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Deficiencies Summary
No deficiencies found.

Warnings Summary

Warnings for B16.9 Elbow D

Table 1A, note W14: These S values do not include a weld factor. For Section VIII, Division 1, and Section XlI applications using welds
made without filler metal, the tabulated tensile stress values shall be multiplied by 0.85. For welds made with filler metal, consult UW-12
for Section VIII, Division 1, or TW-130.4 for Section XII, as applicable. (warning)

Warnings for Flange H

TEMA Table D-5: Current bolt circle (120,6 mm) does not provide sufficient wrench clearance, 125,57 mm recommended. (warning)
TEMA Table D-5: The actual edge distance (15,7 mm) is less than the minimum edge distance (19,05 mm). A flange outer diameter of
158,7 mm is recommended. (warning)

Warnings for Nozzle (A)

The attached ASME B16.5 flange limits the nozzle MAWP. (warning)

The attached ASME B16.5 flange limits the nozzle MAP. (warning)

The design of this nozzle does not include mill undertolerance because a minimum (as built) thickness was entered. (warning)

Warnings for Nozzle (B)
Gasket dimensions should be specified when external load pressure reduction consideration is active. (warning)

The attached ASME B16.5 flange limits the nozzle MAWP. (warning)

Warnings for Nozzle (C)
The attached ASME B16.5 flange limits the nozzle MAWP. (warning)

Warnings for Nozzle (D)
The design of this nozzle does not include mill undertolerance because a minimum (as built) thickness was entered. (warning)

Warnings for Nozzle (G)
The attached ASME B16.5 flange limits the nozzle MAWP. (warning)

The attached ASME B16.5 flange limits the nozzle MAP. (warning)

Warnings for Nozzle (H)
The design of this nozzle does not include mill undertolerance because a minimum (as built) thickness was entered. (warning)

Warnings for Nozzle (K2)
The attached ASME B16.5 flange limits the nozzle MAWP. (warning)
The attached ASME B16.5 flange limits the nozzle MAP. (warning)

Warnings for Nozzle (L2)
Gasket dimensions should be specified when external load pressure reduction consideration is active. (warning)

Warnings for Nozzle Pipe (D)

The design of this cylinder does not include mill undertolerance because a minimum (as built) thickness was entered. (warning)

Warnings for Support Skirt
The Skirt/Legs/Saddles Stress Increase factor is 1,00 (Set Mode Options dialog on the Calculation page). AISC paragraph A5 permits a
stress increase factor of 1/3. For the specified building code the recommended stress increase factor is 1,30. (warning)

Warnings for Vessel

This vessel has one or more weld neck flanges with para UG-44(b) option active. The analysis therein relies on certain assumptions
about the flange in question: The assembly bolt load must comply with ASME PCC-1, Appendix O; The method was developed using a
spiral wound gasket; The allowable factor should potentially be reduced for a sustained load where the bolted flange joint operates at a
temperature causing significant creep/relaxation, usually above 450 degF (232 degC) metal temperature. (warning)

ASME B16.5/ B16.47 Flange Warnings Summary

Flange Applicable Warnings

Nozzle (A) 1
Nozzle (C) 1
Nozzle (B) 1
1
1
1

Nozzle (G)
Nozzle (K2)
Right end of Nozzle Pipe (D)

1 For Class 150 flanges, ASME B16.5 para. 5.4.3 recommends gaskets to be in accordance with Nonmandatory Appendix B, Table
B1, Group No. I.

2 The nozzle external loads are not considered in the flange pressure rating of piping flanges. To comply with Interpretation VIII-1-16-
85 user defined loads should be applied to the flange.

