will put the cryostat and dewar at 
approximately the same pressure, leaving the head (about 10 psi) as the transfer 
pressure difference. Set the cryostat pressure controller, PIC202N to 25 psi a to 
allow higher pressure cryostat operation as the cryostat empties. 

7.6.5 The LAr drain flow rate can be obtained from FM671A on the PLC. The flow 
rate will be relatively large at first and decrease as the static head in the cryostat 
decreases. Flow can be increased by raising the VENT pressure set point of 
PIC214A to compensate for the loss of head. Flow can be decreased at anytime by 
reducing the opening of PV63BA. 

7.6.6 Since the bottom of the cryostat is only 14 in. above the centerline of the 
dewar, it will be necessary to make adjustments to maintain a transfer pressure 
difference. The normal heat leak is just about that required to maintain the cryostat 
pressure as it empties. If it is is necessary, or significantly faster, the heaters at the 
bottom of the cryostat can be energized to pressure transfer the remaining liquid. 
Heater operation is described in 10.5. If the incipient heat. leak is sufficient 
proceed to 7.6.9. 

7.6.7 Set PIC214A to 25 psia. Set EH220A power to zero and turn on. SLOWLY 
increase power until the pressure in the cryostat is maintained at a constant level 
below 25 psia, the condenser controlling pressure. 

7.6.B When the cryostat is empty (cryostat and LAr dewar pressure difference 
disappears, flow drops to zero), close PV218A and after an hour, close PV219A. 
Turn the VP218A key lock switch to the DISABLE pOSition and return the key to the 
lock box. Maintain the cryostat pressure with PIC214A set to VENT (reverse acting) 
at 20 pSia. Secure the cooling loop flow, close PV513N. 

7.6.9 If the cryostat is to be moved to the collision hall at this point, then proceed to 
chapter, 10.3, Moving the Platform. 

7.6.10 If the cryostat and contents are to be warmed, continue to follow the rest of 
the procedures in this section. Heater operating procedures are found in 10.5. 

7.6.11 Follow all required safety guidelines related to the use of 20B/480VAC 
power. Increase EH220A power to about. 10 kW in small steps. The temperature 
gradients limits of 7.3.7, Table 1. must be observed just as they were on cooldown. 
The gas generated in the warming process, about 1300 scft, will be driven toward 
the storage dewar and condensed at 17 psia. 
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7.6.12 Temperatures within the cryostat MUST be continually monitored while 
making adjustments to the heater power. The anticipated limiting concerns are the 
skin temperatures just above the heater locations, see dwg. # 3740.510-ME­
255523, and the beam-cryostat shell delta T. Under no circumstances should the 
warm up proceed unmonitored. 

7.6.13 The diffusion pump may be secured by closing the inlet valve, PV225V, and 
securing power to the DP heater. After 30 minutes, close PV221 V. 

7.6.14 When the average temperature of the modules in the cryostat reaches the 
temperature specification, the heater EH220A is secured according t010.S. 
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U FORMS AND R-l INFORMATION PAGES 

The ASME U-l. U-2. and U-4 forms are included as part of 
an D-Zero Engineering note number 3740.214-EN-265. 
This engineering note is included in it's entirety in the following 
pages. 

The R-l form and documentation regarding the reattachment of 
the CC Cryostat heads is included in D-Zero Engineering note 
number 3740.214-EN-266. It is entitled "Data Report 
Documenting the Reattachment of the CC Cryostat Heads" 
originated by Rick Luther. Due to it's length. only the title page. 
R-l form and Certificate of compliance are included in this 
document. These pages follow the copy of EN-265. The entire 
engineering note EN-266 can be found in the D-Zero engineering 
note file. 



ASME Code Data Report for the CC Cryostat 

Engineering Note # 3740.214-EN-265 

Issued: November 6. 1990 

Originator: Rick Luther 



C Fermilab 	 Fermi National Accelerator laboratory 
P.O. 	Box 500 • Batavia. Illinois • 60510 

November 11, 1987 

Mr. Joe R. Sloan 

CBI Na-Con, Incorporated 

24137 H1th Street 

Plainfield, lllinois 60544 


SUBJECT: 	ASME Code Documentation 
CC Cryostat Head Removal and Replacement 
CBI Na-Con Contract C70708 
Fermilab Contract 938570 

Dear Joe: 

Attached per your request are the ASME Code Da.ta Reports for the CC 
Cryostat. Included are: 

• 	 Form U-1 for the inner vessel of the Cryostat. 

• 	 Rubbings of the Code nameplate and the duplicate nameplate located on 
the top of the outer vessel. 

• 	 Fon:ns U-2 for the heads for both vessels (inner and outer). 

If you need any additional documentation please let me know. 

Very truly 	yours, 
~ 	 7 

~-4!~~ 
Richard D. Luther 

DqJ Cryogenics Engineering 

Mail Station 357 

(312) 840-2322 

RDL/hs 

cc: 	 Mulholland 

Luther/File: CC Head Removal/Replacement 




30093
FORM U·l MANUFACTURER'S DATA REPORT FOR PRESSURE VESSELS 


As Required by the Provisions of the ASME Code Rules, Section VIII, Division 1 


1 . 
Manufactu.ed and ce't,t'ed Ov ~R~ic~hm~oUnyd~ L~ X E~q~uLiup~me ~~ a~	 D~e~1~p~h~'~~~IN~~4~6~9~2~3~-~ O~~ ~~n t C~o~m~p~n~Y~1~H~w~y~2~5~S~o~u~t~h~1~ ' 

tN.~ end aod'e~'I 01 ,"~I"IUI.ctu'ef' 

2 . Manu tactu' ed to. ----.!:F~e;...!r...!Jml!..iL....!N~a"_t~io~n!..!..5!..a..L1~A~c..!:cse,-!l.se,-,-r~a!...!t::.!:o~r,---'L~a~b-,-,......!...P."-.::::.0..:..~B~oC.!:x:......::5:e::0~0~1_B~a::..=..ta~v..:..i.:::a~.--.-::Ic..=L,------,6~O~5~1O~_____ 
tN.-me lind .l00I1f" 01 Oufcn.'ef, 

J. Location of installation ___--'S!..a9.!meJ.!!:~_____________.~---~-----------------------------------
IN.m• .Ina .<I&n1o. 

4. Type Hod z. Jackt. Torus 
I"'........ "" t._. __~3.J.\0.J.\O..L.9;;...3..l_____ 

10._1 

087-0058 3688 
.",•• t &cI "". I 

1987 

5. 	 The chen1ica' and phV~ic.a1 prop.rtlH of 311 p.art~ meet me reouarements of mat«ia. soec.fications of tne ASME Boiler .and P'H",ure Ve-'uel COde. The deslf:Jn 

connruction, and workmanohip conform to ASME Rules. Section V Ill, Oivi.ion 1 __..!W!!..!i..!nc.wt~e,,"-,r'--"L-...!1,-9~8~6~_____________________ 

Winter 1986 
eo... c..... JrriI • • --, 

Ir.ms 6-/' incl. 10 b~ compllll.d fo, s"'9'~ ..,.II.~uels. ,ack.,s of i.ck~l~ .~u~ls. 0' sh~.U of h~al e.chan9~'s 

6. 	 Shell: Non-Code 
Cou "1&.0- '''',1 0...-. I O . ,,,. "'" 

7. 	 Seamo: 
R. T ,s...,_ ,. .... , 	 Elt .~ "t ~ .. _ , ~ . 

...... ­ '----. 

8. Head>: lal MatI. ____________:­ __--;: ­ _____________ Ibl MatI. __________-;:­ __---,,____________ 

tSC)eC No. G/.ldel .SDC'C No G,,,a..1 

I 
l..oc....o"Hoo. M.,,,mum Ct)fJO~~ Crown KnuC"Ie EIhotIC.' ConlC.l1 

I 
"em,..,...,. "'0' I Fl•• ! :;,0. 10 ~,~"w,. 

Bouom. E ncbt Thd"-'ls AUo...nce 

R__ 

R~I"s R.ltO ~U4a A""'Ite R~lul D'imet" 'Co"...... Of Cone.l",, ·, 
I 101 I i I i 
I Ibl I T I J 

F 

If removab'e. boltS used (describe other fastenings) __________________--:-:---:-::-_-:---:::--::-_~---------------
IMIII Sp.« No Gf Sl/~ . Nfl I 

9. 	 Type of Jacket _____________________________ Proof TeSt _____________________________ 

10. 	 J.acket Closure ____________________ If bar. give dimenllons ____________________ lf bolted, det.ctlbe or SkelCI" 

(OHaIDe a. oqee &. welQ. WI" , .IC .I 

11. MAWP ______________ p.iat ""'". temp. ______________ oF. Min. temp. Iwhen len than -20' Fl______________' 

Hvdro., pneu.. or comb. tH pre-ss. ________________________ Psl. 

Ir~ms 12 ~nd 13 (0 b~ completed 10' rube seClions 

12. 	 Tubesheen: ______________ 

S, .. "on ..,,, M .. II ,Sun: No GI I No.u rna Allo- "n,III' I CUll 

0 ••," I,n f 	 Con .\114 ..... It"' I 

13. 	 Tub~ : 
Mol" fSpoct"f': N~ G" CJ:J ..n I 

Item$ 14-17 Incf. to be cDmDIt!led fo, Inne, cn~mrJe's a//ackefed IfPJse/J 0' Cnanl1e/J of "ell' e~c"~n9P's 
1... " 14. Shell: SA240 304 ,625 __.l.IO'--__ 16' 	 6' 7/8"'-1 

..... u ,~. 1110. ~...... ""_ r.... .. ... . t.:.._• .:.,_._. :)_'0 . ........ 	 .. - ........v.-_....... I 


Db 1 Butt 	 None 70%15. S~ms: 
104' .,~_, .."' 	 l"' · ' 

Sng1 Butt 	 None 1 

16. 	 H .... dO: lal M.,I. ___..:S:.:.A.:.:2:::....:4..::0~~3;:O~4~-:---:::--__________ (01 MaOl . __________________________ 
15~c ""l) . G • ..o1llr1 I SO~ ""0 ul ..u~1 

LO< ..I'Q4"4 I Too ~""""",um ("'Ho~ ....tn ·.-..In...-,.· I ......~.",.,....'IC ... I .... 1__ ' c.. p.-"'I~ ..,. 


Bonom EnG')1 J.II"_.'......·~ .... ~..;., ...:. R .. ",,,,, 11~". '.r C :. :"'f""~"'" 


to, 	 : Ends 7 fINom 5/8"i 	 2 '0" & . l' 7/8" 
! i 	

lf~" : ~~----~----------------
I' ,ctT10vaDle. bOilS usra t<J~crIDe o,n~r t,J\ten.nq1' 	 ~ 

~.... ~~__ ... . ..... ~ " "~",,, I 

30 	 100 -32017 . M AWP _____________ " ,. oIt rn.", . tlli!rno . _____________ F '\.-1." It!'rnu . . ... n..-n 1@1o' (holn .]0 r:, ______________ 

)l-.K,~x::'. nr1C!u . oJ(J<u)b)b)( (t~." Or@lo' ____J-'JO.l-----_________ ;," 
( 1 Z / 821 

http:phV~ic.a1
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FORM U·2 MANUFACTURER'S PARTIAL DATA REPORT 

A Part of a Pressure Vessel Fabricated by One Manufacturer for Another Manufacturer 

As Required by the Provisions of the ASME Code Rules , Section VIII, Division 

M anufacruredanc;lCilrtif iedby Th e Stacey Mf g. Co ., 259 Township Ave., Cincin nati 
' ''''_ ..... ....,..... __f..n_.. J 

Ohio 4521 6 

2 . Manu lactu,.d 10' _ ___R_i_c_h_mo_n_d_-_L_o_x__E_q!....u_ipL...-m_e_n_t=---.;;C.;;O:...:.~,!..-.;;D.:e:..:l~p:::h=-=i:!,:::::~1n~d=i:::a=n=a7'-_4.:..6~9..::2:.:3~_ _ _ ____________ 
IN ................... .-......... . 

J . Location ot installation_____ Not ___ known ________________ ___ --;:;;::=-=-==:;­ __________________________ 
I~ ............... , 


Horizontal Tank4 . Tvpe ______~~~~~~~~~_______ 6308A ____~__--0-43A53 R.2 ____~~------- 1987I......... _ .... I ~ ...... 

teRN' 	 INa", 84 . "" • . ~ I y .......
(Orr....-...... 

5. 	 The chemical and phvsical prop.... i.. 01 all Parts m ... the reQuiramenu of ma,erialsoecific.tlon. of the ASME BOILER AND PRESSURE VESSEL COOE. 

The design, construction, and wori<mamh ip conform to ASME Rul.s, Section VIII , D lvllion 1__...:..1~9!..8:::..:6:!...._______......,,-------------_
'.N 

December 31, 1986 
~ _____ UG-11OWI 

The Stacey Mfg. Co. 	 16'11-3/4" 00 Half Torus '~ 6. 	 (e} Or.wing pritpared by·_________..!...__...::.__________ (b} Description of p.rt inspected _.:..:=-...:....~......:::..!.....:...._...::...:::.._:.:..::::....:..~.....;~.!....:::..:~__ 
7. Ponw.ld h •• t treatm.nt: T.mp. ____-==-__________ oF T im. __-=-_______ 

leems 8-13 incl. eo be completed for single willi vessels, jilckers 01 jacKeted vessels. or shells of heat exchangers 

8 . 	 Sh.lI: 
~1.O. lh" ... ' . L....... ,-",_I UI" ... . 1 


9 . 	 Sums: _.. '--
L...... IWId.. . Ot.t •• A.T. ISMt .. fuUI lll . I'1.1 H.T, Ie"... i'FI 	 G"dt tww_ Obi .. A. T. Is.... , ....... 

~.. UO.Ik"". 	 .......,
S ....... l . . ..". 


He.do: (a} M.,I. __.....;Su:A;l,,21..:l4..1oQc.::-:...3.LO!.L.:l4~:'.:..·_______________ (b} Matl. ___i......___________________10. 
I S ..... ".• . c.... 

I l~I.. Hoo. "­ Cot'01I101'1 c...... t("Udl. EllfO'.a.I eon_ -_.... fI.. 1 s..."ftMIIf. 
8oUOff'. Eo".".. rhidcl'llnt "'_..... R_ R.Id;u. R.... Age."""" R-.. 0_.. ,eon..... Conc.a.... 

.} End Nom. 1/2" - 17',-7/8" I t'1-Q/1';' ',.1:; _0/1';11 , - - - TrAn,.. "", .. 
) - - - - - - - - - 1 -

11. TVpeofJacket __________________________________________________________ P'oof T••'~_________________________________________________________ 

12. JacketClosur. ________________~~~----~--~~--~--------------... lf b.r,giv.dirnen~jons ______~________________________________~___________ 
IO'-" ............ ..,. • Ic.1 


If bolted, d.scribe or sk.rch. 

IJ. MAWP____:...____________ p.iat mal(. '.rnp._______________...·F. Min. ,.mp. (when I... th.n -20° FI _______________oF . 

Hydro.• pneu., or comb. test presL _ _______________________________ psi. 

leems 14 and 15 to be completed for tube sections 
14. Tub.sh_ts; _______________ 

IU4--. .... Is.-.. ..... wJ ~ I.JIs..-..n ,.....-.. .,.... tWN ... ....... 


C.,.,. AI ..... , ..... ,~I_I 

15. TubH: ______________~~--~~--~--~~.-_-,-------------	 .... Ty~I......-. .. .. V ·, 00. '-.1 ,...... r .... c-. .......... 


/(ems 16-18 incl. eo be completed for inner chilmbers of iM:keeed veuels or chilnnels of heIr exchilngers 

16. 	 Shall :-'~__________:_:_____:_:_--------­
........ ~ ..... C. .I N......... . '''' .1 0 ..... 1.0. 1·.....- L-.a ~"'I"" ... 1 C.... A..... "".' 

17. Seams; 
H . . .. C __ 

l ..... , ..... .. 0 ... . " f . IS...... 'woWl lft. "', H f . , ..... t " 	 C...", .".. . 0 .. . A' .1.... " ......., 

s.-tt.,. .... ..... s ...... l. ... ...... 1 ..,... 

lB . Heads: (a} M.tl.---------------::.o.-..:---:::...--:::-_:-7.----'---------.- . 
C

R__ ....c._CQjlfG40lCWt s",,,,, .. ,·"~ •M_ (U..... c..l C-.. tw.... ""'" ICMlOCMoOft 1'00. K"""'C"~ 

r 	 tCO'WW_ .. C~IHod_ o~ ....A.11iaw~ R_ R....Ttld",.." A".,. .........
80"0_. Enoch' 

I I - -- - - - - ---
~- - -- -- - -I ­

'f "'~",""v"hlilt ~ .,I t ~ u,~ 1 ~~1C"lh~ 0("." t"~1."'I"''''C' _ _____-=-________________ _______________________ ------ ­

\ u01,( 12182) 
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FORM U·2 MANUFACTURER'S PARTIAL DATA REPORT 

A Part of a Pressure Vessel Fabricated by One Manufacturer for Another Manufacturer 


As Required by the Provisions of the ASME Code Rules. Section VIII. Division 1 


The S tacey Mfg. Co ., 259 Township Ave., Cincinnati Ohio 45216 
1. Manu t ac tu red and cend ;ed bv __~~=-~:"'::-=-:":=-'--':":':""::"':-':'::"':~-:::":::""::~"':"':~..~.~_~_~_~~,~'::-:..::-::=~,~=="::-,:-="':"':":":::"':":":'.:...:.:::..:::....:-'-_:::~~__~~...!..C~_____ 

Ri c hmond-Lox Equipment CO., Delphi , Indiana 46923 
2. M~nuf.ctu'~ for __~~~~~~~"':"':~~~~1:~~~~~~~~~~~~~'N~~==~~~~==~.w::.~,~::~~_~,_-~~~L------------------------

Not knownJ . Location of install.t jon____~~=__~~~'_"_'______________________;:,...:::_:-::_::::-_=.::ft::.:-,-------------------------------- ­

4 . Hor i zonta 1 Tank _ 6308B 	 0-4 3A53 R. 2.__~-:-:-:-~____
Typ._.:...:.::...:~~~~~~~~~~______ 

IHOI'w . ....... .. , .... . 1M'., ' , ...wt NO. • t r..", (C RNI 10'........ I IN... ' . .... No.1 


Th. chemical and physical propertin of all parts me.. the reQuir.ments of material wecifications of the ASME BOILER AND PRESSURE VESSE L CODE. 

The design, construction. and workm.nsnip con't'orm to ASME RutH. Section VIII, Divi'lion 1__---lJ_9;J..j.8L l.L.6 _______......,,.-______-'-_______ 

5. 

.... 
December 31, 1986 

~..,... "'"UG· l20WI ,........ 10.... ' 


16'11-.,/4" 00 Half Torus";Th C; f 1':6. la) D r.wing prep.red bV ___L.L.J"'e:;.,.._.......t~aa.J.c_e"""'yl'-.JM.:u"'g':r_--'........OL.....-----_ (b) D esc: rip tion of part in"'ec-ted _...:..;:::.........:....!.._../.l.L_--...:_--...:~!_.!..!;2..L.!_-',~·_.Ll_Wo_l.,;_2....__ 


7 . Postweld hut treatment: Temp. __________________ oF Time __---'=-______ 
Irems 8-13 incl. to be completed for single WiJlI ves~/s. jiJckers of jiJciceted lIessels. or shells of hear exchangers 

8 . Shell: 
Mnl. l.SQec.. No.. <;.... 	 0-.. 1.0 . 1"10 ..... L...... """.... U." .... 1 

9 . Seams: 
L..... tMd.. , ObI .. R .T. I$DOOt., fulO ift. I"1 H,T . 1,.,... 1 fl TO- GOfttt IW~ .• ObI " R. T. Is..c. , ...... .... .. e- ­
$tI9 .. Uo. &Un' S"",.. L.-.8wnl Of' , .... 

Heads: (a) MatI. SA240- 304,',10. (b) Mot.. ------------------------.,, __ . G=-,-_--,-------------------- ­' S=---:-:N.--

I loauon CTop. M"""",,,," CorfOiIOft ·0..- Knuou. E l llotloQl ConOUO ~~K.&I F'.. I 
So<WN~. 

\ 
Bouom. Endd Tho",", Ala.o-~ R...... A~IUI RH'" Apn Anq,. R...... 0_.. leon...Of~' 

(a) End Nom 1/7' 7'~-7/8" 11' 1 ·Q/1h' -". t:_Q/1 h" I rr.n ... ", '" 
I) I €J 

If removabl•• bolbU~ Id.scribeotherf.stenings) ______________________________________~~~--~~~--~~--___________________________________ 
1M. ..... Sopec.. ..... C..... we, Net.1 

11 . 	 Type of Jacl<et _______________________________ Proof Test ___________________________________ 

12 . Jack et Clo.ur.------------;,n:O'=...:::_=-=ft:-:_=:-:.:--:_=.-:...- .:-:....::-::-.-----_____ If bar . g ive dimensions ___---==---_________________-'-_______ 
If bo'ted. dnc:ribe or sIt.tch. 

13. 	 MAWP______________psi at ma". temp. _________________oF . Min.•emp. (when less man _20° Fl ________________o F . 

Hvdro•• pn...... or comb. test prns. _______________________________ psi. 

