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Preparcd by: Dan Burke, ME
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5.1 Description and ldentification

Fill in the label information below:

© o S g T £ S < v o @ B M e v Fagne o

This vessel conforms to engincering standard 5D37

Vessel Title Liquid Argon, L.A.C. Storage
Vessel Number RD 3017; NB 85071

Obtain from

Division/Section
Vessel Drawing Number  Not Available Safety Officer
Maximum Allowable
Working Pressure (MAWP) 55/RY PSIG
Working Temperature Range ~289 °F .. 100 OF

Contents Liquid Argon

Designer/Manufacturcr AMFE Beaird, Inc.

Shreveport, Louisiana

Test Pressure (if tested at Fermi) Acceptance
Date:
98.5 PSI1¢ Hydraulic  Pneumatic
Accepted as f@ﬂf@ig%ig to %tandﬂru by
Actual signature
i Dol %ix%?ﬂ éﬁ”requir@& in this
@f Division/Section ZQ%&@@&Z& ﬁ})g space

NOTE: Any subsequent changes in qontents, pressures,
temperatures, valving, etc., which affect the safety of
this vessel shali: require &n@ﬁher review and test.

Reviewed by: 74fzx?“*\9 (\“Jﬂy\/A““ Date: 0eq - %wiocgég

Director’s Sign&?ur@ {or des gn@@) if the vessel is for manned areas but doesn’t

conform to the requirements of the standard.

Date;

Lab Property Number{s}: NAL 49374

Lab Location Code: MES MWA
Purpose of Vessel(s): Support L.A,C. E706 experiment, primarily to supply

{obtain from Safety Officer)

Liquid Argon the L.A.C,

Vessel Capacity/Size: 44583 Gal. 85,3 ft. long x 10 ft. dia, (inner vessel)

Normal Operating Vressure (OP) 15-20 PSIG
MAWP-0P = 35 PSIG

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

As an optionm, provide o photo of the entirc vessel in the Appendix.
?agc 1 of 4
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List the numbers of all pertincnt drawings and the location of the originals. -
(Append copies). -

Drawing # Location of Original

2220.1=ME-183293 (Sheet 2) RD/Cryogenics Dept.

5.2 Design Verification

Does the vessel(s) have a U stamp? Yes X  No . If "es', fill 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 if photo :
is not clear of if copics arc unrecadable. Copy data here:

Please refer to the attached

drawing 6-9AA15-F
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Section VIII,
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copies of calculations in the appendix).

Shirf lengh

Poe UG = 32 M eies

Faset welds
For UW-1B0nC 36, |

Kewgehle thichness

Flot heods

Bokry
Por. U5-12 For 1534

Fionge types

Fig Uh- &8 == U

Keinfarced ooenngs

v YG =37 UA-F

;%i’@miuﬁ 2682

circle all applicable sections of the ASME code per
List the results of all calculations.

{Inscret

B -

Septhof head

»

BjPOr UG-2%

it

Stiffening rmf;

h/B»w
U@.,gé Bolred heods
Par, U= 35 ond UA-6
Fig Uk-6
Kauchls
709wy
PorUG-32

Cazting
For UG-8 and UG-24

Hemisphericol heod !
Por, UG-32F |

Rorpdivs
of shelt
Por UG-27

A.ﬂz

Poyt weld heat =

breciment Svoyed sue foce
P UG -47
Poe LUwW-13
Fig UW-19

2 i .
‘X;mce:ncg- heng Telitole hole
22 U5 - 22h ond Us-4d Por Uw ~15 Algnment Toperedpiote
ioleronce edpes
Inspet?ion cogmng ot b 4000 03 V0Ch ggsag@?héc;hm% Par UW- 34 . Par UW-2C,
Por, U5 - &6 R et @uer 109 Cweumnferentid Fig UW-9
Por. U#-9 ana 13 onts
e Fig Uw-13 .
IR p—— 9. Y Rodiogrophy
Poz UG~32 Sechmigus
Por.Uw-5t Torisphericod
heod
Weld joint LEUOwtﬁggbwﬁwwyw ]
{ficientien . s g
Por UW-12
g Plus heod - o N s
s peso—[= peeireon | e e (osatromnea ot mressac-
EressTe On goncove 3ide &hgamen? 1pleronee 91908
canwes 8 | Porug-32 longudingl jont Por. UW-%d
Por. UG- 33 \ Por UWe 33 i
Boching strip .
Trweoded Por, L35+ Gpering in oF Linings
€ORAEETIDNG ™™ uw-2  Coronon socent towelds - oo
Por tis- 63, ONOwoHEe Por LW 14 Por. US-26
“aple UG43 ~ Por UG-25 [/ Pact-uc
Ny e e
e h “.Mgm,h { N
Telitale holes W3I0n welded connections
3 Ehir Ll th By UG- 253 and Por YW-120nd Fiy Uw -6
Eilipsoaio! heod ® T e G Poar UG- 52 ULL 250
Por, UG-324
Summary of ASME Code
Reference ASME
Item Code Section

1f this vesscl is cxceptional or had cxceptional parts,

under 5.6.

Yes No

“bhor. weld resnforesrment
Pae v ~3%

CALCULATION RESULT

(Required thickness or stress
level vs, actual thickness or
calculated stress level)

Vs,

\EX

V5.

¥35.

1ist their dctails

Page 3 of 4
Appendix C-14.1

Revi

sed October 1982



zj‘m
5o

System Yenting. 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 ¥

If "Yes", the system must conform to M-5. Provide an explanation on the
appended schematic. (An isolatable vesscl, not conforming to M-5 violates
the Standard.)

Is the relief cracking pressure set at or below the M.A.W.P.7

Yes X No Actual setting 35 PSI
(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)
110% of MAWP {onc relief)

116% of MAWP (multiple reliefs)
121% of MAWP (uncxpected heat source)

Yes ¥x No

Provide test or calculational proof in the Appendix.
(Non-conforming pressure rises viclate the Standard.)

