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1. . . 1 1d £ ,
Fill in the label information below:

This vessel conforms to Fermilab ES&H Manual
Chapter 5031

Vessel Title D¢ LHe DewaAar inNER VESSEL

Vessel Number RD 100306 Obtain from Safety Officer

Division/Section RD/D-2erO
Vessel Drawing Number C.MSH-3000 (Mf-‘z. NUMBER")

Maximum Allowable Working Pressures (MAWP):

Internal Pressure 20 PSIA
External Pressure \S PSIA
Working Temperature Range_~— U2 o \OCO Op
Contents L1 QuUID HE\.\UM
Designer/Manufacturer CrYoFa
Test Pressure (if tested at Fermi) Acceptance Document per Chapter

Date: b[[Pc 5034 of the Fermilab
ES&H Manual

PSI, Hydraulic Pneumatic

Accemaﬁnfoming to standard by
L o Tt L
oférision/Section ic 7A {CS Date: qz Q7 Actual signature required

NOTE: Any subsequent changes in contents,
pressures, temperatures, valving, etc., which
affect the fety of this vessel shall require

another revjie ) .
m Date: ~3,/'2-7’/q )

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

Reviewed by:

Date:

Amendment No.: Reviewed by: Date:

Fermilab ES&H Manual 5031TA-5
Rev. 8/96



Lab Property Number(s): NoNg "
Lab Location Code: DA& (obtain from satety officet) (

Pl Samiy W il o w el

Purpose of Vessel(s) M SRRAGE  FoR Sow e

CRNOEENIC  DYSTEMS  OPCRADE
Vessel Capacity/Size: 3300 . GRets,  Diameter: 8" Length: 8"

2 Phle
Normal Operating Pressure (OP)unm. yacama 2] psid

MAWP-OP = W-21 = (D psI

Al
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List the numbers of all pertinent drawings and the location of the

originals.
Drawing # Location of Original
CMSY - 3D HMER. DRAwme o ATTAcHED

382D WS -ME- 517223 SHT. 3 Df e ReFRIERATOIR Tl  ScieMATC, | DAB,
3223.uS -MD - 37| TP F D

3823. 1S - MD -317:3S Tob FLANGE WeDMENT,  DAD,

38235, {{S5- MC - 317630 ToP FLANGE - 3copL DewaR | D.AR,

2. Design Verification

. If "Yes™, £ill
out data below and skip page 3; if "No", fill out page 3 and skip this
page.

Staple photo of U stamp plate below.

Copy "U"™ label details to the side

Copy data here:

NAT BD ¢ {08

ceRTFIED BY P wWesTRelD SHEET

METAL.  weRkS NC.

MAnD ¢ O PS) 8@ eb°F

Moy, Desigy Temp: -452°F @ 9o Pe
SERIAL. WD P GL6®B
YerR BowT' VARG

WOM * e stsor oF QALY |

261 moaRet AJE.
eNi-weRTY NI 67633

Fermilab ES&H Manual 5031TA-7
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3. System Venting verification Provide the system schematic in the Appendix.

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

Yes___ No X

If "Yes", the system must conform to code rules. Provide an
explanation on the appended schematic. (An isolatable vessel,

not conforming to code rule is non-compliant under this
chapter.)

Is the relief cracking pressure set at or below the M.A.W.P.?
Yes _X No_ Actual setting 1D _PSIG
(A "No" response violates this chapter.)

Is the pressure drop of the relief system at maximum anticipated flow

such that vessel pressure never rises above the following? (UG 125)
Yes_ X No 110% of MAWP (one relief)

116% of MAWP (multiple reliefs)

121% of MAWP (unexpected heat source)

Provide test or calculational proof in the Appendix.
(Non-conforming pressure rises is non-compliant under this Chapter.)

List of reliefs and settings:

Manufacturer Model # Set Pressure FElow Rate Size
Fike MeTaL Proouds cCPV 7156 321\ shaa 2-“ Dia.
Anperson CrResnwood @i512\6-G 48 508 sémar ‘v 2."

Does the primary relief device follow UG-129? Yes X No
(A "No" response is non-compliant under this chapter)

4. Qperating Procedure
Is an operating procedure necessary for the safe operation of this
vessel?
Yes No_X _ (If "Yes", it must be appended)
5. Helding Information
Has the vessel been fabricated in a non-code shop? Yes No, JKL

If "Yes", append a copy of the welding shop statement of welder
qualification (Procedure Qualification Record, PQR) which

references the Welding Procedure Specification (WPS) used to
weld this vessel.

Fermilab ES&H Manual 5031TA-9
. Rev. 3/92



6. Exmm_mmwuwﬂn

Is this vessel or any part thereof in the above categories?
Yes No_ X

If "Yes", follow the Engineering Note requirements for documentation
and append to Note.

S031TA-10 Fermilab ES&H Manual
Rev. 3/92



LHe Dewar Relief Summary

Cases ( See Appendix C) Capacity Requirement”
1.) Loss of vacuum. 198 scfm Air
2.) Loss of vacuumw/ air condensation 343 scfm Air
3.) Fire. 1327 scfm Air
4.) Operator error 308 scfm Air
lief iti (See Appendix D)
2" Fike Rupture disc, Burst Press. = 75 psig 3211 scfm Air
AGCO relief valve, Set Press.= 48 psig 508 scfm Air
1 Dr Ics. (See Appendix D)

At maximum flow (Fire case), the pressure drop of inlet piping = 3.6 psi

* 1/14/97 Revision: Capacities were 204, 340, and 1426 for cases 1,2,3.
1/30/97 Revision: Capacities were 207, 360, and 1420 for cases 1,2,3.
3/21/97 Revision: Fike rupture disc capacity was 3898 scfm.

