Seitz Stainless

Avon, Minnesota

ASME BPV VIII-1 2019 Heat Exchanger Design Calculations
NB 355 HEAT EXCHANGER MAIN BODY ONLY CALCULATIONS

Vessel No: Horizontal Heat Exchanger NB # 335
Customer: Caloris Engineering, Easton, MD
Contract: Merit Functional Foods
Item: Horizontal Heat Exchanger
Date: May, 2020
Designer:
Fabricated to ASME BPV Section VIII Div 1, 2019 Rules

A 52” diameter bustle (vapor band), 36” long is included in the design, which is not shown in this
calculation. The vapor band is treated by Code as a conventional jacket, and is subject to the rules and
calculations of Appendix 9. Beneath the vapor band are three windows cut from the main shell for vapor
passage.

Due to limitations in Compress software heat exchanger mode, this set of calculations models only the main
heat exchanger, not including the vapor band or the window cutouts. The vapor band is modeled as a
separate set of Compress calculations, and the vapor windows were modeled by modifying the results of the
shell calculations contained herein. This was done by determining 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, as prescribed in UHX Section 13.5.10, step 10 for the eight cases
of the Operating Condition. Shell stresses were acceptable.

Both sets of calculations, the vapor band and the shell vapor window cut-outs, are modeled and
presented under separate cover.
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Deficiencies Summary
No deficiencies found.
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Nozzle Schedule

Specifications

e Identifier Size Service Materials TEEE Normalized Fin_e Flange | Blind
mark Tested Grain
NPS 8
TS Product SA-790 Smls pipe Class 150
Inlet Intlet NPS 8 Sch 10S N Nozzle S32205 No No No SO A182 No
F51
NPS 8
TS Product SA-790 Smls pipe Class 150
Outlet Outlet NPS 8 Sch 10S out Nozzle $32205 No No No WN A182 No
F51
Nozzle SA-312 'I_'P304 wid No No No
P1 | SSVapor Inlet NPS 10 Sch 10S N pipe N/A No
Pad SA-240 304L No No No
NPS 2 1/2
pp | SSCondensate NPS 2.5 Sch 40S (Std) DRN | Nozzle | SA12TPS0SLIWA |y No No | Class 150 | No
PP SO A105
P Press Relief NPS 0.75 Class 3009 - Threaded PRV Nozzle SA-312 'I_'P304 Wid No No No NA No
- Half Coupling pipe
P4 Capped Vent NPS 0.5 Class 3OOQ - Threaded VENT Nozzle SA-312 TP304 wid No No No N/A No
- Port Half Coupling pipe
P5 SS Vent NPS 0.25 Class 3009 - Threaded Nozzle SA-312 TP304 Wid No No No N/A No
Half Coupling pipe
P Capped Vent NPS 0.5 Class 3009 - Threaded DRN Nozzle SA-312 TP304 wid No No No N/A No
Port Half Coupling pipe
NPS 2
P7 Cleanout NPS 2 Sch 10S CLEANOUT | Nozzle SA-312 TP394 Wid & No No No Class 150 | No
smls pipe
SO A105
P8 Sight Glass 750D x1.75 SG Nozzle SA-240 304 No No No N/A No
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Nozzle Summary

Shell Reinforcement
Nozzle| OD | t [Reaty|p o o Pad Corr | AJA,
mark | (in) | (in) | (in) Nom t | Design t [ User t | Width | toaqg (in) | (%)
(in) (in) (in) | (in) (in)
Inlet |8.625|0.148 | 0.148 | Yes | Yes| 0.25 0.1761 N/A N/A 0 100.0
Outlet |8.625|0.148 | 0.148 | Yes | Yes| 0.25 | 0.1779 N/A N/A 0 100.0
P1 10.75 | 0.165 | 0.1454 | Yes | Yes | 0.1874 | 0.1697 1.7829 | 0.1672 0 100.0
P2 |2.875]|0.203| 0.203 | Yes | Yes | 0.1874 N/A N/A N/A 0 | Exempt
P3 1.38 | 0.16 | 0.0714 | Yes | Yes | 0.1874 N/A N/A N/A 0 | Exempt
P 1.12 | 0.14 | 0.0714 | Yes | Yes | 0.1874 N/A N/A N/A 0 | Exempt
P5 0.75 | 0.11 | 0.0714 | Yes | Yes | 0.1874 N/A N/A N/A 0 | Exempt
Pe 1.12 | 0.14 | 0.0714 | Yes | Yes | 0.1874 N/A N/A N/A 0 | Exempt
P7  |2.375]0.109 | 0.1089 | Yes | Yes | 0.1874 N/A N/A N/A 0 | Exempt
P 75 | 1.75 | 0.1874 | Yes | Yes | 0.1874 | 0.1874 N/A N/A 0 215.0
th Nozzle thickness
Req ty Nozzle thicknes§ required per UG-45/UG-j6 .
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)
Aq 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 for Tube side chamber

P T Te
Identifier D(e:siig)n D%s;?n N(I::\II;’ ?:I;:r; l\(ll: :'; ext(?;;al M(?'LV)I T Exh:rII)llr\,Ilt':'on #'thaecc:
Front Head 60 250 98.18 101.16 | 46.65 250 -20 Note 1 No
Straight Flange on Front Head 60 250 134.74 | 138.27 | 23.18 250 -20 Note 2 No
Front Channel 60 250 222.08 | 226.91 | 129.6 250 -20 Note 3 No
Tubesheet (see Maximum Pressure Rating note) 75 300 114.91 157.11 | 204.96 300 -20 Note 4 Yes
Rear Tubesheet (see Maximum Pressure Rating note) 75 300 114.91 157.11 | 204.96 300 -20 Note 4 Yes
Rear Channel 60 250 222.08 | 226.91 |161.55 250 -20 Note 4 Yes
Straight Flange on Rear Channel Head 60 250 269.98 | 275.54 | 161.55 250 -20 Note 6 No
Rear Channel Head 60 250 98.18 101.16 | 46.65 250 -20 Note 5 No
Tubes 75 300 [1,303.18 | 1,351.45 | 492.02 300 -20 Note 7 No
Tube Side Flange (front) 60 250 86.65 89.46 150 250 -20 Note 8 Yes
Tube Side Flange (rear 60 250 86.65 89.46 150 250 -20 Note 8 Yes
TS Product Intlet (Inlet) 60 250 164.57 | 168.56 | 53.69 250 40 Note 9 No
TS Product Outlet (Outlet) 60 250 166.08 | 168.56 | 55.17 250 40 Note 10 No

Chamber Summary for Tube side chamber

Design MDMT 40 °F

Rated MDMT 40 °F @ 86.65 psi

MAWP hot & corroded 86.65 psi @ 250 °F
89.46 psi @ 70 °F

MAEP 23.18 psi @ 250 °F

MAP cold & new
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Component Summary for Shell side chamber

P T T,
Identifier D(epssiig)n Dc:os'ifn N(I';‘SAII;’ ?:;:S I\(’I:SEII; ext(s;;lal M(?:’)IT Exl\ennD'l:\)nt.:-on I;:Efec;
Tubesheet (see Maximum Pressure Rating note) 40 300 204.96 | 226.15 | 114.91 300 -20 Note 4 Yes
ASME Shell Band (front) 25 300 118.31 | 125.38 | 16.36 300 -320 Note 11 No
Shell #1 25 300 118.31 | 125.38 | 16.36 300 -320 Note 11 No
Shell #2 25 300 118.31 | 125.38 | 20.53 300 -320 Note 11 No
ASME Shell Band (rear) 25 300 118.31 | 125.38 | 20.53 300 -320 Note 11 No
Rear Tubesheet (see Maximum Pressure Rating note) 40 300 204.96 | 226.15| 114.91 300 -20 Note 4 Yes
Tubes 40 300 492.02 | 492.02 | 1,303.18 300 N/A N/A No
Rings #1 N/A N/A N/A N/A 16.36 300 N/A N/A No
Saddle #1 25 300 86.35 N/A N/A N/A N/A N/A N/A
Nozzle | Note 12 No
SS Vapor Inlet (P1 25 300 1151 |120.38 | 15.74 300 -320
Pad | Note 11 No
SS Condensate Drain (P2) 25 300 169.08 | 179.12 | 16.36 300 -55 Note 13 No
Press Relief (P3) 25 300 169.26 | 179.12 | 20.53 300 -320 Note 14 No
Capped Vent Port (P4) 25 300 169.26 | 179.12 | 16.36 300 -320 Note 15 No
SS Vent (P5) 25 300 169.26 | 179.12| 16.36 300 -320 Note 16 No
Capped Vent Port (P6) 25 300 169.08 | 179.12 | 20.53 300 -320 Note 15 No
Cleanout (P7) 25 300 86.35 | 91.37 16.36 300 -55 Note 17 No
Sight Glass (P8) 25 300 169.26 | 179.12 | 16.36 300 -55 Note 18 No

Chamber Summary for Shell side chamber

Design MDMT 40 °F

Rated MDMT -20 °F @ 86.35 psi
86.35 psi @ 300 °F
91.37 psi @ 70 °F
MAEP 15.74 psi @ 300 °F

MAWP hot & corroded

MAP cold & new

Notes for Maximum Pressure Rating

Note
#

Details

1 The largest tubesheet MAWP/MAP values have been selected from the multiple design conditions to maximize the hydrotest pressure and to comply with
" | UG-20(b). The MAWP/MAP selected for the shell side may not be coincident with the MAWP/MAP selected for the tube side (and vice versa).

maximum pressure ratings.

The chamber MAWP listed above is based on the largest tubesheet MAWP values from the multiple design conditions. The lowest tubesheet MAWP
2. | values should be considered when determining the final chamber MAWP. Refer to the Tubesheet Maximum Pressure Report for the lowest tubesheet
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Notes for MDMT Rating

Note #

Exemption

Details

1.

Straight Flange governs MDMT

2.

Rated MDMT per UHA-51(d)(3)(a) = -20°F

Impact test exempt per UHA-51(g) (coincident ratio = 0.3094)

Material is impact tested to -20°F per UHA-51(a).

Straight Flange governs MDMT

Impact test exempt per UHA-51(g) (coincident ratio = 0.2706)

Impact test exempt per UHA-51(g) (coincident ratio = 0.0666)

Flange Material is impact tested to -20°F per UHA-51(a).

Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

Flange rating governs:
Flange rated MDMT per UHA-51(g) = 40°F (Coincident ratio = 0.3047)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

Flange rating governs:
Flange rated MDMT per UHA-51(g) = 40°F (Coincident ratio = 0.2988)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Impact test exempt per UHA-51(g) (coincident ratio = 0.1839)

Flange rating governs:
Flange rated MDMT per UCS-66(b)(3) = -155°F (Coincident ratio = 0.3039)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

Impact test exempt per UHA-51(g) (coincident ratio = 0.0193)

Impact test exempt per UHA-51(g) (coincident ratio = 0.0175)

Impact test exempt per UHA-51(g) (coincident ratio = 0.014)

Flange rating governs:
Flange rated MDMT per UCS-66(b)(3) = -155°F (Coincident ratio = 0.303)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Bolts rated MDMT per Fig UCS-66 note (c) = -55°F
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Revision History

No. Date Operator Notes
0 | 1/22/2020 | jeffh New vessel created Heat Exchanger. [COMPRESS 2018 Build 7800]
Converted from ASME Section VIII Division 1, 2017 Edition to ASME Section VIl Division 1, 2019 Edition.
1 |2/13/2020 | jeffh During the conversion, changes may have been made to your vessel (some may be listed above). Please
check your vessel carefully.
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Settings Summary

COMPRESS 2020 Build 8000

ASME Section VIII 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 2"
Juncture calculations for o > 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 for Tube side chamber

1.00

Test liquid specific gravity for Shell side chamber

1.00

Maximum stress during test

90% of yield

Required Marking - UG-116

Tube Side
UG-116(e) Radiography None
UG-116(f) Postweld heat treatment None
Shell Side
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 VII-1-83-66 Yes
Apply interpretation VIII-1-86-175 Yes
Apply interpretation VII-1-01-37 Yes
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Apply interpretation VIII-1-01-150 Yes
Apply interpretation VII1-1-07-50 Yes
Apply interpretation VIII-1-16-85 Yes
No UCS-66.1 MDMT reduction No
No UCS-68(c) MDMT reduction No
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 Yes
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 Yes
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 - Tube Side Chamber

Longitudinal Seam Left Circumferential Seam Right Circumferential Seam
Component ‘z:iteﬂs\;}’ Radiography / ((::iteﬂs\;f' Radiography / Joint ?:iteﬂxy Radiography / | Mark
9 Joint Type 9 Type 9 Joint Type
3) 3) 3)
Front Head N/A Seamless No RT N/A N/A B NoneTl;x\é-l 1)/ None
Eront Channel A None UW-11(c)/ B None UW-11(c)/ ] N/A None
Type 1 Type 1
Tube Side Flange (front) N/A Seamless No RT (o} N/A N/A N/A | Gasketed N/A
Tubesheet N/A Seamless No RT' N/A N/A | Gasketed N/A N/A/ Type 7 N/A
Rear Tubesheet N/A Seamless No RT' N/A N/A/ Type 7 N/A N/A | Gasketed N/A
Rear Channel A None UW-11(c)/ c N/A B None UW-11(C) /| none
Type 1 Type 1
Tube Side Flange (rear) N/A Seamless No RT N/A N/A | Gasketed C N/A N/A
Rear Channel Head N/A Seamless No RT B NO”‘*T%‘S e/ N/A N/A None
Tubes N/A Welded tube N/A N/A/ Type 7 N/A N/A/Type 7 N/A
P Nozzle to Vessel Nozzle free end
Lo=sS Longitudinal Seam Circumferential Seam Circumferential Seam
TS Product Outlet (Outlet) N/A Seamless No RT D N/A/ Type 7 c UW-11(a)(4) N/A
exempt / Type 1
TS Product Intlet (Inlet) N/A Seamless No RT D N/A/ Type 7 C N/A/ Type 4 N/A
Nozzle Flange Longitudinal Seam Flange Face el e A
Circumferential Seam
ASME B16.5/16.47 flange attached to TS UW-11(a)(4)
Product Outlet (Outlet N/A Seamless No RT N/A N/A | Gasketed (o} exempt/ Type 1 N/A
ASME B10.56.47 flande atiached (o TS N/A Seamless No RT N/A N/A / Gasketed c N/A/ Type 4 N/A
Product Intlet (Inlet)
"Tubesheets are always considered to be seamless.
Interpretation VIII-1 01-150 has been applied.
UG-116(e) Required Marking: None
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UG-116 Radiography - Shell Side Chamber

Longitudinal Seam Left Circumferential Seam Right Circumferential Seam
Component ((::itegc\"? Radiography / (z:iteﬂc\"? Radiography / Joint (z:itegc\'l'y Radiography / | Mark
9 Joint Type 9 Type 9 Joint Type
3) 3) 3)
Tubesheet N/A Seamless No RT' N/A N/A | Gasketed N/A N/A/ Type 7 N/A
ASME Shell Band (front) A None UW-11(c)/ N/A N/A/ Type 7 B None UW-11(c) /" | \one
Type 1 Type 1
Shell #1 A None UW-11(c)/ B None UW-11(c)/ B None UW-11(c)/ None
Type 1 Type 1 Type 1
Shell #2 A None UW-11(c)/ B None UW-11(c) / B None UW-11(c)/ None
= Type 1 Type 1 Type 1
ASME Shell Band (rear) A None UW-11(c)/ B None UW-11(c)/ N/A N/A/ Type 7 None
Type 1 Type 1
Rear Tubesheet N/A Seamless No RT' N/A N/A/ Type 7 N/A N/A | Gasketed N/A
- Nozzle to Vessel Nozzle free end
LossS ponaitginsliSsae Circumferential Seam Circumferential Seam
SS Condensate Drain (P2) N/A Welded pipe D N/A/ Type 7 C N/A/ Type 4 N/A
Capped Vent Port (P4) N/A Welded pipe D N/A/ Type 7 N/A N/A N/A
SS Vent (P5) N/A Welded pipe D N/A/ Type 7 N/A N/A N/A
Sight Glass (P8) N/A Seamless No RT D N/A/ Type 7 N/A N/A N/A
Cleanout (P7) N/A Welded pipe D N/A/ Type 7 (e} N/A/ Type 4 N/A
SS Vapor Inlet (P1 N/A Welded pipe D N/A/ Type 7 N/A N/A N/A
Press Relief (P3) N/A Welded pipe D N/A/ Type 7 N/A N/A N/A
Capped Vent Port (P6) N/A Welded pipe D N/A/ Type 7 N/A N/A N/A
Nozzle Flange Longitudinal Seam Flange Face el e A
Circumferential Seam
ASME B16.516.47 flange attached fo 55 N/A Seamless No RT N/A N/A / Gasketed c NA/Typed | NIA
Condensate Drain (P2)
@"E B16.5/16.47 flange attached Io Cleanout | s Seamless No RT N/A N/A / Gasketed c NA/Typed | NIA
"Tubesheets are always considered to be seamless.
Interpretation VIII-1 01-150 has been applied.
UG-116(e) Required Marking: None
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Thickness Summary

Component Data

C&r:zgfr:::\t Material Dia(ri!:‘t)ater Le(?'?)th Nor(l;:‘r;al t Deaing)n t | Total (ii:r)rosion Joént Load
Front Head SA-240 S32205 41.51D 7.2636 0.218* 0.1345 0 0.85 Internal
Straight Flange on Front Head SA-240 S32205 415ID 0.5 0.125 0.1062 0 0.85 | External
Front Channel SA-240 S32205 41.51D 18 0.25 0.1066 0 0.70 | External
Tubesheet SA-240 S32205 47 OD 1.25 1.25 0.8706 0 1.00 | Unknown
Tubes SA-789 WId tube S32205 | 1.50D 144 0.049 0.0189 0 1.00 | External
ASME Shell Band (front) SA-240 304 41.625 1D 12 0.1874 0.1811 0 0.70 | External
Shell #1 SA-240 304 41.625 1D 96 0.1874 0.1811 0 0.70 | External
Shell #2 SA-240 304 41.625 1D 215 0.1874 0.1667 0 0.70 | External
ASME Shell Band (rear) SA-240 304 41.625 1D 12 0.1874 0.1667 0 0.70 | External
Rear Tubesheet SA-240 S32205 47 0D 1.25 1.25 0.8706 0 1.00 | Unknown
Rear Channel SA-240 S32205 415ID 6 0.25 0.0772 0 0.70 | External
Straight Flange on Rear Channel Head SA-240 S32205 4151D 0.5 0.25 0.0772 0 0.85 | External
Rear Channel Head SA-240 S32205 415ID 7.2636 0.218* 0.1345 0 0.85 | Internal

*Head minimum thickness after forming

Nominal t | Vessel wall nominal thickness
Designt | Required vessel thickness due to governing loading + corrosion
Joint E Longitudinal seam joint efficiency
Load
Internal 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 Meta*l L] Insulation I U Lining Piping A L WD T Surface Area
New* |Corroded Supports +Liquid| New |Corroded| New |Corroded ft2
Front Head 102.4 102.4 0 0 0 0 234.2 234.2 234.2 234.2 12
Front Channel 158.2 158.2 0 0 0 0 978.4 978.4 983.3 983.3 16
Tubesheet 394.5 394.5 0 0 0 0 0 0 0 0 1
ASME Shell Band (front) | 85.3 85.3 0 0 0 0 214 214 328 328 1
Shell #1 682.7 682.7 0 0 0 0 168.7 168.7 2,622 2,622 88
Shell #2 148.5 148.5 0 0 0 0 49 49 606.1 606.1 19
Tubes 3,102.1| 3,102.1 0 0 0 0 27422 2,742.2 |2,7444| 27444 N/A
ASME Shell Band (rear) | 85.6 85.6 0 0 0 0 211 211 327.7 327.7 1
Rear Tubesheet 394.5 394.5 0 0 0 0 0 0 0 0 1
Rear Channel 55.5 55.5 0 0 0 0 381.2 381.2 381.5 381.5 5
Rear Channel Head 104.7 104.7 0 0 0 0 2342 234.2 2342 2342 12
Saddle #1 294 294 0 0 0 0 0 0 0 0 40
TOTAL: 5,607.9| 5,607.9 0 0 0 0 4,830.4| 4,8304 |8,461.4| 8,461.4 217

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

Weight (Ib) Contributed by Attachments

Component e (A N:Izznlzzs& P;clc(ied BT;;}’:S s Tray Rinlgs & | Vertical Surfacz Area

New |Corroded | New | Corroded °9% | Pass Partitions | SUPPOrts| Clips | Loads ft
Front Head 0 0 0 0 0 0 0 0 0 0
Front Channel 188.7 188.7 79.6 79.6 0 0 0 0 0 6
Tubesheet 0 0 0 0 0 0 0 0 0 0
ASME Shell Band (front) | 0 0 8.2 8.2 0 0 0 0 0 0
Shell #1 0 0 19.6 19.6 0 27.6" 0 38 0 6
Shell #2 0 0 14.8 14.8 0 27.6" 0 0 0 1
ASME Shell Band (rear) | 0 0 0.1 0.1 0 0 0 0 0 0
Rear Tubesheet 0 0 0 0 0 0 0 0 0 0
Rear Channel 188.7| 1887 0 0 0 0 0 0 0 2
Rear Channel Head 0 0 0 0 0 0 0 0 0 0
TOTAL: 377.3| 377.3 [1224| 1224 0 55.2 0 38 0 15

'Baffle weights are approximated.

Vessel Totals

New Corroded
Operating Weight (Ib) 11,031 11,031
Empty Weight (Ib) 6,201 6,201
Test Weight (Ib) 14,662 14,662
Surface Area (ft?) 233 -
Shell side capacity** (US gal) 463 463
Tube side capacity** (US gal) 547 547

**The shell and tube capacity does not include volume of nozzle, piping or other attachments.

Vessel Lift Weight, New (Ib)

Vessel Lift Condition

6,201

Center of Gravity from Datum (in)

82.0916
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Long Seam Summary

Shell Long Seam Angles

Component Seam 1

Front Channel 270°

ASME Shell Band (front) | 87°

Shell #1 224°

Shell #2 292°

ASME Shell Band (rear) 112°

Rear Channel 292°

Component IS\tnagr:Lng Plate 1
Front Channel 270° [131.1615"
ASME Shell Band (front) 87° 131.3575"
Shell #1 224° | 131.3575"
Shell #2 292° | 131.3575"
ASME Shell Band (rear) 112°  [131.3575"
Rear Channel 292° 1131.1615"

1) Plate Lengths use the circumference of the vessel based on the mid diameter of the components.
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Shell Rollout
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Gauge pressure at 70°F =1.3- M AWP -LSR
=13 -86.65 - 1.015
=114.33 psi

Horizontal shop hydrostatic test

Hydrostatic Test
Horizontal shop hydrostatic test based on MAWP per UG-99(b) for Tube side chamber

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

Front Head (1) 116.059 1.728 1.015 1.30
Straight Flange on Front Head 116.059 1.728 1.015 1.30
Front Channel 116.059 1.728 1.015 1.30
Rear Channel 116.059 1.728 1.015 1.30
Straight Flange on Rear Channel Head 116.059 1.728 1.015 1.30
Rear Channel Head 116.059 1.728 1.015 1.30
Tubes 116.036 1.706 1.0359 1.30
Tube Side Flange (front) 116.059 1.728 1.015 1.30
Tubesheet 116.059 1.728 1.0344 1.30
Rear Tubesheet 116.059 1.728 1.0344 1.30
Tube Side Flange (rear) 116.059 1.728 1.015 1.30
TS Product Intlet (Inlet) 116.289 1.958 1.015 1.30
TS Product Outlet (Outlet) 114.552 0.221 1.015 1.30

(1) Front Head 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 for the Tube side chamber.

Horizontal shop hydrostatic test based on MAWP per UG-99(b) for Shell side chamber

Gauge pressure at 70°F =1.3- M AWP -LSR

=13-8635-1
=112.25 psi
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Horizontal shop hydrostatic test

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

ASME Shell Band (front) 113.871 1.618 1.0582 1.30
Shell #1 113.871 1.618 1.0582 1.30
Shell #2 113.871 1.618 1.0582 1.30
ASME Shell Band (rear) 113.871 1.618 1.0582 1.30
Tubes 113.846 1.593 N/A 1.30
Tubesheet 113.871 1.618 1.0344 1.30
Rear Tubesheet 113.871 1.618 1.0344 1.30
Capped Vent Port (P4) 112.362 0.108 1.0559 1.30
Capped Vent Port (P6) 113.896 1.642 1.0559 1.30
Cleanout (P7) 112.362 0.108 1.0582 1.30
Press Relief (P3) 112.362 0.108 1.0559 1.30
SS Condensate Drain (P2) (1) 113.95 1.697 1 1.30
SS Vapor Inlet (P1) 113.947 1.693 1 1.30
SS Vent (P5) 113.129 0.876 1.0559 1.30
Sight Glass (P8) 113.192 0.939 1.0582 1.30

(1) SS Condensate Drain (P2) 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 for the Shell side chamber.
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Vacuum Summary

Largest Unsupported Length Le

Component Line of Support abil\?:a[:laot:m Len(?rt‘l)l =
(in)
Front Head - 179.5136 N/A
- 1/3 depth of Front Head 174.5985 N/A
Straight Flange on Front Head Left - 172.25 22.5985
Straight Flange on Front Head Right - 171.75 22.5985
Front Channel Left - 171.75 22.5985
Front Channel Right - 153.75 22.5985
- Tube Side Flange (front) 152 N/A
Tubesheet = 151.875 N/A
ASME Shell Band (front) Left - 150.625 79.0875
ASME Shell Band (front) Right - 138.625 79.0875
Shell #1 Left - 138.625 79.0875
- Rings #1 72.1625 71.375
Shell #1 Right - 42.625 79.0875
Shell #2 Left - 42.625 63.6625
Shell #2 Right - 21.125 63.6625
ASME Shell Band (rear) Left - 21.125 63.6625
ASME Shell Band (rear) Right - 9.125 63.6625
Rear Tubesheet - 7.875 N/A
- Tube Side Flange (rear) 7.75 N/A
Rear Channel Left - 6 10.5985
Rear Channel Right - 0 10.5985
Straight Flange on Rear Channel Head Left - 0 10.5985
Straight Flange on Rear Channel Head Right = -0.5 10.5985
- 1/3 depth of Rear Channel Head -2.8485 N/A
Rear Channel Head - -7.7636 N/A

For Rings, the listed value of length Le is Ls per UG-29.
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Bill of Materials

Item # Type Material Thk [in] Dia. [in] Wt. [Ib] (ea.) Qty
H1 F&D Head SA-240 S32205 0.218 (min.) 415I1D 102.4 1
H2 F&D Head SA-240 S32205 0.218 (min.) 415I1D 104.7 1
H3 Tubesheet SA-240 S32205 (Impact (-20 °F)) 1.25 470D 394.5 2

Item # Type Material Thk [in] Dia. [in] Length [in] Wt. [Ib] (ea.) Qty
S1 Cylinder SA-240 S32205 0.25 415I1D 18 166.4 1
S2 Cylinder SA-240 304 0.1874 41.625ID 12 85.7 2
S3 Cylinder SA-240 304 0.1874 41.625ID 96 685.3 1
S4 Cylinder SA-240 304 0.1874 41.625 1D 21.5 153.5 1
S5 Cylinder SA-240 $32205 (Impact (-20 °F)) 0.25 415I1D 6 55.5 1

Tube1 Tube SA-789 WId tube S32205 0.049 1.5 144 9.1 342

Item # Type Material Thk [in] Length [in] Wt. [Ib] Qty
R1 3/8x2.5 Flat Bar SA-479 304L Bar (low stress) 0.375 139.8 38 1

Item # Type Material NPS Thk [in] Dia. [in] Length [in] Wt. [Ib]

Noz1 Nozzle SA-790 Smis pipe S32205 NPS 8 Sch 10S 0.148 8.625 OD 9.5 10.6

Noz2 Nozzle SA-312 TP304L WId pipe NPS 2.5 Sch 40S (Std) 0.203 2.8750D 2.3 1.1

Noz3 Nozzle SA-312 TP304 WId & smis pipe NPS 2 Sch 10S 0.109 2.3750D 3.1 0.7

Noz4 Nozzle SA-312 TP304 WId pipe NPS 10 Sch 10S 0.165 10.75 0D 7.1 14.7

Item # Type Material Dia. [in] Length [in] Qty
C1 NPS 0.5 Class 3000 - Threaded Half Coupling SA-312 TP304 WId pipe 1.120D 0.94 2
c2 NPS 0.25 Class 3000 - Threaded Half Coupling SA-312 TP304 WId pipe 0.750D 0.69 1
C3 NPS 0.75 Class 3000 - Threaded Half Coupling SA-312 TP304 WId pipe 1.38 0D 1 1

O e ad g O

Item # Type Material # Bolts Thk [in] Dia. [in] Wt. [Ib] Qty

SP1 Studding Outlet Custom Size - Contoured Base SA-240 304 4 1.19 750D x4 1D 13.9 1

Item # Type Material NPS Dia. [in] Wt. [Ib] (ea.) Qty

AF1 ASME B16.5 Welding Neck - Class 150 A182 F51 8 13.5x7.98 39 1

AF2 ASME B16.5 Slip On - Class 150 A182 F51 8 13.5x8.72 30 1

AF3 ASME B16.5 Slip On - Class 150 A105 25 7x294 7 1

AF4 ASME B16.5 Slip On - Class 150 A105 2.0 6x2.44 5 1

CF1 Ring type integral SA-182 F60 (Impact (-20 °F)) - 47 x41.5 188.7 2

- 0 ews
Item # Type Size [in] Thk [in] Qty
Not specified 42.9x42.6 0.125 2
There are 4 flanges that do not include gasket information.
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Item # Description Material Length [in] Qty
FB1 Studding Outlet Bolts 0.5" dia. SA-193 B7 Bolt <=2 1/2 - 4
FB2 3/4" coarse bolt SA-193 B7 Bolt <=2 1/2 35 16
FB3 5/8" coarse bolt SA-193 B7 Bolt <=2 1/2 5 56
FB4 5/8" coarse bolt SA-193 B7 Bolt <=2 1/2 3 4
FB5 5/8" coarse bolt SA-193 B7 Bolt <=2 1/2 2.8 4
SB1 1" series 8 bolt Saddle bolt material - 4
All listed flange bolts require associated nuts and washers in accordance with Division 1, UCS-11.
Item # Material Thk [in] Wt. [Ib] Qty [ ft?]
Plate1 SA-240 304L 0.1672 46.7 1.12
Plate1 - Note: Applies to nozzle pad
Plate2 | $2240-304 0.25 | 2135 | 21
Plate2 - Note: Applies to saddle wear plate, saddle web plate
Plate3 | $2240-304 0.375 | 80.1 | 5.24
Plate3 - Note: Applies to saddle base plate
Plated | SA-240 0.25 | 55.2 | 542
Plate4 - Note: Applies to baffle plates
e
Note # Note
1. Tubesheet attachements including Tie Rods, Skid Bars, Seal Bars, and Dummy Tubes, are not included in the Bill of Materials.
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Baffle Summary Report

Baffle Data

Material SA-240
Type Single Segmental
Orientation Vertical

Shell Clearance

0.125 in (0.25 in TEMA (Max))

Thickness 0.251in (0.25 in TEMA)
Diameter 41.5in

Count 2

Maximum Tubesheet to Baffle Distance 122 in

Maximum Baffle to Baffle Distance 0in

Distance between Tubesheet Shell Side Faces|141.5in

Group Weight 55.21b

Material Density (Assumed) 0.283 Ib/in®

Tube Hole Diameter 1.5156 in

Distance from
Baffle Name | - 1t Tubesheet (in)

Cut Direction

Baffle Specifications

Cut Distance |p.¢f6 Weight (Ib)*

from Center (in)

Baffle #1 37.375 Right

1 27.6

Baffle #2 122 Left

1 27.6

'Baffle weight is approximated.
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Data Inputs Summary

General Options

Identifier Heat Exchanger
Codes ASME VIII-1, 2019 Edition ASME only design
Fixed tubesheets I - One pass shell -
Description

Expansion joint not used Tubesheets of differing thickness method not Perform ASME tube design

used check
Tube supports\baffle Maximum tubesheet to t_ube support distance: Maximum tube support separation: 0 in Baffles support all tubes: No
plates 122in
Tube Options
Tube material SA-789 WId tube S32205
Length between outer tubesheet faces: L; 144 in
Tube dimensions, new, in do=1.5 | t;= 0.049 (0.0429 min) | Inner corrosion: 0 | Outer corrosion: 0
Tube to tubesheet joint option Table A-2 Type e, Welded, a 21.4*, and expanded

Channel and Shell Options

Shell dimensions

i SA-240 304 | D= 41.625 | t;= 0.1874 | Inner corrosion: 0 | Outer corrosion: 0 | MDMT: -20 °F

Type: bonnet Torispherical head Inner corrosion: 0 | Outer corrosion: 0 | MDMT: 40 °F

Front channel

. X . Cylinder SA-240 S32205 D=41.5 t.=0.25 L=18
dimensions, new, in

Closure SA-240 S32205 D=41.5 tmin= 0218 LsF=0.5

Type: bonnet Torispherical head Inner corrosion: 0 | Outer corrosion: 0 | MDMT: 40 °F

_ Rearchannel | ¢ inqe SA-240 $32205 D=415 =025 L=6
dimensions, new, in
Closure SA-240 S32205 D=415 tmin=0.218 Lsp=0.5
Tubesheet Options

Tube Layout Tube hole: 342 - 1.514 in (Special Close Fit) Tube pitch: 1.875 in Pattern: 60° (rotated triangular)

Shell side | Tube side Tubesheet

Tubesheet Material: SA-240 S32205 T=125 OD =47 cor:osion cor:osion MDMT =40 °F pass grc:ove
dimensions, in =0 =0 depth=0
(front and rear) : ~ ) :
Is impact testedo per UG-84 to Not_ Not producec_i fine grain PWHT not performed Integr_al shell Gaske_ted tube
-20 °F normalized practice side side
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Design Conditions Summary

Design Conditions

AT c Tube side Shell side Operating - Shell Side External Operating - Tube Side External
DRI (O gCIER hydrotest hydrotest Pressure Pressure
Design Pressure (psi) 60 114.33 0 60 -15
Internal Operating Pressure 60 N/A N/A 60 0
(psi)
External Design Pressure 15 N/A N/A 0 0
(psi)
Tube Side
External Operating 15 N/A N/A 0 0
Pressure (psi)
Tubesheet Static Pressur_e 149 173 0 149 0
(psi)
Design temperature (°F) 250 70 70 250 250
Design Pressure (psi) 25 0 112.25 -15 25
Internal Operating Pressur_e o5 N/A N/A 0 25
(psi)
External Design Pressure 15 N/A N/A 0 0
(psi)
Shell Side -
External Operatln_g 15 N/A N/A 0 0
Pressure (psi)
Tubesheet Static Pressur_e 0 0 162 0 0
(psi)
Design temperature (°F) 300 70 70 300 300
Design temperature (°F) 300 70 70 300 300
Mean temperature (°F) 250 70 70 250 250
o (infin/°F) | 7.30E-06 7.00E-06 7.00E-06 7.30E-06 7.30E-06
Tubes :
E (psi) | 27.85E+06 29E+06 29E+06 27.85E+06 27 .85E+06
St (psi) | 26,235 63,000 63,000 26,235 26,235"
Sy (psi) 57,900 70,000 70,000 57,900 57,900
Mean temperature (°F) 250 70 70 250 250
ag (infin/°F) | 9.10E-06 8.50E-06 8.50E-06 9.10E-06 9.10E-06
Shell
Es (psi) | 27.25E+06 28.3E+06 28.3E+06 27.25E+06 27.25E+06
Ss (psi) 18,900 27,000 27,000 18,900 18,900
Design temperature (°F) 300 70 70 300 300
Tubesheet
S (psi) 26,200 58,500 58,500 26,200 26,200

*The allowable tensile stress from Section 1I-D has been divided by 0.85 as the calculated stresses are longitudinal.
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Materials and Gaskets Summary

aterials And

Part Quantity Size Material Gasket
Front torispherical head 1 41.50 ID x 0.218 in min thk SA-240 S32205 -
Front channel cylinder 1 41.501D x 0.25 thk SA-240 $32205 -
x 18.00 in
Tube Side Flange (front) 1 47.00 OD x 1.75 in thk SA-182 F60
Front tubesheet 1 47.00 OD x 1.25 in thk SA-240 32205 42.90 0D x 4260 ID x 0.13 in thk
Front Tubesheet flange bolts 28 0.625 in dia. stud x 5.00 in long SA-193 B7 -
Tubes 342 | 150 0D x0.049 nom wall (0.0429 min) | 5 789 \yiq tube S32205 -
x 144.00 in
Front shell band cylinder 1 41.631D x 0'18.74 in thk SA-240 304 -
x 12.00 in
Shell cylinder course 1 41.631D x 0.1874 in thk SA-240 304 -
x 21.50in
. 41.63 ID x 0.1874 in thk
Shell cylinder course 1 % 96.00in SA-240 304 -
Rear shell band cylinder 1 41.631D x 0.1874 in thk SA-240 304 -
x 12.00 in
Rear tubesheet 1 47.00 OD x 1.25 in thk SA-240 S32205
Tube Side Flange (rear) 1 47.00 OD x 1.75 in thk SA-182 F60 42.90 OD x42.60 ID x 0.13 in thk
Rear Tubesheet flange bolts 28 0.625 in dia. stud x 5.00 in long SA-193 B7 -
Rear channel cylinder 1 Rl 0.'25 thk SA-240 S32205 -
x 6.00 in
Rear torispherical head 1 41.50 ID x 0.218 in min thk SA-240 S32205 -
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Nozzle Materials And Gaskets

Part Quantity Size Material Gasket
1 8in 150# WN A182 F51
TS Product Outlet (Outlet)
1 NPS 8 Sch 10S SA-790 Smis pipe S32205 -
Bolts for TS Product Outlet (Outlet) 8 0.75in dia. bolt x 3.5 in long SA-193 B7
1 8in 150# SO A182 F51
TS Product Intlet (Inlet)
1 NPS 8 Sch 10S SA-790 Smis pipe S32205 -
Bolts for TS Product Intlet (Inlet) 8 0.75 in dia. bolt x 3.5 in long SA-193 B7
1 2.5in 150# SO A105
SS Condensate Drain (P2)
1 NPS 2.5 Sch 40S (Std) SA-312 TP304L WId pipe -
Bolts for SS Condensate Drain (P2) 4 0.625 in dia. bolt x 3 in long SA-193 B7
Capped Vent Port (P4) 1 NPS 0.5 Class 3000 - Threaded Half Coupling SA-312 TP304 WId pipe -
SS Vent (P5) 1 NPS 0.25 Class 3000 - Threaded Half Coupling SA-312 TP304 WId pipe -
Sight Glass (P8) 1 Studding Outlet Custom Size - SA-240 304 -
1 2in 150# SO A105
Cleanout (P7)
1 NPS 2 Sch 10S SA-312 TP304 WId & smis pipe -
Bolts for Cleanout (P7) 4 0.625 in dia. bolt x 2.75 in long SA-193 B7

SS Vapor Inlet (P1)

NPS 10 Sch 10S

SA-312 TP304 WId pipe

10.75 ID x 1.78 wide x 0.1672 in thk pad

SA-240 304L

Press Relief (P3)

NPS 0.75 Class 3000 - Threaded Half Coupling

SA-312 TP304 WId pipe

Capped Vent Port (P6)

NPS 0.5 Class 3000 - Threaded Half Coupling

SA-312 TP304 WId pipe
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Tubesheet Maximum Pressure Report

ASME Tubesheet Maximum Pressure Ratings

N q Tube side Shell side Operating - Shell Side External Operating - Tube Side External
UL Gy MAP MAP Pressure Pressure
Pressure (psi) 114.91 157.11 0 93.43 -152.2
Tube Side | UPesheet Static Pres(ss‘srﬁ 1.49 0 0 1.49 0
Design temperature (°F) 250 70 70 250 250
Pressure (psi) 204.96 0 226.15 -45.35 117.63
Shell Side Tubesheet Static Pressurg 0 0 0 0 0
(psi)
Design temperature (°F) 300 70 70 300 300
Design temperature (°F) 300 70 70 300 300
Tubes
Mean temperature (°F) 250 70 70 250 250
Shell Mean temperature (°F) 250 70 70 250 250
Tubesheet Design temperature (°F) 300 70 70 300 300
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Tube Bundle Design

Tube Layout

Horizontal mixed or H-banded

Layout
First pass: top
Tube OD 1.5"
Pitch 1.875"
Pattern Rotated Triangular (60°)
X=1.875"

Pattern Dimensions

Y = 3.2476"
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Outer Tube Limit
Shell ID 41.625"
Design OTL | 40.25"
Actual OTL | 40.2436" (+0.0064")

Tubes Per Pass - 342 Tubes Total

Pass # | Tube Count | Mean Tube Count | % Deviation from Mean
1 57 57 0.00%
2 57 57 0.00%
3 57 57 0.00%
4 57 57 0.00%
5 57 57 0.00%
6 57 57 0.00%

Shell and Tube Areas

Total Shell Area | 1,360.8128 in?

