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PRESSURE VESSEL ENGINEERING NOTE
PER MANDATORY STANDARD SD37

Prepared by:(bﬁ/ﬁ{ef'/ R A TRuciros k|

Preparation date: Dcrosee 1S, 38D

o i Revision dad .‘i/z-é/‘“ W/a /a1 b 3
1 Description and Identification phneees moaen @t gl /81 by Joha Ru

Fill in the label information below:

QA
This vessel conforms to engineering standard SD37 '
Vessel Title OF - 22 Coyosrnr Zivien Vesser

Vessel Number Ro-4o023 ‘ Obtain from

. = Division/Section
Vessel Drawing Number 3740.2/4 -Mg-22323s5" Safety Officer

Maximm Allowable |
Working Pressure (MAWPW/SAS/G cu/rw VAdium = 30 PSID

Working Temperature Range - 300 °F 00 °F
Contents £/0u0 Aresrs Ano Chcorwmmrae Moouies
Designer/Manufacturer & mond - { ox EDwimen 7~ Co.

Date:
PS1, Hydraulic Pneumatic
Acci;égﬂ as onformlng to standard by

9(\7&‘0 ?/ — Actual signature
required in this
of D1v151on/Sect1on Rescancl Dwisiow

4mam space

|
Test Pressure (if tested at Fermi) Acceptance J

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

Reviewed by: M,,( Zé,é; 0 Date: /— 25 -/

Director's signature (or designee) if the vessel is for manned areas but doesn't
conform to the requirements of the standard.

Date:

Lab Property Number(s):
Lab Location Code: OonB

(obtain from Safety Officer)
Purpose of Vessel(s): Of cbcs joen ferserpe (ZécormercR L vosrrir

Vessel Capacity/Size: oo gar. Liwcso ArGgon Diameter : - /4 ’ Length: /o’
Normal Operating Pressure (OP) oo i PS1q

MAWP-OP = >) PSIG

Is the above enough to provide relief cracking pressure tolerance plus system
uncertainty tolerance per M-9. Ves

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



2

List the numbers of all pertinent drawings and the location of the originals.
(Append copies). B

, Drawing ¢ Location of Original 4
2740 21d -MME — 22323 DD Duv. Alos yes

220 - ME - L2228 ln
L, ZId - AAD - 22222¢
L re n = 223237 ;
v 2/0 =~ ME - 7222361 f
"R =M - 222269 = ’
[2/0 -ME - 223220
M 214 -MUE -~ 2236LI3
" v ~ME - 22297 - 73 ’
noon - MB - 223g81 -S4 (133 is A € snE D«MBW
N —MD - 222gRl

2 Design Verification

Does the vessel(s) have a U stamp? Yes X No . If "Yes",
below and skip page 3; if 'No", fill out page 3 and skip this page.

fill out data

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:
Nari Bosep No. 3688
UHA 8] RT-4

Z?QIT
V&EL DP 1s PSIQ'{'...;OQ o

MFR. Zent 300933 VYear /987

SHew The, '.égz-;_s;
Hero Tk, , Lls
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On the sketch below, circle all applicable sections of the/ASME code per

Section VIII, Division I.

List the results of all calculAtions.

Por. UG-32d

(Insert
copies of calculations in the appendix).
\ /
\\ /
St tength Som Tiot heods '
POCUG-32m N POLUG-2  For Lo 3e .
f—h——=—Duoth of necd
Firt weich Florge types [~ Renforced operengs [~ ————  ——= -
Por. UW - 18 o 36 Fig.UA-43 . P;P.UG-37.UA-7 tiffervng rng |
_ N ¥ ono Ua-260 Por UG-29 _4
Kruchle { icaness — M‘Fr
Torcomnco! heod = g I =g p UG-2€ Boited heods
Po- UG- 320 ond UA-4d ol ke alignment opered piate Por. UG - 35 ond UA-6
t Nosite thekneas | 10wronce eoges Fig. UA-6
- x“mmmmm — le— H2Od 0110CH - Por UG-45 Por Uw-3& Por. Uw-9C, Knuch i
Por: UG+ 4k —— ment over 00 Y Cwcumferentot Fig UW-9 oo ':m
Par. UW- 9 and 13 oy Por.UG-32
. Fig. UW-13 . \ Costing
Corecal heod
Por. UG-32 ; i Por. UG-8 and UG-24
Par.Uuw-51 / Tornpnencot
- neod
Weld ot \ LeCcrown rodus t
efficencies
Por. UW-2 ~ Hemrsphericol heod
vos a0 Pws heod Tobie UW-12 Staqger long seom of teost S Xt Por. UG-32F
pressure on eSS 100:09raphed o1 mntersec- :
press.re on CONCOve 310e Algnment toleronce tions '
‘P:" :;‘;; Por UG-32 longrudinol pnt Uw-9d Rsrodivt
v Por. Uw- 33 of shet
Por. UG-27
Bocung s1np . Pout weid heot D
. z0ded K Por. UW-35- Operenglogr Linings tregtmert Stoyed sorfoce
Ry SRR N it P A Wl Pocuer
' -4 Por UG- 25 Sl el Port-uCL Por.Uw-18
Toble UG-43 Y // Fig. UW-19
— — | o
| b= | h Tlmi{hulu Fusion ueddeé\:onntaau \Hm_-ddvﬁﬂfofuﬂ\cﬂ'
_ " Sha t lkength P/ UG- 253 0nd Por. UW-15 0nd €5).UW-16 Por.Uw-33
E1D3oni0l heod = e e o ' - \

Por. UG-32 /U(.'L'250

Summary of ASME Code
CAMCULATION RESULT
(Required\ thickness or stress
Ny Reference ASME level vs. actual thickness or
Item / Code Section calculated stress level)
/ ve\
it

s %
%

N\

VS.

\

VvS.

If this vessel is exceptional or had exceptional parts, list their det

under 5.6.

ils
Yes No




(::l— ~

System Venting. 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 the vessel?
Yes No X

If "Yes'", the system must conform to M-5. Provide an explanation on the

appended schematic. (An 1solatable vessel, not conforming to M-S violates
the Standard.)

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

Yes < No Actual setting /3 __PSIg
(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 ¢ No 110% of MAWP (one telief)
116% of MAWP (multiple reliefs)
121% of MAWP (unexpected heat source)

Provide test or calculational proof in the Appendix. D& envs vorE F740.00-€N-C3
(Non-conforming pressure rises violate the Standard.)

List of reliefs and settings:

Manufacturer Relief Setting Flow Rate Size
" 1 Sl
Aloerson -Qmwuwo L ertie ve /3 L£s5/6 [OV8 s aie 2" 3
]
FiKe Kororesoe Dize I& PSSk 2640 sckfm ma ="

Is the relief device an ASME stamped device? Yes_ X No

Operating Procedure

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

Yes No x . If "Yes', please append.

Welding Information

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

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

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.




Exhibit A-1 )

Vacuum Yessel Engineering Note
(per Mandatory Standard SD-41)

Prepared By A D. Leorrsent Date  S/e/87 Div/Sect 4L /=sp -D I
Reviewed By /7 /. B Date /-7.,-7/ Div/Sect £o/c ws,

Div/Dept Head W@%@ Date 2% 97  Div/Sect KexDw Obcp

[. Identification and Verification of Compliance

Fill in the Fermilab Engineering Conformance Label information below:
This vessel conforms to Engineering Standard SD-41

Vessel Title D& - cc Covpsror Curem teser (Misun Trorer)
Vessel Number RDV-4023

Vessel Drawing Number =7« 2 /¢ -me-22222<

Working Temperature Range o OF oo OF

Designer/Manufacturer &cumonsd - Lox Eaeraniet’™ (b

Date of Manufacture /4452

Acceptance Date

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

Amendment No.: Reviewed By: Date:




Exhibit A-2

IT.

Description of Vessel and Relief System

Laboratory location code DAE -

taboratory property number

Purpose of vessel Lcuea\Jooxer Ffoc (/owip rhicon) (G oimmerary

List all pertinent drawings (append copies)

Drawing No.: Location of Original:
F7dD,21d -ME 223223 D-& ARowitEs
-meE - 2222S5¢C
-ME - 222 %
-MC . 22272¢9 ¢
. mb -123237
-MT - 223033
Mg - 22387 — 73

-MB - 223881 - 835

<11 T

Can this vessel be pressurized? Ab

If yes, to what pressure.

“Is a testing procedure necessary for the safe acceptance testing (proof testing) of

this vessel? Ao

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

Is an operating procedure necessary for the safe operation of this vessel?__JQé_
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 Setting Flow Rate Size Device
Yes/No
Eow-~0FF "
S etd (PSV-20Y) Disc O.BS psig > 10000 Sedm /1O - /SO4AN S/ Mo
e FeAn/Ge
Welding Information N
Has the vessel been fabricated in a Fermilab shop? VYes No X

If "Yes", append a copy of the welding shop statement of welder qualification.
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D-ZERO ENGINEERING NOTE
#3740.214-EN-68
December 5, 1986

DESIGN SUMMARY

CC CRYOSTAT VESSELS

By Rick Luther
December 5, 1986

A summary of the design of the CC Cryostat pressure and vacuum vessels is
presented on the following pages along with supporting calculations. 1In
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.

TABLE OF CONTENTS

Design Summary......... ERRA S CCS-1
Geometry Sketch....cceeeeeeces .CCS-4
Inner Vessel Calculations........ CCI-1 thru CCI-48
Quter Cylinder....ccceceeees «..CCI-1
Nozzle Reinforcement......ee...CCI-3
Outer Knuckle........ cesscccen CCI-13
CrOWNsss ssssumnsnasosssnsssss .CCI-19
Inner Knuck]e Soe 41 e 6 CCI-24
Inner Cylinder......ccc.s e w0 CCI=26
SUPPOTtS.ceecesnscccnnnsscscns CCI-27
Beam Bypass Tube......ccoveees CCI-41
Shipping Trunnion......ccceee. CCI-44
OQuter Vessel Calculations........ CCO-1 thru CCO-16
Quter Cylinder..ssssssvisncsass CCo-1
Nozzle Reinforcement........... CCo-4
Support RIngScesescvsvusne cee..CCO-6
Inner Cylinder..... T ...CCO0-9
Outer Knuckle....cceeeeeeonnss CCo-10
CPoWN:ssssssissscssaass o e CCo-12
Inner Knuck]e ................. CC0-13

Beam Bypass Tube.......... « oo CCO-15
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' PRESSURERELIEFCALCULATIONSUMMARY PAGE

REQUIRED FLOW CAPACITY
CONDITION (SCEM, air) REFERENCE
1. Fire Condition 264 EN-6, pg. 5
2. Loss of Vacuum 139 EN-6, pg. 5
3. LN2 Condenser coil rupture 443 Cooling loop calcs, 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 scfm 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 entitied
“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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D-ZE LING LOOP INFORMAT

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

Piping flexibility:

The annular space piping was -analyzed and found to be safe. It
is documented in D-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. CCis warm at 300 K.