Icems 14 and 15 to be completr:d for rube sectiom 

14. 	 Tubesh••n: -----:s:-'--.----:-:--.-':-S---N-.­... ..... .... . :-c,-.l---
O... IIf\.I'~'.~1 ...... TIMl " " .1 Con, Auo.. 41". 1 

A_
0...,., ...... 	 ( .... AI.... I"". I 

15 . 	 Tubes: ---------------,,.,:..,.- ,,-=C,,-_--,------------­... . _----Ho-­ o D. I ...... H_'...............' 	 r............. _·v·1 
-
Items 16-18 incl. ro M completr:d for inner chambers of ;acketed lIeuels or channels of hear exch~ngers 
16. 	 Sh.1I :_________---.,-==--____________....:....___ 

..... Is.-.. No.. c. .) 	 D.._ . 1.0 . lit .... , L..............'U...... , 


17. 	 Sums: 
l.",. IW~ . 0 .... . A' [S..,. ... '\It" l'" 1....1 H' f ...... 1 •• G","'A~ 0 ... A , .1...... .......... ,.,.. .. c_... 
~.. L_. ~u. .. ,....~ ..... . L.". hUI 

.~ ~ Hr..:x:!! : ' __ ' MiII,l . _ ___.,-________-.,..,_-:-_~-------------- (b) Mat". _ " ' - .;~ 
t SIofH . .... . C . ....1 . Iw.c. .... . (,t. .... 

,
M_ C",,,,"O'otW'I Cu_luc.,1Oft ITau. c;........ ~'UfWor oe.1E11."' .....1 '1.. S.... to,,·".......
K"""II." 

At ........ 4lAC f'
Tho<1a.wn A...... ,B.,nom. ENftI D_~~..,..... A ...... A....onA.lou I~_. 00 Coo><-I'IA ..... "',I 
I (.) I ­ - - - - - - - --.. -- - - - -I - -- -'" 

If r~mOv.ble , Dolt. used CdetcnD. Oth~f' f~uen'"9'" -	 .~ 

'''nt 	~. Ho \0 ....... \.0,. No.1 


( 12/62) rh" 	 form It.00110) mav oe oo • •• neo trom fnw u'o~r Ot:V1 . ,,",~;...IE , 34';) c . "'J,n !) t .. .. ..,,~ \ 001. 

http:Tho<1a.wn


___ _______ 

__ __ __ __ __ __ _____ 

_____________________________ _______________ ____________ __ 

-''--'-7.5 --'-_ J/.~ 

~ £(.f<r. ~7 c:< 

FORM U-2 MANUFACTURER'S PARTIAL DATA REPORT C?/{t/ 
A Part of a Pre1sure Vessel Fabricated by One Manufacturer for Another Manufacturer 

As Required by the Provisions of the ASME Code Rules, Section VI/I. Division 1 

2. M.nutacNr~tor R_i_c h_mo n d_-_L_o x E_q u_i~_me_n_t C_O_~ D_e-Cl~p~h~i~.~I~n~~di=a~n~a~__ ____ __________________________ __ ____ ____ __ p__ ___ ••__ 	 4_~69~2~3~__ ____ _ 
1"'- _ -....- ........__ , 


Not knownJ . 	 Loc.atlon of inUIIII.Ulon._ ___....:::....::........:.:...:..::..:.:...:..:____ ____ ______ __-;;;;-:;;;:::::::::;-_________ __________________ 


I~ ..........._' 


4. 	 Typ. __~H~o~r~i~z~o~n~t~aLl~~I~aun~k_______ 6309A 0-44-A53 Rev.2 
----,c:-.=-..-,---- to ....... ,..... -----'..:-M-·' "'....- . _-.-, ---- ­

l 'f ......... 


5. 	 The chemical and phvslcal propet't,ft of all oartl meet the reQu.,.me"n of mllt.',a' scec,t icatlon'l of tn. ASME BOILER ANO PRESSURE VESSEL CODE . 

The OnlfiJn, con'ltruc:tlon . • nd workma""";'lp conform to ASME Ru'es. Section VIII , DiVision 1 .l.J...:9;u;8u6.l... ~--------------
v_ 

December 31, 1986 
"'....... '0... ' c-c.- ... s.-..,...-_ ... UG-I2'OWI 

6. (~) Dr~w'n9 prepared bv Th e S_t_a_c_e.....:y M_f-=g~. CO • (b) DescriPtion of part inlOected 16 I 1-1/2" DO Ha I f To ellS * 
7 . Ponwe:'d h~t treatment: Temp. _________________ o F Time ____:-_____ 

Irt!ms 8-13 incl. ro Ot! complt:rt:d for singlt! wall vt!S2ls. iackt!u of iacKt!rt!d vt!ut!ls. or sht!l1s of ht!ar t!xchant}t!rT 

8 . Shell: 
""_. f'-II . I .... 1 

9 . S eam'l : 
L~ t~ld .. Ot.oI . ~ . T I~, 01 fuN' E.... no1 C .-". Iwt.cI . . ObI .. ~ . T. cs..•. ".'• . ..... .. c--
Sn9_ L..t4J . ""'"' """' .. L ... .."1 l1l'i'1"... 

10. Heads: (~) MAtI. (b) M .. tI. -, 

Is..c. lIMo. . G...., 	 l.$.ooelt.. No.. C....,_oao
I log.oOft IToo. ....-. ­ c,...... J(nuca'- EuoOllU' Fl•• s.o. to Pr~tw".C""... ­ eo...... ...._­n. .........
eonom. End'J Rod_ R....... 
 .DI'.~_R..... R.-dl~ 0...-... 'Cof,..... .,.~1! 1I 

.:-r(a) I ­ - I ­- - - - I ­
-(b)l ­ -- - - - 1 ­- i ­

IfremovaD.e. bolt'us~'deK'ibeo~erfastenjn~. 	 , ~~~~~~-~~~_~~~. . 7~-.-.:-~-7,-------------------_____~______-------~ _ - .

11 . Typ.of JAckat _______________________________ Proof Te.t ________________________________ 

12. J~ck.t Closur. ________....,,~------.,.....-_:_-------- If bar . give dimension'l ___..:...________________________ 
Io...a.... .......... t... • -..I 


If botted. de-scribe or Pc.etc" . 


1 J. MAWP·______________ psi at mAX . temp. _______________ F. Min. tCimp . (when le-s.s trlAn -20~ F) ______________0 F . O 

Hvdro.• pneu.• 0' comb. tnt preu. ____________________________ psi . 

Itt!ms 14 and 15 to ~ complt!reci for ru~ sa:tions 

14. TubHh_n: _____________ 

An.dI 1...... ...-.... 

0_1_' 

15_ Tub..: _____________________ 
..... u.-.. lIMo.. G._I ...._,"-\.HI.........' 

/tt!ms 16-18 incl. to ~.&ornplflt't!d for inflt!r chambt!rs of jackt!red ~t!s:st!ls 0' channt!ls of ht!Jlt flxchangt!n 

16. Sh.II :------- -u-.-:--_- ......., . ,..-=-,----- ­ 0_ to .f' ......1 	 t. ............... ' ....... 1 


17. 5e.mo: 
l.~ I ....... DtI-I. R , IS_ •• ~ ...III 	 0" 
 .....1 c_""

(" '-.' '_If. 
!,.oo_ 	 ......, ",",,,,s....... L... &wf" 


S O18. Heads: (~) MAtl . __,u:.A\.j2:.;4:u.L.-.....3t.>O,,-4..!-,'_,--.,--.,..-.-.c-,------------- (b) MAl" ___________, .,.>-<_.,.._._~.,...•-_....,.-,___________ 

r L0C4100ft t Too. .._­ eu.,'O\oO" c'ow.. 

I 
I("uc:.~ 

I 
t tloUflo(..M ~Ol'oC:_ .....-.~'"' .., 

I 
~ I •• s· ... lu P • .-._. 

8 u lt0l" Et'tO\' T ~ o<.","' ..It.1~4Ift<. "....... qN_' "..~ ..I,~. A"""" q.4o'''''~ o·~,~ 1t.,; ..J.I'I ..... ., c~., 

I (.) T End Nom. 5/8" - 712-1/8'~1 '0"&1-7;(8"'" - - i - I - -
.,,j - ~ - - - i - I - - i - I - -

-



__ 

- -

FORM U-2 MANUFACTURER'S PARTIAL DATA REPORT 


A Part 01 a Pressure Vessel Fabricated by One Manufacturer for Another Manufacturer 


As Required by the Provisions of the ASME Code Rules. Section VIII. Division 1 


The Stacey Mfg. Co., 259 Township Ave., Cincinnati Ohio 452 16 
1 _ 	 Manu tOle tu red and certlh~ Ov _________~__-=~___._:...__.....::.______._:...____,_---.:.------------------------­

1"'- .................. _'.e,,,'." 


Richmond-Lox Equipment CO., Delphi, indiana 46923
2. M~nutactured tor ____~~_________~_~_~_~~.....::.~l_.....::......::.~=_~~_~.....::.~=_~___~~~_________--------------- ­

(H_ ................ _c__ 1 


Not known
J . Loc.atlon of ______________________________________________------------------ ­in~lalloitlon 

IH._ ................ 

4 Type 
Horizontal Tank 
-=-~_-=-,_"~_=_~.::~~.•-..- ...::_-:,---- ­ 63098 0-44 -AS 3 

---- ­ ,-c-...-,---- ­ 10..--.. Ha I 

Rev _ 2 
---- ­ ,-:­..-.,-:,-..:-------- ­

1987 

S . 	 The chc'"lc al .3nd phV1olca' propcrtlC"S ot OJII paru mee, the reQuiroments of mAt.,.•• soecitiCOl1l0nS of lite ASME BOILER ANO PRESSURE VESSEL CODE . 

The de1.ign, conuructlon, and workmaO'sh'p conform to ASME Aules . Section VIII . Dlvislon 1 ___'L.-9L8\..Ll6..L________::-______________ 

December 31, 1986 
~ ... _ ... ..,..uG ' l'OW' .............0 ...' 


The StaCey Mfg Co · 	 16'1-1/2" OD Half Torus " 6 . (,,) 0 r ii""" n9 prepare<:1 by_....:-~~~...::.;=:..:::..J'--.:....:.~~·_=L.!.______ (b, Oe..,rip tion 0 f part in ,peeted _---'~_'--'-L_-=-_~~__!.!.S!:...!._.!.____"_.l._L_L.l._L_;L:.:...__ 

7 , Ponweld he.t treatment: Temp. _________________oF Time ____________ 

Icems 8-13 incl. co be complered for SIngle wall vessels. jackers of JacKered vessels. or shells of hear eJCchanQers 

B . 	 Shell : 
Cou 01.110- .... f D . ..... . O . lit .... , 	 l~ 10-• ." .t." ""' .1 

9 . 	 S eams : 
L~ tV'~ltf . ObI .. A . T. Is.,- .. ,- ..Nt (fl . t~ I-t f r.,.... I " Cu ," 1'·.... . 0.,. . A r . IWet . '.t_. ".. . .. c-.... 
s..,. ., u., ..."' S..... 1..40. 8"n' ., ,...., 

, O. Heads; ' a' M~( I.. ---------------~IS:---_--... M.tt. ,'-<:-_,,_.__.... . -=-_--,----------------- tb) ________________ .,,_._-,-------------

eu,."n-.JIII1lex.. ' ' '- (TViI , 11(,0401""'" f,.., S .. ", kJ P'.'M...• 
Sullt"" , t..,.,hl R....... 
 O ·~_ I(ut....... uo Coo~,
I 

J) I J 
\ ') 1 1 

1 1 . Typeot Jackel _________________________________________________ Proof Te.t _______________________________________________________ 

'2. Jacket Closure -; .. ..-_-.::-:-:-. ...	 =-________________________________ ,;::o.=,,=,::_==-_=::-7 .... -.--,-------- If b.ar . g ive dirnen'1ionl ___ 	 _ 

1J . MAWP __________________p.i ., rna•. temp . ________________ F . Min . (en'p. (when le-ss (han -20 ' F) ________________ F 

Hydro. • p neu . • 0 ' cornb. te-lt press.. ______________________________ 1-ai . 

Irems 14 and 15 co be compleCed for rube secrions 

14 . Tubeshee..: _________________ 
~I ..._., till ... . I~ H •. G, • 	 11 ........1 


( U" Alto- .... .,.~'.........'I Is.... H. G.I 	 .'._ '''.1_1 


15 . Tube.: __________________________~-----------------
~... Is.-. H • .• c,;..... 1M 1,.. '''''' .......... 1) '' ' 

irt!ms 16-/8 incl. ro be compleced for inner chambt!rs of jackered vesst!ls or channels of hear t!JCchangers 

16. 	 Shell: _________________ 
....... . Is.e-.. N • . c.) e.., .....- , .... 0 ..", .0 II,,, Oft' l ........ -..-.-Itt,,, .... , 

, 7 . Se-3m~ : 
JIroI ....1 ( ____,,,M' I~_'" lo.ojll MlII·~II''''- .""""s-. . , _ A" I" 

,~ . HeadS: la) M~II. __-'-.J<;·r~".C!L=-·-"~~U~-___'~_"UL~_" ;·; _____"7:"_:_----------------- Ib) "'1al' .· __
's- H. ~' '''''''I 	 '~Noo.V"" 

r. .... . _ ... ..• . _ ,0, ~...........
I ....... · ..
L."'~,,'" ,r ••., ~,-......." 
 c._ 
~ ..• ~ .. t .. ·, ...... I .""._"' ..- ....... 
 '..!,.

I AI" __-" r .... .., • • _. Roll""" 11.1- ........ '~ I"" . ......
. \ ft,.."._ t ...k' "_... .... 
 1' . ... -- 'L._·_ •. oo L ...... -.i ! I I J , 
- I -	 -- -I 	 End Nom; 5/8"! - 17'2-1/8" i l ' 0' , f. 1- 7 i R" :.: - I ­ -

, ­ - j - [ - f ­ -1 - I ­

. : : ~ '} 1 - - .... .. ., . . ' 	 _ ..J I , 



- -

," This half section of 16'1-1/2" 00 X 5'11-3/4" ID Torus is a 
(1) latitudinal double butt-\velded joint 

by Tbe Stacey Mfg. Co. 

Form U -2 (Back) 

Hy o ro.. pneu ., or c o mb . re-s1 Oren . - -­- -­- -­- -­- - - - -

MAWP______ ______ P".t rn.a:. , l etTl O . ___ ______ 

_____ ___ 01.1 . 

____o F . Min . tatTlo . Iwnen I~s man - 20 'F ) 

-­- -=--­ --­' 

Item. below co be comc/e~ for ;0/1 Ve'Ut!/• ..w-rt!~ applicable 

I 
~, 

, I 
0 _ FI.__.....-

II,,",". ow.-.... 00-_. "<. 1 ~ 
r I 
r 

... 
I .... I 

,r 
r ... 

I ...... I 
I -n.. _n. I 

-1. 1,,--..- ! 
I 

,~-

- - I , i - 1 - I - I - ; ­ - , ­- - r - I ­ ; r- I - ­,- - I I ­ - - - ; i - I - i - I - i - ; ­ - i-
- - I - I - I - I ­ - I - I - I

I- - J - - - I ­ - , 
I - I - [ 

- - I - I ­ - ! ­ - j - I - II- - J - ­ - J ­ - I - I - I 
- I - I - I ­ - - - : - I I ,- r - I - \ ­ i- - - - - : 

I II - I - ! - I ­ - - - i - : - i
i 

21. Supporn: Sk in _""" __ ,....• LeCj'l __-",.,.-,.I__ --,----- AnJlc;hect _ ______ _______,"'."_. _ ,_ Lugs --""":---- ... 0ther -----,""'0.-__ ,_--.-_-_--, 

Re..,..a,k" Neither design nor hydrostatic testing were performed 

CERTIFICATE OF SHOP COMPLIANCE 

to tn. ASME Code for PrH'lUr. Ve"u.•'s. Section VIII . Oivl~ton 1 . 

.. U" C,,"iticil'~ at Au,ho"u,.on No._-!1..l8L.J3..1.0'--________________~.D "e' _ _ __--,.....,.._ _ M_a_r_crr-h-,.-"3'-O_ -;;-_____ . 19 8 8 

Dil,e 3 .;/ IS /' Co. name The Stacey,~t2..:.. Co S'9"~d:..;J£:l;f ,£4._4.~4 
vCERTIFICATE OF SHOP INSPECTION 

I. the unden.gned. noldlng I valid commt11'0n itSUed bv the N.IIuonJlI 80.ll,d of Boller ~nd Prenure Ve'le' In10KtO" ~nd,o" the St~te or "rov.nce ot 

Oh i 0 ~no ~mO'oved bv H ; S • B • I. £, ~ ______ 

of_..!H=a~rc...::t'"'f'_o=r~d'-'.'-_"C'"'o=n""n.!...:.._h~y. m",ec(ed the prHsure VHW_ dnCribed In 'h,' Manuf~ctul'el"~ Pan,•• O.at~ Reool't on ___·'-=-""-'_/________ 

19 » ,; 

irnp".cJ . concel'n lng Ihe o . .,.t deK'lbe<S ,n thl' Manufacturer1 ' Part ,e' Oa.e Report . Furthel'mortt . nelthe, the In'DKtO' no' t'U~ ernolove, ~n.all be ".01. In 

~nV manner '01' InWKtlon. ­any ~e'~O".1 ,nfurv 0' Ol'ooenv dam.qe 0,,, 1011 of ....nV k '1'\09"''19 from or c.annected ...·.n.h th" 
- • . . -~ / ~' . - (J , . .; I~ /. ~ 

Oa.e : -" /" / 5'9neo / -" '" ( c'" ~ ,. l../ " '? .:.. .I~ Carnm'1I,on~ A:J -~t.:".J/ !L.r-~ 
, .._. - ,_,,,, ,.,...., ...... 1_' •___...... , .... ' " 

------.- ---- ..------ . .. . ­

http:irnp".cJ
http:Au,ho"u,.on


------------------------- -- - -- - - - --- - - - ----

30 093 

FORM U-4 MANUFACTURER'S DATA REPORT SUPPl~MENTARY SHE:::T 
As Required by the Provisions of the ASME Code Rules. Section VIII. Division 1 

t . ... _ .."u••o."oco...._t>v Richmond-Lox Equipment Company, Hwy 25 South, Delphi, IN 46923
1"___" • 

2 ...."u'~.u ••a.o. Fermi National Accelerator Lab, P.O. Box 500, Batavia, IL 60510 

SameJ . l.ocetlo,.. Of ';n1.allauon ______________"-,:_:----_-:-_=-.______________ 

• Tv,. Horiz.Jackt.Torus 30093 087-0058 3688 1987 
........ __ . ------:-:-:-:-:---­"'.... ...... 

o.u A~' 
A ...... ,•• 

14 Inner shell descri~tion (Durin; o)eration, this shell will be 
subjected to ext rna] pressu e. 

SA240 304 .375 0 5' - 4 378" 8' - 8~" 

15 Inner She 11 

------------------------------. - ---- - ------­



--

r 




.'.; -' . ...... . ... .' .:. ,: " ­

---7:~:{~7;-~"~'-~' .'0">, ~''-~' :. - •.":' -"~-0 ~-- ~ .• ""'".:- ,~~'-o . : ~'- --~ ~~_'. , ::--i';'~~c~:D.:'-:.. ~~:.~~ .~__ <:_ ;~;'<""\'=""""::':;-' ~ . . ' . 

. '. ;~~~- ' 
,.~, :' 

-"-,' .', 
' . - ' -.'-

' .-- -:. -.-
-'.- -: .. 

..... . ~ ....~.>_.,. __ ,.: ;~_~~~~~~~-'c:::.~:c'-ll~%;·f~ 
: - , ........ 
. ... . ...... - ,' ­~ , 

. #":.. . ' .. 

...~ .:.::> ::,..-:.' : - ': ..:... .:. ..: 
.._--­ ~ . .' 

~.. '. 

'01'_" _"""':. ....... 
. ' .. '--. 

'...... .. 

' . . - ":" 

..:: ' 

'­ ...... 
....~ -: .. ~ ... 

. ........ . 


, '. 



PO. BOl l ' 	 Cl J= R ~OpyEASTERN STAIN' ~SS STEEL COMPANY
B~II,mo,e. 10 2DJ 

O.IIISION 0,. COI'IPORATION651rYU!!1m 
CERTIFIED MAn:RIAL TEST REPORTTHINK FIRST", THINK EASTERNMANIFEST 	 We ctnrf'y Ih.!! ~I 01 the res! re Sourll 1M [r-~ 

II,llemenlS 01 Dflrlcwmr:d OQefall(Jn1 racorOed ~(. III6877 SHIP MAil In Compliance Wlln rr"le oroerea m.arffldl "DfluhuloJr...l[)IF~ECY 
and the BPO/lC.3ble rn.a!t::rloill (eQlllrt~nLlTO: 	 TO:DAn: I 9 STACEY MFG 	 WILL I A(1S A~ID CO(1F'f)NY INC.-

01/ KX 7 2~9 TOWNSHIP AVE 	 901 PENNSYLVANIA AVENUE 
GUST NO " CHICINNATI OH 45216 PITTSBURGH 	 Pf) 1523~J(~9,"48 
~IU ORDl , CAR NUMBER 

+------------ ­ ------------+-------------r---------___1'.6JM 1'1316£110::06 
CUSTOIIER ORDER NO. 	 SHIPPED VIA 

F~~'~~ 

92022 I Q .._6.2~jO 

_ I 920281 0 6')"'0• t""" 

92030 I 0.6250 

I 92029 I 0.6250 I 267. 500q 1 4 ')'.I4-, 

COLLECT 

ITEM I W.LOC 	 ~~g~ GROSS TARE 

.. 
01 Iq ! ,- 1 I :58.6 ·'86t_+o.~~E\ 
01 Lf _1 ~Wf.,- -HJ61J4Ju' 
(11 Ht\Ht1 I -. I 1 I -w.-! . I 'U, , 'Iii \'1 I :;:If I-~~01 I 

:~ FJ CI: 
j fft:tr 

, 

· 1-­

~ 

(,48 I 

,!,L,8 

'<.')48 

I_. I [ 1d·11·"-4 -~;:;i----J_-~~:~~- Ll---,-~ 
_.~/ ~ 0 ?; ~ ~ ~,:j 0~ 

~'Co 30 (1
. //_/ ' I 

. " I col- /' i'7 I I~ ECS ASHl f'l240-B',A ASI'1E SA240 SECT I I S8~jf)DD 	 r;J;.:) . ~ . "':;'\ I ~I 
,. j.