R. Rucinski 1/14/97
Todd Leicht



Appendix A:
Appendix B:
Appendix C:

Appendix D:

TABLE OF CONTENTS
FOR APPENDICES

ASME code calculations for attached piping
ASME code calculations for final access port flange
Required relief valve capacity calculations

Capacity of installed reliefs

Appendix E:

Appendix F:

Appendix G:

Inlet piping pressure drop calculation

Form U-1, Manufacturer's data report for Pressure vessels
Relief valve test documentation

Drawings associated with dewar

Purchase specification for 3000 L. LHe storage dewar



FERMILAB SECTION PROJECT SERIAL-CATEGORY -

= ENGINEERING NOTE ROfog-veen, | 3823 WS o AN

PAGE

SUBJECT

ASME Cede CAaCS | 3.bbc> \. »\a.wp\ $TQRN.€

DenAR - FoR bt; EzFa\aezAfoE. a

ooy i - s > AT N S b b A

LAPPENb\x A

P2 0e-39 * Unstayed TaT Hems T CoverS

MiniMUM recl‘o\ +\\'»c.kv\ess given ‘01 :

I |
t= a'[ CP/SE * W W\"s/sr_a\
w‘\m t K% CR‘c_u \Q*QA ‘cor M‘\'w\a Qw\ch‘\? anS | g
%qs\«.* St\'\"w\a. Use whichever s arm:\'e" L 2‘#‘ 45
Dewag LD Dineusmns 3 ' “‘“ o
W, ’e -“g'g‘; i f["‘“‘lvé‘;i% . o P : : 4 I : ;

d= 81" o .-
Wer (As'-B11SY) /2 '
We ™ O,%TS

\——Nﬂz Fl T e cver phte s greoved for  the qasket q§ ‘fﬁ' e

* S\nowu\ n '\‘\\! g'-aum -ane '\'LQ. M‘\' fl‘\ckms e
onder *‘o\e groove 5‘«“ e ~+ \e:s

d{(@‘““«/&x

Deine V‘U“;ﬂuci A +L\'.c1:v\ess E&. 1 3

. e W i A

S N req'd | (-\‘.J:ness (w) _
. ;d = digmeter ('w\\ "’,.. 8-(775 ¢
C = Racker = B3 N




SERIAL-CATEGORY PAGE

SECTION PROJECT

* FERMILAB
AFE ENGlNEERING NOTE /g vz, | 382D

SUBJECT )
ASME  CabE SALCs,  Boep L HELIUM STcEAbE :

DewaR. . For 39! REPRA CERATR-

S = Mo, t’t‘re'oﬁ - '\ev\ﬂon (?;3
& ob'lv\‘\- Q—“\ qg,\gf ] 10 t

We ototl bl led (W) =3
W\ o .

e ™ 9vsket Mottt arm =

g — ey

CALC.ULNTE-:\. Bo\.:v LDAD », W

-5 (°\ P\Qwag M‘%v\ Bt Lead =

VJ\ ekt = W .\'J"‘

candiAiom ",-__'-,v : SR A |

W‘ ket

W-v-a 2 )
i etk

Case @ DM“'% Covditions. S
Wy = HerHp = a85¢P « b * 34y emﬂ (ea.2)
H - \m{afbih*:c. end "orcz (\\,3 7§ zP “‘._i_:;; :h

G = Jiameter ab  gasked lad reachion (..5 sn_s it}

As |
b® %" € - oisees’ 1
S Ar 0 A0

P = W\WM‘ ls'a“ msém (?3; ‘- E L ’
b= cffeck e gasket  sevhing widdh. (w;\ s . MSQ_SMI:__
~ Lot when b WA GhaB 0 Jediel

M = 3‘“‘*—* Sactor .JD 8 "' :




&

SERIAL-CATEGORY PAGE

HS' : A

i, 3 FERMILAB SECTION

RF ENGINEERING NOTE | ®/pg wecn.

SUBJECT -

AsME <oDE cALC'd, 3000\ Re\_w sraeAee'
DewAR  FoR DY PErRIGERATER b

¥ T
b -~ T el Lo
- awens b AR e - awws e -a.s.g.,.‘ B SO SN e TR e S
i o R 5
: v 4 . v e TR

£ R & g $ e = Sy 8 T LA = 2

e AR : . R S i, & =+ 1]

: : : ; ’

s\;ksk.—\-u'hwa e i ,{

W (7';53(3‘155 (75% w\ (Z(M;szs3 *SN (&u) ?}

\Na\.\ = 3 o) [\
=

Cas @ 6%\«.-& Sca&ma 3 Q.-”«_M: _

W = (A,.‘-&-;AS\

w\\% )

A fuzo\ r- R‘\‘tov\q\ Ve J \-\-\s (M\ %sru‘“
AMA W o 3,900 \\a . A W T ’
Se 1R® Wi g
> NotE 2 | 5\ S\a‘ \&3 WQM‘F
ng. :

s ~°© |y Te 3, Sed i’"’mn
2 A= 2006wt s i

Ag = sckioml o Lok oting oot dm (?) = 33‘\{,&:;'.'}
e Tl 822, Mady "\'MJL-»\: e MUS, KO e

s\‘ \B% s

subssti Aok "g .

W =

:o p\\t \OA\‘\'




(A%
t‘z-‘,l& o

O

SECTION

RS/ - mecm,

FERMILAB

# ENGINEERING NOTE

SUBJECT
ASME <bE cALCSY, 30D L \\r.\..\ou StcEAEE

DewaR  FoR- DY e.er—mo.emrbk. il

.,

SRS i RO s R et e R i B e Ko L TS
e g Ee ek ia® s e
P F e AL SRR ¥ X ¥ - T e
= ¥

, . sk kole wh @i Yo
ft'l‘A ‘\'sP -c\q.v\ae .\.\‘.‘ *KCSS .