Each Tube Area | 1.7671 in2

Total Tubes 342

Total Tubes Area | 604.3639 in?

Total Shell Area - Total Tubes Area - Total Tie Rods Area - Total Dummy Tubes Area
Net Free Area 1,360.81 - 604.36 - 0.00 - 0.00

756.4489 in?

Baffle Window Areas

Baffle Cut 47.6% of Shell ID
Baffle Cut Distance from Center 1"
Baffle Window Area 638.7974 in2

Number of Tubes in Baffle Window | left = 164, right = 164

Baffle Window Tubes Area left = 289.8119 in?, right = 289.8119 in2

Window Area - Tubes Area

Baffle Free Area
left = 348.9855 in2, right = 348.9855 in2

Baffle Free Area / Net Free Area
left = 46.13%, right = 46.13%

% of Net Free Area
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Tubes

ASME Section VIII Division 1, 2019 Edition

Component Tube
Material SA-789 WId tube S32205 (lI-D p. 128, In. 46)
Impact : Fine Grain
Tested Normalized Practice PWHT
No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 75 300 20
External 40 300

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 1.47 40.6218 1
Operating, Ext 0.15 4.1218 1
Test horizontal 1.71 47.2468 1

Outer Diameter 1.5"
Length 144"
Tube Nominal Thickness 0.049"
Tube Minimum Thickness' 0.0429"
Inner 0"
Corrosion
Outer 0"
Weight (Ib) Capacity (US gal)
New 9.07 0.96
Corroded 9.07 0.96

1Tube minimum thickness = nominal thickness times tube tolerance factor of 0.875.

Results Summary

Governing condition External pressure

Minimum thickness per UG-16 Exempt per UG-16(b)(2)

Design thickness due to internal pressure (t) | 0.0026"

Design thickness due to external pressure (tg) | 0.0189"

Maximum allowable working pressure (MAWP) | 1,303.18 psi

Maximum allowable pressure (MAP) 1,351.45 psi

Maximum allowable external pressure (MAEP) | 492.02 psi
Rated MDMT -20 °F
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UHA-51 Material Toughness Requirements

88.11-0.75

b= 337001404 8811

= 0.0029"

t,-EB" .0029 - 1
Stress ratio = = 0.0029 = 0.0666
t, —c 0.0429 — 0

Impact test exempt per UHA-51(g) (coincident ratio = 0.0666)
Rated MDMT = -20°F

Material is exempt from impact testing at the Design MDMT of 40°F.

Design thickness, (at 300 °F) Appendix 1-1

PR 7647 - 0.75
t = ————>— + Corrosion = = 0.0026"
S B 1040 p " ComOsion = oo 100 1040 7647 T °

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

S-E-t 22,300 - 1.00 - (0.049 - 0.875) )
P=_—- _— _ ___p = —1.47 =1,303.18 psi
R, —040-t 0.75 — 0.40 - (0.049 - 0.875)

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

t 0.049 - 0.875

P=§.E.-——— =23]100-1.00 - =1.351.45 psi

R, —040-¢ 0.75 — 0.40 - (0.049 - 0.875)

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

L 144

= —— = 50.0000
D, 15
D, 15
= =79.3210
t 0.0189

From table G: A =0.000177
From table HA-5: B = 2,388.507 psi

4B 4-238851
" 3.(D,/t)  3-(15/0.0189)

P, =40.15 psi

Design thickness for external pressure P, = 40.15 psi
t, =t -+ Corrosion = 0.0189 +0 = 0.0189"

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

L _ = 50.0000
D, 15
D, 15

= 34.9854

t 00490875

From table G: A = 0.000955
From table HA-5: B = 12,914.0049 psi

4-B 412,914

Fo= 5o P T 3 s/ 00m9 08m))

—0.15 = 492.02 psi
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Shell side liquid level

ASME Section VIII Division 1, 2019 Edition

Location from Center Line (in) -16
Operating Liquid Specific Gravity 1

HX Condition Include in tubesheet calculation
Operating No
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Tube side liquid level

ASME Section VIII Division 1, 2019 Edition

Location from Center Line (in) 20.5
Operating Liquid Specific Gravity 1

HX Condition Include in tubesheet calculation
Operating Yes

34/214



Front Head

ASME Section VIII Division 1, 2019 Edition

Component F&D Head
Material SA-240 S32205 (lI-D p. 128, In. 35)
Attached To Front Channel
Impact : Fine Grain Maximize MDMT/
Tested it e Practice Pt No MAWP
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 60 250
40
External 15 250
Static Liquid Head
Condition Ps (psi) Hs (in) SG
Operating 1.49 41.25 1
Test horizontal 1.73 47.875 1

Inner Diameter 41.5"
Crown Radius L 41.5"
Knuckle Radius r 2.52"
Minimum Thickness 0.218"
Inner o"
Corrosion
Outer 0"
Length Lg¢ 0.5"
Nominal Thickness tg¢ 0.125"
Weight (Ib)? Capacity (US gal)?
New 102.38 28.09
Corroded 102.38 28.09

Radiography
Category A joints Seamless No RT

Head to shell seam None UW-11(c) Type 1

1 includes straight flange

Results Summary
Governing condition internal pressure

Minimum thickness per UG-16 0.0625" + 0" = 0.0625"

Design thickness due to internal pressure (t) 0.1345"

Design thickness due to external pressure (tg) | 0.1237"

Maximum allowable working pressure (MAWP) | 98.18 psi

Maximum allowable pressure (MAP) 101.16 psi

Maximum allowable external pressure (MAEP) | 46.65 psi

Straight Flange governs MDMT -20°F
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Note: Endnote 90 used to determine allowable stress.

1 [ /as\7]
Corroded | M =— - [3+ | — 1.7645
4 252
- -
N =L 3+<41'5>5 1.7645
oW 1 252 :

Design thickness for internal pressure, (Corroded at 250 °F) Appendix 1-4(d)

P-L-M i 61.49 - 41.5 - 1.7645
+ Corrosion = +0 =

b= 2.S-E-02-P 2-19,704.8 - 0.85 — 0.2 - 61.49

0.1345"

Maximum allowable working pressure, (Corroded at 250 °F) Appendix 1-4(d)

9.5-E-t 21970458 - 0.85 - 0.21
__2S5Bt o, 2-197048-085-0218 0 g8 48 psi
L-M+02-t 41.5 -1.7645 + 0.2 - 0.218

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

2-S-E-t 2-20,000 - 0.85 - 0.218

P=T ozt P ~ @5 17655102 0018

—0 = 101.16 psi

Design thickness for external pressure, (Corroded at 250 °F) UG-33(e)
Equivalent outside spherical radius (R,) = Outside crown radius = 41.718 in

0.125 0.125

A= = = 0.00037
R, / t 41.718 / 0.123616
From Table HA-5:B = 5,062.2058 psi
B 5,062.2058
P, = = =15 psi
R, / t 41718 / 0.1236
t = 0.1236" + Corrosion = 0.1236" + 0" = 0.1236"

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

167-P,-L-M . 1.67-15-41.5 - 1.7645
+ Corrosion

t= =
2-S-E—-02-167-P, 2-19,704.8 -1 —-0.2 - 1.67 - 15

The head external pressure design thickness (tg) is 0.1236".
Maximum Allowable External Pressure, (Corroded at 250 °F) UG-33(e)
Equivalent outside spherical radius (R,) = Outside crown radius = 41.718 in

.12 .12
A= 0125 0125 = 0.000653

R,/ t 41718 / 0218

From Table HA-5:B = 8,926.5947 psi

+0 =0.0466”
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B 8,926.5947

= = = 46.6465 psi
R, /| t 41.718 / 0218

a

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

2-S-E-t 2-19,704.8 -1-0.218 .
P = = =70.21 psi
(L-M +02-t)-167 (415 - 1.7645 + 0.2 - 0.218) - 1.67

The maximum allowable external pressure (MAEP) is 46.65 psi.

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

75 -t Ry 75 - 0.125 2.5825
EFE=—) -(1- = (1= = 3.6302
( Ry ) ( Ro) ( 2.5825 ) ( 00 ) g
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Straight Flange on Front Head

ASME Section VIII Division 1, 2019 Edition

Component Cylinder
Material SA-240 S32205 (II-D p. 128, In. 35)
Impact : Fine Grain Maximize MDMT/
Tested e e Practice Pl No MAWP
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 60 250 20
External 15 250
Static Liquid Head
Condition Ps (psi) Hs (in) SG
Operating 1.49 41.25 1
Test horizontal 1.73 47.875 1

Inner Diameter 41.5"
Length 0.5"
Nominal Thickness 0.125"
Inner 0"
Corrosion
Outer 0"

Weight and Capacity

Longitudinal seam

Weight (Ib) Capacity (US gal)
New 2.3 2.93
Corroded 23 2.93

Radiography

Seamless No RT

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)

0.0564"

Design thickness due to external pressure (tg) | 0.1062"
Maximum allowable working pressure (MAWP) | 134.74 psi
Maximum allowable pressure (MAP) 138.27 psi
Maximum allowable external pressure (MAEP) | 23.18 psi
Rated MDMT -20 °F
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UHA-51 Material Toughness Requirements

88.14 - 20.75

b= 310008 —06.-8814 0.0796

t,-E* ~0.0796 - 0.85

= = 0.5411
t, —c 0125 -0

Stress ratio =

Rated MDMT per UHA-51(d)(3)(a) = -20°F

Material is exempt from impact testing at the Design MDMT of 40°F.

Design thickness, (at 250 °F) UG-27(c)(1)

P-R 61.49 - 20.75
t=— ion = — 0.0564"
S E 060 P Comoson = S 085 —060 6149

Maximum allowable working pressure, (at 250 °F) UG-27(c)(1)

_ S-E-t p _ 267000850125
~ R+4060-t ® 2075 +0.60 - 0.125

—1.49 =134.74 psi

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

 S-E-t  27,100-085-0.125
T R+060-¢t  20.7540.60 - 0.125

External Pressure, (Corroded & at 250 °F) UG-28(c)

L 22
_ 29 osu3
D, 4175

Do _ A7 _ 3032008
t  0.1062

From table G: A =0.000324
From table HA-5: B = 4,423.6091 psi

4-B 4442361

Fa= 3-(D,/t)  3-(41.75/0.1062)

=15 psi

Design thickness for external pressure P, = 15 psi
t, =t -+ Corrosion = 0.1062 +0 = 0.1062"

Maximum Allowable External Pressure, (Corroded & at 250 °F) UG-28(c)

L 225985
=220 0541
D, a0l
D, 4175
= —33
= G = 3340000

From table G: A =0.000425
From table HA-5: B = 5,807.1058 psi

 4-B 4.580711
T 3.(D,/t)  3-(4L75/0125) T

P,

% Forming strain - UHA-44(a)(2)
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50 - ¢ Ry 50 - 0.125 20.8125
EFE=(——) (1- = (1- =0.3003
( R; ) ( Ro) ( 20.8125 ) ( 0 ) %

Allowable Compressive Stress, Hot and Corroded- S, (table HA-5)

40125 01% — 0.000749
R,/t  20.875/0.125
B =10,229 psi
S = 26,700 _ 26,700 psi
~ o0 O PR

S.e = min (B,S) = 10,229 psi

Allowable Compressive Stress, Hot and New- Sy

S.HN = S.HC =10229 psi

Allowable Compressive Stress, Cold and New- Scy;, (table HA-5)

0125 0.125

= = = 0.000749
R,/t  20.875/0.125
B =10,614 psi
_ o 27,100 psi
~ 100 TP

Sy = min (B,S) = 10,614 psi

Allowable Compressive Stress, Cold and Corroded- S.cc

Sc =Sen =10,614 psi

Allowable Compressive Stress, Vacuum and Corroded- Sy, (table HA-5)

0125 0.125

- - = 0.000749
R,/t  20.875/0.125
B =10,229 psi
S = 26,70 _ 26,700 psi
~ 100 O PR

Swe = min (B,S) = 10,229 psi
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Front Channel

ASME Section VIl Division 1, 2019 Edition

Component Cylinder
Material SA-240 S32205 (lI-D p. 128, In. 35)
Impact : Fine Grain Maximize MDMT/
Tested e (2R Practice Pt No MAWP
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 60 250 0
External 15 250

Static Liquid Head

Condition Ps (psi) Hs (in) SG
Operating 1.49 41.25 1
Test horizontal 1.73 47.875 1

Inner Diameter 41.5"
Length 18"
Nominal Thickness 0.25"
Inner 0"
Corrosion
Outer 0"

Weight and Capacity

Longitudinal seam

Weight (Ib) Capacity (US gal)
New 158.21 105.4
Corroded 158.21 105.4

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) 0.0685"

Design thickness due to external pressure (tg) | 0.1066"

Maximum allowable working pressure (MAWP) | 222.08 psi

Maximum allowable pressure (MAP) 226.91 psi

Maximum allowable external pressure (MAEP) | 129.6 psi

Rated MDMT -20 °F
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UHA-51 Material Toughness Requirements

88.14 - 20.75

b= 310007 —06-8814 0.0967

t.-E*  0.0967-0.8

= = 0.3094
t, —c 025 -0

Stress ratio =

Impact test exempt per UHA-51(g) (coincident ratio = 0.3094)
Rated MDMT = -20°F

Material is exempt from impact testing at the Design MDMT of 40°F.

Design thickness, (at 250 °F) UG-27(c)(1)

P-R 61.49 - 20.75
t = ———— 4 Corrosion = — 0.0685"
S B 060 P ComOsion = o070 —060 6149 | °

Maximum allowable working pressure, (at 250 °F) UG-27(c)(1)

'E. 26,700 - 0.70 - 0.2
__S:Bt p _BT0-070-025 0 9908 psi
R +060-t 20.75 + 0.60 - 025

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

_ S-E-t  27,100-0.70-0.25
T R+060-¢  20.75+0.60 - 0.25

= 226.91 psi

External Pressure, (Corroded & at 250 °F) UG-28(c)

L 22
_ 225%5 =0.5381
D, 42

D, _% = 394.0112
t 0.1066

From table G: A =0.000324
From table HA-5: B = 4,432.6614 psi

4-B 4443266

P=3570, /1) 3-(42/0.1066)

=15 psi

Design thickness for external pressure P, = 15 psi
t, =t -+ Corrosion = 0.1066 +0 = 0.1066"

Maximum Allowable External Pressure, (Corroded & at 250 °F) UG-28(c)

L 22.5985
= = 0.56381

S

o _ 2 = 168.0000
t 02
From table G: A =0.001225

From table HA-5: B = 16,330.1718 psi

 4-B 4-1633017
©3-(Do/t)  3-(42/025) T

P,

% Forming strain - UHA-44(a)(2)
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50 -t Ry 50 - 0.25 20.875
EFE=—).(1- = ——— ] -[1———) =0.5988
( Ry ) ( R, ) ( 20.875 > ( 0 ) %

Allowable Compressive Stress, Hot and Corroded- S ¢, (table HA-5)

0.125 0.125
- - = 0.001488
R,/t  21/0.25
B =17,241 psi
S = 26,70 _ 26,700 psi
~ 100 O PR

Segc = min (B,S) = 17,241 pSI

Allowable Compressive Stress, Hot and New- Sy

S.HN = S.HC =17241 psi

Allowable Compressive Stress, Cold and New- Sccy;, (table HA-5)

0125 0125

= = 0.001488
R,/t  21/025
B =19232 psi
5= _ 57100 psi
“Tw0 T P

Seny = min (B,S) = 19,232 psi

Allowable Compressive Stress, Cold and Corroded- S.cc

Se =Soy =19232 psi

Allowable Compressive Stress, Vacuum and Corroded- Sy, (table HA-5)

0125 0125

= = 0.001488
R/t 21/0.25
B =17,241 psi
S = 26,70 _ 26,700 psi
~ 10 > P

Swc = min (B,S) =17,241 psi
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TS Product Intlet (Inlet)

ASME Section VIII Division 1, 2019 Edition

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

Location and Orientation

Located on Front Channel

Orientation 180°

Nozzle center line offset to datum line 164.75"

End of nozzle to shell center 27.125"

Passes through a Category A joint No
I

Service Inlet (IN)

Description NPS 8 Sch 10S

Access opening No

Material specification SA-790 Smis pipe S32205 (II-D p. 128, In. 38)

Inside diameter, new 8.329"

Pipe nominal wall thickness 0.148"

Pipe minimum wall thickness’ 0.1295"

Corrosion allowance 0"

Projection available outside vessel, Lpr 5.977"

Projection available outside vessel to flange face, Lf | 6.125"

Local vessel minimum thickness 0.25"

Liquid static head included 1.5 psi

Longitudinal joint efficiency 1
... wes |

Inner fillet, Leggq 0.2"

Nozzle to vessel groove weld 0.25"

1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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ASME B16.5-2013 Flange

Description NPS 8 Class 150 SO A182 F51
Bolt Material SA-193 B7 Bolt <=2 1/2 (II-D p. 398, In. 32)
Blind included No

Rated MDMT 40°F

Liquid static head 1.72 psi

MAWP rating 245 psi @ 250°F

MAP rating 290 psi @ 70°F

Hydrotest rating 450 psi @ 70°F

External fillet weld leg (UW-21) 0.2072" (0.2072" min)

Internal fillet weld leg (UW-21) 0.148" (0.148" min)

PWHT performed No

Produced to Fine Grain Practice and No

Supplied in Heat Treated Condition

Impact Tested No
UW-21 Flange Welds

Xoin = min [L4 -, go] = [1.4 - 0.148,0.485] = 0.2072"
External L X+ 2o —o20m2 4 L 0.2072"
el L8 min = Smin T =0 07 :

C; 0
Internal Leg ,;, = min [tn,0.25” +W} = min [0.148,0.25+ W} = |0.148"

Flange rated MDMT per UHA-51(g) = 40°F (Coincident ratio = 0.3047)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

UHA-51 Material Toughness Requirements Nozzle

3 88.14 - 4.1645 B 0.0136"
" 27100-1-06-88.14 :
t.-E* 10136 - 1
Stress ratio = — 0.0136 = 0.1048

t,—c 012050

Impact test exempt per UHA-51(g) (coincident ratio = 0.1048)
Rated MDMT = -20°F

Material is exempt from impact testing at the Design MDMT of 40°F.
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Reinforcement Calculations for MAWP

The thickness requirements of UG-45 govern the MAWP of this nozzle.

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

For P = 166.07 psi @ 250 °F

The opening is adequately reinforced WO [Er241D [PREDEs L=

A A A
required | available As Az |As|As| L oids treq tmin
1.0789 | 1.1336 |1.0033 |0.0903 | - | - | 0.04 0.1295 0.1295

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(1)

UW-16 Weld Sizing Summary

e Required weld | Actual weld
LRI el e throat size (in) | throat size (in) S
Nozzle to shell fillet (Legy) 0.1036 0.14 weld size is adequate

Calculations for internal pressure 166.07 psi @ 250 °F

Parallel Limit of reinforcement per UG-40

Lr

max [d, R, + (t, —C,) + (t — C)]
= max [8.329,4.1645 + (0.148 — 0) + (0.25 — 0)]

8.329 in
Outer Normal Limit of reinforcement per UG-40

Ly win 25 - (t — C),25 - (t, — Cy) +1.]

min 25 - (0.25 —0),2.5 - (0.148 — 0) +0]
= 037 in

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

P-R,
S, -E—06-P

166.0666 - 4.1645
26,700 - 1 — 0.6 - 166.0666

0.026 in

trn

Required thickness t, from UG-37(a)

P-R
S-E—-06-P

166.0666 - 20.75
26,700 - 1 — 0.6 - 166.0666

0.1295 in

Required thickness t, per Interpretation VIlI-1-07-50
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P-R
S-E—-06-P

166.0666 - 20.75
26,700 - 0.7 — 0.6 - 166.0666

= 0.1854 in

=

Area required per UG-37(c)

Allowable stresses: S, = 26,700, S, = 26,700 psi

fr1 = lesser of 1 or % =1

v

fro = lesser of 1 or % =1

v

>
1

dty-F+2-t,-t,-F-(1—fn)

8.329-0.1295-1+2-0.148-0.1295-1- (1 —1)

1.0789 in?

Area available from FIG. UG-37.1
A4 = larger of the following= 1.0033 in2

= d-(Byt—F-t,) =2ty (B, t—F-t,)-(1—fn)
= 8320-(1-025—1-0.1295) —2-0.148 - (1-0.25 —1-0.1295) - (1 — 1)

= 1.0033 in2

= 2-(t+ty) (By t—F-t,)—2-t, (B -t—F ) -(1—f1)
= 2-(0.25+0.148) - (1-0.25 —1-0.1295) —2-0.148 - (1-0.25 — 1- 0.1295) - (1 — 1)

= 0.0959 in’

Ay = smaller of the following= 0.0903 in?

5- (tn 7t7‘n) 'fr2 -t
5-(0.148 — 0.026) - 1- 0.25

= 0.1525 in?

= 5'(tn7t7‘n)'f7‘2'tn
= 5-(0.148 —0.026) - 1-0.148

= 0.0903 in?

Ag1 = Leg2 - fro
= 02%.1
= 0.04in2
Area = A; +Ax+Ap
= 1.0033 +0.0903 + 0.04
= 1.1336in?

As Area >= A the reinforcement is adequate.

47/214



UW-16(c) Weld Check

Fillet weld: i, = min [0.75,¢,,t] = 0.148 in
Lmin) = D [0.25,0.7 - tyin ] = 0.1036 in
tqatuay =07 -Leg=07-02=014 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

t = 2 Bn | Gorrosi
aUG-27 Sn E_06-P /OITOS101N
166.2877 - 41645
26,700 - 1 — 0.6 - 166.2877

= 0026 in

tq = max [tue-27,tauc-22]
= max [0.026,0]
= 0.026 in
P-R

t = e — i
b1 S E_06.P + Corrosion

_ 166.0666 - 20.75 40
- 26,700 - 1 — 0.6 - 166.0666

= 0.1295 in

ty = max [ty,twaie)
= max [0.1205,0.0625]
= 0.1295 in

tb - min [tbg,tbl ]
= min [0.2818,0.1295]
= 0.1295 in

tUG-45 = max [ta 5 tb}

max [0.026,0.1295]
0.1295 in

Available nozzle wall thickness new, t, = 0.875 - 0.148 = 0.1295 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAP

The thickness requirements of UG-45 govern the MAP of this nozzle.

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

For P = 168.56 psi @ 70 °F

The opening is adequately reinforced WOL DL CUCIER

A A A
required | available A1 Az | As|As | olds treq tmin
1.079 | 1.1335 | 1.0032 | 0.0903 | — | — | 0.04 0.1295 0.1295

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(1)

Calculations for internal pressure 168.56 psi @ 70 °F

Parallel Limit of reinforcement per UG-40

L = max [d, R, + (¢, — C,) + (t — C)]

max [8.329,4.1645 + (0.148 — 0) + (0.25 — 0)]
8.320 in

Outer Normal Limit of reinforcement per UG-40

Ly min [25 - (t —C),25 - (t, — Cr) +t.]

min [25 - (0.25 —0),25 - (0.148 — 0) + 0]

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

. P-R,
mo- S, - E—06-P

168.5595 - 4.1645
27,100 - 1 — 0.6 - 168.5595

0.026 in

Required thickness t, from UG-37(a)

P-R
S-E—-06-P

168.5595 - 20.75
27,100 - 1 — 0.6 - 168.5595

0.1295 in

Required thickness t, per Interpretation VIll-1-07-50

P-R
S-E—-06-P
168.5595 - 20.75
27,100 - 0.7 — 0.6 - 168.5595

0.1854 in

Area required per UG-37(c)
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Allowable stresses: S, = 27,100, S, = 27,100 psi

fr1 = lesser of 1 or CLY 1

v

Sy
fro =lesserof 1 or — =1

v

>
1

det, F+2-t,t, - F-(1—fn)

8.329-0.1296 -1 +2-0.148-0.1296 - 1- (1 — 1)

1.079 in?

Area available from FIG. UG-37.1
A4 = larger of the following= 1.0032 in2

= d-(Byt—F-t,) =2ty (B, - t—F-t,)-(1—fn)
= 8320-(1-025—1-0.1296) —2-0.148 - (1-0.25 —1-0.1296) - (1 — 1)

= 1.0032 in?

= 2.(t4ty) (B t—F t,) =2ty - (By-t—F -t,)-(1—fn)
= 2.(0.25+0.148) - (1-0.25 —1-0.1296) —2-0.148 - (1-0.25 — 1-0.1296) - (1 — 1)

0.0959 in?

Ao = smaller of the following= 0.0903 in2

5- (tn _trn) 'fr2 -t
5-(0.148 —0.026) - 1-0.25

= 0.1525 in?

= 5'(tn7t7‘n)'f7‘2'tn
= 5-(0.148 —0.026) -1-0.148

= 0.0903 in?

Ast = Leg’ fn
= 0221
= 0.04in?

Area = A +A,+ Ay
= 1.0032 +0.0903 + 0.04
= 1.1335in?

As Area >= A the reinforcement is adequate.

UG-45 Nozzle Neck Thickness Check

P-R, .
taug-27 = S E_ 06 P + Corrosion

- 168.5595 - 4.1645 4o
27,100 - 1 — 0.6 - 168.5595

= 0026 in
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ta = max [twe-2r,twae-22]
= max [0.026,0]
= 0.026 in
P-R
t = ——— + Corrosion
o1 S-E—06-P

B 168.5595 - 20.75 40
- 27,100 - 1 — 0.6 - 168.5595

= 0.1295 in

ty = max [ty,tucis)
= max [0.1205,0.0625]
= 0.1295 in

tb = min [tbg ) tbl ]
= min [0.2818,0.1295]
= 01295 in

tuc-45 = max [t,,1)]

max [0.026,0.1205]
= 01295 in

Available nozzle wall thickness new, t,, = 0.875 - 0.148 = 0.1295 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 = 53.69 psi @ 250 °F

The opening is adequately reinforced UL CCEAD R0 Cher.

A A A
required | available As Az | As|As | clds treq tmin
0.7335 | 0.7336 |0.6152 | 0.0784 | - | — | 0.04 0.0625 0.1295

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

o Required weld Actual weld
LG C CEEHEL throat size (in) | throat size (in) SIEUE
Nozzle to shell fillet (Legy+) 0.1036 0.14 weld size is adequate

Calculations for external pressure 53.69 psi @ 250 °F
Parallel Limit of reinforcement per UG-40

Lr = max [d,R, + (t, — C,) + (¢t — C)]

max [8.329,4.1645 + (0.148 — 0) + (0.25 — 0)]
8.329 in

Outer Normal Limit of reinforcement per UG-40

Ly min 25 - (t —C),25 - (t, —Ch) +1.]

min [2.5 - (025 —0),2.5 - (0.148 — 0) + 0]
0.37 in

Nozzle required thickness per UG-28 t.,, = 0.042 in

From UG-37(d)(1) required thickness t, = 0.1761 in

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

Allowable stresses: S, = 26,700, S, = 26,700 psi

Sy
fr1 = lesser of 1 or 5 =1

v

S
fo = lesser of 1 or S—" =1

v

0'5'(d‘tr'F+2'tn'tr'F'(l_frl))
= 05-(8329-01761-1+2-0.148 - 01761 -1- (1 — 1))
0.7335

7335 in2

Area available from FIG. UG-37.1

A4 = larger of the following= 0.6152 in?
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= d- (B t—F-t;)—2-t, (Bt —F-t,)-(1—fn)
= 8329-(1-025—1-0.1761) —2-0.148 - (1-0.25 —1-0.1761) - (1 — 1)

= 0.6152 in?

= 2 (t4ty) (Byt—F-t,) =2ty - (By-t—F-t)-(1—fa)
= 2.(025+0.148)-(1-0.25 —1-0.1761) —2-0.148 - (1-0.25 — 1-0.1761) - (1 — 1)

= 0.0588 in?

Ay = smaller of the following= 0.0784 in2

5- (tn 7t7‘n) 'fr2 -t
5-(0.148 — 0.042) - 1-0.25

= 0.1325 in?

= 5'(tn_trn)'f7"2'tn
= 5-(0.148 —0.042) - 1-0.148

= 0.0784 in®

Ag1 = Leg’ - fp
= 022%-1
= 0.04 in2
Area = A; +As+Aqn
= 0.6152 + 0.0784 + 0.04
= 0.7336in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: ¢ = min [0.75,¢,,t] = 0.148 in
tdmin) = min [0.25,07 'tmin] = 0.1036 in
tatuay = 07-Leg =0.7-02 =014 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 = 0042 in
tq = max [tweg-28,tauc-22]
= max [0.042,0]
= 0.042 in
P-R
t = ——— + Corrosion
b2 S.E_06-P

53.6905 - 20.75
26,700 - 1 — 0.6 - 53.6905

= 0.0418 in
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tip = max [t ,tiucis]
= max [0.0418,0.0625]
= 0.0625 in

tb = II]il’l [thg,tbg]
= min [0.2818,0.0625]
= 0.0625 in

tuc-45 = max [tq,ts)
= max [0.042,0.0625]
= 0.0625 in
Available nozzle wall thickness new, t,, = 0.875 - 0.148 = 0.1295 in

The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 250 °F) UG-28(c)

L 572
L _ 6576 = 0.7620
D, 8.625
D X

° = 8625 = 205.2231
t 0.042

From table G: A = 0.000605
From table HA-5: B = 8,264.0127 psi

4B 4-826401
~3-(D,/t)  3-(8625/0.042)

=53.69 psi

a

Design thickness for external pressure P, = 53.69 psi

t, =t + Corrosion = 0.042 + 0 = 0.042"
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TS Product Outlet (Outlet)

ASME Section VIII Division 1, 2019 Edition

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

Location and Orientation

Located on Front Channel

Orientation 0°

Nozzle center line offset to datum line 164.75"

End of nozzle to shell center 27.125"

Passes through a Category A joint No
"

Service Product Outlet (OUT)

Description NPS 8 Sch 10S

Access opening No

Material specification SA-790 Smis pipe S32205 (II-D p. 128, In. 38)

Inside diameter, new 8.329"

Pipe nominal wall thickness 0.148"

Pipe minimum wall thickness’ 0.1295"

Corrosion allowance 0"

Projection available outside vessel, Lpr 2.125"

Projection available outside vessel to flange face, Lf | 6.125"

Local vessel minimum thickness 0.25"

Liquid static head included 0 psi

Longitudinal joint efficiency 1
... wes

Inner fillet, Legyq 0.25"

Nozzle to vessel groove weld 0.25"

1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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ASME B16.5-2013 Flange

Description NPS 8 Class 150 WN A182 F51

Bolt Material SA-193 B7 Bolt <=2 1/2 (1I-D p. 398, In. 32)
Blind included No

Rated MDMT 40°F

Liquid static head 0 psi

MAWP rating 245 psi @ 250°F
MAP rating 290 psi @ 70°F
Hydrotest rating 450 psi @ 70°F
PWHT performed No
Produced to Fine Grain Practice and No

Supplied in Heat Treated Condition

Impact Tested No

Circumferential joint radiography

Full UW-11(a) Type 1

Flange rated MDMT per UHA-51(g) = 40°F (Coincident ratio = 0.2988)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

UHA-51 Material Toughness Requirements Nozzle

t,—c 012050

B 86.65 - 4.1645 B 0.0133"

" 27,100-1—0.6 - 86.65 '
t.-E" 10133 - 1

Stress ratio = 0.0133 = 0.103

Impact test exempt per UHA-51(g) (coincident ratio = 0.103)

Rated MDMT =

-20°F

Material is exempt from impact testing at the Design MDMT of 40°F.
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Reinforcement Calculations for MAWP

The thickness requirements of UG-45 govern the MAWP of this nozzle.

