Seitz Stainless

Avon, Minnesota

Dis=52.00 ’ 153

|

BPV VIII-Div 1, 2019 Pressure Vessel Design Calculations

Item: Bustle (Vapor Band) for Project 20-3776
Vessel No: 20-3776
Customer: Caloris
Contract: Merit Functional Foods

Designer:

This set of calculations is for the bustle (AKA Vapor Band) for the project S/N 20-3776
shell-and-tube heat exchanger. ASME BPV Code treats the vapor band as a conventional
jacket, and follows Appendix 9 rules. Per Appendix 9, this band is Type 1, and uses a flat,
knuckled head as the closeure, per figure 9-5 (b-3). The required closure thickness is given by:

trc = 0.707jwP/S =0.103"

where j=4.48"
P =25psi
S = 27,000 psi

Therefore, the minimum head (closure) thickness is 0.103". We have chosen 1/4".
Attachment to the main shell per Figure 9-5 (b-3) gives a minimum fillet weld of 1.25tc,
equating to a face of 3/16".

Minimum knuckle radius is 3tc, or .75". We have chosen 1".

The shell thickness, welds, and nozzle calculations are contained herein. These calculations
demonstrate that the shell thickness, welds, nozzles, and nozzle reinforcement is adequate.
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Deficiencies Summary

Deficiencies for F&D Head #1
UG-32(i): The inside knuckle radius (1") is less than 6 percent of the head skirt outside diameter (0.06*52" = 3.12"). (Corroded)

Deficiencies for F&D Head #2
UG-32(i): The inside knuckle radius (1") is less than 6 percent of the head skirt outside diameter (0.06*52" = 3.12"). (Corroded)

Although flagged by Compress as a deficiency when used as a conventional full head, when used as

a jacket close-out, these knucke radius rules do not apply. See the cover page for the applicable
knuckle equation.
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Nozzle Schedule

Specifications

e Identifier Size Service Materials inpEGy Normalized Fin.e Flange | Blind
mark Tested Grain
Nozzle | SA-312 T|P3q4|_ Wid & No No o
Pt | Nozzle P1 NPS 10 Sch 10S N Sis pipe N/A No
Pad SA-240 304L No No No
B | Nozzleps | NPSO075 C|as(s::‘?:“(:‘€-’ Threaded Half | ey | Nozzle | SA-182 F304L <=5 No No No NA | No
P6  |Nozdeps | NPSO5 C'“gﬂgﬁn‘gmeade" Half | pRN | Nozzle |  SA-182F304L<=5 No No No NA | No
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Nozzle Summary

Shell Reinf;ﬂ:’ement
Nozzle | OD t, |Reqt, A2 |Ap2 g Corr | A /A,
mark | (in) | (in) | (in) Nom t | Design t | User t | Width | t,aq @in) | (%)
(in) (in) (in) (in) (in)
Pt 10.75 | 0.165 | 0.1352 | Yes | Yes | 0.1875 | 0.1183 15 0.135 0 100.0
BB 1.38 | 0.16 | 0.0625 | Yes | Yes | 0.1875 N/A N/A N/A 0 Exempt
P6 1.12 | 0.14 | 0.0625 | Yes | Yes | 0.1875 N/A N/A N/A 0 | Exempt

n

¢ N

ozzle thickness

Nozzle thickness required per UG-45/UG-16

Regfn Increased for pipe to account for 12.5% pipe thickness tolerance
Nomt | Vessel wall thickness
Design t | Required vessel wall thickness due to pressure + corrosion allowance per UG-37
Usert | Local vessel wall thickness (near opening)
Az Area available per UG-37, governing condition
Ar Area required per UG-37, governing condition
Corr | Corrosion allowance on nozzle wall
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Pressure Summary

Component Summary

P T Te
Identifier D(e:si?)n D?ﬂsFi)gn N(':‘g;: '(\:';:r; l\:l::l)’ exl(fll:';-nal M(?FN)I y Exn:leirt.:-on -Irr::'aec;

F&D Head #1 25 300 40.91 43.3 | 2246 300 -320 Note 1 No
Straight Flange on F&D Head #1 25 300 102.08 | 108.02 | 27.19 300 -320 Note 2 No
Cylinder #1 25 300 95.73 | 101.3 | 23.85 300 -320 Note 3 No
Straight Flange on F&D Head #2 25 300 102.08 | 108.02 | 27.19 300 -320 Note 2 No
F&D Head #2 25 300 40.27 | 42.62 | 22.11 300 -320 Note 4 No
Nozzle | Note 5 No

Nozzle P1 (P1) 25 300 86.43 | 90.26 | 15.71 300 -320
Pad | Note 6 No
Nozzle P3 (P3 25 300 136.76 | 144.72 | 23.85 300 -320 Note 7 No
Nozzle P6 (P6) 25 300 136.76 | 144.72 | 23.85 | 300 -320 Note 8 No

Chamber Summary

Design MDMT -20 °F

Rated MDMT -320 °F @ 40.27 psi

MAWP hot & corroded | 40.27 psi @ 300 °F

MAP cold & new 42.62 psi@ 70 °F
MAEP 15.71 psi @ 300 °F
Notes for MDMT Rating
Note # Exemption Details

1. | Impact test exempt per UHA-51(g) (coincident ratio = 0.2935)

2. | Impact test exempt per UHA-51(g) (coincident ratio = 0.2974)

3. | Impact test exempt per UHA-51(g) (coincident ratio = 0.3172)

4. | Impact test exempt per UHA-51(g) (coincident ratio = 0.297)

5. | Impact test exempt per UHA-51(g) (coincident ratio = 0.0872)

6. | Impact test exempt per UHA-51(g) (coincident ratio = 0.2774)

7. | Impact test exempt per UHA-51(g) (coincident ratio = 0.008)

8. | Impact test exempt per UHA-51(g) (coincident ratio = 0.0073)
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No.

Date

Operator

Revision History

Notes

7/22/2020

jeffh

New vessel created ASME Section VIII Division 1 [COMPRESS 2020 Build 8000]
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Settings Summary

COMPRESS 2020 Build 8000

ASME Section VIl Division 1, 2019 Edition

Units

U.S. Customary

Datum Line Location

0.00" from right seam

Vessel Design Mode Design Mode
Minimum thickness 0.0625" per UG-16(b)
Design for cold shut down only No

Design for lethal service (full radiography required) No

Design nozzles for Design P only

Corrosion weight loss

100% of theoretical loss

UG-23 Stress Increase 1.20
Skirt/legs stress increase 1.0
Minimum nozzle projection 6"
Juncture calculations for a. > 30 only Yes
Preheat P-No 1 Materials > 1.25" and <= 1.50" thick No
UG-37(a) shell tr calculation considers longitudinal stress No
Cylindrical shells made from pipe are entered as minimum thickness No
Nozzles made from pipe are entered as minimum thickness No
ASME B16.9 fittings are entered as minimum thickness No

Butt welds

Tapered per Figure UCS-66.3(a)

Disallow Appendix 1-5, 1-8 calculations under 15 psi

No

Hydro/Pneumatic Test

Shop Hydrotest Pressure

1.3 times vessel MAWP [UG-99(b)]

Test liquid specific gravity

1.00

Maximum stress during test

90% of yield

Required Marking - UG-116

UG-116(e) Radiography None
UG-116(f) Postweld heat treatment None
Code Casesl\Interpretations

Use Code Case 2547 No
Use Appendix 46 No
Use UG-44(b) No
Use Code Case 2955 No
Apply interpretation VIII-1-83-66 Yes
Apply interpretation VIII-1-86-175 Yes
Apply interpretation VIII-1-01-37 Yes
Apply interpretation VIII-1-01-150 Yes
Apply interpretation VIII-1-07-50 Yes
Apply interpretation VIII-1-16-85 Yes
No UCS-66.1 MDMT reduction No
No UCS-68(c) MDMT reduction No
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Disallow UG-20(f) exemptions ] No

UG-22 Loadings

UG-22(a) Internal or External Design Pressure Yes

UG-22(b) Weight of the vessel and normal contents under operating or test conditions No

UG-22(c) Superimposed static reactions from weight of attached equipment (external loads) | No

UG-22(d)(2) Vessel supports such as lugs, rings, skirts, saddles and legs No
UG-22(f) Wind reactions No
UG-22(f) Seismic reactions No
UG-22(j) Test pressure and coincident static head acting during the test: No

Note: UG-22(b),(c) and (f) loads only considered when supports are present.

Note 2: UG-22(d)(1),(e),(f)-snow,(g),(h),(i) are not considered. If these loads are present, additional calculations must be performed.

License Information

Company Name | Seitz Stainless

License Commercial

License Key ID | 23841

Support Expires | May 24, 2021
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Radiography Summary

UG-116 Radiography

Longitudinal Seam Left Circumferential Seam Right Circumferential Seam

ST (gia;%gvz_rg) Radiography / Joint Type (ﬁiag'ilg\ls-% Radiography / Joint Type ((;iagttlg\lsg) Radiography / Joint Type o
F&D Head #1 A None UW-11(c) / Type 1 N/A N/A B None UW-11(c)/ Type 1 None
Cylinder #1 A None UW-11(c) / Type 1 B None UW-11(c) / Type 1 B None UW-11(c)/ Type 1 None
F&D Head #2 A None UW-11(c) / Type 1 B None UW-11(c) / Type 1 N/A N/A None

Nozzle Longitudinal Seam Nozzle to Vessel Circumferential Seam | Nozzle free end Circumferential Seam

Nozzle P1 (P1 N/A Welded pipe D N/A/Type 7 N/A N/A N/A
Nozzle P3 (P3) N/A Seamless No RT D N/A/Type 7 N/A N/A N/A
Nozzle P6 (P6) N/A Seamless No RT D N/A [ Type 7 N/A N/A N/A
Interpretation VIII-1 01-150 has been applied.