List of relicfs and settings:

a : SCFM n
Manufacturer Relief Setting Flow Rate Size
785 sq.in.
Anderson Greenwood 2x3 RV, 35 PSIG 1220,6(4193.38  ~H Orifice
BS & B Rupture Disk 60,5 + 5% 33379,2(Q193.3R 6" Disk
Is the relicf device an ASME stamped device? Y@gmm§mmmﬁ 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 Fewmilab shop? Yes No X

If “Yes", append a copy of the welding shop statement of welder qualification
and a copy of the Welding Procedurc Specification (WPS) used to weld this vessel.

Exccptional, Existing, Used, and Non-Manned Arca Vessels

Is this vesscl or any part thercof in the ubove categorics? Yes No w

1f "Yes", follow the Lngincering Note requivements for documentation in free
form below,

Page 4 of 4
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Complete specifications for this liquid argon dewar are on the following
page, however, to summarize some of the pertinent data:
1. Surface area for CGA calculations,
A = 2981 ft2 of surface of inner vessel.
2. Insulation is pearlite, and the inner to outer tank distance is,
t = 12-1/4%,
3. The derated MAWP is,
MAWP = 55 psig.
4. The actual maximum liquid volume is limited by the full trycock to,
V = 44583 gallons liquid argon.

The outer vessel is not ASME cerbified.

[eg)
N
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Pressure in this horizontal storage dewar which is located just east of the
MW Detector Hall, will typically be 15-20 psig and will be controlled in two

ways: drawing liquid from the bottom of the vessel, vaporizing it, and
admitting it to the top to increase pressure or by sending liquid nitrogen
through a heat exchanger which will reduce the dewar pressure by condensing
argon.

Both the inner and outer vessel had to be modified to accommodate piping to
and from the condensing heat exchanger. The inner vessel was modified and
tested according to the requirements of Section VIII of the ASME Boiler and
Pressure Vessel Code. In addition, the pressure rating of the inner vessel was
derated from 60 to 55 psig in order %o compensate for the added weight of
liquid argon, over that of liquid hydrogen, the fluid which was assumed for the
initial ASME certification.

With a derated pressure indicated on the stamp plate, the "U" stamp will
remain valid upon approval from the National Board of the ASME. (Supporting
documents are attached.)

A separate 14.1 note has been written on the LNo condenser to ensure
adequate design and relief capacity with respect to the dewar.

The relief system is a switchable, non~isolatable dual system. Each system
contains one relief valve and one rupture disk. The system ’on line’ is
determined by positioning a 3-way valve. The relief valves used are Anderson-
Greenwood and complete specifications are included in this report. The burst
disks are BS & B 6% disks.

Yent piping is arranged such that no discharge can hit people, equipment,
or the dewar. And will not be plugged or otherwise reduced in capacity by
weather conditions. In addition, these devices are installed and located in
such a way that the cooling effect of the contents does not influence the
performance of the devices.

Specifications for the reliel device used and a system schematic are
included in the following pages of this section. Note that all relief
components are ASME certified.



Section 1

BURST DISK SPECIFICATIONS

The burst disks used are 6" BS & B type RBP-5 disks with TFE lining. These
are the reversed buckling disks, for vacuum applications, whose burst pressure
is toleranced at 5% of the stamped burst pressure which is 60 psig. They are
to be used in conjunction with 6% BS & B type RB-7R, 1504 ANSI, safety heads.

RELIEF VALVE SPECIFICATIONS

Anderson-Greenwood & Company, Houston, Texas (Note 4)

1. Set pressure: 60 psig (Note 1)
Part number: 8151624-H
Assy number: 3-1088

2. Capacity: 928 SCFM (Note 2)
Body : CF8M, Ser. No. 70-5036

3. Service: Liquid Ho (Note 3)

Note (1) The set pressure is 60 psig, this has been changed, in compliance with
ASME rules to 35 psig.

Note (2) This value (928 SCFM), intended for Hy service, will not be referred
to.
Note (3) The service will be argon. This change in service can be accomplished
5 . 0 oo Ao
wibthout valve modification as the seats are teflon.

Note (4) The valve is a 2x3 NPT with a stainless steel valve body.




CAPACITY
REQUIREMENT

Overfill, 100 GPM
01.16 MAWP

External jacket
100.32 sq in

Fire condition
209.64 SCFM, sir

Trapped volumes

CAPACITY SUMMARY

CAPACITY
AVAILABLE

> 4117.1 GPM

113.1 sq in

34600 SCFM, air

No trapped volumes
exist in the dewar

piping

Section 2

SEE
SECTION

Refer to the atbached
schematic
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Section 3

FIRE CAPACITY REQUIREMENTS

Vgp = G;UAC-82 CGA $1.3 - 1980
10.2 CGA Table 1

\ o
K Pearlite Sat W Argon 100°F Note: Value for air could be used if
thickness it were higher

29.7 E-3 BTU/HR-FT-°R LNG Materials & Fluids Data Handbook
thickness = (dia outer - dia inner) 1/2
12-1/4%
29.1037 E-3 BTU/HR °R
2081 ft2 surface area
10.2 (29.1037 E-3) (2981)0.82
Vep = 209.64 SCFM AIR @ STP

VACUUM LDSS REQUIREMENT
gp = 330 - 8 g (4.9.1.1)
SN FE 7V N
K Pearlite Sat 0 100°F Lading
&
= 29.71 E-3 BTU/HR-FT-R LNG Material & Fluid Data Handbook

12.25 inches

29.71 E-3 _ o9 1037 E-3 BTU/HR °F

12.28]12

2981 42 Surface arsa
10.2 CGA Table 1

. MAWP, 55 psig « 1 ATMOS (75.19 psia)

191.26 °R = -268.74 °F



Section 4

OUTER VESSEL RELIEF

Required area:

A=2.4 E-4 x 8.36 Ibfgal Ho0 x vol gal

A = 100.32 sq in is required

This dewar contains nine 4-inch |ift plates and one 4-inch rupture disk.
For only the 9 1ift plates whose lift is set to 1 psig, the area is 113.1 sq in




Section &

The 100 gpm flow of liquid will be assumed into the dewar 0 1.16 MAWP =
63.8 PSIG, from a tank truck. Equation 3, Section A and Reference 3 were
applied assuming 13.8 psid inlet piping pressure drop and a 35.30 psid pressure
drop in the discharge header. The results are:

Pinlet = 50 psig = 55X1.16 - 13.8
Back pressure = 35 psig

Flow rate = 51.60 gpm liquid argon, for the relief valve

Assuming an 8.8 psid drop in the inlet piping and A 35.30 drop in the
discharge header, for the burst disk, using Eg. 3, Section B, and Reference 4,
the results are:

Flow rate = 4117.1 gpm liquid argon

Al pertinent data used in these calculations are given on the next page.
The total liquid capacity for the relief system is therefore

Total flow = 4168.70 gpm liquid argon

NOTE: The indicated eguabions are @X@@@@@d by the cited reference.



susnsass®  RELIEF

VALVE FLOWS  TYPE= 80 suRaRESe

PRESSURE= 64.696
BACKPRESSURE= 49.696
PE/P= .76815
TEMPERATURE= 187.48
SPECIFIC VOLUME= . 12491E-01
VISCOSITY= - 11065E~03
REYNOLDS NUMBER= .12816E+07
VISCOSITY CORR= 1.0000
AREA= 78500
VALVE COEFF= 81600
FLOW RATE (GPM)= 51.603

FLOW RATE (LB/SEC)s=

9.2794

PSIA
PSIA

DEGREES RANKINE
CU FT/LBM
LBF/FT-8EC

SQIN

#%% PLOW IS A LIQUID FLOW #8@

Sec A e ¥
Reg



kBeEas®  SATURATED ARGON ®anuss

CRITICAL POINT T11.5264 PSIA 271.5480 RANKINE
TRIPLE POINT 9.993980 PSTA 150.8400 RANKINE
FOR PRES= 64.69595 PSIA  TEMP= RANKINE
FOR TOTAL SPEC VOLUME= . T061402 CU FT/LBM
QUALITY= 1.000000 G= VAPOR F= LIQUID
VG, VF, VFGs LT061402 . 1249105E=01 6936492 CU FT/LBM
HG, HF, HFG= 103.4833 40.51470 62.96861 BTU/LBM
UG, UF, UFG= 95.02898 40.36515 - 54,66383 BTU/LBM
SG, SF, SFG= LT112793 23754848 3357946 BTU/LBM=-R
CPG, CPF= . 1640853 2831130 BTU/LBM~R
CVG, CVFs= .8928597E-01 . 1334515 BTU/LBM-R
THERMAL. COND G, F = U348394E-02 .5961152E-01 BTU/FT-HR~R
PRANDTL NUMBER G,F= .7986188 1.891906
VISCOSITY G, F= .5878902E-05 . 1106541E-03 LBF/FT-SEC
SONIC VELOCITY G,F= 589,9421 2067.119 FT/8EC



L lal

gwannank  BURST DISK FLOWS

PRESSURE:= 69.695
BACKPRESSURE= £0.000
PE/?P= L T1THO
EXPANSION COEFF= 1,0000
REYNOLDS NUMBER= . 17384E+08
FRICTION FACTOR= - 13793E-01
RESISTANCE FACTOR= . 98321
THROAT DIAMETER= 6.0000
SAFETY HEAD DIAMs 6.0100
T T
FLOW RAT® (GPM)= 7 4117.1
FLOW RATE (LB/SEC)= 736.10

Eeses

PSIA
PSIA
PSIA

INCHE

[ X R

INCHES

#R% FLOW IS A LIQUID FLOW ¥E2-

e i

STATE VARIABLES FROM N3S, PSTA, RANVINE, #2 ARCON #%

CUrT/LB4Y, LBF/FT-SEC, BTU/LBM, BTU/LBM-DEG, FT/S5EC,

PRES, TZMp, 3PEC VOL, VISC= 69.696

12503801

B3, ©F, HFG, UG, UF, UFG= 103.55
95.062
C?G, CPF, CVG, CVF, SPEED= 16625

- 13176

189.33
5GLEAT.05
B1.0L6
g, 88%
28429
591.273

VAPOR, LIQUID

65842
. 10782803
62.509
54,179
.898528-01
2056.2

RS EETE ML I RS SRR RS ESEE SRS RS RS RS RS EEERARRR AR RRER SRR RN AR

LY



Section 6

RELIEF VALVE AND BURST DISK CAPACITY

While a valid argument can be made that the effects of friction on a
compressible flow must be considered, this type of calculation is hardly
justified given the obvious safety factor of this relief system. The
computation involving friction and compressibility has been made but will not
be presented. Very conservative pressure drops have been assumed.