4. The LN2 is vaporized to 300 K.



R. Rucinski 11/20/90 Page 78

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 lbs/hr
M = Molecular weight of flowing gas

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

W= 1996 lbm/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 CC. In addition to

the relief valve, the CC also has a 2640 scfm stamped air
capacity rupture disc.
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Reynoids Number for Liquid Flow
Friction Factor for Clean Steel Pipe
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.
A ENGINEERING NOTE &

SUBJECY NAME

Huss Rucimnsic)
CC RELIEF PIPING [Bave ~REVISTON DATE

lo-19-90 | \W/20/90

SECTIoN | [(touT)

I witL ConveeT The ELBo)s To EQUIVALENT LENGTHS
CF 2% " gcn. 40 PIPE .

- 90° MITRED EL@ow , Rer ckAme Pase A-29 , MITRED BENDS

™ = Qo°
K=60O%
eo = KB _ | 2469\ _ B ane do
St F = 6ob = 60 (Z s 12,345 e, 2% Scu
— 90° LoNnG RAaDiUS EC®ow |, Rer. CraNE PAGE A-29
3.75 »
/g = /Z.Lu‘,q = .22 = k=14 £,

Leg = 14D = 1Y (1%1F*.\\' 2.9% Fe 21/2” 54“»3?

- 2~ 90°® Benos W/ Q"C:_ ZADIuS

G
T/t S4eq = 2.43 => k=12 Fo

M y, '
Leg=12D-m =12 (2’77_(2q :*"j"" 2= 4.9 ft, 2% ser 10

— I~ 597 E(LBow
59 )

= E 2% senm. Yo

— IMLET LQssS

DVE To Sveoeéns (ComTaAcCTion,

Lo d,2\7°
= O L— = . Z- caamnc
K—I -‘:I ( i— /dz, 3 EQN {0
Ki"z" schuo - D5
2467 .
= g_? = o2 ( e = 5.7 Ft., ZVZ"Sm.qo prPE
. ‘OLE) . - C e e B,

“ToTaL EQUIVALENT LENGTR <ger/ond 1.

" AR
: 12. ‘g _ - '] 1« "
Lew = 12,35 + 2.8 44.94 1,89 + 5.7+ =5 = 378 2% s
TorN-— . - o '
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“ FERMILAB SECTIONM PROJECT SERIAL -CATEGORY PAGK

2F ENGINEERING NOTE 9

e Mu&uss Roucins K-
CC RevieF PIPING Bave ——T—REViaoN GATT
lo -22-90 ’

SecTIoON Z

OUTLET OF RELIEF VALVE 7o PLATFORM RAYONET

* DescarrTiond oF PiPiucG AND FirTiNdGeS S

PIPE, 3" SCH IO x 38 LG,

1
2~3 SCH IO Swnowr Raoiwvus S Lpows

ExPANSION INTO A 4" SCH. 1O Tece
PIPE, 4" SCH.I0x Q"L G-
FLeEx nose, 4" LD x ||'n" LG,
8~ 4" Sen. !0 EcBows |, 30°

l~ 4" scu. 10 TEE , Deamcn —'-&

[ ~ 4" scu. 1O , 45° swBoW

2~ 4" sen. 0 TeEe , They T

il ! :
PIPE, 47 sen. 1o , q2.'—’5‘/2 'L(J, (SUM oF sec:nou‘sx S W

L WitL DETERMISE ThHE EBEQUIVALEWLT LENGTHS e THE
PIPE  AND  FiTTinGs N Tzems of 4" scw. 10 P\ PE,

LF,- 6275
gy, = 237 _ __é__?_‘_?. = 0352
D, 326"

2 q
K"’"’Scx.w_ = \“(3"5“_m' (é_-} ( 03523(3 > * 1026

. b

LE@. q.SCN-'Q = K‘“S‘h.n\ D‘J"nu.n - \OZ(O‘* ( ) . __., ”
e = = 2.4 pt.,4d"sew 10

< . TTowm |

- 3" eLeows (Rer. Cramg A-zq)

3
= Hou =1 > Kz 20F.

Lsg=" 0, ZEL_(P)
-Sl_ £ g
K:s.xu 0= 3?40 == Kq Stsk, ' l.qu7 L -

ZOD 20(,—1‘>= 5‘45;-{350.:0

Lea, #senr0™ 214 ee. x Zeiggus = #3. 89 Fe H 5w 10
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FERMILAB sSECTIONM

“ PROJKCT SERIAL -CATEGOAY | Pasx
Af ENGINEERING NOTE l@;
SUSJECT 7T
R:ss RUCINS K}
CC RELIEF PIPING BATE “REVISION OATX
o -22- So

- ExPANSION  (REF crame Pe. 2-11)

d, = 3.26" di =4.2L" @ =180°
- dE N (- 326°)%.
o == 0= 22 ) = T

Lea w'" = 1117 (60.8) = 10.44 et 4" scn. 10

FALTOR DEDVCED From PREVIOUS T cALcwATIoNS

- 4" ,p. FLex HaSE

" | FL _ - s g
Len iy Toge = 114 A 7 % 3 = 2.875F+, 4Y4'i0 aa
L&
Ky'io ruse = —D_ ¢ w815 (.o = 14663
-~.00
Iz
4.26\1 .
Koy sento ™ (3!‘-{(,,@3)( Yo = .1BB63
O H4.-ZW .
Cequ sate T % el CEUL 2, 94 Fr, H"sen 10
= @17

- 4" scH. 10 ewowdS
4
W= Thae =1 = K= Z0&,

mRekE - Do PIPE Dia. N FEST
M= % oF S.agoews

Lew = 20( B2 2.5) = 6035 ce., 475U 1O

— 4 scn.i0 TEES.
THRO BRANCH | K= eo.cT .
TURU Rl;)LJ ') K. = 20 :T

Lea :/éo i.’rl_m“\’ -+ w < neo‘“(“ ]&D .
=-E20*'2 + (0 = IJ (q_'_‘%-“') = 35.5 Ft, 4" sew. \OQ7

“ATAIL ERUIVA eNT LENGTH SECTION, Z

Lee = 2a4% 4384 +10.49'+ 1,58+ 3.4 +60.35' + 35.5' + 92.29' S
TomL ;g . . P W A § g e

TPELEE VAWE. OOTLET . . .. ..
™ BAVDNET oad PLATFORM

Lew = 250 Fe.y 4" scn. 10

TOTA L

. ——————— -t —— tmime



http:sc.I-l.IO
http:BI!.,..,.JC
http:2.?;7.5(.DI
http:c.fVo.o-.lE

.".I' FERMILAB SECTION PROJECT SERIAL -CATEGOAY rPAGK
|
2F ENGINEERING NOTE ‘
e N“F‘?.u.’:f: RucinsK]
aYas Recier PI\PING BAvE FIVISION DAT |
jo-22-90 /20/0}1_

SecTon 23

PLATForm BAYOMNET To EXRAUST PoaT SuT™SI0e BuiLdinG.
(ReFeremce : DRG. 2740.512-MCL-2229572 For PIFING catouT )

Pi1PING DESCR\PT‘.OU:
"
2~ 4 SCH.1I0 ELrowus qo°) SHORT RQADIUS

PIPE, 4" ScH. 10 = S Fe.
I ~ 4 x 6" ExPAMSION B8Y A REDUCER.
8 ~ " sen . \Q Ectows

2~ 0" scH. 0 TEES (THeu BrRANCH)

PIPE , " scw. 16 % |66 F+.

PIiPE EXIT
WILL ComVERT THE AROVE ~0O =Z=QUIVALENT LENGTHS

NF GO" Scwn.Id PPE.

— 4" eLgows

K‘H‘ EL®ow 20 . = 20, ( 0173 = .24
63;7 = L0I8 M e A-26
Ko™ Sew.ao = (L3N — - .68k £ re ,“M_’
W.z,
-357
KD Loae ()
L. - — X - Z.
Clscw 1o £ Memens o5 x2 = A9.7 ¢, 6 'sen. IO
- A" PiPe ) [ From gt cass
L\-l" o g
K s - sace T (5ee) (LOVDY)
9" senm w0 ~— = "‘ ‘Zb = , 20676
=<5 Fe)
.6'3,57 * ————
Ke'sao = . 2670 ( % ) = 1327
@357 L
L - Kb _ \.321 ) s e
Bt P _<_ = 39.] e+, Gl%n- 10

522703
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u_ FERMILAB SECTION PROJKCT SERIAL -CATESORY | PAGK
AF ENGINEERING NOTE e
SUBJECT NAME
R >4 '
CC. QE LIVEF P(P'MG DATE oc2 — ::‘ifo\“ DATE |
Io-22-90 It/zo/90
— 4% L"  ExPansion] (rer. Pa. 2-11 cRawe ) N
=y - gt = 4. =357
Wy = ( ) .= 4.2 I
4L\ *
K‘f'sc». wa < < L = ‘.3;-)‘5 : ‘ ZOBKSA/—ILAHD , PREVIOUS Cacc. o
/3.0 "
LEG-&,.“SC;\..O = .3035 % S .21976) = 44.7 e [ scH.10
- ©" ELeowS
r/d “rf == K'-"scn.lo = QO‘F’t
LRy

20 - Dﬂnﬁbélw_g = 20 / b_}i Ft) &= 84 Tore, (scu.10

- " TEES

357 " -
Lea= 6O x DxMees = GO /6 * *Z = 03.57 Fe, G'scewio
-— PIPE EXIT )"
a2 < kP f Sch. IO
:(\— ‘/ 7—} — i~ X, = 4.0 #2® 295¢¢, b s«
d,_-!w
TotaL EQUIVALEAT LESGTH, SESTION 3

Lt =492,2'+39 |4 4d.3' + a4.80 L3.6'+ 295 '+ I56 :] 516.5 v b seme \OJI

To GeT AN EQVIVALENT LeNGTH, RecieF JAaoYE oOuUTLET TO
EXrAUST . T wWitkL CLoMRBINE  SecTiond L € 3

)

SecToNn 2 leg = 250D F+- 4" Scw. 1o

= “ 10
SecTiod 3 \_eq. S L LY sca.
Cou*";cnua. SecTiam 2. cemeTw TO @' scr. 1Q &Qvivace~T,

. LS @moed(om) T

H'-O'S(.A Yo

D T = 1338
VT )
1 6351\1 _ ..
KG"su.)o = I3.3% «-4’Zb - 6(0'39'
Ls—o . = KD 66_,3:5__(___#&7) = t)QSE Ft, (oj"gm,lo
6" scw.0 = o8

Lgq.= 2470 r¢, L' scH. )0  Rewsr 0UTCeT o GXHAUST POINT.
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FERMILAB SECTION PROJECT SERIAL -CATEGOAY PAGK
L= ENGINEERING NOTE 13
CC RewLer PIPING | Puss Rueudsil |
\0-21-49p tW)zo/9

PROBLEN DE*ERM«NE THE MAWIMURM FLow KEaTe.
THEOVGR Rewvrer PipiNdG.