I '. ' ~ j . ' 
FE Fr, 1~I~OIJN CONTACT WInl I'1ERCLJRY MINIMUM SOLUTl(Jt~ At~tHlALIN() 

1T t.O. 

0648 
0648 
0648 
0648 

A' NO 

06 /.8 

TUl f' [ r~ A TlI F, E 190 0 F
i 

" 	 / '1~ 1 M~N~1 ~ II ~ 1"" ~l?-I~-JI ;u I ~ ICB~TA 1~~~ I' \0 j ~:' I;' I' 
·1 .. .. 

.0411.6! ,o21'oo~ '5~ 18.11 .31 t l· '-;:2~ '11' .07Q;:.O~ 	 1.6 .02 .00 .5 18.1 8.18.1 .3 i ' ; .2 ~01 .07(
• vt· . . 

• 04 	 1. 6 • 0:2 .00 .5 18 .1 8. 1 • 3 /' ~ .:;2" 1 • q7l 

.04 1. 61.0" .00 .5 lB.l B.l1.3 I 'I i ,.21 ,.1 .~n1 
TRANSVERSE OR FRONT 	 I LONGIT':J[)I~l OR BACK 

, 

CORROSION TEST CODES 

A. AS1M A262.A 

: 	 B AS1M A262· 'S ' 

C AS 1M A262 · C 

D. AS 1M A262· 'E' 


E OOS· 766 (CUS0 4 ) 


CORROSION TEST I 'UG PEA" I SOLUnON MillE AL 

I TENSILE / YIELD ~IONG '/HlRDNES JBEND'I' RIA I TENSILE YIELD -!-E~::~I~~:~::::i:;N'~ I'R/~~I' "G'~---I_ . , .,' . ", .-.,:' .. ~" .. ".' /' r '. I 
TIME TEMP . 

MINUTES • F
PSI til PSI ~' ... if I VI' " PSI PSI I'" I I " R C CODe I.RESULT TEST 

' 27 91.B .44.8 58 HB16~ ~ 64 
(l<.')48 ~~ 8 9 2 • q -'1 5 • d 5d H[!, 1 7 6 ~ . 

1 I0648 ~? 9~.~ ~~.~ ~~ HB17 6 
(l (.4°1 J? 9.:..• -I 4..10,..1' Hr.17 I 9 6 

--~-~~--~~ I 
I' ..d ITln~J' pnnr"'C::C::I~Ir. Til ~T ~A"'I<''''~ ~11,"r.e !"lleT r.n "''''' IITIC''',,' •• A\' 
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~i 

'.. ~I 

-{' .--: : 
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-. 
:: 

I 	 . ­
, 	 <:.: ­

x. \ . i I 
~ .). .'Y, :)-1 'YI 	 ~ -

1).. 	 ·....1 ., ",': I ; ­
, ...... -

" I .:: I 

-	 oX 
~ 

:::)- . .>- :C 	 ~ 
" .~::. 	 . 

~ :;:: 
.. 

-.:. ! 	
~ 

... .... ..... --. -.:;I 	 <:". ... 
~ ;, .­:~ '- -<:' ~:I , .' 	 ...,- .,~ 

.... .-
, 

, 

, . 
"' "- " 	

r- -
~ " 

~,; , 
/ " ,; .. . " I 	

1 
, , 

, " . 
..;: 

0 '., '" r 

'. 
, ., , 

.~ 
, - ,- - ..." ., r - .' 

'_ 0 

.-... r:: . ­
..-, 

" . .. ....,. 

i ~. , . 
., . ..". . :J .. . 

..... 
, , 

... : ~!. . 

: ­ ~ -

( 

.'\... 

-.> . 

-' '. -
).... 

't. ':.. 
" 

n.' 

.' 

! • 

.­ .­
. "C ............... ;.c".•• ~..~-"fW'.-: 

! 

~ 

.. "",:, ~ 

BTJ.CEY ).{Fe. ·Qu.!I;ITY COB'I'ROL DEPARTlIZHT:1, - -.' 
, 

' . 
- , . -. I 

..tRial; on tb18 WTH- -"­
: . I :..-:> C;;..... W'LU~vt~ 	 '­" ­

,;: 1 

·'P.O. '!Qr(,01c.,-'~Q'1 Item~l~(_---.[___ 
! 

.. ThIs material appUes to :a~oe,. .a'G. 

G3Q<j"
;,-; ­

, I-. 

" This wrn. haa bean Cheoked aga1na~ 

.ASWE. Btlea .. ::&A-:-2.40 -r~4 
iJ'!~ ~ Dat8: (izrl-( 87 

-1 , ,.. 
:::' . -:.:" 

' " 

-;1 
1. 	 .. • I 

" I I -.. 

http:A-:-2.40


L 

. ~: , ,. ..~~ .:~:,: 
" , .. 

-:~; , .L:? 

T 
o 

JESS( 
'':"ASHE 

COHP. 
: DD-S' 

Heut 
1564i 

" 1564(. 
. 1564l 

- Heat 
l:i64: 
1564L 

Heat 
1564~ 

(i-564~ 
'----- .. . 

11 f'1 GIii. 
HATEr 

I ~'~tj-~·UII ~TEEl COMPANY ~",,!.,L\c.--, ouRORDERNO ,\J ') L./ '--.I. YOURORDERNO ' 
.... . . ' . 

~ .' •. . .. : .~ .. ' ~' ,.....~~~hi,ngto~, ~~n~S:lvan:i.a ~5301 .. .,:. ~. E .~TIF.'CATE, OFTE.~T ~E~~NO .. ' , . 
. .. ... . Shi"".. to··- · "·"- · - ' ._" . ._......_. ·....·--~· · Blll .. tc· - ....... , - ... ,._ .. ...... - ~lalPrtJan'no
:.....,... ..... . . r ·· . ,-=.:- .. ._"" .., --_ ·.. · ';'1-:. :.·~' ·. ,.. .1~ ·' .. ~ . :. ..: :. . . ·.r l.· .. :-..:: .-.- · "":'·~. · . .1 ~..:.-. "':I . .. . .. .: • • ~. dES'M"J,N NO · 

lJILLIAHS : t CQ· ~~~~~:.: .·;L·:: ·.·.:;-T; ~~· , ;~ :": ~>r.~·:~. ~ ';{; >.. WILLIAMS & "COHF·ANY.I~.C~ ::<O: s .; .. ~:.~~.~ ;;./:"
'J6' 40 'FiEINLQ"D "DR ". ,...~• . :·. k " '-."""'''' .', -"'--901 ' PENNsvLVANIA ' AVE -""" " "'~~"" __ : ' :~~' _r.I")! :' , ' ., ........ .. /"', /) .' .. .... .. . 
. r. I- .... - . . •.. •~.~-: "- ': ' -:-.";;:~p" " '-::" I n 11 n ":~ . .'-' ~":""".J;/J" ..../ . t/;" . (!/ (;'~-s"\~ 
,:INCINNAT:C OH ' : . ..; .... F'ITTSBURGH F'A . .. ._ ... . . AUTHORIZE'OS'G N" , .-r. •

T . ..... . . . . ' . 
. 45~37o ' 15~3~ DECLARED TO ~NDER OATH BEFORE ME\-:', ... 

" I r ,'j II G LLt:.t\!\ THIS DAY OF _ ____ 

r 304 ST~INLESS HRAP JESSOP STEEL COMPANY 

-240-86·. AMS 5513[' · . 1\5TH A240-85a . ASTH A167-84a ' 7: ~"" '~"i ' i 1 .. , .... : ~. : . • _ • • 

A5TH' A312-85 :; COHF'GlS I TI ON , HECHAN I CAL: F'BOF'Ef-:r I ES. TO AS TM " A276~85 a':'~ BY :'''' . ~ :: :, ..... ... 
. ~C .. AMEND 6 .COND fa : :;'~ ::.~ ;;' ' " ,,~ : , _:,: _ . . .... ,: .' . ... : :: .~<:·r·:· : : ·. ;:;.;'.~~·.~....~~;:~~_L__.. "-.:.-.". '._-.~-.. . -.. ---- ­;._.: , .__ -~- , ..- - - , .

'-.- ..... -~ .: .:.:~ .:.. :':..<'" .,~-- . ': ".- " ....;....; ... ..., .. - .....~ ..... :,'., ., : ·~~ · ·\: · .. · .: ·-··~~.···~: :. ~ : : ·:. ~:·: ;~.. j: ·:~. ~~~ : ~·~T~":: .. : .~:. :. ::.; . : .: :.: :..~ ~ ...-
Slip 
71108 
71109 ; 
71110 

C/ 
.061 
.060 

.! 
GalJ~e 

.6250 

1 - 3 . .s2~O 

.. Size : F'csWei~ht ... . . : .; . .. :: ....:_ .. ,~ . . 
• 6250 N 96 • 0000 :( 2 7.0 • 0000 1 . 4 830 .. ..: 
.6250 N ' ,96.0000 . le. 259.0000 .7', :1 ... .4633.' " ;.....,. ~ . 
.6250 M 96.0000 w 253.0000 . 1 4526 

MN/ F' V ' S ./ .' - si /., NI /- ~ .' CR / 

1.75 ' .027 . .003-:::: :;57':'-'-8.-30-18.40 
1. 75 .030 .011 . - ' " '19 .8' •1 5 18 • -1 a 

~ , Y i E:' 1 d / ~T e r.':'5 .r-i.~·L ~- .. Red. 0 f 
S t r er,~ th .' ._ s.tr~er~~tt1 ~:~_:-'EI or.~ j/ Are a 
43.4 KSI"::8i';=-8'"-t~Sr- . ...=:6'2.8---····-:-. '::'72.3 

43.0 ~;Sl 

C PERHEA8ILITY-LESS THAN 

L WAS F'ROC,UCE[I WITHOUT KN 


. ~---. ' --... . _ ._. ..,:' _.......,. 


) " e , 0 1S •.• Zj "...,. ___ •• 71 • ~ 

MO co 
- .39· .13 

.44 • 12­

.. l-iar9r,~ss / 
[:fHH 70 v . 
,./. 

'LlHCJ1.:{9 · . 

. STAC~...JIFQ.. QUALITY' CONTROL DEPARTUENT: 
.O~~------------____________________ 
WN r.nNT';fT WITH HERCUF;Y OR LOW tlELTHIG 

U~~tln on this MTR was ordered from: 

\AI ILLI ~'--'l5 ~~ on 

P.O. 

This 

s.o. 
HV<s ~. v 

I- ql(~0?1(~«~Q9ltem I " 2. 

rna terial applies to Stacey LlFG .. 

" ~ 30'1 
~ )-~- ) • 

This MTR. ha3 been checked againot 

ASME ... spec. SA '2.4-0 -'-304- · .., 

By :n1:.u.c11---r~~:-Da ta: 1/ 1::' /87 

". ' ''''U'~/U~~ - 0671611 99
4"C'34 

• • 10;06/86 " . .. ' 
"'" 080 ··· .. '. .. ... . ... . . .. ",:: ." -. - .. -:: .":'
, ... . 

::"" :_:,-':'.> ' :~ ,: . '•. - .•;:..~ ' . ~ 

: .' . ... :-: ' ..:.. :c,.. 
:.. '~ '; ~"" ...": 

. . . 

.. ~ CU N 
.24 

'. • 25 
.079 

. • 084 

~end 
OK 

Corrosior, 
OK 

G r a 1 

Si~ 

OK 01\ 

F'O un CONT rlM H/MIT S 

" 
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Amt1'vTO 
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ADmessung (mm . ZOII) 
Si ze (mm . Incn) 
Dimensions lmm) 

,.1c nqc 
Ou:lnilly 
OU;)flllie 

NellogewlCll l (k g) 
Nel welgnl 1"'l SI 
pOlds nCI IX'l l 

C";) r'le Nr . 
Heill No . 
Coulce no. 

Serie Nr . 
Series No. 
SC lle No. 

Ko fli Nr . 
Parcel No. 
C<llis No . 

99108,99082 

--87314", 

Chemische Analyse :- Chemical Analysis - Analyse chimique f.Charge Serie / pjSi V Mn .'Ni .. 'Cr/ IiS ./ Cu X NbHeal Serie ~I .,.f ~'~ y' f.. ~~ % .. 
 % ..Coulee Serie 

0,659910U 0,78 0,024 0,01 4 20,Ol 0,33 10,2 c 0,090, °1(; 

0,69990H2 0,7'1 0,024 20,2 E 0,04 9 ,91 0,0600, °l[ °,0 11 
87314 0,730.02l 0,74 0,027 19 . 9 1 0,260 o 11 10 220 , 18 

Mechanische Gutewerte - Mechanical Properties - Proprielees mecaniques 
Charge . Sene Warmebehandl. Sireckgrenze Zugfcsligkeil Oehnung E;nschn(jrun9 Harte Kerbsc~lagart>eil 
Heat Serie Heat Yield pOlnl TenSile Slrenglh Elongallon Reduction Hardness Impact Slre"']lh 
Coulee Serie Trealm. limite elastique Resistance Allongement Slfichon Durele Resilience 
No. No. Tr;)ile ment a la IraCllon Charpy-V 

therm'Que N/mm2 N/mm: (l=565 vAi~' ~~ Joule 

99108) I J 

99082) u min.520 nin.35 

--&1L-3- ttf-J 

A 
U 
U 

r 
5 
II> 

o 

'" 8 
c: 
a > 

VEREINIGTE EDELSTAHLWERKE 
~ AKTIENGESELLSCHAFT (VEW)... 
... 

u _ unbehandell - as welded - non Iraile... -> 

... a - angetassen - lempered - revenu 

S = spannungsarmgegluht - suess relieved -
 recuit de delenle I 

STACEY MFG. 

Mater1al on this MTR was ordered from: 

P.o. f 

Th1s 

s.o. #: 

YK •. I 

AGA 
l (~ 118 -&11 r(.~.£iitelD t / 1 Z 

LiFG. 

ASHE. spec. S l-/\ 0> ,/j - 3(.18 L - I G 

, . 
{ 

on 
-.-----~I . (' . , r ' . f ~ :11.L .: I; . .[) ..11 G. co. 

r: r:: C r::. J \,' r:: D 

/\I'(t-u\;'tY 
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P.O. Bo. C" ) lEF1. COP\1m EASTERN STAir )~ss STEEL COMPANYBalilmol I VI . 21203 

DIVISION 0" Eastrn.e.t CO....O .. ATION 
CERTIFIED MATERIAL TEST REPORJ 

THINK FIRST., , THINK EASTERN 'NIt Clfhty that " 01 the lesl ,e"-,,,IJ Jr<! } r-.t:MANIFE : l . 
1IIIemenis 01 pe'riormed oper~lo()t'\$ IK~d ~. ' , I f 

., comphance w ith lhe cwOere(3 malelgl ~CI"C.""l on~

.HlZl, &ncj the IPplicable malel~1 'eQuI~~nllSHIP MAIL . DIRECT 
DATE 1 TO: TO:STACEY MFO WILLIAMS AND COMPANY INC.
01/J d7 259 TOWNSHIP AVE 901 PENNSYLVANIA AVENUE je,~~'
CUST, ~, I'> CINCINNATI OH 45216 PITTS8URGH fA 1523:3V '-'.V--

S 


S 


S 


~j 
MILL 01" 

(!,63! 
~-

ITEM 

02 

02 

02 

0-:' 

I I CUSTC. ...ER ORDER NO. I LOC, 

I rl:H 681 O~W6 I NP 
~T NO, COIL N\', M.P,O, NO, GAUGE 

06:)3 - 92031 O.C;OOO 

0653 92032 O.~OOO 

06~j3 92033 0.5000 . 
0053 9203~ O.C;OOO 

-
SHIPPED VIA I SHIP 

IotOOf Bll NUMBER CAR NUMBER I RLS ·DT 

UNIVERSAL AM-CAN I T 2698 COLLECT o Ir1 ') f': "] 

SIZE 
FINISH 

DESCRIPTION COUPON W· LOC aNOl In't. GROSS TARE NET PK GP FA WSCODE COOl 

85.5000 ) , 

"-77 C;OO( 1 ~ 30~ HRM 1 3."'-:/"':. --2S6C, () 1 L 8 = 
85.5000 ) I 

277.500{ .1 JQ~ HRAf 1 ~L:",f,c, : -I , .­ i. , () 1 ( 8: 
85.5000 ) 

" .- . .' . . .. ..... - '.' ...~ " - .._-"...... 
~ 

"-77 500( .1- 3.QA J-m.aE 1 ...35,f, C; --I c:- I, C, () 1 ( £.L 
85.5000 )< ... : , 

~ 1 
?77 CjOOC 1 30~ HBAf ' ' : 1 ~< <:",;" C; :\!:. 'J,< (1 1 ' 8: 

'. , ' " ,~ -­ ---- ­ ' .---- ­ ---- ­ ----- ­ -.. ,• .. 4 14 -:~7 ( ( 14 ~'7.. ··i 

~J(pO~5W,~ , ' 
. 1 

t,~~ ~ 
. ' :'/,.:2 R /' ' 'G306• , _ _ 1 : 

. ' .' ' .. , , I I
.,' " ­,I:'ECS ASTM A240-84A ASME SA240 SECT II S8~ ADD . . . ~ ' ~ 

kEf FI I~NUW~ CONTACT WITH MERCURY MINIf'lUrl SOLUTIUN A~NF,ALING TEMf'Er':ATlJfIE 1 '100 rI 

, ­
:;- / / I / I 

cu n lAO NHE AT NO ~ II ~.. II ~ J! ~ "" ~ 1 ;R "I ~ "I .. I .. I C8~TA .. 
:-

I c,? I .. I" I 
. " 

• 3~ .• .t 1.080 , 
• 3.,. • 1 .080 
.32 .• .t 4 .080 
.31'.14 .OBO 

I 

60653 . 11 /. 048 1.7~ .031! .OO~ .5q 18.19, B.O~ • 1 ~ 
60f,!i3 4 .0~8 1.78 .03!! .006 .50 18.1~ 8.0EI, • 19, 
606:~~~ . 4 I • 0 I, 8 1. /' ~ • 0 ~H: • 0061 

• 5d 18. 1 I B.08 • 1~ 
60!,5:{ 41. 0/18 1.78 .031! .006 .50 18.11 B.08 .19 ' 

, : I I I I I I.nU.NSV£RlE OR FRONT I,' LONGlruOINAL OR BACK OSlOCORROSION TESTI - 1 

HE AT 110, .;) I T'fNSIU/ YIELD Ii fLONQ/HARONE5S j,'BENO I RIAl T'fNSILE VI YIELD I, lLO'1O ~"RONE5S'/aEN'D1t R/A' I '~RI C-I "C~OE '1RESULT ' I­
., PSI i PSI " . ' I I" PSI PSI I" I I" ,I 

SAT 
SAT , 
SAT: 
SAT . 

. " CORROSION TEST CODES . . 
A ASTM A262" 'A' 

B. ASTM A262· 'B ' 
. 1\ • 

C AS TM A262 · C' .-. D. ASTM A262· 'E ' 


, E. 005· 7661CUS04) 


t.U.Q 'Un.., I SOLUTIONSOLUTION AWjE1LAWjE1L I 

TIST I nklf I mlP, I""Nuns 'F 

,';,0653 )J 1 '13.8 46.3 56 HB170 Ii 6" 93.~, 47.0 :56 HI?17Q 11 64 ~ AE 
606~i3 -)32 93. B 46.3 56 HP..170 G 64 93.6 47.0 56 HB170 AE 
,';, 06~:i:) lJ3 93.8 46.3 56 He,17o, G 64' 93. ,~ 47.q 56 HB17q (] 6Lf ~:i 

o 6] ~ 
AE,

60653 )34 93.8 46.3 56 HB170 93.6 47.0 56 HB170 C1 64 AE 
I I I I I 964 I I i i I I 1 

CAunON: PROCESSING THAT MAKES FUMES, DUST OR SOLUTIONS MAY 



------
------ ------ ------

~_--<;.,.....lalerlau o 'appon: 
Abmessung (mm. loll) 
Size (mm, inch) 
DimenSions (mm) 

Menge 
Ouanlliv 
Ouanilic 

Nenoge..... 'chl (kg) 
Nel we,<;hl (kgs) 
polds nel (kg) 

Charge Nr. 
Heal No 
Coulee no . 

Serie Nr . 
Sertes No. 
Serie No. 

Kolli Nr. 
Parcel No. 
Colis No, 

99108.99082 

--:8Tn-<b. 

Chemische Analyse - Chemical Analysis - Analyse chimique 
/: pjCharge Sene Si / Ni ·cr/Mn s I Cu X NbMo VHeal Serie .,~I 0 / ,..,a %% ·0 % % %Coulee Sene 

0,65 0,780,016 0,02499108 20,ot0.014 0,33 10,20 o,09p 

0,69 0, 79 0,02499082 0,0 lC 0,01 1 20, 2 ~ 0,04 9,91 0,060 

87314 0,02E 0,73 0,74 0,027 0,011 19 . 9 0,26 10.220,18 

Mechanische Gutewerte - Mechanical p'roperties - Proprietees mecaniques 
Charge Sene 
Heal Sene 
Coulee Serie 
No. No. 