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

For P = 166.08 psi @ 250 °F

The opening is adequately reinforced WD FEEA B [PEees e= 2

A A A
required | available As Az [As|As| \elds treq tmin
1.079 1.156 |1.0032 [ 0.0903 | - | — | 0.0625| 0.1295 0.1295

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(1)

UW-16 Weld Sizing Summary

e Required weld | Actual weld
LRI el e throat size (in) | throat size (in) S
Nozzle to shell fillet (Legy) 0.1036 0.175 weld size is adequate

Calculations for internal pressure 166.08 psi @ 250 °F

Parallel Limit of reinforcement per UG-40

Lr

max [d, R, + (t, —C,) + (t — C)]
= max [8.329,4.1645 + (0.148 — 0) + (0.25 — 0)]

8.329 in
Outer Normal Limit of reinforcement per UG-40

Ly win [25 - (t — C),25 - (t, — Cy) +1.]

min 25 - (0.25 —0),2.5 - (0.148 — 0) +0]
= 037 in

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

P-R,
S,-E—06-P

166.0759 - 4.1645
26,700 - 1 — 0.6 - 166.0759

0.026 in

trn

Required thickness t, from UG-37(a)

P-R
S-E—-06-P

166.0759 - 20.75
26,700 - 1 — 0.6 - 166.0759

0.1296 in

Required thickness t, per Interpretation VIli-1-07-50
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P-R
S-E—-06-P

166.0759 - 20.75
26,700 - 0.7 — 0.6 - 166.0759

= 0.1854 in

=

Area required per UG-37(c)

Allowable stresses: S, = 26,700, S, = 26,700 psi

fr1 = lesser of 1 or % =1

v

fro = lesser of 1 or % =1

v

>
1

d-ty-F+2-t, -t,-F-(1—fn)

8.329-0.1296 -1 +2-0.148-0.1296 - 1- (1 —1)

1.079 in?

Area available from FIG. UG-37.1
A4 = larger of the following= 1.0032 in2

= d-(Byt—F-t,) =2ty (B, - t—F-t,)-(1—fn)
= 8320-(1-025—1-0.1296) —2-0.148 - (1-0.25 —1-0.1296) - (1 — 1)

= 1.0032 in2

= 2-(t+ty) (By t—F-t,)—2-t, (B -t—F ) (1—f1)
= 2-(0.25+0.148) - (1-0.25 —1-0.1296) —2-0.148 - (1-0.25 — 1- 0.1296) - (1 — 1)

= 0.0959 in’

A, = smaller of the following= 0.0903 in2

5- (tn 7t7‘n) 'fr2 -t
5-(0.148 — 0.026) - 1- 0.25

= 0.1525 in?

= 5'(tn7t7‘n)'f7‘2'tn
= 5-(0.148 —0.026) - 1-0.148

= 0.0903 in>

Asr = Leg’ fo
= 0221
= 0.0625in?
Area = Ay +A>+Agn
= 1.0032 4 0.0903 -+ 0.0625
= 1.156in2

As Area >= A the reinforcement is adequate.
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UW-16(c) Weld Check

Fillet weld: ¢ = min [0.75,¢,,t] = 0.148 in
tomin) = 00 [0.25,0.7 - y] = 0.1036 in
tootuay = 07 - Leg = 0.7-0.25 = 0.175 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

t = 2 Bn | Gorrosi
aUG-27 Sn E_06-P OITOS101
166.0759 - 41645
26,700 - 1 — 0.6 - 166.0759

= 0.026 in

tq = max [tue-27,tauc-22]
= max [0.026, 0]
= 0.026 in
P-R

t = _— 1
b1 S E_06.P + Corrosion

_ 166.0759 - 20.75 40
- 26,700 - 1 — 0.6 - 166.0759

= 0.1295 in

ty = max [ty,twaie)
= max [0.1205,0.0625]
= 0.1295 in

tb - min [tbg,tbl ]
= min [0.2818,0.1295]
= 0.1295 in

tUG-45 = max [ta 5 tb}

max [0.026,0.1295]
0.1295 in

Available nozzle wall thickness new, t, = 0.875 - 0.148 = 0.1295 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAP

The thickness requirements of UG-45 govern the MAP of this nozzle.

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

For P = 168.56 psi @ 70 °F

The opening is adequately reinforced WL AL LIS o

A A A
required | available A1 Az |As|As| elds treq tmin
1.079 1.156 |1.0032 | 0.0903 | — | — | 0.0625 | 0.1295 0.1295

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(1)

Calculations for internal pressure 168.56 psi @ 70 °F

Parallel Limit of reinforcement per UG-40

L = max [d, R, + (¢, — C,) + (t — C)]

max [8.329,4.1645 + (0.148 — 0) + (0.25 — 0)]
8.320 in

Outer Normal Limit of reinforcement per UG-40

Ly min 25 - (t —C),25 - (t, — Ch) +t.]

min [25 - (0.25 —0),25 - (0.148 — 0) + 0]

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

. P-R,
mo- S, - E—06-P

168.5595 - 4.1645
27,100 -1 — 0.6 - 168.5595

0.026 in

Required thickness t, from UG-37(a)

P-R
S-E—-06-P

168.5595 - 20.75
27,100 - 1 — 0.6 - 168.5595

0.1295 in

Required thickness t, per Interpretation VIlI-1-07-50

P-R
S-E—-06-P
168.5595 - 20.75
27,100 - 0.7 — 0.6 - 168.5595

0.1854 in

Area required per UG-37(c)
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Allowable stresses: S, = 27,100, S, = 27,100 psi

fr1 = lesser of 1 or Sn . 1

v

Sy
fro =lesserof 1 or — =1

v

>
1

det, F+2-t,t, - F-(1—fn)

8.329-0.1296 -1 +2-0.148-0.1296 - 1- (1 — 1)

1.079 in?

Area available from FIG. UG-37.1
A4 = larger of the following= 1.0032 in2

= d-(By-t—F-t,) =2ty (B, t—F-t,)-(1—fn)
= 8320-(1-025—1-0.1296) —2-0.148 - (1-0.25 —1-0.1296) - (1 — 1)

= 1.0032 in?

= 2.(t4ty) (Bt —F t,) =2ty (By-t—F-t,) - (1—fn)
= 2.(0.25+0.148) - (1-0.25 —1-0.1296) —2-0.148 - (1-0.25 — 1-0.1296) - (1 — 1)

= 0.0959 in?

Ao = smaller of the following= 0.0903 in2

5- (tn _trn) 'fr2 -t
5-(0.148 —0.026) - 1- 0.25

= 0.1525 in?

= 5'(tn7t7‘n)'f7‘2'tn
= 5-(0.148 —0.026) - 1-0.148

= 0.0903 in?

Ag1 = Leg2 - fro
= 02521
= 0.0625 in2

Area = A +A,+ Ay
= 1.0032 +0.0903 + 0.0625
= 1.156in2

As Area >= A the reinforcement is adequate.

UG-45 Nozzle Neck Thickness Check

P-R, .
taug-27 = S E_u6P -+ Corrosion
168.5595 - 4.1645
27,100 - 1 — 0.6 - 168.5595

= 0026 in
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ta = max [twe-2r,twae-22]
= max [0.026,0]
= 0.026 in
P-R
t = ——— + Corrosion
o1 S-E—06-P

B 168.5595 - 20.75 40
- 27,100 - 1 — 0.6 - 168.5595

= 0.1295 in

ty = max [ty,tucis)
= max [0.1205,0.0625]
= 0.1295 in

tb = min [tbg ) tbl ]
= min [0.2818,0.1295]
= 01295 in

tuc-45 = max [t,,1)]

max [0.026,0.1205]
= 01295 in

Available nozzle wall thickness new, t,, = 0.875 - 0.148 = 0.1295 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 = 55.17 psi @ 250 °F

The opening is adequately reinforced LD (D R UleR.

A A A
required | available As Az [As|As| Lelds treq tmin
0.7409 0.741 |0.6005|0.078 | — | — | 0.0625 0.0625 0.1295

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

o Required weld Actual weld
LCLE C CECHE throat size (in) | throat size (in) SIEHE
Nozzle to shell fillet (Legy+) 0.1036 0.175 weld size is adequate

Calculations for external pressure 55.17 psi @ 250 °F
Parallel Limit of reinforcement per UG-40
LR = max [d, R, + (t, —C,) + (t —C)]

= max [8.329,4.1645 + (0.148 — 0) + (0.25 — 0)]
8.329 in

Outer Normal Limit of reinforcement per UG-40

Ly min 25 - (t — C),25 - (t, — C) +1.]
= min [25- (025 —0),25 - (0.148 — 0) + 0]

0.37 in

Nozzle required thickness per UG-28 t,,, = 0.0426 in

From UG-37(d)(1) required thickness t, = 0.1779 in

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

Allowable stresses: S, = 26,700, S, = 26,700 psi

Sy
fr1 = lesser of 1 or 5 =1

v

S
fo = lesser of 1 or S—" =1

v

A = 05-(dt,-F+2-t, t,-F-(1—fn))
= 05-(8329-0.1779-1+2-0.148-0.1779 - 1- (1 —1))
= 0.7409 in?

Area available from FIG. UG-37.1

A4 = larger of the following= 0.6005 in?
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= d- (B t—F-t;)—2-t, (Bt —F-t,)-(1—fn)
= 8329-(1-025—1-0.1779) —2-0.148 - (1-0.25 —1-0.1779) - (1 — 1)

= 0.6005 in?

= 2 (t+ty) (B t—Ft) =2ty (By-t—F-t,)-(1—fn)
= 2.(0.25+0.148) - (1-025 —1-0.1779) —2-0.148 - (1-0.25 — 1-0.1779) - (1 — 1)

= 0.0574 in®

Ay = smaller of the following= 0.078 in2

5- (tn 7t7‘n) 'frZ -t
5-(0.148 — 0.0426) - 1- 0.25

= 0.1318 in?

= ‘5'(tn_trn)'fr2'tn
= 5-(0.148 —0.0426) - 1-0.148

= 0.078 in”

Ag1 = Leg’ - fp
= 02521
= 0.0625in?
Area = A; +As+Aqn
= 0.6005 + 0.078 + 0.0625
= 0.741 in2

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: ¢ = min [0.75,¢,,t] = 0.148 in
tdmin) = min [0.25,07 'tmin] = 0.1036 in
totua) = 0.7 Leg = 0.7-025 = 0.175 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 = 0.0426 in
tq = max [tweg-28,tauc-22]
= max [0.0426, 0]
= 0.0426 in
P-R
t = ——— + Corrosion
b2 S.E_06-P

55.1748 - 20.75
26,700 - 1 — 0.6 - 55.1748

= 0.0429 in
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tip = max [t ,tiucis]

= max [0.0429,0.0625]

= 0.0625 in

tb = min [thg,tbg]
= min [0.2818,0.0625]
= 0.0625 in

tug-4s = max [t,t)

= max [0.0426,0.0625]

= 0.0625 in

Available nozzle wall thickness new, t,, = 0.875 - 0.148 = 0.1295 in

The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 250 °F) UG-28(c)

L .572
—_— = 6.5726 = 0.7620
D, 8.625
D .62

2 = 8.625 = 202.6939
t 0.0426

From table G: A =0.000614
From table HA-5: B = 8,387.846 psi

4-B 4-8,387.85

a

T 3.(D,/t)  3-(8625/0.0426)

=55.18 psi

Design thickness for external pressure P, = 55.18 psi

t, =t + Corrosion = 0.0426 + 0 = 0.0426"
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Tube Side Flange (front)

ASME Section VIII Division 1, 2019 Edition , Appendix 2 Flange Calculations

Flange Type Ring type integral
Attachment Type Figure UW-13.2 sketch (n)
Flange Material SA-182 F60 (II-D p. 128, In. 43)
Attached To Front Channel (Right)
Toced | Normalized | FEe el PWHT o MAWp
Yes (-20°F) No No No No
Design Design Design
Pressure (psi) Temperature (°F) MDMT (°F)
Internal 60 250 20
External 15 250
Condition Ps (psi)
Operating 1.49
. owemos |
Flange OD, A 47"
Flange ID, B 41.5"
Bolt Circle, C 45.0625"
Gasket OD 42.9"
Gasket ID 42.6"
Raised Face ID 42.9"
Facing Height, t,¢ o"
Flange Thickness, t 1.75"
Hub Thickness, g1 0.6071"
Hub Thickness, gg 0.25"
Fillet Weld, h 0.375"
Groove Weld, w 0.25"
Edge Distance, t, 1.6"
Corrosion Bore 0"
Corrosion Flange 0"
Material SA-193 B7 Bolt <=2 1/2 (lI-D p. 398, In. 32)
Description 28 - 0.625" coarse threaded
Corrosion on root 0"

Factor, m 0
Seating Stress, y 0 psi
Thickness, T 0.125"

Weight (Ib)
New 188.7 Ib
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Corroded

Longitudinal seam

Radiography

188.7 Ib

Seamless No RT

Left Circumferential seam

N/A

Results Summary

Flange design thickness:

1.3119"

Maximum allowable working pressure, MAWP:

86.65 psi @ 250 °F

Maximum allowable pressure, MAP:

89.46 psi @ 70 °F

Maximum allowable external pressure, MAEP:

150 psi @ 250 °F

(App 2-14(a) limits)

Rated MDMT

-20 °F

Note: this flange is an optional type calculated as integral.
The following values are used in the calculations: gg = shell/nozzle wall thickness, h = actual length of flange hub plus fillet weld leg

attaching hub to shell/nozzle
Appendix 2-14(a) successful service experience active.
Flange rigidity calculations are not performed for conditions where service restrictions are met.

UHA-51 Material Toughness Requirements

Material impact test temperature per UHA-51(a) =

-20°F

Bolts rated MDMT per Fig UCS-66 note (c) =

-55°F

Design MDMT of 40°F is acceptable.

Stress Summary

P S |Allow| SR | St [(SH*SR)/2|(Su+ST)/2| Allow
(psi) | (psi) | (psi) | (psi) | (psi) (psi) (psi) (psi)
Oper 27,941 | 40,050 | 1,187 | 6.519 14,564 17,230 26,700
Design P | Weight Only 61.49
Seating 26,547 | 40,650 | 1,128 | 6.194 13,838 16,371 27,100
) Oper 1.819 | 40,050 | 77 424 948 1.121 26,700
Design Pg | Weight Only 15
Seating 16,304 | 40,650 | 693 |3.804 8.498 10,054 27,100
Bolt Summary
P w Am | Ap
(si) | (br) | (in2) | (in?)
Oper 88.834.5 | 3.55
Design P | Weight Only 61.49 5.66
Seating 0 0
. Oper 21,670.83| 0
Design Pg | Weight Only 15 5.66
Seating 0 0
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Figure UW-13.2 Weld Sizing

Co, shell

b>3t ;
a+b=> 3 n+ Cl,shell + 0.7

min [t,,t.] + C, she
h> ltns ta] + Coten
- 0.7

t, > min [t,,025"] +C,

Results
a+b= 0.7571"| > |3-025+0+ 017 = 0.75" v
b 0375" | > min [0.25,0.5] +0 _loss71" | v
0.7
g1 —g0 = |0.3571"| > min [0'2?)’.?'5] 0 = | 0.3571" | v
t, = 16" | > | min [025,025] +0= |0.25" |v

Flange calculations for Internal Pressure + Weight Only

Gasket details from facing sketch Confined gasket 1(a)

Gasket width N = 0.15in

Effective gasket seating width, b = bg = 0.075 in

G = OD of contact face = 42.9 in (per VIII-1 Appendix 2-5 (c)3(a) for self energizing gaskets)

O -G 450625 — 429

he = - — 10813 i
6= - 0813 in
R4g 11741 + 06071
hp = —— 9L + = 14777 in
2 2
R+4gi+hg 11741 +0.6071 + 1.0813
hp— O The + + —14313 in

2 2

Hp = 0 per VIII-1 Appendix 2-5 (c)3(a) for self energizing gaskets.

H =078-G*-P =0.785-4297 - 61.480 = 88,834.5 Ib;
Hp =0.785-B® - P =0.785 - 41.5 > - 61.489 = 83,131.05 Ib;
Hr = H — Hp = 88,834.5 — 83,131.05 = 5,703.45 Ib;

W = H + H, = 88,8345 +0 =88,834.5 Iby

W =314-b-G -y =314-0.075-42.9 -0 = 0 by
Required bolt area, A, = greater of A1, A2 = 3.5534 in2

W 888345

DA in2
S 25,000 3.5534 in

Aml =
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W,
m2 0 _ mg

A = =
™ TS, 25000

Total area for 28 - 0.625" coarse threaded bolts, corroded, Ay, = 5.656 in?

(Am +A) - S, (3.5534 +5.656) - 25,000
W= . - . —115,117.25 Tb

Mp = Hp-hp = 83,131.05 - 1.4777 = 122,841 1b-in
My = Hy - hy = 5,703.45 - 14313 = 8,163.1 b s-in

Hg =W,y —H — 83,8345 — 83,8345 =0 Ib;
Mg =Hg -hg =0-1.0813 =0 Ibj-in
M, = Mp + My + Mg = 122,841 +8,163.1 + 0 = 131,004 b -in

My =W -hg =115,117.25 - 1.0813 = 124,470.5 Ib ¢-in
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Hub and Flange Factors

go =t, =025 in

ho=+/B-go =+/415-025 =3221 in

A 47
F FIG. 2-7.1, where K = — = — =1.132
rom , Where 5 15 325
T =18653 Z =8.0765 Y =15.6248 U =17.1701

i =0.1164 9 = 2.4286
h() 9o

F
F =09027 V =04101 e =— =0.2803

(U , (171701 - s
d= <V> ho - g2 7< Vit ) 3221-025% = 84284 in

Stresses at operating conditions - VIII-1 Appendix 2-7

f = 4.6818
t-e+1 8  175-0.2803+1 1753
L= - = = 1.4349
T 4 1.8653 *3mm
f-M, 46818 - 131,004 ,
Sy = = 27,941 psi

L-g? B 1434906071 %415

(133-t-e+1)- M, (1.33 - 1.75 - 0.2803 + 1) - 131,004

S, — - = 1,187 psi
f L-t2-B 1.4349 - 1.75 2 - 415
Y- M, 15.6248 - 131,004 _
Sr = —Z - Sp=—"""""" " 807651187 = 6,519 psi

t2-B 1752415

Allowable stress Sz, = 26,700 psi
Allowable stress Sy, = 26,700 psi

St does not exceed Siq
Sy does not exceed min [15 - Sy, ,15-.S,,] = 40,050 psi
Sr does not exceed S¢q

Sg+ S
% = 14.564 psi does not exceed Sy,
@ = 17.230 psi does not exceed St

Stresses at gasket seating - VIlI-1 Appendix 2-7

f-M, 4.6818 - 124,470.5 .

Sy = > = > = 26,547 psi

L.g;-B 1.4349 - 0.6071 © - 41.5

(133-t-e+1)-M, (1.33 - 1.75 - 0.2803 + 1) - 124,470.5 ,
Sp = > = 5 =1.128 psi

L-t?-B 14349 - 1.75 ° - 41.5

Y- M, 15.6248 - 124,470.5 .
Sy = - —Z -8 = 5 —8.0765 - 1,128 = 6,194 psi

t*-B 1.75°-415

Allowable stress S¢; = 27,100 psi
Allowable stress Sp5 = 27,100 psi
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St does not exceed Si,
Sy does not exceed min [1.5 - Sy, ,1.5 - Sp, | = 40,650 psi
SR does not exceed S¢y

Su+S
% = 13,838 psi does not exceed S¢,
# = 16,371 psi does not exceed Sg,

Flange calculations for External Pressure + Weight Only per VIII-1, Appendix 2-11

Gasket details from facing sketch Confined gasket 1(a)

Gasket width N =0.15 in

bo = = = 0.075 in

N
2
Effective gasket seating width, b = bg = 0.075 in

G = OD of contact face = 42.9 in (per VIII-1 Appendix 2-5 (c)3(a) for self energizing gaskets)

C—-G 450625 — 429
he = =—5— = 5 =1.0813 in

R+ 1.1741 + 0.6071
hp = 291 - +2 — 14777 in

_ R+g+he 11741 4-0.6071 +1.0813

hr 2 2

=14313 in

Hp = 0 per VIII-1 Appendix 2-5 (c)3(a) for self energizing gaskets.
H =0785-G?-P=0.785-429% .15 = 21,670.83 lb;

Hp =0.785-B* . P =0.785 - 41.5% - 15 = 20,279.49 lb;

Hy = H — Hp = 21,670.83 —20,279.49 = 1,391.33 lb;

W = H + H, =21,670.83 +0 = 21,670.83 Ibf

Wye =314-b-G -y = 3140075429 -0 =0 by

Required bolt area, A, = greater of A1, Ap2 = 0 in?

_0.785-G?- (P, —P,)  0785-429%-0 in2
e S, - 25,000 B
Wis 0 5
A, = —= — = <
=

Total area for 28 - 0.625" coarse threaded bolts, corroded, Ay, = 5.656 in2

Ao +A)-S. (0+5.656) - 25,000
_ A +4) _ L ) = 70,700 Ib;

w
2 2

M, =Hp-(hp —hg) +Hr - (hy —hg) = 20,279.49 - (14777 — 1.0813) +1,391.33 - (14313 — 1.0813) = 8,526.3 b -in

M, =W -hg = 70,700 - 1.0813 = 76,4444 Ib-in
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Hub and Flange Factors

go =t, =025 in

ho=/B g =45-025 =3221 in

From FIG. 2-7.1, where K = é = i =1.1325
B 415
T =18653 Z =8.0765 Y =15.6248 U =17.1701

i =0.1164 9 = 2.4286
h() 9o

F
F =09027 V =04101 e = e 0.2803
0

U 17.1701
d:<—>-h0-gg:< )-3.221-0.252:8.4284 in3
v 0.4101

Stresses at operating conditions - VIII-1 Appendix 2-7

f = 46818
t-e+1 5 175-0.2803 +1 1753
L= += = + = 1.4349
T d 1.8653 8.4284
M, 4.6818 - 8,526. .
Sy ! 6818 - 8,526.3 =1.819 psi

 L-g? B 14349060712 -415

(133-t-e+1)- M, (133 -1.75 - 0.2803 + 1) - 8,526.3 _
SR = = =77 psi
L-t>-B 1.4349 - 1.752 - 415

Y M, 15.6248 - 8,526.3
= —Z.Sp = I

— 8.0765 - 77 = 424 psi
t2.B 1752415

Allowable stress Sz, = 26,700 psi
Allowable stress Sj,q = 26,700 psi

St does not exceed Siq
Sy does not exceed min [15 - Sy, ,15-.S,,] = 40,050 psi
Sr does not exceed S¢,

@ = 948 psi does not exceed Sg,
% = 1.121 psi does not exceed S¢q

Stresses at gasket seating - VIlI-1 Appendix 2-7

-M, 4.6818 - 76,444.4 .
Sy = f-M, - ’ =16.304 psi
L-g?-B  1.4349-0.60712%-415
(133-t-e+1)-M, (1.33 - 1.75 - 0.2803 + 1) - 76,444.4 )
Sg = = =693 psi
L-t-B 14349 -1.752 . 415
Y- M, 15.6248 - 76,444.4 .
Sy = 7.8y = O 80765 - 693 = 3.804 psi
t2.B 1.752%.415

Allowable stress S¢; = 27,100 psi
Allowable stress Sp5 = 27,100 psi
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St does not exceed Sg,

Sy does not exceed min [1.5 - Sy, ,1.5 - Sp, | = 40,650 psi
SR does not exceed S¢y

Sut Se = 8.498 psi does not exceed S,
# = 10,054 psi does not exceed Ss,

73/214



Tubesheet -- ASME

ASME Section VIl Division 1, 2019 Edition

Type of heat exchanger:

Fixed Both Ends

Type of construction:

Fixed\Stationary tubesheet per Fig. UHX-13.1 Configuration b:
shell-side integral, tubesheet extended as a flange

Calculate as simply supported:

No

Tubesheet material specification:

SA-240 S32205 (II-D p. 128, In. 35)

Normalized No

Fine Grain Practice No

Impact Tested Yes (-20°F)
PWHT No

Tube layout: Triangular
Tubesheet outer diameter, A: 47 in

Tubesheet thickness, h:

1.25in (tgesign = 0.8706 in)

Number of tubes, N¢: 342

Tube pitch, p: 1.875in

Tube hole diameter: 1.514 in (Special Close Fit)
Radius to outer tube center, ry: 19.3718 in

Total area of untubed lanes, A : 10 in2

Pass partition groove depth, hg: 0in

Corrosion allowance shell side , cg: 0in

Corrosion allowance tube side , cy: 0in

Tubesheet poisson's ratio, v: 0.3

Perimeter of the tube layout, Cy: 130.1745in

Total area enclosed by Cp, Ap:

1,102.2442 in?

Material specification:

Consider radial thermal expansion per UHX-13.8: |No
Gasket groove depth shell side: Oin
Gasket groove depth tube side: Oin

SA-240 304 (11D p. 88, In. 37)

Inner diameter, Dg: 41.625in
Thickness, tg: 0.1874 in
Inner corrosion allowance: 0in
Outer corrosion allowance: 0in
Poisson's ratio, vg: 0.31
Circumferential weld joint efficiency, Eg : 07

Shell Band

Material specification: SA-240 304 (1I-D p. 88, In. 37)
Thickness, ts 1: 0.1874 in

Inner corrosion allowance: 0in

Outer corrosion allowance: 0in

Length, L¢: 12in

Length, Ly: 12in

Circumferential weld joint efficiency, Eg : 0.7

Material specification: SA-240 S32205 (lI-D p. 128, In. 35)
Inner diameter, D¢: 41.5in
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Tube material specification:

Thickness, t¢: 0.25in
Inner corrosion allowance: Oin
Outer corrosion allowance: Oin
Poisson's ratio, v¢: 0.3

Tubes
SA-789 WId tube S32205 (lI-D p. 128, In. 46)

Tube outer diameter, dy:

1.5in

Bolt circle diameter, C:

Tube nominal thickness, t;: 0.049 in
Tube minimum thickness, t; min: 0.0429 in
Tube tolerance: 12.5%
Tube length between outer tubesheet faces, Li: 144 in
Tube inner corrosion allowance: 0in
Tube outer corrosion allowance: 0in
Tube expansion depth ratio, p: 0.85
Tube poisson's ratio, vy 0.3

45.0625 in

Channel side gasket load reaction diameter, G:

42.9in
ube Supports

|

Calculation method:

Tube supports present: Yes
Support all tubes: No
Maximum distance from tubesheet to first support: | 122 in
Maximum distance between tube supports: Oin

Tube-To-Tubesheet Joints

Appendix A

Joint type:

Table A-2 Type e, Welded, a 21.4*t, and expanded

Tube-To-Tubesheet Joint Loads

Summary Tables

Tubesheet Design Thickness Summary

Condition tde_Sig"
(in)
Operating 0.8705959
Tubesheet Effective Bolt Load
Condition | Load Case w
(1bg)
LC1 88,834.5
LC2 0
LC3 88,834.5
LC4 0
Operating
LC5 115,117.25
LC6 82,611.01
LC7 115,117.25
LC8 82,611.01
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Shell Side Tube Side
Condition Psd,max | Psd,min | Psox,max | Psox,min Prsetsa:l(:re Copsifier Ptd,max | Ptd,min | Ptox,max | Ptox,min Prset::::re COPSi_der
(psi) | (psi) | (psi) | (psi) (psi) Liquid (psi) | (psi) | (psi) | (psi) (psi) Liquid
Operating 25 -15 25 -15 0 No 60 -15 60 -15 1.49 Yes

Temperatures

Tubesheet design [ Shell design | Channel design | Tube design | Shell mean | Tube mean
Condition T Ts Te Ty Ts,m Tem
(°F) (°F) (°F) (°F) (°F) (°F)

Operating 300 300 250 300 250 250

Material Properties

Modulus of | Allowable Yield c Mf‘f’.a'.‘ ‘
Condition | Component Material Elasticity Stress Stress ?ﬁe:::r:zr
(psi) (psi) (psi) Expansion
Shell SA-240 304 E;=27.0E+06 | S5=18900| S, s=22400| og ,=9.10E-06
Shell Band SA-240 304 B 1=27.0E+06 | S5 4 = 18,900 | Sy 5 1 =22,400 | o5 ) 4 = 9.10E-06
Channel SA-240 S32205 E,=27.85E+06 | S,=26,700| S, .=55500 N/A
Operating
Tubesheet SA-240 S32205 E = 27.5E+06 S =26,200 Sy =53,700 N/A
B =27.5E+06 | 5,=26,235"| S,1=57900| oy ,=7.30E-06
Tubes SA-789 WId tube S32205
Eqr =27.5E+06 | Si; =26,235 N/A N/A

*The allowable tensile stress from Section II-D has been divided by 0.85 as the calculated stresses are longitudinal.

Calculations for Operating Condition

Table UHX-13.4-1

Desi Shell Side Tube Side
esign Design Design
L%aadslzg Pressure, Pg | Pressure, P,

(psi) (psi)
1 -15 61.49
2 25 -15
3 25 61.49
4 -15 -15

Table UHX-13.4-2

i Axial Mean
Operating Operating Pressure Metal Temperature
Loading Case | ghell Side, Pg | Tube Side, P; | Tubes, Tt,m Shell, Ts,m
(psi) (psi) (°F) (°F)

5 -15 61.49
6 25 -15

250 250
7 25 61.49
8 -15 -15
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UHX-9.5

19W,1 he
hr,operating = W
fe

LOW he
hr,gasket seating — W

h, = max [hr,gasket seating hr,operatiné

Condition Operating

Operating

LC1,3,5,7

1.9 - 88,834.5 - 1.0813
r = \/ = 0.403

26,200 - 42.9
New or
Corr

oo 468 o [19-2382202-10813 0.2087
e e 26,200 - 42.9 B :

Gasket Seating

LC1,3,5,7

1.9 -115,117.25 - 1.0813
h, = \/ = | 0451

27,100 - 42.9
New or
Corr

LC2,4,6,8 = 0.3821

b _ [19-8261101-10813
T 27,100 - 42.9

Tubesheet Design Thickness to Maintain h, = 0.451 + 0 + 0 = 0.451 in

UHX-13.5.1 Step 1

Da 227'0 +dt
p—d
M =
p
Er Sir
d* = dy =2t — || — dy —2
max( t tt< = )( S pdr — 2t
* p
p =
4min(Ar,,4 Dop)
1 A7 o)
7rD(2,
. p* 7d*
IL =
p*

D,

a, =
2
as
Ps = —
Qo
e
Pc = —
Qo
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.'Et:l*

Nt<dt —2tt )2
2a,

2
T =17Nt( di )
2a,

Condition Operating

New or

ow e D, =2-193718 +15 = | 40.2436
New or 1.875 — 1.5
= = - 0.2
Corr 1.875
Newor | 1. 27.5E+06 26,235
Corr d* = max (1.5 —2-0.049 - (27.5E+06 ) . (26,200 ) -0.85,1.5 —2- 0.049) = | 1.4165878
. 1.875
New or p = =
Corr | _ Amin(10,4-40.24361.875) 1.8824
40.2436
N 1.8824141 — 1.4165878
cezvgrf ' P = = | 0.247462
1.8824141
New or
Corr hé’ - 0
N 40.2436
g\gr?r 0= = 20.1218
New or 20.8125
s = = | 1.034327
Corr P 20.1218
New or 21.45
= = 1.06600
Corr e = 201218 o
New or 1— 340 ( L5 )2 0.524867
T, =1— | = .
Corr : 2-20.1218
New o 15-2-0049 \2
A o =1-342- <—> = | 0584923

2-20.1218
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UHX-13.5.2 Step 2

m(Ds +1t5)
LU0 L+1h
Ests Egits1

*

412(1—v2)
Bs e —
\/(Ds +ts,l)ts,l

Es,ltil
T6(1—12)

s =

D, h? B2
/\szﬁ—ks(l—&-hﬁs—&- 5 >
B3 2

D2 Vs
=D (12
4Es,1ts,1 2

Be, Kes Ac, & & = 0 for configuration b

Condition Operating

e o . m-(41.625+0.1874) B
Corr K= 141.5-12-12 12412 = |4.,697,122.43
27.0E+06~0<1874+ 27.0E+06-0.1874
-0.049 - (15 — 0.049) - 27.5E+06
New or K -T ( ) 2TBR6 | 43.400.98
1415
New or 4,697,122.43
Kyy=——21"" - 31
Corr ' 342.43400.98 0316385
Ngv(\)/rfr J =1 as no expansion joint used
412 (1-0.312
Newer 6 L0 | oeeste
+/(41.625 +0.1874) - 0.1874
27.0E+06 - 0.1874 3
New or k, = 0.648318 - Bt = 21,241.68
Sl 6-(1-0312)
6-41.625 1.25%.0.648318 2
Newor| \ _ 2720029 9124168 (141250648318 + ——o 0% ) _ 5,809,361
Corr 1253 2
41.625 2 0.31
New o 5, = -@ ——>: 7.2339E-05
orr 4 - 27.0E+06 - 0.1874 2
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UHX-13.5.3 Step 3

*

7 - ag Foqpt +oopt? +osp*d + oyt

v* =By 4+ Pipt +Bop? + Bapt + Buptt

Ettt(dt —t )0«3

X, = \‘/24(1 -v*?)N,

E*Lh?
Condition Operating
Nerl;/r:)r % = % = 0.6667
New o from Fig. UHX-11.5.2-1(a) — ]”;5 = 0.2581
o E* =0.2581129 - 27.5E+06 = | 7,098,105
New o from Fig. UHX-11.5.2-1(b) — " = 0.3089
Neworl x, = \% 24- (103089124 %) -342- 2758+06- 0049 (15 —0.049) '30'1218 : = 7.3985
7,098,105 - 1415 - 1.25
Nergr:)r Zg = 0.0036942
Necvgrror Z, = 0.0186744
Ngv(\)/n?r A 0.1970454
Ngv(\)/r;)r Zy = 0.0186744
Ngvgr:)r Z, = | 481.1062487
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UHX-13.5.4 Step 4

F= (1_”* )()\8+>\E+Eln(K))

E*
& =(1+v")F
_ Ps— 1-%27,
Q== 182,
(Z4+Q12,) X4
Qn=—"-"T—"—
2
(Zv +Q1 Zm))(;z1
Qp=—"-—"—""—
2
U o [Zw +(Ps - ]-)Zm])(:z1
N 1482,
Condition Operating
New or 47
K = = | 1.1678883
Corr 40.2436
New or 1 —0.3089124 )
F=(———— -(5,809,361.41 + 0 + 27.5E+06 - In(1.1679)) = .
oot ( 7095105 (5,:809,361.41 +0 + 27.5E+06 - In(1.1679)) = | 0.9811474
New or ® = (1+0.3089124) - 0.9811474 = | 1.284236
New or 1.0343266 — 1 — 1.284236 - 0.0186744
= = | 0.0082552
Corr @ 1+ 1.284236 - 0.1970454
New or (0.0036942 + 0.0082552 - 0.0186744) - 7.3985286 4
o a = > - | 57654
. . 4
Ngmoln?r L, = (0.0186744 + 0.0082552 - 0.1970454) - 7.3985286 _ 30.4138
2
0186744 + (1.0343266 — 1) - 0.1970454)] - 7.3985286 *
Ngvgr:)r U- [0.0186744 + (1.0343266 ) - 0.1970454] - 7.3985286 _ 608276
1+ 1.284236 - 0.1970454
a.-C
T = D,

Condition Operating

New or 42.9 — 45.0625
=———— = | -0.0537353
Corr | 7 402436
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UHX-13.5.5 Step 5