UG-116(e) Required Marking: None
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Thickness Summary

Component Data

Clc:;::::;z::t Material Dia(n;nnc;ter Le(rilng)th Nor(l;:‘r;al t De(siing)n t | Total (iit:‘r)rosion Jolignt Load
F&D Head #1 SA-240304 | 51.6ID 7.7839 0.2* 0.1545 0 0.70 | External
Straight Flange on F&D Head #1 | SA-240 304 | 51.6ID 1 0.2 0.1548 0 0.70 | Extemnal
Cylinder #1 SA-240304 | 516ID | 33.625 | 0.1875 0.1547 0 0.70 | External
Straight Flange on F&D Head #2 | SA-240304 | 516D 1 0.2 0.1548 0 0.70 | External
F&D Head #2 SA-240304 | 516ID 7.6942 0.2* 0.1563 0 0.70 | Extenal

*Head minimum thickness after forming

N

lominal t | Vessel wall nominal thickness

Designt | Required vessel thickness due to governing loading + corrosion

JointE Longitudinal seam joint efficiency

Load

Intemnal Circumferential stress due to internal pressure governs

External | External pressure governs

Wind Combined longitudinal stress of pressure + weight + wind governs

Seismic | Combined longitudinal stress of pressure + weight + seismic governs
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Weight Summary

Weight (Ib) Contributed by Vessel Elements

Component MetaJ Metal Insulation Insulation Lining Pi?ing Sparating Lauld LA AOrACe AT
New* | Corroded Supports +Liquid {New | Corroded | New |Corroded ft2

F&D Head #1 | 145.6 145.6 0 0 0 0 0 0 389.7 389.7 18

Cylinder #1 292.4 292.4 0 0 0 0 0 0 2,556.7 | 2,556.7 37

F&D Head #2 | 145.4 145.4 0 0 0 0 0 0 386.2 386.2 18

TOTAL: 583.3 583.3 0 0 0 0 0 0 3,332.6| 3,332.6 74

*Shells with attached nozzles have weight reduced by material cut out for opening.

Weight (Ib) Contributed by Attachments

Vessel Lift Condition
Vessel Lift Weight, New (Ib)

597

Center of Gravity from Datum (in)

16.9309

" Body Flanges N,:‘;;f,'e:s& Packed Tray |Rings & | Vertical |Surface Area

gmpofent g Beds lrays Supports| Clips | Loads ft2
New |Corroded | New | Corroded

F&D Head #1 0 0 0 0 0 0 0 0 0 0

Cylinder #1 0 0 133 13.3 0 0 0 0 0 1

F& Head#2| O 0 0 0 0 0 0 0 0 0

TOTAL: 0 0 13.3 133 0 0 0 0 0 1

New Corroded

QOperating Weight (Ib) 597 597

Empty Weight (Ib) 597 597

Test Weight (Ib) 3,929 3,929

Surface Area (ft2) 75 #

Capacity** (US gal) 397 397

**The vessel capacity does not include volume of nozzle, piping or other attachments.
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Long Seam Summary

Component |Seam1

Cylinder #1 10°

Shell Plate Lengths

Starting | pq 4

Component Angle

Cylinder #1 10° 162.6952"

1) Plate Lengths use the circumference of the vessel based on the mid diameter of the components.

- 00 180° 270°

Shell Rollout
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Hydrostatic Test

Horizontal shop hydrostatic test based on MAWP per UG-99(b)

Gauge pressure at 70°F =1.3- M AWP -LSR
=13-4027-1
=5235 psi

Horizontal shop hydrostatic test

Local test Test liquid UG-99(b) UG-99(b)
Identifier pressure static head stress pressure
(psi) (psi) ratio factor

F&D Head #1 54.253 1.898 1.0582 1.30
Straight Flange on F&D Head #1 54.253 1.898 1.0582 1.30
Cylinder #1 54.253 1.898 1.0582 1.30
Straight Flange on F&D Head #2 54.253 1.898 1.0582 1.30
F&D Head #2 54.253 1.898 1.0582 1.30
Nozzle P1 (P1) (1) 54.271 1.917 1 1.30
Nozzle P3 (P3) 52.383 0.029 1 1.30
Nozzle P6 (P6) 54.286 1.932 1 1.30
(1) Nozzle P1 (P1) limits the UG-99(b) stress ratio.
(2) The zero degree angular position is assumed to be up, and the test liquid height is assumed to the top-most flange.

The field test condition has not been investigated.
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Largest Unsupported Length Le

Vacuum Summary

Component Line of Support ablcial::al;:,t:m Len(?’t:; Le
(in)

F&D Head #1 - 42.4089 N/A

- 1/3 depth of F&D Head #1 37.153 N/A
Straight Flange on F&D Head #1 Left - 34.625 40.651
Straight Flange on F&D Head #1 Right - 33.625 40.651
Cylinder #1 Left - 33.625 40.651
Cylinder #1 Right - 0 40.651
Straight Flange on F&D Head #2 Left - 0 40.651
Straight Flange on F&D Head #2 Right = -1 40.651

= 1/3 depth of F&D Head #2 -3.4981 N/A

F&D Head #2 - -8.6942 N/A
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Bill of Materials

Item # Type Material Thk [in] Dia. [in] Wt. [Ib] (ea.) Qty
H1 F&D Head SA-240 304 0.2 (min.) 51.6 1D 1456 1
H2 F&D Head SA-240 304 0.2 (min.) 51.6 1D 145.4 1
Item # Type Material Thk [in] Dia. [in] Length [in] Wt. [Ib] (ea.) Qty
S1 Cylinder SA-240 304 0.1875 516ID 33.6 2975 1
Item # Type Material NPS Thk [in] Dia. [in] Length [in] Wt. [Ib]
Noz1 Nozzle SA-312 TP304L WId & smls pipe NPS 10 Sch 10S 0.165 10.750D 6.8 13
Item # Type Material Dia. [in] Length [in] Qty
C1 NPS 0.75 Class 3000 - Threaded Half Coupling SA-182 F304L <=5 1.38 0D 1 1
c2 NPS 0.5 Class 3000 - Threaded Half Coupling SA-182 F304L <=5 1.120D 0.94 1
Item # Material Thk [in] Wt. [Ib] Qty [ ft?]
Plate1 SA-240 304L 0.135 431 1.03
Plate1 - Note: Applies to nozzle pad ‘
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F&D Head #1

ASME Section VIl Division 1, 2019 Edition

Component F&D Head
Material SA-240 304 (II-D p. 88, In. 37)

Attached To Cylinder #1

et | normaiized | Fipa G | puyt | Muxligg HgwiT
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT ("F)

Internal 25 300

-20

External 15

Static Liquid Head

Condition Ps (psi) Hs (in) SG

300

Inner Diameter

Test horizontal 1.9 52.5908

51.6"

Crown Radius L 51"
Knuckle Radius r 1"
Minimum Thickness 0.2"
Inner 0"
Corrosion
Outer o"
Length Lg¢ 1"
Nominal Thickness tg¢ 0.2"
Weight (Ib)* Capacity (US gal)’
145.58 46.73

Category A joints

Corroded 145.58 46.73
Radiography

None UW-11(c) Type 1

Head to shell seam

None UW-11(c) Type 1

! includes straight flange

Results Summary
Governing condition external pressure

Minimum thickness per UG-16 0.0625" + 0" = 0.0625"
Design thickness due to internal pressure (t) | 0.1222"

Design thickness due to external pressure (tg) | 0.1545"

Maximum allowable working pressure (MAWP) | 40.91 psi

Maximum allowable pressure (MAP) 43.3 psi

Maximum allowable external pressure (MAEP) | 22.46 psi

Rated MDMT -320°F

Note: Endnote 90 used to determine allowable stress.

17/61



UHA-51 Material Toughness Requirements

B 4027-51-1
"~ 2-20,000-0.7 —0.2 - 40.27

= 0.0734"

r

t,-E"  0.0734-03
t,—c  02-0

Stress ratio = = 0.2935

Impact test exempt per UHA-51(g) (coincident ratio = 0.2935)
Rated MDMT = [ -320°F

Material is exempt from impact testing at the Design MDMT of -20°F.