Wiirmebehandl. 
Heal 
Trealm. 
Traile ment 
thermique 

Sireckgrenze 
Yield pOInt 
Limite elastique 

N/mm~ 

Zugfestigkeil 
Tensile strength 
Resistance 
ala tracllon 
N/mm~ 

Dehnung 
Elongation 
Allongement 

(L~5.65 VAl ':' 

EinscI1n\irunq 
Reduction 
SlIidion 

% 

Harte 
Hardness 
Durele 

Kerbschlagarbeit 
Impact strengttl 
Resilience 
Charpy-V 
Joule 

99108) 

99082) u 

/ 
min.520 

.; 

nin.35 

--8 7 3 1"'41. 

o 

8 '" 
c:: 
:> 
o 

~ ... 
> 

.. .,.. 	 u = unbehandelt - as welded - non traits 
a = angelassen - tempered - revenu.. ~ s = spannungsarmgegluhl - stress relieved -

THE STACEY MFG. CO. 
RECEIVED 

APH-QG8J 
INIT"L DATENO. 

--;Q~-- l±l:48.J 

1------1----- -t----- -I 

VEREINIGTE EDELSTAHLWERKE 
AKTIENGESELLSCHAFT (V8N) 

recuit de detente 

STAClY MFG. 


Material on this WTn was ordered ~rom: 


AG-A 	 on 

P.o. I 

This 

S.O. 

llK •. # 

--~~--~------
/fz 
~G. 

1.....",.. ' •• "'t_ _"_ •. _ """"' ... - "-'" 

.!.SUE. speo. S F-~/\~S...:..4-=--_-~3=_():::......;;;;d_L_-_,G,__ 

B';I:i.l:> ~ Dato: _4-+--,1G::::....+-I-=-8~J_ 
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MADF:¥JFV 1{9{90· -. . OiKD: NffTJA 7{9{90
I.' " 
'\ . ' ~ 

REPORT OF WELDED ~ REPAIR OR 0 AL TERA TION 

Work done by CBl Na-Con, Inc. Houston, Texas C707081. 
(Nam. and Addr... of repair 01' alt.r.tlon OfOlnlZ8tionl (ContrlC1 No.• 


Owner Fermi National Accelerator Laboratory Batavia, IL
2. 
IName ana AdCh.. of Owner) 

Batavia, ILLocation of Installation Fermi National Accelerator Laboratory ,3. 
IName ana Addr...) 

4. Unit Identification --,O...,u=.:t~e~rc--:J~a::..c:.k::.e=t.,..,.----,,..--_Name of Manufacturer Richmond-Lo.x Equipment Company
(8Oiief. Pi'.aaure V.....I 

CSI Contract No. of Existing Vessel_NA _ 

1987None None
5. Identifying Nos. ----:":-,.:;-~....,....,...,..,...-,.-­

(Mfr. Serial No.1 (National Board No.1 (Juri.diction' IOth.r' 

See attached sheet(s) 

Pressure Test, if Applied No test psi 
7. Remarks: Attached are Manufacturer's Partial Data Reports properly identified and signed by Commissioned 

Inspectors for the following items of this report: 

None 


(Name of!*t, item number , Mfr', name and id.ntifying 'tamf)' 

Fermi Lab Purchase Order 938570/Spec 63740.214-ES-224130 
8. Work done in accordance with -----~__-.~-....,.,.-...,._:_:".,.,.:-r--.-:-........rn...,...~~T::==_==_r----­(Owner', Spec, No.. Nat" Bd. Rul", ASME COde' Addenda, etc.) 

CERTlF.CA11: OF COMPUANCE 

We certify that the statements made in this report are correct and that all ­
TdellV"i if

Repairmaterial, construction. and workmanship on this conform to Item 8 above. 

p- 21.. -'Iv 
(Date Signed. 

CBI 
lrepair, alteration. 

Na-Con, Inc. '-
IRepair, Ahr8tion Organizl1ionl 

... y 
-....... ....... I n. c!!Pa fllJ

~ 

lAUthorized Rec-Mlaliwl 

CfRTIFICATE OF INSP£CTION 

~ the undersigned. holding a valid commission issued by the Nationa. Board of Boiler and Pressure Ve.s.. 

Inspectors andlor the State or Province of Illinois and employed by H~RT & T Co. 

of Hartford, CT have inspected the work described in 

this Data Report on .19__and state that to the best of my knowledge end belief. 

this work has been done in accordance with Item 8 above. 

By signing this certificate. neither the Inspector nor his employer makes any warranty, expressed Of implied. con 
cerning the work described in this Report. Furthermore. neither the Inspector nor his employer shall be liable in 
any manner for any personal injury or property damage or a loss of any kind arising from or connected with this in 
spection, except such liability as may be provided In a policy of insurance which the Inspector's insurance com 
pany may issue upon said object and then only in accordance with the terms of said policy, 

DATE Commissions 
IlnapectOrt Nat'lBoard, State 01' Pro¥inc. and No, 

http:CERTlF.CA


Data Report Documenting the Reattachment 
of the CC Cryostat Heads 

Engineering Note # 3740.214-EN-266 

Issued: November 6, 1990 

Originator: Rick Luther 



FORM R·1. REPORT OF WELDED ~xREPAIR OR 0 ALTERATION Made<7/9/90 
8S required by the provisions of the National Board Inspectl.on Cod. Chkd~1tjA 7/9/90 

1. Wort< perlormed by _C_B_I_N_a_-_C_o_n.o..-'_I_n_c_._~-,__----__:_-:--------- __Co_nt_r-:-a-:-c_t_C_7_0_7_08___ 
(_ 01 '-" or -'11011 orQAIIWI11Oftl 	 (P.O. no.. 100 no.. etc.J 

8900 Fairbanks N. Houston Road, Houston. Texas 77064 

Fermi National Accelerator Laboratory 2. Owner 

PO Box 500, Batavia, Illinois 60510 
(-..eI 

Fermi National Accelerator Laboratory 3. location 01 Installation 
(nIoMt 

PO Box 500, Batavia, Illino;s 60510 

4. Unltidentlllcatlon: Pressure Vessel Nameoforlglnalmanulacturer Richmond-lox Equipment Company
(boj.... 11"...... ___ 

5. Identifying nos.: 30093 3688 	 1987 
(mt,... a«IaI ftO.J 	 (o"*t 

6. Description 01 wortc ___,.--________~_------------------------­
(UN -. __• _ or _ell II ~ 

See attached sheet(s) 

Pressure test, if applied No test psi 

7. 	 Aeplacement Parts. Attached are Manutacturera' Partial Data Aeports properly Identified and signed by Authorized Inspe<:tora for the 
following items ot this report: . 

None 

~ ofl*t. tt_ ..... mfr'L __ ~ltyifIv MMoCII 

8. 	Aemar1!.s; Only the inner pressure".vessel wa. originally U stamped. nterefcrre, only the 
work items ·on this vessel are included under the R stamp and this data report. 

----------- ---_._ . . --._. -	 =-. 

,,­
...... ,. 'n.m "..~v h .. obt~'n .. d from The Nstlonsl Bosrd of Boller end Pressure Vessel '"soectors. 1055 Crupper Ave.• Columbus. OH 43229 R.., ~ 

http:Inspectl.on


--

Ingerr USteel " 

Dlvi~ 01 Avesta Inc. 

..... aIertificute of 1\ nul t1S1S unci Wests 
--- .. .. _- • .. . . • - .. ~~ • . ; •.. '-:."7', ••. •• . • _ _ , ' .. ': " C~..... ~ . "." .... .. 

ORDER NUMBERSOL D TO , . . . . . .• , '. . S HIP TO - ~I UNlI~ 1'0110 01"11tW1~ . . 

'.: .,' - '." ;;" :<',' .' ::.:" . ' ~ ..:~... ~ ~.:.:. "., .... 7.::·. . -.' . . - .~. : •. '" ..' '.' ­h ~ ., '.~ 

AVE: ,A STAINLESS INC• . ~ '. • . " . ;" .. ' WILLIAMS ~(COMPANY, INC.' 2:;:764 .' 

~:: 721. . IN I ON. E;LVD;A.:~ie';i;;t;:WR~~~l~~7b40. RE INHOLD:.!DRIVE~L:;Y;: ;T~~~~~::ii4';~n


P. (. 80X 26'1 ... , , CINCINNATI OH· 45237 .CUSTOMf~ 

::.rZTO Tl" !A"';:IN~':""i: 075Tl;:j,c-':<'.;;.£1j:jfr'!.tn;;~;ll""':"~7rr;{:::i~J.;.":_:2~_"_ ',.!,~;::.:'... ~ '::-_ L-:·:.,::..'L~T.b;,,:,:'EZ;L:';;:j CODE DATE 
9';·(10(1(13 1 ? / 1 (\ / 8 (:-.

:.; :::'" - :~. ..-. :':~=:T~~f.7-:.~~~·:':;~~~·3S:::I~.E~~~~~~:~~~·r)_~::?!~.~: .:_ .C.'I~::: :;:. ":;:," ~~::~J~.j~.. ;~ .-. h. ".. :~~.' ....... ...,~:.::::~:-~:~~~:i=~~~~~·~ 


" 
... ................ .~.~c::;~~~:;.·~~rk~~~;;::;:~r.:-r;'=~:5::.: ~::L~;2. /..:~~ '. :r;-0f~;:·:: :~~~.:~~·:~-:.;:\;j~·i~~~,~.~~·:.:.a 

. " .,' .. :-' .. ~. . :- • ',.- ' ~ 't. ~};;';> ·;'~-Il~·, ·.~7;:· · . .~, ,: . ..;': : .::-.::.,. :: . ~. ·t · 'o· .· 

~ 

u\lOMIA 0'0(1 NO .11 ROUliNV Wt1IN WANlIO HRMS 
'. t : .:• .'.. ,r '.' .... : 


.... .. : 12/0'il86 . ·oL~l . .:.. o. . -: .-: "' . -.-. .. .::-=-;- ' r " 
· I~. ,,~:~~,!~::~, ~ : ..: .....;. 0' •• 

. , 0 ... _ 47214:::-9 '.. -(l30~. 
• 

3iUallr·,j 
:::t'4 

' LA~ES~t'HE 'J W'T 
RE (I ; 
I(IT R':'I 

lli-,lJil1' 
hfAT : 

r'UI~8~ 

7'.:"71 ::: 

I' t ..0 

7~71 ::: 

gersoll . By 0..a..4/.r'..t!/.4 

;, 

I E~ 

,V 

, :. ~: ~:__:__ : . ~.-::.::~~~;. ~:~O~~~ :;..,~,!~~:.99~~,:~~ :~~~C~: ~'); .:.::::~::t:·.:: :~·:.. : ,:o::,:::::~:~:~C 
TM ~-24(1-:::4A .. .. , ........ _._. __ ~ __ ASME. SA-240-E:(I 8:::ED, S:::4' ADD 
s~7 66C. .... _ .. _. .':'l•._'..~:~';;_~~;::-~.~ASTM . A-312..83CHEM, (Ii'lLY ,:... _:....:. . 

---------------------------------------. ': ,7 :~ ~.:.. :~ ~:. :;7":'":.;::t:.:" ',~i : :J~.: :.J,.:~~:v~·~~t2:.~~·~~~ ~;~?i· : .:~J~~;~~: ~·~·_:: ·..'..:~::.::: :;~. ~ ;~ ~ . ~ : .:. :: :~ ~ .. ~:' ~:~ ~ ~::: '~!:~ :~ 

S')lUT I CIN"ANNEALED- ~-:-195(J" DEOREES.' FARENHE I T 'M I N I MUM.':':: 
ED OR RAPIDLY COOLED BY AIR 

CONTAMINATION. '" . :,":~,,,_ .....: '.:. . ,, ~ , ' .. . _...:. ';. '., .. ':::"".';'::" " . . .. :; .. ;~ . ' 
EALEI) ~(PICKLED (HRAP) 

PIECES 

1 

":": ....; . 

/:.'/.:." :;:1 01< 1 .... 3 

I STATE OF INDIANA 

. . QUANTITY ORDfRED " . .. -I, ." .,.. "":'......"! ""1HIPMINIS ,·\~tl.·'.•,-·,,~. 

•. haa been .cbecked agaln8~ 

sA24-a \~± 
,j,~J87-.--- , 

COUNTY OF HENRYIi i Ion 01 .. .c . 
. / . /I) Bo. 310 

SubHrrbt'd Af'ld Sworn Tf'I A... I .... , .. AA ... n .. ;. .... .- -.-" '- ---­
w C a~ 11. .. '11=.1 

I 



DESIGN CERTIFICATION 

The undersigned certifies that the statements made In this report are correct and that the design changes described In this report conform 

to the requirements of the National Board Inspection Code. 

ASME Certificate of Authorization no. to use the symbol expires 19~ 

Oate 19__ Signed 
(name 01 o'oanIUtlonl (.UII\oNeII _ ...nlAl.... 

CERTIFICATE OF REVIEW OF DESIGN CHANGE 

The undersigned, holding a valid Commission Issued by The National Board of Boller and Pressure Vessel Inspectors and certificate of com· 

petency Issued by the state or province of and employed by 

of has examined the design change as described in ttils report and verifies 

that to the best of his knowledge and belief auch change complies with the applicable requirements of the National Board Inspection Code. 

By Ilgnlng this certificate, neither the undersigned nor his employer makes any warranty, expressed or Implied, concerning the worX 

described In this report. Furthermore, neither the undersigned nor my employer shall be liable In any manner for any personal Injury, 

property damage or loss of any kind arising from or connected with this Inspection, except such liability as may be prOYlded In a policy of In­

aurance which the undersigned's Insurance company may Issue upon said object and then only In accordance with the terms of said policy. 

Date 19__ Signed Commissions 
IAlllhOtlZW Inlpec:lot) (N.'~ 8oar<IIInci. ,,,-,-,-"1....1.. I)<O¥.• and no.1 

CONSTRUCTION CERTIFICATION 
The undersigned certifies that the statements made In this report are correct and that all construction and workmanship on this 

Reeair conform to the National Board Inspection Code. 
(,.pelf Of .......Ioon! 


Certificate of Authorization no. R1330 to use the R symbol expires AQri 1 2Q 19.2L... 


Oate t. :Q 'l16~ 19.5r....i. CBI Na-ConJ Inc. Slgn~ t::1Q ~4,~£ 

(repaI, 0< ..1.....1On 0<0An1Ll11onl ,.ull>OfUMl ..............."., 


CERTIFICATE OF INSPECnON 
The undersigned, holding a valid Commission Issued by The National Board of Boller and Pressure Vessel Inspectors and certificate of com· 

petency Issued by the state or province of III ; no is and employed by HSB I & I CO. 
of Hartford J Conn. has Inspected the wont described In this report on ,-0 fdG 19~ 

and state that to the best of my knowledge and belief this wof1( has been done In accordance with the National Board Inspection Code. 

By algnlng this certificate, neither the underllgned nor my employer makes any warranty, expressed or Implied, concerning the worX 

described In this report. Furthermore, neither the undersigned nO( my employer shall be liable In any manner for any personal Injury, 

property damage or loss of any kind arlsl~ from Of connected with this Inspection, except such liability as may be provided In a policy of In­
surance which the underslgnec1's Insurance company may Issue upon said object and then only In accordance with the terms of said polley. 

Date 1 0 ,J'v(... 19~ Signed£J~~ar/ -A/6. LOS"Z2Commissions .7L- L.~n 
(AlllhOtizecl Inloe<:lot) (National Board IIncl . • ~t~. It_'• . ptoY.• and no.• 



Calorimeter Conduction, Radiation 
and Fire Loads 

s. J. Wintercorn 
5/23/85 

D-Zero Engineering Note 3740.214,224-EN-6 

Revised 7/21/87 

2nd Rev/s/on 
John Wu 

10111191 

Checked by~~~+-~~~~___________ 



EN-S, 5/23/85, revised 10/11/91 s. J. Wintercorn 
revised John Wu 

Calorimeter Radiation Heat Load 

The radiative and gaseous heat loads of the liquid argon end and central 
calorimeter vessels, drawings 3740.220-MD-222075, 3740.220-MD­
222076, 3740.210-MD-222111 , 3740.210-MD-222075, and the vacuum 
break and fire safety relief valve capacities are calculated. 

Heat Transfer with Hard Vacuum and Super Insulation 

The heat transfer is; 

kAT A 
q=--

L 

where k is the apparent mean thermal conductivity of the insulation, L 
is the thickness of the insulation (1 "), A is the surface area of the inner 
vessel and AT is the difference between ambient and one atmosphere 
equilibrium liquid argon temperature (87.2 K). The apparent mean 
thermal conductivity value, k (2 micro-watts/cm-K), is a conservative 
value based on industrial practice. 
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The value 2.5 E-SBtu/hr-ft-oF, indicated in figures 1 and 2, obtained 
from ref. 2, is a very optimistic value and is based on multilayer 
insulation manufacturers data. This report uses a more conservative 
value, 2 micro-watts/cm-K (0.000116 Btu/hr-ft-OF), as the thermal 
conductivity of the insulation (see fig. 3). This value is more realizable 
in an industrial environment because it is based on the actual use of 
multilayer insulations in large installations. The significant difference 
between the high and low vacuum ratios in figs. 2 and. 3 is dependent on 
the geometry considered. The D-Zero geometry, an average annular 
spacing of no less than 2 in., is considered in fig. 3, but not in fig. 2. 

Note: micro-watts/cm-K*S7.793E-6 - Btu/hr-ft-OF 
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Fig. 3 Actual variation of heat transfer with residual 
gas pressure for a super insulated 00 cryostat. 

Radiation Heat Transfer with Vacuum Only 

Using Stephan's law, the heat transfer with good vacuum i.e. better than 
10E-4 mm Hg is; 

. ( -1 %I.. .) 
q = J.l.\5.7x10 ~T1 - T2 

where T 1 is the ambient temperature and T2 is the temperature of one 

atmosphere liquid argon. An emissivity (IJ) 'of 0.3 is assumed. 
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. 
Gaseous Condyction Heat Transfer without Vacuum 

The heat transfer with the vacuum space at one atmosphere is; 

q =UAaTope, 

where U is the thermal conductivity of one atmosphere, room 
temperature air divided by the radial thickness of the annulus (assume 
2" average), A is the surface area of the inner vessel and aToper is the 

difference in temperature between ambient and one atmosphere 
equilibrium liquid argon. Note that air, rather than argon thermal 
conductivity is used because it is larger. 

Gaseous Conduction Heat Transfer Under Fire Condjtlons 

The conduction is; 

q = UAaTflr • 

where U is the thermal conductivity of one atmosphere, 1200 OF air 
divided by the average annular space (2-), A is the surface area of the 
inner vessel and aTfire is the temperature difference between 1200 OF 

and one atmosphere equilibrium liquid argon temperature (87.2 K). For 
more accuracy, the area, A, in the formula was determined 

experimentally to be AO. 82 , however, the table of results uses the 
theoretical formula above. 
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flow Capacities 

This section deals with the required flow capacity of the vessel relief 
valves under vacuum break and fire conditions (see ref. 1). 

Required flow Capacity without Vacuum but with Insulation 

The required flow capacity is; 

130-T GUAQ 
·=4(1200-T) • 

where Q a is the flow capacity in cubic feet per minute of free air 

(SCFM), G j is the gas factor for the insulated vessel (-10.2, see ref. 1), 

U is the thermal conductivity (Btu/hr-ft-OF) of one atmosphere mean 
air at -100 OF (0.01045 Btu/hr-ft-OF) divided by the average annular 
space (2"), A is the surface area of the inner vessel, and T is the 
temperature of one atmosphere liquid argon. 

Required Flow Capacity Under Eire Conditions 

The required flow capacity is; 

0.82 
Q. =G.UA 

where Q a is the flow capacity in SCFM, G i is the gas 	factor, U is the 

thermal conductivity of one atmosphere 1200 OF air (0.0363 Btu/hr-ft ­
OF) divided by the average annular space and A is the surface area of the 
inner vessel. 
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Results 

Note: Revised numbers are scaled from the last revision using 
new surface areas and annular space thickness. · 

tllUIl I[IDlf!U (WIUI) 
Area Vacuum Vacuum No vacuum No vacuum 

-ill2.) w/super w/o super w/suRer wlflre 

EC 650 101 8280 5510 61500 

CC 900 140 11500 7630 85200 

Regul[ed Flow Capacjtlel 

Area (1t 2 ~)_..JNl.1:o:.t.....Jyt..liau.ct.lluLlluu.:mU-.-'(.lIIIS~Cu.F..I.IMt1,j)L-.L.F...... ..D1[Ulle~co ....dMoLlllt..&.;:l1olloln~(S"C.z.&.,E_M_) 

EC 650 29 450 

CC 900 40 590 

( 
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Central Calorimeter Pipinq Flexibility 

A. Pitas 

The flexinq of the pipinq between the vacuum shell and 
the cold shell of the Central Cryostat was exaained. The 
method used was taken from Piping Engineering, Tube Turns 
Company, Louisville, Kentucky, 4th edition. Each pipe was 
checked twice, first by A. Parker and then by A. Pitas. All 
simplifyinq assumptions are conservative. The largest 
calculated stress is 75% of the maximum allowable stress. 

The effect of the cold shell's movement during cooldown 
was also analyzed. The cold ends of the piping moves 
approximately 1/2 inch. The stresses qenerated are 
calculated to be less than 5000 p.s.i. 

/ 
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CC Pressure Test 

3740.214-EN-259 
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Vessel Status Prior to Testing 

The inner vesse~ heads including bypass and beam tubes had just been welded into 
place and dye penetrant checked. The vacuum heads were not on at this tim~ 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. 