GIVEN * EQUIVALENT LENGTHS of PIPiNG e
AvawLaee AP

EQuaTionus oF FlLyud cor ReECLEF JVAL/aA

Assume = ARGor) (AS AS FLu'OD
TEMPERATURE OF FLuid 1S I5K

SKETCH oF PROoBCCMA

Lea= 38 Recicr é Lea=2470 e
24" scn MO PrPg

33pPsa

P =1% pPsa

' sScH. lo PIPE

- APTOTA(_ \6PS| e

Mernoo For Socomion:
. Piax A Frow RATE
2. CALcutlATE AP,
3. CaccuLAaTE QP],
4 CAccuviate AP, = jges — AP, - &P
5. CAcLcveaTe Frow FATe Turu ReCicrF
G. COMPARE (ALcutATen Frow RATe wiTi Picicao Fouow RAte
7. KEEP iTErATING [ Taku UNTI- THe CALLULATED

Frow RaTe ‘mLu Revier maTcues Ploken Flowy RATE.

Tirs 1S THE Maximum Flow RATE THRU THE
Revier PIPING. o
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FERMILAB SECTIONM PROJECT SERIAL -CATEGORY | PAGK

o
M ENGINEERING NOTE |4

SUBJECT

NAMEK 1

Russ Roucimskl l

CC RelLleFr PIPING BATE —REVISION DATL
\0-25-90 1/ 2o/ 90 !

TeY A FLow PRATE o0F 10,000 B4, SATURATED ARGOr OAS .
S LW E

= - Fronm CRANE PG. 3-2  comPresSsiBle faw)
AP = 3.36x10 = 3 |

* DeTERM s & AP, .

L=32Ffc @ (P=31psia) = G +'t3 d=2.46% .
RN E ‘ - w -y o
92-1-'3‘3% ﬂe == GL.3| d/u }A: 74 %10 C,C’H"P 1S
0,000 NG — ZRANE '
= : = .23 O = * = a. O\b 344
Re é"giz_,w(‘m.;mo’ﬂ 3 * i Pa.
P
AP 330 x 107" (.o12)(38)(10,000)"_ 5 ¢

(.1 2H469)°

¢ DETERMINE .4.&Pj

L= 24 TDex d=6.357 | @ (P=15P510)= . 369 “’/Q':s )
W (10,002 6
Re_ = L.31 — = 6.3 = [.37x10
dm (6.357)( 72.6x01 cpd
+= ..0I155
z
A@: 2.3bx10 " (.0155)(2470)(Ig000) _ 2.4 FsSi

(.365 ) (6.357)5

* DeTERMINE Foow THRY RelUisF VACYe (suR -~ Sowmic C«-ouJ)
From AGCO cameoa,

v’% M:m»lec.‘wf- "[0',3/‘,‘,
W= 735 A Ky P = g P et Pressuas |
NHERS . . , o ’_‘ K ”L Py mouiet PrEycuac ‘
B e R

AMD Pz.' P;"O.SS(P,-—F’L). A6 tn’ P= 24 PSim
R o8 - Ll Ffr:‘f'a'z?f‘m'w

A= 2.29 N2 caifie e
K, = DiSCHARKE COEFF. =.939
-ZTCDM"‘-esSo FActog = 1.0




l".ll FERMILAB - SECTIONM PROJECT ‘l.&lf“ulft.culv- :A‘l.“
AafE ENGINEERING NOTE o 1=
susiECT o o - NAMK - <Kl
CC. RecLief P eING -hf.Russ _uc%\r\awm?—'
10-25-90. V1/zo/4a1

822703

-

Flow s gSvssoN1C F Pl e PCF 1Y

2 % %A, | =y
PC‘.F ] P‘ (—(__*_'\ il = D0 Psta z -743 = /L; 3 PS'A

Pz,uu.k. ALwnAdS RE GREATER ThHAN Pcr— Te SugsSomiC F\-DMIS. COﬁﬁi‘-"'-

i

R = 2.q5 PSia 3 Pl - 18.4- PSia = Pz' .8| .__ . _,

. ' P o L
F'= o.d0 T ( Pue=3008)= 1 70°%

SUBSTITUTE w10 Frouwd EQUAT ON,

W = 725 (2.20)(-931)(235)(0.40) | :"7?(,,‘0) = 9,046 e

. Comeanisan
Pieceo a Fwow RaTe = 10, el ter, n
Carcuaten AP = 2.5p |, AP, = //,] rsi | APy = 34 psy

)

CALLuaTen RELEF RAaTe = qoq(a'b/k(‘

TR A Flrow RATE o 9,500 b+ saTueares ARGor (AS

* DeTerrmu—e AP, 2
o Coad(z8)(a500)

= I
AP =3.36x10 (M6 ) (2.40,9)% e
e DETEe M PE QP.;
S e (P TER s ezesn) = 38775 G

e ¢ (.0U5e)( 2740 ) (], 560" ﬁi__,.%
Tﬁ*% < 336110 (.281715)( ©.351)°% S

° Dr:;qqmws Feow THaY geuviedE VaLuve

22008 Psia BeBlesin P2l o .p) F'= 040

W— 735(2 29) (. 936\)(7.@ 8)(o L&o\r s = 4,138 "’/hu:

* C.JmQAR-\San , L L
CUUPTERETT R F‘Lcu.: ‘zm-e = 9500 ”‘/a S e
C.ﬁ:#-,cuwmo AP, = 5_7_ TN R ps1, QP4 =13.2rs
CALLULATED & Cow RAaTe. =2 q,a% \b/k‘. ) '

R
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“— FERMILAB SECTION PROJECT SEMIAL -CATEGOAY | PASK
AF ENGINEERING NOTE ad
susJECT NAME 2
CC. RECIEE PIPING RUSS RUc_\usm
ro-25-90 | 11/20/0
TRY A Ft.ow RATE ofF q2_r70 s aATURATEQD Ai'gcm. grs
- &P, s 3. 0 PSI .
- AP5 = 3.0 ps/
- Determwe Fiow Thed Reu &€ | /. o
P= 30 Psia  Pp= /& P P2y, = . 80 i—.":’:':'.ff..’.._._;‘
I'b '_".
W= 735 (2.24)(.939)( 30.0)(,41) | ,700 = 3, 420 /,\,
FROM THE ITECATIONS LONE AND ACLURACIES (MO L_JED" T
I. FEEL 1T 1S SAFe To <sad THE& Actual. RELI&F
CaPreiTt OF THe RECiEF VAWVE)/ PIPING 1S
_ o N . .
Wesmerry = 1270 e Saveamo Areod G
« Convear THIS To Ar) EQUIVALGMIT AL Fraw RATE i
F/icm A'SME. APM_..aonc Il crAenrett ComvERSIO NS,
W = ““‘PJ =  Fee anv Gas o VAROR
Foe. TWe SATueaTes ARCOON CASE,
Kaps W T wW=2250 "/ ¢
C j M C = Functun F Kz 14 >3 85
' M =40 Inoy B
T = A% Temd AT et R = 170.7& - -
. . qzqo 170 s [
5 P.‘: —— Tryom - AQ.GB . . .. . g i omermeree o AT
Rl 335j”° | ' | o
me’uuc- I~ AR is’,' R
PR e }b .
Wa = CKAP I - 3%(4‘% 53 = 416Z %,
- 1
CAPACTTY 1 scem Al 15 | . - " AU SO St S
L W IGZ‘W { _,*N_,.._WL't -
Vs (a.:az—w—-- .32 (_.---4 “’5" q06 &Fm*aﬁ‘ i
SRy L 2P\ o : }
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# ENGINEERING NOTE

SKCTION

PROJKCT

SERIAL -CATHE@OAY rPAGK

T

SUBJECY

CC ReELIEF PIPING

NAMK

Russ Kuciowskl

DATE

lo-25-90

—rveeR o
20/ L]

SumMmAaryY

THE. ReECieF CAPALITHY of

TThe PrRessure DRoP N THre= PIPING UP

TeEe
AmD UALJE 1S 408 scrEm |,

ReLier R /NG
AV .

To THE VAWE e 3.0 PS| . —Tme PressUfL
PRoP N Thae PIPING AFTelR Time VUALJUE

= 3.0 e=)

THE. INLET PIPING L0SS | 237 OF THE

SET PRESSURE WHICH EXCEEDS THE APL
LINMIT OF D Y% SEeT

PlroT SENSING LiINe ROWEVE(R

IN-TO A PRESSULE

_wWwHCR Wicte NDJoT

PRE SSUREL ,

SENSING CiInNneg

The. RaL\er

s Tied

SEE FLOW DURING
THE OCLUREANICE OF TRe RELIEES VALVE
ReECievInG. THIS MEASUREC MMEETS. & o e

THE INTENT oF APL

RPS520 , PAET IL Par, 2.7,

i s,



http:c)<.CE.E.DS

SYMBO!.§
{ePIPE SUPPOKRT ",

- ~DENOTLS nu.o thD
" 'BPOOL. CONN'

[~ ~VACIAM m

- BAYONET CONWL

‘A

4&‘ OJ%?I
<I¢ | '
\' :'-_-.'5 ",. ;

Nﬂlﬁ

1) SEE ME-22290< FOR OVERALL lepa ASSY,

. Q) FABRICATE AND TEST PLR SPEC. NG, 37405t0~l:3 tuan
3) ALL DIM'S. ARE & TO & OF B8'VACUUM PIPE @ TO'F ,

) ~cmoic wluul

168 [MB-R2294T [¢° SMDCA RETANING BAND

AT [Me-2229¢4 [ 1Y TRAVEL SPIDCR

16 MB-LL2D6I [L"CONCENTRIC SPIDER

SEEBE

18 [Me-222249] ¢* cLAMSHELL

14 cwguu.t’g’g:?lwn_-&‘_

13 [MB-222DTO | 1° WCUUM NIPPLE

f W T2 | CONINTRE

!_*‘:!‘_n.fl 4ty

BEE

XY
)

M -2t 8%8LM LOs~ 48° MITER BLCT

M ~20RD6L|VACULM BREAK,

MB-2ERB68 [10WB°ADAPTEA PLATER
; ; 1‘3"...'§c3c t0a PiPR

"~8CH. 10s ~TLE 88 304

g Il AT B i

T o

- Op ™

P
IP$~8CH 10s P -

I SEEEREE

Hl=lrlu|olojo|«|o|e|sl=lz

- 9 SHCEITION 68 &I

—m e

. | 1 o

Lw&”“
0 0O HOT SsMn Pwl.