2 D
i
Corroded | M = =- |:3+ <—) ] 2.5354

1
] 2.5354

Design thickness for internal pressure, (Corroded at 300 °F) Appendix 1-4(d)

P-L-M 95 .51 - 2.5354
S L. . osion = —0.1222"
55 E o2 p Teomoson =oeo.07 02,35 TO = 21222

Maximum allowable working pressure, (Corroded at 300 °F) Appendix 1-4(d)

_ 2:8S-E-t _  2.18900-07-02
T L-M+02-t ® 7 51-25354 +02-02

—0 =40.91psi

Maximum allowable pressure, (New at 70 °F) Appendix 1-4(d)

2-S-E-t 2-20,000-0.7-02

P=— — =
L-M+02-t ¢ 51-25354+02-02

—0 =433psi

Design thickness for external pressure, (Corroded at 300 °F) UG-33(e)
Equivalent outside spherical radius (R,) = Outside crown radius = 51.2 in

0125 .
A=_M5 0.125 — 0.000377
R, / t 512 / 0154426

From Table HA-1:B = 4,973.251 psi

B 4,973.251

P, = =
R, / t 512 / 01544

=15 psi

t = 0.1544" + Corrosion = 0.1544" + 0" = 0.1544"
Check the external pressure per UG-33(a)(1) Appendix 1-4(d)

67-P.-L - . .67 -15 - 51 - 253!
= L Byie v + Corrosion = kel 8a01 +0 =0.0857"
2-S-E—-02-167-P, 2-18,900-1—-02-1.67-15
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The head external pressure design thickness (tg) is 0.1544".
Maximum Allowable External Pressure, (Corroded at 300 °F) UG-33(e)
Equivalent outside spherical radius (R,) = Outside crown radius = 51.2 in

0.125 0.125

- = 0.000488
R, / t 512 / 02

A=

From Table HA-1:B = 5,749.7679 psi

B 5,749.7679

P, = =
R, /t 512/ 02

=2246 psi

Check the Maximum External Pressure, UG-33(a)(1) Appendix 1-4(d)

2-S-E-t 2-18,900-1-0.2 ]
Pr= = =35 psi
(L-M+02-t)-167 (51-2.5354 +02-0.2) - 1.67

The maximum allowable external pressure (MAEP) is 22.46 psi.

% Forming strain - UHA-44(a)(2)

-t Ry 75-02 11
EFE=(—) - (1-2L ) =(—=) - (1—=—) =136364
(Fr) (-7) = (B2 (1-%5) -
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ASME Section VIl Division 1, 2019 Edition

Straight Flange on F&D Head #1

Component Cylinder
Material SA-240 304 (II-D p. 88, In. 37)
Toced | Normalized | FLe Tran PWHT | WP
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 25 300
-20
External 15 300
Condition Ps (psi) Hs (in) SG
Test horizontal 1.9 52.5908 1
Inner Diameter 51.6"
Length 1
Nominal Thickness 0.2"
Inner 0"
Corrosion
Outer 0"
Weight (Ib) Capacity (US gal)
New 9.44 9.05
Corroded 9.44 9.05
Radiography
Longitudinal seam None UW-11(c) Type 1
Right Circumferential seam None UW-11(c) Type 1

Results Summary

Governing condition External pressure
Minimum thickness per UG-16 0.0625" + 0" = 0.0625"
Design thickness due to internal pressure (t) 0.0489"

Design thickness due to external pressure (tg) | 0.1548"

Maximum allowable working pressure (MAWP) | 102.08 psi

Maximum allowable pressure (MAP) 108.02 psi

Maximum allowable external pressure (MAEP) | 27.19 psi

Rated MDMT -320 °F
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UHA-51 Material Toughness Requirements

. 4027-258 B -
"7 20,000-07 —06-4027 ’

t,-E" _0.0743-038

= 0.2974
t, —€ 02-0

Stress ratio =

Impact test exempt per UHA-51(g) (coincident ratio = 0.2974)
Rated MDMT = -320°F
Material is exempt from impact testing at the Design MDMT of -20°F.

Design thickness, (at 300 °F) UG-27(c)(1)

PR % .958
SR S osion = — 0.0489"
S E _oe0.p oo = eorn o060 10 20489

t

Maximum allowable working pressure, (at 300 °F) UG-27(c)(1)

__ S Bt 180002 00000
R +0.60 -t

P
25.8 4-0.60 - 0.2

Maximum allowable pressure, (at 70 °F) UG-27(c)(1)

S-E-.t 2000002 o
_ _ — 108. i
R+060.t  H8t060.02 =P

External Pressure, (Corroded & at 300 °F) UG-28(c)

L _ 40651 _ —
D, 52
D

o _ _52 = 335.9886
t 0.1548

From table G: A = 0.000287
From table HA-1: B = 3,779.872 psi
4-B 4-3,779.87

B - =15 psi
3-(D,/t)  3-(52/0.1548) P

Design thickness for external pressure P, = 15 psi

t, =t + Corrosion = 0.1548 + 0 = 0.1548"

Maximum Allowable External Pressure, (Corroded & at 300 °F) UG-28(c)

40651

=0.7818
52

52
= — = 260.
02 60.0000

«|& &=

From table G: A =0.000412
From table HA-1: B = 5,302.6411 psi

4-B  4-530264
P, = =

©3-(Do/t)  3-(52/02) =27.19 psi

% Forming strain - UHA-44(a)(2)
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25.9

) =0.3861 %
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Cylinder #1

ASME Section VIl Division 1, 2019 Edition

Component Cylinder

Material SA-240 304 (II-D p. 88, In. 37)
Impact : Fine Grain Maximize MDMT/
Tested MeHETEEC Practice PWHT No MAWP
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 25 300 -
External 15 300
Static Liquid Head
Condition Ps (psi) Hs (in) SG
Test horizontal 1.9 52.5908 1

Inner Diameter 51.6"
Length 33.625"
Nominal Thickness 0.1875"
Inner 0"
Corrosion
Outer 0"

Weight and Capacity

Weight (Ib) Capacity (US gal)
New 292.4 304.4
Corroded 292.4 3044

Radiography

Longitudinal seam

None UW-11(c) Type 1

Left Circumferential seam

None UW-11(c) Type 1

Right Circumferential seam

None UW-11(c) Type 1

Governing condition

Results Summary

External pressure

Minimum thickness per UG-16

0.0625" + 0" = 0.0625"

Design thickness due to internal pressure (t) | 0.0489"
Design thickness due to external pressure (t¢) | 0.1547"
Maximum allowable working pressure (MAWP) | 95.73 psi
Maximum allowable pressure (MAP) 101.3 psi
Maximum allowable external pressure (MAEP) | 23.85 psi
Rated MDMT -320 °F
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UHA-51 Material Toughness Requirements

I 4027258
"7 20,000 - 0.7 — 0.6 - 40.27

= 0.0743"

t-E° 0074308

t, —c 01855 0 03112

Stress ratio =

Impact test exempt per UHA-51(g) (coincident ratio = 0.3172)
Rated MDMT = -320°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Design thickness, (at 300 °F) UG-27(c)(1)

PR + Corrosion = BAip +0 = 0.0489"

' =SE _om0.P 18,900 - 0.70 — 060 - 2

Maximum allowable working pressure, (at 300 °F) UG-27(c)(1)

S-E-t 18,900 - 0.70 - 0.1875 »
P= —P=_ d i —0=295.73 psi
R 4060 -t 258 +0.60 - 0.1875

Maximum allowable pressure, (at 70 °F) UG-27(c)(1)

S Bt _ 00000700185
“Rt060-t  258+060.018:5 =P8

External Pressure, (Corroded & at 300 °F) UG-28(c)

L _ 40651 _ oo
D, 5L975

D, 5.975

== = 335.9171
t 01547

From table G: A = 0.000287
From table HA-1: B = 3,779.0742 psi

4-B 4-3,779.07

= = =15 psi
3.(D,/t) _ 3-(51975/0.1547) e

Design thickness for external pressure P, = 15 psi
t, =t + Corrosion = 0.1547 +0 = 0.1547"

Maximum Allowable External Pressure, (Corroded & at 300 °F) UG-28(c)

L 40651

= = =0.7821
D, 51975

D, 5L975

= T oas 2000

From table G: A =0.000376
From table HA-1: B =4,957.965 psi

4-B 4-4,957.97 .
Pi= = =23.85 psi
3-(D,/t) 3-(51.975/0.1875)

% Forming strain - UHA-44(a)(2)
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50 -t Ry 50 - 0.1875 25.8938
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Nozzle P1 (P1)

ASME Section VIl Division 1, 2019 Edition

= k— 15

0.1338—4—

—3{ K—0.1875

D.lSSg P | __:!7 __________ % H|— — —lD.IB'IS

Note: round inside edges per UG-76(c)

Location and Orientation

Located on Cylinder #1
Orientation 135"
Nozzle center line offset to datum line | 24"

End of nozzle to shell center 31.9875"
Passes through a Category A joint No

Service Inlet (IN)
Description NPS 10 Sch 10S
Access opening No

Material specification

SA-312 TP304L WId & smis pipe (II-D p. 84, In. 38)

Inside diameter, new

10.42"

Pipe nominal wall thickness 0.165"
Pipe minimum wall thickness' 0.1444"
Corrosion allowance 0"
Projection available outside vessel, Lpr | 6"
Local vessel minimum thickness 0.1875"
Liquid static head included 0 psi

Longitudinal joint efficiency
Rein

Material specification

1

forcing Pad
SA-240 304L (II-D p. 84, In. 33)

Inner fillet, Legyq

Diameter, Dy 13.75"
Thickness, te 0.135"
Is split No

0.1875"

Outer fillet, Legs,

0.1339"
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Nozzle to vessel groove weld 0.1875"

Pad groove weld 0.135"

'Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.

UHA-51 Material Toughness Requirements Nozzle

40.27 -5.21

T 16700-1-06-4027 0.0126

r

Stress ratio = -1 = Sl = 0.0872
t, —¢C 0.1444 — 0

Impact test exempt per UHA-51(g) (coincident ratio = 0.0872)
Rated MDMT = [ -320°F
Material is exempt from impact testing at the Design MDMT of -20°F.