Y = (Tt,m _Ilz)at,mL - (T.s,m _Ta)[as,m(L —h _lll) + Qs m,1 (ll +l,1 )]
Ws = Psksﬁs5s(1 + hﬁs)
we = pekeBede(1+hpe)
. 9 (Pg - 1)(/73 - 1)
Wy =af—————————— — W
4
o[ @ e a1
c — Yo 4 2 c
Condition Operating
Ps (psi) P (psi)
LC1 -15 61.49
LC2 25 -15
LC3 25 61.49
LC4 -15 -15
LC5 -15 61.49
LC6 25 -15
LCc7 25 61.49
LC8 -15 -15
LC1,2,3,4 v = 0
New or
Corr 4" = (250 — 70) - 7.30E-06 - 141.5 — (250 — 70) -
LC5,6,7,8 -0.045846
[9.10E-06 - (141.5 — 12 — 12) 4+ 9.10E-06 - (12 + 12)] =
Ng‘gr:" LC1,2,3,4,5,6,7,8 w, = 1.0343266 - 21,241.68 - 0.648318 - 7.233889E-05 - (1 + 1.25 - 0.648318) = 1.8654
1.0343266 % —1) - (1.0343266 — 1
Noor |L01.2.3.4.5.6,7,8 w; =201218 2. (10345266 )4( 0266 °1) 1 sesazer— | -1.6228
Ng‘g’rf" AllLCs w, = 1.0660087 - 0.0-0.0-0- (1 +1.25-0.0) = 0
1.0660087 * 4-1) - (1.0660087 — 1 1.0343266 — 1
Newor|ict,2,3,4,5,6,7,8 | wr =20.1218 % [( )4( ) _ 5 —00 = 7.325

1-J) [Dj? —Dg]

2 (D,\* pi-1
P! T, +2(1 —x5)v: + v, — — P,
s s ( s) t Kg,t (D,,) s JKs,t 2JK5¢D% s

UHX-13.5.6 Step 6

1
P/ =z +2(1— +—— |P.
t (w‘ A =z)m JKs,t> '

*

_ Nth

Ta2

P,
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U
Py = — -l
aZ2m

U
- E(wips —wiP)

Py =

p JK;
14 JK,Qa +(ps —1)Q2]

(Ps' — Ptl +P~, + Py +Pm'm)

Condition Operating

2 41625 2
P; = | 0.5248666 + 2 - (1 — 0.5248666) - 0.3 + . ( ) -0.31
0.3163852 40.2436
LC1,4,5,8 -40.29
1.0343266 2 — 1 (1-1.0)-[0* - 41.625 %] .
1.0 - 0.3163852 2-1.0 - 0.3163852 - 40.2436 2 B
New or
Corr
2 41625 \*2
P! = [ 0.5248666 +2 - (1 — 0.5248666) - 0.3 + . < ) -0.31
0.3163852 40.2436
LC2,3,6,7 , , 67.14
1.0343266 2 —1 (1-10) - [0* — 41.625 7] B
1.0 - 0.3163852 2-1.0 - 0.3163852 - 40.2436 2
1
LC1,3,5,7 P! = (05849226 +2 - (1 —0.5849226) - 0.3 + ———————— ) -61.49 = | 24563
K ( ( ) 1.0 - 0.3163852 >
New or
Corr 1
LC2,4,6,8 P! = (0.5849226 +2- (1 —0.5849226) - 0.3 + —) . —15= | -59.92
1.0 - 0.3163852
342 - 43,409.98
LC1,2,3,4 Pp="—.00= 0
7 -20.1218 2
New or
Corr 342 - 43.409.98
LC5,6,7,8 P,=———1 " . 0045846 = | -535.1
-20.1218 2
60.8276234 - — 0.0537353
LC1,3 Py = — -88834.5 = | 114.14
2012182 -2 7
60.8276234 - — 0.0537353
LC2, 4 Py = — 0= 0
201218227
New or
Corr 60.8276234 - — 0.0537353
LC5,7 Py = — — - -115,117.25 = | 147.91
20.1218 2-2-7
60.8276234 - — 0.0537353
LCs6, 8 Py = — -82,611.01 = | 106.14
201218227
60.8276234
LC1,5 Py = — —————— - (— 16228004 - — 15 — 7.3250067 - 61.49) = | 64.01
20.1218 2
82762
LC2,6 P = — 60.8276234 - (—1.6228004 - 25 — 7.3250067 - —15) = | -10.41
20.1218 2
New or
Corr 60.8276234
LC3,7 Py = — ——————— - (— 1.6228004 - 25 — 7.3250067 - 61.49) = | 73.76
20.1218 2
60.8276234
LC4, 8 Py = — ——————— - (—1.6228004 - — 15 — 7.3250067 - —15) = | -20.16
20.1218 2
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p - 1.0 - 0.3163852
LC1 ‘1 +1.0-0.3163852 - [5.7654148 + (1.0343266 — 1) - 30.4138117] -10.81
. ( — 40.2857 — 245.6285 + 0 + 114.1377 + 64.0094) =
P — 1.0 - 0.3163852
LC2 ¢ 1+1.0-0.3163852 - [5.7654148 + (1.0343266 — 1) - 30.4138117] 117
. (67.1428 — —59.9201 +04+0+ — 10.412) =
p 1.0 - 0.3163852
LC3 ¢ 1+1.0-0.3163852 - [5.7654148 + (1.0343266 — 1) - 30.4138117] 0.94
. (67.1428 —245.6285 + 0 + 114.1377 + 73.7614) =
p 1.0 - 0.3163852
LC4 ¢ 1+1.0-0.3163852 - [5.7654148 + (1.0343266 — 1) - 30.4138117] -0.05
. ( —40.2857 — —59.9201 +0+0+ — 20.164) =
New or
Corr
p 1.0 - 0.3163852
LC5 ¢ 1+1.0-0.3163852 - [5.7654148 +(1.0343266 — 1) - 30.4138117] -61.09
. ( —40.2857 — 245.6285 + — 535.0991 + 147.9067 + 64.0094) =
p 1.0 - 0.3163852
LC6 ¢ 1+1.0-0.3163852 - [5.7654148 +(1.0343266 — 1) - 30.4138117] -31.32
- (67.1428 — —59.9201 + — 535.0991 + 106.1415 + — 10.412) =
p 1.0 - 0.3163852
LC7 ¢ 1+1.0-0.3163852 - [5.7654148 + (1.0343266 — 1) . 30.4138117] -49.34
- (67.1428 — 245.6285 + — 535.0991 + 147.9067 + 73.7614) =
p_ 1.0 - 0.3163852
LC8 ¢ 1+1.0-0.3163852 - [5.7654148 + (1.0343266 — 1) . 30.4138117] 43.08
- (—40.2857 — —59.9201 + — 535.0991 + 106.1415 + — 20.164) =

UHX-13.5.7 Step 7

(Wi Py —wiP,) + 52 W*

@ = 1+%7,
2Q2
Q3 =01+ Pa

F,, is calculated per Table UHX-13.1

o <1.5Fm >< 2a, )2PE
wr h —h),

6
If P,=0, 0= Lz
w(h — hy)
Condition Operating
L1 (—1.6228004 - — 15 — 7.3250067 - 61.49) + — =737 . 83 834 5 946,328
@ = 1-+1.284236 - 0.1970454 - '
0.0537353
Lo 0, - (— 1.6228004 - 25 — 7.3250067 - — 15) + — =22 g _ 55,309
1+ 1.284236 - 0.1970454
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(— 1.6228004 - 25 — 7.3250067 - 61.49) + — 215 . 83,834 5

LC3 Q, = — -998.1311
1+ 1.284236 - 0.1970454
—1.6228004 - — 15 — 7.32 -1 L
Lca L= ( 6228004 5 — 7.3250067 - 5) + — 0 _ 1071121
1+ 1.284236 - 0.1970454
New or
Corr 0. 0537353
e 0 — (—1.6228004 - — 15 — 7.3250067 - 61.49) + — ——— - 115,117.25 _ | 1125711
1+ 1.284236 - 0.1970454
0 0537353
LC6 - ( —1.6228004 - 25 — 7.3250067 - — 15) + — ——— - 82,611.01 _ -508.5211
1+ 1.284236 - 0.1970454
0 0537353
LC7 0 = ( —1.6228004 - 25 — 7.3250067 - 61.49) + — ——— - 115,117.25 _ | 1177514
1+ 1.284236 - 0.1970454
0.0537353
e - (—1.6228004 - — 15 — 7.3250067 - — 15) + e - 82,611.01 _ 456.718
1+ 1.284236 - 0.1970454
2. —946.328
LC1 Q3 = 0.0082552 + = | 0.4407225
—10.809 - 20.1218 2
2 -55.309
LC2 Q5 = 0.0082552 + ————— — | 0.0316062
11.7 - 20.1218
2. —998.1311
LC3 Q3 = 0.0082552 + —_— = -5.2137614
0.9442 - 20.1218
2-107.1121
LC4 Q3 = 0.0082552 + = |-9.9540082
—0.0531 - 20.1218 2
New or
Corr 2. 1125711
LC5 Q; = 0.0082552 + ——————— = | 0.0992754
—61.0922 - 20.1218 2
2. —508.5211
LC6 Q3 = 0.0082552 + Pani 0.0884461
—31.3243 - 20.1218
2. —1,177.514
LC7 Q5 = 0.0082552 + ! = | 0.1261439
—49.3391 - 20.1218 2
2. —456.718
LC8 Q3 = 0.0082552 + = | 0.0606268
—43.0774 - 20.1218 2
. Stress | Allowable Over-
Tubesheet Bending Stress (psi) (psi) stressed?
2
Lct _ (1'5 02325361 ) : (2 20.1218 > 10809 = |-15792| 39300 No
0.2474622 1.25 -0
2
LC2 _ (1.5 0.0439166 ) ) (2 20.1218 ) LT = 3.228 39,300 No
0.2474622 1.25-0
2
LC3 _ <1.5 2.6086896 ) ) (2 20.1218 > 00442 = | 15475 39,300 No
0.2474622 1.25 -0
2
LCa _ <1.5 4.9847157 ) ) (2 20.1218 ) . 0.0531 — 1,663 39,300 No
0.2474622 1.25 -0
New or
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Corr
15 -0.07151 2-20.1218 \°
Lcs g:< 5 00715178 )( 01218 ) - 610922 = |-27451| 107400 No
0.2474622 1250
15 - 0. 2-20.1218 >
Los| o= ( 5 - 00668957 ) . ( 01218 ) . —313243 = |-13,165 | 107400 No
02474622 1250
15 - 0.083294 2201218 >
Lc7 Uz( 5 00832948 )( 01218 ) . — 193391 = |-25821| 107400 No
02474622 1250
15 - 0.0552 2201218 >
Lcs Uz( 500552905 )( 01218 ) - —430m4 = |-14964 | 107400 No
0.2474622 1250

44 1.6Sph
Tz(L) <l{ ”})\pg| for |P.| > E
4/,[, h Cp Qo

Condition Operating

Shear Calc Required

1.6 - 26,200 - 0.2 - 1.2
LC1| |-10.809] < 6-26200 -0 5 = | 521 No
20.1218

1.6 - 26,200 - 0.2 - 1.25

LC2 117 < = | 521 No
20.1218
1.6 - 26,200 - 0.2 - 1.2
LC3 |0.9442| < 626,200 -0 5 521 No
20.1218
1.6 - 26,200 - 0.2 - 1.2
LC4 | |-0.0531| < 6262000 5 _ | 521 No
20.1218
New or
cor 1.6 - 26,200 - 0.2 - 1.25
LC5 | |—61.0922| < ————2—— = — = | 521 No
20.1218
1.6 - 26,200 - 0.2 - 1.2
LC6 | |—31.3243| < 626,200 0 5 521 No
20.1218
1.6 - 26,200 - 0.2 - 1.2
LC7 | |—49.3391| < 626,200 -0 b 521 No
20.1218
1.6 - 26,200 - 0.2 - 1.25
LC8 | |—43.0774| < : = | 521 No
20.1218
UHX-13.5.9 Step 9
Xi
Fi(z) = [Za(x) + Qs Zu ()=

X
If P =0, Fi(z) =Z,(z) 5

Fimin = min [Fy(z)]

Ft,max = max [F't (:1,')}

F, = max [(3.25 —025(Z; + Q3 Zw)X,‘}), 1.25] but not greater than 2
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I P.=0, F, =125

Ot1 = z —z, [(R?ws 7Pt$t) 7P8Ft,min]
1
Ot2 = [(-Psws - Ptxt) _PeFt,max}
Ty — Tg
1 2
If P =0, o1 = [(Psxs _-Ptmt)_&Ft,min]
Ty —Ts a2
1 2
If }De :Oy Ot2 = [(Pszsfpt:vt)f 2Ft,max:|
Ty —Ts (2,
I, =kl
d? +(di —2t) °
r=——
4
l
F, ==L
Tt
27’ F,
C, o
Syt

For C; <E, Sy =

|
E.
—
il
®
——

For C; > F;, Sy =

|
—N
n
|
/N
—
|
&=
N—
)
——

Otmax = Max [|oy 1], |o2]

Otmin = D [041,0]

Condition Operating

3085286 *
LC1 Fymn = [~ 0.000213 + 04407225 - — 0.0050744] - m _ | -3.6695
3085286 *
Lc2 Fymin = [ — 0.0003557 + 0.0316062 - — 0.0039245] - m | -07188
3085286 *
Lc3 Fiyin = (00036942 + — 5.2137614 - 0.0186744] - m — | -140.3302
3085286 *
Lca Fymin = [0.0036042 + — 9.0540082 - 0.0186744] - m _ | -272.9475
New or
Corr .
30852
Lcs Fymin = [ — 0.0003198 +0.0992754 - — 0.004529] - w | 11527
7.3985286 *
Lcs Fimin = [~ 0.0003324 + 00884461 - —0.0043876] - ———— = | -1.0793
7.3985286 *
Lc7 Fimin = [~ 0.0003045 +0.1261439 - —0.0046616]- ~——— ~ |  -1.3372
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7.3985286 4
Lcs Fy min = [ —0.0003424 + 0.0606268 - — 0.0042389] - — = -0.898
7.3985286 4
Lc1 F max = [0.0036942 + 0.4407225 - 0.0186744] - — = 17.8645
7.3985286 4
Lc2 F max = [0.0036942 + 0.0316062 - 0.0186744] - — - 6.4187
7.3985286 4
LC3 F max = [—0.000063 + — 5.2137614 - — 0.0052141] - — - 40.6316
7.3985286 4
LC4 F max = [—0.000063 + — 9.9540082 - — 0.0052141] - — = 77.6594
New or
Corr .
7.3985286
LC5 F max = [0.0036942 -+ 0.0992754 - 0.0186744] - — - 8.3119
7.3985286 4
LC6 F max = [0.0036942 -+ 0.0884461 - 0.0186744] - % = 8.0089
3085286 *
Lcr F max = [0.0036942 -+ 0.1261439 - 0.0186744] - w = 9.0636
3085286 *
LC8 F max = [0.0036942 -+ 0.0606268 - 0.0186744] - m = 7.2306
1
LC1 op1 = -[(— 15 - 0.5248666 — 61.49 - 0.5849226) — — 10.809 - — 3.6695] = -1,390
" 0.5849226 — 0.5248666
1
LC2 o1 = -[(25 - 0.5248666 — — 15 - 0.5849226) — 11.7 - — 0.7188] = 505
0.5849226 — 0.5248666
1
LC3 op1 = - (25 - 0.5248666 — 61.49 - 0.5849226) — 0.9442 - — 140.3302] = 1,826
" 0.5849226 — 0.5248666
1
Lc4 ou1 = [(— 15 - 0.5248666 — — 15 - 0.5849226) — — 0.0531 - — 272.9475] = -226
" 0.5849226 — 0.5248666
New or
Corr 1
LC5 op1 = -[(— 15 - 0.5248666 — 61.49 - 0.5849226) — — 61.0922 - — 1.1527] = -1,903
" 0.5849226 — 0.5248666
1
LC6 or1 = - (25 - 0.5248666 — — 15 - 0.5849226) — — 31.3243 - — 1.0793] = -198
" 0.5849226 — 0.5248666
1
Lc7 ou1 = -[(25 - 0.5248666 — 61.49 - 0.5849226) — — 49.3391 - — 1.3372] = -1,479
"~ 0.5849226 — 0.5248666
1
Lc8 op1 = -[(—15 - 0.5248666 — — 15 - 0.5849226) — —43.0774 - —0.898] = -629
" 0.5849226 — 0.5248666
1
LC1 Oro = -[(— 15 - 0.5248666 — 61.49 - 0.5849226) — — 10.809 - 17.8645] = 2,485
©0.5849226 — 0.5248666
1
LC2 oo = -[(25 - 0.5248666 — — 15 - 0.5849226) — 11.7 - 6.4187] = -886
©0.5849226 — 0.5248666
1
LC3 Oia = - (25 - 0.5248666 — 61.49 - 0.5849226) — 0.9442 - 40.6316] = -1,019
0.5849226 — 0.5248666
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1

LC4 Oro = -[( —15 - 0.5248666 — — 15 - 0.5849226) — — 0.0531 - 77.6594] = 84
’ 0.5849226 — 0.5248666
New or
Corr 1
LC5 Opo = - [(— 15 - 0.5248666 — 61.49 - 0.5849226) — — 61.0922 - 8.3119] = 7,725
' 0.5849226 — 0.5248666
1
LC6 = - (25 - 0.5248666 — — 15 - 0.5849226) — — 31.3243 - 8.0089] =
742 0.5849226 — 0.5248666 K« ) ] 4,542
1
LC7 = - [(25 - 0.5248666 — 61.49 - 0.5849226) — — 49.3391 - 9.0636] = 7
7t2 = .5849226 — 0.5248666 K ) } /066
1
LC8 = -|(—15-0.5248666 — — 15 - 0.5849226) — — 43.0774 - 7.2306] = 5,201
712 = 319226 — 0528666 ) } ‘
2 2
Nowor || o1 2.5,4,5.6.7,8 \/1.5 + (15 —2-0.049) 05133
orr Py = =
4
New or 97.6
LC1,2,3,4,5,6,7,8 = = | 190.1428
Corr © 7 05133
N [2. 72 . 275E+06
LC1,2,3,4,5,6,7,8 C=|———— = 96.826
Corr K 57,900 6
LC1,2,5,6,7,8 F, = min { max [(3.25 — 0.25 - (0.0036942 + 0.4407225 - 0.0186744) - 7.3985286 *),1.25],2} = 1.25
New or
Corr
LC3,4 F, = min { max [(3.25 —0.25 - (0.0036942 + — 5.2137614 - 0.0186744) - 7.3985286 *),1.25],2} = 2
2. 27.5E+06
LC1,2,5,6,7,8 Sy = min {$ =6,006,26,235} = 6,006
1.25 - 190.1428 2
New or
Corr )
- 21.
LC3, 4 S = min {ﬂ =3,754,26,235} = 3,754
2.190.1428 2
. Stress Allowable Over-
Tube Evaluation (psi) (psi) Sreenad?
LC1 Otmax = max [| —1,390 |, [2,485]] = 2,485 26,235 No
LC2 Ot max = max [|505],|—886[] = 886 26,235 No
LC3 Ot max = max [|[1,826],| 1,019 | = 1,826 26,235 No
LC4 Ot max = max [|—226],|84[] = 226 26,235 No
New or
Corr
LC5 Ot max = max [| 1,903 |,7,725[] = 7,725 52,471 No
LC6 Ctmax = max [|—198|,[4,542]] = 4,542 52,471 No
Lc7 Ctmax = max [| —1,479 |,|7,066]] = 7,066 52,471 No
LC8 Ot max = max [|—629],]5,201) = 5,201 52,471 No
LC1 Otmin = min [ —1,390,2,485] = -1,390 6,006 No
LC2 Otmin = min [505, — 886] = -886 6,006 No
LC3 Otmin = min [1,826, —1,019] = -1,019 3,754 No
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New or
Corr

Lca Otmin = min [ — 226,84] = -226 3,754 No
LC5 Otmin = min [ —1,903,7,725] = -1,903 6,006 No
LC6 Otmin = min [—198,4,542] = -198 6,006 No
Lc7 Otmin = min [ —1,479,7,066] = -1,479 6,006 No
LCs Ctmin = min [ —629,5201] = 629 6,006 No

UHX-13.5.10 Step 10

2

a
Osm =————[P.+ (02 - 1)(P, — P)]| + ————P,
" nDs oy et e B SRl T
Condition Operating
. Stress | SsEsw | Spss | Ssp Over-
Shell Evaluation (psi) (psi) (pst) | (psi) | stressed?
20.1218 2
Osm = - [ —10.809 + (1.0343266 2 —1) -
0.1874 - (41.625 +0.1874)
LC1 2565| 13230 NA| NA No
20.8125 2
(-15— 61.49)] + -61.49 =
0.1874 - (41.625 + 0.1874)
20.1218 2
Com = - [11.7 + (1.0343266 > —1) -
0.1874 - (41.625 + 0.1874)
LC2 80| 13230 N/A| 7619 No
20.8125
(257715)]+ - —15=
0.1874 - (41.625 +0.1874)
201218 *
Osm = - [0.9442 + (1.0343266 2 —1) -
0.1874 - (41.625 + 0.1874)
LC3 , 3316 13230 NA| NA No
20.8125
(25— 61.49)] + -61.49 =
0.1874 - (41.625 +0.1874)
20.1218 ?
Oom = -[—0.0531 + (1.0343266 > —1) -
0.1874 - (41.625 + 0.1874)
Lc4 , -832| 13230 | NA| 7619 No
20.8125
(—15——15)]+ - —15=
0.1874 - (41.625 +0.1874)
New or
Corr R
20.1218
Tom = - [ —61.0922 + (1.0343266 2 —1) -
0.1874 - (41.625 + 0.1874)
LC5 -34 N/A | 56,700 | 7,619 No
20.8125 >
(—15— 61.49)] + -61.49 =
0.1874 - (41.625 +0.1874)
201218 *
Osm = - [ —31.3243 + (1.0343266 > —1) -
0.1874 - (41.625 + 0.1874)
LC6 \ -2,303 N/A | 56,700 | 7,619 No
20.8125
(25——15)]+ - —15 =
0.1874 - (41.625 +0.1874)
20.1218 *
Com = - [ —49.3391 + (1.0343266 > —1) -
0.1874 - (41.625 +0.1874)
Lcr \ 718 N/A | 56,700 [ N/A No
20.8125
(25— 61.49)] + -61.49 =
0.1874 - (41.625 +0.1874)
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20.1218 2

Com = - [—43.0774 + (1.0343266 > —1) -
0.1874 - (41.625 + 0.1874)
LC8 -3,055 N/A | 56,700 | 7,619 No
20.8125 2
(15— —15)| + - —15=
0.1874 - (41.625 + 0.1874)
n Stress | S5 1Es.w | Sps;s,1 | Ss,b,1 Over-
Shell Band Evaluation (psi) (psi) (psi) | (psi) | stressed?
20.1218 *
Com = - [ —10.809 + (1.0343266 2 —1) -
0.1874 - (41.625 +0.1874)
LC1 2565 | 13230 NA| NA No
20.8125 2
(-15— 61.49)] + 6149 =
0.1874 - (41.625 + 0.1874)
20.1218 *
Com = - [11.7 + (1.0343266 > —1) -
0.1874 - (41.625 + 0.1874)
LC2 80| 13230 NA| 7619 No
20.8125 2
(257715)]+ - —15=
0.1874 - (41.625 + 0.1874)
201218 2
Osm = - [0.9442 + (10343266 > —1) -
0.1874 - (41.625 +0.1874)
LC3 , 3316 13230 NA| NA No
20.8125
(25 - 61.49)] + 61.49 =
0.1874 - (41.625 + 0.1874)
20.1218 *
Tom = -[—0.0531 + (1.0343266 > —1) -
0.1874 - (41.625 +0.1874)
LC4 , -832| 13230 NA| 7619 No
20.8125
(—15——15)]+ - —15=
0.1874 - (41.625 + 0.1874)
New or
Corr R
20.1218
Tom = - [ —61.0922 + (1.0343266 2 —1) -
0.1874 - (41.625 + 0.1874)
LC5 -34 N/A | 56,700 | 7,619 No
20.8125 2
(—15— 61.49)] + 61.49 =
0.1874 - (41.625 + 0.1874)
201218 2
Osm = - [ —31.3243 + (1.0343266 > —1) -
0.1874 - (41.625 + 0.1874)
LC6 , -2,303 N/A | 56,700 | 7,619 No
20.8125
(25——15)]+ - —15 =
0.1874 - (41.625 + 0.1874)
20.1218 2
Com = - [ —49.3391 + (1.0343266 > —1) -
0.1874 - (41.625 +0.1874)
Lc7 , 718 N/A | 56,700 | N/A No
20.8125
(25— 61.49)] + 61.49 =
0.1874 - (41.625 + 0.1874)
20.1218 ?
Com = - [—43.0774 + (1.0343266 2 —1) -
0.1874 - (41.625 + 0.1874)
LC8 -3,055 N/A | 56,700 | 7,619 No

20.8125 *
0.8125 T

(—15— —15)] +

0.1874 - (41.625 +0.1874)

Tsm

al

ts,l(-Ds +ts,1)

[P + (o2 =1)(P, = P)] +

a?

- . 1t
ts,l(Ds +ts,1)
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Osb = 2 ks
s,1

{/3868})8 Jr

—p*2 3
sa—v?) (a—") <1+%) |:Pe(Zv+Zle)+2zsz2:|}

as

Os = |a's,m‘ + ‘Us,b‘

Condition Operating

Minimum shell length =18-,/D;-t,1 =5.0273 in where thickness t,; = 0.1874 in
. Stress | 1.5*Sg Sps,s Over-
Shell Band Evaluation (psi) (psi) (psi) | stressed:
20.1218 2
Com = - (—10.809 + (1.0343266 > —1) - ( — 15 —61.49)) +
0.1874 - (41.625 + 0.1874)
, 2,565
20.8125 6149 —
0.1874 - (41.625 +0.1874)
O = -21,241.68 - (0.648318 - 7.233889E-05 - — 15 +
LC1 0.1874 2 28,350 | 56,700 No
6- (1 —0.3089124 2 1218 3 1.95 . 0.64831
( ) _(2028>_<1+ 2506838>. 21104
7,098,105 1.253 2
2.0.1970454 - — 946.328
< —10.809 - (0.0186744 + 0.1970454 - 0.0082552) + )) =
20.1218 2
o, = 2,565 +| —21,104 | = | 23,669
20.1218 2
Tom = - (117 + (1.0343266 > —1)- (25 — —15)) +
0.1874 - (41.625 + 0.1874) 0
20.8125 2 15—
0.1874 - (41.625 + 0.1874)
O = _& 21,241.68 - (0.648318 - 7.233889E-05 - 25 +
LC2 0.1874 2 28,350 | 56,700 No
6- (1 —0.3089124 2 20.1218 3 1.25 - 0.64831
( ).(0 8>.<1+ 506838>. 8.904
7,098,105 1.253 2
2.0.1 4 - 55.
(11.7~(0.0186744+0.1970454-0.0082552)+ 01970454 - 55.309 )) =
20.1218 2
o, =|—80|+18,994 = | 9,074
20.1218 2
Com = - (0.9442 4 (1.0343266 > —1) - (25 — 61.49)) +
0.1874 - (41.625 4 0.1874)
, 3,316
20.8125 6149 —
0.1874 - (41.625 + 0.1874)
Tp = -21,241.68 - (0.648318 - 7.233889E-05 - 25 +
LC3 0.1874 2 28,350 | 56,700 No
6- (1 —0.3089124 2 1218 3 25 - 0.64
( ) .<201218 )_<1+125 0.648318 ) 11235
7,098,105 1.253 2
2-0.1970454 - —998.1311
(0.9442 - (0.0186744 + 0.1970454 - 0.0082552) + ) ) =
20.1218 2
o, = 3,316/ +| —11,235 | = | 14,551
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New or
Corr

Tsm

B 20.1218 2
0.1874 - (41.625 + 0.1874)

- (—0.0531 + (1.0343266 > —1)-( —15 — —15)) +

-832
20.8125 2 15—
0.1874 - (41.625 +0.1874)
Oop = - 21,241.68 - (0.648318 - 7.233889E-05 - — 15 +
LC4 0.1874 2 28,350 | 56,700 No
6- (1 —0.3089124 > 20.1218 3 1.25 - 0.64831
( )_(0 8>_<1+ 506838>' 875
7,098,105 1.253 2
2-0.1970454 - 107.1121
( —0.0531 - (0.0186744 + 0.1970454 - 0.0082552) + ) ) =
20.1218 2
o, =|—832|+|-875|= | 1,707
20.1218 2
Com = - (—61.0922 + (1.0343266 > —1) - ( — 15 — 61.49)) +
0.1874 - (41.625 + 0.1874) y
) -
20.8125 6149 —
0.1874 - (41.625 + 0.1874)
Oop = -21,241.68 - (0.648318 - 7.233889E-05 - — 15 +
LC5 0.1874 2 N/A | 56,700 No
6- (1 —0.3089124 > 20.1218 3 1.25 - 0.64831
( ).(0 8>.<1+ 506838>. 40,548
7,098,105 1.253 2
2-0.1970454 - —1,125.711
( —61.0922 - (0.0186744 + 0.1970454 - 0.0082552) + 0.197045 1257 )) =
20.1218 2
0, =|—34]| +| 40,548 | = | 40,581
20.1218 2
Com = - (—31.3243 + (10343266 2 —1) - (25 — —15)) +
0.1874 - (41.625 + 0.1874)
-2,303
20.8125 2 B
0.1874 - (41.625 + 0.1874)
Osp = - 21,241.68 - (0.648318 - 7.233889E-05 - 25 +
LC6 0.1874 2 N/A | 56,700 No
6-(1—0.3089124 2 20.1218 3 1.25 - 0.648318
( ) < ) -<1+ ) - 1-14,139
7,098,105 1.253 2
2.0.1970454 - — 508.5211
( —31.3243 - (0.0186744 + 0.1970454 - 0.0082552) + ) ) =
20.1218 2
o5 =|—2,303 | +|—14,139 | = | 16,443
20.1218 2
Osm = - (—49.3391 + (1.0343266 2 —1) - (25 — 61.49)) +
0.1874 - (41.625 + 0.1874)
, 718
20.
0.8125 6149 —
0.1874 - (41.625 + 0.1874)
6
0y = —— - 21,241.68 - (0.648318 - 7.233889E-05 - 25 +
LCc7 0.1874 2 N/A | 56,700 No
6- (1 —0.3089124 > 20.1218 3 1.25 - 0.64831
( ).(0 8>.<1+ 506838>. 30679
7,098,105 1.253
2.0.1970454 - —1,177.514
( —49.3391 - (0.0186744 + 0.1970454 - 0.0082552) + - )) =
20.1218
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o, = [718| +| 30,679 | = | 31,397
20.1218 2
Oom = - (—43.0774 + (1.0343266 2 —1)- (— 15— —15)) +
0.1874 - (41.625 +0.1874)
-3,055
20.8125 2 e
0.1874 - (41.625 4 0.1874)
Oup = - 21,241.68 - (0.648318 - 7.233889E-05 - — 15 +
LC8 0.1874 2 N/A | 56,700 No
6- (1 —0.3089124 2 ) 3 95 . 0.
( ) .<201218 >_<1+125 0.648318 ) 24,008
7,098,105 1.253 2
2-0.1970454 - — 456.71
( —43.0774 - (0.0186744 + 0.1970454 - 0.0082552) + 5 56.718 )) =
20.1218 2
o, =] 3,055 | +|—24,008| = | 27,063

Tube-To-Tubesheet Joint Loads
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ASME Tube To Tubesheet Joint Loads - Periphery Of Bundle

WJ = Ut,o At
Lmax = At Sa fr
Condition Operating Ibg
W; =2485-0.2234 = 555.1294
Load case 1
Loy = 02234 - 26,235 - 0.8 = 4,688.0182
W; =886 -0.2234 = 197.8782
Load case 2
Loy = 02234 - 26,235 - 0.8 = 4,688.0182
W; =1,826-0.2234 = 407.8162
Load case 3
Loy = 02234 - 26,235 - 0.8 = 4,688.0182
W; =226-0.2234 = 50.565
Load case 4
Lpnax = 02234 - 26,235 - 0.8 = 4,688.0182
New or corroded
W; =17725-0.2234 = 1,725.5583
Load case 5
Loy = 02234 - 52471 - 0.8 = 9,376.0364
W; = 4,542 -0.2234 = 1,014.4977
Load case 6
Loy = 02234 - 52471 - 0.8 = 9,376.0364
W; = 17,066 - 0.2234 = 1,578.2451
Load case 7
Lpax = 02234 - 52471 - 0.8 = 9,376.0364
W; =5,201-0.2234 = 1,161.8109
Load case 8
Loy = 02234 - 52471 - 0.8 = 9,376.0364
[Wj| <= Limax indicates the joint strength is adequate for the Operating condition.
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ASME Shell Band (front)

ASME Section VIII Division 1, 2019 Edition

Component Cylinder
Material SA-240 304 (II-D p. 88, In. 37)
Impact : Fine Grain Maximize MDMT/
Tested e 2R Practice Pty 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
Operating 0.17 4.8125 1
Test horizontal 1.62 44.8125 1

Inner Diameter 41.625"
Length 1o
Nominal Thickness 0.1874"
Inner o"
Corrosion
Outer 0"

Weight and Capacity

Longitudinal seam

Weight (Ib) Capacity (US gal)
New 85.26 39.3
Corroded 85.26 39.3

Radiography

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) 0.0397"

Design thickness due to external pressure (tg) | 0.1811"

Maximum allowable working pressure (MAWP) | 118.31 psi

Maximum allowable pressure (MAP) 125.38 psi

Maximum allowable external pressure (MAEP) | 16.36 psi

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

. 86.52 - 20.8125
"~ 20,000 - 0.7 — 0.6 - 86.52

= 0.1291"

t,-E* ~0.1291-08

= = .5511
t, —c 0.1874 —0 055

Stress ratio =

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -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 = 25.17- 208125 +0=0.0397"

= ——
S-E—060-P 18,900 - 0.70 — 0.60 - 25.17

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

S-E-t 18,900 - 0.70 - 0.1874
=2 """ p=_ ~ 017 = 118.31 psi
R +060-¢ 20.8125 + 0.60 - 0.1874

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

~ S-E-t  20000-0.70 - 0.1874
" R+060-t  20.8125 +0.60 - 0.1874

=125.38 psi

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

L .
= 79.0875 = 1.8830
D,  41.9998
D, 4l

= 9998 = 231.9293
t 0.1811

From table G: A =0.000198
From table HA-1: B = 2,609.2194 psi

4B 4-260922
"~ 3-(D,/t)  3-(41.9998/0.1811)

=15 psi

a

Design thickness for external pressure P, = 15 psi
t, =t + Corrosion = 0.1811 + 0 = 0.1811"

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

L 79.0875
— = ——— —=1.8830
D,  41.9998

Do _ 419998 _ 224.1185
t 0.1874

From table G: A =0.000209
From table HA-1: B = 2,750.0218 psi

4B 4-2,750.02
~3-(D,/t)  3-(41.9998/0.1874) I

P,

% Forming strain - UHA-44(a)(2)
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50 - t Ry 50 - 0.1874 20.9062
EFE=(Z==) (1- === (1) = 04482
(%) (%) = (e ) - (1725 o

Allowable Compressive Stress, Hot and Corroded- S, (table HA-1)

40125 0.125 0001115
R,/t  20.9999/0.1874
B =7,619 psi
S = 18900 _ 18,900 psi
T o0 o Pe

Suc = min (B,S) = 7,619 psi

Allowable Compressive Stress, Hot and New- Sy

S.HN =S.HC =7619 psi

Allowable Compressive Stress, Cold and New- Scy;, (table HA-1)

.12 .
_ 015 0.125 =0.001115
R,/t  20.9999/0.1874
B =9,371 psi
S = 20000 _ 20,000 psi
T 100 T Mo

Sy = min (B,S) = 9,371 psi

Allowable Compressive Stress, Cold and Corroded- S.cc

SdC :SaCN =9,371 pSi

Allowable Compressive Stress, Vacuum and Corroded- Sy, (table HA-1)

0125 0.125

= = =0.001115
R,/t  20.9999/0.1874
B =17619 psi
S = 18900 _ 18,900 psi
T 100 o P®

Sac = min (B,S) =7,619 psi
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Capped Vent Port (P4)

ASME Section VIII Division 1, 2019 Edition

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

Location and Orientation

Located on ASME Shell Band (front)