,2




Nozzle Schedule

Specifications

Werzte Identifier Size Materials pnbact Normalized Fm? Flange Blind
mark Tested Grain
SA-333 6 WId & smls NPS 10 Class 150
A Nozzle NPS 10 Sch 80 DN 250 Nozzle pipe No Yes Yes WN A350 LF2 CL1 N No
NPS 12 Class 150
B Nozzle 355,18 OD x 26 Nozzle SA-266 1 No Yes Yes WN A350 LF2 CIL1 N No
NPS 24 Class
NPS 24 Class 150 150
Cc Nozzle 710,2 OD x 60 Nozzle SA-350 LF2 ClI 1 No Yes Yes WN A350 LF2 CL1 N A350 LF2 CI1
N
Nozzle NPS 2 Sch 80 (XS) DN Nozzle SA-333 6‘Wld & smls No Yes Yes N/A No
50 pipe
D B16.9 Elbow | NPS 2 Sch 80 (XS) DN B16.9 SA-420 WPL6 No Yes Yes N/A No
D 50 Elbow
Nozzle Pipe | NPS 2 Sch 80 (XS) DN Nozzle SA-333 6 WId & smls No Yes Yes NPS 2 Class 150 No
D) 50 Pipe pipe WN A350 LF2 CI.1 N
NPS 2 Class 300
E1 Nozzle 84,07 OD x 16,64 Nozzle SA-350 LF2 CI 1 No Yes Yes LWN A350 LF2 CI1 N No
NPS 2 Class 300
E2 Nozzle 84,07 OD x 16,64 Nozzle SA-350 LF2 CI 1 No Yes Yes LWN A350 LF2 CI1 N No
NPS 2 Class 300
E1 Nozzle 84,07 OD x 16,64 Nozzle SA-350 LF2 Cl 1 No Yes Yes LWN A350 LF2 CI1 N No
NPS 2 Class 300
F2 Nozzle 84,07 OD x 16,64 Nozzle SA-350 LF2 Cl 1 No Yes Yes LWN A350 LF2 CI1 N No
NPS 2 Class 150
G Nozzle 77,72 OD x 13,46 Nozzle SA-350 LF2 Cl 1 No Yes Yes LWN A350 LF2 CL1 N No
NPS 2 Sch 80 (XS) DN SA-333 6 WId & smls App 2 Weld Neck
H Nozzle 50 Nozzle ine No Yes Yes Integral No
PP SA-350 LF2 CI 1
NPS 2 Class 300
K1 Nozzle 84,07 OD x 16,64 Nozzle SA-350 LF2 ClI 1 No Yes Yes LWN A350 LF2 CI1 N No
NPS 2 Class 150
K2 Nozzle 77,72 OD x 13,46 Nozzle SA-350 LF2 Cl 1 No Yes Yes LWN A350 LF2 CI1 N No
NPS 2 Class 300
L1 Nozzle 84,07 OD x 16,64 Nozzle SA-350 LF2 Cl 1 No Yes Yes LWN A350 LF2 CI1 N No
NPS 2 Class 300
L2 Nozzle 84,07 OD x 16,64 Nozzle SA-350 LF2 Cl 1 No Yes Yes LWN A350 LF2 CI1 N No




Nozzle Summary

Shell Reinforcement
Nozzle| 0D | t, [Reaty|, o, , Pad Corr | AdA,
mark | (mm) | (mm) | (mm) Nom t | Design t | User t | Width | tpag |(MM)| (%)
(mm) | (mm) | (mm) | (mm) | (mm)
A 273,05|15,09| 9,71 | Yes| Yes| 24* 18,82 N/A N/A 1,6 | 100,0
B 355,18 | 26 9,93 |Yes|Yes| 21 14,75 N/A N/A 1,6 | 100,0
(9] 710,2 60 7,67 |Yes|Yes| 21 20,14 N/A N/A 1,6 | 100,0
D 60,33 | 5,54 | 5,02 |Yes|Yes| 24* N/A N/A N/A 1,6 | Exempt
E1 84,07 [16,64| 6,4 |Yes|Yes| 21 N/A N/A N/A 1,6 | Exempt
E2 84,07 [16,64| 6,4 |Yes|Yes| 21 N/A N/A N/A 1,6 | Exempt
EF1 84,07 [16,64| 6,4 |Yes|Yes| 21 N/A N/A N/A 1,6 | Exempt
E2 84,07 [16,64| 6,4 |Yes|Yes| 21 N/A N/A N/A 1,6 | Exempt
G 77,72 |13,46| 6,4 |Yes|Yes| 21 N/A N/A N/A 1,6 | Exempt
H 60,33 | 5,54 | 5,02 |Yes|Yes| 24* N/A N/A N/A 1,6 | Exempt
K1 84,07 (16,64 6,4 |Yes|Yes| 21 N/A N/A N/A 1,6 | Exempt
K2 77,72 |13,46| 6,4 |Yes|Yes| 21 N/A N/A N/A 1,6 | Exempt
L1 84,07 |16,64| 6,4 |Yes|Yes| 21 N/A N/A N/A 1,6 | Exempt
L2 84,07 |16,64| 6,4 |Yes|Yes| 21 N/A N/A N/A 1,6 | Exempt
*Head minimum thickness after forming