All vacuum piping used for pumping down the inner vessel was isolated using o-ring 

sealed blind flanges. PV215A (VAT Series 12), the 4" VRC gate valve isolating the 

cyropump, and the rupture disk had to be 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 test, vacuum style 

blanks and clamps were hydrostatically pressure tested to 150% 01 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 test was a major success. Based on the lack of any distinguishable pressure drop 
indicated on the pressure gages, the vessel appeared to be structurally sound 
throughout the duration of the test (approx. 3 hrs.). A major leak in the instrumentation 
tubing was discovered at half of the maximum test pressure and was quickly isolated 
by crimping and capping with a compression fitting. 

There were some slight deviations in the actual procedure used (see attachments). 
The 44 psig relief valve located just outside the cleanroom had to be capped until the 
pressure in the vessel indicated 38 psi. This was to allow higher supply pressures and 
hence, higher flows through the pressurizing line. Also, in order to get pressure 
readings at the cryostat without exposing any personnel to the potentially dangerous 
stored energy near the maximum test pressure, a camera was installed at the top of 
the vessel to view the indicator mounted there. The monitor was viewed at the ante 
room adjacent to the cleanroom. 

The holding pressure of 32 pSig (4/5 of the maximum test pressure) was only 
maintained for about 20 minutes instead of the half hour recommendation in the 
procedure. We felt that this was sufficient time to Snoop test and perform the pressure 
drop test. 

After the test was completed, the inspector for CBt Na-Con and the Hesearch Divlson 
Safety Officer signed all of required documentation. 



From : FNAL : : MULHOLLAND 6-JUL-1990 12:47 :23.92 
To : KDIXON 
CC : MULHOLLAND 

Subj : As you requested . 


7/5/90 Final verSion 

PTest is the CC Pressure Test 

This note describes the rationale for the test pressure of the complet­
ed CC calorimeter Pressure Test, provides a detai led operating procedure, and 
a Safety documentation and interface outline. 

TEST PRESSURE 

The CC vessel was pneumatically pressure tested to 50 psig at the fab­
r i cator, LOX in De Iph i, rnd i ana . . The test pressure was determ i ned as fo II ows, 

MAW? 
15.0 psig 

+ Vacuum 14.73 pSlg 

LAr head 10.0 pSlg 

"', ----------------------------


Sum 39.73 psig 

Test Pressure 1.25(Sum) 49.66 psig 

Removal and replacement of the heads and the installation of the nozzle 
extensions (4 signal boxes, 2 high voltage boxes, 1 instrumentation box, cold 
valve, and other appurtenances) are considered justification to repeat the 
pressure test on the completed calorimeter. 

The vessel's mUltiple extensions will never see an operational pressure 
more than 15 psig, i.e. they don't see the vacuum because they are outside the 
vacuum envelope and they don't see the head (or at least any significant por­
tj~n thereof) pressure. To Pneumatically test the vessel to 125~ of the sum of 
the MAW? and I iquid head, tests the upper portions of the vessel to 166~, and 
the nozzle extensions and their parts to 333~, of the respective'maximum al low­
able working pressures. 

The solution to the upper and lower vessel disparity is to fi I I the 
vessel with liquid for the test, and the solution to the vacuum loading is to 
instal I the vacuum jacket before the pressure test. Unfortunately, the vessel 
can not be fi lied with liquid without compromising the integrity of the calor­
imeter modules. The vacuum vessel can not reasonably be put in place (welded) 
to provide the vacuum loading, if the final leak check is to follow the pressure 
test. The latter is the accepted practice for obvious reasons. 

The usual accomodation is to relinquish the head pressure requirement. 
That works well on high pressure vesssels, those with sma I I heights (horizontal 
vessels), and/or those with low density I iquids (Helium) because the effect is a 
small fraction of the maximum load test pressure. The resolution for low pres­
~!.!:-~, ':.;:;.!;, C!!.J !i!~r. don,;;.;!;:! I iquid vessels (our situation) is more diffi'::'uL"';=~ 
and not as obvious. The compromise proposed in this case, and by extension for 
the EC' s , IS, 

Source Remarks 

MAWP 
15 Rei ief i s 13 pSlg 

+ Vacuum 14 . 36 707' above sea level 



Head LAr 10.0 

Sum 39 . 36 

Test Pressure ca. Sum 40 . 0 pSlg 

In that way the upper pressure is I imited to 136~ of its maximum al low­
able value, the lower portion is tested to l00~ of its maximum allowable pres­
sure plus head, and the nozzle extensions pressures are limited to 267~ of 
their maximum allowable pressures. Note that there are extension items that wi I I 
necessari Iy, be removed for the pressure test and later reinstal led (see the 
Procedures, below), and others that must remain (e.g. signal boxes). GAr wi I I 
be used as the pressurizing gas because it is the operating fluid. 

Conclusion 
The pneumatic ~est pressure wi II be 40.0 pSlg, GAr, as the best com­

promise among competing requirements . 

PROCEDURE 

General 

Provide a source (actual calculated requirement is 1840 scft, but pro­

vide 5000 scf minimum) of GAr through a LP regulator and a I ine fitted with 

a 110~ test pressure relief valve of larger flow capacity than the LP reg­

ulator. Provide two test gauges, one on an independent cryostat port, the other 

on the pressurizing line. A shutoff and then a vent valve should be located 

just downstream of the LP regulator and relief. All of the equipment, except 

for the cryostat pressure gage, must be located out of the I ine of sight of the 

vessel and behind a barrier of sufficient strength to assure shrapnel, that 

might be created in a vessel failure, can not reasonably be expected to injure 

;the test operators at the pressure test stand. 


The test wil I be performed insitu, in the clean room of the 0 Zero 
Assembly building, and must be done with the building empty of al I personnel not 
essential to the test as the vessel is pressurized. AI I entry doors should be 
equipped with a sign warning of the test and clearly stating "Keep Out". One 
member of the test team should make it his task to assure stray spectators do 
not fina their" way to the test area. See the last section on Safety participati ­
on and abide by those constraints as well. Complete any necessary or desireable 
communication with csr NACON or their Code inspector before conducting the 
pressure test. 

Actual Procedure 

1. Assure that the two immediately preceeding paragraphs are read, un­
derstood, and al I actions taken and completed. 

2. The vessel :.:.uuiJ ue 11l~~"'Ci:.o:;~ ~o assure it is properly closed and 

does not exhibit any irregularities that might preclude a successful test. 


2a. The fol lowing extension items must be removed and their nozzles 

suitabl Iy capped before the pressure test; 


A. The pump and purge valve, it has a one atmosphere rating. 
B. The 18 psig Rupture disk assembly . 
C. The 13 psig Rei ief valve assembly. 
D. Vulnerable (over ranged) Pressure Transmitters 



E. AI I vacuum pumping appendages not Test Pressure rated. 

3. The pressure in the vessel (ca. 660 cft) shal I be gradually increas­
ed with GAr to not more than one-half of the test pressure. The agreement of the 
test station and vessel presssure gages should be verified or corrected as re­
quired . Thereafter, the test pressure shal I be increased in steps of approxi­
mately one-tenth of the test pressure unti I the required test pressure is reach­
ed. The test pressure should be held for a minimum of ten minutes . The pressure 
shal I be reduced to a value equal to four-fifths of the test pressure and held 
for a time sufficient to permit complete inspection of the vessel. The visual 
inspection wi I I be augmented with a half-hour or more gas pressure drop test and 
Snoop checking as may be required. All observations wil I be carefully and chron­
ologically recorded in a logbook expressly for that purpose. 

4. Should any sign of vessel fai lure or distortion be observed the test 
is terminated immediately by reducing the pressure to one atmosphere. A final 
disposition for the vessel wil I be arranged with the appropriate authorities. 

5. Upon successful completion of the test the pressure is slowly reduced 
to atmospheric pressure, the test stand and source secured, and the pressure 
test precautions relaxed and signs removed. 

SAFETY 

The "Technical Appendix to Pressure Vessel Testing", Fermi lab safety 
manual, 5034TA, is the appropriate and governing document. The salient points 
wi I I be repeated here for continuity of context, but no attempt is made to 
provide another authority. Read 5034TA, attached. 

r- The test requires a Pressure Testing Permit, see the last page of the 
TA, 5034TA-6, it is the permit application. It must be signed by the Test Co­
ordinator (Kelly Dixon), Safety Officer (Bi II Freeman), and the Division Head 
(Peter Garbincius). The test must be witnessed by the Safety Officier or his 
designee; a duly authorized Safety representative must be present for the test. 
Rick Luther, who has been directing the closure of the vessel and dealing with 
the construction crew, will coordinate this note with the requirements of the 
CBr NACON ASME Pressure Vessel Code inspector. Any modifications arising from 
those discussions wil I be made a part of this Procedure and be subject to ap­
proval by the Fermi lab Safety office. 

This test and procedure wi I I be communicated to the DO Cryogenic 
Safety committee, but pressure testing is a Safety Office function and need 
not be approved by the Cryogenic Safety committee. 

- 30 ­



July 9 , 1990 

CC Pressure Test Check List 
~/ Ch eck O-ring groove requi re ment for sig nal box, rei ief po rt flang es 

/ 

./ Make sealing provisions for above flanges 

r./ Hydrostatically test 4" Marmon and KF50 flange/cap ass'ys to 60 pSI 

~' Install pressurization field piping at outside cryobridge 

t// Install female VCO fittings at pump #90 trap 

/ 
~ Install pressure indicator on top of vessel 

/ Install transducer, chart recorder and associated wiring if available 

Y'Perform leak analyses using RGA and HMSLD 

J Call TJ Sarlina to confirm testing time 

~Break vacuum and perform ROR until 2PM, then bring vacuum up the 
rest of th e way to 1 atm 


.'-./ Regenerate cold traps if manpower is available 


../Remove pirani gage on top of vessel and plug 


L./ Remove rupture disc assembly and install blind flange 

~Remove relief valve port vacuum hose and install blind flange 

v / Remove cryopump gate valve and the pump if necessary, install blind 
flange . 

.//
Remove PV215A and install KF50 cap and clamp 


U Remove Welch pump vacuum hose at Marmon flange and install cap 




and clamp 

Using a second party, check all bolts on blind fanges for tightness 

./ 
_ Replace 10 psi relief with 44 psi one 

J Place warning signs at building entryways, ensure non-essential 
personnel has been evacuated 



---------------------
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Cryostat Filling Limitations for Proposed 

Ar Dewar Pressure Increase 


In order to significantly decrease the amount of time required to fill the 
cryostats, it is desired to raise the setpoint of the "operating" relief valve 
on the argon storage dewar to 20 psig from its existing 16 psig setting. 
This additional pressure increases the flow to the cryostats and will 
overwhelm the relief capacity if the temperature of the modules within 
these vessels is warm enough. Using some conservative assumptions and 
simple calculations within this note, the maximum average temperature 
that the modules within each cryostat can be at prior to filling from the 
storage dewar with liquid argon is at least 290 K. 

Some Assumptions Used in the Analysis 

1. Pressure in the argon storage dewar is at 20 psig. 

2. The flow to the ECN cryostat is the most hazardous due to greater 
limitations on venting (see attached calculations). 

3. The maximum flow of argon to the cryostat is 12.3 gpm (see attached 
calculations). 

4. Gaseous nitrogen is concurrently flowing in the vent piping at a rate of 
4861 lb/hr, this is derived from both ECS and CC cooling at their maximum 
rate and ECN condenser attempting to maintain pressure at its maximum. 

5. Mixture mass flows are at the maximum at junction of relief devices on 
ECN(gN2 mass flow actually increases gradually at junctions toward the 

ECS). 

6. The temperature increase in the vent piping is negligible (large 
majority of piping is insulated). 

7. All flows are treated as incompressible fluids (max. Mach No. = 0.2). 
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8. Temperature of the gaseous nitrogen prior to mixing in the vent 
manifold is 84 K, saturated property at 2 atm. 

9. Flow equations apply to weight-averaged mixture densities and 
viscosities. 

10. All liquid argon flashes to the bulk module temperature in the 
cryostat prior to entering the piping. 

Explanation of Methodology 

The basic purpose of the spreadsheet was to provide a complete model so 
that the maximum bulk temperature of the modules (line 2) could be 
determined. The maximum flow of argon to the ECN (line 3) was calculated 
separately and included after the spreadsheet. A number was picked as a 
guess for the bulk temperature (line 2). Then a number was picked as a 
guess for the percent of mass flow to the relief valve (line 18). The actual 
flow through the relief valve (line 9S) was determined using the total flow 
and the percent of flow to the relief valve. The pressure drops across the 
inlet and outlets of the relief devices were then calculated. This allowed 
the calculation of the pressure drops across the relief valve and rupture 
disk . The various properties of argon were taken from tables at the bulk 
temperature of the modules. 

The section "LlP Across Relief Valve" calculated the maximum theoretical 
flow of argon through the relief valve (line lOS). Then the theoretical 
percent of relief flow (line 109) was calculated based on the theoretical 
relief valve flow divided by the total flow through both the relief valve 
and rupture disk. The number guessed for the percent of flow to the relief 
valve (line IS) was then adjusted by iteration until it was close to, but not 
greater than, the theoretical value (line 109). At this point, the relief valve 
was operating near its full capacity, which could be checked by noting that 
the actual flow (line 98) was close to the maximum theoretical flow (line 
lOS). 
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The next step was to examine the section ..~ Across Rupture Disk". All of 
the total argon flow not going though the relief valve would be flowing 
through the rupture disk. In order to insure that the rupture disk could 
handle the flow, the maximum theoretical rupture disk flow (line 181) was 
calculated, and compared to the actual flow (line 182). The actual flow had 
to be under the maximum theoretical flow, but should be close to the 
maximum value to obtain the highest total flow. In the case that the actual 
flow was calculated to be higher than the maximum theoretical flow, the 
bulk temperature was lowered. Using the new temperature, the first set of 
iterations was repeated to determine the percent of flow to the relief 
val ve, and the rupture disk flow was compared again. The temperature 
was lowered through iteration until an acceptable value was found. 

Note that the sections on pressure drops were only needed to calculate 
inlet and outlet pressures for the relief valve and rupture disk. Other 
sections calculated the changes in various properties of the argon at certain 
points. Each time the temperature was changed, the values for density and 
viscosity were changed to reflect the new temperature. The maximum 
flow of nitrogen from the condensers was also accounted for, since it had 
an effect on the pressure drops of the outlets of the relief devices. 

Notes on Maximum Module Temperature Calculation 

*> means that this value is to be re-entered each time the bulk module 
temperature is changed. 

> means that this value is a number, not a formula, but should only be 
entered once, Le., it doesn't need to change with the temperature. 

(conv.) means that this value is the same as a previous value, but 

converted to different units. 


EN-263, Russ Rucinski, should be referred to for pressure drop calculations. 
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General Procedure: 

In the first section, "Conversion of Liquid to Gas at Module Temp.," enter 
the bulk temperature of the modules. This is also the temperature that 
will be used for pressure drops in the relief and rupture disk inlets, and 
for the relief devices themselves. Enter the gas density at 2.2 bars and 2.4 
bars, and at the bulk temperature, so that the density at the cryostat 
pressure can be calculated. Enter some percent of mass flow to the relief 
valve. This will be used to assume some mass flow to each relief device 
for pressure drop calculations. It will be adjusted by iteration later. 

In the next section, "@ Across Relief Valve Inlet," enter the viscosity at 2.4 
bars (or 2.375 bars for more accuracy) and the bulk temperature. The rest 
of the section is calculated. 

The next section, "M> Across Rupture Disk Inlet," needs no entries, since it 
assumes the same gas properties as the previous section. 

The section, "M> Across Relief Valve Outlet" requires the gas density, and 
the viscosity at an verge pressure of 2 bars and at the bulk temperature. 
This just accounts for the drop in pressure to about 1.5 bars. If more 
accuracy is required, the new pressure could be calculated by adding the 
common outlet pressure drops to atmospheric pressure. 

The "6P Across Rupture Disk Outlet" section is completely calculated, based 
on the assumption that the gas properties remain the same as for the relief 
valve outlet. 

The next section, "Change in Gas at Common Outlet to Outside" reflects the 
change in properties of the fluid at the junction of the relief device outlets 
due to the mixing of argon from the relief devices and nitrogen from the 
condensers. 

The "M> Across Relief Valve" is completely calculated (ref. I , 3). The 
specific heat ratio, k, has been determined using the Cp and Cv at the 

correct temperature and pressure. Also, the flowing temperature is 
converted from the original bulk temperature, to the equivalent Rankine 



5October 17, 1991 3740. 512-EN-321 

temperature. The basic purpose of this section is to compare the 
"Theoretical Percent of Relief Flow" to the actual percent that was entered 
in section 1. Since the theoretical percent of the relief flow is the 
maximum flow possible at the given inlet and outlet parameters, this 
number should be checked such that it does not fall below the "guessed" 
percentage in the first section of calculations. 

The "&' Across Common Outlet to Platform" is calculated based on the 
properties from the "Change in Gas ... " section. Also, all pressure drop 
calculations are based on a equation which relates the friction factor, f, to 
the Reynolds number and the relative roughness, e/D. The "Friction Factor 
Guess" is based on an equation in Introduction to Fluid Mechanics (ref.1) 
and that value is used in another equation in the same reference to find 
the actual friction factor. Calculations to determine equivalent lengths and 
relative roughness were based on dimensions from sketches and drawings 
of the ECN piping and platform manifold. 

The section on the "&' from Platform Bayonet to Outside" is completely 
calculated like the previous section, but with a different diameter and 
equivalent length. 

The "Summation of Equivalent &'s" is basically a summary of the pressure 
drops, where the "Rupture Disk Pressure Drop" is calculated based on the 
three relief valve values, and the rupture disk inlet and outlet values. 

The "&' Across Rupture Disk Device" is calculated like the relief valve. The 
complete equation for the "Gas Flow Constant for Subsonic Flow (C1)" is 
found in reference 2. The specific heat ratio, k, was adjusted according to 
the actual pressure and temperature. In both the relief valve and the 
rupture disk, the outlet pressure should be compared to the critical 
pressure, which it must exceed for the flow to be subsonic. In all cases 
analyzed, the flow was subsonic. 
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Conclusions and Recommendations 

The average temperature of the module mass for any of the three 
cryostats can be as high as 290 K prior to filling that particular cryostat. 
This should not be confused with the average temperature of a single type 
or location which is useful in protecting the modules-not necessarily the 
vessel itself. A few modules of each type and at different elevations 
should be used in an average which would account for the different 
weights of each module. Note that at 290 K, the actual flow of argon 
through the relief valve and the rupture disk was under the maximum 
theoretical flows for each relief device. This means that the bulk 
temperature could actually have been raised to flow argon through the 
reliefs at their maximum capacity. Therefore, the temperature of 290 K is 
a conservative value for the calculated flow rate of 12.3 gpm. 

Safeguards in addition to and used in conjunction with operating 
procedures shall be implemented in such a way so that the above 
temperature limitation is not exceeded and such that it is exclusive of the 
programmable logic controller (PLC). One suggestion is using a toggle 
switch for each cryostat mounted in the PLC I/O box which would maintain 
control of the signals to open the cold fill valves of each cryostat. 