Finall 9

e o e e

k- (sns)) [ DS e (H\ (Sm 'M ms\

i < R N e S

¥ - . 2
e nigd 1
‘1“_5_ 3 S
v . §
,
. .
! .
3
‘.
Pl
) o o , e
) v
+
5
- s - - ——




FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE

2¢ ENGINEERING NOTE BO/py | | o | As

SUBJECT

A5ME Cooe Cawcs = AT'Mrcweo P‘P/'JG. % R'-‘ss Rucimdsiey

: £ Y o I DATE |
\n:y.\ o .L,,N, e ﬂ.;_ﬂ O LRI ¢ *mm’?fﬂé _76M%_§1 &

:...‘ __. f‘&.‘;‘.‘.ﬁ,, _._.,. UL, JERPPL N }.-; ;i R —,'A.k-‘.- ~ .. ;'.Z-\. ,&ﬁﬁ? i:x. a x m%gﬂaﬁmfmw oy
DawA& t\lE;CIc (‘,"cu: oz Lo,
. 5 y L " ‘ %%’1{“ - 3,6 (—az—’o

-,v’-xlA '.'--
S it 4

-\

, E = - < 4 Asmue
N ffg:, A l{;. O lcs‘ 31..:»&;‘20 TAG«-&J.A, SE-TionI L
‘ ”’*"j el DG s .B5 WED BAF oy et
U G-27 THickness o7, Press. .18 30" sW.STL. ~
c,\} CHrRcumrereNTAM  DSTReSS . ke - P/Z (%stGZ-QSN\

SE -D.op &, 000 - O-é{,(,?o).

° r
W A o Aea o
“ ; Lﬂv--;_;f;:\ :7\9 &‘1{ n ’
R .. 5 4 o <
Lo BRI !
| o w5 . 5

NECK Exrersior ! (o 4_ OD x . 105" ‘rma I'Z

= SE —ic.oxksi @‘iﬁ'@
L. PR O EEI N
SE-OC.LP 1, 000 - O 6{T5).

DscrietATiod Cuaugen o ’m\i ’1&2*"‘ viq-;.w S .
A3me cCobe Doeswn'T APPLM. Pea. F’Houe Convaks«t‘qh‘
WITH  TAM TO |, CrYoFAR o 3-209%
ChAMBER IS pESILES  FoRr Pg_ =0
™ l50 Psts.. § oA




B1
APPENDIX B: Dewar Top Flange Reinforcement

PURPOSE

To calculate the reinforcement area for the openings in the 3,000 L helium dewar flat head per
ASME Section VIII Division 1 Part UG, and compare it with the required area. The area available for
reinforcement is determined assuming there are no reinforcing elements added (see Fig. UG-37.1).

MATERIAL PROPERTIES

Vessel Top Head: 18Cr-8Ni, SA-240 304L Plate

Sy =16700 psi, maximum allowable stress

Nozzle Neck: 18Cr-8Ni, SA-312 TP304L Welded Pipe

Sp:=14200  psi, maximum allowable stress

VARIABLE DEFINITIONS

c=0 in., corrosion allowance
d:=1.9-2.0.145 in., finished diameter of opening
Eq{:=10 joint efficiency
F=1.0 ' stress correction factor

Snh '
fyq = S, fr1 =0.85  strength reduction factor

Sn
fio:= §; fp =085 strength reduction factor
t = 0.75 in., nominal thickness of top head
ty = 0.145 in., nominal nozzle wall thickness
ty:=0372 in., required thickness of top head

tm = 0.02 in., required thickness of nozzle wall



_ B2
leg , = 0.125 in., outward nozzle weld leg length

a

leg;:=0 in., inward nozzle weld leg length

REQUIRED REINFORCEMENT AREA

Per UG-39(b)(2) the required reinforcement for each opening in a pair of openings, when the
spacing between them is 1.25d, , <p <2d,, is calculated below. The reinforcement for each opening
shall be summed together, and then distrubuted such that 50% of the sum is located between the
openings.

A required = T)iS'#d-_t'r + tr'tn'<1 -~ frl)

A required =0-308  in?

AVAILABLE REINFORECEMENT AREA

The area available for reinforcing a single opening shall be the sum of A, A,, A;, A,,, and A,
calculated below.

Aqa=d(Et-Fty) -2t (B pt- Pt (1-fp)
A b= 2(t+tn) (Ept-Ftp) - 2ty (B pt-Fty)(1-fpp)
A =if(A12>A 1p:A 12:A 1)

A 1 =0.66 in? area available in shell

A gg iz 5-<tn - trn>'fr2't
A b = 5‘<tn - tm>'fr2'tn

Ag = if(A 2a<A 2p,A 95, A 2b)

A 7 =0.077 in? area available in nozzle projecting outward



 SUMMARY

There is sufficient reinforcement area available in the dewar top flange, provided that the limits of

h=0 in., usable extension of the inner nozzle for reinforcement

Ajg:= 2'<tn - C)'frz'h

A3=0 in?, area available in nozzle projecting inward
A 41 = leg uz-frz A 41 =0.013  in? area available in outward weld
A 43 = leg i2_-f 0 A43=0 in?, area available in inward weld. ..

A ayailable A1 +A2+A3+A 4 +Ays

A available =0-751  in? area available for reinforcement

reinforcement do not overlap significantly.

A required = 0.308 in?

A available =0.751  in?

B3
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Appendix C: Required Relief Capacity for thé 3,000 L LHe Dewar Inner Vessel

PURPOSE

To determine.the required relief capacity of the inner vessel of the 3,000 L LHe dewar for
the failure conditions of loss of vacuum, fire, and operator error per CGA S-1.3, 1995 [1].

GENERAL ASSUMPTIONS
1. That there is no flow into the inner vessel from the He supply line. This is assured
because the check valve, CV-2515-H, would prevent flow from entering should the

dewar pressure become elevated.