UHA-51 Material Toughness Requirements Pad

. 4027 -25.8 0.550"
" 20,000 -1—0.6 -40.27 )
t,-E* 0.052 -1
Stress ratio = = = 0.2774

tn—c 018750

Impact test exempt per UHA-51(g) (coincident ratio = 0.2774)
Rated MDMT = -320°F
Material is exempt from impact testing at the Design MDMT of -20°F.
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Reinforcement Calculations for MAWP

Available reinforcement per UG-37 governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in?) UG-45 Summary (in)

For P = 86.43 psi @ 300 °F

The opening is adequately reinforced The:iiozzlo passes’ U040

A A A
required | available A A Ay As welds treq tmin
1.2373 | 1.2374 |0.7183 | 0.1143 | — | 0.3579 | 0.0469 0.1183 0.1444

UG-41 Weld Failure Path Analysis Summary (lby)

All failure paths are stronger than the applicable weld loads

Weld load | Weld load | Path 1-1 | Weld load | Path 2-2 | Weld load Path 3-3
w W4 strength W,., strength W33 strength

10.191.06 | 9.810.2 |55.736.26 | 3.781.38 | 98.361.6 | 10.843.51 | 67.947.08

UW-16 Weld Sizing Summary

Weld description Rel‘;i':?i:)veld A‘:;:' (\ir:‘e)ld Status
Nozzle to pad fillet (Legy1) 0.0945 0.1312 | weld size is adequate
Pad to shell fillet (Legy,) 0.0675 0.0937 weld size is adequate

Calculations for internal pressure 86.43 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
L = max [d,R, +(t, —C,) +(t —C)]

= max [10.42,5.21 + (0.165 — 0) + (0.1875 — 0)]

= 1042 in

Outer Normal Limit of reinforcement per UG-40

Ly = min 25 - (t —C),25 - (t, —Cr) +t.]
= min (25 - (0.1875 — 0),2.5 - (0.165 — 0) +0.135]
= 04688 in

Nozzle required thickness per UG-27(c)(1)

P-R,
S,-E—06-P
86.4343 - 5.21
16,700 -1 — 0.6 - 86.4343
= 0.027 in

b =

Required thickness t; from UG-37(a)

P-R
§-E—-06-P

86.4343 - 25.8
18,900 - 1 — 0.6 - 86.4343

= 0.1183 in
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Required thickness t; per Interpretation VilI-1-07-50

o= B
S-E—06-P
_ 86.4343 - 25.8
18,900 - 0.7 — 0.6 - 86.4343
= 01602 in

Area required per UG-37(c)

Allowable stresses: S, = 16,700, Sy = 18,900, Sy, = 16,700 psi

S
fr1 = lesser of 1 or S—" =0.8836

v

fro = lesser of 1 or % =0.8836

v

s
fi3 = lesser of fp or S—" =0.8836

S
frqa = lesser of 1 or 3,1 =0.8836

v

det, F+2-t, t, - F-(1—fn)
1042 -0.1183 -1 +2-0.165 - 0.1183 - 1 - (1 — 0.8836)

A

1.2373 in?

Area available from FIG. UG-37.1

A4 = larger of the following= 0.7183 in2
= d-(By-t—F-t,)—2-t,-(B1-t—F-t,)-(1—fn)
= 1042 - (1-0.1875 —1-0.1183) —2-0.165 - (1 - 0.1875 — 1 - 0.1183) - (1 — 0.8836)
= 0.7183 in>

= 2-(t+t) (Byt—F-t,)=2-t, - (Br-t—F -t)-(1—fu)
= 2.(0.1875+0.165) - (1-0.1875 —1-0.1183) —2-0.165 - (1 - 0.1875 — 1 - 0.1183) - (1 — 0.8836)

0.0461 in?

A, = smaller of the following= 0.1143 in?

5- (tu 7trn) 'fr'l -t

= 5-(0.165 — 0.027) - 0.8836 - 0.1875

= 0.1143 in?

= 2 (tn —trm) - (25 -ty +tc) fra

= 2. (0.165 — 0.027) - (2.5 - 0.165 + 0.135) - 0.8836

= 0.1335 in?
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Ayt = Leg

*fi

= 0.1875 2 - 0.8836
= 0.0311in2

A = Leg

2'fr4

= 0.1339 2 . 0.8836
= 0.0158in?

A5 = ( Dp

= (13.75 — 1042 — 2 - 0.165) - 0.135 - 0.8836

_d_2'tu)'tcﬁ'fr4

= 0.3579in?

Area = Ay +As + Ay + A+ Ay

= 0.7183 +0.1143 + 0.0311 + 0.0158 + 0.3579

=  1.2374in?

As Area >= A the reinforcement is adequate.

UW-16(c)(2) Weld Check

Inner fillet: tmin

tc{miu)

toatua) =0.7-Leg =0.7-0.1875 = 0.1313 in

Outer fillet: tmin

Il

= min [0.25,0.7 - t,] = 0.0945 in

= min [0.75,t,,¢] = 0.135in

tu(min) =05 -tpin = 0.0675 in

tw(mtuu])

UG-45 Nozzle Neck Thickness Check

tauG-27 =

th1 =

tn =

P. Rn
S,-E—-06-P
86.4343 - 5.21
16,700 - 1 — 0.6 - 86.4343

+ Corrosion

+0

0.027 in

max [tuc-27,tauc-22]
max [0.027,0
0.027 in

P-R
S-E—-06-P

86.4343 - 25.8
18,900 -1 — 0.6 - 86.4343

0.1183 in

+ Corrosion

+0

max [ty , o]
max [0.1183,0.0625)
0.1183 in

min [0.75,¢,,t.] = 0.135 in

=0.7-Leg = 0.7-0.1339 = 0.0937 in
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ty = min [t]g; ,tbl]
= min [0.3194,0.1183]
= 0.1183 in

tuc-45 = max [tq,ts]

= max [0.027,0.1183]

0.1183 in
Available nozzle wall thickness new, t, = 0.875 - 0.165 = 0.1444 in
The nozzle neck thickness is adequate.

Allowable stresses in joints UG-45 and UW-15(c)

Groove weld in tension: 0.74 - 18,900 = 13,986 psi
Nozzle wall in shear: 0.7 -16,700 = 11,690 psi
Inner fillet weld in shear: 0.49 - 16,700 = 8,183 psi

Outer fillet weld in shear: 049 - 16,700 = 8,183 psi
Upper groove weld in tension: 0.74 - 16,700 = 12,358 psi

Strength of welded joints:

(1) Inner fillet weld in shear
% -NozzZle OD - Leg - S; = % -10.75 - 0.1875 - 8,183 = 25,908.49 Iby

(2) Outer fillet weld in shear
% -PadOD - Leg - S, = g -13.75 - 0.1339 - 8,183 = 23,665.5 Ib¢

(3) Nozzle wall in shear

g- - Mean nozzle dia - t,, - S, = — - 10.585 - 0.165 - 11,690 = 32,070.76 lb¢

T
2

(4) Groove weld in tension
% -Nozzle OD - t,, - S5 = g -10.75 - 0.1875 - 13,986 = 44,281.58 Ibs

(6) Upper groove weld in tension
Z Nowle OD -t,, - 5, = g -10.75 - 0.135 - 12,358 = 28,171.52 by

Loading on welds per UG-41(b)(1)

w = (A—A1+2t - frn-(B1-t—F-t,))-S,
= (1.2373 —0.7183 +2-0.165 - 0.8836 - (1 - 0.1875 — 1 - 0.1183)) - 18,900
= 10.191.06 Ibf
Wiq = (Ay + A5 +Aq +Agp)- S,
= (0.1143 +0.3579 + 0.0311 + 0.0158) - 18,900
Wy = (Ay + A3+ Ay + A3 +2-t, -t 1)+ Sy
= (0.1143 + 0+ 0.0311 + 0+ 2 - 0.165 - 0.1875 - 0.8836) - 18,900
= 3.781.38 Ibf
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W3—3 (AZ +AJ+A5 +A41+A42+A43+2'tn't'frl)'su
(0.1143 +0 +0.3579 +0.0311 + 0.0158 + 0 + 2 - 0.165 - 0.1875 - 0.8836) - 18,900

10.843.51 Ibg

1}

Load for path 1-1 lesser of W or W4_4 = 9,810.2 Ib¢
Path 1-1 through (2) & (3) = 23,665.5 + 32,070.76 = 55.736.26 Ib¢
Path 1-1 is stronger than Wy_4 so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or Wy_, = 3,781.38 Ib¢
Path 2-2 through (1), (4), (6) = 25,908.49 + 44,281.58 + 28,171.52 = 98.361.6 Ib¢
Path 2-2 is stronger than W_ so it is acceptable per UG-41(b)(1).

Load for path 3-3 lesser of W or W3.3 = 10,191.06 Ib¢
Path 3-3 through (2), (4) = 23,665.5 + 44,281.58 = 67.947.08 Ib¢
Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).
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Reinforcement Calculations for MAP

Available reinforcement per UG-37 governs the MAP of this nozzle.