Orientation 0°

Nozzle center line offset to datum line | 143.625"

End of nozzle to shell center 21.745"

Passes through a Category A joint No
.. teme

Service Vent (VENT)

Description NPS 0.5 Class 3000 - Threaded Half Coupling

Access opening No

Material specification SA-312 TP304 WId pipe (II-D p. 92, In. 3)

Inside diameter, new 0.84"

Pipe nominal wall thickness 0.14"

Pipe minimum wall thickness’ 0.1225"

Corrosion allowance 0"

Projection available outside vessel, Lpr | 0.7451"

Local vessel minimum thickness 0.1874"
Liquid static head included 0 psi
Longitudinal joint efficiency 1

Inner fillet, Legyq 0.1875"
Nozzle to vessel groove weld 0.1874"

1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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UHA-51 Material Toughness Requirements Nozzle

B 86.35 - 0.42
"7 17,000-1— 0.6 - 86.35

= 0.0021"

*

t,-E 0.0021 -1
Stress ratio = = = 0.0175
t, —c 0.1225 — 0

Impact test exempt per UHA-51(g) (coincident ratio = 0.0175)
Rated MDMT = -320°F

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

100/214



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 = 169.26 psi @ 300 °F The nozzle passes UG-44
A A A
required available A1 Az As As welds tfeq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0625 0.1225

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

Lo Required weld Actual weld
LCLE COEEHEE throat size (in) | throat size (in) SIEUE
Nozzle to shell fillet (Lega4) 0.0937 0.1312 weld size is adequate

Calculations for internal pressure 169.26 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
L = max [d, R, + (t, —Cy) + (t —C)]

= max [0.84,0.42 + (0.14 — 0) + (0.1874 — 0)]

= 0.84 in

Outer Normal Limit of reinforcement per UG-40

Ly = min 2.5 - (t —C),25 - (t, — Cp) +1.]

min [2.5 - (0.1874 —0),2.5 - (0.14 — 0) +-0]

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

PR,
S,-E—06-P

169.2631 - 0.42
18,900 - 1 — 0.6 - 169.2631

0.0038 in

trn

Required thickness t, from UG-37(a)

P-R

S-E—06-P
169.2631 - 20.8125

18,900 - 1 — 0.6 - 169.2631

0.1874 in

Required thickness t, per Interpretation VIll-1-07-50
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P-R
S-E—-06-P

169.2631 - 20.8125
18,900 - 0.7 — 0.6 - 169.2631

0.2683 in

=

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

UW-16(c) Weld Check

Fillet weld: ¢pin = min [0.75,%,,t] = 0.14 in
tomin) = min [0.09375,0.7 - ] = 0.0937 in
totua) = 0.7 - Leg = 0701875 = 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- Ro .
taApp 1-1 = m + Corrosion

169.2631 - 0.56

= 0
16,100 - 1 + 0.4 - 169.2631 +
= 0.0059 in
taue-a4 = max [taapp1-15 tiucie)

= max [0.0059, 0.0625]
= 0.0625 in

Available nozzle wall thickness new, t, = 0.875 - 0.14 = 0.1225 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 =179.12 psi @ 70 °F The nozzle passes UG-44
A A A
required available A A2 | As | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) | 0.0625 0.1225

UG-41 Weld Failure Path Analysis Summary

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

Calculations for internal pressure 179.12 psi @ 70 °F

Parallel Limit of reinforcement per UG-40

Lr

max [d, R, + (t, —C,) + (¢t — C)]
max [0.84,0.42 + (0.14 — 0) + (0.1874 — 0)]

0.84 in

Outer Normal Limit of reinforcement per UG-40

Ly win 25 - (t — C),25 - (t, — Cy) +1.]

min [2.5 - (0.1874 — 0),2.5 - (0.14 — 0) + 0]
0.35 in

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

. P-R,
mo- S, -E—06-P

179.1185 - 0.42
20,000 -1 —0.6 - 179.1185

0.0038 in

Required thickness t, from UG-37(a)

P-R
S-E—-06-P

179.1185 - 20.8125
20,000 -1 —0.6 - 179.1185

= 0.1874 in

Required thickness t, per Interpretation VIii-1-07-50

P-R
S-E—-06-P

179.1185 - 20.8125
20,000 - 0.7 — 0.6 - 179.1185

0.2683 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- Ro .
taApp 1-1 = S E104 P + Corrosion

. 179.1185 - 0.56 4o
17,000 - 1 4 0.4 - 179.1185

= 0.0059 in

tauG-44 = max [teapp1-1, tuGie)

max [0.0059, 0.0625]
= 00625 in

Available nozzle wall thickness new, t, = 0.875 - 0.14 = 0.1225 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 = 16.36 psi @ 300 °F The nozzle passes UG-45
A A A

A A A A t tni
required available i 2 S 9 welds req min

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0625 0.1225

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

i Required weld Actual weld
LLCILIC LR LI throat size (in) | throat size (in) ST
Nozzle to shell fillet (Legy) 0.0937 0.1312 weld size is adequate

Calculations for external pressure 16.36 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
LR = max [d, R, + (t, —C,) + (t — C)]

= max [0.84,0.42 + (0.14 — 0) + (0.1874 — 0)]

= 0.84 in

Outer Normal Limit of reinforcement per UG-40

Ln

min [25 - (t — C),25 - (t, — Cy) + 1]

min [2.5 - (0.1874 — 0),2.5 - (0.14 — 0) +-0]
0.35 in

Nozzle required thickness per UG-28 t,, = 0.0032 in

From UG-37(d)(1) required thickness t, = 0.1874 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] = 0.14 in
tmin) = 00 [0.09375,0.7 - tysa] = 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 = 0.0032 in

tq = max [tue-28,tauc-22]
—  max [0.0032,0]
= 0.0032 in
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i =

t =

tuG-45 =

Available nozzle wall thickness new, t, = 0.875 - 0.14 = 0.1225 in

P-R
S-E—06-P

16.3605 - 20.8125
18,900 - 1 — 0.6 - 16.3605

0.018 in

+ Corrosion

max [t ,tiucis]
max [0.018,0.0625]
0.0625 in

min [tbg,tbg]
min [0.1164,0.0625]
0.0625 in

max [ta,tb}
max [0.0032,0.0625]
0.0625 in

The nozzle neck thickness is adequate.

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

L 07525
D, 112
D, 112
t  0.0032
From table G:

=0.6719

= 346.0660

A =0.000322

From table HA-1: B = 4,247.0545 psi

4-B

4-4.247.05

a

Design thickness for external pressure P, = 16.36 psi

T 3.(D./t)  3-(112/0.0032)

t, =t -+ Corrosion = 0.0032 +0 = 0.0032"

=16.36 psi
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SS Condensate Drain (P2)

ASME Section VIII Division 1, 2019 Edition

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

Location and Orientation

Located on ASME Shell Band (front)

Orientation 180°

Nozzle center line offset to datum line 144.625"

End of nozzle to shell center 23"

Passes through a Category A joint No
—————————

Service Drain (DRN)

Description NPS 2.5 Sch 40S (Std)

Access opening No

Material specification SA-312 TP304L WId pipe (II-D p. 84, In. 40)

Inside diameter, new 2.469"

Pipe nominal wall thickness 0.203"

Pipe minimum wall thickness’ 0.1776"

Corrosion allowance 0"

Projection available outside vessel, Lpr 1.7971"

Internal projection, hew 0.25"

Projection available outside vessel to flange face, Lf | 2.0001"

Local vessel minimum thickness 0.1874"

Liquid static head included 0.18 psi

Longitudinal joint efficiency 1
e

Inner fillet, Leggq 0.1875"

Lower fillet, Legy3 0"

Nozzle to vessel groove weld 0.1874"

1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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ASME B16.5-2013 Flange

Description NPS 2.5 Class 150 SO A105
Bolt Material SA-193 B7 Bolt <=2 1/2 (1I-D p. 398, In. 32)
Blind included No

Rated MDMT -55°F

Liquid static head 0.25 psi

MAWP rating 230 psi @ 300°F

MAP rating 285 psi @ 70°F

Hydrotest rating 450 psi @ 70°F

External fillet weld leg (UW-21) 0.2842" (0.2842" min)
Internal fillet weld leg (UW-21) 0.203" (0.203" min)

PWHT performed No

Produced to Fine Grain Practice and No

Supplied in Heat Treated Condition

Impact Tested No
UW-21 Flange Welds

Xpin = min [L4 -t,,g0] = [L4 - 0.203,0.31] = 0.2842"
External Li = X +&—02842+1— 0.2842"
€l €€ min = “Lmin 0.7 — U 0.7 - .

C; 0
Internal Leg ,;, = min [tn,0.25” +W} = min [0.203,0.25+ W} = 10.203"

Flange rated MDMT per UCS-66(b)(3) = -155°F (Coincident ratio = 0.3039)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

UHA-51 Material Toughness Requirements Nozzle

3 86.53 - 1.2345 B 0.0076"
" 14200-1-06-8653 '
t.-E* X -1
Stress ratio = — _ 00076 = 0.0425

tn—c 01776 —0

Impact test exempt per UHA-51(g) (coincident ratio = 0.0425)
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-45 Summary (in)
For P = 169.26 psi @ 300 °F The nozzle passes UG-45
A A A
required available A1 Az As As welds tfeq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.1776 0.1776

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

Lo Required weld Actual weld
LCLE COEEHEE throat size (in) | throat size (in) SIEUE
Nozzle to shell fillet (Legy+) 0.1312 0.1312 weld size is adequate

Calculations for internal pressure 169.26 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
Lr = max [d,R, + (t, — C,) + (t — C)]
= max [2.469,1.2345 + (0.203 — 0) + (0.1874 — 0)]
= 2469 in

Outer Normal Limit of reinforcement per UG-40

Ly = min 2.5 - (t —C),25 - (t, — Cp) +1.]

min 255 - (0.1874 — 0),25 - (0.203 — 0) 0]

0.4685 in
Inner Normal Limit of reinforcement per UG-40

Ly

min [k,25 - (t —C),25 - (t; — C, — C)]

min [0.25,2.5 - (0.1874 — 0),2.5 - (0.203 — 0 — 0)]

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

P.R,
S, -E—06-P

169.2629 - 1.2345
16,700 - 1 — 0.6 - 169.2629

= 0.0126 in

trn

Required thickness t, from UG-37(a)

P-R
S-E—-06-P

169.2629 - 20.8125
18,900 - 1 — 0.6 - 169.2629

0.1874 in

109/214



Required thickness t, per Interpretation VIlI-1-07-50

P-R
S-E—-06-P

169.2629 - 20.8125
18,900 - 0.7 — 0.6 - 169.2629

0.2683 in

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

UW-16(c) Weld Check

Fillet weld: ¢, = min [0.75,¢,,t] = 0.1874in
tomin) = min [0.25,0.7 -ty ] = 0.13120in
totua) = 0.7 Leg = 0701875 = 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-27 = S E_u6P + Corrosion
169.3351 - 1.2345
14,200 - 1 — 0.6 - 169.3351

= 00148 in

ta = max [twe-2r,tawe-22]
= max [0.0148, 0]
= 00148 in
tp1 = % + Corrosion
169.2629 - 20.8125
18,900 - 1 — 0.6 - 169.2629

= 0.1874 in

tn = max [ty,twaie)
= max [0.1874, 0.0625]
= 0.1874 in

ty = min [tg,ty]
= min [0.1776,0.1874]
= 0.1776 in

tug-45 = max [t,, ]

max [0.0148,0.1776)
01776 in

Available nozzle wall thickness new, t, = 0.875 - 0.203 = 0.1776 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-45 Summary (in)
For P =179.12 psi @ 70 °F The nozzle passes UG-45
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) | 0.1776 0.1776

UG-41 Weld Failure Path Analysis Summary

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

Calculations for internal pressure 179.12 psi @ 70 °F

Parallel Limit of reinforcement per UG-40

Lr

max [d, R, + (t, —C,) + (¢t — C)]
max [2.460,1.2345 + (0.203 — 0) + (0.1874 — 0)]

2469 in

Outer Normal Limit of reinforcement per UG-40

Ly win 25 - (t — C),25 - (t, — Cy) +1.]

min 255 - (0.1874 — 0),25 - (0.203 — 0) +0]
0.4685 in

Inner Normal Limit of reinforcement per UG-40

Ly

min [1,25 - (t —C),25 - (t; — Cy, — C)]
= min [0.25,25 - (0.1874 — 0),2.5 - (0.203 — 0 — 0)]
0.25 in

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

P-R,
S,-E—06-P

179.1185 - 1.2345
16,700 - 1 — 0.6 - 179.1185

0.0133 in

trn

Required thickness t, from UG-37(a)

P-R
S-E—-06-P

179.1185 - 20.8125
20,000 -1 —0.6 - 179.1185

0.1874 in

Required thickness t, per Interpretation VIlI-1-07-50
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P-R
S-E—-06-P

179.1185 - 20.8125
20,000 - 0.7 — 0.6 - 179.1185

0.2683 in

=

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

UG-45 Nozzle Neck Thickness Check

P-R,
taug-27 = ————— + Corrosion
S,-E—06-P

B 179.1185 - 1.2345 40
14,200 - 1 — 0.6 - 179.1185

= 0.0157 in

ta = max [twe-ar,tac.2]
= max [0.0157,0]
= 0.0157 in
P-R

tp1 = m + Corrosion

179.1185 - 20.8125
20,000 -1 —0.6 - 179.1185

= 0.1874 in

ty = max [ty,tucis)
= max [0.1874,0.0625]
= 0.1874 in

ty = min [tg,tn |
= min [0.1776,0.1874]
= 01776 in

tug-4s = max [t,,t)
= max [0.0157,0.1776]
0.1776 in

Available nozzle wall thickness new, t, = 0.875 - 0.203 = 0.1776 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 = 16.36 psi @ 300 °F The nozzle passes UG-45
A A A
required available M| A2 | As | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0625 0.1776

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

o Required weld Actual weld
L CILIC LR LI throat size (in) | throat size (in) ST
Nozzle to shell fillet (Legy) 0.1312 0.1312 weld size is adequate

Calculations for external pressure 16.36 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
LR = max [d, R, + (t, —C,) + (t — C)]

= max [2.469,1.2345 + (0.203 — 0) 4 (0.1874 — 0)]
2469 in

Outer Normal Limit of reinforcement per UG-40

Ly min 25 - (t —C),25 - (t, — Cy) +t.]

min 255 - (0.1874 — 0),25 - (0.203 — 0) + 0]

0.4685 in
Inner Normal Limit of reinforcement per UG-40

L = min [h,25-(t —C),25-(t; —C, —C)]
min [0.25,2.5 - (0.1874 — 0),2.5 - (0.203 — 0 — 0)]

0.25 in

Nozzle required thickness per UG-28 t;, = 0.0085 in
From UG-37(d)(1) required thickness t, = 0.1874 in
This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: ¢, = min [0.75,%,,t] = 0.1874 in
teminy = min [0.25,0.7 - tyyn] = 0.1312 in
tdatuay =07 -Leg = 0.7 - 01875 = 01313 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
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taUG_gg = 0.0085 in
t, = max [twe-2s,twe-22]
= max [0.0085, 0]
= 0.0085 in
P-R
tpo = S F 06 P + Corrosion

16.3605 - 20.8125
18,900 - 1 — 0.6 - 16.3605

= 0.018 in

ti = max [tp,twaies)
= max [0.018,0.0625]
= 0.0625 in

tb = min [tbg,tbg]
= min [0.1776,0.0625]
= 0.0625 in

tuc-45 = max [tq,ts)
= max [0.0085,0.0625]
= 0.0625 in

Available nozzle wall thickness new, t,, = 0.875 - 0.203 = 0.1776 in

The nozzle neck thickness is adequate.

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

L 2049

= =0.7128
D, 2.875
D, 2.875
— = = 338.0546
t 0.0085

From table G: A =0.000313
From table HA-3: B = 4,148.3003 psi

4B 4-41483
3-(D,/t)  3-(2875/0.0085)

=16.36 psi

a

Design thickness for external pressure P, = 16.36 psi

t, =t + Corrosion = 0.0085 + 0 = 0.0085"
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Shell #1

ASME Section VIII Division 1, 2019 Edition

Component Cylinder
Material SA-240 304 (II-D p. 88, In. 37)
Impact : Fine Grain Maximize MDMT/
Tested e e Practice Pl 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
Operating 0.17 4.8125 1
Test horizontal 1.62 44.8125 1

Inner Diameter 41.625"
Length 96"
Nominal Thickness 0.1874"
Inner o"
Corrosion
Outer 0"

Weight and Capacity

Longitudinal seam

Weight (Ib) Capacity (US gal)
New 682.65 314.37
Corroded 682.65 314.37

Radiography

None UW-11(c) Type 1

Left Circumferential 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) 0.0397"

Design thickness due to external pressure (tg) | 0.1811"

Maximum allowable working pressure (MAWP) | 118.31 psi

Maximum allowable pressure (MAP) 125.38 psi

Maximum allowable external pressure (MAEP) | 16.36 psi

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

. 86.52 - 20.8125
"~ 20,000 - 0.7 — 0.6 - 86.52

= 0.1291"

t,-E* ~0.1291-08

= = .5511
t, —c 0.1874 —0 055

Stress ratio =

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -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 = 25.17- 208125 +0=0.0397"

= ——
S-E—060-P 18,900 - 0.70 — 0.60 - 25.17

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

S-E-t 18,900 - 0.70 - 0.1874
=2 """ p=_ ~ 017 = 118.31 psi
R +060-¢ 20.8125 + 0.60 - 0.1874

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

~ S-E-t  20000-0.70 - 0.1874
" R+060-t  20.8125 +0.60 - 0.1874

=125.38 psi

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

L .
= 79.0875 = 1.8830
D,  41.9998
D, 4l

= 9998 = 231.9293
t 0.1811

From table G: A =0.000198
From table HA-1: B = 2,609.2194 psi

4B 4-260922
"~ 3-(D,/t)  3-(41.9998/0.1811)

=15 psi

a

Design thickness for external pressure P, = 15 psi
t, =t + Corrosion = 0.1811 + 0 = 0.1811"

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

L 79.0875
— = ——— —=1.8830
D,  41.9998

Do _ 419998 _ 224.1185
t 0.1874

From table G: A =0.000209
From table HA-1: B = 2,750.0218 psi

4B 4-2,750.02
~3-(D,/t)  3-(41.9998/0.1874) I

P,

% Forming strain - UHA-44(a)(2)
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50 - t Ry 50 - 0.1874 20.9062
EFE=(Z==) (1- === (1) = 04482
(%) (%) = (e ) - (1725 o

Allowable Compressive Stress, Hot and Corroded- S, (table HA-1)

40125 0.125 0001115
R,/t  20.9999/0.1874
B =7,619 psi
S = 18900 _ 18,900 psi
T o0 o Pe

Suc = min (B,S) = 7,619 psi

Allowable Compressive Stress, Hot and New- Sy

S.HN =S.HC =7619 psi

Allowable Compressive Stress, Cold and New- Scy;, (table HA-1)

.12 .
_ 015 0.125 =0.001115
R,/t  20.9999/0.1874
B =9,371 psi
S = 20000 _ 20,000 psi
T 100 T Mo

Sy = min (B,S) = 9,371 psi

Allowable Compressive Stress, Cold and Corroded- S.cc

SdC :SaCN =9,371 pSi

Allowable Compressive Stress, Vacuum and Corroded- Sy, (table HA-1)

0125 0.125

= = =0.001115
R,/t  20.9999/0.1874
B =17619 psi
S = 18900 _ 18,900 psi
T 100 o P®

Sac = min (B,S) =7,619 psi
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Cleanout (P7)

ASME Section VIII Division 1, 2019 Edition

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

Location and Orientation

Located on Shell #1
Orientation 0°
Nozzle center line offset to datum line 48"
End of nozzle to shell center 24"
Passes through a Category A joint No

Service Cleanout Port (CLEANOUT)

Description NPS 2 Sch 10S

Access opening No

Material specification SA-312 TP304 WId & smis pipe (lI-D p. 92, In. 1)
Inside diameter, new 2.157"

Pipe nominal wall thickness 0.109"

Pipe minimum wall thickness’ 0.0954"

Corrosion allowance 0"

Projection available outside vessel, Lpr 2.8911"

Projection available outside vessel to flange face, Lf | 3.0001"

Local vessel minimum thickness 0.1874"
Liquid static head included 0 psi
Longitudinal joint efficiency 1

Inner fillet, Leggq 0.1875"

Nozzle to vessel groove weld 0.125"

1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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ASME B16.5-2013 Flange

Description NPS 2 Class 150 SO A105

Bolt Material SA-193 B7 Bolt <=2 1/2 (1I-D p. 398, In. 32)
Blind included No

Rated MDMT -55°F

Liquid static head 0 psi

MAWP rating 230 psi @ 300°F
MAP rating 285 psi @ 70°F
Hydrotest rating 450 psi @ 70°F

External fillet weld leg (UW-21)

0.2156" (0.1526" min)

Internal fillet weld leg (UW-21)

0.109" (0.109" min)

UW-21 Flange Welds

PWHT performed No
Produced to Fine Grain Practice and No
Supplied in Heat Treated Condition

Impact Tested No

0.7 0.7

Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

Xuin = min [L4 -,,g0] = [14 - 0.109,031] = 0.1526"
External L = X +&—01526+1— 0.1526"
AR i = Smin o7 =T 07 '
. G . 0
Internal Leg ,;, = min |¢,,0.25” +——| = min [0.109,0.25 + —| = | 0.109"

Flange rated MDMT per UCS-66(b)(3) = -155°F (Coincident ratio = 0.303)

UHA-51 Material Toughness Requirements Nozzle

86.35 - 1.0785 )
"7 20000-1-06-835 0.0047
Stress ratio = t.-E _ 00047-1 _ 0.049

t,—c  0.0954 —0

Impact test exempt per UHA-51(g) (coincident ratio = 0.049)

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 thickness requirements of UG-45 govern the MAWP of this nozzle.

UG-37 Area Calculation Summary (in?) UG-45 Summary (in)
For P = 86.35 psi @ 300 °F The nozzle passes UG-45
A A A
required available A1 Az As As welds tfeq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) | 0.0953 0.0954

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

Weld description Relli’::g:)’eld Ac;t;:l(\il:‘e)ld Status
Nozzle to shell fillet (Legy+) 0.0763 0.1312 weld size is adequate
Combined weld check (t1 +t5) 0.1362 0.2562 weld size is adequate
Nozzle to shell groove (Lower) 0.0763 0.125 weld size is adequate

Calculations for internal pressure 86.35 psi @ 300 °F

Parallel Limit of reinforcement per UG-40

LR = max[d,R, +(t, —Cp) +(t —C)]
= max [2157,1.0785 + (0.109 — 0) + (0.1874 — 0)]
= 2157 in

Outer Normal Limit of reinforcement per UG-40

Ly = min 25 - (¢t —C),25 - (t, — Cy) +t.]

min 25 - (0.1874 — 0),255 - (0.109 — 0) 0]
0.2725 in

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

P-R,
S, -E—06-P

86.3487 - 1.0785
18,900 - 1 — 0.6 - 86.3487

0.0049 in

tn

Required thickness t, from UG-37(a)

P-R
S-E—-06-P

86.3487 - 20.8125
18,900 - 1 — 0.6 - 86.3487

0.0953 in

Required thickness t, per Interpretation VIll-1-07-50
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P-R
S-E—-06-P

86.3487 - 20.8125
18,900 - 0.7 — 0.6 - 86.3487

0.1364 in

=

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

UW-16(d) Weld Check

tmin = min [0.75,¢,,t] =0.109 in

ti(min) O ta(min) = min [0.25,0.7 - tyn] = 0.0763 in
1 (actuay = 0.7-Leg =0.7-0.1875 = 0.1312 in

The weld size t; is satisfactory.

ty(actuay = 0125 in

The weld size t, is satisfactory.

t1 +t2 =0.2562 > 1.25 -ty = 0.1362

The combined weld sizes for t1 and t; are satisfactory.

UG-45 Nozzle Neck Thickness Check

taua-27 = S E 6P + Corrosion
86.3487 - 1.0785
18,900 - 1 — 0.6 - 86.3487

= 0.0049 in

to = max [twe-ar,tac.2]
= max [0.0049, 0]
= 0.0049 in
P-R
tp1 = m + Corrosion

86.3487 - 20.8125
18,900 - 1 — 0.6 - 86.3487

= 0.0953 in

ty = max [ty,tucis)
= max [0.0953,0.0625]
= 0.0953 in

tb = min [tbg,tbl ]
= min [0.1348,0.0953]
= 0.0953 in

tuc-45 = max [t,,t)
= max [0.0049,0.0953]
= 0.0953 in
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Available nozzle wall thickness new, t, = 0.875 - 0.109 = 0.0954 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAP

The thickness requirements of UG-45 govern the MAP of this nozzle.

UG-37 Area Calculation Summary (in?) UG-45 Summary (in)
For P =91.37 psi @ 70 °F The nozzle passes UG-45
A A A
required available A1 Az As As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) | 0.0953 0.0954

UG-41 Weld Failure Path Analysis Summary

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

Calculations for internal pressure 91.37 psi @ 70 °F

Parallel Limit of reinforcement per UG-40

Lr

max [d, R, + (t, —C,) + (¢t — C)]
max [2.157,1.0785 + (0.109 — 0) + (0.1874 — 0)]

2.157 in

Outer Normal Limit of reinforcement per UG-40

Ly min 25 (¢t —C),25- (t, — C,) +t.]

min 25 - (0.1874 — 0),25 - (0.109 — 0) + 0]
0.2725 in

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

. P-R,
mo- S, E—06-P

91.3715 - 1.0785
20,000 -1 —0.6 - 91.3715

0.0049 in

Required thickness t, from UG-37(a)

P-R
S-E—-06-P

91.3715 - 20.8125
20,000 -1 —0.6 - 91.3715

= 0.0953 in

Required thickness t, per Interpretation VIlI-1-07-50

P-R
S-E—-06-P

91.3715 - 20.8125
20,000 - 0.7 — 0.6 - 91.3715

0.1364 in

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

UG-45 Nozzle Neck Thickness Check
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P-R,
S, E—06-P

91.3715 - 1.0785
20,000 -1 —0.6 - 91.3715

= 00049 in

taug-27 + Corrosion

tq = max [tauc-27,tauc-22]
= max [0.0049,0]
= 0.0049 in
P-R

t = ——— + Corrosion
1 S.E_06-P

91.3715 - 20.8125
20,000 -1 —0.6 - 91.3715

= 0.0953 in

ty = max [ty,twaies)
= max [0.0953,0.0625]
= 0.0953 in

tb = min [tbg,tbl ]
= min [0.1348,0.0953]
= 0.0953 in

tuc-45 = max [tq,ts)
= max [0.0049,0.0953]
= 0.0953 in

Available nozzle wall thickness new, t,, = 0.875 - 0.109 = 0.0954 in

The nozzle neck thickness is adequate.

124/214



Reinforcement Calculations for MAEP

UG-37 Area Calculation Summary (in?) UG-45 Summary (in)
For Pe = 16.36 psi @ 300 °F The nozzle passes UG-45
A A A

A A A A t tni
required available i 2 S 9 welds req min

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0625 0.0954

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Weld description Rec;l;lree;'ji:\)leld A‘;tizzl(‘iﬂ:sld Status
Nozzle to shell fillet (Legy+) 0.0763 0.1312 weld size is adequate
Combined weld check (t; +t) 0.1362 0.2562 weld size is adequate
Nozzle to shell groove (Lower) 0.0763 0.125 weld size is adequate

Calculations for external pressure 16.36 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
L = max [d, R, + (t, —C,) + (t — C)]

= max [2.157,1.0785 -+ (0.109 — 0) + (0.1874 — 0)]

2.157 in
Outer Normal Limit of reinforcement per UG-40

Ly min 25 (¢t —C),25- (t, — Cy) +t.]

= min [25-(0.1874 —0),2.5 - (0.109 — 0) +0]
0.2725 in

Nozzle required thickness per UG-28 t,,, = 0.0091 in
From UG-37(d)(1) required thickness t, = 0.172 in
This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(d) Weld Check

tmin = min [0.75,%,,t] = 0.109 in

t1(min) OF ta(min) = min [0.25,0.7 - ;] = 0.0763 in
t1(acuay = 0.7 - Leg = 0.7 -0.1875 = 0.1312 in

The weld size t; is satisfactory.

t2(actuay = 0.125 in

The weld size t, is satisfactory.
t; +to =0.2562 > 1.25 - £, = 0.1362

The combined weld sizes for t and ty are satisfactory.
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UG-45 Nozzle Neck Thickness Check

taUG_gg = 00091 in
t, = max [twe 28, twe-22]
= max [0.0091, 0]
= 0.0091 in
P-R
tpo = S F 06 P + Corrosion

16.3605 - 20.8125
18,900 - 1 — 0.6 - 16.3605

= 0.018 in

ti = max [tp,twaies)
= max [0.018,0.0625]
= 0.0625 in

tb = min [tbg,tbg]
= min [0.1348,0.0625]
= 0.0625 in

tuc-45 = max [tq,ts)
= max [0.0091,0.0625]
= 0.0625 in
Available nozzle wall thickness new, t,, = 0.875 - 0.109 = 0.0954 in

The nozzle neck thickness is adequate.

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

L 3.0337
= =1.2773
D, 2.375
D, 2.375
— 262.3238
t 0.0091

From table G: A =0.000244
From table HA-1: B = 3,218.5949 psi

4B 4-321859
3-(D,/t)  3-(2375/0.0091)

=16.36 psi

a

Design thickness for external pressure P, = 16.36 psi

t, =t + Corrosion = 0.0091 +0 = 0.0091"
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Rings #1

ASME Section VIII Division 1, 2019 Edition

Attached to Shell #1
Ring type Flat bar
Description 3/8x2.5 Flat Bar
Material SA-479 304L Bar (low stress) (II-D p. 84, In. 46)
External design pressure 15 psi
External design temperature 300°F
Corrosion allowance 0"
Distance from ring neutral axis to datum 72.1625"
Distance to previous support 79.0875"
Distance to next support 63.6625"
Internal ring No
... e
Weld configuration Continuous both sides
Fillet weld leg size 0.1875"
Vessel thickness at weld location, new 0.1874"
Vessel corrosion allowance at weld location 0"
Stiffener thickness at weld location 0.375"
Max depth to thickness ratio 12
Ring distance to centroid 1.25"
Ring area 0.9375in?
Ring inertia 0.4883 in?

External Pressure, (Corroded & at 300°F) UG-29(a)

L 79.0875
—_— = = 1.
D, 41.9998 883
D, 41.9998

= —— = 231874
t 0.1811 3187

From Table G: A = 1.9828E-(4
From Table HA-1: B = 2,610.22 psi

P 4-B 4.2,610.22 ol o
.o - = E S1
3-(D, / t) 3.(41.9998 / 0.181132) p:
3 P-D, 3 15 - 41.9998
B=1\ita7.) — 1 — 2,433 psi
4 (t+As / Ls> 4 (0.1811 +0.9375 / 71375 ) 433 psi

From Table HA-3: A = 0.00018349 (ring, 300°F)
From Table HA-1: A = 0.00018462 (shell, 300°F)

oo_ DELi-(t+4A /) L)-A
109
41.9998 2 - 71.375 - (0.1811 +0.9375 / 71.375) - 0.00018462
109

I

= 04142 in?
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I' for the composite corroded shell-ring cross section is 1.1358 in

As I'>= Is"a 3/8x2.5 Flat Bar stiffener is adequate for an external pressure of 15 psi.

Check the stiffener ring attachment welds per UG-30
UG-30(f) minimum weld size = min [0.25,0.1874 — 0 — 0,0.375] + 0 = 0.1874 in

The fillet weld size of 0.1875 in is adequate per UG-30(f).

Radial pressure load, P - L, =15 - 71.375 = 1,070.63 by /in
Radial shear load, V =0.01-P - L, - D, =0.01 - 15 - 71.375 - 41.9998 = 449.66 Ib;
First moment of area, Q = 0.58 - 0.831 = 0.4806 in®

1%
Weld shear flow, ¢ = I—Q =190.2748 b /in

Combined weld load, f, = \/ 1,070.625 2 +190.2748 2 =1,0874 Ib #/m

Allowable weld stress per UW-18(d) S,, = 0.55 - .S = 0.55 - 12,800 = 7,040 psi
Fillet weld size required to resist radial pressure and shear

w * dwe segment T d oe 1,0874 (140 .
ty, = fu - (dveid sogmens toc) + corrosion = # +0 = 00772 in
S’u) : dweld total 7,040 -2

The fillet weld size of 0.1875 in is adequate to resist radial pressure and shear.

Maximum Allowable External Pressure, (Corroded & at 300°F) UG-29(a)

L 79.0875

= — L
D, 41.9998 883
Do o A9 ysuss
t 0.1874

FromTable G: 4 = 2.0886E-4
From Table HA-1: B = 2,750.02 psi

- 4-B 4-2,750.02 636 o
©“ T 3.(D, / t)  3.(419%8 / o8ra) P
- 3 < P.D, ) 3 ( 16.36 - 41.9998 ) 2570 o8
_ 3 (__BD \ _ 3, _ ,
1 \t+a, / L, 4\ 01874 109375 / 71375 2f0P

From Table HA-3: A = 0.00019384 (ring, 300°F)
From Table HA-1: A = 0.00019501 (shell, 300°F)

oo~ DiL(t+4, [ L)-A

s 109

41.9998 2 - 71.375 - (0.1874 +0.9375 / 71.375) - 0.00019501
10.9

= 04517 in*

I' for the composite corroded shell-ring cross section is 1.1358 in

As I'>= Is"a 3/8x2.5 Flat Bar stiffener is adequate for an external pressure of 16.36 psi.

Check the stiffener ring attachment welds per UG-30
UG-30(f) minimum weld size = min [0.25,0.1874 — 0 — 0,0.375] + 0 = 0.1874 in

The fillet weld size of 0.1875 in is adequate per UG-30(f).

Radial pressure load, P - L, =16.36 - 71.375 = 1,167.73 lb;/in
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Radial shear load, V' =001-P - L, - D, = 0.01 - 16.36 - 71.375 - 41.9998 = 490.44 Ib;
First moment of area, Q = 0.58 - 0.831 = 0.4806 in®

V.
Weld shear flow, ¢ = I—Q =207.5323 Ib;/in

Combined weld load, f,, = \/ 1,167.728 * 4-207.5323 > =1,186.03 Ib;/in

Allowable weld stress per UW-18(d) S, = 0.55 -.S = 0.55 - 12,800 = 7,040 psi
Fillet weld size required to resist radial pressure and shear

w * (Aweld segment + Atoe 1,186.03 - (1 +0 .
ty = fu - (dweidsogment toe) + corrosion = # +0 = 0.0842 in
Sw ° dweld total 7,040 -2

The fillet weld size of 0.1875 in is adequate to resist radial pressure and shear.
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SS Vent (P5)

ASME Section VIII Division 1, 2019 Edition

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

Location and Orientation

Description

Located on Shell #1
Orientation 270°
Nozzle center line offset to datum line | 126.625"
End of nozzle to shell center 21.6866"
Passes through a Category A joint No

NPS 0.25 Class 3000 - Threaded Half Coupling

Access opening

No

Material specification

SA-312 TP304 WId pipe (II-D p. 92, In. 3)

Inside diameter, new

0.53"

Pipe nominal wall thickness 0.11"
Pipe minimum wall thickness’ 0.0963"
Corrosion allowance 0"
Projection available outside vessel, Lpr | 0.6867"
Local vessel minimum thickness 0.1874"
Liquid static head included 0 psi

Longitudinal joint efficiency

Inner fillet, Leggq

1

0.1875"

1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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UHA-51 Material Toughness Requirements Nozzle

B 86.35 - 0.265
" 17,000 -1 — 0.6 - 86.35

0.0014"

*

t,-E 0.0014 - 1

= = .014
t, —c 0.0963 — 0 0.0

Stress ratio =

Impact test exempt per UHA-51(g) (coincident ratio = 0.014)
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 = 169.26 psi @ 300 °F The nozzle passes UG-44
A A A
required available A1 Az As As welds tfeq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) | 0.0625 0.0963

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

Lo Required weld Actual weld
LCLE COEEHEE throat size (in) | throat size (in) SIEUE
Nozzle to shell fillet (Legy) 0.0953 0.1312 weld size is adequate

Calculations for internal pressure 169.26 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
L = max [d, R, + (t, —Cy) + (t —C)]

= max [0.53,0.265 + (0.11 — 0) + (0.1874 — 0)]

= 0.5624 in

Outer Normal Limit of reinforcement per UG-40

Ly = min 2.5 - (t —C),25 - (t, — Cp) +1.]

min [2.5 - (0.1874 —0),2.5 - (0.1 — 0) +-0]

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

PR,
S,-E—06-P

169.2631 - 0.265
18,900 - 1 — 0.6 - 169.2631

0.0024 in

trn

Required thickness t, from UG-37(a)

P-R

S-E—06-P
169.2631 - 20.8125

18,900 - 1 — 0.6 - 169.2631

0.1874 in

Required thickness t, per Interpretation VIll-1-07-50
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P-R
S-E—-06-P

169.2631 - 20.8125
18,900 - 0.7 — 0.6 - 169.2631

0.2683 in

=

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

Check the weld - From UW-16(f)(3)(a)(3)(a)

p- Ro .
laApp11 = S Ei04 P + Corrosion
169.2631 - 0.375
16,100 - 1 + 0.4 - 169.2631

= 0.0039 in

tq = max [teApp 1-15taUG-22)
= max [0.0039, 0]
= 0.0039 in
tp1 = ﬁ + Corrosion
169.2631 - 20.8125
18,900 - 1 — 0.6 - 169.2631

= 0.1874 in

ty = max [ty,twaie)
= max [0.1874,0.0625]
= 0.1874 in

tb - min [tb37tbl ]
= min [0.0954,0.1874]
= 0.0954 in

tug-45 = max [t,,t)]
= max [0.0039,0.0954]
= 0.0954 in

tu(atuay = 0.7+ Leg =0.7-0.1875 = 0.1313 in

The fillet weld size is satisfactory.