[*N
R
IR [l

b o v .

o PoRMI MATIONAL ACCRIRATOS LASORATORY

VHTED STATED BEPANTHIENT OF ExdReY
(@)

D-@ DETECTOR
LINE-6.8-401T-E SPOOL %24,

Gn B Ar/Ne VENT
A/ 3740 812-MC-222982 |

Ad Al
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revision 11/18/91 John Wu

Determine Worst Case
Cryostat to Fill

D@ 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. D@ 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.

Venting capacity

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

The first spreadsheet in EN-323 (p.8-14) calculates the ECN relief 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:

ECN | g
p(q )m, =7740 1bm (relief valve) +7458 %’E (rupture disk) =15,198
T

rel
hr

1b,
hr

Note that q here represents the flow through the relief piping, out of the
ECN.

Page 1
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revision 1\}/18/91 John Wu

The calculation of the venting capacity of the ECS was donej in D@ .
Engineering Note 3740.224-EN-329. The only difference in the rehef.
piping of the ECS is that the equivalent length of the .common outlet (just 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:

lief Common Qutlet to Platform Bayonet
Reference: Drawings from Tony Parker of 4” x 6” Ar/N2 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.

Lpiping =4 +275+ 1575 + 38 + 10 + 40 + 67 + 210.5 + 457.5 + 74 + 16
Lpiping = 1102 in = 91.83 ft

# els, 00° =

# CIS, 45° =

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

|
ECS ECS 16,815-&'1
Qre1l _ PAre; - hr ~1.106
ECN ECN 1b
Qrel Pdrel 15,198—};

Page 2



revision 11/18/91 | John Wu

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%.

Fil] :

Reference: ECN numbers taken from D@ 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. '

(a5)
dfill/max=12.3 gpm

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

ECN
ZK =90.05

BCN
sk =k HLled _ g 05 - (0:022)(30ft) _ g5 34
d 0.1402 ft
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The CC has a smaller resistance coefficient because it has a shorter
equivalent length of piping from the argon dewar. Therefore, 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
fa=i

cryostat
Y K

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

ac [ ECN
drin _ VIK  490.05

ECN x
dfiil '\[Z'.K v85.34

q

=1.027

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 out of the CC
relative to the flowrate out of the ECN (more than 1.106 times ECN) is
greater than the flowrate into the CC relative to the flowrate into the ECN
(1.027 dmes 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.

Page 4
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7.0 CC CRYOSTAT

These procgdures describe the operation of the cryostat on the platform. Refer to
the cryogenic flow diagram, 3740-ME-222394, revision W for platform operations.

Only subsequent changes or modifications which affect the safety of the vessel will

be updated in the CC Cryostat Engineering Note and in DO 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), I/A (open
MV1400I/14011) and GN2 purge are connected and flowing to the platform , all
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 fill/drain u-tube (440LA) installed at this point, then the key lock for
I/PX18A shall be in the DISABLE position and the key secured in the lock box.

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 qperation
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)

_ MV241A(sample) _ MV243A(sample)
Pump room _ Pv706V _ PV707UV

_ MV712UV(vent) _ EV714UV

_ MV727N _ MV722A

Note: the liquid sample valves, MV241A 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 .
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7.1.4 To Pump and Purge the Inner Vessel OPEN:

Cryostat _ mv203A __ mv224A (outer)
_ MV244A _ mv245A
Cryocorner _ Mv4sauv
Pump Room _ MV705UVv _ mv728UV
_ mv723UV _ mv734UV

7.1.5 Backfill the UV manifold with GN, to 1 psi as read on P1716UV (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 p 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 p 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 GN5 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 b PT717 .
MV727N. psig y UV and checked with PI716UV, close

7.1.14 Open PV707UV and pump the cryostat to at least 100 p once again.

7.1.1_5 If the condenser outlet overflow switch, TS232E, has not been tested in Situ,
special permission should be obtained from the safety panel if necessary in order
to flood 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 vaives from the N2 storage dewar through the
condenser steady state cooling coil and into the condenser exhaust. Specifically,
OPEN
_ MV543N _ MV477N _ MV491N
_ PV202N@100% _ PV21ON@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. |f 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 GN, 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 100 pu 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 p, 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, gnd
mechanically secure the main relief vent manifold block vaive in the OPEN position
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by switching the position of the rack stop (drg. no. 3740.512-MC-21950f0r)‘;
Checkthat the PV228A position switch indicates open in the contr.o syste
software graphic and is armed, but not “in alarm”. Record all these actions in the
log book.

71.25 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 p 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 valives 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 y or less:

_ LN2 to cryostat withdrawal stub at N2 dewar

_ LN2, N2 dewar to cryostat u-tube, 443LN

— LN2, N2 dewar to cryocorner manifold, 412LN, 4 vac. spaces
_ LN2, cryocorner to platform u-tube, 411LN

_ 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 cryocorner, 427LA, 4 vac. spaces

_ LA, cryocorner to platform u-tube, 430LA,

_ LAr platform manifold, 429LA

_ GAr withdrawal stub at Ar storage dewar ,

_ GAr, Ar storage dewar to cryostat u-tube, 441GA

— GAr, Ar storage dewar to cryocomner, 422GA, 4 vac. spaces

_ GAr, cryocorner to platform u-tube, 421GA

_ 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 cryocorner to outdoor manifold, 417E, 5 vac. spaces
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(Note that the installed EC female bayonets/connectors are closed with vacuum-

insula}le;ilPO-equipped males. Those insulating vacua and POs shouid be checked
as well.

Record all the data in the Cryo Logbook.

7.2.3 Insta}ll the jumper and line up the valves in the following order to pump and
purge the liquid nitrogen piping. The pumped line here is between the LN2 dewar,

PV513N, and the outlet of the cooling loops, PV210N. Install the jumper line
443LN in strict accordance with 10.2.

Qﬁg P&P LOSED OPEN

N2 dewar _ PV513N _ MV543N
_ mv559N (bypass) _ mv559N (shut-offs)
_ mv535N

Cryocorner _ mv439N _ MV477N

mv481N (bypass)
mv485N (bypass)

mv481N (shut-offs)
mv485N (shut-offs)

_ MV493N _ _ MV491N
Cryostat _ PV210ON _ PV20i1IN
_ mv217N _ PV202N
_ mv216N
_ PV1403N _ mv493N (capped)

7.2.4 Run the flex-line from the utility vacuum header to the pres/vac fitting at
MV536N 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 u in order to
eliminate the water. Tighten packings, flanges as necessary. If 20 u can ngt.be
attained, close MV491N at the cryocorner and pump on the nitrogen piping
upstream of MV491N to 20 u. The piping downstream of MV491N 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 off the pump, measure the ROR, and record it in t_he log book.
Then backfill with GN2 to 1 psig as read on PT717UV (and checked with PI716UV)
through EV714UV by opening MV727N. Close MV727N.

7.2.7 Pump the line again to 20 p and backfill to 1 psig, close and lock MV53§N,
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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iqui ipi [ [ he LAr dewar,
urge the liquid argon piping. The pumped line here is betyveen t ; _
I%Vg38A, and the cryostat cold valve, PV219A. install the jumper line 440LA in
strict accordance with 10.2.

LAr P&P CLOSED QPEN
Ar dewar _ PV638A _ MV660A
_ MV658A _ MV661A (capped)
_ Mve78UV
_ mv667A (bypass) _ mv667A (shut-offs)
__ mv668A (bypass) _ mv668A (shut-offs)
Cryocorner _ mv437A (capped) _ MV476A
Cryostat/ _ PV219A _ PV218A*
Platform _ mv237A (bypass) _ mv237A (shut-offs)

mv494A (capped)

* The V/P218A enable/disable key switch will have to be temporarily set tothe
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 pres/vac fitting at
MVE58A 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 vaive, PV219A. Attain a minimum of 20 p in order to eliminate the
water. Tighten packings, flanges as necessary.

7.2.10 Unlock and cycle the capped valves, MV661A 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 p again and backfill to 1 psig, lock closed MV658A,
MV661A,and MV494A and place a cap on pres/vac 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

pur'?e (t)he gaseous argon piping. Install the jumper line 441GA in strict accordance
with 10.2.

GAr P&P CLOSED QPEN

Argon dewar _ PV611A _ MV646A (capped)
CLOSED OPEN
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_ MV643A — MVe648A

—. Mv677A (bypass) — MVE77A (shut-offs)
Cryocorner —. MV435A (capped) _ MV474A
Cryostat/ _ PV214A — MV483A (capped)

Platform

'{.2.14 Run the flex-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 p 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 off 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 p and argon backfill to 1 psig, lock closed
MV643A, MVB46A, and mv483A, place cap on pres/vac 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 MV4388N), the overflow switch (TS232E) is
operational and interlocked to the condenserinlet valves, the I/P218A 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,
PV501N, 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, PT501N, 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 mutually exclusive. The LN2 dewar pressure should
not exceed 60 psia or fall below 55 psia.

7.3.2 Set the argon storage dewar condenser inlet controller, PIC612N, toa Qewa_ar
pressure of 25 psia, and the condenser outlet controller; PIC615N, to maintain this
loop pressure at 45 psia. Check MV610A and MV664A open to the pressure
building coil and raise and set PICE601A to 20 psia. Watch the dewar pressure,
PT653A, to ensure that the vaporizer circuit is functioning properly and that the
condensing 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 MV646A, MV661A, mv483A, and mv494A.
Check and record that the inner line pumpout valves, MV535N, MV643A, and
MV658A 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 CcC
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,
PT653A, 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 PIC201N and
202N in automatic and adjust their set points to 60 psia. The condenser inlets are
now set to cool the gas within the cryostat without condensing it.