Taking the dewar at 1.21 MAWP, or
Pp = 81.246 psia

and assuming a conservative 10 psid drop in the inlet and outlet piping for
both the relief valve and rupture disk leads to a device inlet pressure of P =
71.246 psia, and an exit pressure of Pg = 24.696 psia. A complete listing of
the 1 properties obtained from Reference 5 follow on the next page.
Important values are: '

P = 71.246 psia

=
i

= 193.27 R

v = 0,66079 13/ 1bm

= =
&
¢ L]

= CpfCy = 1.8415



Section 6

For the relief valve, applying Eq. 1, Section A, and Reference 1 leads to a
sonic flow rate of:

1220.6 SCFM, AIR
or
2.3606 Ib/sec

For the burst disk, applying Eq. 1, Section B, and Reference 2 leads to a
sonic flow of:

33379.2 SCFM,AIR
or

64.545 Ib/sec (burst disk)

Total Capacity : 34600 SCFM, AIR

A complete listing of the inputs and results are given on the next page,
imporbtant values are:

Relief valve @ nozzle coefficient - 0.816
area - 0.785 sg in

Burst disk throat area : 6 inch

NOTE: The indicated equations are executed by the cited reference.



w@s8aRae  RELIRF

PRESSURE=
BACKPRESSURE=

PE/P=

SPEC HEAT RATIO=
PCRITICAL=
TEMPERATURE=
SPECIFIC VOLUME=
EXPANSION COEFF=
AREA=

ASME VALVE COEFF=

FLOW RATE

FLOW RATE (LB/SEC)=
#88% PLOW IS SONIC ###

LBBEREER

PRESSURE=
BACKPRESSURE=
PE/P=
SPEC HEAT RATIO=
PCRITICAL RATIO=
TEMPERATURE=
SPECIFIC VOLUME=
THROAT DIAMETER=

FLOW RATE (SCFM)=

FLOW RATE (LB/SEC)=
888 FLOW IS SONIC ##®
888 FLOW IS SONIC ##®

64,545

VALVE FLOWS  TYPE= 80 BRBRARE
E®@ | sec A
REF 4
71.246 PSIA §?
2)t, 696 PSTA
.34663
1. 8115
LU6370
193.27 DEGREES RANKTINE
066079 U FT/LBM
390,02
LT8500 SQIN
81600
{(SCFM)= 1220.6
2.3603
BURST DISK FLOWS BeuBRLLE
EQ 1 S¢Ec B
T1.246 PSIA ﬁ%éﬁg&ZL
24,696 PSIA '
.3L663
1. 8415
46370
193.27 DEGREES RANKINE
66079 CU FT/1.BM
6.0000 THCHES
33379.2



PcF 5
BE%BE%  SATURATED ARGON ®usase
CRITICAL POINT T11.5264 PSTIA 271.5480 RANKINE
TRIPLE POINT 9.993980 PSIA 150, 8400 RANKINE
FOR PRES= 81,2595 PSIA TEMP= 193.2732 RANKINE
FOR TOTAL SPEC VOLUME= 5696304 CU FT/LBM
QUALITY= 1.000000 G= VAPOR F= LIQUID
VG, VF, VFG= 5696304 . 1272 15UE-01 35569088 CU PT/LBM
HG, HF, HFG= 103@6829 b2,18165 61.50128 BTU/LBM
UG, UF, UFG= 95.11835 41,99038 53, 12797 BTU/LBM
3G, 8F, SFG= LT021373 . 3840384 @3?80989 BTU/LBM-R
CPG, CPF= 1712224 .2870655 BTU/LBM-R
CVG, CVF= 9108437801 . 1288709 BTU/LBM-R
THERMAL COND G, F = LHETEE01E-02 B5T722800E-01 BTU/FT-HH-R
PRANDTI. NUMBER G,F= B208578 1.843746
VISCOSITY G, F= 6091200805 . 1020091E-09 LBF/FT-8EC
SONIC VELOCITY G,F= §93@7?36 2029.238 FT/8EC
o, Cpé P
e CPlug = L8798
FBELEE gﬁ@@% BLERER
CRITICAL POINT 711.5264 PSTA 271.5480 RANKTINE
TRIPLE POINT 9,993980 PSIA 150, 8800 RANKINE
FOR PRES= 71,245095 PSIA TEMP= 19%.273¢ RANKINE
SPECIFIC YOLUME= 86607920 CU FT/LBM
He U, 8= 1048, 1336 10,0113 LT103446 BTU/LBM=-S(R)
Cp, CV = . 1632242 .8863852E-01 RBTU/LBM=-R
THERMAL COND= JUUBBOTI6E-02 RBTU/PT-HR=R
PRANDTIL. NUMBER= 79384817
VISCOSITY= 6062488E-05 LBF/FT-SEC
SONIC VELOCITY= 599, 3550 FT/SEC

K= Coley = ). 895

(W



Section 7

From *Piping Engineering®, using a creep value of y = 0.4, the maximum
allowable pressure is given by:

P=SxP/S S = allowable stress
P = maximum internal service pressure

According to "Piping Engineering®, for 0.00 corrosion allowance, the lower P/S,
the smaller the allowable pressure, the smallest tabulated value is 0.0291
between 1/8% and 6% pipe. This value is for 6% Sch 55 pipe. Using S = 30000
psi, P/S = 0.0291.

Maximum P = 873 PSIG

This pressure will not exist in the dewar piping, and all other P/S values
allow an even higher pressure. All piping joints are welded. Reference: "Piping
Engineering®, Chemtron Corporation, 1971.



Section A

RELIEF VALVE FLOW RATE

(Anderson-Greenwood Series 80)

From the AGCO catalog the equation:
T 1/2

W (Ib/hr) = ckAP, (o

can be converted so that real fluid properties may be used. Since

Converting alsoe to Ib/sec leads to:
(1) W= 909.874 E-6 C KA (P py)1/2

This is for sonic flow, i.e., PE/Py ¢ (Q/k%l}kfkmly where PE is the exit
pressure.

and

kel
- ggxig' 1/2

2
C = 520/ K <m>

C is the expansion factor for sonic flow where K = Cp/C,

Ref: API RP-520, Barron, AGCO.
Text Books, ASME

A = orifice area (in?)