UG-37 Area Calculation Summary (in?) UG-45 Summary (in)

For P =90.26 psi @ 70 °F

The opening is adequately reinforced THe nozile passey DOUG

A A A
required | available A1 i L | welds treq tmin
1.2229 1.223 |0.7334 | 0.107 | — | 0.3382 | 0.0444 0.1167 0.1444

UG-41 Weld Failure Path Analysis Summary (lby)

All failure paths are stronger than the applicable weld loads

Weld load | Weld load | Path 1-1 | Weld load Path 2-2 Weld load Path 3-3
w W4 strength W, strength W;.3 strength

10.179.74 | 9.791.5 | 55.736.26 | 3.761.31 | 100.938.83 | 10.824.81 | 70.524.32

Calculations for internal pressure 90.26 psi @ 70 °F
Parallel Limit of reinforcement per UG-40
L = max [d, R, +(t, —C,) +(t —C)]
= max [10.42,5.21 + (0.165 — 0) + (0.1875 — 0))
= 1042 in

Outer Normal Limit of reinforcement per UG-40

LH

min [25-(t —C),25- (t, — Cr) +1t.]
min 2.5 - (01875 — 0),2.5 - (0.165 — 0) + 0.135)

1}

0.4688 in

Nozzle required thickness per UG-27(c)(1)

P-R,
S,-E—06-P
90.2585 - 5.21
16,700 - 1 — 0.6 - 90.2585

= 0.0283 in

trn =

Required thickness t,; from UG-37(a)

P-R
S-E-06-P
90.2585 - 25.8
20,000 - 1 — 0.6 - 90.2585

= 0.1168 in

Required thickness t; per Interpretation VIII-1-07-50
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P-R

tt = S S
S-E—06-P
_ 90.2585 - 25.8
- 20,000 - 0.7 — 0.6 - 90.2585
= 0167 in

Area required per UG-37(c)

Allowable stresses: Sy, = 16,700, S, = 20,000, S, = 16,700 psi

SH
fry = lesser of 1 or 35 =0.835

v

Sn
fro = lesser of 1 or 5 0.835

v

Sp
fr3 = lesser of fip or 3" 0.835

v

S,
frqg = lesser of 1 or —— =0.835

v

A

d-t,-F42-t, t,-F-(1—fn)

1042 -0.1168 -1 +2-0.165 - 0.1168 - 1 - (1 — 0.835)

1.2229 in?

Area available from FIG. UG-37.1
A1 = larger of the following= 0.7334 in2
= d-(Ey-t—F-t.)—2-t, - (Ey -t —F-t,)-(1— fn)

= 1042-(1-0.1875 —1-0.1168) —2-0.165 - (1 - 0.1875 — 1 - 0.1168) - (1 — 0.835)

= 0.7334 in?

= 2-(t+ty) (B -t—F-t,) =2t - (BE1-t—F -1,.)-(1— f)
= 2-(0.1875+0.165) - (1-0.1875 —1-0.1168) —2-0.165 - (1 - 0.1875 — 1 - 0.1168) - (1 — 0.835)

= 0046 in®
A, = smaller of the following= 0.107 in2
= 5'(tn7trn)'fr2't
= 5-(0.165 — 0.0283) - 0.835 - 0.1875

= 0107 in?

= 2-(tn —tm) - (25 -ty +te) - fi2
= 2-(0.165 — 0.0283) - (2.5 - 0.165 + 0.135) - 0.835

= 0125 in?

Ayt = Leg®-fa
= 01875%.0.835
= 0.0294 in?
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A42 = LEQZ'fM

= 0.13397%.0835

= 0.015in2

A5 = (Dp_d_Q'tn)'te'fr-l
= (13.75—1042 —2-0.165) - 0.135 - 0.835
= 0.3382in?

Area = Ai+Ar+An+An+4s
= 0.7334 +0.107 +0.0294 + 0.015 + 0.3382
= 1.223in?

As Area >= A the reinforcement is adequate.

UG-45 Nozzle Neck Thickness Check

PR
taug-27 = m + Corrosion

B 90.2585 - 5.21 i
16,700 - 1 — 0.6 - 90.2585

= 00283 in

ta = max [twe-ar,tawe-2]
= max [0.0283,0]
= 00283 in
tp1 = % + Corrosion
90.2585 - 25.8
20,000 -1 — 0.6 - 90.2585
= 0.1167 in

to = max [ty ,tucis]
= max [0.1167,0.0625]
= 0.1167 in

73 = min [tba ,tbl}
= min [0.3194,0.1167]
= 0.1167 in

tuc-15 = max [t,,t)
= max [0.0283,0.1167]
= 0.1167 in

Available nozzle wall thickness new, t, = 0.875 - 0.165 = 0.1444 in
The nozzle neck thickness is adequate.

Allowable stresses in joints UG-45 and UW-15(c)
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Groove weld in tension: 0.74 - 20,000 = 14,800 psi
Nozzle wall in shear: 0.7 -16,700 = 11,690 psi
Inner fillet weld in shear: 0.49 - 16,700 = 8,183 psi
Outer fillet weld in shear: 049 - 16,700 = 8,183 psi

Upper groove weld in tension: 0.74 - 16,700 = 12,358 psi

Strength of welded joints:

(1) Inner fillet weld in shear
g -Nozzle OD -Leg - S; = 12r- -10.75 - 0.1875 - 8,183 = 25,908.49 Ib¢

(2) Outer fillet weld in shear
g .PadOD - Leg - S, = % -13.75 - 0.1339 - 8,183 = 23,665.5 Ibg

(3) Nozzle wall in shear
g -Mean nozzle dia - £, - S, = ; -10.585 - 0.165 - 11,690 = 32,070.76 Ibg

(4) Groove weld in tension
% -NozAe OD - t,, - S, = g -10.75 - 0.1875 - 14,800 = 46,858.82 Iby

4

(6) Upper groove weld in tension
g -Nozze OD -t,, - S, = g -10.75 - 0.135 - 12,358 = 28,171.52 Iby

Loading on welds per UG-41(b)(1)

W = (A=A 42t -fu- (B -t—F-t,))-8,
= (12229 —0.7334 +2-0.165 - 0.835 - (1 - 0.1875 — 1 - 0.1168)) - 20,000
= 10179.74 Ib;

Wig = (A + A5 + A +Ay2) - S,
= (0.107 +0.3382 + 0.0294 + 0.015) - 20,000
= 97915Ibf

Wop = (A2 +A3+An +A3+2-8,-t- fn)- S,
= (0.107 +0+0.0294 + 0 +2 - 0.165 - 0.1875 - 0.835) - 20,000
= 3761.31Ib

W33 = (Ax + A3 +As +Apn+Ap+Ap+2-t,-t-fa)-S,
= (0.107 +0 + 0.3382 + 0.0294 + 0.015 + 0 + 2 - 0.165 - 0.1875 - 0.835) - 20,000
= 10.824.81 Ibs

Load for path 1-1 lesser of W or Wq_4 = 9,791.5 Ib¢
Path 1-1 through (2) & (3) = 23,665.5 + 32,070.76 = 55.736.26 Ib¢
Path 1-1 is stronger than Wq_1 so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or Wo_» = 3,761.31 Ib¢
Path 2-2 through (1), (4), (6) = 25,908.49 + 46,858.82 + 28,171.52 = 100.938.83 Ib¢
Path 2-2 is stronger than W,_, so it is acceptable per UG-41(b)(1).

Load for path 3-3 lesser of W or W33 = 10,179.74 Ib¢
Path 3-3 through (2), (4) = 23,665.5 + 46,858.82 = 70.524.32 Ib¢
Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).
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Reinforcement Calculations for MAEP

UG-37 Area Calculation Summary (in?) UG-45 Summary (in)

For Pe = 15.71 psi @ 300 °F
The opening is adequately reinforced Thenazzle passes UG-45

A A A
required | available A 62 As As welds treq tmin
0.8252 | 0.8254 |0.3082|0.1124 | — | 0.3579 | 0.0469 0.0625 0.1444

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Weld description Reqs"i';r:z:)u'd A‘;?;:' (‘::1e)ld Status
Nozzle to pad fillet (Legy4) 0.0945 0.1312 | weld size is adequate
Pad to shell fillet (Leg,) 0.0675 0.0937 | weld size is adequate

Calculations for external pressure 15.71 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
L = max [d, R, + (t, —C,) + (t —C)]

= max [10.42,5.21 + (0.165 — 0) + (0.1875 — 0)]

= 1042 in

Outer Normal Limit of reinforcement per UG-40

Ly = min 25 - (t —C),25 - (t, —C,) +1e|
= min 25 - (0.1875 —0),2.5 - (0.165 — 0) +0.135)
= 0.4688 in

Nozzle required thickness per UG-28 t,, = 0.0294 in

From UG-37(d)(1) required thickness t; = 0.1578 in

Area required per UG-37(d)(1)

Allowable stresses: S, = 16,700, S, = 18,900, S, = 16,700 psi

Sn
frq = lesser of 1 or 3 0.8836

v

Sn
fro = lesser of 1 or o 0.8836

v

SP
fr3 = lesser of fo or 3 =0.8836

v

SP
fr4 = lesser of 1 or 3" 0.8836

v
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5.-(d -ty -F+2-t, -t,-F-(1—fn))
05 - (1042 -0.1578 - 1 +2- 0.165 - 0.1578 - 1 - (1 — 0.8836))
0.8252 in?

Area available from FIG. UG-37.1

A = larger of the following= 0.3082 in?

do{By it =Foby) = Bety o (B st=F-8,) (L~ £51)
1042 - (1-0.1875 —1-0.1578) —2-0.165 - (1 - 0.1875 — 1 - 0.1578) - (1 — 0.8836)

0.3082 in?®

2'(t+tn)'(El 't_F'tr)Az'tn '(El't_F'tr)'(]-_frl)

2-(0.1875 +0.165) - (1-0.1875 —1-0.1578) —2- 0.165 - (1 - 0.1875 — 1 - 0.1578) - (1 — 0.8836)

0.0198 in?