With the safeguards in place while carefully monitoring the temperatures 
during a cooldown cycle in each cryostat, the set pressure in the argon 
storage dewar can safely be increased to 20 psig. 
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Maximum Module Temp~, ,dure Calculation 10/17/91 

. 97)) 

1 
2 
3 
4 
5 
8 
7 
8 
sa 
10 
11 
12 
1 3 
14 
1 5 
1 8 
1 7 
18 
19 
201
21 
22 
23 

A 
IConversion of Liquid to §~ at Module Temp. 
I"> Bulk Tell!I!.. of Modules 
I> Max. Flow 01 Liquid ArjlQn_ to_Cryostat 
I> Pressure in Gryostat 
I Pressure In G!}tostat (conv.) 
I> IAr Den!i!Y~ 2.2 bars 
I> IAr Density @ 2.4 bars 
liAr Den~ 2.375 bars 
I"> gAr Density @ 2.2 bars 
I"> gAr Density @ 2.4 bars 
IgAr Density @ 2~7~&_Te.!!!Q. 
IgAr De!lsity @ 2.375 bars (conv.) 
IMaximum Flow of AJ:gon Gas 
IMaximum Flow of Argon Gas (conv.) 
lAir Equivalent Flow @STP 
ISpecific Heat Constant, C, for Ar 
/Max. Mass Flow of Amon Gas 
I"> Percent of Mass Flow to Relief Valve 

&P Across Relief Valve Inlet 
I> Inner PJQ.e Diameter 
IInner Pipe Diameter (conv-l 
I> Equivalent Length 

B 

290 
12.3 
19.75 
-JEL4114.696+ 1)" 1.01325 
1.342421 
1.335861 
.(85-2.2)/0.2" (B7-B6)+B6 
3.655 
3.987 
.@5-2.2)/O.2"(B1 0-B9)+B9 
.811/1000"62 .428 
.83"88/B 11"1000 
.813"0.13368 
.6 . 32"B17"356/B16"SQRT(B99j(520"~177"28

- _ . . _ -­ - -­ -

-520" SQRTm 16S"{2L(B! 68+ 1))"«B 168+1)/(B168
.B14"B12"60 
0.48 

0.206 
.B21"12 
38 

-1))) 

24 
25 
2 6 
27 
28 
29 
30 
31 
3 2 
3 3 
34 

/Ar Gas Density @_2.375& Temj). 
IAr Gas Den~ @ 2.375 bars (conv.) 
I"> gAr ViscositY @ 2.4 bars & Temp. 
'gAr Viscosity @ 2.4 bars (conv.) 
IMax. Mass Flow to Relief Valve 
1R~nolds Number 
I> Relative Roughness (e/D) 
IFriction Factor Guess 
IFriction Factor 
1Pressure Dro~ 

.(B5-2 .2)/O.g"(1i1 Q-B~+B9 

.B24/1000"62.428 
0.0002228 
.B26"100 
.B17"B18 
.6.31"B28/(B22"B27) 
0.0007 
.0.25" (~OG(830/3.7+5.74/(B29"0.9)) )"-2 
.0.25" (LOG(B30/3. 7 +2.51/(B29"B31"0 .5)))"-2 
-0 .00000336" B32" B23"( B28"2)/B25il!32~"5J 

c o 
Units 

290 K 
12.3 1ge.m 
19.75 jp~ig 
2.375 bars 
1.34 J.H/cc 
1.34 /g/cc 
1.337 19/cc 
3.655 "!.9./cc 
3.987 rTlg /cc 
3.945 rTlg /cc 
0.246 Ibmlft"3 
4167 1ge.m 
557 clm 
1443 scfm air 
378 
8232 Ibm/hr 
0.48 

Units 
0.206 f t 
2.472 in 
38 f t 
3.945 rTl..a /cc 
0.246 Ibmlft"3 
0.0002228 I.9/cm -s 
0.02228 cent.iE.oise 
3952 Ibm/hr 
453000 
0.0007 
0.019 
0.0189 
1.655 1Q.s i 
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Maximum Module Temperature Calculation 10/17/91 

-

A B C 0 

35 &P Across Rupture Disk Inlet Units 

36 Inner Pipe Diameter (conv.) .937/12 0.172 f t 
37 > Inner Pipe Diameter 2.067 2.067 in 

38 > Equivalent Length 49 49 f t 

38 cAr Density @ 2.375 & Temp. .(95-2.2)/0.2*(910-991+99 3.945 mg/cc 

40 gAr Density @ 2.375 bars -(conY.) .939/1000*62.428 0.246 Ibmlft/l3 

41 IcAr Viscosity @ 2.4 bars .926 0.0002228 Ig/cm -s 

42 oAr Viscosity @ 2.4 bars (cony.) .941*100 0.02228 centipoise 

43 Max. Mass Row to Rupture Disk .917*(1-918) 4281 Ibm/hr 

44 Revnolds Number .6.31*943/(937*942) 587000 

45 > Relative Rouahness (a/O) 0.0009 0.0009 

48 Friction Factor Guess .0.25*/LOG(945/3.7 +5. 74/(944/10.9}}}/I-2 0.0198 
47 Friction Factor .0.25*(LOG(945/3 . 7+2.51/(944 *946/1 o.5»}/I-2 0.0197 
48 IPressure Drop .0.00000336 * 947* 938* / 943/12\/940//937/15) 6.394 Ipsl 

51 
52 &P Across Relief Valve Outlet Units 

53 Inner Pipe Diameter (conyJ .954112 0.272 f t 

54 > Inner Pipe Diameter 3.26 3.26 in 

55 > Equivalent Length 51 51 f t 

58 *> gAr DensitY @ 2.0 bar & Temp. 3.324 3.324 malcc 
57 loAr Density -@ 2.0 bar {conY} .958/1000*62.428 0.208 Ibm/ft/l3 

58 *> oAr Viscosity @ 2.0 bar & TemD. 0.0002227 0.0002227 a/cm-s 

51 IgAr Viscosity @ 2.0 bar (conY~) .958*100 0.02227 centipoise 

80 Max. Mass Flow to Relief Valve .928 3952 Ibm/hr 

81 Reynolds Number .6.31*9601(954*959) 343000 

82 >Relative Roughness (e/D) 0.00055 0.00055 

83 Friction Factor Guess .0.25*(LOG(96213. 7+5. 74/(961/10 .9)))/1-2 0.0185 
84 Friction Factor .0.25*(LOG(962/3. 7 +2.51/(961*963/10.5)))/1-2 0.0183 
85 Pressure Drop .0.00000336*964*955*(960/12\/9571(954/15) 0.642 iDSi 

88 

' 992 

I 
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Maximum Module Tempe"dure Calculation 10/17/91 

A B C D 
67 aP Across Rupture Disk Outlet Units 
68 Inner Pipe Diameter (cony.) -B69/12 0.18 f t 
68 > Inner Pipe Diameter 2.157 2.157 in 
70 > Equivalent length 1.75 1.75 f t 
71 IgAr Density _~ 2.0 bar & Tem~. .B56 3.324 "!9-'cc 
72 IgAr Density @ 2.0 bar (conyJ .B71/1000*62.428 0.208 Ibm/ft"3
73 IgAr Viscosity ~ 2.0 bar & Tem~ -B58 0.0002227 Ig/cm-s
74 IgAr Viscosity @_2.0 bar (cony.) -B73*100 0.02227 centiE.oise 
75 Max. Mass Flow to Rupture Disk -B43 4281 Ibm/hr
76 Reynolds Number -6.31*B75/(B69*B74) 562000 
77 > Relative Roughness (e/O) 0.0009 0.0009 
78 FriC1lon FaC10r Guess -0 .25* (lOG(B77/3 .7 +5. 7 4/(B76"0. 9)})"-2 0.0198 
78 Friction Factor -0.25* (lOG(B77/3.7+2.51/(876*878"0.5» )"-2 0.0197 
80 Pressure DroJt 
81 

-0.00000336*879*870*(875"2}/B72/{869"5} 0.219 II!s i 

82 Change In Gas at Common Outlet to Outside Units I 
83 Pressure in C~ostat -84 19.75 ..I!sig
84 Pressure in Cjyostat (conY.) -(883/14.696+ 11*1.01325 2.375 bars 
85 IgAr Density @ 2.2 bars -89 3.655 mg/cc
86 IgAr Density @ 2.4 bars .810 3.987 mg/cc
87 IgAr Density @ 2.375 & Tem~ .(884-2.2}/0.2*(B86-885)+885 3.945 mg/cc
88 Temp. at Common Outlet .(82*817+84*8189J/(B17+8189) 214 K 
88 > Pressure to Calculate Dens~ 1.5 1.5 bars 
80 *> gAr Den~ 1.5 bars & New Temp. 3.396 3.396 l1!9/cc
81 *> gAr Visco~ 1.5 bars & New Temp. 0.0001696 0.0001696 [a/cm -s 
82 laAr Viscosity @ 1.5 bar (cony.) -891*100 0.01696 centl.l!oise 
83 
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Maximum Module Temperature Calculation 10/17/91 

A B C D 

94 t\P Across Relief Valve Units 

95 > Critical Ratio (Pcr/P1) for Argon 0.487 0.487 
98 > Specific Heat Ratio (k) for Argon -8168 1.67 
97 > Area of 2" x 3" Relief Valve 2.29 2.29 in"2 
98 Flow Through Relief Valve -B28 3952 Ibm/hr 

99 Flowing Temperature -1.8"82 522 deg R 

100 > Compressibilitv Factor 1 1 
101 > Nozzle Coefficient for type 93T 0.939 0.939 
102 Flowing Inlet Pressure (P1) -B4+14. 696-833 32.79 Ipsia 
103 > Molecular Weight of Argon 39.948 39.95 g/mol 

104 Critical Pressure (Per) -895"B102 15.97 Ipsia 

105 Outlet Pressure (P2) (using delta p's) -14.696+B154+B133+865 27 .39 Ipsia 
106 Pressure Ratio (P2"/P1) -(B 1 02-0.55"((B1 02-B1 05) "0.98))/B 1 02 0.912 
107 Theoretical Factor (P) (using P2) -SORT«B96/(B96-1»" (B1 06"(2/B96)-B 1 06"((B96+ 1 )/B96))) 0.284 
108 Max. Theoreticai Relief Flow (using F") -735"897"B1 01"B1 02"B1 07"SORT(B1 03/899/B100) 4072 Ibm/hr 

109 Theoretical Percent of Relief Flow -8108/B17 0.4947 
110 Pressure Drop Across Relief Valve -B102-B105 5.403 psi 

111 
- -
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Maximum Module Temperature Calculation 10/17/91 


A B C D 

112 .1P Across Common Outlet to Platform Bayonet Units 
113 > Inner Pipe Diameter 0.355 0.355 1t 
114 Inner Pipe Diameter (conv.) -B113*12 4.26 in 
115 > Equivalent Length 273 273 1t 
118IgAr Density @ 1.5 bar & New Tem.Q. -B90 3.396 mg/cc 
117IgAr Density @ 1.5 bar (conv.) -B 116/1000*62.428 0.212 Ibm/ft"3 
118 *> gN2 Gas Density ~ 1.5 bar & New Temp. 2.411028 2.411 mg/cc 
118 gN2 Gas Density @ 1.5 bar (conv.) -B118/1000*62.428 0.151 Ibm/ft"3 
120 Gas Mixture Density @1.5 bar -(B17*B117+B127*B119)/B128 0.189 Ibm/ft"3 
121 gAr Viscosity @ 1.5 bar & New Temll­ -B91 0.0001696 g/cm-s 
122IgAr Viscosity @ 1.5 bar (conv.) -B121*100 0.01696 centipoise 
123 *> gN2 Viscosity @ 1.5 bar & New Temp. 0.000136454 0.0001365 g/cm-s 
124 gN2 Viscosity @ 1.5 bar (conv.) -B123*100 0.01365 centipoise 
125 Mixture Viscosity @1.5 bar -(B17*B 122+B 127*B124)1B128 0.01573 centipoise 
128 Max. Mass Flow 01 Argon Gas -B17 8232 Ibm/hr 
127 Max. Flow 01 Nitrogen Gas -B189 4861 Ibm/hr , 

128 Mass Flow 01 Mixture -B126+B127 13093 Ibm/hr 
128 Reynolds Number -6.31*B128/(B 114 *B1251 1230000 
130 > Relative Roughness (e/D) 0.0004 0.0004 
131 Friction Factor Guess -0.25*(LOG(B130/3.7+5.74/(B 129"0. 9))) "-2 0.0165 
132 Friction Factor -0.25*(LOG(B130/3.7+2.51/(B 129*B131 "0.5)))"-2 0.0164 
133 Pressure Drop -0.00000336*B 132* B 115*'B128"2)/B120/(B114"5) 9.705 ipsi 
134 - - ­ - - - ­ '----­ - ­ - - -
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Maximum Module Temperature Calculation 10117191 

A B C 0 
135 ~P from Platform Bayonet to Outside Units 
136 > Inner Pipe Diameter 0.53 0.53 f t 
137 Inner Pipe Diameter (cony.) -B136·12 6.36 in 
138 > Equivalent Len Jth 516 516 f t 
139 IgAr Gas Density ~~ 1.5 bar & New Temp. -B90 3.396 mg/cc 
140 IgAr Gas Density ~~ 1.5 bar (conY.) -B139/1000·62.428 0.212 Ibm/ft A3 
141 'gN2 Gas Density @ 1.5 bar & New Temp. -B118 2.411 mg/cc 
142 gN2 Gas Density @ 1.5 bar (conv.) -B141/1000·62.428 0.151 Ibm/ft A3 
143 Gas Mixture Dens_ity @1 .5 bar -(B17·B140+B189·B142)/B149 0.189 Ibm/ft A3 
144 gAr Viscosity @ 1.5 bar & New Tem~. -B121 0.0001696 g/cm-s 
145 gAr Viscosity @ 1.5 bar (cony.} -B144·100 0.01696 cent~oise 

148 gN2 Viscosity @ 1.5 bar & New Temp. -B123 0.0001365 g/cm-s 
147 gN2 Viscosity @ 1.5 bar (cony.) -B146·100 0.01365 centipoise 
148 Gas Mixture Viscosity@1.5 bar -(B 17·B145+B189·B147)/B149 0.01573 centipoise 
148 Max. Mass Row of Gas Mixture -B128 13093 Ibm/hr 
150 Revnolds Number -6.31·B 149/(B137·B148) 826000 
151 > Relative Roughness (e/D) 0.00027 0.00027 
152 Friction Factor Guess -0.25·(LOG(B 151/3.7 +5.74/(B150AO.9)))A_2 0.0156 
153 Friction Factor -0.25·{LOG{B 151/3.7 +2.511(B150·B152AO.5)))A-2 0.0155 
154 Pressure Drop -0 .00000336·B 153·B138·(B 149A2)/B 143/(B 137A5) 2.345 psi 
155 

158 Summation of Equivalent ~Ps Units 
157 Relief Valve Inlet Pressure Drop -B33 1.655 Ipsi 
158 Relief Valve Outlet Pressure Drop -B65 0.642 Ipsi 
158 Relief Valve Pressure Drop -B110 5.403 Ipsi 
180 Relief Valve/Disk Branch -B33+B65+B110 7.7 Ipsi 
181 Rupture Disk Inlet Pressure Oro!) -B48 6.394 Ipsi 
182 Rupture Disk Outlet Pressure Dro~ -B80 0.219 Ipsi 
183 Rupture Disk Pressure Drop -B157+B158+B159-B161-B162 1.087 psi 

1184 Common Outlet Pressure Drop -B133 9.705 psi 
1185 Platform to Outside Pressure Drop -B154 2.345 ~si 
l186 
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Ml!xlmum M!!!!ull ) uIallon 10/17/91Temperature Calc 

A B C D 

167 6P Across Rupture Disk Units 
168 '>Argon Specific Heat Ratio (k) 1.673 1.673 
169 Critical Ratio .(2/(8168+1))"(81681(8168- f») 0.486 
170 > Area of 3- Rupture Disk .3.14159'(3"2)/4 7.069 in"2 
171 Flow Through Rupture Disk .843 4281 Ibm/hr 
172 Flowing Temperature .1.8'82 522 deg R 
173 > ASME Coefficient (K) 0.62 0.62 
174 Pressure Ratio (Pe/Po) .B179/B176 0.961 
175 gAr Flow Constant for Subsonic Flow{C1) .SORT(2·32.2/1545·CB 168/(B 168-1))" (B 174"(2/B168)-B17 0.039 
176 Flowing Inlet Pressure (Po) .B4+14.696-B48 28.05 psi a 
177 > Molecular Weight of Argon 39.948 39.948 Ig/mol 
178 Critical Pressure (Per) .B169"B176 13.64 psia 
179 Outlet Pressure (Pe) (using delta p's) .14.696+B154+B133+B80 26.97 psia 
180 Pressure Drop Across Rupture Disk .B176-B179 1.087 psi 
181 Maximum Theoretical Rupture Disk Flow .B170"8173"B175·B176·SORTCB 177/B172)"60"60 4833 Ibm/hr 
182 Actual RUDture Disk Flow .B43 4281 Ibm/hr 
183 
184 Maximum Flow from Condensers units 
185 > Max. Flow of liquid Nitrogen 13 13 gpm 
18& Max. Flow of liquid Nitrogen (conv.) -B185/7.48 1.74 ft"3/min 
187 Density of LN2 @ 3.5 atm 0.747 0.747 glee 
188 Density of LN2 (conv.) .B187·62.4 46.6128 Ibm/ft A 3 
189 Mass Flow of L~2 - - - - - ­

.B186·B188·60 4861 Ibm/hr 

}, 
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Max. Flow to ECN, 5/23/91, revised 10/17/91 John Wu 

Calculation of Max. Flowrate 
from LAr Dewar to ECN 

13 psig 

a::s a: 

13' 

20psig 

4' 

2' 

PV638A MV476A 

10 

collision 
hall 

d = 1.682 in = 0.1402 ft [1 1/2" SCH. 10 inner pipe dia.] 

[cross-sectional area]A = 0.01543 ft2 

Reference: drawings 
from Tony Parkez 

up to cryocomer cryocomer to CC CCtoECN TOTAL 

# of elbows. 90° 17 4 19 40 

# of elbows. 45° 1 3 1 5 

# of tees. branch 3 0 0 3 

# of tees. thru 0 2 0 2 

1 




Max. Flow to ECN, 5/23/91, revised 10/17/91 John Wu 

Calculation of Equiyalent Length 

Calculate the equivalent length of the piping from the LAr dewar to the 


inner vessel of the ECN. 


~iping = Ll.7" dia. + Ll.O" dia. 


Adjust 169 ft length to CC (ref. Kelly Dixon) to include ECN. 

L1.7" dia. = 169 ft (length to CC) - 8.3 ft (CC drain line) + 21.7 ft (CC to 

rotary bayonet assembly) + 4.6 ft + 5.2 ft (rotary U-tube dimensions) + 6.1 

ft + 13 ft (ECN drain line) = 211.3 ft total. 

Equivalent lengths of the flowmeters are accounted for by including a 4 

foot length of 1.0" diameter piping. Convert l.0" diameter equivalent 

length to 1.7" dia. equivalent length: 

Reference: Crane Technical Paper No. 410 

(1" SCH. 40 to 1 1/2" SCH. 10) 

Ll.O.dia.=(::~!~) 
5 

x 4' =42.4' 
~iping = 211.3 ft + 42.4 ft =253.7 ft total 

Convert elbows and tees into equivalent lengths of pipe. 

Lfittings = [40(20) + 5(14) + 3(60) + 2(20)] x 0.1402 ft = 152.8 ft 

Leq = 253.7 ft + 152.8 ft = 406.5 ft 

2 



Max. Flow to ECN, 5/23/91, revised 10/17/91 John Wu 

Calculation of Resistance Coefficient 


Reference: Crane Technical Paper No. 410 


Calculate the resistance coefficient for the piping and fittings. 


~;p;ng. nlt;ng, = f (Ldeq
) 


let f = 0.022 [friction factor guess] 


406.5 ft 1Kpiping fittings=0.022 =63.79(. 0.1402ft 

Include inlet and outlet losses (ref. Kelly Dixon). 

~nlet = 0.5 

~utlet = 1.0 

Calculate resistance coefficient for the valves. 

2 2 
2 

v _(29.9 d ) (# f I ) =(29.9 (1.682)2] 4 =24 76"~alves - X 0 va ves x. 
~ 34 

where the diameter, d, is in inches, not feet. 

LK = 63.79 + 1.5 + 24.76 = 90.05 
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Max. Flow to ECN, 5/23/91, revised 10/17/91 John Wu 

Driying Pressure 

Calculate the differential pressure available under relieving conditions. 

max. head available = 720.3 ft (dewar @ 16,000 gallons) 

- 715.2 ft (bottom of ECN) 

5.1 ft (total elevation difference) 

Calculate the pressure due to elevation difference. 

Density of liquid argon @ 19.75 psig = 1.337 g/cc, which corresponds to a 

specific weight of 0.580 psi/ft. 

L\p due to head = 5.1 ft x 0.580 psi/ft = 2.96 psi 

L\Prelieving = (LAr dewar pressure) - (ECN pressure) + (head pressure) 

= 34.7 psia - 34.45 psia + 2.96 psi =3.21 psid 

Determine the pressure drop across the cryofilter. 

Actual experience shows that with a 30 gpm flow, the pressure drop across 

the cryofilter is 4 psid. 

&Pfilt.,= U'of x 4 psid = 0.00444 q 2 

where L\Pfilter is in psid if q is in gpm. 

L\p available =L\Prelieving - L\Pfilter 

4 



Max. Flow to ECN, 5/23/91, revised 10/17/91 John Wu 

Calculation of Flowrate 

Calculate the flowrate, q, by rearranging Darcy's formula (ref. Crane 410). 

modified Darcy's formula: 

2 
~p = pU< _v_ 

144 2 gc 

where: ~p is in psid, 

p is in Ib /ft3,m

and v is in ft/s. 

(144 is a conversion factor of in2/ft2.) 

Rearrange to solve for the velocity, v. 

lbm-ft in2)2 32.174 2 144-- ~Pavailable 
2( ~ lbr s ft 

(83.47 If::) <90.05) 

v = 1 .1 1 0"'; ~p available 


W here v is in ft/s if ~p a v ailable is in psid. 
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Max. Flow to ECN, 5/23/91, revised 10/17/91 John Wu 

Substitute formulas with q into both sides of the equation for v and ~p. 

Substitute for v: (Let Q be the flow rate in efs.) 

v = Q = 4Q = __4---:Q==--_ = 64.7 8Q
A 2 2 

1td 1t(0.1402 ft) 


where v is in ft/s if Q is in efs. 


Convert the equation so that v will be in ft/s if q is in gpm. 

v = 64.78 (q min x 0.13368 ft ) = 0.1443qg~l x 
3 

mln 60 see gal 

where v is in ft/s if q is in gpm. 

Substitute for ~p: 

From before, ~Pavailable = ~Prelieving - ~Pfilter. 

~Pavailable = 3.21 psid - 0.00444q2 

where ~Pavailable is in psid if q is in gpm. 

From before, 

v = 1.11 0"'; ~p available 

where v is in ft/s if ~Pavailable is in psid. 

Substitute formula for ~Pavailable to get v in terms of q. 

2 
v = 1.11 rrJ3.21 _ 0.00444q 

where v is in ft/s if q is in gpm. 

6 



Max. Flow to ECN, 5/23/91, revised 10/17/91 John Wu 

Set the two equations for v in terms of q equal, and solve for q. 

2 
v = 0.1443q = 1.11 rrJ3.21 _ 0.00444q 

3.21 
q= 

2 

0.1443] +0.00444
( 1.110 

q =12.26 gpm 

Check Friction Factor 

R pV rel.d 
edrelieving = 

~ 

- 3 - 4 I b g1l=2.4185x 10 @sat. 1.3 bars = 1.6252 x 1 0 ~ 
cm-s ft- s 

qrelieving = 12.26 gpm 

4 (12.26 gpm x 1 cfs ) 
vrel = qrelieving = 4 qrelieving = 448.83 gpm = 1.769!..!. 