Kg = ASME nozzle coefficient

 Kp actual
P1 = inlet pressure (psia)
pi = inlet density (Ib/ft3)

Also, from the AGCO catalog, API-RP-520, ASME, and a few text books, an
equation, converted the same way as Eq. (1), would be:

(2) W = 668.756 E-3 C Kg A (P1 p1)1/2 (Ib/sec)



Section A

This is for subsonic flow, i.e. PE/P1 > (2/k+1)k/k-1

where

C= {K/K-1 E(PEJPl)QIK - (PE/Pl)K¢1!K]}1j2, the expansion factor
K = Cp/Cv
Kg = ASME nozzle coefficient
= 90% Kp actual
A = orifice area (in?)
PE = exit pressure (psia)
Py = inlet pressure (psia)
p1 = iniet density (Ibfft3)

An equation for liquid flow from the AGCD catalog or API RP-520 would be:

38 & Ko K K, C
STp W 1/2
Q(gpm) = & Py - Py)

As before, since tables are used for properbies, and since K, and K, can be
0 2 ° ’ ks %
taken as 1.00 for conventional valves, the equation can be rewritten as

(3) W (Ibs/sec) = 418.0348 E-3 « C « Kg » A [p(P1 - P9)]1/2
K@ = overpressure correction factor
Ky = backpressure correction factor

Re = Reynold’s number

Where C is the viscosity correction factor taken as 1.00 for Rg 2 10 ).
Since C is a function of the Ry it is necessary to approximate th@ proper

- value for Rg < 1 and §t@ra%@ for the correct value. Five linear
equatbions are used for the calculation depending on Rg.

This equation can also be found in API RP-520, Crane, and several other
references. It has been checked for series 80 valves.

Note that values obtained through the use of equations (1), (2), or (3)
will not be identical to the cataloged values since the actual properties of
the real gas are used. The ideal, isentropic ’properties’ are not generally the
same, especially over ranges of pressure near the saturation |[ine.



Section A

The FTNS subroutine ®SAT PRES®, D. Burke, 1985, is one source of saturation
properties for argon, nitrogen, and oxygen (also "SAT TEMP®, D. Burke, 1985).
This subroutine is a converted form of the NBS program "FLUIDS®, a generally
accepted routine.

For series 80 and 90 RV’s, the subroutine ®AGRVIA®, D. Burke, 1985,
calculates flow rates for input values of PE and Py using saturation properties
obtained from "SAT PRES®. The liquid flows for series 80 valves computed by
"AGRVIA®, have been checked against the manufacturers values, but this has not
been done for series 90 RV’s.



Section B

BURST DISK FLOW RATE

An appropriate equation for frictionless flow through a burst disk is from

Fike.

For sonic flow:

1) 325.67306 E-3 d2 (2/k+1)1/k-1 [Py g1 (k/k«1)])1/2 = W (Ib/sec)

For subsonic flow:

2) 325.57306 E-3 d2 {Py p1 [(PE/P)2/k - (PE/PYk+1/K]}1/2 = W (Ib/sec)

Flow is sonic if

PE/P ¢ {25k¢i)k/k”1 and the mass flow becomes constant.

Flow a liquid flow:

(3) 525.23 E-3 d2 (1/£)1/2 [Py py (1 - PE/P)]Y/2 = W (Ib/sec)

Reference: Crane Technical Bullebtin No. 410

NOTE: These equations are modified se that the real properties, not the ideal
gas properties can be used. This was done by noting that the Fike equation
included the compressibility facter, z. Then 2z = PVY/RT is
substituted into the equation. (See Section A.)

should have

where

PE

Pi
K

s

i

inlet pressure (psia)

back pressure (psia)

throat density (Ib/ft3)

ratio of spec heats, Cp/Cv = k

diameter of the disk (inches)

f (L/DY ¢ &y

f = the friction factor

L/D = 75 for disk and safety head, reference ®BS & B, Rupture
Disk and Safety Head Technology®

% = loss of the form & v2/2g

gy =0, since the flow calculation

includes only the disk and safety head.



Section B

Since the liquid calculation includes the friction factor, an iterative
calculation is made. The calculations are made by applying ®NOZZLBD®, D. Burke,
1985, "SAT PRES®, D. Burke, 1985 -~ for the fluid properties, and "FRIC®, D.
Burke, 1985, for the friction factor.



1)

2)

3)

4)

5)

Section C

Program "AGRV2A*, D. Burke, evaluates flow rates for series 80 and series
90 Anderson-Greenwood relief valves.

Program "BURSD1A®, D. Burke, evaluates flow rates for burst disks.

Program "AGRViA®, D. Burke, evaluates flow rates for series 80 and 90
Anderson-Greenwood relief valves. The saturated properties are
automatically evaluated.

Program "TSTBUR2%, D. Burke, evaluates flow rates for burst disks. The
saturated properties are automatically evaluated.

Program "PROPSA¥, D. Burke, evaluates properties using "NBS®, D. Burke.
BNBSY is from the National Bureau of Standards program "FLUIDS®.
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QW-482 WELDING PROCEDURE SPECIFICATION {WPS)
{See QW-201.1, Section IX, 1974 ASME Boiler and Pressure ¥essel Code)

DAN HAYES BOILER AND P PAIR

freting adure Specfication No. CT ""SVA”:‘"SDa‘a &3l6le,_, e Strpoorung PCR No. ‘”S 83 o N
Revisions .. .. e e e - g S UD I

VWelding Prozassles) CTAYT & \; v S Typelst o MANUAL

JOINTS (QV/-402) POSTWELD MHEAT TREATMENT (QW-407

Groove Design ...\ - B Tempearature . NONE . _

e NO .

Qacking: Yes
A
S W —

Zacking Matearial {Typej .
QOther I —

Time Range oo

Other ___. S

BASE METALS {C V-403)

PNO o 8 to P. No. a
Thickness Perge 0525 ta_.864"
PiprDia. Renge MM AND OVER

Osher o

FILLER METALS (Qw-acir Reot
F No. 6
Ato. .8
Spoc No. (954) 5.9
SHS No. (L 55) ’
Size of £lecirode 1/16, 3/37 1/8

Size of Filler 3/32"

GAS (Q'W-4C3)

Shielding Gas{es} . &% 2 _

</
Percent Compositicn {mixtures) ... 1007 e e
Fio o Rate 20-10 CFH R
Gzs Backing .. _ aCXE B .
Trailing Shistdirg Gas Compesition "7 _ e
Other o o .