A, = smaller of the following= 0.1124 in?

Area =

5- (tn _trn) 'fr?. -t
5-(0.165 — 0.0294) - 0.8836 - 0.1875

0.1124 in?

2 (tn —tm) - (25 -ty +tc) - fi2
2-(0.165 — 0.0294) - (255 - 0.165 + 0.135) - 0.8836

0.1312 in®

L692 " fr3
0.1875 2 - 0.8836
0.0311 in2

Leg2 - fra
0.1339 2 . 0.8836
0.0158 in?

(D —d —2-1,) - te - fry

(13.75 —10.42 — 2. 0.165) - 0.135 - 0.8836
0.3579 in?

A1 +A2 +A41 +A42 +A5

0.3082 -+ 0.1124 + 0.0311 + 0.0158 + 0.3579
0.8254 in?

As Area >= A the reinforcement is adequate.

UW-16(c)(2) Weld Check

Iner fillet: tyw = min [0.75,4,,£,] = 0.135in

tqmn) = min [0.25,0.7 - ty] = 0.0945 in

tatuay = 0.7-Leg =0.7-0.1875 =0.1313 in
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Outer fillet: tmin = min [0.75,¢.,t] = 0.135in

buf

w(imin)

=0.5 - iy = 0.0675 in

tu(atuay = 0.7-Leg = 0.7 -0.1339 = 0.0937 in

UG-45 Nozzle Neck Thickness Check

tauG-28 = 0029 in
ta = max [taG-2s ,taug-22]
= max [0.0294,0]
= 0.0294 in
P-R
th2 = W + Corrosion
B 15.7101 - 25.8 +0
- 18,900 - 1 — 0.6 - 15.7101
= 0.0215 in
ti = max (b, twcie]

= max [0.0215,0.0625]

= 0.0625 in

Ly = min [t3,tm]
= min [0.3194,0.0625]
= 0.0625 in

tuG-45 = max [t,,ts)

= max [0.0294, 0.0625]
= 0.0625 in

Available nozzle wall thickness new, t, = 0.875 - 0.165 = 0.1444 in

The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 300 °F) UG-28(c)

L 6.5619
—= = 0.6104
D, 10.75
D = 1075 = 366.2566
t 0.029

From table G: A = 0.000326
From table HA-3: B =4,315.2581 psi

_ 4-B 4-43152
“ 7 3.(D,/t)  3-(10.75/0.0294)

S|

=15.71 psi

Design thickness for external pressure P, = 15.71 psi

t, =t + Corrosion = 0.0294 + 0 = 0.0294"

39/61



Nozzle P3 (P3)

ASME Section VIl Division 1, 2019 Edition

K—0.1875

0187) | - |
l '

Note: round inside edges per UG-76(c)

Location and Orientation

Located on Cylinder #1

Orientation 0°

Nozzle center line offset to datum line | 16.625"

End of nozzle to shell center 26.7908"

Passes through a Category A joint No

Service Pressure Relief Valve (PRV)

Description NPS 0.75 Class 3000 - Threaded Half Coupling
Access opening No

Material specification SA-182 F304L <=5 (lI-D p. 84, In. 29)

Inside diameter, new 1.06"

Nominal wall thickness 0.16"

Corrosion allowance 0"

Projection available outside vessel, Lpr | 0.8033"

Local vessel minimum thickness 0.1875"
Liquid static head included 0 psi
Longitudinal joint efficiency 1

Inner fillet, Legy4 0.1875"
Nozzle to vessel groove weld 0.1875"
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UHA-51 Material Toughness Requirements Nozzle

40.27 - 0.53

= = .0013"
16,700 - 1 — 0.6 - 40.27 g

r

*

t,-E°  00013-1

L = = 0.008
t, —c 0.16 -0

Stress ratio =

Impact test exempt per UHA-51(g) (coincident ratio = 0.008)
Rated MDMT = -320°F
Material is exempt from impact testing at the Design MDMT of -20°F.

41/61



Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

For P =136.76 psi @ 300 °F The nozzle passes UG-44
A A A .
required available K | Bz | A | Ay welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0625 0.16

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

" Required weld | Actual weld
Weld:deseripton throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg,4) 0.0937 0.1312 weld size is adequate

Calculations for internal pressure 136.76 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
L = max [d,R, + (t, —Cp) + (t —C)]

= max [1.06,0.53 + (0.16 — 0) + (0.1875 — 0)]

= 1.06 in

Outer Normal Limit of reinforcement per UG-40

Ly min 25 (t —C),25- (t, —Cr) +t.]

min 25 - (0.1875 —0),25 - (0.16 — 0) +0]

04 in
Nozzle required thickness per UG-27(c)(1)

P-R,
S,-E—-06-P

136.7576 - 0.53
16,700 - 1 — 0.6 - 136.7576

= 0.0044 in

tI'I’l =

Required thickness t. from UG-37(a)

P-R
S-E—-06-P
136.7576 - 25.8
18,900 -1 — 0.6 - 136.7576
= 0.1875 in

Required thickness t. per Interpretation VIII-1-07-50
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P-R
S-E—-06-P

136.7576 - 25.8
18,900 - 0.7 — 0.6 - 136.7576

0.2684 in

o

This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: i, = min [0.75,%,,¢] = 0.16in
tmin) = min [0.09375,0.7 - t,, | = 0.0937 in
tL(uuqu) =0.7-Leg =0.7-0.1875 = 0.1313 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-44 Thickness Check - ASME B16.11 Coupling

P-R, .
taApp 1-1 = W + Corrosion

- 136.7576 - 0.69 +0
16,700 - 1 4- 0.4 - 136.7576

= 00056 in

taUG-44 = maX [tappi1, twcis]
= max [0.0056, 0.0625]
= 0.0625 in

Available nozzle wall thickness new, t, = 0.16 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-37 Area Calculation Summary (in?) UG-44 Summary (in)

For P =144.72 psi @ 70 °F The nozzle passes UG-44
A A A )
required available At | Az | As | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0625 0.16

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

Calculations for internal pressure 144.72 psi @ 70 °F
Parallel Limit of reinforcement per UG-40
lr = max [d, Ry + (tn — Ch) + (¢ = C))]

= max [1.06,053 + (0.16 — 0) + (0.1875 — 0)]

= 1.06 in

Outer Normal Limit of reinforcement per UG-40

Ly min 25 (t —C),25 - (t, — C,) +1t
= min [25 - (0.1875 —0),25 - (0.16 — 0) + 0]

= 04 in
Nozzle required thickness per UG-27(c)(1)
P-R,

S.-E—06-P

144.7199 - 0.53
16,700 - 1 — 0.6 - 144.7199

0.0046 in

trn

Required thickness t; from UG-37(a)

P-R
S-E—-06-P
144.7199 - 25.8
20,000 -1 — 0.6 - 144.7199
= 0.1875 in

Required thickness t; per Interpretation VIII-1-07-50

P.R
S-E—-06-P

144.7199 - 258
20,000 - 0.7 — 0.6 - 144.7199

= 0.2684 in

This opening does not require reinforcement per UG-36(c)(3)(a)

UG-44 Thickness Check - ASME B16.11 Coupling
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P-R
taApp 1-1 = m + Corrosion

_ 144.7199 - 0.69 +0
16,700 - 1 + 0.4 - 144.7199

= 0.006 in

LaUG-44 = max [tuppi-1, UGG
= max [0.006, 0.0625]
= 0.0625 in

Available nozzle wall thickness new, t, = 0.16 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAEP

For Pe = 23.85 psi @ 300 °F The nozzle passes UG-45
A A A )
required available M A ] As | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0625 0.16

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

P Required weld | Actual weld
Weld deseription throat size (in) | throat size (in) diata
Nozzle to shell fillet (Legy¢) 0.0937 0.1312 weld size is adequate

Calculations for external pressure 23.85 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
LR = max [dan +(tn _Cn)+(t40)]

= max [1.06,0.53 + (0.16 — 0) + (0.1875 — 0)]

1.06 in
Outer Normal Limit of reinforcement per UG-40

Ly

min [25 - (£ — C),25 - (t, —Cp) +te|

min 25 - (0.1875 —0),25 - (0.16 —0) + 0]

04 in

Nozzle required thickness per UG-28 t,,, = 0.0047 in

From UG-37(d)(1) required thickness t, = 0.1875 in

This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: ¢, = min [0.75,¢,,t] = 0.16 in
tomin) = min [0.09375,0.7 - tpin] = 0.0937 in
toacua) = 0.7 -Leg =0.7-0.1875 = 0.1313 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-45 Nozzle Neck Thickness Check

tauG-28 = 0.0047 in

t, = max [twe-28,tac-22]
= max [0.0047,0]
= 0.0047 in
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P-R

th2 = ———  — + Corrosion
S-E—-06-P
23.8478 - 25.8
18,900 - 1 — 0.6 - 23.8478
= 0.0326 in
tin = max (¢, tweis )

= max [0.0326,0.0625]

= 0.0625 in

ty = min [tm,tbg]
= min [0.1225,0.0625]
= 0.0625 in

tug-15 = max [t,,t

= max [0.0047,0.0625]
= 00625 in

Available nozzle wall thickness new, t, = 0.16 in

The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 300 °F) UG-28(c)

L 0.8124
D, 13 0.5887
D, 1.38
—_—= = 295.9207
t 0.0047 .