UG-44 Thickness Check - ASME B16.11 Coupling

P-R, .
taApp 1-1 = S Et0da P + Corrosion

169.2631 - 0.375

= +0

16,100 - 1 4 0.4 - 169.2631
= 0.0039 in
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taUG-44 = max [tepp11, tucie)
= max [0.0039, 0.0625]
= 0.0625 in

Available nozzle wall thickness new, t,, = 0.875 - 0.11 = 0.0963 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 =179.12 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 0.0963

UG-41 Weld Failure Path Analysis Summary

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

Calculations for internal pressure 179.12 psi @ 70 °F

Parallel Limit of reinforcement per UG-40

Lr

max [d, R, + (t, —C,) + (¢t — C)]
max [0.53,0.265 + (0.11 — 0) + (0.1874 — 0)]

0.5624 in

Outer Normal Limit of reinforcement per UG-40

Ly win [25 - (t — C),25 - (t, — Cy) +1.]

min [2.5 - (0.1874 — 0),2.5 - (0.11 — 0) + 0]
0.275 in

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

. P-R,
mo- S, -E—06-P

179.1185 - 0.265
20,000 -1 —0.6 - 179.1185

0.0024 in

Required thickness t, from UG-37(a)

P-R
S-E—-06-P

179.1185 - 20.8125
20,000 -1 —0.6 - 179.1185

= 0.1874 in

Required thickness t, per Interpretation VIii-1-07-50

P-R
S-E—-06-P

179.1185 - 20.8125
20,000 - 0.7 — 0.6 - 179.1185

0.2683 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- Ro .
taApp 1-1 = S Et0d4 P + Corrosion

. 179.1185 - 0.375 4o
17,000 - 1 4+ 0.4 - 179.1185

= 0.0039 in

tauG-44 = max [teapp 11, tuGie)

max [0.0039, 0.0625]
= 00625 in

Available nozzle wall thickness new, t, = 0.875 - 0.11 = 0.0963 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 = 16.36 psi @ 300 °F The nozzle passes UG-45
A A A
required available M| A2 | As | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0625 0.0963

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

i Required weld Actual weld
LLCILIC LR LI throat size (in) | throat size (in) ST
Nozzle to shell fillet (Legy) 0.0625 0.1312 weld size is adequate

Calculations for external pressure 16.36 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
LR = max [d, R, + (t, —C,) + (t — C)]

= max [0.53,0.265 + (0.11 — 0) + (0.1874 — 0)]
0.5624 in

Outer Normal Limit of reinforcement per UG-40

LH

min [25 - (t — C),25 - (t, — Cy) + 1]

min [2.5 - (0.1874 — 0),2.5 - (0.11 — 0) +-0]
0.275 in

Nozzle required thickness per UG-28 t,, = 0.0025 in

From UG-37(d)(1) required thickness t, = 0.1874 in

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

Check the weld - From UW-16(f)(3)(a)(3)(a)

tawcass = 00025 in
t, = max [twe-2s,twc-22]
= max [0.0025, 0]
= 00025 in
P-R
tp2 = SE 6P + Corrosion

16.3605 - 20.8125
18,900 - 1 — 0.6 - 16.3605

= 0.018 in
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tip = max [t ,tiucis]
= max [0.018,0.0625]
= 0.0625 in

tb = II]il’l [thg,tbg]
= min [0.0954,0.0625]
= 0.0625 in

tug-4s = max [t,t)
= max [0.0025,0.0625]
= 0.0625 in

tw(atua) =0.7-Leg =0.7-0.1875 = 0.1313 in
The fillet weld size is satisfactory.

UG-45 Nozzle Neck Thickness Check

taUG_gg = 00025 in
t, = max [twe-2s,twe-22]
= max [0.0025, 0]
= 0.0025 in
P-R
tpo = S F 06 P + Corrosion

16.3605 - 20.8125
18,900 - 1 — 0.6 - 16.3605

= 0.018 in

tip = max [tp,twaies)
= max [0.018,0.0625]
= 0.0625 in

tb - min [tba,tbg]
= min [0.0954,0.0625]
= 0.0625 in

tyG-45 = max [tq, )

max [0.0025,0.0625]
= 00625 in

Available nozzle wall thickness new, t,, = 0.875 - 0.11 = 0.0963 in
The nozzle neck thickness is adequate.

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

L 0.69
= —— =0.9200
D, 0.75
D, 0.75
= = 299.2250
t 0.0025
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From table G: A = 0.000279
From table HA-1: B = 3,671.3456 psi

4-B 4-3,671.35

= = =16.36 psi
3-(D,/t) 3-(0.75/0.0025)

a

Design thickness for external pressure P, = 16.36 psi

t, =t -+ Corrosion = 0.0025 +0 = 0.0025"
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Sight Glass (P8)

ASME Section VIII Division 1, 2019 Edition

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

Note: Thread engagement shall comply with the requirements of UG-43(g).

Location and Orientation

Service

Located on Shell #1
Orientation 90°
Nozzle center line offset to datum line | 78.625"
End of nozzle to shell center 21.5025"
Passes through a Category A joint No

Sight Glass (SG)

Description

Studding Outlet Custom Size - Contoured

Access opening

No

Material specification

SA-240 304 (1II-D p. 88, In. 37)

Bolt material specification

SA-193 B7 Bolt <=2 1/2 (1I-D p. 398, In. 32)

Bolt rated MDMT

-55°F

Pad inner diameter 4"

Pad outer diameter, D, 7.5"
Pad thickness 1.19"
Figure UG-40 thickness, to 0.4426"
Tapped hole diameter 0.5"
Tapped hole depth 0.75"
Tapped hole bolt circle 6"
Raised face height 0.06"
Raised face outer diameter 4.75"
Corrosion allowance 0"
Projection available outside vessel, Lpr | 0.4426"
Internal projection, hew 0.5"
Local vessel minimum thickness 0.1874"
Liquid static head included 0 psi
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Longitudinal joint efficiency

Inner fillet, Legyq 0.1875"
Lower fillet, Legys 0"
Nozzle to vessel groove weld 0.1874"

UHA-51 Material Toughness Requirements Pad

86.35 - 20.8125

b = 30,000 -1-06 8635

0.0901"

*

t.-E° 009011
th —c 01874 —0

Stress ratio =

0.4807

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Bolts rated MDMT per Fig UCS-66 note (c) =

-55°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-45 Summary (in)

For P = 169.26 psi @ 300 °F

The opening is adequately reinforced WD FEEA B (PEees e= S

A A A
required | available Azl A As welds treq tmin
14996 | 3.2241 | - | — | 1.6398 | 1.5491 | 0.0352 0.1874 1.75

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(1)

UW-16 Weld Sizing Summary

e Required weld | Actual weld
LRI e el e throat size (in) | throat size (in) S
Pad to shell fillet (Leg44) 0.1312 0.1312 weld size is adequate

Calculations for internal pressure 169.26 psi @ 300 °F

Parallel Limit of reinforcement per UG-40

Lr

max [d, R, + (t, —C,) + (t — C)]
max (4,2 + (0) + (0.1874 — 0)]

4 in
Outer Normal Limit of reinforcement per UG-40

Ly

min 25 (t —C),25 - (t, —C,) +t.]
= min 2.5 - (0.1874 —0),2.5 - (0) + 0.4426]

0.4426 in
Inner Normal Limit of reinforcement per UG-40

L = m.in[h,2.5-(t—0),2.5-(t¢—Cn—C)}

min [0.5,2.5 - (0.1874 — 0),25 - (1.75 — 0 — 0)]

0.4685 in

Required thickness t, from UG-37(a)

P-R
S.-E—06-P

169.2631 - 20.8125
18,900 - 1 — 0.6 - 169.2631

0.1874 in

Required thickness t, per Interpretation VIll-1-07-50
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P-R
S-E—-06-P

169.2631 - 20.8125
18,900 - 0.7 — 0.6 - 169.2631

= 0.2683 in

=

Area required per UG-37(c)

Allowable stresses: S, = 18,900, S,, = 18,900, Sp = 18,900 psi

fr1 = lesser of 1 or % =1

v

fro = lesser of 1 or % =1

v

SP
frqg =lesserof 1 or — =1

v

>
1l

d-t,-F+2-t,-t,-F-(1— f.1)+ Tapped hole area loss

4-01874-1+2-1.75-0.1874-1- (1 —1) +0.75

1.4996 in?

Area available from FIG. UG-37.1
A4 = larger of the following= 0 in2

= d- (B -t—F-t,)—2t, (B -t—F-t,)-(1—fn)
= 4-(1-01874—1-0.1874) —2-1.75-(1-0.1874 —1-0.1874) - (1 — 1)

= 01112

= 2 (t4t) (Byt—F-t,) =2ty - (By-t—F -1,)-(1—fa)
= 2.(01874+0)-(1-0.1874 —1-0.1874) —2-1.75 - (1-0.1874 — 1-0.1874) - (1 — 1)
2

= 0 in

Area A, is not included in these calculations.
Az = smaller of the following= 1.6398 in2

5-t-t; - fra
5.0.1874-1.75 -1
= 1.6398 in2

= 5-ti-ti- fro
= 5.175-175-1
= 15.3125in?

= 2hitifo
= 2:-05-175-1
= 1.75in?

A2 = Leg® fu
= 018752%-1
= 0.0352in?
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A5 = (Dp —Pad]D) “te fra
= (75-4)-04426-1
= 1.5491in2
Area = A; +A3+ Ay + As
= 0+ 1.6398 +0.0352 + 1.5491
= 3.2241in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: ¢, = min [0.75,%.,¢] = 0.1874in
tominy = min [0.25,0.7 - tyin] = 0.1312 in
to(acua) = 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

P-R,

taug-o7 = W + Corrosion

. 169.2631 - 2

18,900 - 1 — 0.6 - 169.2631

= 0.018 in
tq = max [tweg-27,tauc-22]

= max [0.018,0]

= 0.018 in

P-R

t = ——— + Corrosion
1 S E_06-P

169.2631 - 20.8125
18,900 - 1 — 0.6 - 169.2631

= 0.1874 in

tn = max [ty,twaie)
= max [0.1874,0.0625]
= 0.1874 in

ty = min [tg,ty]
= min [0.2818,0.1874]
= 0.1874 in

tUG—45 = max [ta 5 tb}

max [0.018,0.1874]
0.1874 in

Available nozzle wall thickness new, t, = 1.75 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-45 Summary (in)

For P = 179.12 psi @ 70 °F

The opening is adequately reinforced WD FEEA B (PEees e= S

A A A
required | available Azl A As welds treq tmin
14996 | 3.2241 | - | — | 1.6398 | 1.5491 | 0.0352 0.1874 1.75

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(1)

Calculations for internal pressure 179.12 psi @ 70 °F

Parallel Limit of reinforcement per UG-40

LR

max [d, R, + (t, —C,) + (t — C)]
max (4,2 + (0) + (0.1874 — 0)]

4 in
Outer Normal Limit of reinforcement per UG-40

Ly

min [25 - (t —C),25 - (t, —C,) +t.]

min (255 - (0.1874 — 0),2.5 - (0) + 0.4426]
0.4426 in

Inner Normal Limit of reinforcement per UG-40
L = min [h,25-(t —C),25-(t; —C, —O)]
= min [0.5,2.5 - (0.1874 — 0),2.5 - (1.75 — 0 — 0)]

0.4685 in

Required thickness t, from UG-37(a)

P-R
S-E—-06-P

179.1185 - 20.8125
20,000 -1 —0.6 - 179.1185

0.1874 in

Required thickness t, per Interpretation VIlI-1-07-50

P-R
S-E—-06-P

179.1185 - 20.8125
20,000 - 0.7 — 0.6 - 179.1185

0.2683 in

e =

Area required per UG-37(c)

Allowable stresses: S, = 20,000, S, = 20,000, Sy, = 20,000 psi
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fr1 = lesser of 1 or % =1

v

fro = lesser of 1 or % =1

v

SP
frqg =lesserof 1 or — =1

v

>
1

d-t,-F+2-t,-t,-F-(1— f) -+ Tapped hole area loss

4-01874-14+2-1.75-0.1874-1- (1 —1) +0.75

1.4996 in?

Area available from FIG. UG-37.1
A4 = larger of the following= 0 in2

= d-(By-t—F-t,)—2t, (B -t —F-t,)-(1—fn)
= 4-(1-01874—1-0.1874) —2-1.75- (1-0.1874 —1-0.1874) - (1 — 1)

= 0 in?

= 2.(t4t) Byt —F-t,)—2-t, (B -t —F -t,)-(1—f)
= 2.(01874+0)-(1-0.1874 —1-0.1874) —2-1.75 - (1-0.1874 — 1-0.1874) - (1 — 1)
2

= 0 in

Area A, is not included in these calculations.
Az = smaller of the following= 1.6398 in?

5.t -t fro
5.0.1874-1.75 - 1
= 1.6398 in?

= 51t fra
= 5-1.75-175-1
= 15.3125in?
= 2-h -t fr

= 2-05-1.75-1
= ﬂinz

Ag2 = Leg” - fu
= 018752-1
= 0.0352in?
As = (Dp —PadID) -t - frq
= (T5-4)-04426 -1
= 1.5491in2
Area = Ay + A3+ Ay + A5

= 0+16398 +0.0352 -+ 1.5491
= 3.2241in?

As Area >= A the reinforcement is adequate.
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UG-45 Nozzle Neck Thickness Check

taug-27

tp1

1271

ty

tuc-45

P-R, .
————— + Corrosion
S, -E—06-P

179.1185 - 2
+0
20,000 -1 — 0.6 - 179.1185
0.018 in

max [tauc-27,tauc-22]
max [0.018, 0]
0.018 in

P-R
S-E—-06-P

179.1185 - 20.8125
20,000 -1 —0.6 - 179.1185

0.1874 in

+ Corrosion

max [ty ,tucis]
max [0.1874,0.0625]
0.1874 in

II]itl [tbaatbl ]
min [0.2818,0.1874]
0.1874 in

max [tq, )
max [0.018,0.1874]
0.1874 in

Available nozzle wall thickness new, t, = 1.75 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 = 16.36 psi @ 300 °F

The opening is adequately reinforced LD (A D R UleR. 5

A A A
required | available Ar|Az| As As welds treq tmin
1.1248 | 3.2241 | - | — [ 1.6398 | 1.5491 | 0.0352 0.0625 1.75

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

L Required weld | Actual weld
LG CEEE LR throat size (in) | throat size (in) S
Pad to shell fillet (Leg44) 0.1312 0.1312 weld size is adequate

Calculations for external pressure 16.36 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
LR = max [d, R, + (t, —C,) +(t — C)]

= max [4,2+(0) + (0.1874 — 0)]

= 4 in

Outer Normal Limit of reinforcement per UG-40

Ly min [25 - (t — C),25 - (t — Cp) +1t.]

min [25 - (0.1874 —0),25 - (0) + 0.4426]

0.4426 in
Inner Normal Limit of reinforcement per UG-40

L = min [h,25-(t —C),25-(t; —C, — C)]
= min [0.5,2.5 - (0.1874 — 0),2.5 - (1.75 — 0 — 0)]

0.4685 in

From UG-37(d)(1) required thickness t, = 0.1874 in

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

Allowable stresses: S, = 18,900, S,, = 18,900, Sp = 18,900 psi

fr1 =lesser of 1 or Sn =1

v

fro = lesser of 1 or CLI 1

v

SP
fr4 = lesser of 1 or o =1

v
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A = 05-(d-t,-F+2-t, -t.-F-(1— fr1)) + Tapped hole area loss
= 05-(4-01874-1+2-175-0.1874-1- (1 — 1)) +0.75
= 1.1248in?

Area available from FIG. UG-37.1
A4 = larger of the following= 0 in2

= d-(By-t—F-t,)—2t, (B, t—F-t,)-(1—fn)
= 4-(1-01874—1-0.1874) —2-1.75- (1-0.1874 — 1 0.1874) - (1 — 1)

= 0 in®

= 2. (t4ty) (BLt—F t,)—2ty - (Bt —F-t,) - (1—fn)
= 2.(0.1874+0)-(1-0.1874 —1-0.1874) —2-1.75 - (1-0.1874 — 1- 0.1874) - (1 — 1)
2

= 0 in

Area A is not included in these calculations.
A3 = smaller of the following= 1.6398 in2

5.1t fra
5.0.1874-1.75 -1
= 1.6398in?

= 5.t -ti - fro
= 5-175-1.75-1
= 15.3125in?
= 2-h-t; fr2

= 2-05-175-1
= 1752

Agp = Leg2 - fra
= 0.1875 % -1
= 0.0352in?
Ag = (Dp —PadID) - t. - fiu
= (7.5 —4) - 0.4426 - 1
= 15491 in?
Area = A; +A3+ A+ A5

= 0+ 1.6398 +0.0352 + 1.5491
= 3.2241in?

As Area >= A the reinforcement is adequate.
UW-16(c) Weld Check
Fillet weld: ¢, = min [0.75,t.,¢t] = 0.1874 in

tomin) = min [0.25,0.7 -t ] = 0.1312in
tdaua) = 0.7 - Leg = 0.7-0.1875 = 0.1313 in

The fillet weld size is satisfactory.
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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

0.0127 in

taug-28

ta = max [twe-s,tawc-2]
= max [0.0127,0]
= 0.0127 in
th2 = % + Corrosion
16.3605 - 20.8125
18,900 - 1 — 0.6 - 16.3605

= 0.018 in

25 = max [t ,tiucie]
= max [0.018,0.0625]
= 0.0625 in

tb = II]iIl [tbg,tb2]
= min [0.2818,0.0625]
= 0.0625 in

tuc-45 = max [t,,ts)
= max [0.0127,0.0625]
= 0.0625 in

Available nozzle wall thickness new, t, = 1.75 in
The nozzle neck thickness is adequate.

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

L .
= 0.8401 =0.1120
D, 7.5
D, 7.5
= = 591.8222
t 0.0127

From table G: A = 0.000969
From table HA-1: B = 7,261.6484 psi

4B 4726165
3.(D,/t)  3-(75/0.0127)

=16.36 psi

a

Design thickness for external pressure P, = 16.36 psi

t, =t + Corrosion = 0.0127 +0 = 0.0127"
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Shell #2

ASME Section VIII Division 1, 2019 Edition

Component Cylinder
Material SA-240 304 (II-D p. 88, In. 37)
Impact : Fine Grain Maximize MDMT/
Tested e e Practice Pl 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
Operating 0.17 4.8125 1
Test horizontal 1.62 44.8125 1

Inner Diameter 41.625"
Length 21.5"
Nominal Thickness 0.1874"
Inner o"
Corrosion
Outer 0"

Weight and Capacity

Longitudinal seam

Weight (Ib) Capacity (US gal)
New 148.47 70.41
Corroded 148.47 70.41

Radiography

None UW-11(c) Type 1

Left Circumferential 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) 0.0397"

Design thickness due to external pressure (tg) | 0.1667"

Maximum allowable working pressure (MAWP) | 118.31 psi

Maximum allowable pressure (MAP) 125.38 psi

Maximum allowable external pressure (MAEP) | 20.53 psi

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

. 86.52 - 20.8125
"~ 20,000 - 0.7 — 0.6 - 86.52

= 0.1291"

t,-E* ~0.1291-08

= = .5511
t, —c 0.1874 —0 055

Stress ratio =

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -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 = 25.17- 208125 +0=0.0397"

= ——
S-E—060-P 18,900 - 0.70 — 0.60 - 25.17

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

S-E-t 18,900 - 0.70 - 0.1874
=2 """ p=_ ~ 017 = 118.31 psi
R +060-¢ 20.8125 + 0.60 - 0.1874

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

~ S-E-t  20000-0.70 - 0.1874
" R+060-t  20.8125 +0.60 - 0.1874

=125.38 psi

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

L !

_ 636625 L5158
D,  41.9998
D 41.

o _ 419998 = 252.0221
t 0.1667

From table G: A =0.000215
From table HA-1: B = 2,835.245 psi

4B 4-283%25
"~ 3-(D,/t)  3-(41.9998/0.1667)

=15 psi

a

Design thickness for external pressure P, = 15 psi
t, =t + Corrosion = 0.1667 +0 = 0.1667"

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

L 63.6625
— = ——— —15158
D,  41.9998

Do _ 419998 _ 224.1185
t 0.1874

From table G: A =0.000262
From table HA-1: B = 3,451.429 psi

4B 4-345143
"~ 3-(D,/t)  3-(41.9998/0.1874)

P, = 20.53 psi

% Forming strain - UHA-44(a)(2)
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50 - t Ry 50 - 0.1874 20.9062
EFE=(Z==) (1- === (1) = 04482
(%) (%) = (e ) - (1725 o

Allowable Compressive Stress, Hot and Corroded- S, (table HA-1)

40125 0.125 0001115
R,/t  20.9999/0.1874
B =7,619 psi
S = 18900 _ 18,900 psi
T o0 o Pe

Suc = min (B,S) = 7,619 psi

Allowable Compressive Stress, Hot and New- Sy

S.HN =S.HC =7619 psi

Allowable Compressive Stress, Cold and New- Scy;, (table HA-1)

.12 .
_ 015 0.125 =0.001115
R,/t  20.9999/0.1874
B =9,371 psi
S = 20000 _ 20,000 psi
T 100 T Mo

Sy = min (B,S) = 9,371 psi

Allowable Compressive Stress, Cold and Corroded- S.cc

SdC :SaCN =9,371 pSi

Allowable Compressive Stress, Vacuum and Corroded- Sy, (table HA-1)

0125 0.125

= = =0.001115
R,/t  20.9999/0.1874
B =17619 psi
S = 18900 _ 18,900 psi
T 100 o P®

Sac = min (B,S) =7,619 psi
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Press Relief (P3)

ASME Section VIII Division 1, 2019 Edition

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

Location and Orientation

Service

Located on Shell #2
Orientation 0°
Nozzle center line offset to datum line | 30.625"
End of nozzle to shell center 21.8011"
Passes through a Category A joint No

Pressure Relief Valve (PRV)

Description

NPS 0.75 Class 3000 - Threaded Half Coupling

Access opening

No

Material specification

SA-312 TP304 WId pipe (II-D p. 92, In. 3)

Inside diameter, new

1.06"

Pipe nominal wall thickness 0.16"
Pipe minimum wall thickness’ 0.14"
Corrosion allowance 0"
Projection available outside vessel, Lpr | 0.8012"
Local vessel minimum thickness 0.1874"
Liquid static head included 0 psi

Longitudinal joint efficiency

Inner fillet, Legyq

1

0.1875"

Nozzle to vessel groove weld

0.1874"

1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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UHA-51 Material Toughness Requirements Nozzle

B 86.35 - 0.53
" 17,000 -1 — 0.6 - 86.35

0.0027"

*

t,-E" 000271

= 0.0193
t, —c 014 -0

Stress ratio =

Impact test exempt per UHA-51(g) (coincident ratio = 0.0193)
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 = 169.26 psi @ 300 °F The nozzle passes UG-44
A A A _
required available A1 Az As As welds tfeq 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

L Required weld | Actual weld
LCLE COEEHEE throat size (in) | throat size (in) SIEUE
Nozzle to shell fillet (Lega4) 0.0937 0.1312 weld size is adequate

Calculations for internal pressure 169.26 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
LR = max [d, R, + (t, —Cy) + (t —C)]

= max [1.06,0.53 + (0.16 — 0) + (0.1874 — 0)]

= 1.06 in

Outer Normal Limit of reinforcement per UG-40

Ly = min 2.5 - (t —C),25 - (t, — Cp) +1.]

min [25 - (01874 — 0),25 - (0.16 — 0) + 0]

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

P.R,
S,-E—06-P

169.2631 - 0.53
18,000 - 1 — 0.6 - 160.2631

trn

0.0048 in

Required thickness t, from UG-37(a)

P-R
S-E—06-P

160.2631 - 20.8125
18,900 - 1 — 0.6 - 169.2631

0.1874 in

Required thickness t, per Interpretation VIll-1-07-50
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P-R
S-E—-06-P

169.2631 - 20.8125
18,900 - 0.7 — 0.6 - 169.2631

0.2683 in

=

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

UW-16(c) Weld Check

Fillet weld: ¢, = min [0.75,%,,t] = 0.16in
o) = min [0.09375,0.7 - ] = 0.0937 in
toqua) = 0.7 - Leg = 0701875 = 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- Ro .
taApp 1-1 = m + Corrosion

169.2631 - 0.69

= 0
16,100 - 1 + 0.4 - 169.2631 +
= 0.0072 in
taug-a4 = max [taapp1-1, tucie)

= max [0.0072, 0.0625]
= 0.0625 in

Available nozzle wall thickness new, t, = 0.875 - 0.16 = 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 =179.12 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 179.12 psi @ 70 °F

Parallel Limit of reinforcement per UG-40

Lr

max [d, R, + (t, —C,) + (t —C)]
max [1.06,0.53 + (0.16 — 0) + (0.1874 — 0)]

= 1.06 in

Outer Normal Limit of reinforcement per UG-40

Ly min 25 (¢t —C),25- (t, — C,) +t.]

min [2.5 - (0.1874 — 0),2.5 - (0.16 — 0) -+ 0]
04 in

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

. P-R,
mo- S, -E—06-P

179.1185 - 0.53
20,000 -1 —0.6 - 179.1185

0.0048 in

Required thickness t, from UG-37(a)

P-R
S-E—-06-P

179.1185 - 20.8125
20,000 -1 —0.6 - 179.1185

= 0.1874 in

Required thickness t, per Interpretation VIlI-1-07-50

P-R
S-E—-06-P

179.1185 - 20.8125
20,000 - 0.7 — 0.6 - 179.1185

0.2683 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- Ro .
taApp 1-1 = S E104 P + Corrosion

. 179.1185 - 0.69 4o
17,000 - 1 4+ 0.4 - 179.1185

= 00072 in

tauG-44 = max [teapp 11, tuGie)

max [0.0072, 0.0625]
= 00625 in

Available nozzle wall thickness new, t, = 0.875 - 0.16 = 0.14 in

The nozzle neck thickness is adequate.

159/214



Reinforcement Calculations for MAEP

UG-37 Area Calculation Summary (in?) UG-45 Summary (in)
For Pe = 20.53 psi @ 300 °F The nozzle passes UG-45
A A A
required available M| A2 | 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

i Required weld Actual weld
LLCILIC LR LI throat size (in) | throat size (in) ST
Nozzle to shell fillet (Legy) 0.0937 0.1312 weld size is adequate

Calculations for external pressure 20.53 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
lr = max [d,R, + (t, —C,) +(t — C)]
= max [1.06,0.53 + (0.16 — 0) + (0.1874 — 0)]
= 1.06 in
Outer Normal Limit of reinforcement per UG-40

Ln

min [25 - (t — C),25 - (t, — Cy) + 1]

min [25 - (0.1874 —0),25 - (0.16 — 0) +0]
= 04 in

Nozzle required thickness per UG-28 t,, = 0.0041 in

From UG-37(d)(1) required thickness t, = 0.1874 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] = 0.16in
tmin) = 00 [0.09375,0.7 - tysa] = 0.0937 in
toacuay = 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 = 0.0041 in

tq = max [tue-28,tauc-22]
= max [0.0041,0]
= 0.0041 in
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t PR + Corrosi
= —_—m OITOSION
b2 S-E—_06-P
20.5334 - 20.8125
18,900 - 1 — 0.6 - 20.5334

= 0.0226 in

25 = max [tp,twcs)
—  max [0.0226,0.0625]
= 0.0625 in

tb = Inin [tbg,tbz]
= min [0.1225,0.0625]
= 0.0625 in

tUG—45 = max [ta,tb}
= max [0.0041,0.0625]
= 0.0625 in

Available nozzle wall thickness new, t, = 0.875 - 0.16 = 0.14 in

The nozzle neck thickness is adequate.

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

L 08125

D, 138 = 0.5888
D, 1.38

= = 333.5423
t 0.0041

From table G: A =0.000389
From table HA-1: B = 5,137.1212 psi

4B 4-513712
3-(D,/t)  3-(1.38/0.0041)

=20.54 psi

a

Design thickness for external pressure P, = 20.54 psi

t, =t + Corrosion = 0.0041 + 0 = 0.0041"
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SS Vapor Inlet (P1)

ASME Section VIII Division 1, 2019 Edition

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

Location and Orientation

Located on Shell #2

Orientation 135°

Nozzle center line offset to datum line | 30.375"

End of nozzle to shell center 27.1874"

Passes through a Category A joint No

Service Inlet (IN)

Description NPS 10 Sch 10S

Access opening No

Material specification SA-312 TP304 WId pipe (II-D p. 92, In. 3)
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 | 6.1875"

Local vessel minimum thickness 0.1874"
Liquid static head included 0 psi
Longitudinal joint efficiency 1

Reinforcing Pad

Material specification SA-240 304L (1I-D p. 84, In. 33)
Diameter, D, 14.3158"

Thickness, t 0.1672"

Is split No

Inner fillet, Legyq 0.1875"

Outer fillet, Legy2 0.1339"
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Nozzle to vessel groove weld 0.1874"

Pad groove weld 0.1672"

1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.

UHA-51 Material Toughness Requirements Nozzle

B 86.35 - 5.21
"~ 17,000 -1 — 0.6 - 86.35

= 0.0265"

7.

*

t,-E 0.0265 - 1
Stress ratio = = = 0.1839
t, —cC 0.1444 — 0

Impact test exempt per UHA-51(g) (coincident ratio = 0.1839)
Rated MDMT = [ -320°F

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

UHA-51 Material Toughness Requirements Pad

. 86.35 - 20.8125
" 20,000 -1 — 0.6 - 86.35

= 0.0901"

t,-E”

0.0901 -1

Stress ratio =

0.4807

t,—c 018740

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

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

163/214



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 =115.1 psi @ 300 °F

The opening is adequately reinforced UL AU COCAE.

A A
required | available

1.3255 | 1.3257 [0.6272|0.1248 | — | 0.5268 | 0.0469 | 0.1272 0.1444

UG-41 Weld Failure Path Analysis Summary (lby)

All failure paths are stronger than the applicable weld loads

A

A1 A As As welds

treq tmin

Weld load | Weld load Path 1-1 Weld load Path 2-2 Weld load Path 3-3

w W4 strength Wy strength W33 strength
13.573.81 | 13,201.72 | 55.557.83 | 4.115.32 | 104.126.57 | 14.370.54 | 68.897.28

UW-16 Weld Sizing Summary

Weld description Reqslilll;e;:lir:r)leld A(;ti::I(\in:le)ld Status
Nozzle to pad fillet (Leg44) 0.1155 0.1312 weld size is adequate
Pad to shell fillet (Legy,) 0.0836 0.0937 weld size is adequate

Calculations for internal pressure 115.1 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
LR = max [d, R, + (t, —C,) + (t —C)]

= max [10.42,5.21 4 (0.165 — 0) + (0.1874 — 0)]
1042 in

Outer Normal Limit of reinforcement per UG-40

Ly

min 25 (t —C),25 - (t, —C,) +1t

min [2.5 - (0.1874 — 0),2.5 - (0.165 — 0) + 0.1672]

0.4685 in
Nozzle required thickness per UG-27(c)(1)

PR,
S,-E—06-P

115.0067 - 5.21
18,000 - 1 — 0.6 - 115.0067

0.0318 in

trn

Required thickness t, from UG-37(a)

P-R
S-E—-06-P

115.0967 - 20.8125
18,900 - 1 — 0.6 - 115.0967

0.1272 in
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Required thickness t, per Interpretation VIll-1-07-50

P-R
S-E—-06-P

115.0967 - 20.8125
18,900 - 0.7 — 0.6 - 115.0967

0.182 in

Area required per UG-37(c)

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

frq1 = lesser of 1 or % =1

fro = lesser of 1 or % =1

v

s
fi3 = lesser of fp or S—” =0.8836

v

SP
fr4 = lesser of 1 or 5 =0.8836

v

>
1

d-t, F+2-t, t, - F-(1—f,)

1042-0.1272-1+2-0.165-0.1272-1- (1 — 1)

1.3255 in?

Area available from FIG. UG-37.1
A4 = larger of the following= 0.6272 in2
= d-(Ey - t—F-t,)—2t,-(B1-t—F-t,)-(1—fn)
= 1042-(1-0.1874 —1-0.1272) —2-0.165 - (1-0.1874 — 1-0.1272) - (1 — 1)
= 0.6272 in?
= 2.(t+t)-(B1-t—F-t,)—2-t, - (BEy-t—F-t.)-(1—fn)
= 2-(0.1874 +0.165) - (1-0.1874 —1-0.1272) —2-0.165 - (1- 0.1874 —1-0.1272) - (1 — 1)

= 0.0424 in?
Ao = smaller of the following= 0.1248 in2

= 5'(tn7trn)'fr2't
= 5-(0.165 —0.0318) - 1-0.1874

= 0.1248 in?

= 2 (ty —trm) - (25 tp +te) - fr2
= 2.(0.165 —0.0318) - (2.5 - 0.165 + 0.1672) - 1

= 0.1544 in®
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Agt = Leg®fs
= 0.1875 2 - 0.8836
= 0.0311in?
Ag = Leg® fu
= 0.13392.0.8836
= 0.0158 in?
A5 = (Dp7d72'tn)'te'fr4
= (14.3158 — 10.42 — 2 - 0.165) - 0.1672 - 0.8836
= 0.5268 in?
Area = Ay + Ay + Ay + A+ A5

= 0.6272 +0.1248 +0.0311 + 0.0158 + 0.5268
= 1.3257 in?

As Area >= A the reinforcement is adequate.