! Cu

ELECTRICAL CHARACTERISTICS (QW-409)

Amps \annga) ,__.lQ();:jjO ,,,,,,,,,,,,, Volts (Range)

Other _SMAW

1204.20= 24\W S

Polasity _STRATGHT

3012

Electrode-Fi x {Class) N.A,
Insert . N.A,

Consumabic

Geher A e .
POSITION QW 105)
o3 o2 - e e
55100 - e .
Grrer
PRIME T (QW-408) -
Preneal Temp. SOT CONTROLLED -

300YF MAX

Interpass Temp.

Multiple or Sing’e Pass {par side)}
p S

TECHNIQUE {ChY-4 1
4=12 TPM

1
Travel Spead (Range
R

Suring or Weave Bead : t

& WEAVE

Orifice or Gas Cup &

TO #10

al & Interpass Clee g (Zrushing, Gri

I\',','

Method of Bacx G

Oscillation 45 ROD_DIAMETER Ma¥

Contact Tube 1o Work Distance N

A

MULTIPASS .

Praheat Maintenance

Muttiple or Sing!

Other

2 Elecirodes

SINGLE

Othar

(1/75)

This form (EQédOG) may“k’Je ¢t rainad from the Ordec Dept.,

ASME, 345 E. 47 St.,

New York, N.Y, 10017



(Y 483 PROCEL

T QUALIFICATION RECORD (PQR)

(See OW-201.2, Section IX, 1374 ASME Boiler and Pressure Vessel Code)

DAN HAYES BOILER AND REPAI

flliold =) - e B — — - e
Decor No. G-5 &b e e e Mm_Dam.m“%jlé“Z}W%‘“0M-MﬁAm_ e
s - . GTAV =S AW 88 e e
Y Pros s e QLA & SMAY -
ores JdEngs’ A amatic, Semi-Agto.) MANITIAT —— A
TS OO !
Groove Design Usad

BASE PMETALS (QW-4C3)

taterial Spec. SA 312
2 /7,
Type or Grade . .. 304
P No. to P No. 8

Thickness

Diameter

Sther

FOSTWELD HEAT TREATMENT (QW-407)

Temperature L .
Time ... oo
Other e

Foot 7111

FULER META,  (QW-404

GAS (OWwW-408)
Ty'{?"& of Gas ¢r Gases

Composition of Gas Mg

Vieeld Metal Anliysis A No. 8 8
; 3/32,1/8"

o

Size of Electroce

ELECTRICAL CHARACTERISTICS (QWwW-433)
DIRECT

Fioar Metal F Mo, 6 5 Current
5f  Specification 5.9 2.4 Polarity STRATGHT
A S Classification ER308 E305-16 Amps. 100~-140 Volts _ 10-12
C oar e e Other SMAW: DCRP 65-1204A 20-23V
PCSITION (QW-405) | TECHNIQUE (QW-410)
Position of Groove 6G Travel Speed 4-12 TP -
Wald Progressicn {Uphiil, Downhill) CPHILL String or Weave Bead STRING & WEAVE
- her Oscillation 24X ROD DTAMETER MAX
- Multipa s or Single Pass (per side) . DIULTIPASS
e e . Single or Multiple Etectrodes STNGLE
PRIHEAT (OW-406) Other e
Prcheat Tem n. NONE
Interpas T ap. 30@"’)1“ MAX
Tner - . e .,
e —

70173

~ This form (E00007) may be obtained from the Order Deat., ASME, 345 E. 47th St,, New York, N.Y. 10017 _



QW-483 (Back)

Tensile Test {(QW-150)

jitimate Ultimate Character of
Specirnan Totat Load Unit Stress Failure &
N Width : Thickness Area b, si l.ocation

_Bease Motal -
2532 e 19,700 1 81,000 Ductile .
Basa Metal ~ |

L71A L3724 .2319 18,850 81 .300 N rid

~4
o
O
(D

O

k

Guided Bend Tests (QW-160)

‘o2 and Figure No. i Result
L 0-7.1 SIDE PASSED = N0 DEFECTS
e 0-=7.1 SInE PASSED NO_DEFECTS
g-7.1
0 ]

!

SIDC PASSED NO DEFECTS -
SINE PLAGTN o N NTTEOTY

i

Toughness Tests (QW-170}

! Noteh Ncich Test Impact asaral Exo Crop Waight
! Locaran Tvoe Tomn, Values %5 Shear Mits Break Mo Broak
Fillet Weld Test {QW-180)
- Satisfactory: Yes No Penetration into Parent Metali Yes _No . .
flacro-—Rasulls -
Diher Tests

Typa of Tast
Deposit Analysis S
Qther _____
Selder's lam SALVADOR ALVARADO Clock No. 32022-0362.. Stamp No.
Tests conducted by: TAUSSIG _ASSOC : R.. N, JONES Laboratory Test No.

Vie « -nify that the statements in this record are correct and that the test welds were pr- -ared, welded - 1d tested in accordance with
]
; - 0 A J ) ///
R A . ‘i Manufacturer [3«;},4{;&/ §5&4‘x 2A ;:;\ (N0 ad

- - e} ¥ g O {
Date . ‘ , [ \ (4 By ARV \‘d; S

{Detail « record of * -sts are illustrative only and may be modified to conform to the type and number of tests required by the Code )

e crquiremants of Section IX of the ASME Code.
|

LLFORMATION TRANSFERRED FROM OLDER PQR FORM 11-14~79 Mmﬁa@ slj'ww )

“MARK A, HINI AN -

e



OVWo o0 MANUFACTURER'S RECORD OF WELDER DR WELDING OPERATOR QUALIFICATION TESTS
(Sce OW-301, Scciion IX, 1974 ASHME Boiler and Pressure Vessel Code)

Vld - larea Rol ‘“d Leav ltl— — Check Mo, 339"‘:&_8”916',,,,“ StampNow -
GT o - SV Type . i-xnual 3

‘i Procers e e -
-0

5) GTAW -~ Stan =3

roaceord e ith Welding Procedure Specification {We

Backing (OW202) .