2. The inner vessel is insulated with 2 inches of superinsulation.

DEWAR PARAMETERS
Gross Capacity 869 gal (3,300L)
Net Capacity 790 gal (3,000 L)
Inner Vessel MAWP 90 psia (620.6 kPa)
Operating Pressure 26.5 psia (182.7 kPa)

FLLOW RATING PRESSURES

Paragraph 4.3.3 of CGA S-1.3 states that the flow rating pressure under loss of insulating
vacuum shall be 110% of the inner vessel MAWP, and for fire condition shall be 121% of the
inner vessel MAWP,

Loss of Vacuum: P, . = (1.10)(90 psia) = 99.0 psia (682.6 kPa)

Fire Condition: P, , = (121)(90 psia) = 108.9 psia (7509 kPa)

CALCULATIONS

Loss of insulating vacuum

The minimum required capacity of the primary relief device in scfm of air is given in
paragraph 5.2.2 of CGA S-1.3 as:
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(590-T)

a(660—1)  OUA (eqn. A-1)

g =

where, T = temperature per CGA par. 5.1.3, degrees Rankine
F = correction factor
G; = gas factor for insulated containers
U = Overall heat transfer coefficient, Btu/hr-ft*-°F
A = mean surface area of insulation, square feet

Per paragraph 5.1.3, the temperature to use in equation A-1 is the temperature at which the

function T 1s a maximum. This function can be obtained by using HePak computerized
Tov
14
helium tables. At 99 psia, this function is a maximum value at 7.907 K (14.2 °R). Per Note 3 of
Table 1 in CGA S-1.3, the gas factor. G, for super critical helium is to be determined as in
Appendix 6A of Technology of Liquid Hclium [2].

0.097(1200 -t
G, = (L’ )-\./ZT (eqn. A-2)
where, t=-445.8 °F (7.907 K)

L’ = 13.07 Btw/Ib efflux (From HePak)
T =14.2 °R (7.907 K)
Z = 0.645 compressibility factor (From HePak)

Substituting into eqn. A-2:

_ 0.097(1200 + 4458)
£ 13.07

J(0.645)(142) = 37.02

The overall heat transfer coefficient, U, is that of the insulating material of the container
when saturated with gaseous helium or air at atmospheric pressure and 100 °F, whichever is
greater. From Table A-4 in Fundamentals of Heat and Mass Transfer [5], ky. = 0.14654 W/m-K
(0.0847 Btw/hr-ft-°F).

Ky _ 0.0847 Btu/hr-ft-°F
B 01667 ft

U= = 05082 Btu/hr-ft?.°F

t insulation

The surface area of a cylindrical container with 2:1 semielliptical heads is given in
paragraph 5.1.2 of CGA S-1.3 as:
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A = (overall length + 0.19 outside diameter )x (outside diameter )x 7

A=(68in + 0.19 (68 in))x (68 in)x r = 120,05 ft>

Finally, F = 1.0 since the upstream piping is less than 2 feet long. Sustituting into eqn. A-1:

(590-142)
Qa loss of

= —————(10)(37. o) .
oot = 60— 142) FON37:02)(0.5082)(120.05) = 198 scfm air

Loss of vacuum, air conduction with condensation

Depending upon the insulation thickness, the heat load on the inner vessel due to air
conduction with condensation on the insulation could be greater than the heat load under fire
conditions. This is assuming a rupture in the vacuum vessel.

(eotal [BtU/hr] = (conduction + {condcnsation (eqn. A—3)

From Figure C-2 with A = 120.05 ft* and assuming worst case 1” super insulation, the
heat flux duc to air condensation is Qeondcnsation = 35,000 Btu/hr.

(conduction = UA(IOO - t)

U Ki _ 00157 Btu/hr - ft-°F
B 01667 ft

insulation

=0.0942 Btu/hr-ft>-°F

Jeonduction = (0.0942)(120.05)(100 + 445.8) = 6,172 Btu/hr
Quow = 6,172 Btuw/hr + 55,000 Btu/hr = 61,172 Btu/hr

The following equation for the minimum required relief capacity in scfm of air is presented
in Appendix 6A in Technology of Liquid Helium.

Q = 183-qum | ZT
*~ 378.L V200
(18.3)(61,172) [(0.645)(14.2) ,
= =343 scfm a
air conduction (378)(13.07) 4.00 scim atr

+ condensation

Q,

Fire condition


http:378)(13.07
http:1.0)(37.02)(0.5082)(120.05

C4
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The minimum required capacity of the primary and secondary relief devices in scfm of air
is given in paragraph 5.3.3 of CGA S-1.3 as:

Q, = FG,UA** (eqn. A-4)

where, F = correction factor
G; = gas factor for insulated containers
U = Overall heat transfer coefficient, Btu/hr-ft*>-K
A = mean surface area of insulation, square feet

The temperature at which to evaluate this equation is per par 5.1.3, where the function

Jv
Lov
P
tables. At 108.9 psia, this function is a maximum value at 8.18 K (14.7 °R).

Per Note 3 of Table 1 in CGA S-1.3. the gas factor for super critical helium is to be determined as
in Appendix 6A of Technology of Liquid Helium.

is a maximum. This function can be obtained by using HePak computerized helium

0.097(1200 -1t
G, = (L’ )VZT (eqn. A-5)

where, t=-445.3 °F (8.18 K)
L’ =13.93 Btw/lb efflux (from HePak)
T=147R (8.18 K)
Z = 0.662 compressibility factor (from HePak)

Substituting into eqn. A-5:

B 0.097(1200 + 445.3)

: 0662)(14.7) = 35.79
; 1303 (0662)(14.7)

The overall heat transfer coefficient, U, is that of the insulating material of the container
when saturated with gaseous helium or air at atmospheric pressure and the mean temperature,
whichever is greater. From Table C-1, the thermal conductivity of helium at the mean
temperature between 1200 °F and saturation is kg = 0.121838 Btu/hr-ft*-°F.