UW-16(c)(2) Weld Check

TInner fillet: tmin = min [0.75,¢,,t.] = 0.165in
tc(min) = min [025,07 . tmin} = 0.1155in

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

Outer fillet: tmn = min [0.75,¢,,¢] — 0.16721n
tw(min) =05- tmin = 0.0836 in

tw(atua) = 0.7 -Leg =0.7-0.1339 = 0.0937 in

UG-45 Nozzle Neck Thickness Check

P-R
tauc-27 = m + Corrosion
1152131 - 5.21
16,100 - 1 — 0.6 - 115.2131

= 0.0374 in

ta = max [tug-27,tauc-22]
= max [0.0374,0]
= 0.0374 in
P-R

t = 1 Corosi
b1 S E—_06.P OITOS1I0N

115.0967 - 20.8125
18,900 - 1 — 0.6 - 115.0967

= 0.1272 in

tn = max [ty,tucis)
= max [0.1272,0.0625]
= 0.1272 in
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ty = min [, ty |
= min [0.3194,0.1272]
= 0.1272 in

tUG—45 = max [ta 5 tb}

max [0.0374,0.1272]
0.1272 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 -16,100 = 11,270 psi
Inner fillet weld in shear: 0.49 - 16,100 = 7,889 psi

Outer fillet weld in shear: 0.49 - 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 -Nozze OD - Leg - S; = % -10.75 - 0.1875 - 7,880 = 24,977.65 lbg

(2) Outer fillet weld in shear
g -PadOD - Leg - S, = g -14.3158 - 0.1339 - 8,183 = 24,639.31 Ib;

(3) Nozzle wall in shear
%-Mea.nnozzle dia-t, - S, :g -10.585 - 0.165 - 11,270 = 30,918.51 Iby

(4) Groove weld in tension
% -Nozde OD - t,, - S, = g -10.75 - 0.1874 - 13,986 = 44,257.97 Ibg

(6) Upper groove weld in tension
% -Nozde OD - t,, - S, = g -10.75 - 0.1672 - 12,358 = 34,890.95 Ibg

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

W = (A-A 42t fu- (B t—F-t))-S,
= (1.3255 —0.6272 +2-0.165 - 1 - (1 - 0.1874 — 1-0.1272)) - 18,900
= 13.573.81 b
Wi = (Ag + A5 + Ay +Ag) - S,
= (0.1248 + 0.5268 + 0.0311 + 0.0158) - 18,900
= 13.201.72 Ibs
W2_2 = (A2 +A3+A41+A43+2-tn-t-frl)-S,,
= (01248 +0+0.0311 +0 +2- 0.165 - 0.1874 - 1) - 18,900
= 411532 Ibf
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&
i

(Az +A3+A5 +A41+A42 +A43+2'tn't'f,«1)-5v

(0.1248 + 0 + 0.5268 + 0.0311 + 0.0158 +0 + 2 - 0.165 - 0.1874 - 1) - 18,900
14.370.54 Ibs

Load for path 1-1 lesser of W or W1_4 = 13,201.72 Ibs
Path 1-1 through (2) & (3) = 24,639.31 + 30,918.51 = 55,557.83 Ib¢
Path 1-1 is stronger than W4_1 so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or Wo_5 = 4,115.32 Ib¢
Path 2-2 through (1), (4), (6) = 24,977.65 + 44,257.97 + 34,890.95 = 104.126.57 Ibs
Path 2-2 is stronger than W5_, so it is acceptable per UG-41(b)(1).

Load for path 3-3 lesser of W or W3_3 = 13,573.81 Ibs
Path 3-3 through (2), (4) = 24,639.31 + 44,257.97 = 68.897.28 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 = 120.38 psi @ 70 °F

The opening is adequately reinforced UG [Er2210 [PEEHED LI B

A A A
required | available As Az |As| As welds treq tmin
1.31 1.31 0.6427 | 0.1251 | — | 0.4978 | 0.0444 | 0.1257 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 Wy, strength W33 strength

13.753.14 | 13.346.57 | 57.286.19 | 4.326.84 | 107.633.27 | 14,583.41 | 71.473.14

Calculations for internal pressure 120.38 psi @ 70 °F
Parallel Limit of reinforcement per UG-40

Lr max [d, R, + (t, — Cy) + (t — C)]

max [1042,5.21 + (0.165 — 0) + (0.1874 —0)]
1042 in

Outer Normal Limit of reinforcement per UG-40

Ly min [25 - (t —C),25 - (t, — Cr) +t.]

min [2.5 - (0.1874 — 0),2.5 - (0.165 — 0) + 0.1672]

0.4685 in
Nozzle required thickness per UG-27(c)(1)

P-R,
S, -E—-06-P
120.3763 - 5.21
20,000 -1 — 0.6 - 120.3763

0.0315 in

trn

Required thickness t, from UG-37(a)

P-R
S-E—-06-P

120.3763 - 20.8125
20,000 - 1 — 0.6 - 120.3763

0.1257 in

Required thickness t, per Interpretation VIlI-1-07-50
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P-R
S-E—-06-P

120.3763 - 20.8125
20,000 - 0.7 — 0.6 - 120.3763

= 0.1799 in

=

Area required per UG-37(c)

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

S
fr1 = lesser of 1 or 5 =1

v

Sy
fro = lesser of 1 or 5 =1

v

SP
fr3 = lesser of frp or 5 =0.835

SP
fr4 = lesser of 1 or 5 =0.835

v

>
1l

d-t, - F+2-t, t,-F-(1—f)

1042 -0.1257 -1+2-0.165-0.1257 -1 - (1 — 1)

1.31in2

Area available from FIG. UG-37.1
A4 = larger of the following= 0.6427 in2
= d-(Ey - t—F-t,)—2-t,-(B1-t—F-t,)-(1—fn)
= 1042-(1-0.1874 —1-0.1257) —2-0.165 - (1-0.1874 — 1-0.1257) - (1 — 1)
= 06427 in®
= 2-(t+t,) (By - t—F-t,)—2-t, - (E1-t—F -t,)- (1= fn)
= 2-(0.1874 +0.165) - (1-0.1874 —1-0.1257) —2-0.165 - (1- 0.1874 —1-0.1257) - (1 — 1)
= 00435 in?

2

Ao = smaller of the following= 0.1251 in

5- (tn _trn) 'fr2 -t
5-(0.165 — 0.0315) - 1- 0.1874

= 0.1251 in?

= 2'(tn_trn)'(2.5'tn+te)'fr2
= 2.(0.165 —0.0315) - (2.5 - 0.165 +0.1672) - 1

= 0.1548 in®

Asr = Leg’ fs
= 0.1875 2 - 0.835
= 0.0294 in?
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Area

As Area >= A the reinforcement is adequate.

Legz : fr4
0.1339 2 - 0.835
0.015 in?

(Dp —d—2-t,) - te - fra

(14.3158 — 10.42 — 2 - 0.165) - 0.1672 - 0.835

0.4978 in2

0.6427 +0.1251 + 0.0294 +- 0.015 + 0.4978

1.31in2

UG-45 Nozzle Neck Thickness Check

taug-27

tp1

ty

ty

tuc-45

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

P-R,
Sn-E—06-P

120.3763 - 5.21

+ Corrosion

17,000 - 1 — 0.6 - 120.3763

= 0037 in

= max [tue-27,tauc-22]
= max [0.037,0]
= 0.037 in

P-R
S-E—-06-P
120.3763 - 20.8125

+ Corrosion

20,000 -1 — 0.6 - 120.3763
0.1257 in

= max [ty ,tucie ]
= max [0.1257,0.0625]
= 0.1257 in

= m]n [tw 3 tbl ]
= min [0.3194,0.1257]
= 01257 in

= max [tg, )
= max [0.037,0.1257]
= 0.1257 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: 0.7-17,000 = 11,900 psi
Inner fillet weld in shear: 0.49 - 16,700 = 8,183 psi
Outer fillet weld in shear: 0.49 - 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; = % -10.75 - 0.1875 - 8,183 = 25,908.49 Ibs

(2) Outer fillet weld in shear
g .PadOD - Leg - S, = g -14.3158 - 0.1330 - 8,183 = 24,639.31 Ibs

(3) Nozzle wall in shear
g - Mean nozzle dia - t,, - S,, = g -10.585 - 0.165 - 11,900 = 32,646.88 Ib

(4) Groove weld in tension
g -Nozzle OD - t,, - §, = g -10.75 - 0.1874 - 14,800 = 46,833.83 Ibg

(6) Upper groove weld in tension
g -Nozzle OD - t,, - S, = g -10.75 - 0.1672 - 12,358 = 34,890.95 Ibg

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

w = (A7A1+2tnfrl(Elt7Ftr))Sv
= (1.31 —0.6427 +2-0.165 - 1 - (1 - 0.1874 — 1 - 0.1257)) - 20,000
= 13.753.14 Ibs

Wy = (A2 + A5+ Asq +Ays) - S,
= (0.1251 +0.4978 + 0.0294 + 0.015) - 20,000
= 13,346.57 Ibs

Wi = (Ay +As+ Ay + A3 +2 -ty -t f1) S,y
= (0.1251 +0+0.0294 +0 +2 - 0.165 - 0.1874 - 1) - 20,000
= 4,326.84 Ibs

W3_3 = (A2 +A3+A5 +A41+A42+A43+2'tn't'fﬂ)’Sv
= (0.1251 + 0 + 0.4978 + 0.0294 + 0.015 4+ 0 + 2 - 0.165 - 0.1874 - 1) - 20,000
= 14,583.41 bt

Load for path 1-1 lesser of W or W1_4 = 13,346.57 Ibs
Path 1-1 through (2) & (3) = 24,639.31 + 32,646.88 = 57.286.19 Ibs
Path 1-1 is stronger than W4_1 so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or Wo_» = 4,326.84 Ibs
Path 2-2 through (1), (4), (6) = 25,908.49 + 46,833.83 + 34,890.95 = 107.633.27 Ib¢
Path 2-2 is stronger than W5_, so it is acceptable per UG-41(b)(1).

Load for path 3-3 lesser of W or W3_3 = 13,753.14 Ibs
Path 3-3 through (2), (4) = 24,639.31 + 46,833.83 = 71.473.14 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 = 15.74 psi @ 300 °F

The opening is adequately reinforced LD D EEED Len o

A A
required | available

0.8843 | 0.8843 |0.1841 | 0.1265 | - | 0.5268 | 0.0469 | 0.0625 0.1444

Aq Ay |A3| Ag welds treq tmin

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Weld description Re(ll:lge;:lir:r)leld A(;ti::I(\in:le)ld Status
Nozzle to pad fillet (Leg44) 0.1155 0.1312 weld size is adequate
Pad to shell fillet (Legy,) 0.0836 0.0937 weld size is adequate

Calculations for external pressure 15.74 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
LR = max [d, R, + (t, —C,) + (t — C)]

= max [10.42,5.21 + (0.165 — 0) + (0.1874 — 0)]

1042 in
Outer Normal Limit of reinforcement per UG-40

Ly

min 25 (t —C),25 - (t, —C,) +1t
min [2.5 - (0.1874 — 0),2.5 - (0.165 — 0) + 0.1672]

0.4685 in

Nozzle required thickness per UG-28 t;, = 0.03 in

From UG-37(d)(1) required thickness t, = 0.1697 in

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

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

S.
f1 = lesser of 1 or S—" =1

v

Sn

— =1
Sy

fro = lesser of 1 or

s
fi3 = lesser of f, or S—” =0.8836

v

SP
frq = lesser of 1 or 5 =0.8836

v
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A = 05-(dt,F4+2-t,-t,-F-(1—Ff1))
= 05-(1042-0.1697-1+2-0.165-0.1697 -1- (1 —1))
= 0.8843in2

Area available from FIG. UG-37.1

A4 = larger of the following= 0.1841 in2

= d-(Byt—F-t)—2t, (B, t—F-t,)-(1—fn)
= 1042 (1-0.1874 —1-0.1697) —2-0.165 - (1-0.1874 —1-0.1697) - (1 — 1)

= 0.1841 in®

= 2 (t+ty) (By-t—F-t,) =2ty - (Br-t—F -1,)-(1—fa)
= 2.(0.1874+0.165) - (1-0.1874 —1-0.1697) —2-0.165 - (1 - 0.1874 — 1 0.1697) - (1 — 1)

= 0.0125 in?

Ao = smaller of the following= 0.1265 in2

5- (tn _trn) 'fr2 -t
5. (0.165 — 0.03) - 1-0.1874

= 0.1265 in?

= 2 (th—tm) (25 -ty o) fro
= 2.(0.165—0.03) - (25-0.165 +0.1672) - 1

= 0.1565 in?

Ag1 = Leg2 - frs
= 018752 -0.8836
= 0.0311in?

Ag2 = Leg®fu
= 0.1339 2 - 0.8836
= 0.0158 in?

A5 = (Dp_d_2'tn)'te'fr4
= (14.3158 — 10.42 — 2 - 0.165) - 0.1672 - 0.8836
= 05268 in?

Area = A1 +Ar+An+Apn+As
= 0.1841 +0.1265 + 0.0311 + 0.0158 + 0.5268
= 0.8843in?

As Area >= A the reinforcement is adequate.

UW-16(c)(2) Weld Check

Inner fillet: tmin = min [0.75,¢,,t.] = 0.165in
tymin) = min [0.25,0.7 - t] = 0.1155in

towua) = 0.7-Leg = 0.7-0.1875 = 0.1313 in
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Outer fillet: tmin = min [0.75,%.,t] = 0.1672in
ty(min) = 0.5 -ty = 0.0836 in

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

UG-45 Nozzle Neck Thickness Check

tauG-28 = 003 in
tq = max [twe-28,tauc-22]
= max [0.03,0]
= 0.03 in
P-R
t = ——— + Corrosion
b2 S.E_06-P

15.7409 - 20.8125
18,900 - 1 — 0.6 - 15.7409

= 0.0173 in

ti = max [tp,twaeies)
= max [0.0173,0.0625]
= 0.0625 in

tb - min [tba,tbz]
= min [0.3194,0.0625]
= 0.0625 in

tug.45 = max [ta,tb}
= max [0.03,0.0625]
= 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 6887

= 08T _ 06407
D, 1075
D, 10.
o _ 1075 _ 456 3040
¢ 003

From table G: A =0.000321
From table HA-1: B = 4,230.9173 psi

4-B 4-4,230.92

P, = -
3.(D,/t)  3-(10.75/0.03)

=15.74 psi

Design thickness for external pressure P, = 15.74 psi

t, =t + Corrosion = 0.03 +0 = 0.03"
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ASME Shell Band (rear)

ASME Section VIl Division 1, 2019 Edition

Component Cylinder
Material SA-240 304 (1I-D p. 88, In. 37)
Impact : Fine Grain Maximize MDMT/
Tested e (2R Practice Pt 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
Operating 0.17 4.8125 1
Test horizontal 1.62 44.8125 1

Inner Diameter 41.625"
Length 12"
Nominal Thickness 0.1874"
Inner o"
Corrosion
Outer o"

Weight and Capacity

Longitudinal seam

Weight (Ib) Capacity (US gal)
New 85.61 393
Corroded 85.61 39.3

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) 0.0397"

Design thickness due to external pressure (tg) | 0.1667"

Maximum allowable working pressure (MAWP) | 118.31 psi

Maximum allowable pressure (MAP) 125.38 psi

Maximum allowable external pressure (MAEP) | 20.53 psi

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

. 86.52 - 20.8125
"~ 20,000 - 0.7 — 0.6 - 86.52

= 0.1291"

t,-E* ~0.1291-08

= = .5511
t, —c 0.1874 —0 055

Stress ratio =

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -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 = 25.17- 208125 +0=0.0397"

= ——
S-E—060-P 18,900 - 0.70 — 0.60 - 25.17

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

S-E-t 18,900 - 0.70 - 0.1874
=2 """ p=_ ~ 017 = 118.31 psi
R +060-¢ 20.8125 + 0.60 - 0.1874

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

~ S-E-t  20000-0.70 - 0.1874
" R+060-t  20.8125 +0.60 - 0.1874

=125.38 psi

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

L !

_ 636625 L5158
D,  41.9998
D 41.

o _ 419998 = 252.0221
t 0.1667

From table G: A =0.000215
From table HA-1: B = 2,835.245 psi

4B 4-283%25
"~ 3-(D,/t)  3-(41.9998/0.1667)

=15 psi

a

Design thickness for external pressure P, = 15 psi
t, =t + Corrosion = 0.1667 +0 = 0.1667"

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

L 63.6625
— = ——— —15158
D,  41.9998

Do _ 419998 _ 224.1185
t 0.1874

From table G: A =0.000262
From table HA-1: B = 3,451.429 psi

4B 4-345143
"~ 3-(D,/t)  3-(41.9998/0.1874)

P, = 20.53 psi

% Forming strain - UHA-44(a)(2)
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50 - t Ry 50 - 0.1874 20.9062
EFE=(Z==) (1- === (1) = 04482
(%) (%) = (e ) - (1725 o

Allowable Compressive Stress, Hot and Corroded- S, (table HA-1)

40125 0.125 0001115
R,/t  20.9999/0.1874
B =7,619 psi
S = 18900 _ 18,900 psi
T o0 o Pe

Suc = min (B,S) = 7,619 psi

Allowable Compressive Stress, Hot and New- Sy

S.HN =S.HC =7619 psi

Allowable Compressive Stress, Cold and New- Scy;, (table HA-1)

.12 .
_ 015 0.125 =0.001115
R,/t  20.9999/0.1874
B =9,371 psi
S = 20000 _ 20,000 psi
T 100 T Mo

Sy = min (B,S) = 9,371 psi

Allowable Compressive Stress, Cold and Corroded- S.cc

SdC :SaCN =9,371 pSi

Allowable Compressive Stress, Vacuum and Corroded- Sy, (table HA-1)

0125 0.125

= = =0.001115
R,/t  20.9999/0.1874
B =17619 psi
S = 18900 _ 18,900 psi
T 100 o P®

Sac = min (B,S) =7,619 psi
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Capped Vent Port (P6)

ASME Section VIII Division 1, 2019 Edition

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

Location and Orientation

Located on ASME Shell Band (rear)

Orientation 180°

Nozzle center line offset to datum line | 16.125"

End of nozzle to shell center 21.495"

Passes through a Category A joint No
... teme

Service Drain (DRN)

Description NPS 0.5 Class 3000 - Threaded Half Coupling

Access opening No

Material specification SA-312 TP304 WId pipe (II-D p. 92, In. 3)

Inside diameter, new 0.84"

Pipe nominal wall thickness 0.14"

Pipe minimum wall thickness’ 0.1225"

Corrosion allowance 0"

Projection available outside vessel, Lpr | 0.4951"

Internal projection, hew 0.25"
Local vessel minimum thickness 0.1874"
Liquid static head included 0.18 psi
Longitudinal joint efficiency 1
e we. |
Inner fillet, Legyq 0.1875"
Lower fillet, Legy3 o"
Nozzle to vessel groove weld 0.1874"

1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.

179/214



UHA-51 Material Toughness Requirements Nozzle

B 86.53 - 0.42
"7 17,000-1— 0.6 - 86.53

= 0.0021"

*

t,-E 0.0021 -1
Stress ratio = = = 0.0175
t, —c 0.1225 — 0

Impact test exempt per UHA-51(g) (coincident ratio = 0.0175)
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 =169.26 psi @ 300 °F The nozzle passes UG-44
A A A
required available A1 Az As As welds tfeq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0625 0.1225

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

Lo Required weld Actual weld
LCLE COEEHEE throat size (in) | throat size (in) SIEUE
Nozzle to shell fillet (Lega4) 0.0937 0.1312 weld size is adequate

Calculations for internal pressure 169.26 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
L = max [d, R, + (t, —Cy) + (t —C)]

= max [0.84,0.42 + (0.14 — 0) + (0.1874 — 0)]

= 0.84 in

Outer Normal Limit of reinforcement per UG-40

Ly = min 2.5 - (t —C),25 - (t, — Cp) +1.]

min [2.5 - (0.1874 —0),2.5 - (0.14 — 0) +-0]

0.35 in
Inner Normal Limit of reinforcement per UG-40

Ly

min [k,25 - (t —C),25 - (t; — C, — C)]

min [0.25,2.5 - (0.1874 — 0),2.5 - (0.14 — 0 — 0)]

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

P-R,
S, -E—06-P

169.2629 - 0.42
18,900 - 1 — 0.6 - 169.2629

0.0038 in

trn

Required thickness t, from UG-37(a)

P-R

S-E—06-P
160.2629 - 20.8125

18,900 - 1 — 0.6 - 169.2629

0.1874 in
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Required thickness t, per Interpretation VIll-1-07-50

P-R
S-E—-06-P

169.2629 - 20.8125
18,900 - 0.7 — 0.6 - 169.2629

0.2683 in

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

UW-16(c) Weld Check

Fillet weld: ¢ = min [0.75,%,,t] = 0.14 in
tomin) = min [0.09375,0.7 -t ] = 0.0937 in
tootuay = 07 - 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- Ro .
taApp 1-1 = S Et04 P + Corrosion
169.2808 - 0.56
16,100 - 1 + 0.4 - 169.2808

= 0.0059 in

taug-a4 = max [tappi1, twcie)
max [0.0059, 0.0625]
= 0.0625 in

Available nozzle wall thickness new, t, = 0.875 - 0.14 = 0.1225 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 =179.12 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 0.1225

UG-41 Weld Failure Path Analysis Summary

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

Calculations for internal pressure 179.12 psi @ 70 °F

Parallel Limit of reinforcement per UG-40

Lr

max [d, R, + (t, —C,) + (¢t —C)]
max [0.84,0.42 + (0.14 — 0) + (0.1874 — 0)]

0.84 in

Outer Normal Limit of reinforcement per UG-40

Ly min 25 (¢t —C),25- (t, — C,) +t.]

min [2.5 - (0.1874 — 0),2.5 - (0.14 — 0) + 0]
0.35 in

Inner Normal Limit of reinforcement per UG-40

Ly

min [1,25 - (t —C),25 - (t; — Cy, — C)]
= min [0.25,25 - (0.1874 —0),25 - (0.14 — 0 — 0)]
0.25 in

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

P-R,
S,-E—-06-P

179.1185 - 0.42
20,000 -1 —0.6 - 179.1185

0.0038 in

trn

Required thickness t, from UG-37(a)

P-R
S-E—-06-P

179.1185 - 20.8125
20,000 -1 —0.6 - 179.1185

0.1874 in

Required thickness t, per Interpretation VIli-1-07-50
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P-R
S-E—-06-P

179.1185 - 20.8125
20,000 - 0.7 — 0.6 - 179.1185

0.2683 in

=

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

UG-44 Thickness Check - ASME B16.11 Coupling

t PR, + Corrosi
- = _— OI'TOS1I0N
adpp 1-1 S, E404.-P

B 179.1185 - 0.56 40
17,000 - 1 4-0.4 - 179.1185

= 0.0059 in

taue-a4 = max [taapp1-15 tucie)
max [0.0059, 0.0625]
= 0.0625 in

Available nozzle wall thickness new, t, = 0.875 - 0.14 = 0.1225 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 = 20.53 psi @ 300 °F The nozzle passes UG-45
A A A
required available M| A2 | As | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0625 0.1225

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

i Required weld Actual weld
LLCILIC LR LI throat size (in) | throat size (in) ST
Nozzle to shell fillet (Legy) 0.0937 0.1312 weld size is adequate

Calculations for external pressure 20.53 psi @ 300 °F
Parallel Limit of reinforcement per UG-40
LR = max [d, R, + (t, —C,) + (t —C)]

= max [0.84,0.42 + (0.14 — 0) + (0.1874 — 0)]

= 0.84 in

Outer Normal Limit of reinforcement per UG-40

Ly min 25 - (t —C),25 - (t, — Cy) +t.]

min [2.5 - (0.1874 — 0),2.5 - (0.14 — 0) +-0]

0.35 in
Inner Normal Limit of reinforcement per UG-40

L = min [h,25 - (t —C),25-(t; —C, —C)]
min [0.25,2.5 - (0.1874 —0),2.5 - (0.14 — 0 — 0)]

0.25 in

Nozzle required thickness per UG-28 t;, = 0.0031 in
From UG-37(d)(1) required thickness t, = 0.1874 in
This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: ¢ = min [0.75,%,,t] = 0.14 in
timiny = min [0.09375,0.7 - tyzy] = 0.0937 in
tdatuay =07 -Leg = 0.7 -0.1875 = 01313 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
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tauc-28 = 0.0031 in

t, = max [twe-2s,twe-22]
= max [0.0031, 0]
= 0.0031 in
P-R
th2 = m + Corrosion

20.5334 - 20.8125
18,900 - 1 — 0.6 - 20.5334

= 0.0226 in

2] = max [t ,tiucis]
= max [0.0226, 0.0625]
= 0.0625 in

tb = mjn [tw,t(ﬂ]
= min [0.1164,0.0625]
= 0.0625 in

tuc-45 = max [t,,t)
= max [0.0031,0.0625]
= 0.0625 in

Available nozzle wall thickness new, t,, = 0.875 - 0.14 = 0.1225 in
The nozzle neck thickness is adequate.

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

L 05025

= =044
D, 112 0.4487
D, 112
= = 363.7734
t 0.0031 363.773

From table G: A = 0.000456
From table HA-1: B = 5,600.7271 psi

4B 4-5600.73
3-(D,/t)  3-(1.12/0.0031)

=20.53 psi

a

Design thickness for external pressure P, = 20.53 psi

t, =t + Corrosion = 0.0031 +0 = 0.0031"
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Tube Side Flange (rear)

ASME Section VIl Division 1, 2019 Edition , Appendix 2 Flange Calculations

Flange Type

Ring type integral

Attachment Type

Figure UW-13.2 sketch (n)

Flange Material

SA-182 F60 (II-D p. 128, In. 43)

Material

Attached To Rear Channel (Left)
Toowed | Normalized | FEiSZuel BWHT o MAWP
Yes (-20°F) No No No No
Design Design Design
Pressure (psi) Temperature (°F) MDMT (°F)
Internal 60 250 20
External 15 250
Condition Ps (psi)
Operating 1.49
. omesos
Flange OD, A 47"
Flange ID, B 41.5"
Bolt Circle, C 45.0625"
Gasket OD 42.9"
Gasket ID 42.6"
Raised Face ID 42.9"
Facing Height, t,¢ o"
Flange Thickness, t 1.75"
Hub Thickness, g4 0.6071"
Hub Thickness, gg 0.25"
Fillet Weld, h 0.375"
Groove Weld, w 0.25"
Edge Distance, t, 1.6"
Corrosion Bore 0"
Corrosion Flange 0"

Bolting
SA-193 B7 Bolt <=2 1/2 (II-D p. 398, In. 32)

Description

28 - 0.625" coarse threaded

Corrosion on root

0"

New

Factor, m 0
Seating Stress, y 0 psi
Thickness, T 0.125"

Weight (Ib)
188.7 Ib
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Corroded

Longitudinal seam

Radiography

188.7 Ib

Seamless No RT

Right Circumferential seam

N/A

Results Summary

Flange design thickness:

1.3119"

Maximum allowable working pressure, MAWP:

86.65 psi @ 250 °F

Maximum allowable pressure, MAP:

89.46 psi @ 70 °F

Maximum allowable external pressure, MAEP:

150 psi @ 250 °F

(App 2-14(a) limits)

Rated MDMT

-20 °F

Note: this flange is an optional type calculated as integral.
The following values are used in the calculations: gg = shell/nozzle wall thickness, h = actual length of flange hub plus fillet weld leg

attaching hub to shell/nozzle
Appendix 2-14(a) successful service experience active.
Flange rigidity calculations are not performed for conditions where service restrictions are met.

UHA-51 Material Toughness Requirements

Material impact test temperature per UHA-51(a) =

-20°F

Bolts rated MDMT per Fig UCS-66 note (c) =

-55°F

Design MDMT of 40°F is acceptable.

Stress Summary

P S |Allow| SR | St [(SH*SR)/2|(Su+ST)/2| Allow
(psi) | (psi) | (psi) | (psi) | (psi) (psi) (psi) (psi)
Oper 27,941 | 40,050 | 1,187 | 6.519 14,564 17,230 26,700
Design P | Weight Only 61.49
Seating 26,547 | 40,650 | 1,128 | 6.194 13,838 16,371 27,100
) Oper 1.819 | 40,050 | 77 424 948 1.121 26,700
Design Pg | Weight Only 15
Seating 16,304 | 40,650 | 693 |3.804 8.498 10,054 27,100
Bolt Summary
P w Am | Ap
(si) | (br) | (in2) | (in?)
Oper 88.834.5 | 3.55
Design P | Weight Only 61.49 5.66
Seating 0 0
. Oper 21,670.83| 0
Design Pg | Weight Only 15 5.66
Seating 0 0
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Figure UW-13.2 Weld Sizing

Co, shell

b>3t ;
a+b=> 3 n+ Cl,shell + 0.7

min [t,,t.] + C, she
h> ltns ta] + Coten
- 0.7

t, > min [t,,025"] +C,

Results
a+b= 0.7571"| > |3-025+0+ 017 = 0.75" v
b 0375" | > min [0.25,0.5] +0 _loss71" | v
0.7
g1 —g0 = |0.3571"| > min [0'2?)’.?'5] 0 = | 0.3571" | v
t, = 16" | > | min [025,025] +0= |0.25" |v

Flange calculations for Internal Pressure + Weight Only

Gasket details from facing sketch Confined gasket 1(a)

Gasket width N = 0.15in

Effective gasket seating width, b = bg = 0.075 in

G = OD of contact face = 42.9 in (per VIII-1 Appendix 2-5 (c)3(a) for self energizing gaskets)

O -G 450625 — 429

he = - — 10813 i
6= - 0813 in
R4g 11741 + 06071
hp = —— 9L + = 14777 in
2 2
R+4gi+hg 11741 +0.6071 + 1.0813
hp— O The + + —14313 in

2 2

Hp = 0 per VIII-1 Appendix 2-5 (c)3(a) for self energizing gaskets.

H =078-G*-P =0.785-4297 - 61.480 = 88,834.5 Ib;
Hp =0.785-B® - P =0.785 - 41.5 > - 61.489 = 83,131.05 Ib;
Hr = H — Hp = 88,834.5 — 83,131.05 = 5,703.45 Ib;

W = H + H, = 88,8345 +0 =88,834.5 Iby

W =314-b-G -y =314-0.075-42.9 -0 = 0 by
Required bolt area, A, = greater of A1, A2 = 3.5534 in2

W 888345

DA in2
S 25,000 3.5534 in

Aml =
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W,
m2 0 _ mg

A = =
™ TS, 25000

Total area for 28 - 0.625" coarse threaded bolts, corroded, Ay, = 5.656 in?

(Am +A) - S, (3.5534 +5.656) - 25,000
W= . - . —115,117.25 Tb

Mp = Hp-hp = 83,131.05 - 1.4777 = 122,841 1b-in
My = Hy - hy = 5,703.45 - 14313 = 8,163.1 b s-in

Hg =W,y —H — 83,8345 — 83,8345 =0 Ib;
Mg =Hg -hg =0-1.0813 =0 Ibj-in
M, = Mp + My + Mg = 122,841 +8,163.1 + 0 = 131,004 b -in

My =W -hg =115,117.25 - 1.0813 = 124,470.5 Ib ¢-in
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Hub and Flange Factors

go =t, =025 in

ho=+/B-go =+/415-025 =3221 in

A 47
F FIG. 2-7.1, where K = — = — =1.132
rom , Where 5 15 325
T =18653 Z =8.0765 Y =15.6248 U =17.1701

i =0.1164 9 = 2.4286
h() 9o

F
F =09027 V =04101 e =— =0.2803

(U , (171701 - s
d= <V> ho - g2 7< Vit ) 3221-025% = 84284 in

Stresses at operating conditions - VIII-1 Appendix 2-7

f = 4.6818
t-e+1 8  175-0.2803+1 1753
L= - = = 1.4349
T 4 1.8653 *3mm
f-M, 46818 - 131,004 ,
Sy = = 27,941 psi

L-g? B 1434906071 %415

(133-t-e+1)- M, (1.33 - 1.75 - 0.2803 + 1) - 131,004

S, — - = 1,187 psi
f L-t2-B 1.4349 - 1.75 2 - 415
Y- M, 15.6248 - 131,004 _
Sr = —Z - Sp=—"""""" " 807651187 = 6,519 psi

t2-B 1752415

Allowable stress Sz, = 26,700 psi
Allowable stress Sy, = 26,700 psi

St does not exceed Siq
Sy does not exceed min [15 - Sy, ,15-.S,,] = 40,050 psi
Sr does not exceed S¢q

Sg+ S
% = 14.564 psi does not exceed Sy,
@ = 17.230 psi does not exceed St

Stresses at gasket seating - VIlI-1 Appendix 2-7

f-M, 4.6818 - 124,470.5 .

Sy = > = > = 26,547 psi

L.g;-B 1.4349 - 0.6071 © - 41.5

(133-t-e+1)-M, (1.33 - 1.75 - 0.2803 + 1) - 124,470.5 ,
Sp = > = 5 =1.128 psi

L-t?-B 14349 - 1.75 ° - 41.5

Y- M, 15.6248 - 124,470.5 .
Sy = - —Z -8 = 5 —8.0765 - 1,128 = 6,194 psi

t*-B 1.75°-415

Allowable stress S¢; = 27,100 psi
Allowable stress Sp5 = 27,100 psi
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St does not exceed Si,
Sy does not exceed min [1.5 - Sy, ,1.5 - Sp, | = 40,650 psi
SR does not exceed S¢y

Su+S
% = 13,838 psi does not exceed S¢,
# = 16,371 psi does not exceed Sg,

Flange calculations for External Pressure + Weight Only per VIII-1, Appendix 2-11

Gasket details from facing sketch Confined gasket 1(a)

Gasket width N =0.15 in

bo = = = 0.075 in

N
2
Effective gasket seating width, b = bg = 0.075 in

G = OD of contact face = 42.9 in (per VIII-1 Appendix 2-5 (c)3(a) for self energizing gaskets)

C—-G 450625 — 429
he = =—5— = 5 =1.0813 in

R+ 1.1741 + 0.6071
hp = 291 - +2 — 14777 in

_ R+g+he 11741 4-0.6071 +1.0813

hr 2 2

=14313 in

Hp = 0 per VIII-1 Appendix 2-5 (c)3(a) for self energizing gaskets.
H =0785-G?-P=0.785-429% .15 = 21,670.83 lb;

Hp =0.785-B* . P =0.785 - 41.5% - 15 = 20,279.49 lb;

Hy = H — Hp = 21,670.83 —20,279.49 = 1,391.33 lb;

W = H + H, =21,670.83 +0 = 21,670.83 Ibf

Wye =314-b-G -y = 3140075429 -0 =0 by

Required bolt area, A, = greater of A1, Ap2 = 0 in?

_0.785-G?- (P, —P,)  0785-429%-0 in2
e S, - 25,000 B
Wis 0 5
A, = —= — = <
=

Total area for 28 - 0.625" coarse threaded bolts, corroded, Ay, = 5.656 in2

Ao +A)-S. (0+5.656) - 25,000
_ A +4) _ L ) = 70,700 Ib;

w
2 2

M, =Hp-(hp —hg) +Hr - (hy —hg) = 20,279.49 - (14777 — 1.0813) +1,391.33 - (14313 — 1.0813) = 8,526.3 b -in

M, =W -hg = 70,700 - 1.0813 = 76,4444 Ib-in
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Hub and Flange Factors

go =t, =025 in

ho=/B g =45-025 =3221 in

From FIG. 2-7.1, where K = é = i =1.1325
B 415
T =18653 Z =8.0765 Y =15.6248 U =17.1701

i =0.1164 9 = 2.4286
h() 9o

F
F =09027 V =04101 e = e 0.2803
0

U 17.1701
d:<—>-h0-gg:< )-3.221-0.252:8.4284 in3
v 0.4101

Stresses at operating conditions - VIII-1 Appendix 2-7

f = 46818
t-e+1 5 175-0.2803 +1 1753
L= += = + = 1.4349
T d 1.8653 8.4284
M, 4.6818 - 8,526. .
Sy ! 6818 - 8,526.3 =1.819 psi

 L-g? B 14349060712 -415

(133-t-e+1)- M, (133 -1.75 - 0.2803 + 1) - 8,526.3 _
SR = = =77 psi
L-t>-B 1.4349 - 1.752 - 415

Y M, 15.6248 - 8,526.3
= —Z.Sp = I

— 8.0765 - 77 = 424 psi
t2.B 1752415

Allowable stress Sz, = 26,700 psi
Allowable stress Sj,q = 26,700 psi

St does not exceed Siq
Sy does not exceed min [15 - Sy, ,15-.S,,] = 40,050 psi
Sr does not exceed S¢,

@ = 948 psi does not exceed Sg,
% = 1.121 psi does not exceed S¢q

Stresses at gasket seating - VIlI-1 Appendix 2-7

-M, 4.6818 - 76,444.4 .
Sy = f-M, - ’ =16.304 psi
L-g?-B  1.4349-0.60712%-415
(133-t-e+1)-M, (1.33 - 1.75 - 0.2803 + 1) - 76,444.4 )
Sg = = =693 psi
L-t-B 14349 -1.752 . 415
Y- M, 15.6248 - 76,444.4 .
Sy = 7.8y = O 80765 - 693 = 3.804 psi
t2.B 1.752%.415

Allowable stress S¢; = 27,100 psi
Allowable stress Sp5 = 27,100 psi
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St does not exceed Sg,

Sy does not exceed min [1.5 - Sy, ,1.5 - Sp, | = 40,650 psi
SR does not exceed S¢y

Sut Se = 8.498 psi does not exceed S,
# = 10,054 psi does not exceed Ss,
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Rear Channel

ASME Section VIII Division 1, 2019 Edition

Component Cylinder
Material SA-240 S32205 (II-D p. 128, In. 35)
Impact . Fine Grain Maximize MDMT/
Tested et (e Practice Pl No MAWP
Yes (-20°F) No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 60 250 20
External 15 250

Static Liquid Head

Condition Ps (psi) Hs (in) SG
Operating 1.49 41.25 1
Test horizontal 1.73 47.875 1

Inner Diameter 41.5"
Length 6"
Nominal Thickness 0.25"
Inner 0"
Corrosion
Outer 0"

Weight and Capacity

Weight (Ib) Capacity (US gal)
New 55.48 35.13
Corroded 55.48 35.13

Radiography
None UW-11(c) Type 1
None UW-11(c) Type 1

Longitudinal seam

Right Circumferential seam

Results Summary

Governing condition

External pressure

Minimum thickness per UG-16

0.0625" + 0" = 0.0625"

Design thickness due to internal pressure (t)

0.0685"

Design thickness due to external pressure (tg) | 0.0772"
Maximum allowable working pressure (MAWP) | 222.08 psi
Maximum allowable pressure (MAP) 226.91 psi
Maximum allowable external pressure (MAEP) | 161.55 psi
Rated MDMT -20 °F

UHA-51 Material Toughness Requirements

Material impact test temperature per UHA-51(a)

= | -20°F

Design MDMT of 40°F is acceptable.