th Nozzle thickness

Req ty | Nozzle thickness required per UG-45/UG-16

Nom t | Vessel wall thickness

Design t | Required vessel wall thickness due to pressure + corrosion allowance per UG-37

Usert |Local vessel wall thickness (near opening)

Aa Area available per UG-37, governing condition

A Area required per UG-37, governing condition

Corr | Corrosion allowance on nozzle wall




Pressure Summary

Component Summary

dentifior De:ign DesTign mawp | map | MAEP ext::nal MDMT| MDMT | impact
(bar) C) (bar) (bar) (bar) ¢C) (°C) | Exemption | Tested

Top Head 15,5 121 29,3 | 31,38 | 13,66 23 -73,6 Note 1 Yes
Straight Flange on Top Head 15,5 121 28,94 | 30,97 | 15,58 23 -73,3 Note 2 Yes
Shell V1 15,5 121 25,07 | 27,15 | 12,77 23 -66,6 Note 3 Yes
Straight Flange on Bottom Head | 15,5 121 28,89 | 30,97 | 15,58 23 -73,2 Note 5 Yes
Bottom Head 15,5 121 29,2 | 31,38 | 13,66 23 -73,4 Note 4 Yes
Nozzle (A) 15,5 121 16,9 19,6 | 9,76 23 -56,6 Note 6 No
Nozzle (B) 15,5 121 16,9 19,16 | 11,15 23 -48 Note 7 No
Nozzle (C) 15,5 121 16,9 | 18,62 | 11,92 23 -56,6 Note 6 No
Nozzle (D) 15,5 121 26,07 | 34,86 | 13,66 23 -105 Note 8 No
B16.9 Elbow D 15,5 121 |132,53|202,56| 81,5 23 -105 Note 9 No
Nozzle Pipe (D) 15,5 121 16,78 | 19,6 |103,05 23 -56,2 | Note 10, 11 No
Nozzle (E1) 15,5 121 25,07 | 27,15 | 12,77 23 -104 Note 12 No
Nozzle (E2) 15,5 121 25,11 | 27,15 | 12,77 23 -104 Note 13 No
Nozzle (F1) 15,5 121 25,11 | 27,15 | 12,77 23 -104 Note 13 No
Nozzle (F2) 15,5 121 2511 | 27,15 | 12,77 23 -104 Note 13 No
Nozzle (G) 15,5 121 15,9 19,6 | 12,77 23 -53,7 Note 14 No
Nozzle (H) 15,5 121 25,67 | 34,86 | 13,66 23 -105 Note 8 No
Flange H 15,5 121 43,33 | 42,8 |514,56 23 -49 Note 15 No
Flange H - Flange Hub 15,5 121 |273,79|273,79 (148,27 23 -105 Note 16 No
Nozzle (K1) 15,5 121 25,08 | 27,15 | 12,77 23 -104 Note 17 No
Nozzle (K2) 15,5 121 15,93 | 19,6 | 12,77 23 -53,8 Note 18 No
Nozzle (L1) 15,5 121 25,08 | 27,15 | 12,77 23 -104 Note 17 No
Nozzle (L2) 15,5 121 25,11 | 27,15 | 12,77 23 -99,3 Note 19 No
Design MDMT -15°C