U — kHc
t

_ 0.121838 Btu/hr- ft-°F

=0.731 Btu/hr-ft>.°F
01667 ft

insulation

Finally, F = 1.0 since the upstream piping is less than 2 feet long. Substituting into eqn. A-4:


http:Btu/hr.ft
http:Btu/hr.ft.oF

Qa

Operator error failure mode

This failure occurs when the dewar is full of liquid helium (3,000 L) and with the
refrigerator at 300 K. The compressor is turned on and 300 K He gas flows into the dewar with
DOBEVXIJT 100% open and the wet engine at maximum speed (300 RPM).
identical to that presented in CDF Coil Design Note #79 [7]. Therefore, the detailed calculations

e = (10)(35.79)(0.731)(12005)° = 1327 scfm air

have been omitted here, and only the minimum required capacity is reported.

operator = 308 scfm air

error

Qa

SUMMARY

C5
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Hazard Condition

Required Capacity, Q.

loss of insulating vacuum 198 scfm air
air conduction + condensation 343 scfm air
fire 1327 scfm air
operator error 308 scfm air

The analysis is
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Thermal conductivity for refrigerated (cryogenic fluids)
at the mean temperature between saturation and

Table 3

1200 °F (649 °C) at 14.7 psia (101.325 kPa abs.)

FLUID BTU/(hr.FT.°F) | kJ/(hr.m.°C)
Air(-130 °F 10 1200 °F) 0.024573 0.153069
Argon 0.015812 0.098495
Carbon Dioxide 0.022819 0.142143
Carbon Monoxide 0.022342 0.139171
Helium 0.121838 0.758945
Hvdrogen 0.1254 0.781133
Methane 0.043032 0.268052
Neon 0.03882 0.241815
Nitrogen 0.023236 0.14474
Oxygen 0.025041 0.155984
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TEST DOCUMENTATION
CODE STAMPED RELIEF VALVES

This procedure would be used for relief valves returned from a vendor to check the
accuracy and quality of the vendor's work. It would also be used to check code stamped
valves for the 6 year test. Valves that pass this test can be put in service if the original seal
from a vendor is still in place and not broken.

All valves should be bubble tight at 90% of set pressure while increasing pressure,
1ift within the code requirement, and reset bubble tight. Reset pressure as a percent of set
pressure would vary, depending on the blowdown setting.

The valve should be connected to the appropriate test chamber with adapters as
required being careful not to choke the valve with fittings smaller than the valve inlet.

Date - (0-3(-12% e

Vessel number (from silver sticker) - RD 10036

Physical location and valve number - A& svasoz-#

Manufacturer - A oﬂz.r SOn @‘ewcoOoQ

Model number - &1 S (&l -G

Serial number - 86;/0 e
1, u “

Valvesize- 14 X~

Seal intact - 4€s

Set pressure - 4-4 ps <
N &

Bubble tight at 90% set pressure - @féi.z Pug - éﬁes

Valve lift within +/- 2 psig for settings 70 psig and below or within 3% for
higher settings? Tolerances defined by UG- 134(d) (1)

Test 1 - ’“leps?a Test2 - 413 ¥’:§ Test3 - _49.3 Fs.‘g
Bubble tight at reset - €&D43.2. ps "Q - 0K

If valve passed test attach a brass tag to valve with "TESTED", set pressure, date,

and tester's initials.
Signe%a?léﬁe%q
Date [(0-3(- N

4-96
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LIQUID HELIUM STORAGEDEWAR =~ =~~~

D-ZERO EXPERIMENT - 823
D-ZERO ASSEMBLY BUILDING
FERMILAB, ILLINOIS

Written by: Russ Rucinski
RD/D@ Mechanical
September 21, 1995



1.0 Scope | o : | e
1.1 This specification defines the requirements for a liquid helium storage dewar
to be installed inside the D-Zero assembly building, Fermilab, Illinois.

2.0 Dewar Description

to

2.1 Process Flow diagram Drg. # 3823.115-MA-317450
2.2 Configuration: Vertical, Vacuum Insulated
2.3 Diameter: 6.0 feet nominal outside diameter
2.4 Capacity:
2.4.1 Gross Capacity 869 gallons (3,300 liters)
242 Net Capacity 790 gallons (3,000 liters)

3.0 Dewar Design Requirements
3.1 Design Pressure:

3.1.1 Inner Vessel
Maximum Allowable Working Pressure is 75 psig internal pressure
with full vacuum externally. (This is 90 psi design pressure.)

3.1.2 Inner Vessel

Full vacuum internally with outer vacuum vessel at atmospheric

pressure

3.2 Design Temperature: - 452 Degrees Fahrenheit

3.3 Normal Operating parameters:
3.3.1 Application: Liquid Helium buffer volume
3.3.2 Contents: 790 gallons liquid Helium
3.3.3 Normal Operating Pressure:  26.5 psia

3.4 Maximum Boil-off rate: 0.5 % per day

3.5 Handling Provisions: The dewar shall have lifting lugs and fork lift
provisions for moving empty dewar at installation.

3.6 Temperature depression: When in normal operation, no outside area of the
vacuum vessel, neck, or access port shall have a temperature more than 10
degrees Fahrenheit below ambient when warmed solely by free
convection of ambient air.

3.7 Delivered Condition: The inside surfaces of the pressure vessel, piping,
tubing, and inside surfaces of the vacuum vessel shall be clean. No oil,
grease, dirt, soil, scale, residue or other form of surface contaminant shall
be present.



4.0 Dewar Design Criteria ‘ BRI R I

4.1 The dewar shall consist of an all welded stainless steel inner helium reservoir
enclosed by an all welded stainless steel vacuum jacket.

42 Multi layer superinsulation shall be installed between the inner and outer
vessel in the high vacuum space. v

4.3 The use of liquid nitrogen cooled radiation shield(s), helium gas vapor cooled
radiation shield(s), or any other multi shielding technique may be used to
meet the maximum boil-off rate requirement.

4.4 The inner vessel shall be built and stamped in accordance with the ASME

pressure vessel code, Section VII for the Maximum Allowable-Working
Pressure in 3.1 above, and design temperature in 3.2 above, and shall be
registered with the national board.

4.5 The outer vessel (vacuum jacket) shall be designed for full vacuum internally
with a safety factor not less than two. (Minimum collapse pressure of 30
psi.)

5.0 Piping

5.1 All piping shall be of weldable AISI 300 series stainless steel, and shall be
formed from continuous lengths of pipe or tubing to the maximum extent
practical. All joints within the vacuum space shall be welded.