Design thickness, (at 250 °F) UG-27(c)(1)
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P-R X 61.49 - 20.75
+ Corrosion = 40

e S
S-E —0.60-P 26,700 - 0.70 — 0.60 - 61.49

Maximum allowable working pressure, (at 250 °F) UG-27(c)(1)

B - 2 -0.70 - 0.2
= —S ¢ — P, = —6’700 070-025 1.49 = 222.08 psi
R +060-t 20.75 +0.60 - 0.25

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

S-E-t  27100-0.70-0.25

_ _ — 226.91 psi
R+060t 20751060025 ps!

External Pressure, (Corroded & at 250 °F) UG-28(c)

L 10.
= 0.5985 =0.2523
D, 42
D, 42
= = 543.8976
t 0.0772

From table G: A =0.000448
From table HA-5: B = 6,118.8911 psi

_ 4-B  4-6]11889
- 3-(D,/t)  3-(42/0.0772)

=15 psi

a

Design thickness for external pressure P, = 15 psi

t, =t + Corrosion = 0.0772 +0 = 0.0772"

Maximum Allowable External Pressure, (Corroded & at 250 °F) UG-28(c)

L 105985
= =0.2523

D,

D, _ = 168.0000

t 02

From table G: A =0.002861
From table HA-5: B = 20,355.4701 psi

 4-B 42035547
"~ 3-(D,/t)  3-(42/0.25)

P,

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

0.0685"

50t Ry 50 - 0.25 20.875
grE— (2t ) (120 (i .
(Rf) ( Ro) (20.875 ) ( = > 0.5988 %
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Allowable Compressive Stress, Hot and Corroded- S}, (table HA-5)

0.125 0.12
A= >

= = 0.001488
R,/t  21/0.25
B =17241 psi
S = 26,70 _ 26,700 psi
~ 100 O PR

Segc = min (B,S) = 17,241 psi

Allowable Compressive Stress, Hot and New- Sy

S.HN = S.HC =17241 psi

Allowable Compressive Stress, Cold and New- Scy;, (table HA-5)

12 12
40125 0125

= = 0.001488
R,/t  21/0.25
B =19,232 psi
S = 20100 _ 27,100 psi
~ 10 TP

Scon = min (B,S) = 19,232 psi

Allowable Compressive Stress, Cold and Corroded- S.cc

Sc =Sen =19,232 psi

Allowable Compressive Stress, Vacuum and Corroded- Sy, (table HA-5)

12 12
_0I 0125 1488
R,/t  21/0.25
B =17241 psi
26,700
S = = 26,700 psi
1.00

Swe = min (B,S) = 17,241 psi

197/214



Straight Flange on Rear Channel Head

ASME Section VIl Division 1, 2019 Edition

Static Liquid Head

Component Cylinder
Material SA-240 S32205 (lI-D p. 128, In. 35)
Impact : Fine Grain Maximize MDMT/
Tested e (2R Practice Pt No MAWP
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 60 250 0
External 15 250

Condition Ps (psi) Hs (in) SG
Operating 1.49 41.25 1
Test horizontal 1.73 47.875 1

Inner Diameter 41.5"
Length 0.5"
Nominal Thickness 0.25"
Inner 0"
Corrosion
Outer 0"

Weight and Capacity

Weight (Ib) Capacity (US gal)
New 4.62 2.93
Corroded 4.62 2.93

Radiography

Longitudinal seam

Seamless No RT

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)

0.0564"

Design thickness due to external pressure (tg) | 0.0772"
Maximum allowable working pressure (MAWP) | 269.98 psi
Maximum allowable pressure (MAP) 275.54 psi
Maximum allowable external pressure (MAEP) | 161.55 psi
Rated MDMT -20 °F
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UHA-51 Material Toughness Requirements

88.14 - 20.75

b= 310008 —06.-8814 0.0796

t,-E* ~0.0796 - 0.85

= = 0.2706
t, —c 025 -0

Stress ratio =

Impact test exempt per UHA-51(g) (coincident ratio = 0.2706)
Rated MDMT = -20°F

Material is exempt from impact testing at the Design MDMT of 40°F.

Design thickness, (at 250 °F) UG-27(c)(1)

P-R 61.49 - 20.75
‘o PR orrosion — — 0.0564"
S B 060 P oo = o 085 —060 6149 | °

Maximum allowable working pressure, (at 250 °F) UG-27(c)(1)

‘B 26,700 - 0.85 - 0.2
__S:Bt p 700085025 0 269.98 psi
R +060-¢ 20.75 + 060 - 0.25

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

S-E-t  27100-085-0.25

_ _ — 27554 psi
R 1060t 20751060025 pst

External Pressure, (Corroded & at 250 °F) UG-28(c)

L 10

_ 105985 o503
D, 42

Do . 2 cy35076
t 00772

From table G: A =0.000448
From table HA-5: B = 6,118.8911 psi

4-B 4-6,118.89

=37 o00 T 3 oo

=15 psi

Design thickness for external pressure P, = 15 psi
t, =t -+ Corrosion = 0.0772 +0 = 0.0772"

Maximum Allowable External Pressure, (Corroded & at 250 °F) UG-28(c)

L 10.5985
= = 0.2523

S

o _ 2 = 168.0000
t 02
From table G: A =0.002861

From table HA-5: B = 20,355.4701 psi

4B 4-2035547
©3-(Do/t)  3-(42/025) T

P,

% Forming strain - UHA-44(a)(2)
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50 -t Ry 50 - 0.25 20.875
EFE=—).(1- = ——— ] -[1———) =0.5988
( Ry ) ( R, ) ( 20.875 > ( 0 ) %

Allowable Compressive Stress, Hot and Corroded- S ¢, (table HA-5)

0.125 0.125
- - = 0.001488
R,/t  21/0.25
B =17,241 psi
S = 26,70 _ 26,700 psi
~ 100 O PR

Segc = min (B,S) = 17,241 pSI

Allowable Compressive Stress, Hot and New- Sy

S.HN = S.HC =17241 psi

Allowable Compressive Stress, Cold and New- Sccy;, (table HA-5)

0125 0125

= = 0.001488
R,/t  21/025
B =19232 psi
5= _ 57100 psi
“Tw0 T P

Seny = min (B,S) = 19,232 psi

Allowable Compressive Stress, Cold and Corroded- S.cc

Se =Soy =19232 psi

Allowable Compressive Stress, Vacuum and Corroded- Sy, (table HA-5)

0125 0125

= = 0.001488
R/t 21/0.25
B =17,241 psi
S = 26,70 _ 26,700 psi
~ 10 > P

Swc = min (B,S) =17,241 psi
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Rear Channel Head

ASME Section VIII Division 1, 2019 Edition

Component F&D Head
Material SA-240 S32205 (lI-D p. 128, In. 35)
Attached To Rear Channel
Impact : Fine Grain Maximize MDMT/
Tested it e Practice Pt No MAWP
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 60 250
40
External 15 250
Static Liquid Head
Condition Ps (psi) Hs (in) SG
Operating 1.49 41.25 1
Test horizontal 1.73 47.875 1

Inner Diameter 41.5"
Crown Radius L 41.5"
Knuckle Radius r 2.52"

Minimum Thickness 0.218"
Inner o"
Corrosion
Outer 0"
Length Lg¢ 0.5"
Nominal Thickness tg¢ 0.25"

Weight and Capacity

Weight (Ib)? Capacity (US gal)?
New 104.7 28.09
Corroded 104.7 28.09

Radiography
Category A joints Seamless No RT

Head to shell seam None UW-11(c) Type 1

1 includes straight flange

Results Summary
Governing condition internal pressure

Minimum thickness per UG-16 0.0625" + 0" = 0.0625"

Design thickness due to internal pressure (t) 0.1345"

Design thickness due to external pressure (tg) | 0.1237"

Maximum allowable working pressure (MAWP) | 98.18 psi

Maximum allowable pressure (MAP) 101.16 psi

Maximum allowable external pressure (MAEP) | 46.65 psi

Straight Flange governs MDMT -20°F
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Note: Endnote 90 used to determine allowable stress.

1 [ /as\7]
Corroded | M =— - [3+ | — 1.7645
4 252
- -
N =L 3+<41'5>5 1.7645
oW 1 252 :

Design thickness for internal pressure, (Corroded at 250 °F) Appendix 1-4(d)

P-L-M i 61.49 - 41.5 - 1.7645
+ Corrosion = +0 =

b= 2.S-E-02-P 2-19,704.8 - 0.85 — 0.2 - 61.49

0.1345"

Maximum allowable working pressure, (Corroded at 250 °F) Appendix 1-4(d)

9.5-E-t 21970458 - 0.85 - 0.21
__2S5Bt o, 2-197048-085-0218 0 g8 48 psi
L-M+02-t 41.5 -1.7645 + 0.2 - 0.218

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

2-S-E-t 2-20,000 - 0.85 - 0.218

P=T ozt P ~ @5 17655102 0018

—0 = 101.16 psi

Design thickness for external pressure, (Corroded at 250 °F) UG-33(e)
Equivalent outside spherical radius (R,) = Outside crown radius = 41.718 in

0.125 0.125

A= = = 0.00037
R, / t 41.718 / 0.123616
From Table HA-5:B = 5,062.2058 psi
B 5,062.2058
P, = = =15 psi
R, / t 41718 / 0.1236
t = 0.1236" + Corrosion = 0.1236" + 0" = 0.1236"

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

167-P,-L-M . 1.67-15-41.5 - 1.7645
+ Corrosion

t= =
2-S-E—-02-167-P, 2-19,704.8 -1 —-0.2 - 1.67 - 15

The head external pressure design thickness (tg) is 0.1236".
Maximum Allowable External Pressure, (Corroded at 250 °F) UG-33(e)
Equivalent outside spherical radius (R,) = Outside crown radius = 41.718 in

.12 .12
A= 0125 0125 = 0.000653

R,/ t 41718 / 0218

From Table HA-5:B = 8,926.5947 psi

+0 =0.0466”
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B 8,926.5947

= = = 46.6465 psi
R, /| t 41.718 / 0218

a

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

2-S-E-t 2-19,704.8 -1-0.218 .
P = = =70.21 psi
(L-M +02-t)-167 (415 - 1.7645 + 0.2 - 0.218) - 1.67

The maximum allowable external pressure (MAEP) is 46.65 psi.

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

75t Ry 75 -0.25 2.645
EFE=—) -(1- =(——— ). (1-=—=) =7.0888
(Rf)< Ro) (2-645 >( 00) %
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Saddle #1

ASME Section VIII Division 1, 2019 Edition
sa240-304

Saddle Material

Saddle Construction

Web at edge of rib

Welded to Vessel Yes

Saddle Allowable Stress, Sg 20,000 psi

Saddle Yield Stress, Sy 38,000 psi

Saddle on Steel Foundation Yes

P?g:;%?e Left Saddle Right Saddle

Operating 86.52 psi

Test 113.87 psi

Vacuum 15 psi

Right saddle distance to datum 14"
Tangent To Tangent Length, L 172.75"
Saddle separation, Lg 120"
Vessel Radius, R 20.9999"
Tangent Distance Left, A, 38.25"
Tangent Distance Right, A, 14.5"
TubeSheet Distance Left, 17.25"
Tubesheet Distance Right, 5.5"
Saddle Height, Hg 30.25"
Saddle Contact Angle, 6 124°
Web Plate Thickness, tg 0.25"
Base Plate Length, E 41.9333"
Base Plate Width, F 9"
Base Plate Thickness, ty, 0.375"
Number of Stiffening Ribs, n 5
Largest Stiffening Rib Spacing, d; 10.1708"
Stiffening Rib Thickness, t,, 0.25"
g

Saddle Width, b

Thickness, tp

Reinforcing Plate

0.25"

Width, W,

171"

Contact Angle, 0,
Bolting

Material

132°

Bolt Allowable Shear

15,000 psi

Description

1" series 8 threaded

Corrosion on root

0"
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Anchor Bolts per Saddle 2
Base coefficient of friction, p 0.45
Hole Diameter 1.25"
Slotted Hole in Which Saddle Right Saddle
Slotted Hole Length 0.5"

Weight on Left Saddle

Weight on Right Saddle

Weight of Saddle Pair

Corrodeq | Hydrotest
6,466 Ib 8,464 Ib
4,272 b 5,904 Ib

294 b

(1) Saddle calculations are based on the method presented in "Stresses in Large Cylindrical Pressure Vessels on Two Saddle
Supports" by L.P. Zick.

(2) If CL of tubesheet is located within a distance of R, / 2 to CL of saddle, the shell is assumed stiffened as if tubesheet is a bulk
head.

Stress Summary

Bending + pressure between saddles | Bending + pressure at the saddle
(psi) (psi)
Load | Condition Saddle
S, allow S, allow S, allow S, allow
(+) (+) (-) (-) (+) (+) (-) (-)
Right Saddle 4,822 | 18,900 18 7,619
Operating 5,260 13,230 456 7,619
Left Saddle 6.463 | 18,900 1,659 7,619
Right Saddle 6.347 | 27,000 24 9,371
Weight Test 6.953 18,900 630 9,371
Left Saddle 8,542 | 27,000 | 2,219 9,371
Right Saddle 18 18,900 851 7,619
Vacuum 456 13,230 1.289 7,619
Left Saddle 1,659 | 18,900 | 2,492 7,619

Stress Summary

Tangential Circumferential | Stress over e .
shear (psi) stress (psi) saddle (psi) SERtglesl
Load | Condition Saddle
S3 | allow Sa allow S5 | allow | Sg | allow
(horns) (+/-)
Right Saddle | 886 | 15,120 | -2,776 | 28,350 | 1,463 | 11,200 | 200 | 13,333
Operating
Left Saddle | 1,111 | 15,120 | -10.803 | 28,350 | 2,214 | 11,200 | 303 | 13,333
Right Saddle | 1,225 | 21,600 | -3.837 | 27,000 | 2,022 | 27,000 | 277 | 34,200
Weight Test
Left Saddle | 1.433 | 21,600 | -14.141 | 27,000 | 2,899 | 27,000 | 396 | 34,200
Right Saddle | 886 | 15,120 | -2,776 | 28,350 | 1,463 | 11,200 | 200 | 13,333
Vacuum
Left Saddle | 1,111 | 15,120 | -10,803 | 28,350 | 2,214 | 11,200 | 303 | 13,333

Load Case 1: Weight, Operating

Longitudinal stress between saddles (Weight, Operating, right saddle loading and geometry govern)

S, —
! m-R%-t

L3 KiQ(L /12) 3063584272 (1275 / 12)

7 -20.9062 2 - 0.1874

=456 psi
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g PR _semowsin
»= % 2.0 o0 P

Maximum tensile stress St = S1 + Sy = 5,260 psi
Maximum compressive stress (shut down) Sq. = S = 456 psi

Tensile stress is acceptable ( < S - E =13,230 psi)

Compressive stress is acceptable ( < S. = 7,619 psi)

Longitudinal stress at the right saddle (Weight, Operating)

2. H, 2.H,  2-72636 2.7.2636 .
L= N - F17275 + =2 1824348 in
3 3 3 3
W ems
W= I T Tmasas 080 b/

Bending moment at the right saddle:

Mo 2.H,-A, A* R?_H?
v \T 3 T a
_ ses 2.7.2636 - 14.5 1452 20.9999 % — 7.2636 2
= 0880 3 Ty 1
=4,6075 Ib-in
M, K’ 46075 -1 .
Sy =+ = =18 psi

m-R2 -t - 20.9062 2 - 0.1874

g PR _ss2085
P~ 9.t  2.01871a o0 P

Maximum tensile stress Sy; = Sy + Sy, = 4,822 psi
Maximum compressive stress (shut down) Sy = S, = 18 psi

Tensile stress is acceptable ( < S =18,900 psi)
Compressive stress is acceptable ( < S. = 7,619 psi)
Tangential shear stress in the shell (right saddle, Weight, Operating)

Ks3-Q 0.8127 - 4,272
Sy = =

_ — 886 psi
R-t 209062 -0.1874 2 P¥

Tangential shear stress is acceptable ( <0.8-5 =15120 psi)

The wear plate was not considered in the calculation of S3 because the wear plate contact angle did not exceed the saddle contact
angle by at least 11.46°.

Circumferential stress at the right saddle horns (Weight, Operating)

. @ 3K Q
4-t-(b+156-/R, t) 2.
4272 3.0.0124 - 4272
T 401874 (8+156-/200900 01874 ) 2-0.1874°
=-2,776 psi

Circumferential stress at saddle horns is acceptable ( < 1.5-5, =28350 psi)
The wear plate was not considered in the calculation of S4 because the wear plate contact angle did not exceed the saddle contact

angle by at least 11.46° and the wear plate width is not at least {b +1.56 - /R, -t} =11.0947 in
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Ring compression in shell over right saddle (Weight, Operating)

K;-Q
(t+tp) - (ts +156 - /R, -t.)
0.7457 - 4,272
(0.1874 +0.25) - (0.25 + 1.56 - 1/20.9999 - 0.4374 )

= 1463 psi

Ring compression in shell is acceptable ( < 0.5-5, =11,200 psi)

Saddle splitting load (right, Weight, Operating)

Area resisting splitting force = Web area + wear plate area

A, =Hy -ty +t, - W, =7-0254025-11 = 4.5 in?

Kg-Q 021084272
S = =

A, 45 =200 psi

2
Stress in saddle is acceptable ( < 3 - S, =13,333 psi)

Longitudinal stress at the left saddle (Weight, Operating)

2. H, 2.H, 272636 2.7.2636 ,
L. = YL+ - L1725+ 7 1824348 in
3 3 3 3
W aems
W= T = T 080 bs/i

Bending moment at the left saddle:

o 2.H,-4, A R'-H}
ce\Ts T T

2.7.2636-3825 38252  20.9999 > —7.2636
— 58.86 - + -
3 2 4
— 48,246.7 1by-in
M, K’ 48,246.7 - 8.8457

Sy = £ = =1,659 psi
m-R?-t  7.20.9062 %.0.1874

P-R 8652208125
2.t 2.01874

Sy, = =4,805 psi

Maximum tensile stress Sy; = Sy + Sy = 6.463 psi
Maximum compressive stress (shut down) Sy = S, = 1,659 psi

Tensile stress is acceptable ( < S =18,900 psi)

Compressive stress is acceptable ( < S. = 7,619 psi)
Tangential shear stress in the shell (left saddle, Weight, Operating)

2-H 2-7.2636

Qshear =Q —w - <Al + ) = 6,466 — 58.86 - (38.25 + ) =3,929.61 lbs

Koo Qe 11076 -3,920.61

S. —
8 Rt 20.9062 - 0.1874

=1111 psi

Tangential shear stress is acceptable ( <0.8-5 =15120 psi)
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Circumferential stress at the left saddle horns (Weight, Operating)

s, — -Q 3-K3-Q

T4t (b+156- /R, D) 2.8

3 —6,466 3-0.0363 - 6,466
© 4-0.1874- (8+156 - /209999 - 0.1874 ) 2-0.1874

=-10,803 psi

Circumferential stress at saddle horns is acceptable ( < 155, =28350 psi)

The wear plate was not considered in the calculation of S4 because the wear plate contact angle did not exceed the saddle contact

angle by at least 11.46° and the wear plate width is not at least {b + 1.56 - /R, - t } = 11.0947 in

Ring compression in shell over left saddle (Weight, Operating)

5 K5 -Q
Pttty - (b + 156 /R, £,)
0.7457 - 6,466
(0.1874 +0.25) - (0.25 + 1.56 - /20.9999 - 0.4374 )

= 2214 psi

Ring compression in shell is acceptable ( < 0.5 -5, =11,200 psi)
Saddle splitting load (left, Weight, Operating)

Area resisting splitting force = Web area + wear plate area

A, =Hy -ty +t, - W, =7-0254025-11 = 4.5 in?

_ Kg-Q 02108 6,466

S A, 45

=303 psi

w| b

Stress in saddle is acceptable ( <-.85,=13333 psi)

Load Case 2: Weight, Test

Longitudinal stress between saddles (Weight, Test, right saddle loading and geometry govern)

j[3-K1-Q-(L / 12) _3-0.6358-5904 - (172.75 / 12)

S = =630 psi
m-R%-t - 20.9062 2 - 0.1874
P-R 113.87 - 20.8125
Sy = = =6,323 psi
2-t 2-0.1874
Maximum tensile stress St = S1 + Sy, = 6,953 psi
Maximum compressive stress (shut down) S1; = S1 = 630 psi
Tensile stress is acceptable ( <095, - E =18900 psi)
Compressive stress is acceptable ( < S. =9,371 psi)
Longitudinal stress at the right saddle (Weight, Test)
2- H, 2-H, 2-7.2636 2-7.2636
L, = LyL+ = +172.75 + ——" — 1824348 in
3 3 3
W, 14,368
w=—t=—"—— =7876 lb;/in
L, 182.4348

Bending moment at the right saddle:
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2-H,-A, A2 R®-H?
M, =w - ———— = r
g =w ( 3 + 2 1 )

2-7.2636 - 14.5 1452 20. 2 _7.2636 2
= 78.76 - + _ 20999
3 2 4
=6,165.1 Ibs-in
M, -K;' 6,165.1 - 1
Sy = +—2 L ! =24 psi

T -R®-t  7-209062 %-0.1874

P-R  113.87-20.8125

S =
P 2-t 2.0.1874

=6,323 psi

Maximum tensile stress Sy; = Sy + Sy, = 6.347 psi
Maximum compressive stress (shut down) Sy = Sy = 24 psi

Tensile stress is acceptable ( <09 -5, = 27,000 psi)

Compressive stress is acceptable ( < S. =9,371 psi)

Tangential shear stress in the shell (right saddle, Weight, Test)

_ Ky3-Q 081275904

S3 = = =1.225 psi
R-t 20.9062 - 0.1874

Tangential shear stress is acceptable ( < 0.8-(09-.5,) = 21,600 psi)

The wear plate was not considered in the calculation of S3 because the wear plate contact angle did not exceed the saddle contact

angle by at least 11.46°.

Circumferential stress at the right saddle horns (Weight, Test)

. @ 3K Q
4-t-(b+156-/R,-t) 2.2
5,904 3-0.0124 - 5,904
T 4.01874- (31156209000 01874 ) 2-0.1874°
=-3,837 psi

Circumferential stress at saddle horns is acceptable ( <09 -5, = 27,000 psi)

The wear plate was not considered in the calculation of S4 because the wear plate contact angle did not exceed the saddle contact

angle by at least 11.46° and the wear plate width is not at least {b + 156 - \/R, -t } = 11.0947 in

Ring compression in shell over right saddle (Weight, Test)

K5 -Q
(t+tp) - (ts +156 - /R, - t.)
0.7457 - 5,904
(0.1874 +0.25) - (0.25 + 1.56 - 1/20.9999 - 0.4374 )

= 2,022 psi

S5 =

Ring compression in shell is acceptable ( <09 -5, =27,000 psi)

Saddle splitting load (right, Weight, Test)

Area resisting splitting force = Web area + wear plate area

A, =H.f -ty +t, - W, =7-0.25+025-11 = 4.5 in?
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_ Ks-Q _ 0.2108 - 5,904

S
o A, 45

=277 psi

Stress in saddle is acceptable ( <09 -5, =34,200 psi)

Longitudinal stress at the left saddle (Weight, Test)

2. H, 2.H, 2.72 2.72
L, = Lop g B 272636 s 2072036 oo 4348 in
3 3 3 3
W 14,368
w=—=—2"—— =7876 lb;/in
L, 1824348

Bending moment at the left saddle:

2.H - A A?  R?-H?
e R

2-7.2636 - 38.25 38252  20.9999 2 — 7.2636 2
= 78.76 - ( 3 = 1 >

= 64,556.5 lb-in

M, K.’ 64,556.5 - 8.8457
Sy — 44 L — 2219 psi
m-R?-t  7.209062 %.0.1874

P-R  113.87-20.8125

S =
P9t 2.0.1874

=6,323 psi

Maximum tensile stress Syt = Sy + Sp = 8.542 psi
Maximum compressive stress (shut down) Sy = Sy = 2,219 psi

Tensile stress is acceptable ( <09 -5, =27,000 psi)

Compressive stress is acceptable ( < S. = 9,371 psi)

Tangential shear stress in the shell (left saddle, Weight, Test)

2. H 2.7.2636
Quher =Q —w - <Al + T’) — 8,464 — 78.76 - (38.25 + —)

=5070.18 Ib;

K2 Qupeer  1.1076 - 5,070.18

Ss =
R-t 20.9062 - 0.1874

=1.,433 psi

Tangential shear stress is acceptable ( < 0.8-(09-.5,) =21,600 psi)

Circumferential stress at the left saddle horns (Weight, Test)

s, = -Q 3-K;5-Q
4-t-(b+156-,/R, -t) 2.8
—8,464 3-0.0363 - 8,464
N 4-0.1874 - (8 +1.56 - 1/20.9999 - 0.1874 ) © 2.018742
=-14.141 psi

Circumferential stress at saddle horns is acceptable ( <09 -5, = 27,000 psi)
The wear plate was not considered in the calculation of S4 because the wear plate contact angle did not exceed the saddle contact

angle by at least 11.46° and the wear plate width is not at least {b + 1.56 - /R, - ¢ } = 11.0947 in

Ring compression in shell over left saddle (Weight, Test)
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Ks-Q
(t+tp) - (ts +156- /R, -t.)
0.7457 - 8,464
(0.1874 +0.25) - (0.25 + 1.56 - 1/20.9999 - 0.4374 )
= 2,899 psi

Ring compression in shell is acceptable ( <09 -5, =27,000 psi)
Saddle splitting load (left, Weight, Test)

Area resisting splitting force = Web area + wear plate area

A, =Hy -ty +t, - W, =7-0254025-11 = 4.5 in?

_ Kg-Q  0.2108-8464

S
6 A, 45

=39 psi

Stress in saddle is acceptable ( <09 -5, = 34,200 psi)

Load Case 3: Weight, Vacuum

Longitudinal stress between saddles (Weight, Vacuum, right saddle loading and geometry govern)

1=

" 3-K;1-Q-(L / 12) 3-0.6358 - 4,272 - (172.75 / 12)

> > =456 psi
m-R?-¢ - 20.9062 “ - 0.1874

P-R  15-208125
- - — 833 psi
S =2 2.0.1874 pst

Maximum tensile stress (shut down) S4; = S = 456 psi
Maximum compressive stress S1c = Sq + Sp = 1,289 psi

Tensile stress is acceptable ( < S -FE =13,230 psi)

Compressive stress is acceptable ( < S. = 7,619 psi)

Longitudinal stress at the right saddle (Weight, Vacuum)

2. H, 2.H, 2-72636 2.-7.2636
= LyL+ = +172.75 + =2 = 1824348 in

L.
3 3 3

W, 10,738

L. 1824348

w =

— 5886 lbs/in

Bending moment at the right saddle:

2.H,-A, A R®-H2
M =-w | —" - T
=Y ( 3 73 4 )

2.7.2636 - 145 145%  20.9999 2 — 7.2636 >
= 58.86 - < - )

3 2 4
—4,6075 Ibj-in

M, K.’ 4,607.5-1 .
Sy = =+ > = > =18 psi
TRt - 20.9062 “ - 0.1874

P-R _ 15-208125

S = =
? 2.t 2-.0.1874

=833 psi

Maximum tensile stress (shut down) Sy = So = 18 psi
Maximum compressive stress Syc = S + Sp = 851 psi
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Tensile stress is acceptable ( < S =18,900 psi)
Compressive stress is acceptable ( < S. = 7,619 psi)
Tangential shear stress in the shell (right saddle, Weight, Vacuum)

Ks3-Q 0.8127 - 4,272
Sy = =

Rt 200062 01374 280 e

Tangential shear stress is acceptable ( < 08-S =15,120 psi)

The wear plate was not considered in the calculation of S3 because the wear plate contact angle did not exceed the saddle contact
angle by at least 11.46°.

Circumferential stress at the right saddle horns (Weight, Vacuum)

S, - -Q _3-K3-Q
4-t-(b+156- /R, -t) 2.
—4,272 3-0.0124 - 4272
B 4.0.1874- (3+156-/209999 01874 )  2-0.1874°
=-2,776 psi

Circumferential stress at saddle horns is acceptable ( < 1.5-S, = 28350 psi)
The wear plate was not considered in the calculation of S4 because the wear plate contact angle did not exceed the saddle contact

angle by at least 11.46° and the wear plate width is not at least {b +1.56 - /R, -t} =11.0947 in

Ring compression in shell over right saddle (Weight, Vacuum)

K;-Q
(t+1p) - (ts +1.56 - /R, - )
0.7457 - 4,272
(0.1874 4 0.25) - (0.25 + 1.56 - 1/20.9999 - 0.4374 )

= 1,463 psi

Ring compression in shell is acceptable ( < 0.5 -5, =11,200 psi)
Saddle splitting load (right, Weight, Vacuum)
Area resisting splitting force = Web area + wear plate area

A, =Hy -ty +1t,-W, =7-0254025-11 = 4.5 in?

o KeQ omesam
6T T4 T 45 Tes

. . 2
Stress in saddle is acceptable ( < 3 -8, =13,333 psi)

Longitudinal stress at the left saddle (Weight, Vacuum)

2. H, 2.H, 2.72 2.7
L, = Lop 2 272636 e 2072636 o 4348 in
3 3 3 3
w, 10,738 ]
W= T, T Tsams 080 by/in

Bending moment at the left saddle:

<2'H1'Az A_ZZRQ—HlZ)

M, =w-
= 3 2 4
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2-7.2636 - 38.25 38.25 2 ~20.9999 2 _7.2636 ° >

= 58.86 - ( 3 + D) 2
=48,246.7 lb-in

M, K’ 48,246.7 - 8.8457 .
Sy = + = = 1,659 psi

m-R*-t  7.20.9062 %-0.1874

P-R  15-20.8125

=27 ~ 2o

=833 psi

Maximum tensile stress (shut down) Syt = So = 1,659 psi
Maximum compressive stress Syc = Sy + Sp = 2,492 psi

Tensile stress is acceptable ( < S =18,900 psi)

Compressive stress is acceptable ( < S. = 7,619 psi)
Tangential shear stress in the shell (left saddle, Weight, Vacuum)

2. H

2.7.2
ﬂ) —392961 Ib;

Qshear =Q —w - <Al + ) = 6,466 — 58.86 - (38.25 +

Koo Qe 11076392061

S =
8 R-t 20.9062 - 0.1874

=1111 psi

Tangential shear stress is acceptable ( < 08-S =15,120 psi)

Circumferential stress at the left saddle horns (Weight, Vacuum)

. @ 3K5-Q
4-t-(b+156- /R, -t) 2.2
—6,466 30,0363 - 6,466
T 401874 (84 156-/209999-0.0874 ) 2-01874°
— 10,803 psi

Circumferential stress at saddle horns is acceptable ( < 1.5-.S, = 28,350 psi)
The wear plate was not considered in the calculation of S4 because the wear plate contact angle did not exceed the saddle contact

angle by at least 11.46° and the wear plate width is not at least {b + 156 - /R, - ¢t } = 11.0947 in

Ring compression in shell over left saddle (Weight, Vacuum)

K5 -Q
(t+tp) - (ts +1.56- /R, -t.)
0.7457 - 6,466
(0.1874 +0.25) - (0.25 + 1.56 - +/20.9999 - 0.4374 )

=2214 psi

Ring compression in shell is acceptable ( < 0.5 -5, =11,200 psi)

Saddle splitting load (left, Weight, Vacuum)

Area resisting splitting force = Web area + wear plate area

A, =H.f -ty +t,-W, =7-0.25+0.25-11 = 4.5 in?

_ Ks-Q 02108 - 6,466

S,
T4, 45

=303 psi

213/214



w| N

Stress in saddle is acceptable ( <—=.85,=13333 psi)

Shear stress in anchor bolting, one end slotted

Maximum seismic or wind base shear =0 Iby

Thermal expansion base shear =W - = 4,419*0.45 = 1,988.55 Ib;

Corroded root area for a 1" series 8 threaded bolt = 0.551 in® ( 2 per saddle )

Bolt sh t 198855 1,804 psi
r str = =
olt shear stress 0ml 1.2 ; psi

Anchor bolt stress is acceptable ( < 15,000 psi)

Shear stress in anchor bolting, transverse

Maximum seismic or wind base shear =0 Iby

Corroded root area for a 1" series 8 threaded bolt = 0.551 in? ( 2 per saddle )

0 .
Bolt shear stress = lmi 2 = 0 psi

Anchor bolt stress is acceptable ( < 15,000 psi)
Web plate buckling check (Escoe pg 251)
Allowable compressive stress S = min(20,000 , 20,270) = 20,000 psi

K, - E 1.28 - 7% - 29E+06
S, = L - - 0BT — 20270 psi

12-(170.32)-(%)2 B 12 (1-032) (1040e)

0.25

Allowable compressive load on the saddle

di-t 10.1708 - 0.2
be = P e = 0.1708 - 0.25 — 0.4208
(di - ts) +2-ty-(b—1) (10.1708 - 0.25) +2-0.25 - (8 — 1)

Fy=n-(As+2-b.-t;)-S. =5-(1.9375 +2-0.4208 - 0.25) - 20,000 = 214,789.48 b
Saddle loading of 8,611 Ibs is < Fy,; satisfactory.
Primary bending + axial stress in the saddle due to end loads (assumes one saddle slotted)

V.(Hy—z,)-y Q 0-(30.25—17.135) - 49226 6,466
oy=—"T"T "+ — = 4+ =341 psi
I A 89.1 18.9584

The primary bending + axial stress in the saddle < Sg = 20,000 psi; satisfactory.
Secondary bending + axial stress in the saddle due to end loads (includes thermal expansion, assumes one saddle slotted)

V-(Hs—z,)y Q 198855 (30.25 —17.135) - 4.9226 4,272
op =—m————— + — = + =1,666 psi
I A 89.1 18.9584

The secondary bending + axial stress in the saddle < 2*Sy = 76,000 psi; satisfactory.
Saddle base plate thickness check (Roark sixth edition, Table 26, case 7a)

where a = 10.1708,b = 8.75 in

.q-b2 8654 - 23 - 8.75 2
tb:\/ﬂl q :\/0865 88757 o u

15-5, 1.5 - 20,000

The base plate thickness of 0.375 in is adequate.
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