From table G: A =0.000453
From table HA-3: B = 5,292.8081 psi

4-B  4-520281
3-(D,/t)  3-(1.38/0.0047)

. =

Design thickness for external pressure P, = 23.85 psi

=9385 psi

t, =t + Corrosion = 0.0047 +0 = 0.0047"
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D.1B75\L

Nozzle P6 (P6)

ASME Section Vil Division 1, 2019 Edition

T

Note: round inside edges per UG-76(c)

Location and Orientation

Located on

Cylinder #1

Orientation

180°

Nozzle center line offset to datum line | 16.625"

End of nozzle to shell center 26.7339"

Passes through a Category A joint No

Service Drain (DRN)

Description NPS 0.5 Class 3000 - Threaded Half Coupling
Access opening No

Material specification

SA-182 F304L <= 5 (II-D p. 84, In. 29)

Inside diameter, new 0.84"
Nominal wall thickness 0.14"
Corrosion allowance 0"

Projection available outside vessel, Lpr | 0.7464"

Inner fillet, Legyq

Local vessel minimum thickness 0.1875"
Liquid static head included 0 psi
Longitudinal joint efficiency 1

0.1875"

Nozzle to vessel groove weld 0.1875"
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UHA-51 Material Toughness Requirements Nozzle

40.27 - 042

tr = = . 1"
16,700 - 1 — 0.6 - 40.27 0.00

*

t-E 0001-1

= = 0.0073
t, —c 0.14 -0

Stress ratio =

Impact test exempt per UHA-51(g) (coincident ratio = 0.0073)
Rated MDMT = -320°F

Material is exempt from impact testing at the Design MDMT of -20°F.
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Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in?) UG-44 Summary (in)

For P = 136.76 psi @ 300 °F The nozzle passes UG-44
A A A X
required available HE N R welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0625 0.14

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

thae Required weld | Actual weld
Wold deseription throat size (in) | throat size (in) Status
Nozzle to shell fillet (Legy4) 0.0937 0.1312 weld size is adequate

Calculations for internal pressure 136.76 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
lr = max [d, R, + (t, —Cn) +(t —C))

= max [0.84,0.42 + (0.14 — 0) + (0.1875 — 0)]

= 084 in

Outer Normal Limit of reinforcement per UG-40

Ly =  min[25-(6—C),25-(ta —Cn) +to]
= min [25- (01875 —0),25 - (0.14 — 0) +0]
= 035 in

Nozzle required thickness per UG-27(c)(1)
P-R,
S,.-E—06-P

136.7576 - 0.42
16,700 - 1 — 0.6 - 136.7576

tm =

0.0035 in

Required thickness t, from UG-37(a)

P-R
S-E—-06-P
136.7576 - 25.8
18,900 -1 — 0.6 - 136.7576

= 0.1875 in

Required thickness t; per Interpretation VIlI-1-07-50
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P-R
S-E—-06-P
136.7576 - 25.8
18,900 - 0.7 — 0.6 - 136.7576

= 0.2684 in

=

This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: #,4, = min [0.75,¢,,t] = 0.14 in
tominy = min [0.09375,0.7 -, ] = 0.0937 in
toutuay = 0.7-Leg =0.7-0.1875 = 0.1313 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-44 Thickness Check - ASME B16.11 Coupling

P-R, .
Wl = e P T oo
. 136.7576 - 0.56 40
16,700 - 1 + 04 - 136.7576
== 0.0046 in
taUG-14 = max [teApp1-1, tG16]

= max [0.0046, 0.0625]

0.0625 in
Available nozzle wall thickness new, t, = 0.14 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-37 Area Calculation Summary (in?) UG-44 Summary (in)
For P =144.72 psi @ 70 °F The nozzle passes UG-44
A A A
required available A Az | As | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0625 0.14

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

Calculations for internal pressure 144.72 psi @ 70 °F
Parallel Limit of reinforcement per UG-40
Ll = max [d, R, + (t, —C,) +(t —C)]

= max [0.84,0.42 + (0.14 — 0) + (01875 — 0)]

= 0.84 in

Outer Normal Limit of reinforcement per UG-40

L min 25 - (t —C),25 - (ta — Cn) +1.]
min [25 - (0.1875 —0),2.5 - (0.14 — 0) +0]

035 in

1}

Nozzle required thickness per UG-27(c)(1)

P-R,
S.-E—06-P

144.7199 - 0.42
16,700 - 1 — 0.6 - 144.7199

0.0037 in

tm

Required thickness t; from UG-37(a)

P-R
S-E—-06-P
144.7199 - 25.8
20,000 - 1 — 0.6 - 144.7199
= 0.1875 in

Required thickness t; per Interpretation VIII-1-07-50

P-R
S-E-06-P

144.7199 - 25.8
20,000 - 0.7 — 0.6 - 144.7199

0.2684 in

This opening does not require reinforcement per UG-36(c)(3)(a)

UG-44 Thickness Check - ASME B16.11 Coupling
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P-R
tapp 1-1 = m + Corrosion

B 1447199 - 0.56 o
16,700 - 1+ 0.4 - 144.7199

= 00048 in

taUG-14 = maxX [tupp 11, twGLS]
= max [0.0048, 0.0625]
= 0.0625 in

Available nozzle wall thickness new, t, = 0.14 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAEP

UG-37 Area Calculation Summary (in?) UG-45 Summary (in)
For Pe = 23.85 psi @ 300 °F The nozzle passes UG-45
A A A _
required available M Ay As As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0625 0.14

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

gt Required weld | Actual weld
Weld'desctijption throat size (in) | throat size (in) Status
Nozzle to shell fillet (Leg,4) 0.0937 0.1312 weld size is adequate

Calculations for external pressure 23.85 psi @ 300 °F

Parallel Limit of reinforcement per UG-40

Lr = max [daRn +(tn _Cn)+(t_c)]
= max [0.84,0.42 + (0.14 — 0) + (0.1875 —0)]
= 084 in

Outer Normal Limit of reinforcement per UG-40

Lh =  mn[25-(t—C),25-(t. —Cu) +t]
= min [2.5 - (0.1875 —0),25 - (0.14 —0) +0]
= 0.35 in

Nozzle required thickness per UG-28 t., = 0.0039 in

From UG-37(d)(1) required thickness t, = 0.1875 in

This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: ¢y = min [0.75,¢,,t] = 0.14in
to(min) = min [0.09375,0.7 - min] = 0.0837 in
tqatuay = 0.7 -Leg =0.7-0.1875 = 0.1313 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-45 Nozzle Neck Thickness Check

tauG-28 = 0.0039 in

tq = max [tug-2s,taug-22]
= max [0.0039, 0]
= 0.0039 in
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P-R

th2 - —_——  + Corrosion
S-E-06-P
23.8478 - 25.8
- +0
18,900 -1 — 0.6 - 23.8478
= 0.0326 in
ti = max [tp,twers)

= max [0.0326,0.0625)
= 00625 in

Ly = min [tl,g ’ tin }
= min [0.1164,0.0625]
= 0.0625 in

tuc-us = max [t,,ts)
= max [0.0039,0.0625]
= 0.0625 in

Available nozzle wall thickness new, t, = 0.14 in
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 300 °F) UG-28(c)

L 07525
= _2P% _ 6mis
D, 112 ‘
D, 1.12

= e = 2850271

From table G: A =0.000419
From table HA-3: B = 5,112.9845 psi

P 4-B _ 4-5112.98 — 2384 psi
3-(D,/t)  3-(1.12/0.0039)

Design thickness for external pressure P, = 23.84 psi

t, =t + Corrosion = 0.0039 +0 = 0.0039"
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Straight Flange on F&D Head #2

ASME Section VIl Division 1, 2019 Edition

Component Cylinder
Material SA-240 304 (lI-D p. 88, In. 37)
Impact : Fine Grain Maximize MDMT/
Tested Noialized Practice R No MAWP
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 25 300
-20
External 15 300
Static Liquid Head
Condition Ps (psi) Hs (in) SG
Test horizontal 1.9 52.5908 1

Inner Diameter 51.6"
Length 1™
Nominal Thickness 0.2"
Inner 0"
Corrosion
Outer 0"

Weight and Capacity

Longitudinal seam

Weight (lb) Capacity (US gal)
New 9.44 9.05
Corroded 9.44 9.05

Radiography

None UW-11(c) Type 1

Left Circumferential seam

None UW-11(c) Type 1

Results Summary

Governing condition External pressure
Minimum thickness per UG-16 0.0625" + 0" = 0.0625"
Design thickness due to internal pressure (t) | 0.0489"

Design thickness due to external pressure (tg) | 0.1548"

Maximum allowable working pressure (MAWP) | 102.08 psi

Maximum allowable pressure (MAP) 108.02 psi

Maximum allowable external pressure (MAEP) | 27.19 psi

Rated MDMT -320 °F
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UHA-51 Material Toughness Requirements

. 40.27-25.8 3 0.0743"
"7 20,000-07 —0.6-4027 ’

t--E" 0074308

= = .2974
t, —c 02-0 0.29%

Stress ratio =

Impact test exempt per UHA-51(g) (coincident ratio = 0.2974)
Rated MDMT = -320°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Design thickness, (at 300 °F) UG-27(c)(1)

P-R 2%.258
ST ‘osion = = 0.0489"
S E 050 P ComOson = Tee 010 —060. %5 1 °

t

Maximum allowable working pressure, (at 300 °F) UG-27(c)(1)