Rated MDMT -48 °C @ 15,9 bar

MAWP hot & corroded | 15,9 bar @ 121 °C

MAP cold & new 18,62 bar@ 7 °C

MAEP 9,76 bar @ 23 °C




Notes for MDMT Rating

N;te Exemption Details
1. | Material is impact tested per UG-84 to -46°C. UCS-66(i) reduction of 27,6°C applied (ratio = 0,5421).
2. | Material is impact tested per UG-84 to -46°C. UCS-66(i) reduction of 27,3°C applied (ratio = 0,5458).
3. | Material is impact tested per UG-84 to -46°C. UCS-66(i) reduction of 20,6°C applied (ratio = 0,632).
4. | Material is impact tested per UG-84 to -46°C. UCS-66(i) reduction of 27,4°C applied (ratio = 0,5453).
5. | Material is impact tested per UG-84 to -46°C. UCS-66(i) reduction of 27,2°C applied (ratio = 0,5475).
Flange rating governs:
6. | Bolts rated MDMT per Fig UCS-66 note (c) = -104°C UCS-66(i) reduction of 10,6°C applied (ratio = 0,8112).
Flange is impact tested per material specification to -46°C.
Nozzle impact test exemption temperature from Fig UCS-66M Curve C = -23,75°C
17°C MDMT reduction per UCS-68(c) applies. y . . -
7| Fig UCS-66.1M MDMT reduction = 20,7°C, (coincident ratio = 0,6302) UCS-66 governing thickness = 21 mm.
Rated MDMT of -61,45°C is limited to -48°C by UCS-66(b)(2)
8. | Nozzle is impact test exempt per UCS-66(d) (NPS 4 or smaller pipe).
9. | Material is impact tested per material specification to -45°C. it(;e;%ratlo =0,1255 < 0,35, MDMT per UCS-66(b)(3) =
10. | Material is impact test exempt per UCS-66(d) (NPS 4 or smaller pipe)
Flange rating governs:
11. | Flange is impact tested per material specification to -46°C.
UCS-66(i) reduction of 10,2°C applied (ratio = 0,8175).
LWN rated MDMT per UCS-66(c)(1)
12 Flange rated MDMT = -105°C Stress ratio = 0,3118 < 0,35, MDMT per UCS-66(b)(3) =
" | Bolts rated MDMT per Fig UCS-66 note (c) = -104°C -105°C.
Flange is impact tested per material specification to -46°C.
LWN rated MDMT per UCS-66(c)(1)
13 Flange rated MDMT = -105°C Stress ratio = 0,3112 < 0,35, MDMT per UCS-66(b)(3) =
" | Bolts rated MDMT per Fig UCS-66 note (c) = -104°C -105°C.
Flange is impact tested per material specification to -46°C.
LWN rated MDMT per UCS-66(c)(1)
14. | Bolts rated MDMT per Fig UCS-66 note (c) =-104°C UCS-66(i) reduction of 7,7°C applied (ratio = 0,8623).
Flange is impact tested per material specification to -46°C.
Flange is impact tested per material specification to -46°C with an additional 3°C reduction per
15. | UCS-66(g) Bolts rated MDMT per Fig UCS-66 note (c) = -104°C
UCS-66 governing thickness = 5,54 mm
16. | Material is impact tested per material specification to -46°C. S1t(r)zs°scrat|o = 0,0624 < 0,35, MDMT per UCS-66(b)(3) =
LWN rated MDMT per UCS-66(c)(1)
17 Flange rated MDMT = -105°C Stress ratio = 0,3117 < 0,35, MDMT per UCS-66(b)(3) =
" | Bolts rated MDMT per Fig UCS-66 note (c) = -104°C -105°C.
Flange is impact tested per material specification to -46°C.
LWN rated MDMT per UCS-66(c)(1)
18. | Bolts rated MDMT per Fig UCS-66 note (c) =-104°C UCS-66(i) reduction of 7,8°C applied (ratio = 0,8607).
Flange is impact tested per material specification to -46°C.
LWN rated MDMT per UCS-66(c)(1)
19. | Bolts rated MDMT per Fig UCS-66 note (c) = -104°C UCS-66(i) reduction of 53,3°C applied (ratio = 0,3959).
Flange is impact tested per material specification to -46°C.