7.3.6 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, PIC201N
and/or PIC202N. Some trial and error will be required to determine what the best
compinagion of setpoints is for various phases of the cooldown. Conversely, if more
cooling is required, DECREASE the setpoint(s) of PIC210N, PIC201N and/or
P_ICZOZN. 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 thqt 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
monitoring, but the cooldown must not be left to proceed unattended.

TABLE 1. Temperature Gradient Limits

MAXIMUM

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

FH 100K within a module

EM 50K 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 25K 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 .histori'cal
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 G{\r
line to the cryostat and record the data in the log book. If the delta p exceeds 1 psid
on the argon filters and 5 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 bg
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 Line 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 %e 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 QOPEN
N2 dewar _ MV535N (capped) _ PIC501N@45 psia
_ MV546N (capped) _ PV513N
_ PRV530N@50 psia
_ MV543N
_ MV544N
_ PV548N
Ar dewar _ PVB25A _ PIC601A@20 psia
_ MV638A _ PV611A
_ MV646A (capped) _ PIC612N@25 psia
_ MV658A (capped) _ PIC615N@45 psia
_ MV661A (capped) _ MV648A
_ MV663A (capped) - _ MV686N, 694N (SS pos.)
MV683N

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

Cryocorner _ mv435A (capped) _ MV474A
_ mv437A (capped) _ MV476A
_ mv439A (capped) _ MV477N
_ MVA483A (capped) _ EVA480N, 487N (CD pos.)
_ MV493A (capped) _ MV491N
_ MV494A (capped)
Platform/ _ PV201N _ PIC202N@60 psia
Cryostat _ PV219A _ PIC210N@18 psia
OPEN
_ PIC214A@20 psia
_ PV218A

7.4.2 Set the cooling loops, PIC201N 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 psia and PIC601A, the vaporizer controller, to 32 psia. The set point of
PSV620A is approximately 34.5 psia. Check that the vaporizer and condenser are
npt running 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
initially filling the cryostat the modules (avg. temp. approx. 100) heat capacity will
limit 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 PID 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 LEDs, 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 t_he
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, PIC601A, 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,, PIC201N and PIC202N, to control at 26 psia in the
automatic mode. Increase the PIC210N setting to 20 psia.
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7.4.10 Ensure that PIC214A is still in the direct acting 'mode and se_t it in auto to
supply the cryostat to a pressure of 22 psia. The dewar is now supplxmg' gas to the
cryostat where it is being condensed by the condenser coils to build liquid level.

7.4.11 During this final phase of the fill, close PV214A and tune the PID Iogps fgr
PI201N,PI202N, and PI210N if necessary to minimize the pressure ﬂuctuatlpns in
the cryostat. As the ullage voiume 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 LEDs (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 t_he
VPTs, with the saturated temperature associated with the cryostat operating
pressure (30.3 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 I..es:s flgshing of the liquid nitrogen across the inlet vaive, PV202N, will occur
it the liquid nitrogen storage dewar pressure is reduced. Set the nitrogen dewar

vaporizer pressure, PIC501N, to 40 psia and adjust PRV530N to vent the dewar
pressure at 45 psia.

7.5.5 At the cryocorner, close MV477N 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 PS471N, the GN, 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 Maintain the same onginal steady state PIC settings as in 7.5.1 and 7.5.2,
ie.;

Controller 54 - SB

PIC612N LAr dewar pressure 17 psia
PIC615N LAr dewar condenser pressure 44 psia
PIC214N Cryostat GAr vent 22 psia
PIC202N/202N Cryostat condenser pressure 26 psia
PIC210N Cryostat pressure 20 psia

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

Draining LAR QOPEN: CLOSE:
_ mv203A _ PV214A
_ MV476A PV219A

mv437A (capped)
MV494A (capped)
MV638A
MV658A (capped)
MVG660A
MVe661A (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 dewgr 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 storage dewar coqde'nser demonstrgtes it
can maintain a pressure less than 25 psia. Note that the I|_qu1d head O.Q 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, PV611A, 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 psia 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 PV638A.

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.

7.6.8 When the cryostat is empty (cryostat and LAr dewar pressure difference
disappears, flow drops to zero), close PV218A and after an hour, close PV21SA.
Turn the I/P218A 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 208/480VAC
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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i

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 defta 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 PV221V.

7.6.14 When the average temperature of the modules in the cryostat reaches the
temperature specification, the heater EH220A is secured according t010.5.
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U FORMS AND R-1 INFORMATION PAGES

The ASME U-1, 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-1 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-1 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



Fermlla b Fermi National Accelerator Laboratory
¥ P.O. Box 500  Batavia, lilinois e 60510

November 11, 1987

Mr. Joe R. Sloan
CBI Na-Con, Incorporated
24137 111th Street
Plainfield, Ilinois 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 Data 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.

e Forms U-2 for the heads for both vessels (inner and outer).

If you need any additional documentation please let me know.

Very truly yours,

Richard D. Luther

D@ Cryogenics Engineering
Mail Station 357

(312) 840-2322

RDL/hs

cc: Mulholland
Luther/File: CC Head Removal/Replacement
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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 Provisioniof the ASME Code Rules, Section VIII, Division 1
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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 V111, Division 1

The Stacey Mfg. Co., 259 Township Ave., Cincinnati, Ohio 45216
1. Manutfactured and cerufied by
IName snd acdress of manulscrurer)
Richmond-Lox Equipment Co., Delphi, Indiana 46923
2. Manufactured for
(Name ana sddrem of Durchaser )
3. Locatton of installation Not known
(Namme snd scdrens )
o 7vee Horizontal Tank 63088 0-43A53 R.2 - 1987
MY Re - (Yeor usbt)
(Horar. o veet, tank) (Mtge's serial No. of Part) {CAM) {Droweny Ne ) (Nat). Bd. No.) L4
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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

G 14 . 3/4

EZy/

2. Manutactureda for

4. Type

1. Manufacturea and cerutied by The Stacey Hfg' Co. ) 259 TOWnShip Ave., Cincinnati, Ohio 1452]6
Richmond-lox Equipment Co., Delphi, Indiana 46923
{Name snal scdrow o v Crasy )
3. Locauon of installation NOt‘ known
(Nesma orvs scdress)
Horizontal Tank 6309A 0-44-A53 Rev.?2 - 1987
IHeru. o vert enal iMige's sovial Mo, of Pory) «CANY 10¢ awrwey Mo} INat'). Ad. M. ) (Yasr tmeun)

S. The chemicai and physical properties atf atl parts meet the
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December 31, 1986 -

requiremaents ot materisl snecitications of the ASME BOILER AND PRESSURE VESSEL CODE.

1986

Y ear
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6. (a) Drawing prepared b\"

The Stacey Mfg. Co.

7. Postweld heat treatment: Temp.
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(b) Description ot part inspected 16' 1‘1/2“ OD Hal f TOI"UQ*

°F Time =

/tems 8-13 incl. to be completed for single wall vessels, jackets of jacketed vessels, or shells of heat exchangers
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Mad. iSorc No., Graaet

9. Seams:

Nom. Tnk. i)

Caev. Allow. un.t

Owesm. 1D (

Tt & wnl

Lengtn (ovevadt) (17 & = )

Long (Wlg. Dol | R.T. (Soat or Ful) EH. ™M) HT Temp. { ) T Gere iWia, Dbte., R. 7. (Seet, Partiat, Ne. of Courven
Sngl. Lap, Burt) Sreg., Lao, Burn} or Fuil)
10. Heads: (a) Matl, {b)} Martt.
150ec. Mo, Grage) 1Soec No., Graae)
l Locawon (Top, Munsmum Corrouon Crown Knuck e Eihotca Concas HerreLOneT st Fiat Seoe O Prevume
\ Bottom. Enas) Thrcaness Allow snce Radun Raceus Rateo Aorx Angie Radws Oumeter (Conven or Concave)
= = = = ) e - | - - -
@] ‘
) | = = = = - - - - - -
If removable, boits used (describe other fastenings) -
(Math, Soec. Mo Ge.. Sese. No.)
11. Type of Jacket Proot Test =
12. Jacket Closure [f bar, give dimensions -
(Descrioe a0 ognr & wetd, bar, erc )
If bolted, describe or sketch.
13. MAWP - Psi at Mmax. temp. — °F. Min. tamp. (when less than -20° F) °F.

psi.

Hydro., pneu., or comb. test press.

/temns 14 and 15 to be completed for tube sections

14. Tubesheerts:

Tatenay Miw (Soec Ne. Gr)

Owm (o i | Suleect 10 Svevare)

Nem Iha (w )

Coer. Altw. (sa}

Artech (Wid  Bonest

Flostng Mart. (Sore Ne , Gi )

Owm. s

Nom Tha (e

Corn Albow 1)

Anscn

15. Tubes:

Mo (Sove. Me.. Grose)

O D iwm)

Nom. Tha L. o sawer)

Itemns 16-18 incl. to be.completed for inner chambers of jackered vessels or channels of heat exchangers

Tyoe tstrampne ov U}

1:
16. Sh.. 3 o PRI rp— proers Dwarm 40 111 & .l Lenqmn tavevon) 111 & o)
17. Seams:
Lomy (Weg Dbd . AT 15001 @1 Fuiiy [ AN N Tema ¢ Fo Time Lrtnwie Do R T 1Spot Porteat Ne ol Couwevr
Sny.. Lap, Buin} re (e Bt ar Funp
. -
: SA2L0-304 Misxis
18. Heads: (a) Matt. — {o) o e Crorm
Locaton tToo, Meonarrm Currovan Crown KAucne e Conas e aunes (o Frar St 1o Prevume
Buttom Enav Thecnness Al ance Racdeur Asdeas LR Auen Anue . Qariuy Dometer Wonvew o Concseer

[] End Nom.5/8" -

'2-1/8''1'0"c3-7/8 - —

¥
9 - - - - -

If removable, boits used (describe other fastenings)

et S0ec Nt Lrese Sse Mo d



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 VI, Division 1

The Stacey Mfg. Co., 259 Township Ave., Cincinnati, Ohio 45216
1. ®Manutacturea anda certified by prr— 5 wartaciarent
Richmond-lLox Equipment Co., Delphi, Indiana 46923
2. Manutacwureda for e )
Not known
3. Locauon of installation e o e
o Tyoe Horizontal Tank 63098 0-44-A53 Rev. 2 - 1987
(Mores @ swst tarnal (Migr'y sevest Ne ol Pat) ICAN) tDvawery No ) INat{ Ba Ne (Yeps moman

The chermical and physicat propertics of all parts meet the requiraments of materal specitfications of the ASME BOILER AND PRESSURE VESSEL CODE.