. A 2 2 S 
1t d 1t (0.1402 ft) 

83.47 I b:Y1.769 ~tJOo1402 ft)

(
 ft ~ 5 

Red 10 = =1.274x 100 re leVlng 4 I b 

1.6252 x 1 0- ~ 


ft-s 


Assuming a value of 0.00015 roughness for commercial steel pipe, the 

relative roughness is 0.001, and the friction factor is 0.022, which checks. 

7 



Max. Flow to ECN, 5/23/91, revised 10/17/91 John Wu 

TK Sober Plus Analysis 

The following two pages are printouts of the variable and rule sheet 

from a TK Solver model set up to verify the hand calculations for the 

maximum flow rate to the ECN from the Argon dewar. The first page is the 

variable sheet, which shows the typed inputs and calculated outputs for 

various parameters. The complete solution requires guessing a number for 

the friction factor . The program then iterates to find the exact solution. 

Also note that the columns have a set width, so that not all of the entries 

are shown completely, specifically, g has units of Ibm-ft/lbf-sA2. The 

second sheet is the rule sheet, which shows the various formulas used. 

The complete model has been saved in the Co-op Mac, under the name 

''TK LAD Flow to ECN'. 

8 




St.. lm2llt. 
1.682 

40 

5 

3 

2 

253.7 

.5 
1 

34 
4 

5.1 
83.47 

.00016252 

.00015 

Name. 
D 
d 
A 

Els90 
Els45 
TeesBr 
TeesTh 
Lpiping 
Lfittin 
Leq 
f 
Kinlet 
Koutlet 
Kpiping 
Cv 
valves 
Kvalves 
SumK 
elev 
rho 
Spwt 
DPhead 
DPrel 
DPfilte 
DPavail 
Vrel 
Re 
visc 
e 
rough 
pi 
g 
q 

output 

.14016667 

.01543046 

152.78167 
406.48167 
.02195416 

63.66681 

24.759878 
89.926688 

.57965278 
2.9562292 
3.2062292 
.66797323 
2.5382559 
1. 7701374 
127431. 07 

.00107015 
3.14159 
32.174 
12.259444 

in 
ft 
ft .... 2 

ft 
ft 
ft 

ft 
Ibm/ft .... 3 
pSi/ft 
psi 
psi 
psi 
psi 
ft/s 

1bm/ft-s 

1bm-ft/lb 
gpm 

Comment 
inner pipe dia. 
inner pipe dia. (converted) 
cross-sectional area 
number of 90° elbows 
number of 45° elbows 
number of tees, branch 
number of tees, thru 
equivalent length of 1.7" piping 
equivalent length of fittings 
equivalent length 
friction factor (guess) 
inlet resistance 
outlet resistance 
resistance of piping 
coeff. of valves 
number of valves counted 
resistance of valves 
summation of resistances 
max. head available 
density of argon 
specific weight of argon 
delta p from head 
delta p relieving 
delta p from filter 
delta p available 
relieving velocity 
Reynold's number 
viscosity 
roughness coefficient 
relative roughness (e/d) 
pi constant 
gc conversion constant 
flow rate 



.s. Rule. 
* 	pi = 3.14159 "constant for pi 
* 	g = 32.174 "constant for gc, in units of (lbm-ft)/(lbf-sA 2) 
* 	d = D/12 "conversion of inner pipe dia. from inches to feet 
* 	A = pi*(dA 2)/4 "cross-sectional area of pipe 

Lfittings = d*(Els90*20+Els45*14+TeesBr*60+TeesTh*20) "equivalent length 
Leq = Lpiping + Lfittings "total equivalent length of 1.7" dia piping 

* 	Kpiping = f*Leq/d "resistance coeff. for piping and fittings 
* 	Kvalves = valves*((29.9*(DA2)/Cv)A2) "resistance of valves 
* 	SumK = Kpiping+Kvalves+Kinlet +Koutlet "summation of K coeff. 
* 	SpWt = rho/144 "specific weight at correct density 
* 	DPhead = elev * SpWt "delta p due to max. head pressure 
* 	DPrel = 34.7 - 34.45 + DPhead "delta p due to elevation difference 
* 	DPfilter = 4*((q/30)A2) "pressure drop across cryofilter 
* 	DPavail = DPrel - DPfilter "available differential driving pressure 
* 	DPavail = (rho*SumK*(Vrel A 2))/(144*2*g) "modified Darcy's formula 
* 	Vrel = (q*.13368/60)/A "velocity in ft/s from flow rate in gpm 
* 	Re = rho*Vrel*d/visc "Reynold's number for pipe flow 
* 	 rough = e/d "relative roughness for commercial steel of 1 1/2" dia. 
* 	1/(fA.5) = -2.0*log((rough/3.7) + (2.51/(Re*(fA.5)))) "Moody chart 
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3740. 512-EN-321 October 18, 1991 

Determine Worst Case Cryostat 
to Fill Due to Pressure 

Fill capacity 

Reference: ECN numbers taken from previous "Calculation of Max. Flowrate 
from LAr Dewar to ECN". 

(q~)max = 12.3 gpm 

ECN 
ll( = 90.05 

ll(OC = ll(ECN _ f(Leo/ == 90.05 _ (0.022)(30 ft) = 85.34 
d 0.1402ft 

ll(ECS = ll(OC _ f(Leo/ == 85.34 _ (0.022)(27 ft) = 81.10 
d 0.1402 ft 

The ECS has the smallest resistance coefficient because it has the shortest 
equivalent length of piping from the argon dewar. Therefore, the same 
driving pressure from the dewar will produce the largest inlet flow to the 
ECS. The flowrate is inversely proportional to the square root of the 
resistance coefficient: 

cryostat 1 
q --,:.===oc 

~ ll(cryostat 

Therefore, the flowrates of the ECS and ECN can be compared as follows: 



3740. 512-EN-321 October 18, 1991 

The maximum inlet flow to the ECS is greater than the maximum inlet flow 
to the ECN by about 5%. However, the ECS is not the worst case cryostat to 
fill because it also has a shorter equivalent length of relief piping. 

Venting capacity 

Reference: D0 Engineering Note 3740.224-EN-323, ECN Pressure and 
Vacuum Vessel Engineering Notes. 

The first spreadsheet in EN-323 calculates the ECN relief flow capacity. In 
the section, "6P Across Relief Valve", line 108 shows the maximum 
theoretical flow through the relief valve. In the section, "6P Across 
Rupture Disk", line 181 shows the maximum theoretical flow through the 
rupture disk. Therefore, the total mass flow can be calculated as: 

p(q~)max =7740 Ibm (relief valve) +7458 I bm(rupture disk) =15,198 Ibm 
hr hr hr 

Note that q here represents the flow through the relief piping, QJil of the 
ECN, whereas the q on the previous page represented the inlet fill piping, 
into the ECN. 

The calculation of the venting capacity of the ECS is more complicated, 
because the numbers can not be referenced from EN-323. To calculate the 
ECS capacity, the ECN spreadsheet was modified for the ECS, changing the 
section, "6P Across Common Outlet to Cryocorner". Line 115 is the 
equivalent length of this section of piping. ECN had an equivalent length of 
273 ft, which was calculated in this note (see previous K. Dixon's hand 
calculations, "ECN Equivalent Lengths of RelieflExhaust Piping"). The only 
difference in the relief piping of the ECS is that the equivalent length of the 
common outlet changes to 238 ft. Using this new equivalent length, the 
spreadsheet was re-calculated to find the maximum theoretical flows 
through the relief valve and rupture disk. The following pages show the 
actual spreadsheet, modified for the ECS. 



) 
Maximum ECS Relief Flow Calculation 10/18/91 

A B C 0 
1 Conversion of Liquid to Gas at Module Temp. Units 
2 > Bulk Temp. of Modules 96 96 K 
3 >. Max. liquid Equivalent Flow of Argon to Reliefs 24.9 24.9 Igpm 
4 > Pressure in Cryostat 19.75 19.75 'psi~ 
5 Pressure in Cryostat (conv.) -(B4/14.696+ 1)"1.01325 2.375 bars 
8 > IAr Density @ 2.2 bars 1.342421 1.342 g/cc 
7 > IAr Density @ 2.4 bars 1.335861 1.336 g/cc 
8 IAr Density @ 2.375 bars -(B 5-2 .2)/0.2· (B7 -B6 )+B6 1.337 g/cc 
9 > gAr Density @ 2.2 bars 11.77 11.77 mg/cc 
10 > gAr Den~ity @ 2.4 bars 12.75 12.75 mg/cc 
11 IgAr Density @ 2.375 & Temp. -(B5-2.2)/0 .2· (B1 0-B9)+B9 12.627 mg/cc 
12 InAr Density @ 2.375 bars (conv.) -B 11/1000·62 .428 0.788 Ibm/ft A3 
13 Maximum Flow of Argon Gas -B3 ·B8/B 11·1000 2636 Igpm 
14 Maximum Flow of Ar~on Gas (conv.) -B13·0.13368 352 cfm 
15 Air Equivalent Flow @STP -6.32·B17"356/B1S·S0RT(B99/(520·B 177·28.97» 1658 scfm air 
18 Specific Heat Constant, C, for Ar -520·SORT(B 168·(2/(B168+ 1 »A((B168+ 1 )/(B 168-1») 383 
17 Max. Mass Flow of Argon Gas -B14·B12·60 16666 Ibm/hr 
18 .> Percent of Mass Flow to Relief Valve 0.474 0.474 
U 
20 AP Across Relief Valve Inlet Units 
21 > Inner Pipe Diameter 0.206 0.206 f t 
22 Inner Pipe Diameter (conv.) -B21·12 2.472 in 
23 > Equivalent Length 38 38 f t 
24 Ar Gas Density @ 2.375 & Temp. -(85-2.2)/0.2· (81 0-B9)+B9 12.627 mg/cc 
25 Ar Gas Density @ 2.375 bars (conv.) -B24/1000·62.428 0.788 Ibm/ft A3 
28 > gAr Viscosity @ 2.4 bars & Temp. 0.0000803 0.0000803 Ig/cm-s 
27 IgAr Viscosity @ 2.4 bars (conv.) .B26·100 0.00803 centipoise 
28 Max. Mass Flow to Relief Valve -B17·B18 7900 Ibm/hr 
29 Reynolds Number -S.31·B28/(B22·B27) 2510000 
30 > Relative Roughness (e/D) 0.0007 0.0007 
31 Friction Factor Guess -0.25· (LOG(B30/3. 7 +5. 7 4/(B29AO. 9) ))"-2 0.0183 
32 Friction Factor .0.25· (LOG(B30/3.7 +2.51 I(B29·831 AO .5}tlA_2 0.0182 
33 Pressure Drop -0.00000336· B32· 823· (B28A2)/B25/(B22 A5) 1.993 psi 
,li -



Maximum ECS Relief Flow Calculation 10/18/91 

A B C 0 
35 AP Across Rupture Disk Inlet Units 
36 Inner Pipe Diameter (cony.) -837/12 0.172 f t 
37 > Inner Pipe Diameter 2.067 2.067 in 
38 > Egulvalent leJ1gth 49 49 f t 
38 gAr Density @ 2.375 & Temp. -(85-2.2J/O.2· (810-89)+89 12.627 mg/cc 
40 IgAr Density @ 2.375 bars. (conv.) -839/1000·62 .428 0.788 Ibm/ft/l3 
41 laAr Viscosity @ 2.4 bars -826 0.0000803 Ig/cm-s 
42 loAr Viscosity ~ 2.4 bars icony.) -841·100 0.00803 centipoise 
43 Max. Mass Flow to Rumure Disk -817·(1-818) 8766 Ibm/hr 
44 Reynolds Number -6.31·843i(837·8421 3330000 
45 > Relative Roughness (e/D) 0.0009 0.0009 
48 Friction Factor Guess -0.25· (lOG (84513. 7 +5. 7 4/(844/10.9» )/1-2 0.0193 , 

47 Friction Factor -0.25· (LOG(845/3.7+2.51/(844·846/10.5» )/1-2 0.0192 I 

48 Pressure Drop -0.00000336· 847· 838·( 843/12)/840/(837/15) 8.185 Ipsi I 

51 
52 AP Across Retlef Valve Outlet Units 
53 Innar Pipe Diameter (cony.) -854/12 0.272 f t 
54 > Innar Pipa Diamater 3.26 3.26 in I 
55 > Equivalent Length 51 51 f t 

1 

58 > gAr Density @ 2.0 bar & Temp. 10.55 10.55 mg/cc 1 

57 'gAr Density @ 2.0 bar (cony.) -856/1000·62.428 0.659 Ibm/ft/l3 
58 > gAr Viscosity @ 2.0 bar & Tamp. 0.0000798 0.0000798 'g/cm-s 
51 gAr Viscosity @ 2.0 bar (cony.) -858·100 0.00798 centiQoise 
60 Max. Mass Flow to Relief Valve -828 7900 Ibm/hr 
81 Reynolds Number -6.31·860/(854·859) 1920000 , 

62 > Relative Roughness ie/Dl 0.00055 0.00055 I 

63 Friction Factor Guass -0.25·(LOG(862/3.7+5.74/(861 /l0.9)}}/I-2 0.0174 _I 
64 Friction Factor -0. 25"{LOG(862/3.7 +2.51 /L861·863/10.5)})/I-2 0.0173 I 

65 Pressure Drop -0.00000336·864· 855· (860/12)/8571(854/15) 0.764 psi ! 

66 I 



') 
Maximum ECS Relief Flow Calculation 10/18/91 

A B C 0 
67 t1P Across Rupture Disk Outlet Units 
68 Inner Pipe Diameter (conY.) -869112 0.18 f t 
69 > Inner Pipe Diameter 2.157 2.157 in 
70 > Equivalent Length 1.75 1.75 f t 
71 'gAr Den~ity @ 2.0 bar & TemQ. -B56 10.55 mg/cc 
72 gAr Dens~ @ 2.0 bar (cony.) -B71/1000·62.428 0.659 Ibm/ft"3 
73 gAr Viscosity @ 2.0 bar & Temp. -858 0.0000798 g/cm-s 
74 gAr Viscosity @ 2.0 bar (cony.) -873·100 0.00798 centipoise 
75 Max. Mass Flow to Rupture Disk -843 8766 Ibm/hr 
76 Reynolds Number -6.31·875/(B69·874) 3210000 
77 > Relative Roughness (e/D) 0.0009 0.0009 
78 Friction Factor Guess .0.25·(LOG(877/3.7+5. 7 4/{876"0. 9J»,,-2 0.0193 
79 Friction Factor -0.25·(lOG(877/3.7+2.51/L876·878"0.5}))"-2 0.0192 
80 Pressure Drop -0.00000336·B79·870·(875"2)/872/(869"5) 0.283 ipsi , 

81 
82 Change in Gas at Common Outlet to Outside Units 
83 Pressure in Cryostat -84 19.75 psig 
84 Pressure in C~ostat lconY.l -(883/14.696+ 11·1.01325 2.375 bars 
85 IgAr Density @ 2.2 bars .89 11.77 mg/cc 
86 IgAr Density @ 2.4 bars -B10 12.75 mg/cc 
87 IgAr Density @ 2.375 & Temp. -(884-2.2)/0.2·(886-885)+885 12.627 mg/cc 
88 Temp. at Common Outlet -(B2·817+84·B189)/(817+8189) 94 K 
89 > Pressure to Calculate Density 1.5 1.5 bars 
90 .> gAr Density @ 1.5 bars & New Temp. 7.99 7.99 mg/cc 
91 .> gAr Viscosity @ 1.5 bars & New Temp. 0.000078 0.000078 ig/cm-s 
92 IgAr Viscosity @ 1.5 bar (cony.) -891·100 0.0078 centipoise 
9~ -----­~-------------



Maximum ECS Relief Flow Calculation 10/18/91 

A B C D 

94 .1P Across Relief Valve Units 
95 > Critical Ratio (Pcr/P1) for Argon 0.487 0.487 
96 > Specific Heat Ratio (k) for Argon -B168 1.75 
97 > Area of 2" x 3" Relief Valve 2.29 2.29 in"2 
98 Row Through Relief Valve -B28 7900 Ibmlhr 
99 Flowing Temperature -1.8*B2 173 deg R 

100 > Compressibility Factor 1 1 
101 > Nozzle Coefficient for type 93T 0.939 0.939 
102 Flowing Inlet Pressure (P1) -B4+ 14.696-B33 32.45 Ipsia 
103 > Molecular Weight of Argon 39.948 39.95 Ig/moi 
104 Critical Pressure (Pcr) -B95*B102 15.8 Ipsia 
105 Outlet Pressure (P2) (using deha p's) -14.696+B154+B133+B65 25.43 Ipsia 
106 Pressure Ratio (P2*/P1) -(B 1 02-0.55*((B 1 02-B 105)"0. 98U/B1 02 0.885 
107 Theoretical Factor (P) (using P2) -SORT((B96/(B96-1 »* (B1 06"(2/B96)-B1 06"((B96+ 1 )/B96») 0.321 
108 Max. Theoretical Relief Flow (using F*) -735*B97*B1 01*B1 02·B1 07*SORT1B1 03/B99/B1 00) 7918 Ibmlhr 
109 Theoretical Percent of Relief Flow -B108/B17 0.4751 
110 Pressure Drop Across Relief Valve -B102-B105 

- - ---­ - - -

7.026 
- -

I~si 
111 

) 



Maximum ECS Relief Flow Calculation 10/18/91 

A B C D 

112 aP Across Common Outlet to Cryocorner Units 
113 > Inner Pipe Diameter 0.355 0.355 f t 
114 Inner Pipe Diameter (cony.) -B113"12 4.26 in 
115 > Equivalent Length 238 238 f t 
116 IgAr Density @ 1.5 bar & New Temp. -B90 7.99 mg/cc 
117 IgAr Den~~ 1.5 bar (conv.) -B116/1000"62.428 0.499 Ibm/ftll3 
118 "> aN2 Gas Density @ 1.5 bar & New Temp. 5.653 5.653 mg/cc 
119 IgN2 Gas Den~ @ 1.5 bar (cony.) -B118/1000"62.428 0.353 Ibm/ft ll 3 
120 Gas Mixture Density @1.5 bar -(817"B117+B127"B1191/8128 0.474 Ibmlft 1l 3 
121 IgAr Viscosity @ 1.5 bar & New Temp. -B91 0.000078 Ig/cm-s 
122 gAr Visco~ @ 1.5 barJconyo) -B121"100 0.0078 centipoise 
123 "> aN2 Viscosity @ 1.5 bar & New Temp. 0.0000643 0.0000643 Ig/cm-s 
124 ~N2 Vlscosity.@ 1.5 barlconv.t -B123"100 0.00643 centipoise 
125 Mixture Viscosity @1.5 bar -(B17"B122+B 127"B124)/B128 0.007563 centipoise 
128 Max. Mass Flow of Argon Gas -B17 16666 Ibm/hr 
127 Max. Flow of Nitrogen Gas -B189 3477 Ibm/hr 
128 Mass Row of Mixture -B126+B127 20143 Ibm/hr 
129 Reynolds Number .6.31"B1281(B114"B125) 3940000 
130 > Relative Roughness (e/D) 0.0004 0.0004 
131 Friction Factor Guess .0.25"{LOG(B130/3.7+5.74/(B 129 11 0.9»)11-2 0.0161 I 

132 Friction Factor .0.25*1LOG(B130/3.7+2.51/(B 129"B131 110.5»))11-2 0.0161 
133 Pressure Drop .0.00000336" B 132" B115"(B 128 11 2)/8 120/(B 11411 5) 7.838 ipsi I 

li4 I 



Maximum ECS Relief Flow Calculation 10118/91 

A B c D 
1351.tiP from Cryocorner to Outside Units 
1361> Inner Pipe Diameter 0.53 0.53 f t 
13711nner Pipe Diameter (cony.) .B136*12 6.36 in 
1381> Equivalent Length 516 516 f t 
1391gAr Gas Density @ 1.5 bar & New Temp. .B90 7.99 ITlg/cc 
140lgAr Gas Density @ 1.5 bar (cony.) .B139/1000*62.428 0.499 Ibm/ft"3 
1411gN2 Gas Density @ 1.5 bar & New Temp. .B118 5.653 mg/cc 
1421gN2 Gas Density @ 1.5 bar (conv.) .8141/1000*62.428 0.353 Ibm/ft A3 
1431Gas Mixture Density @1.5 bar .(B17*B 140+B 189*B142)/B149 0.474 Ibm/ftA3 
1441gAr Vl!~ity @ 1__ 5 Qar~ New]emp. .B121 0.000078 Ig/cm-s 
1451gAr--'tiscos~ ~1.5 bar ~nil .8144*100 0.0078 centipoise 
1481gN2 Viscosity @ 1.5 bar & New Temp. .B123 0.0000643 19Icm-s 
1471gN2 Viscosity @ 1.5 bar (cony.) .B146*100 0.00643 cent~oise 

1481Gas Mixture Visco~1.5 bar .rn17~Bt45~BL89~Bl H)/B149 0.007563 cent~oise 

149IMax. Mass Row of Gas Mixture -B128 20143 Ibm/hr 
- -

150lReynolds Number .6.31*B14918137*B1481 2640000 
1511> Relative Roughness (e/D) 0.00027 0.00027 
1UIFriction Factor Guess .0.25*(LOG(B151 13.7 +5. 74/(B150AO.9)))A-2 0.015 
153lFriction Factor .0.25* (LOG(B151/3.7+2.51/(B150*B152AO.5)))A-2 0.0149 
1541Pressure Drop .0.00000336*8153*B138*(B149A2)/B143/(B 137A5) 2.13 ~si 
155 