Revision History

Revisions

No. Date Operator Notes

0 |3/25/2022 | marina.diaz | New vessel created ASME Section VIII Division 1 [COMPRESS 2022 Build 8200]




Settings Summary

COMPRESS 2024 Build 8400

ASME Section VIII Division 1, 2021 Edition Metric

Units MKS
Datum Line Location -50,00 mm from bottom seam
Vessel Design Mode Rating Mode (Analysis)
Minimum thickness 1,5 mm per UG-16(b)
Design for cold shut down only No
Design for lethal service (full radiography required) No
Design nozzles for Chamber MAWP
Corrosion weight loss 100% of theoretical loss
UG-23 Stress Increase 1,20
Skirt/legs stress increase 1,0
Minimum nozzle projection 150 mm
Juncture calculations for o > 30 only Yes
Preheat P-No 1 Materials > 1,25" and <= 1,50" thick Yes
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 Yes
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 test at user defined pressure 24,21 bar
Test liquid specific gravity 1,00
Field test at user defined pressure 24,21 bar
Wind load present @ field 25% of design
Maximum stress during test 95% of yield
Required Marking - UG-116
UG-116(e) Radiography RT1
UG-116(f) Postweld heat treatment HT
Code Cases\Interpretations
Use Appendix 46 No
Use UG-44(b) Yes
Use Code Case 3035 No
Apply interpretation VI1II-1-83-66 No
Apply interpretation VIII-1-86-175 Yes
Apply interpretation VIII-1-01-37 Yes
Apply interpretation VIII-1-01-150 No
Apply interpretation VIII-1-07-50 No
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 Yes
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) Yes
UG-22(d)(2) Vessel supports such as lugs, rings, skirts, saddles and legs Yes
UG-22(f) Wind reactions Yes
UG-22(f) Seismic reactions Yes