v

The design, construction, and work manship conform 1o ASME Rules, Section Viil, Division 1 4986 .
)
December 31, 1986 : - -
Addenda (Do) Ceode Come Mo Soecist wrvce pre UG 1201
' Y " KA
6. {a) Drawing prepasred by The Stace Mfg. Co. {b) Description of part inspected 16'1-1 /2 0D Half Toruys=
7. Postweld heat treatment: Temp. - °F Time s
ltems 8-13 incl. to be completed for single wall vessels, jackets of jacketed vessels, or shells of heat exchangers
8. Sheil: - = - by
Maw. (Soec. No., Grade) Nom. Ihk (e ) Cove Aligw ten ) Diaim. 4 0. (1 & o1 Levegihs laverast) (10 & = )
3. Seams: - _ = - - -
Long ivid Otl., AR.T. (Swod er Full €1, (= RT Teme, | F) Time G Wolg | Obd. A T. (Svot, Pates, Ne. ot Cavrver
Snyh., Lso, Buct) Sisgh., Lao, Bur) o Foy
10. MHeads: (a) Matl. (b) Matl.
ISore. Ne., Grasel (Suec Na . Grase)
Locatwsn (Touq, Musssermrre Cuerirmon [T Kinoeh be £ liusrcal Lot Heree ey o at Flae Sair o Prevune
Bultem. Enul) Thsckiaets Allow sxce Rattun Rakus Ratro Ayen Arybe Rainn O srrvetes [Cuivees us Corvmcave)
‘a) - - - - - - - = T = —
- _|
i = —~ - . - = = & - -
‘“J [ -
if removabnle, bolts used (describe other fastenings) -
(Matt , Spee. Mo, Gr . Sse, Na. b
11. Type of Jacket = Proot Test =
12. Jacket Closure - It bar, give dimensions s
{Descrim o3 ogee & weid, bas, wic )
It bolted, describe or sketch.
13. MawP - Psi at Max. temp. = "F. Min. temp. (when less than -20 F) - CF
Hydro., pneu,, or cormb. test press. = pPsi.
/tems 14 and 15 to be completed for tube sections
14, Tubesheets: = =
Sistrenery Mot |Sorc Ne, Gr ) Dworm (o 11Sueect (0 grerswmes Nom Iha iwm) Cotr Albow (it Avtocn (Wie Boliew!
Floateng Mat 1Sgee No Ge ) Dism tom ) Tiowm TRE tem Cosr Albow (a1 Avscn
15. Tubes: - -
Madl. (Sowc. No., Graced VO tn) Neom (M. in o gougel ™ Tyoe ivteaogmi oc U")
ltems 16-18 incl. to be completed for inner chambers of jacketed vessels or channeis of heat exchangers
16. Shell: -
Mad. (Soec. No  Ge ) Nom ina (=) Cote Allow () Owm 1D 146w ) Lrrern taoevan) (19 & on )
17, Seams: _ -
Lirmg Wbl (M4 H T 1 Semt we L) [Ny T Termme § b Vi Coaetis (oubed (Hia ST Nt Vartes N wb Cune
Sevat L oae Restnr Simt Law Buitt ae t ot
A3 b3 -
18, Heads: (a) Mau, STy A 1V Ealh 1 VA B (D) Marl, ___
1Swre Ne Ueadel 1Surg N L emay
Lawadrams § Tosy Alimoremoers Caimorrmmens Croman Bt t Hagdor 00 Voo rrmag i vq o Lu- T e vy Provume
l Aot Erahr) Thehres Alk oo Ratess 1 mbrs Hotme Haabien 1) vartes Wormeww o rm Lips amet
!
i L} " [ : -
| End Nom; 5/ 8" - 7'2-1/8"11'0"'g3-7/8" - - - - l -y
A - - 1 - - | - - 1 - - - l -

{ removable DOITs Used (Cescrine Niher fastanin~s)

S23 2y, o ST L B, 4 s Y INE raer Uent | A3ME . JJ4S E 47th St New rore, . _Jd1



Form U-2 (Back)

MAWP. O3t at Max,

“
temo. " F.Min temp. when less than -20 F) °F

- -_—
osi.

Hydro., pneu., or COmMD, test press.

lterns below to be complered for all vessel/s where applicable

20. Nozzles, Inspection and Satety Valve Openings:

Purpore No Owem t Mo LE I
(1nter, Ourier, Drasn, wec ) or Suae ! v ( Ml { ™ :-:-.... : A':::‘ Locatemn
- =1 = -1 _ - M 1
- _ T _ : : = ‘
L ] L= | - i = - - : - B
— e — : S ———
; j
{ - = - - | - i = - - - i
I . i
- o N - — - T
- - - T - - - < P | - ]
SR I R - - - I
S I : - ; R —
= |- - | - J - § = - ! - i - |
- B = | - i - [ - i - - i = ! = '
f = | = Lo 1l = . - | - i - : _ i
{ _ L = I w | l - o - P _
~ — - : - Jr - f n | - l - | : :
Z - - | = - i - | = i = | “
- . - 1 - - - 1 - - |-
— T 1 : T A
21. Supports: Skirt "- : Lugs ;’ Legs I—N.' Other .1_0. Attached -

Baarks: Neither design nor hydrostatic testing Were performed by The Stacey Mfg., Co.
“This half section of 16'1-1/2" 0D X 5'11-3/4" |D Torus is a ten- n-piece construction

and consists of one (1) latitudinal double butt-welded joint at reverce Q'3-7/8'" IKR
tangent point jointing 7'2-1/8" IR donut portion. four (4) meridinal double butt-welded

joints at 5'11-3/4'" 1D reverse 0'3-7/8" inside knuckle portion & twelve (12) meridinal
double butt-welded joints at 7'2-1/8" IR donut with 1'0" IKR portion. All welding -

Full R.T.

CERTIFICATE OF SHOP COMPLIANCE

We certify that the statements made n this report are correct and that ail detars of material, CoONsrUCLION, ana workmansnip Of this vessel confarm

10 the ASME Code for Pressure Vessais, Section VIil, Division 1.
U Certificate of Authorization No. 1830 exores March 30 .19 —-—88
» Rl
pate 337 K< I The Stacey Mfqg. Co &w"°7;jzgh44 7 = Lﬁg%
(Mt brviasee II\/ (Rege esrnis Avet
<
CERTIFICATE OF SHOP INSPECTION v
|, the undersigned, holding 3 valid commission issued by the National Boara of Boiller anad Pressure Vessel inspectors and.or the State or Province of
Ohio and emoloved by H,S,B,!, & | Co. _
Hartford, Conn P
ot a . have inwoected the pressure vessel describea in this Manutacturer's Paruiai Data Report on =
L )
19_:}’—_, and state that, to the best 0f my k nowledge and belie!, the Manufacturer has constructed this Dart 1IN accarcance with the ASME Bailer
and Pressure Vessel Code, Section VI, Division 1. By signing this certificate neither the 1n3sPector NOr his eMpPloyer Mmakes a0y warranty expressed or

imphied, concerning the part described 1n this Manutacturers’ Partial Data Repory. Furthermore, neither the INwpector nar his empoloyer snall be hable in

any manner taor any cguon-l Njury Ofr proocerty AaMage os 9 10ss of -any kina yr)g trom ov connected with this intpection.

I <
o 7 7z S.qnco/ ER AR /W/ St ﬁ LA Comm.uuonclo_!‘ ‘yj/ /{-(4— LM’-/”[
'(:Mﬁ” tragerien’ Mot | B0 @ ) Frabwrarerte Gla

Qate
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FORM U4 MANUFACTURER’S DATA REPORT SUPPLEMENTARY SHEET
- As Required by the Provisions of the ASME Code Rules. Secticn VIIL, Division 1

—

+ emarecruren sma cermimany__R1ICHMONd-Lox Equipment Company, Hwy 25 South, Delphi, IN 46923

189 ot ot Gt 4 St

2 amsrecwrearer _Fermi National Accelerator Lab, P.0. Box 500, Batavia, IL 60510

e

Same

3. Locetion of intmllation

)

. Hor1z Jackt.Torus 30093 D87-0058 3688 1987

Mabhgr ¢ wmenes Mo 4 CAMe

| Qg ‘et B8 Soo L ]

Oata Reoort

ltam Number Remaruy

14 Inner shell description (During operation, this shell will be
subjected to external pressure.)
SA240 304 .375 0 5 - & 378" g - 85"
15 Inner Shell
Care JUlY 24 | 1937 B e RLchmond lﬂx anpmenr f'o é Z’ ] /%

5. July 24, 1987

éﬁuz /éggwé ".B. 79"1'7' 11D.911

e AL LIV LTY
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o sor 1 ﬁ EASTERN STAIK" SS STEEL GOMPAKY cUgR copy

Balumore. : 12 203
pivision or Eistmel coaroration
rPpy—— -~ THINK F'RST o THINK EASTERN CERTIFIED MATERIAL TEST REPORT

We ceqity thal al of Ine Iresl fesulls  and  (te

slalements ol performed operanions recorded here arg

_é_w_ ) SHIP MAIL D I [\-ECV :indc?:;ol:;;;;;n 1he qoereo materal spacilicaiory
o 19 To:  STACEY MFG o WILLIANS AND COMFANY INC. e ——
01/4x 7 259 TOUNSHIF AVE 901 FENNSYLUANIA AVENUE £ 5.

s, 1 " CINCINNATI OH 45216 PITTSBURGH FA 15233 uﬂmégi?ﬂ’ég/
944 :

MILL ORDE. CUSTOMER ORDER NO. Loc. SHIPPED Via ooe BIL RUMBER CAR BUNAEN

Ry N316810506 NF UNIVERSAL AM-CAN u e L e

TEM | . T NO. COIL NC. | M.P.O. NO. GAUGE SIZE st DESCRIPTION coupon | w-Loc | &0 [ B8y | Gross | Tare

| - 77.5000 X R |

01 | F 448 92027 | 0.4250 | 247.5004 17 304 HEAH Gl g apad
77.5000 ¥ R |
o1 |t 448 1920281 0,6250| 247,500 174 304 HEAR : 1] xaa
77.5000 : S R
o1 | s4B 92029 | 0.6250 | 267.5000 17 304 HKAH S I S T 37
77.5000 ‘ | = = 4
01 |t .48 ] 92030 | 0.6250 | 267.5000 174 304 HRAF i O N T
: ' : QS Sl SUpetpE S R
e . : 1 © 4] 15459 3

- ‘._.‘P‘/(’ 03, - (03 ) 7_' .