158lSummation of Equivalent .tiPs Units 
1 571rRelief Valve Inlet Pressure Drop .B33 1.993 Ipsi 
1581Rellef Valve Outlet Pressure Drop .B65 0.764 Ipsi 
1591Relief Valye Pressure Drop .8110 7.026 Ipsl 
1801 Relief Valve/Disk Branch ·B33+B65+B110 9.782 Ipsi 
181lRl!Qlure Disk Inlet Pressure Drop .B48 8.185 Ipsi 
1 621 Ruptur"j)lsk ~leL Pressure Drop .B80 0.283 Ipsi 
163IRulltUre Disk~ressur~ Drop .B157+B158+8159-B161-B162 1.313 Ipsl 
1641Common Outlet Pressure Dro~ .B133 7.838 Ipsi 
16 51 Cryocorner to Outside Pressure Drop -8154 2.13 Ipsi 
166 

,( 



Maximum ECS Belief t.ow Calculation 10/18/91 

A B C 0 

167 ~p Across Rupture Disk Unils 
188 >Argon Specific Heal Ralio (k) 1.745 1.745 
189 Critical Rallo .(2/{B168+1»"(B168/(B168-1» 0.476 
170 > Area of 3" Ruplure Disk .3.14159*(3"2)/4 7.069 in"2 
171 Flow Through Rupture Disk .B43 8766 Ibm/hr 
172 Flowing Temperalure .1.8*B2 173 degR 
173 > ASME Coefficient (I<) 0.62 0.62 
174 Pressure Ratio (Pe/Po) .B179/B176 0.95 
175 gAr Flow Constant for Subsonic Flow(C1) .SORT(2*32.2/1545* (B168/(B168-1»* (B17 4" (2/B 168)-B17 0.045 
178 Flowing Inlet Pressure (Po) .B4+14. 696-B48 26.26 psi a 
177 > Molecular Weight of Argon 39.948 39.948 g/mol 
178 Critical Pressure (Per) .B169*B176 12.51 psia 
179 Outlet Pressure (pe) (usll}g delta p's) .14.696+B154+B133+B80 24.95 psi a 
180 Pressure Drop Across RUQlure Disk .B176-B179 1.313 Ipsi 
181 Maximum Theoretical R~ture Disk Flow .B170*B173*B175*B 176*SORT(B 177/B 172) *60*60 8897 Ibm/hr 
182 Actual Rupture Disk Flow .B43 8766 Ibm/hr 
183 
184 Maximum Flow from Condensers unils 
185 > Max. Flow of Liquid Nitrogen 9.3 9.3 igpm 
186 Max. Flow of Liquid Nitrogen (conv.) .B185/7.48 1.24 fl"3/min 
187 Denffi of LN2 @ 3.5 atm 0.747 0.747 glee 
188 Density of LN2 (conv.) .8187*62.4 46.6128 Ibm If I "3 
189 Mass Flow of LN2 .8186*B188*60 3477 Ibm/hr 
190 
191 Notes: 
192 *> indicates that this value musl be changed for a 
193 new flowrate 
194 
195 > indicates variable not requiring change for new 
196 flowrates 
197 
198 Lconvl indicates the previous value converted 10 new 
1~ J,Jnits 
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As with the ECN, the total mass flow for the ECS can be calculated from line 
108 for the maximum relief valve flow, and line 181 for the maximum 
rupture disk flow: 

( ECS) IbIb Ibm 
p qrel max =7918 ~ (relief valve) + 8 897 ~ (rupture disk) =16,815 - ­

hr hr hr 

Now the ECN and ECS relief piping flowrates can be compared: 

ECS ECS 16,815 Ibm 

qrel = pqrel = ____h_r_= 1.106 


q~ pq~ 15,198 I:; 

The maximum relief outlet flow from the ECS is greater than the maximum 
relief outlet flow from the ECN by about 10% . . 

Conclusion 

. Since the flowrate Q!U of the ECS relative to the flowrate QJ.U. of the ECN 
(1.106 times ECN) is greater than the flowrate in.1Q. the ECS relative to the 
flowrate in.tQ. the ECN (1.054 times ECN), the ECN is the flowrate limlting 
vessel. 
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Relief Valve Capacity for Filling ECN 
at Maximum Operating Temperature 

Although the maximum temperature calculated by this engineering note is 
290 K, the spreadsheet requires flow through both the relief valve Arul the 
rupture disk. Although this situation satifies safety conditions regarding 
the overpressurization of the vessel, in reality, the operating procedures 
should limit the temperature to a much lower value, to prevent the 
rupture disk from bursting. This section calculates the temperature at 
which the maximum flow from the argon dewar requires only the relief 
valve, and not the rupture disk. 

The procedure is the same as before, so the same spreadsheet is used. The 
only difference is that in the section, "Conversion of Liquid to Gas at 
Module Temp.", line 18 is not guessed through iteration, but is set initially 
to 100%. This forces all of the flow through the relief valve, and all of the 
sections related to the rupture disk, including the pressure drops before 
and after the rupture disk, are essentially excluded from the calculation. 
Rather than physically remove these sections, they remain in the 
spreadsheet, but have no effect on the temperature. The bulk temperature 
is guessed as before, and iterations proceed, changing the various gas 
properties of argon and nitrogen each time, until a suitable temperature is 
found. The conclusion was that with a maximum flow of 12.3 gpm, as 
calculated previously, the maximum module temperature at which only 
the relief valve is required is at least 110 K. Note that the theoretical 
percent of relief flow (line 109) is greater than 100%, indicating that the 
relief capacity is above the inlet flow. This can be verified by comparing 
line 98 (actual flow) and line 108 (maximum theoretical flow). 
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A 
Conversion of Liquid to Gas at Module Temp. 
*> Bulk Temp. of Modules 
> Max. Flow of Liquid Argon to Cryostat 
> Pressure In Cryostat 
Pressure In Cryostat (conv.) 
> IAr Density @ 2.2 bars 
> IAr Density @ 2.4 bars 
IAr Density @ 2.375 bars 
*> gAr Density @ 2.2 bars 
*> gAr Density @ 2.4 bars 
IgAr Density @ 2.375 & Temp. 
gAr Density @ 2.375 bars (conv.) 
Maximum Flow of Argon Gas 
Maximum Flow of Argon Gas (cony.) 
AIr Equivalent Flow @STP 
Specific Heat Constant, C, for Ar 
Max. Mass Flow of Argon Gas 
*> Percent of Mass Aow to Relief Valve 

.1P Across Relief Valve Inlet 
> Inner Pipe Diameter 
Inner Pipe Diameter (cony.) 
> Equivalent Length 
Ar Gas Density @ 2.375 & Temp. 
Ar Gas Density @ 2.375 bars (cony.) 
"> gAr Viscosity @ 2.4 bars & Temp. 
IgAr Viscosity @ 2.4 bars (conv.) 
Max. Mass Flow to Relief Valve 
Reynolds Number 
> Relative Roughness (e/D) 
Friction Factor Guess 
Friction Factor 
Pressure Drop 

B 

110 
12.3 
19.75 
.(B4/14.696+1 )"1.01325 
1.342421 
1.335861 
.(B5-2.2)/0.2" (B7 -B6)+B6 
9.979 
10.922 
.(B5-2.2)/0.2"(B10-B9)+89 
-B11/1000"62.428 
.83"B8/B11"1000 
·B13"0.13368 
-6.32"B17*356/816"SORT(B99/(520"8177"28.97» 
.520"SORT(8168"(2/(B168+1 »11«8168+ 1 )/(8168-1») 
.814"812"60 
1 

0.206 
.821"12 
38 
.(85-2.2)/0.2"(810-89)+89 
.824/1000"62.428 
0.0000909 
.826"100 
.817*818 
.6.31"828/(822"827) 
0.0007 
.0.25"(LOG(830/3.7+5.74/(829 110.9)))11-2 
..0.25"(LOG(830/3.7+2.51/(829"831110.5)))1I-2 
.0.00000336"832"823" (828 11 2)/825/( 822115) 

C 

110 
12.3 
19.75 
2.375 
1.34 
1.34 
1.337 
9.979 
10.922 
10.804 
0.674 
1522 
203 
881 
381 
8232 
1 

0.206 
2.472 
38 
10.804 
0.674 
0.0000909 
0.00909 
8232 
2310000 
0.0007 
0.0183 
0.0182 
2.531 

0 

Units 
K 
!gpm 
ipsig 
bars 
glee 
glee 
glee 
mg/ee 
mg/ee 
mg/ee 
Ibm/ftll3 
gpm 
efm 
scfm air 

Ibm/hr 

Units 
f t 
In 
f t 
mg/ee 
Ibm/ftll3 
Ig/em-s 
centipoise 
Ibmlh r 

psi 

Ige 1 
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A B C 0 
35 ~p Across Rupture Disk Inlet Units 
36 Inner Pipe Diameter (cony.) .837/12 0.172 f t 
37 > Inner Pipe Diameter 2.067 2.067 in 
38 > Equivalent length 49 49 f t 
39 laAr Density @ 2.375 & Temp. .(85-2.2)/0.2*(810-89)+89 10.804 mg/cc 
40 IgAr Densf!y ~ 2.375 bars (conv.) .839/1000*62.428 0.674 Ibm/ftll3 
41 IcAr Viscosity @ 2.4 bars .826 0.0000909 Ig/cm-s 
42 IgAr Viscosity @ 2.4 bars (conv.) .841*100 0.00909 centipoise 
43 Max. Mass Row to Ru~ture Disk .817*(1-818) 0 Ibm/h r 
44 Revnolds Number .6.31 *843/(837*842) 0 
45 > Relative Roughness (810) 0.0009 0.0009 
46 Friction Factor Guess 0 0 
47 Friction Factor 0 0 
48 Pressure Drop 0 0 Ipsi 
51 
52 ~p Across Relief Valve Outlet Units 
53 Inner Pipe Diameter (cony.) .854/12 0.272 f t 
54 > Inner Pipe Diameter 3.26 3.26 in 
55 > Equivalent length 51 51 f t 
56 *> gAr Den~~ 2.0 bar &Tem~ 9.04 9.04 mg/cc 
57 IgAr Density @ 2.0 bar (cony.) -856/1000*62.428 0.564 Ibm/ftll3 
58 *> oAr Viscosity @ 2.0 bar & Temp. 0.0000907 0.0000907 !glcm-s 
59 IgAr Viscosity @ 2.0 bar (cony.) -858*100 0.00907 centipoise 
80 Max. Mass Row to Relief Valve -828 8232 Ibm/hr 
81 Revnolds Number .6.31 *860/(854*859) 1760000 
82 > Relative Roughness Le/D) 0.00055 0.00055 
83 Friction Factor Guess .0.25* (LOG(86213. 7 +5. 7 4/(861 11 0.9)))11-2 0.0174 
64 Friction Factor .0.25*(lOG(862/3.7 +2.51/(861 *86311 0.5)))11-2 0.0173 
85 Pressure Drop .0.00000336* 864* 85 5* (86 Oil 2)/857/(854 11 5) 0.969 psi 
8& 
~ - ----
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Maximum Module Temperature - Lar Dewar to ECN - Relief Valve Only 10/18/91 

A B C 0 
67 .6.P Across Rupture Disk Outlet Units 
68 Inner Pipe Diameter (conv.) .B69/12 0.18 t t 
69 > Inner Pipe Diameter 2.157 2.157 in 
70 > Equivalent Length 1.75 1.75 t t 
71 IgAr Density @ 2.0 bar & Temp. .B56 9.04 mg/cc 
72 IgAr Density @ 2.0 bar (conv.) .B71/1000·62.428 0.564 Ibm/ft"3 
73 ~Ar ViscosityJg 2.0 bar & Temp. .B58 0.0000907 g/cm-s 
74 gAr Viscosity @ 2.0 bar (conv.) .B73·,00 0.00907 centipoise • 
75 Max. Mass Flow to Rupture Disk .B43 0 Ibm/hr 
78 Reynolds Number .6.31·B75/(B69·B74) 0 J 
77 > Relative Roughness (elD) 0.0009 0.0009 ! 

78 Friction Factor Guess 0 0 I 

79 Friction Factor 0 0 I 

80 Pressure Drop 0 0 Ipsi 
81 
82 Change In Gas at Common Outlet to Outside Units 
83 Pressure In Cryostat .84 19.75 Ipsig 
84 Pressure in Cryostat (conv.) .(B83/14 .696+ 1)·'.0,325 2.375 bars 
85 :gAr Density @ 2.2 bars .B9 9.979 mg/cc 
88 gAr Density ~p2.4 bars .B10 10.922 mg/cc 
87 IgAr Density <S~ 2.375 & Temp. .(B84-2.2)/0.2·(B86-B85)+B85 10.804 mg/cc 
88 Temp. at Common Outlet ~(B2·B17+84·B189)/{B17+B189) 100 K I 

89 > Pressure to Calculate Density 1.5 1.5 bars 
80 .> gAr Density @ 1.5 bars & New Teml!. 7.458 7.458 mg/cc 
91 .> gAr Viscosity @ 1.5 bars & New Temp. 0.0000826 0.0000826 Ig/cm-s 
82 gAr Viscosity @ 1.5 bar (conv.) .B9,·,00 0.00826 centip_oise I 

83 I 

3ge 3 




Maximum Module Temperature - Lar Dewar to ECN - Relief Valve Only 10/18/91 

A B C 0 
94 ~p Across Relief Valve Units 
95 > Critical Ratio (Pcr/P1) for Argon 0.487 0.487 
96 > Specific Heat Ratio (k) for Argon .8168 1.72 
97 > Area of 2" x 3" Relief Valve 2.29 2.29 in"2 
98 Flow Through Relief Valve .828 8232 Ibm/hr 
99 Flowlna Temperature .1.8*82 198 deg A 
100 > Compressibilitv Factor 1 1 
101 > Nozzle Coefficient for type 93T 0.939 0.939 
102 Flowing Inlet Pressure (P1) .84+14.696-833 31.91 Ipsla 
103 > Maleo.llar Weight of Argon 39.948 39.95 Ig/mol 
104 Critical Pressure (Per) .895*8102 15.54 ipsia 
105 Ou1let Pressure (P2) (using delta p's) .14.696+8154+8133+865 21.22 Ipsia 
106 Pressure Aatlo (P2*/P1) .(8102-0.55*{(81 02-81 05)"0.98)}18 1 02 0.824 I 

107 Theoretical Factor (F*) (using P2) .SORT( (896/(896-1» *(8106"(2/896) -8 106"((896+ 1 )/896») 0.385 
108 Max. Theoretical Relief Flow (using F*) -735*897*8101*8102*81 07*SOATl81 03/899/8100) 8723 Ibmlhr 
109 Theoretical Percent of Relief Flow -81081817 1.0596 
110 Pressure Drop Across Relief Valve .8102-8105 10.69 psi 
111_ 

-­ -
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A B C D 
112 ~P Across Common Outlet to Platform Bayonet Units 
113 > Inner Pipe Diameter 0.355 0.355 f t 
114 Inner Pipe Diameter (conv.) -B113*12 4.26 in 
115 > Equivalent length 273 273 f t 
116 IgAr Density @ 1.5 bar & New Temp. . -B90 7.458 mg/cc 
117 [gAr Density @ 1.5 bar (conv.) -B116/1000*62.428 0.466 IbmlftA3 
118 *> gN2 Gas Density @ 1.5 bar & New Temp. 4.76381 4.764 mg/cc 
119 'gN2 Gas Density @ 1.5 bar (cony.) -B118/1000*62.428 0.297 Ibm/ftA3 
120 Gas Mixture Density @1.5 bar -tB17*B117+B127*B119j/B128 0.403 IbmlftA3 
121 gAr Viscosity @ 1.5 bar & New Temp. -B91 0.0000826 g/cm-s 
122 gAr Viscosity @ 1.5 bar (cony.) -B121*100 0.00826 centipoise 
123 *> gN2 Viscosity @ 1.5 bar & New Temp. 0.00007488 0.00007488 g/cm-s 
124 gN2 Viscosity @ 1.5 bar (cony.) -B123*100 0.007488 centipoise 
125 Mixture Viscosity @1.5 bar -(B17*B122+B127*B12~IB128 0.007973 centipoise 
126 Max. Mass Flow of Argon Gas -B17 8232 Ibm/hr 
127 Max. Row of Nitrogen Gas -9189 4861 Ibm/hr 
128 Mass Row of Mixture -B126+B127 13093 Ibm/hr 
121 Reynolds Number -6.31 *B128/(B114 *B125) 2430000 
130 > Relative Roughness (e/D) 0.0004 0.0004 
131 Friction Factor Guess -0.25*(lOG(B130/3.7+5.74/(B129AO.9)))A-2 0.0162 
132 Friction Factor -0.25*(lOG(B130/3.7+2.511(B129*B131 AO.5)))A_2 0.0161 
133 Pressure Drop -0.00000336*B 132*B115*(B 128A2)/B120/( B114 A5) 4.489 psi i 

134 
- - -- ­

'"I:}ge 5 




) ECN - Relief Valve Qnly 10/18/91Maximum Module Temperature - Lar Dewar to 

A B C D 
135 l1P from Platform Bayonet to Outside Units 
138 > Inner Pipe Diameter 0.53 0.53 f t 
137 Inner Pipe Diameter (conv.) -B136*12 6.36 in 
138 > Equivalent Length 516 516 f t 
138 IgAr Gas Density@ 1.5 bar & New Temp. -B90 7.458 mglcc 
140 IgAr Gas Density @ 1.5 bar (conv.) -B139/1000*62.428 0.466 Ibmlft"3 
141 IgN2 Gas Density @ 1.5 bar & New Temp. -B118 4.764 mg/cc 
142 IgN2 Gas Density @ 1.5 bar (conv.) -B141/1000*62.428 0.297 Ibm 1ft" 3 
143 Gas Mixture Density @1.5 bar -(B17*B140+B189*B142)/B149 0.403 Ibmlft"3 
144 gAr Viscosity @ 1.5 bar & New Temp. -B121 0.0000826 Ig/cm-s 
145 igAr Viscosity @ 1.5 bar (conv.) -B144*100 0.00826 centipoise 
148 laN2 Viscosity @ 1.5 bar & New Temp. -B123 0.00007488 la/cm-s 
147 IgN2 Vlsco,-ity @ 1.5 bar (conv.) -B146*100 0.007488 centipoise 
148 Gas Mixture Viscosity @1.5 bar -(B17*B145+B189*B147)/B149 0.007973 centipoise 
148 Max. Mass Flow of Gas Mixture .B128 13093 Ibmlhr 
150 Reynolds Number -6.31*B 149/(B 137*B 148) 1630000 
151 > Relative Roughness (e/Q) 0.00027 0.00027 
152 Friction Factor Guess -0.25*(LOG(B15113.7+5.74/(B150"0.9)))"-2 0.0152 
153 Friction Factor -0.25*(LOG(B151/3.7+2.51/iB150*B152"0.5J})"-2 0.0151 
154 Pressure Drop -0.00000336*B 153*B 138*(B149"2)/B 143/(B137"5) 1.07 Ipsi 
155 

158 Summation of Equivalent l1Ps Units 
157 Relief Valve Inlet Pressure Drop -B33 2.531 psi 
158 Relief Valve Outlet Pressure Drop -B65 0.969 psi 
158 Relief Valve Pressure Drop -19.75-B157-(B165+B164+B158) 10.69 psi 
180 Relief Valve/Dlsk Branch -B33+B65+B 110 14.19 psi 
181 Rupture Disk Inlet Pressure Drop -B48 0 Ipsi 
182 Rupture Disk Outlet Pressure Drop -BBO 0 Ipsi 
183 Rupture Disk Pressure Drop 0 0 Ipsi 
184 Common Outlet Pressure Drop -B133 4.489 Ipsi 
185 Platform to Outside Pressure Drop -B154 1.07 Ips I 
186 

Paga 6 
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A B C D 
167 ~p Across Rupture Disk Units 
168 ·>Argon Specific Heat Ratio (k) 1.7186 1.7186 
169 Critical Ratio -(2/(B168+1 »,,(B 168/(B168-1)} 0.48 
170 > Area of 3" RUl!ture Disk -3.14159·(3"2)/4 7.069 in"2 
171 Flow Through RUl!ture Disk -843 0 Ibm/hr 
172 Flowing Temperature -1.8·B2 198 d~R 
173 > ASME Coefficient jig 0.62 0.62 
174 Pressure Ratio (pe/PQ) -B179/B176 0.588 
175 ~Ar Flow Constant for Subsonic FlowLC1) -SORT{2·32.2/1545·(B 168/{B168-1»"(B174"(2/B168)-B 174 0.103 
176 Flowing Inlet Pressure(pQ) -B4+14.696-B48 34.45 !psla 
177 > Molecular Weight of Argon 39.948 39.948 g/mol I 

178 Critical Pressure (Per) -B169·B176 16.53 psia 
178 Outlet Pressure (Pe) (using delta piS) -14. 696+B 154+B 133+B80 20.26 psla I 

180 Pressure Drop Across Rupture Disk 0 0 psi 
181 Maximum Theoretical Rupture Disk Flow -B170·B173·B175·B176·S0RTlB 177/B172)·60·60 25250 Ibm/hr I 

182 Actual RUj)tufe Disk Row -B43 0 Ibm/hr 
183 
184 Maximum Flow from Condensers units 
185 > Max. Flow of Liquid Nitrogen 13 13 gQm 
186 Max. Flow of liquid Nitrogen (conv.) -B185n.48 1.74 ft"3/min 
187 DensitY of LN2 @ 3.5 atm 0.747 0.747 glee 
188 Density of lN2 (conv.) -8187·62.4 46.6128 Ibmlft"3 
188 Mass Flow of lN2 

-­
-B1IH;·B188·6~ 4861 Ibm/hr 

) 'age 7 