UG-22(j) Test pressure and coincident static head acting during the test: Yes




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 |Idesa

License Commercial
License Key ID 24316

Support Expires |June 07, 2025
Account Number | 411628768218139




Radiography Summary

UG-116 Radiography

Bottom Circumferential Seam

Longitudinal Seam

Top Circumferential Seam

Component Ca'tegory Radiography / Joint Ca.tegory Radiography / Joint Ca.tegory Radiography / Joint |Mark
(Fig UW- T (Fig UW- T (Fig UW- T
3) VS 3) D 3) I
Top Head A Ful UW'111(3) IType | N/a N/A B Full UW-11(a) / Type 1| RT1
Shell V1 A | Ful UW'111(3) ITyeel g | Fuluw-11(a)/Type 1| B | Full UW-11(a) / Type 1| RT1
Bottom Head P UW‘111(3) ITypel g | Fuluw-11(a)/ Type 1| NA N/A RTA
Nozzle Longitudinal Seam Nozzle to Vessel Circumferential | Nozzle free end Circumferential
9 Seam Seam
Nozzle (A) N/A Seamless No RT D N/A / Type 7 c UW'”(;‘))/(:S) ?Xemp“ N/A
Nozzle (H) N/A Seamless No RT D N/A / Type 7 c UW'“%)/(:e) fxemp” N/A
Nozzle (C) A | Ful UW'111(a) Tyee| g N/A / Type 7 ¢ | Fulluw-11(a)/ Type 1| RT1
Nozzle (B) A Full UW'111(3) I Type D N/A / Type 7 c Full UW-11(a) / Type 1| RT1
Nozzle (E1) N/A Seamless No RT D N/A/ Type 7 C N/A N/A
Nozzle (E2 N/A Seamless No RT D N/A/ Type 7 C N/A N/A
Nozzle (E2)
Nozzle (F1 N/A Seamless No RT D N/A [/ Type 7 C N/A N/A
y
Nozzle (G N/A Seamless No RT D N/A/ Type 7 C N/A N/A
y
Nozzle (K2 N/A Seamless No RT D N/A [/ Type 7 C N/A N/A
y
Nozzle (F2 N/A Seamless No RT D N/A / Type 7 C N/A N/A
yp
Nozzle (K1) N/A Seamless No RT D N/A / Type 7 C N/A N/A
Nozzle (L1) N/A Seamless No RT D N/A / Type 7 C N/A N/A
Nozzle (L2) N/A Seamless No RT D N/A / Type 7 C N/A N/A
Nozzle (D N/A Seamless No RT D N/A / Type 7 B UW-11(a)(4) exempt / |\
Type 1
B16.9 Elbow D A Full UW-11(a) / Type B UW-11(a)(4) exempt / B UW-11(a)(4) exempt / RT1
- 1 Type 1 Type 1
Nozzle Pipe (D) NA | Seamless No RT B UW-11(@)4) exempt/ | o | UW-11(a)(4) exempt/ |
Type 1 Type 1
Nozzle Flange Longitudinal Seam Flange Face Cir':Z;sz:r?n:i:nsgeeam
ASME B16.5/16.47 flange attached to Nozzle (A) N/A Seamless No RT N/A N/A / Gasketed c UW'“(;‘)),(:e) ‘:Xemp” N/A
Flange H NA | SeamlessNoRT | NiA N/A / Gasketed c UW'”%),(:E) ‘:Xemp” N/A
ASME B16.5/16.47 flange attached to Nozzle (C) N/A Seamless No RT N/A N/A | Gasketed C Full UW-11(a) / Type 1| RT1
ASME B16.5/16.47 flange attached to Nozzle (B) N/A Seamless No RT N/A N/A | Gasketed C Full UW-11(a) / Type 1| RT1
ASME B16.5/16.47 flange attached to Nozzle (E1) N/A Seamless No RT N/A N/A | Gasketed C N/A N/A
ASME B16.5/16.47 flange attached to Nozzle (E2) N/A Seamless No RT N/A N/A | Gasketed C N/A N/A
ASME B16.5/16.47 flange attached to Nozzle (F1) N/A Seamless No RT N/A N/A | Gasketed C N/A N/A
ASME B16.5/16.47 flange attached to Nozzle (G) N/A Seamless No RT N/A N/A | Gasketed C N/A N/A
ASME B16.5/16.47 flange attached to Nozzle (K2) N/A Seamless No RT N/A N/A | Gasketed C N/A N/A
ASME B16.5/16.47 flange attached to Nozzle (F2) N/A Seamless No RT N/A N/A | Gasketed C N/A N/A
ASME B16.5/16.47 flange attached to Nozzle (K1) N/A Seamless No RT N/A N/A | Gasketed C N/A N/A
ASME B16.5/16.47 flange attached to Nozzle (L1) N/A Seamless No RT N/A N/A | Gasketed C N/A N/A
ASME B16.5/16.47 flange attached to Nozzle (L2) N/A Seamless No RT N/A N/A | Gasketed C N/A N/A
ASME 816.5/16.47 flange attached to right end of N/A Seamless No RT N/A N/A / Gasketed c UW-11(a)(4) exempt / N/A
Nozzle Pipe (D) Type 1

UG-116(e) Required Marking: RT1




Thickness Summary

Component Data

Comp?rjent Material Diameter | Length | Nominal t | Design t | Total Corrosion | Joint Load
Identifier (mm) (mm) (mm) (mm) (mm) E

Top Head SA-516 60| 1.800ID | 474 24* 13,44 1,6 1,00 | Internal
Straight Flange on Top Head SA-516 60| 1.800 ID 50 24 13,52 1,6 1,00 | Internal
Shell V1 SA-516 60| 1.800 ID | 1.700 21 13,55 1,6 1,00 | Internal
Straight Flange on Bottom Head | SA-516 60| 1.800 ID 50 24 13,56 1,6 1,00 | Internal
Bottom Head SA-516 60| 1.800ID | 474 24* 13,51 1,6 1,00 | Internal
Support Skirt SA-516 60| 1.814ID | 1.070 10 1,9 1,6 0,55 | Wind
*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




Weight Summary

Weight (kg) Contributed by Vessel Elements

Component | Metal | Metal | i on|msulation| o | Piping Operating Liquid Test Liquid Surface2 Area
New* | Corroded Supports +Liquid| New |Corroded| New |Corroded m
Top Head 767,6 7149 0 0 87,9 0 0 0 885,3 885,4 4,37
Shell V1 1.510,4| 1.394 82,1 0 230,3 0 1.161,3| 1.161,4 |4.346,2| 4.346,8 9,29
Bottom Head 778,6 7251 34,6 0 87,9 0 890,9 890,9 880,8 880,8 4,42
Support Skirt 471,3 395,5 113,9 0 110,5 0 0 0 0 0 12,33
Skirt Base Ring | 127,5 127,5 0 0 0 0 0 0 0 0 1,87
TOTAL: 3.655,3| 3.357 230,7 (1] 516,5 0 2.052,2| 2.052,4 |6.112,3| 6.113 32,28