__S-E-t _, _ 1890-070-02 _ 0= 102.08 psi
R +0.60-¢

® 258+060-02
Maximum allowable pressure, (at 70 °F) UG-27(c)(1)

S-E-t  20000-070-02

= = = 108.02 psi
R +0.60 -t 25.8 +0.60 - 0.2

External Pressure, (Corroded & at 300 °F) UG-28(c)

L _ 40651 _ooe
D,

Do 32 _ 339885
t 01548

From table G: A =0.000287
From table HA-1: B = 3,779.872 psi

_ 4-B 4377987
7 3.(D,/t)  3-(52/0.1548)

=

=15 psi

Design thickness for external pressure P, = 15 psi

t, =t + Corrosion = 0.1548 +-0 = 0.1548"

Maximum Allowable External Pressure, (Corroded & at 300 °F) UG-28(c)

L 40651

D, " = 0.7818
D, 52

= — =260.
> 02 60.0000

From table G: A =0.000412
From table HA-1: B =5,302.6411 psi

: 4530264
p__4B

= = =27.19 psi
3.(D,jt)  3-(202) ——F

% Forming strain - UHA-44(a)(2)
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-5

25.9

) =0.3861%
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F&D Head #2

ASME Section VIl Division 1, 2019 Edition

Component F&D Head
Material SA-240 304 (lI-D p. 88, In. 37)
Attached To Cylinder #1
Totted |Normalized | FREZIZR | pwhr | Mg we
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 25 300 -
External 15 300
Static Liquid Head
Condition Ps (psi) Hs (in) SG
Test horizontal 19 52.5908 1
Inner Diameter 51.6"
Crown Radius L 51.6"
Knuckle Radius r 1"
Minimum Thickness 0.2"
Corrosion L L
Outer 0"
Length Lg¢ 1"
Nominal Thickness ts¢ 0.2"
Weight (Ib)* Capacity (US gal)’
New 145.36 46.32
Corroded 145.36 46.32

Category A joints

None UW-11(c) Type 1

Head to shell seam

None UW-11(c) Type 1

! includes straight flange

Governing condition

external pressure

Minimum thickness per UG-16

0.0625" + 0" = 0.0625"

Design thickness due to internal pressure (t) 0.1242"

Design thickness due to external pressure (tg) | 0.1563"

Maximum allowable working pressure (MAWP) | 40.27 psi

Maximum allowable pressure (MAP)

4262 psi

Maximum allowable external pressure (MAEP) | 22.11 psi

Rated MDMT

-320°F

Note: Endnote 90 used to determine allowable stress.
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UHA-51 Material Toughness Requirements

B 40.27-516-1 B p———
"7 2.20,000-0.7 — 02 - 40.27 - )
t. -E* g -0.
Stress ratio = _ 00742-08 0.297

t,—c  02-0

Impact test exempt per UHA-51(g) (coincident ratio = 0.297)

Rated MDMT = | -320°F

Material is exempt from impact testing at the Design MDMT of -20°F.

- 1
1 L\ 2
]\I:Z- 3+<7) ]

Corroded

2.5458

=
Il
> =
w
+
P
o
i
E
~—
Y
—

2.5458

o=
—

Design thickness for internal pressure, (Corroded at 300 °F) Appendix 1-4(d)

t =
2

P-L-M 25 - 51.6 - 2.5458

+ Corrosion = +0 =0.1241"

-§-E-02-P 2-18,900-0.7 —0.2-25

Maximum allowable working pressure, (Corroded at 300 °F) Appendix 1-4(d)

2-S-E-t 2.18900-0.7-0.2

—-P, = —0 =40.27 psi

T L M+02-t °  516-25458 102.02

Maximum allowable pressure, (New at 70 °F) Appendix 1-4(d)

P

T T M102-t °  516-25458 +02-02

2-S-E-t 2-20,000-0.7-02

—0 = 42.62 psi

Design thickness for external pressure, (Corroded at 300 °F) UG-33(e)

Equivalent outside spherical radius (Ry) = Outside crown radius =51.8 in

0.125 0.125 — 0.000377

From

P, =

t

"R,/ t 518 / 0156236

Table HA-1:B = 4,973.2519 psi

B 49733519
R, / t 5.8 / 01562

=15 psi

= 0.1562" + Corrosion = 0.1562" + 0" = 0.1562"

Check the external pressure per UG-33(a)(1) Appendix 1-4(d)

167-P.-L-M 1.67 -15 - 51.6 - 2.5458

T3

+ Corrosion =

-S-E—-02-167-P,. 2-18900-1—-02-167-15

+0 =0.0871"
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The head external pressure design thickness (tg) is 0.1562".
Maximum Allowable External Pressure, (Corroded at 300 °F) UG-33(e)
Equivalent outside spherical radius (R,) = Outside crown radius =51.8 in

0125 0125
"R,/ t 518 / 02

A = 0.000483

From Table HA-1:B = 5,726.9877 psi

B 57269877
"R,/ t 518 /02

B, =22.1119 psi

Check the Maximum External Pressure, UG-33(a)(1) Appendix 1-4(d)

2-S-E-t 2-18,900-1-0.2

= =3445 psi
(L-M +02-t)-167 (51.6 - 2.5458 + 0.2 - 0.2) - 1.67

The maximum allowable external pressure (MAEP) is 22.11 psi.

% Forming strain - UHA-44(a)(2)

. R .02
EFE = (75_t> . (1__f) - (&) : (1—£> — 13.6364%
Rf Rn 1.1 oC
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Shell Stress Calculations with Cutouts for Vapor Band

A 52" diameter vapor band, 36” long is included at the return end, per the drawing below. This vapor
band covers three vapor windows cut into the shell section, again per the drawing. The strength of the
shell with these windows removed has been calculated separately, as Compress has no means to input
this configuration. This was done by modifying the available shell stress as calculated by Compress
without the windows, multiplying those calculated stresses by the ratio of remaining shell material
after the windows were removed, shown on the next page, as prescribed in UHX Section 13.5.10, step
10 for the eight cases of the Operating Condition. Shell stresses were acceptable.

15°
WINDOWS
3PLCS

180°

SECTION Y

WINDOWS -1
2X SCALE u
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1ol i
{ e v _:E:_;:_:_:_:_:_; B e B e e :::::::i::::::::::::::::::::: =1
i 1 i
g ! { i
i 1 ] oo
H ] F
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END : END
i
g
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UHX-4 (c) (2): Use 13.5.10 Step 10 for Shell Stress with Bustle Vapor Window Cut-Outs

]

360°

P,
€ Ds +ts) ts(Ds +ts)

360°-(shell cut-outs total angle)

Condition Operating

A 3 o) g i Stress | S¢Eg, Sps;s | Ssp Over-
Shell Evaluation with 45~ Total Cut-Out Angle; 360/(360-45)=1.143 (psi) (Sp:i)‘" fpel) (pssi) trescadn
20.1218 2 2
Osm -I - [ —10.3768 + (1.0343266 * —1) -
[0.1874 - (41.625 + 0.1874)
LC1 2,869 13,230 N/A N/A No
20.8125 *
(—15—60)] + . 60] -1.143=
0.1874 - (41.625 + 0.1874)
20.1218 * ;
G = [ -[10.7 + (1.0343266 2 — 1) -
101874 - (41.625 + 0.1874)
Lc2 91| 13230 NA| 7619 No
2 2
(25— —15)] + ke ‘ —15] -1.143=
0.1874 - (41.625 + 0.1874)
20.1218 2 .
Osm = [ - [13764 + (1.0343266 > —1) -
0.1874 - (41.625 +0.1874)
Lc3 3728 13230 NA| NA No
20.8125 2
(25—60)] + iial -60] .1.143=
0.1874 - (41.625 + 0.1874)
20.1218 * . :
[ L - [ —0.0531 + (10343266 > —1) -
0.1874 - (41.625 + 0.1874)
LC4 -951 13,230 N/A | 7,619 No
20.8125 *
(15— 45)] + 0.8125 --15] .1.143=
0.1874 - (41.625 + 0.1874)
New or
Corr )
20.1218 2 _
i :[0 A D [ —60.66 + (1.0343266 * —1) -
1874 - (41.625 + 0.18T:
LC5 ' -101 N/A | 56,700 | 7,619 No
208125 % . 60 ] 1.143=
—15— 60)] + :
( 01874 - (41.625 +0.1874)
20.1218 2 ’
Ts.m =[ - - [ —31.3243 + (1.0343266 * —1) -
0.1874 - (41.625 + 0.1874)
LC6 -2,632 N/A | 56,700 | 7,619 No
20.8125 ?
(25— —15)] + e --15] -1.143=
0.1874 - (41.625 +0.1874)
20.1218 * 2
Csm I - [ —48.9068 + (1.0343266 > —1) -
[0.1874 - (41.625 + 0.1874)
LC7 758 N/A | 56,700 N/A No
20.8125 >
(25 —60)| + - 60| -1.143=
0.1874 - (41.625 +0.1874)
20.1218 * .
Tsm - [ —43.0774 + (10343266 > —1) -
o874 - (41.625 +0.187)
Lcs -3,492 N/A | 56,700 | 7,619 No

20.8125 2
0.1874 - (41.625 + 0.1874)

(=25 = -15)] + <15] .1.143=

Shell stress is acceptable with 45 total degrees of shell removed as vapor windows.