Macaral (OV132) Spec. 3127 Y 304, o . “3 312 T,ng’,gim of P No. »%;H”mewm to P Mo, m&-«_ﬂ«__“m_ww_ﬂu

Thickness ~1_Q6;2_5” to ",@72“ Dia. O‘Jﬁl‘;_l"
SEA 5.4 & " 5.9 class o, _E308-16, ER3I8  FNo. 6 o

Fittcr 2Petal (O4Y-404) Spec. No.

Position (OW/-4C5) (1G, 26, 66) 6G .
5 (QVW/-403) Tyre ATgon % Composition 203 )

&4
- . .. . R . e e ) TG e gmm o
tlectrical Characioristics {QV/-402) Current WD}r~¢CAb Polarity Glry-Straingt

Y Al M
VWeld Progression {QW-410) t,):.”llll e
Ciher I R

For Information Onl,

3/3? " Arces

Filier Metal Diameter and Trade Name

Submerged Arc Flux Trade FMame -
Gas B otal fre Weiding Shie'd Gas Trade Name — —

Guided Bend Test Results QVJJSZQ(a), QW-462.3{a), QW-562.3{h}
Re - st

Typz and Fig. No. L

3§ |
Satisfactory . ]
Satistactory
Satisfactory
Satisfactory

Radiographic Test Results (QW-304 & C\W-305)
For alternative qualification of groove welds by radiography

Fillet Weld Test Results [See QW-462.4(a), OW-462.4(h}]

Frocture Test (D2szabe the locetion, nature and size of any crack - 7 teari: 3 of the specimen)

Length and Fer Cont of Defects INCHES e e %
Lacro Test—Fus'an

A Sz (fen) in. X in. Convexit ir e Corcavity e

Wiz

Test Conductad by K\’\j% L- J} //V‘u Y/ E— Laboratory—Test Ng}{gw‘?‘ gﬂ”@ %“%;9‘%?;:“ §..pyiin %%815
Ve cenify that ’“‘Zj it :Jgnf"éﬁ\s J‘A“‘h‘wi(ﬂ?é\u‘ “a}té,ﬂ\, y: W’ef,ﬁciz:f;‘ the test welds were prepae ”.M : kg‘{’é} édid dnch i the
requirements of Sections IX of the ASME Code. 1%5 ﬁﬁj’s LLY /L:““‘; & 580 }f”g Ci 2Py

T CHIZAGO, 1L frs:;f::
Organizztion

e ez , By, T Pt

"a

tof record of tests are iflustrative only and may be modified to corwform to the ?y,)" and number of tests required by the Code.

bles in addition to those above shall be recorded.

o

!

{1/76) " This form (EC “81ma. * o obtained .rom the Orde Lept., ASME, 245 E. 47 St., New York, N.Y. 10017
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April 14, 1986

TO: KELLY DIXON

FROM: J. KILME%}&?

SUBJECT: LEVEL LIMIT ON THE 50,000 GALLON DEWAR

One of the points Bill Cooper brought out at the last meeting
was if a level 1limit for weight of fluid in the E-706 argon dewar
existed. I have checked the old papers from Riley Beaird and there
is, in fact, a limit of 45,894 gallons of argon at a density of
12.275 1b/gal. Notice that this is a weight limit of 563,348 1bs.
Since they have the density wrong and liquid argon at NBP is
11.68 1b/ft3 we could actually put 48,231 gallons in the dewar
for that weight.

We will only be able to fill about 5000 gallons at a time
because of the weight limit on the over=the-road trucks. As it
is not too likely that we will ever need >45,000 gallons and it
takes many deliveries to get anyway I think the likelvhood of
over filling is small. I will have the full trycock extended
to 28 inches down from the top of the dewar. This corresponds
to an actual volume of 44,583 gallons., Procedures for filling
the tank will have to make use of the full trycock.

JR/bE

we: W, Cooper
LAr Dewar File
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APRIL P4 [98¢
To : KLY Dixos 4

Feens: . {ILMEL

§U§Jé’ﬁff“: L£706 Loy ﬁi&g@@ MewsAg PRESIyRE TEST™

ok AR S 19%4 THE SopooGdiLons LIGuib fe&et)
bbu e &gﬂ:s’( PUESM HTTCALLY PLESSVLE TESTEDL T 97 5 PSIG T
REAFFIE U THE CoDE STAMP oF THE VESSEL AFTZR THE 774EE
W& STURS WERE ABDED FoR TE [WTZRNAL ¢ ojo bEUSEL. THELE

La)ﬁ.g Qf k)@ priusug -
, .- AUD
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VEQIEIEDY THE CRESSURE TEST FoR CETIF 1cATTON, PLEASE SEE T7
AT pefiép sHEETS.

cc ROB  SeHELp

Liw BEwle. FiLe

© SCLURROCES . [N ATEIDAUCE
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3
PNEUMATIC TzZST-0OF 50,000 GALLON DEWAR
Design Pressure 60 « 13 + 3 psi = 7% gosi
Pneumatic fESt Pressure (1.25) x 78 psi = 97.5 psi
PRESSURE TIME NOTES
PRessbes  mme womss - St
49 psi e
58.5 psi 156 hofdwg for 10 ain,
68 psi - - -
= Lo o !
78 psi (/;513 Tz S e D
. ' ~ )~
88 psi /77 e e
97.5 psi Sl e o
p /Q/;\,/“/Q 575&,“.(‘“;_ : ‘..,:/Bw