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

Weight (kg) Contributed by Attachments

Body Fl Nozzles &
ody Flanges Flanges** |Packed | Ladders & Tray |Rings & | Vertical | Surface Area

Component 9 . | Trays :

Beds |Platforms Supports | Clips Loads m?2

New | Corroded | New | Corroded

Top Head 0 0 47,3 45 0 1.002,6 0 0 0 1.324* 0,42
Shell V1 0 0 671,9| 666,1 0 76,5 0 0 0 1.312,4* 2,71
Bottom Head | 0 0 12,9 10 0 54,9 0 0 0 0 0,27
Support Skirt | 0 0 40,8 34,2 0 0 0 0 0 53 0
TOTAL: 0 0 772,9| 755,2 0 1.134 0 0 0 2.689,4* 3,39

*** This number includes vertical loads which are not present in all conditions.
* Platforms and ladders are not included in surface area.
** Nozzle weight includes lining.

Vessel Totals

New Corroded
Operating Weight (kg) 10.456 10.140
Empty Weight (kg) 8.404 8.088
Test Weight (kg) 13.245 12.930
Surface Area (m?) 35,68 -
Capacity** (liters) 6.056 6.056

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

Vessel Lift Weight, New (kg)

Vessel Lift Condition

6.591

Center of Gravity from Datum (mm)

665,72




Horizontal shop hydrostatic test based on user defined pressure

Gauge pressure at 7°C

=24,21 bar

Hydrostatic Test

Horizontal shop hydrostatic test

Local test Test liquid Stress Allowable
Identifier pressure static head | duringtest | teststress TS
(bar) (bar) (kgg/cm?) (kgg/cm?) excessives

Top Head 24,39 0,19 839,546 2.140,894 No
Straight Flange on Top Head 24,39 0,19 945,213 2.140,894 No
Shell V1 24,39 0,19 1.078,481 2.140,894 No
Straight Flange on Bottom Head 24,39 0,19 945,213 2.140,894 No
Bottom Head 24,39 0,19 839,546 2.140,894 No
Flange H - Flange Hub 24,31 0,1 122,046 2.402,452 No
Flange H 24,31 0,1 461,908 2.402,452 No
B16.9 Elbow D 24,31 0,1 138,012 2.334,64 No
Nozzle (A) 24,32 0,11 1.558,605 3.211,341 No
Nozzle (B) 24,32 0,12 1.909,161 3.211,341 No
Nozzle (C) 24,36 0,15 1.961,694 3.211,341 No
Nozzle (D) 24,31 0,1 1.467,305 3.211,341 No
Nozzle (E1) 24,23 0,02 1.262,678 3.211,341 No
Nozzle (E2) 24,23 0,02 1.262,678 3.211,341 No
Nozzle (F1) 24,27 0,06 1.264,816 3.211,341 No
Nozzle (F2) 24,39 0,18 1.270,84 3.211,341 No
Nozzle (G) 24,39 0,18 1.406,704 3.211,341 No
Nozzle (H) 24,31 0,1 1.496,122 3.211,341 No
Nozzle (K1) 24,24 0,04 1.263,452 3.211,341 No
Nozzle (K2) 24,24 0,04 1.398,527 3.211,341 No
Nozzle (L1) 24,41 0,21 1.272,268 3.211,341 No
Nozzle (L2) 24,41 0,21 1.272,268 3.211,341 No
Nozzle Pipe (D) 24,3 0,09 122,165 2.334,64 No
(1) P stresses at nozzle openings have been estimated using the method described in Division 2 Part 4.5.
(2) 1,5*0,95*S,, used as the basis for the maximum local primary membrane stress at the nozzle intersection P
(3) The zero degree angular position is assumed to be up, and the test liquid height is assumed to the top-most flange.
(4) UG-99(]): Custom flange assemblies shall be tested with gaskets having identical geometries and gasket factors,
and bolting having identical allowable stress at room temperature as used in the design calculations.