5.2 Threaded connections at gages shall be made up with an epoxy type
thread sealant.

5.3 Neck: A 6" pipe size vertical neck shall connect the inner vessel to a room
temperature access port. The outer vessel vacuum jacket shall extend
up the neck a minimum of 36". In addition, the uninsulated portion of the
neck shall be a minimum of 12"

5.4 Access Port: The room temperature access port shall consist of a 6" pipe size
flange, AISI 300 series stainless steel, with o-ring groove, welded to the
top of the neck and a 6" pipe size blind flange, AISI 300 series stainless -
steel, bolted on for closure. A standard size o-ring shall make the port
leak tight. Provide one extra o-ring as a spare.

5.5 Relief Port: A 2" stainless steel pipe with 2" NPT thread and pipe cap shall
extend from the side of the vertical neck. The pipe shall extend
approximately 12" from the neck.



5.6 Pump out port: A 1/2" stamless stcel pxpe w1th staxnless steel _ball valve shall
be provxdcd & ’

5.7 Liquid level gage: The dewar shall be provided with a dxfferenual prcssurc _
liquid level gage, connected between the top and bottom gage lines. Two
shut-off valves and a by-pass valve shall be provided. An oscillation
damper shall be provided if necessary. A liquid inventory versus gage
indication chart shall be provided.

5.8 Pressure gage: The dewar shall be provided with a 100 psig pressure gage
attached to the top gage line. The gage shall be rated to withstand
vacuum service.

(

e W AR v—.u‘,- }.gw: iév"j,_ “i®

5.9 Additional gage ports: Two additional capped gage ports (as shown on the
Process Flow diagram, Drg. # 3823.115-MA-317450) shall be connected
to the top and bottom gage lines.

5.10 Vacuum vessel relief port: The outer vessel shall be protected by a relief
device having a discharge area of at least 1.8 square inches and opening at
a pressure not more than the lesser of the internal design of the outer
vessel (as calculated by the ASME code) or 15 psig. ’

5.11 Vacuum vessel pump out port: In addition to 5.10 above, a vacuum seal off
valve with 1/8" FNPT connection, CVI incorporated model V-1046-31
shall be provided. The vendor is CVI incorporated, P.O. Box 2138,
Columbus, Ohio, 43216, phone: (614)-876-7381, fax: (614)-876-5648.

5.12 Vacuum vessel Vacuum Gage: A battery operated vacuum gauge tube,
Teledyne Hastings-Raydist model DV-6R shall be installed in the 1/8"
FNPT hole of 4.10 above. The vendor is Teledyne Brown Engineering
Hastings Instruments, P.O. Box 1436, Hampton, Virginia, 23661-0436,
phone: (804)-723-6531, fax: (804)-723-3925.

6.0 Testing and documentation

[In addition to testing required by the ASME code]

6.1 The dewar and piping described in 4.0 above shall be helium mass-
spectrometer leak tested for vacuum tightness of the inner and outer
vessels. No leak shall be detectable on the most sensitive scale of a
helium leak detector with a minimum sensitivity of 10-9 atm. cc/sec.

6.2 The manufacturer shall furnish to the buyer the code form, U-1 for the inner
pressure vessel.



6.3 The ASME Pressure vessel code nameplate or duplicatcrri_s to bc readily 7
visible. I i RO I T A

6.4 The manufacturer shall furnish the buyer with an assembly dréwing of the
dewar which shows overall dimensions and basic construction

information,

7.0 Warranty
7.1 General: Manufacturer to warrant material and workmanship for a period of

not less than one year from the date of delivery to Fermilab, Batavia, IL.
7.2 Vacuum: The vacuum vessel pressure must be less than 10-3 Torr when

deliveréd to Fermilab.,” When cold and isolated, the vacuum vessel

must be capable of not exceeding 10-3 Torr for a period of six

months.
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Vacuum Vessel Engineering Note L
(per Fermilab ES&H Manual Chapter 5033)

Coumc:r

RuUss Rucou skl
Prepared By . TeDD M. LeicHT Date __B[23/d6 Div/Sec RO/ DE-Mecy .
Reviewed By o000 Damszzz[qz DiviSec B /Cryngealss
Div/Sec Head Date

Div/Sec /ar’ﬁcé /‘744 SeEs

Fill in the Fermilab Engineering Conformance Label mformanon below: _
This vessel conforms to Fermilab ES&H Manual Chaptcr 5033

Vessel Title _ D¢ UPRANE - 3000 L He DepkR VAGIW  VESSEL
Vessel Number RDV- 1003

Vessel Drawing Number CMSH - 30

Internal MAWP 7 2LPsie

External MAWP___ 3O Pst

Working Temperature Range ___~%0 OF iz OF
Designer/Manufacturer _CRNOFAR

Date of Manufacture SPRING \QA49 6

Acceptance Date

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

Amendment No.: Reviewed By: Date:

Laboratory location code DABR
Laboratory property number _~None
Purpose of vessel_\NsowATibe  vessEl. Fo 300D L e DuwAR

Fermilab ES&H Manual 5033TA-5
Rev. 3/96




List all pertinent drawings

Drawing No.: Location of Original:
3875 M5 -ME- 3171223 wT. 3 Tuowl  SCHEMATIC
CMSH - O MFR. DWW,

2. Design Verification
Provide design calculations in the Note Appendix.
3. System Venting Verification

Can this vessel be pressurized either internally or externally? | ' Yes MNO
If yes, to what pressure?

Purcnaswd VESSEL » SEE ATTALHED
p!ﬂ.Fcp.'A_....JcE. SPeciF1cATION

List all reliefs and settings. Provide a schematic of the relief system components and
approprate calculations or test results to prove that the vessel will not be subjected to
pressures greater than 110% beyond the maximum allowable internal or external pressure.