78 psi
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PRESSURE TESTING PEPMIT®

of Test D HyZrestatic E] Prieumatic

it Pressure: 7125 psiG Meximum Alloweble Working Pressure: £ psic

:f.-/'.rs WO by Testzd: INNER VR SSEL c,F" E7Qé L/r EccClrpiten LEuRrE

<

l’\

1C1elLy Te (Nect WIEIDS AT 1E. MeZZLE FLETERTIENS Fef THE

LTI AL Cooil DELSE?

szation of Test: AAXT To MW R. DG~ " Date and Tirze:
:2ards Involved: £ X PoSyRE CF Lra 1 £afSshpy PlLsaiull Te TEST DEFL 1€
SI6E £ NErser JRCET™ Aun fus FREYaLsLY BES: AYPse TESTED T /18 P51

.-

cTFEELS Liee R4 qusrzrien PR Capl

fety Preczuticns Teken: 7 Cc@@f’é‘ft{ BARR 1L Lifné =F S#ELL UG BLon &S

Uy EQE5 pravd THE Licois M TBoEZL Punp Te PEoTECr
Loemlbl Doiie THE TEST

zciel Conditiens or Reguirements: £4£x oF Mw LUl MFP ELLes wiT pF Celrtsn
hle UNLECESiey PASeppr&l. Fohbs decuiop TAT fLER 2F pfsed

i1

ST JE CleS#D, Retenubry TEST EE Derd oiv SATUERAY

3t Coordirztor: J | 1A KtL,.L‘\EQ Cept/Oate

e e, /) w g
vision/Section Sefety Cificer: A dafge /0D Dest/lete #-S~ %64
vision/Saction Fezd: Cznt/Cate

sults:

70 £ /
‘ress: ;(é/;u éﬂ /jlr.c,w RO  Dent/Date  4/- s-5&

| (Sefety Officer or Dasicnes)

st be signed ty Divisicn/Section Safety Cfficer and Divisicn Kezd prior to conducting
:st. -1t is.the responsibility of the test coordinator to obtzin signatures.
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A FULL SERVICE CONTRACTOR

April 21, 1986

v® .
Fermi National Accelerator Labs.
P. 0, Box 500 .
Batavia, Illinois 60510 2o
Attention : Mr. b

v b}
£ 23
€D

@ @

Lo

med on the

DC [ mm

INSTALLATION, REPAIR & RENTAL OF HIGH & LOW PRESSURE BOILERS
STACKS — REFRACTORY — TANKS — INSULATION - A.8.M.E. CODE WORK — SHOP FABRICATION
PIPING ~ AIR CONDITIONING — INSTALLATION & SERVICE OF BURNERS — CONTROLS
FACTORY DEALER FOR RAY BURNERS & PARTS
AREA REP. NATIONWIDE BOILER RENTAL
SERVICE & PARTS FOR CLEVELAND CONTROLS
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;&@%%&gggﬁ@@y_ﬂﬁaveﬁ Boiler & Mechanical, Inc. Chicago. I1linois 860151

{Rame and 30GIR58 0F re par 0F 81HEFE1HON OIFANZALION) Sanal Ma )

2 Owner _Fermi National Labs. Batavia, Illinods

(Hame and adoress of owaed

5 Location of Instaliation Fermi National Labs. Batavia, Illinois

(Nomae end a0dwss)
4. Unit identification Pressure Vessel Mame of Manutaciurer . AMF Beaird, Inc.
(Boder. Frasgus Yeswsh
5 Identifying Nos. 174453 85071 ' 1970
(fgr Senal Mo.) (Mationst Boarg Ma) (FUNSACHON {Dihen {Yenr Buut)

6. Description of Work:_Fit-up and welded threenozzles into shell of vessell. The welding was
(Us8 Deck. separale shaet. of greteh! nYCessaryl

nerformed by _the Gas Tungston Arc Welding process

o

~
=

Y

Pressure Test f Am)hé‘c S ¢33

7 @emarks: Attached are Manufacturer's Partial Data Reports properly dentified and signed by Commissioned Inspeclorns f@r the \oliowmg
iterns of this reports

Sarme of pant e aumder MG § name and dentidy,

, = OF COMPLIANCG
st are correct and that ali 19839
alreration

LIAMD

Yot 6

We ¢ %fﬁz?y that the staterments made inthigr
raaterial : i contorm o

The Mational %%oafc nsg

fate 4/9/86 signegHayes Boiler & Mechanical, Inc.
Wepar Altgrabon Qrganizanany tautnonzed Reprasentstive)
3 @ §8ey 9t j ey s
35 to yse the B Symbot expires G120 L1988

“RTIFICATE OF INSPECTION

I, the undersigned, holding a vahd commission saued by The Nahonal Board of Boder and Pressure Vesse 1 Inspeciors or the State or

Provinga of AN AR and employed by .
- z iq o 7 ; N 2 2 AR §
He 8.6 1. ¢ ¢, & of HARTF LY Copb BITE0 nspected
& @
the work descnibed in this Data Reporton APELL ﬁgg@ 19 6 st state that to the bast of my knowledge and behef,

this work has been done in accordance with The National Board Inspection Code.

By signing thus certificate, neither the inspector nor his employer makes any warranty, expressed or i implied, concerning the work

described in this Report. Furthermore, netther the insp nor his emnployer shall be hable in aay manner for any personal injuey of
S bnnd spection, except such liability as may be provided in g policy

of insurance which the (nspector's ingdragce compghy may issue aig object and then only in accordance with the terms of said

policy. 4 ‘
Date w&f C? jg@ \ - M \J‘ﬁ i Commissions it- !3 0z

nspactor & Mal | Board. State. Pravince and No

wH 88

This form may be obtalned from the National Board of Boller and Pressure Yessel Inspeciors, 1065 Crupper Ave., Col's. 0. 43228, %
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