ECS ASTM A240-84A ASME SAR240 SECT II S8% ADD °

l : ,, _ o St L
FE FL KHOWN CONTACT WITH MERCURY MINIMUM SOLUTION ANNEALING TEMFERATURE 1900 f
‘ ’ . s A T S
[l N | -
y) yd /: / , ) : ‘ X
o IR GE R Conmosion Test Copgs
0548 [.048 1.8 .029 .007 .5L 18.14 B8.11 .34 ¢ [ | 24 .14, -078% 1. ' o Aol paoak
0548 .04 1,68 .029 .004 .54 168.1 8.11 .3 é o .27 .14 Lo7g ! C ASIM A262-C'
0648|. | .04 1.68 .029 .0074 .54 18.1 8.114 .3 g "“ ; 27 1 L0748 D. ASTM A262-°E'
0648 .048 1.66 .029 .007 .54 18.14 8.13 .3 : i 227 514 078 , = CoHeREsy
] | i - ..' i < l
TRANSVERSE CR FRONT ; / ~ LONGITUDINAL OR BACK | | CORROSION TEST | Mag PEAM |  SOLUTION ArmEAL ‘
YIELD ' y ‘7;/A TENSILE VIELG J}ar rn-u..lv&:,l--.-_ PN A a4 EE I R T P
Al NO I TE;‘S"LM e #‘ﬁ“%monssi/'emu . bar el ‘“,’_“°| HARDNESS iaemo AL | on I c CODE | RESULT TEST M,L‘G‘és { TP,
0648 27 91.8 44.8 I8 HR1S 54
0648( w0 92.d 45.3 st HR17d d 6
05483 29 92.0 45.3 U8 HR17 G &
oa4a' 30 92.% 45.# 5% Hn17| d s
|

—_—— : : ! |

CAUTION: PROACEQQIMA THAT MAKFEQ FIIMES NHICT AN COLUTIAME aaav
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3 Wwooad g, |
a 4 F % = ;
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- g= - e i =
; 8TACEY MFG. QUALITY CONTROL DL’PABT)EHT:& _
I | 1 = - .:f ]
latorial on thia KTR v-aa ordered ﬁ:oa' -
- . l'— ‘n

V’tt.up.mg $ Co

- _ca

Thls matorial appuea to Staooy IF(—}

I’O. Q{m};, gz Qﬁ Item #, ‘

: 80°-;f S0 4 ’
A T P TI

- - : N

‘, This WTR. has be\ex.x checked againat= '
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OUR ORDER NO,

it s U7 LWV

L WAS FRODUCED

3UNHEPJ¥EQETonwEg; Qg

was orderad from:.

& \AILL_L(A-.(AS f Co on

P.0. # QU602 G620 ten #_ 1 2

This material applies to Stacey MWFG.,

5.0. # o309
MK. # %’"‘-o_#".r_"i"} )

This MTR. has béen checkédﬁvagainst
ASHE . S A 240 T204 -

speo.

ey /) a
bbup bTEEL CUMPANY ) A A YOUR ORDER NO. - 71‘5;:‘99“ =S
ii , o Wasm\nglon Pennsylvgrm'l.a 18301 | CERTIFICATE OF TE.ST M;E{AO NO. 10/06/86 | .
Q;;ﬁl} ShiF toc' 8 = ok, b et [ ] # to(*’uéliii'”:;" 555 RN A nc.h. 080,~ .-é?; R =
-1?”:'43.?.‘19 lJILLIﬁHS i CO s L WILLIAMS & "COMFANY JINC s s MA:I{;A;;.; RS : Do
TTULT 7640 REINKOLD S nR--;,_“ L %901 PENNSYLUANIA® AUE 77 SRy [ a i m_mM,
T .fINCINNﬁTL 0OH 'F_ITT SEURGH FA ' e ‘Aumomzéos'cwﬂuaﬁ ¢ e
B i L l 1593 o ke T UNGER BATH BEFGHE S
AT T WU L.L_r..r\l\ THIS DAY OF
JESSL: T 304 STRINLESS HRAP ' _ . © JESSOP STEEL COMPANY
IEASHE f240—86 +- AMS 53130 .  ASTH AZ240- 853 TM ﬁlé/ 843 . - ' - q;1 N e T
 COMP ASTM A312-85 :; COHFOSITION 8 HECHﬁNICﬁL FRDFERTIES TD ﬁSTH ﬁ"?é 853 ' gy T IEETC
100-8- sC. AMEND &6 COND A R T ; —
Heat s1ip T " size. - . Fes’ ‘-‘"Ljé'i"snt" ST LT :
15647 71108 . ,6250 x 96,0000 3¢ 270.0000 .0 1 - 4830 ... . oo i
. 1564C 71109 . [ 46250 1 .96.0000 .3t 259.0000 . - 1 .. 4633 . . le U0
1564t 71110 26250 . 96,0000 i 253,0000 ) 1'.} 4526 L .
“Hest c/ w v s/ sV A kY o co cu - N
1564 061 1.75 w027 003 -7 757~ +320— 18,40 -4 39- 13 .24 ,079
15446, (060 1,75 ,030 4011 - 449 - 8.15 18,18 .44 .1“:5- 25,084
L v, . W 4 Yield‘/_ Fefsiie L =T " Red. of ' S : Gra:
Heat Gaude Strendth  _Strendth.__Elong i ATED Tiardr.ess / Ber.d Corrosion Siz
1564 4250 43.4 KSI- "8/776"RET——¢278-—7"~ =72, LHMN170 ORN
<1gu4\ » 1= 3 L8250 L0 KSI ST oot 214 uumﬂ?/ oK ON
T ' “STACEY MFG. QUALITY CONTROL
MAGHY. C FERMEARILITY-LESS THAN .02 DEPARNEMT
HATEF WITHOUT KN CURY O~ LOW MELTING{FOINT CONTAMIMNAHTS

QA
AFPROVED
0CT 1086
i

4

ST RES /87


http:57':'-'-8.-30-18.40

131.268 c VEW - DVR 0055107 - Schmerzech. Bruch/s

-

Abmessung (mm, Zoll) | tacnge Nettogewicht (k) Charqe Nr, Serie Nr. Kolli Nr
Size (mm, incnj Quanuty Nel weight (kgs) Heat No. Series No. Parcel No,
Dimensions (mm) Quantite poids net (kq) Coulée no. Séne Na. Colis No.
99108,99082
8734, )
Chemische Analyse - Chemical Analysis - Analyse chimique '
ch Seri 4 / f J/ ///
Hear  Serie C i Mn o s/ oV Mo | NV ] Culg Nb
Coulee  Série * e % % % % % % %
99108 | 0,014 0,65/0,78 |0,024|0,014| 20,04 0,33/ 10,29 0,09¢
99082 |o0,014 0,69(0,7Y 0,024 0,011 20,24 0,04 9,970,060
87314 10,028 0,7310,74 lo,02710,0111 19.91 0,26110,2200,18 "
Mechanische Gutewerte - Mechanical Properties - Propriétées mécaniques
Charge. Serne |Warmebehandi.| Streckgrenze Zugfestigkeit Dehnuna Einschnirung | Hane Kerbschlagarbeit
Heat Serie | Heat Yield pomnt Tensite sirength Elongauon | Reduction Hardness Impact strength
Coulee Série | Treatm. Limite elastique Resisiance Allongement | Sinction Durete Reésilience
No. No. Traite ment alatracuon Charpy-V
thermique N/mm? N/mm? (L=5.65VA) % % Joule
: v
99108) v
99082) u min.520 [nin.35
-EER Y
VEREINIGTE EDELSTAHLWERKE
AKTIENGESELLSCHAFT (VEW)
u = unbehandelt — as welded — non lraité WerkSgrUppe Kaplenberg
a = angelassen - lempered - revenu chweiflversuchsanstalt
s = spannungsarmgegiuht — stress relieved — recuit de detente omrolle nd Abnahme /
o\ /} /
W codrnor ”\7 e
STACZY MFG. QUALI CONTROL DEPARTHENT:
1

. ——

H'I SIACEY FIFG. CO.
P(_C‘fl\ =D
N_k" ’;iz/

- -

Material on this MTR was orderasd from:

AGA

P.O. #

This material appligfi to Stacen\MFG.
s.0. § G308 G309,

|6 118 - BT ten £ / VLZ

on

W@ NOE

MK, #

AT IS
S S R P, SEEL ST, I8 2% Ul oge RN T9
ASME. spec. STA B4 - J0o8L - 16

EY:D /]_XUJ;_.,n Dato:f![»c;)jf%‘j




= ) oo
pote o Ko 8 EASTERN STAIF' _SS STEEL GOMPANY YR Cory
_ : pvision or Enstmat conronarion CERTIFIED MATERIAL TEST REPORT
MANIFE: ) | THINK FIRST ... THINK EASTERN W corlly Wil ot of e s teuns ard i
- B aL . DIRECT BTy G e awmd sale st
Bl = O STACEY MFG ™ WILLIAMS AND COMFANY INC. B
01/3 47 259 TOWNSHIF AVE 901 FENNSYLVANIA AVENUE - 63
cusT. h " CINCINNATI OH 45216 FITTSBURGH FA 15233 e
9544
MILL OHI 2 CUSTCMER ORDER NO. LocC. SHIPPED VIA jgg'! B/L NUMBER CAR NUMBER RLS-DT
P&3s N3146810304 NE UNIVERSAL AM-CAN. | 7 2698 coect O [y sngsgu
ITEM aT NO. | COIL NO. | M.P.O. NO. GAUGE SIZE e | DESCRIPTION coupoN | w-Loc |&hat| 3 | GRoss | TARE NET |PK|GP{FA [ws
. ) 85.5000 f g4
S 02 0653 | 22031 | 0,5000 272.500 14 304 HEAH 1 254 34948 Q 8.
_ 85.5000 X | B IR AN
§ 02| 0653 920321 0.50001 277.5000 174 304 HRAf B IR R N T A 1649 (0g144
- _ 85.5000 % I I I R B : L4 Lo
S 02| 0653 92033 ] 0.5000| 277.500¢| 1% 304,4erf _ 1] 3564 1549 lod1ge:
) ’ 85.5000 X , e e d N
S 02 0653 92034 | 0.5000| 277,5004 14 304 HF(AE g - 454 A 1 148:
s % . o _—t e e e e e -1 i
ﬂ415"7é ey [
Q /(p o 3 5-163 0 g
i b —;_l //'? 27 'Z" é 50 3
FECS  ASTN A240-84A ASME SA240 SECT II S85 ADD , TR |
. . | . L.t
KEE FI KNOUWN CONTACT WITH MERCURY NININU_N SOLUTION ANNEALING TEMFERATURE 1900 F
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' ¢ l % % % * % % % .
: . L - ! A ASTM A262-'A
60553 4].048 1.78 .03t .ooq .00 18.1 8.08 .19 = | 32 .14 .080 . [ 7 .. B ASTM A262-8
40653 4|.048 1.76 .031 .006 .50 18.17 8.08 .19 .31} .12 .080 : T gk ame-T
50653 61,048 1.78 .031 .008 .5 ) 18.17 8.08 .19 - r 334 14 .080 : . E. 00S-766(CUSO4)
60653 4| .048 1. 7% osﬁ .OOﬁ 'Sﬂ 18.11 8.0% .17 : .3% ;1ﬁ .083
nthvzn;E OR FRONT J ‘ | - ! /  LONGITUDINAL OR BACK = 1 | CORROSION TEST MAG PEAM. | SOLUTION ANMEAL |
HEAT HO o TRNSLE viELD ‘L‘,’."“j HARDNESS, [BENO! "L‘Vl “:é,"j‘/ WELD i“*ﬁ"“%mnness iém-o‘i! ".;:“ | c| cooe | mesur :. TEST s | Se
50653 )31 93.8 46.3 556 HR170 G &4 93.4 47.0 55 HR170 G 64 4 AE SAT
0853 132 93.8 46.3 S6 HR170 @ 64 - 93.4 47.0 56 HR170 d 6‘1 9 AE SAT .
506353 133 93.8 46.3 G586 HR170 G 64 93.6\ 47.0 S8 HBI'/‘q G 64 T AE SAT |
50653 -)3? 93.8| .46.3| 54 HE:’~170l G 61 ?3. | 47.0| 54 HR170 ('? 64| fi Ak SAT .
| i |
CAUTION: PROCESSING THAT MAKES FUMES, DUST OR SOLUTIONS MAY
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131.288¢c VEW - DVR 0055107 - Schmerzeck, Bruch/s