Manufacturer Relief Pressure Setting  Flow Rate Size “
CRYOLAR ,SV1-88-5W}) Pop-oFF Z psiq A= 1.Own* 1 wommac
CVL ne. . V-1046-3] PP -oFF = 2 osie. A=z BuwE " Nomwst
o —

4. Orperating Procedure Section
Is an operating procedure necessary for the safe operation of this vessel?
Yes No Pal (If "Yes", it must be appended)

Is a testing procedure necessary for the safe acceptance testing (proof testing) of this vessel?
[]Yes p{ No

If yes, the written procedure must be approved by the Division Head prior to testing and
supplied with this Engineering Note.

Fermilab ES&H Manual 5033TA-6
Rev. 3/96



3. Welding Information

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

If "Yes,"” append a copy of the welding shop statement of welder qualification.
6.  Exceptional, Existing. Used and Non-Manned Area Vessels

[s this vessel or any part thereof in the above categories?
Yes No

If "yes" follow the Engineering Note requirements for documentation and append to note.

Fermilab ES&EH Manual 5033TA-7
Rev. 3/96
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SPECIFICATION FOR
3,000 LITER

LIQUID HELIUM STORAGE DEWAR

D-ZERO EXPERIMENT - 823
D-ZERO ASSEMBLY BUILDING
FERMILAB, ILLINOIS

Written by: Russ Rucinski
RD/D@ Mechanical
September 21, 1995



1.0 Scope
1.1 This specification defines the requirements for a liquid helium storage dewar
to be installed inside the D-Zero assembly building, Fermilab, Illinois.

2.0 Dewar Description

2.1 Process Flow diagram Drg. # 3823.115-MA-317450
2.2 Configuration: Vertical, Vacuum Insulated
2.3 Diameter: 6.0 feet nominal outside diameter
2.4 Capacity:
2.4.1 Gross Capacity 869 gallons (3,300 liters)
2.4.2 Net Capacity 790 gallons (3,000 liters)

3.0 Dewar Design Requirements
3.1 Design Pressure:

3.1.1 Inner Vessel
Maximum Allowable Working Pressure is 75 psig internal pressure
with full vacuum externally. (This is 90 psi design pressure.)

3.1.2 Inner Vessel

Full vacuum internally with outer vacuum vessel at atmospheric

pressure

3.2 Design Temperature: - 452 Degrees Fahrenheit

3.3 Normal Operating parameters:
3.3.1 Application: Liquid Helium buffer volume
3.3.2 Contents: 790 gallons liquid Helium
3.3.3 Normal Operating Pressure:  26.5 psia

3.4 Maximum Boil-off rate: 0.5 % per day

3.5 Handling Provisions: The dewar shall have lifting lugs and fork lift
provisions for moving empty dewar at installation.

3.6 Temperature depression: When in normal operation, no outside area of the
vacuum vessel, neck, or access port shall have a temperature more than 10
degrees Fahrenheit below ambient when warmed solely by free
convection of ambient air.

3.7 Delivered Condition: The inside surfaces of the pressure vessel, piping,
tubing, and inside surfaces of the vacuum vessel shall be clean. No oil,
grease, dirt, soil, scale, residue or other form of surface contaminant shall
be present.

(]



4.0 Dewar Design Criteria

4.1 The dewar shall consist of an all welded stainless steel inner helium reservoir
enclosed by an all welded stainless steel vacuum jacket.

4.2 Multi layer superinsulation shall be instailed between the inner and outer
vessel in the high vacuum space.

4.3 The use of liquid nitrogen cooled radiation shield(s), helium gas vapor cooled
radiation shield(s), or any other multi shielding technique may be used to
meet the maximum boil-off rate requirement.

4.4 The inner vessel shall be built and stamped in accordance with the ASME
pressure vessel code, Section VIII for the Maximum Allowable Working
Pressure in 3.1 above, and design temperature in 3.2 above, and shall be
registered with the national board.

4.5 The outer vessel (vacuum jacket) shall be designed for full vacuum internally
with a safety factor not less than two. (Minimum collapse pressure of 30
psi.)

5.0 Piping

5.1 All piping shall be of weldable AISI 300 series stainless steel, and shall be
formed from continuous lengths of pipe or tubing to the maximum extent
practical. All joints within the vacuum space shall be welded.

5.2 Threaded connections at gages shall be made up with an epoxy type
thread sealant.

5.3 Neck: A 6" pipe size vertical neck shall connect the inner vessel to a room
temperature access port. The outer vessel vacuum jacket shall extend
up the neck a minimum of 36". In addition, the uninsulated portion of the
neck shall be a minimum of 12"

5.4 Access Port: The room temperature access port shall ccasist of a 6" pipe size
flange, AISI 300 series stainless steel, with o-ring groove, welded to the
top of the neck and a 6" pipe size blind flange, AISI 300 series stainless
steel, bolted on for closure. A standard size o-ring shall make the port
leak tight. Provide one extra o-ring as a spare.

5.5 Relief Port: A 2" stainless steel pipe with 2" NPT thread and pipe cap shall
extend from the side of the vertical neck. The pipe shall extend
approximately 12" from the neck.



5.6 Pump out port: A 1/2" stainless steel pipe with stainless steel ball valve shall
be provided.

5.7 Liquid level gage: The dewar shall be provided with a differential pressure
liquid level gage, connected between the top and bottom gage lines. Two
shut-off valves and a by-pass valve shall be provided. An oscillation
damper shall be provided if necessary. A liquid inventory versus gage
indication chart shall be provided.

5.8 Pressure gage: The dewar shall be provided with a 100 psig pressure gage
attached to the top gage line. The gage shall be rated to withstand
vacuum service.

5.9 Additional gage ports: Two additional capped gage ports (as shown on the
Process Flow diagram, Drg. # 3823.115-MA-317450) shall be connected
to the top and bottom gage lines.

5.10 Vacuum vessel relief port: The outer vessel shall be protected by a relief
device having a discharge area of at least 1.8 square inches and opening at
a pressure not more than the lesser of the internal design of the outer
vessel (as calculated by the ASME code) or 15 psig.