Abmessung (mm, Zoll) Menge Neftogewicht (kg) Charge Nr. Serie Nr. Kot Nr.
Size (mm, inch) Quantity Net weight (kgs) Heat No. Series NO. Parceil No.
Dimensions (mm) Quantite poids net (kg) Coulite no. Série No. Colis No.

93(108,99082
BT T4 -

Chemische Analyse - Chemical Analysis - Analyse chimique

hargs Su G sav/ Mn s oV Mo /] NaJ// Cu/é: Nb
Coulés  Séne % % % % % % % % %

99108 {0,014 0,65(0,78 0,024 |0,014| 20,04 0,33| 10,2d o,o9$

99082 |0,014 0,6Y9(0,79 [0,024|0,011{ 20,28 o0,04| 9,910,060

87314 10,028 0,7310,74 l0,02710,011119.97 o0,26110,220,18
Mechanische Gutewerte - Mechanical Properties - Propriétées mécaniques
Charge  Sene |Warmebehand!.| Streckgrenze Zuglestigkeit Debnung Einschnirung | Hare Kerbschlagarbet
Heat Serie | Heat Yield point Tensile strength | Elongation | Reduction Hardness Impact strength
Coulée Série | Treatm. Limite élastique Resistance Allongement | Striction Dureteé Résilience
No. No. Traite ment a la traction Charpy-V

thermique N/mm? N/mm? (L=565VAIY % Joule
99108) J/ v
99082) u min.520 min.35

u = unbehandelt — as welded — non traité

a = angelassen —

s = spannungsarmgegluht — stress relieved — recuit de détente

tempered — revenu

THE STACEY MFG. CO.
RECEIVED
APR = 0158/

NO. INIT'L | DATE

...... D _ ﬂ.@j&;

- man e @ | - - o o

VEREINIGTE EDELSTAHLWERKE
AKTIENGESELLSCHAFT (VEW)

Werksgruppe Kapfenberg

chweiflversu nstan
omrotle nd /

I ”""\J MV'
STACEY MFG. QUALITY COMTROL DEPARTHENT:

4
Material on this MTR was ordered from:

AGA on
P.0. §_ |G 118~ &fv&sm’qtem#/ 5423

This material ap ies to Stacey NFG.

5.0.4 G3o0dg'- G309

adE
JJ\(\‘EQ,‘ LS

ASME. spec. STA 5.4 - Sod(_—léa

By:E Q-\mM Date: A—'/G; /87

[



— MADE s, ¥F3FV 7/9/90
< cTo CHKD: XWTIA 7/9/90
- . ' v
REPORT OF WELDED I_Z_ REPAIR OR l__ ALTERATION
1. Work done by _CBI Na-Con, Inc. Houston, Texas C70708
{Name and Address of repsir or aiteretion organization) (Contract No.)
2. Owner Fermi National Accelerator Laboratory Batavia, IL
{Name and Address of Owner)
3. Location of Installation. Fermi National Accelerator Laboratory. Batavia, IL
{Name and Address)
4. Unit Identification__Quter Jacket Name of Manufacturer Richmond-Lox Equipment Company
(Boiler, Pressure Vessed)

CBI Contract No. of Existing Vessel NA

I 1987 -
5. lIdentifying Nos. Houg i Nqne _
(Mfr. Serial No.) {Nationail Board No.) {Jurisdiction) {Other) (Year Built)

6. Description of Work:

(Use separate sheet or sketch if necessary)
See attached sheet(s)

Pressure Test, if Applied _No_test  psj
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 part, item number, Mfr's name and identifying stamp)

; . Fermi Lab Purchase Order 938570/Spec #3740.214-ES-224130
8. Work done in accordance with {Owner s Spec. No., Nat'1 Bd. Rules, ASME Code & Addenda, etc.)

CERTIFICATE OF COMPUIANCE
We certify that the statements made in this report are correct and that all

R i {design} if apphcable
material, construction, and workmanship on this . - epa’r conform to Item 8 above.
repax,

siteration) .
-29-90 CBI Na-Con, Inc. o > ) <0 ZZ
{Date Signed) (Repaw, Alteration Organization] A thonzed Representative)
CERTIFICATE OF INSPECTION
|, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel
Inspectors and/or the State or Province of I11inois _  and empioyed by HSBI & 1 Co,

ofHartford, CT have inspected the work described in

this Data Report on 18 and state that to the best of my knowledge and 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 o¢ implied, con-
cerning the work described in this Report. Furthermore, neither the Inspector nor his employer shall be Iiabio.in
any manner for any personal injury or property damage or a loss of any kind arising from or connectead 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

(Inspecton Nat'| Board, State or Province and No.
GE 304 REV MAY 84
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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 O(XREPAIR OR [J ALTERATION MadeX Jrv 7/9/90
as required by the provisions of the Natlonal Board Inspection Code  Chkd:'JTJA 7/9/90

1. Work performed by CBI Na-Con, Inc. Contract €70708
(name of repals or afteralion organuation) (?.O.no,.oono..qq

8900 Fairbanks N. Houston Road, Houston, Texas 77064

(sodress)
2. Owner Fermi National Accelerator Laboratory
(name)
PO Box 500, Batavia, I1linois 60510
(scdress)
3. Location of Instatlation __rermi_National Accelerator Laboratory
(name)
PO Box 500, Batavia, I11inois 60510
(sdCress)

4. Unit identification: PY@ssure Vessel Name of original manufacturer Richmond-Lox Equipment Company
(boiier, pressure vessel

5. Identifying nos.: _ 30093 3688 1987

(mir's. serial no) foriginai National Board ma.) (urisdiction no) {othen) (yoar Duwilt)

8. Description of work:

(use back, asparate sheet. or sketch if necessary)
See attached sheet(s)

Pressure test, if applied No__tegt  psi

Replacement Parts. Attached are Manufacturers' Partial Data Reports properly identified and signed by Authorized Inspectors for the
following items of this report: '

None

(name of part. Hem Aumber. Mirs. Name and idenifying stamp)

8. Remarks: Only the inner pressure-vessel was originally U stamped. Theréfare, only the
. work items -on this vessel are included under the R stamp and this data report.

NB-88
T-ta farm mav ha obtained from The National Board of Boller and Pressure Vessei Inspectors, 1055 Crupper Ave.. Columbus, OH 43229 Rev 5
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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 requiraments of the Nationa! Board Inspection Code.
ASME Certlificate of Authorization no. to use the

symbol expires 19___

Date 19

Signed

(name of organization) (authorized representative)

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 this report and verifies
that to the bast of his knowledge and bellef such change complies with the appiicable requirements of the National Board Inspection Code.
By signing this certificate, neither the undersigned nor his employer makes any warranty, expressed or implied, concerning the work
described in this report. Furthermore, neither the undersigned nor my employer shali 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 provided In a policy of in-
surance which the undersigned's insurance company may issue upon sald object and then only in accordance with the terms of said policy.

Date 19 Signed Commissions
(Authorized Inspecion (National Board (incl. endorsements), state, prov., and no.)

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

Repair conform to the National Board Inspection Code.
(repais or aiterstson)
Certificate of Authorization no. R1330 to use the R symbol expires April 20 1993
Dates,n D uby 1957 CBI Na-Con, Inc. Sign

(repair or alteration organization) (authorized representative)

-

CERTIFICATE OF INSPECTION

The undersigned, holding a valid Commission issued by The National Board of Boiler and Pressure Vessel Inspectors and certificate of com-
petency issued by the state of province of _1111n01s and employed by HSBI & I Co.

ot Hartford, Conn. nas inspected the work described in this report on __/0 T#/C 19.20
and state that to the best of my knowiedge and belief this work has been done in accordance with the National Board inspection Code.
By signing this certificate, neither the undersigned nor my employer makes any warranty, expressed or Implied, concerning the work
described In this report. Furthermore, neither the undersigned nor my empioyer shall be tiable in any manner for any personal injury,
property damage or loss of any kind arising from or connected with this inspection, except such liabitity as may be provided in a policy of in-
surance which the undersigned's insurance company may issue upon said object and then only In accordance with the terms of said policy.

Date_£0 T#¢- 19 7%  signes ,./ Commissions ALL 10522 L /S¢7

(Authorized Inspecton (Nationai Board (inct. endorsements), state. prov., 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 Revision

John Wu
10/11/91
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EN-6, 5/23/85, revised 10/11/91

Calorimeter Radiation Heat Load

S. J. Wintercorn
revised John Wu

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 Transter with Hard v (_Sunor insulatt

The heat transfer is:

where k is the apparent mean thermal conductivity of the insulation, L
is the thickness of the insulation (1"), A i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>