5.11 Vacuum vessel pump out port: In addition to 5.10 above, a vacuum seal off
valve with 1/8" FNPT connection, CVI incorporated model V-1046-31
shall be provided. The vendor is CVI incorporated, P.O. Box 2138,
Columbus, Ohio, 43216, phone: (614)-876-7381, fax: (614)-876-5648.

5.12 Vacuum vessel Vacuum Gage: A battery operated vacuum gauge tube,
Teledyne Hastings-Raydist model DV-6R shall be installed in the 1/8"
FNPT hole of 4.10 above. The vendor is Teledyne Brown Engineering
Hastings Instruments, P.O. Box 1436, Hampton, Virginia, 23661-0436,
phone: (804)-723-6531, fax: (804)-723-3925.

6.0 Te=sting and documentat:on
[In addition to testing required by the ASME code]
6.1 The dewar and piping described in 4.0 above shall be helium mass-

spectrometer leak tested for vacuum tightness of the inner and outer
vessels. No leak shall be detectable on the most sensitive scale of a
helium leak detector with a minimum sensitivity of 10-9 atm. cc/sec.

6.2 The manufacturer shall furnish to the buyer the code form, U-1 for the inner
pressure vessel.



6.3 The ASME Pressure vessel code nameplate or duplicate is to be readily
visible.

6.4 The manufacturer shall furnish the buyer with an assembly drawing of the
dewar which shows overall dimensions and basic construction
information.

7.0 Warranty
7.1 General: Manufacturer to warrant material and workmanship for a period of

not less than one year from the date of delivery to Fermilab, Batavia, IL.
7.2 Vacuum: The vacuum vessel pressure must be less than 10-3 Torr when

delivered to Fermilab. When cold and isolated, the vacuum vessel

must be capable of not exceeding 10-3 Torr for a period of six

months.
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DIMENSIONAL DATA

W/H
VACUUM SEAL-OFF VALVES IN VERT.

w

.( 5 A

MAX. P
/JHANDLE .

IN HORIZ. POSITION DIA.
V-1044, V-1046, V-1048 |
| oia. | *
: o
] Il ‘ B
E =
a DIA.
T Ao VACUUM SEAL-OFF VALVE OPERATORS
Lau;.&_x V-1045, V-1047, V-1049 PuMR our FLANGE
Part No. Dimensions (in inches) Part e, Dimensions (in nches)
Yaves == T T S T SR e S N B S B |
V-1044 % % My Ve Wi 1 V-1053-5%" &1 1% 1% 1 1% 3
VAMS % 24 1% % % S % VANIET 2 WA oM 2 A3
V-1046 " 1 W W% 2% 14
vV-1047 1~ 2% 1" 3% Wis 5'1s TVAs
V-1048 r 2 2523 W 1%
v-1048 7 4 2% 5% 1% 9% 12
HOW TO ORDER
Vacuum Seal-off Valve: V—XXXX —XX Operator—Seal-off Valve: V—=XXXX
Model No. Model No.
Basic Part No./Size Basic Part No.
V-1044— /2" V-1045—15"
V-1046—1" V-1047 —1"
V-1048—27 V-1049—2"
Options (V-1046 and V-1048 only) —— Pump-Out Flange: V—1053—X
—31 " F.N.P.T. connection in side of body for Model No
vacuum gage tube. :
—41 Vacuum gage tube manifold isolation Basic Part No.

valve, and dust cover assembly.

Example:

-7 2 Pump-out Flange w/Tube

—5 %", 1" Pump-out Flange w/Tube %

V-1046-31, V-1047, V-1053-5
a. 1 in. Vacuum Seal-off Vaive with Vs in. FNPT

connection.

b. Operator for 1 in. Vacuum Seal-off Valve.
c. Pump-Out Flange w/Tube for 1 in. Operator.

23



MATERIALS

Iter? Part Name Material (Specification)
1 | Body 304 SS or 6061 Al
5?/'/7/77 : 2 | O-Ring Viton-A (NAS 1593)
4/:‘:‘," 3 \ Poppet Assembly 18-8 SS (Mil-S-52043)
§: | Spring 302 SS (QQ-W-423B)
\\S‘ | Cap ' Plastic PVC (N.A.) l
\ 5 | Retamer | 304 S5 (Mi-5-50243)

ITEM Vacuum Seal-Off Valve
SERVICE High vacuum and/or low pressure with all common

gases
SV*7 SEAL-OFF VALVE PRESSURE 1 x 10%torr up to 2 psig (higher spring setting on
(PATENTED) special order). Structural integrity: 1.000 psig min.

TEMPERATURE Plus 150°F. to minus 60°F.
LEAK RATE Lessthan 1 x 108 std. cc. GHe per second”

CONNECTIONS Weld standard. others available on spec:al
orger

"Exclusive of permeability

SV*>7 SEAL-OFF VALVE ORDERING INFORMATION

304 SS 6061 Al | Valve Operator | Seal-Off Vaive

Size Part No. Part No. For SV*7 Dimensions

Vaive A B C
| svresswi | svzesawi | vo7-885L1 11131631113 |
2 | sv7-816-5W1 | SV7-816-1W1 | VO7-8165L1 |2.25 {25012.00 |
3 | sv7-82a-5w1 | SV7-824-1W1 | VO7-824-5L1 [3.12 {3.1212.75 |

VO7 VALVE OPERATOR ORDERING

INFORMATION
j Dimensions 1
5 _Slze Part Number A . B |
i# VO7-88-5L1 3.38 {1.125 |
> z VO7-816-5L1 50 | 225 |
| 3 | vO7-824-5L1 60 | 30 |

VO7 OPERATOR FOR SV*7 SERIES SEAL-
OFF VALVE

The VO7 operator features a 30° pump-out connection
and a proprietary vacuum-tight. O-ring-sealed quick cou-
pling fcr seal-off vaive connection. Full flow design as-
sures maximum ccnductance for evacuation of equip-

VO7 VALVE OPERATOR ment. Stainless s standard material..
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