The test temperature of 7 °C is warmer than the minimum recommended temperature of -31 °C so the brittle fracture provision of UG-
99(h) has been met.



Vertical field hydrostatic test based on user defined pressure

Gauge pressure at 7°C

=2421 bar

Vertical field hydrostatic test

Local test Test liquid Stress Allowable
Identifier pressure static head during test test stress LD 5
(bar) (bar) (kgslcm?) (kgflcm?) excessive:
Top Head 24,28 0,08 835,759 2.140,894 No
Straight Flange on Top Head 24,28 0,08 940,948 2.140,894 No
Shell V1 24,45 0,25 1.080,98 2.140,894 No
Straight Flange on Bottom Head 24,46 0,25 947,592 2.140,894 No
Bottom Head 24,5 0,29 843,178 2.140,894 No
Flange H - Flange Hub 24,24 0,03 121,694 2.402,452 No
Flange H 24,24 0,03 460,577 2.402,452 No
B16.9 Elbow D 24,53 0,32 139,263 2.334,64 No
Nozzle (A) 24,23 0,03 1.553,131 3.211,341 No
Nozzle (B) 24,38 0,18 1.913,959 3.211,341 No
Nozzle (C) 24,42 0,22 1.967,107 3.211,341 No
Nozzle (D) 24,52 0,31 1.480,016 3.211,341 No
Nozzle (E1) 24,44 0,24 1.273,831 3.211,341 No
Nozzle (E2) 24,37 0,16 1.269,746 3.211,341 No
Nozzle (F1) 24,37 0,16 1.269,746 3.211,341 No
Nozzle (F2) 24,37 0,16 1.269,746 3.211,341 No
Nozzle (G) 24,44 0,23 1.409,732 3.211,341 No
Nozzle (H) 24,24 0,03 1.491,811 3.211,341 No
Nozzle (K1) 24,44 0,23 1.273,576 3.211,341 No
Nozzle (K2) 24,37 0,16 1.405,493 3.211,341 No
Nozzle (L1) 24,44 0,23 1.273,453 3.211,341 No
Nozzle (L2) 24,37 0,16 1.269,746 3.211,341 No
Nozzle Pipe (D) 24,53 0,32 123,324 2.334,64 No
(1) P stresses at nozzle openings have been estimated using the method described in Division 2 Part 4.5.
(2) 1,50,95*Sy, used as the basis for the maximum local primary membrane stress at the nozzle intersection Py.
(3) UG-99(l): Custom flange assemblies shall be tested with gaskets having identical geometries and gasket factors,
and bolting having identical allowable stress at room temperature as used in the design calculations.

The test temperature of 7 °C is warmer than the minimum recommended temperature of -31 °C so the brittle fracture provision of UG-
99(h) has been met.



Corroded Hydrostatic Test

Vertical field hydrostatic test based on MAWP per UG-99(b)

Gauge pressure at 7°C

=13-MAWP -LSR

=13-159-1

=20,67 bar

Vertical field hydrostatic test

Local test | Test liquid | UG-99(b) | UG-99(b) | dne el
Identifier pressure | static head | stress | pressure | during test | test stress T >
(bar) (bar) ratio factor (kgf/cmz) (kgf/cmz) excessive:
Top Head (1) 20,75 0,08 1 1,30 765,08 2.140,894 No
Straight Flange on Top Head 20,75 0,08 1 1,30 860,624 2.140,894 No
Shell V1 20,92 0,25 1 1,30 1.000,053 2.140,894 No
Straight Flange on Bottom Head 20,92 0,25 1 1,30 867,736 2.140,894 No
Bottom Head 20,96 0,29 1 1,30 773,028 2.140,894 No
Flange H - Flange Hub 20,7 0,03 1 1,30 103,942 2.402,452 No
Flange H 20,7 0,03 1 1,30 390,601 2.402,452 No
B16.9 Elbow D 20,99 0,32 1 1,30 188,065 2.334,64 No
Nozzle (A) 20,7 0,03 1 1,30 1.472,043 3.211,341 No
Nozzle (B) 20,85 0,18 1 1,30 1.797,341 3.211,341 No
Nozzle (C) 20,89 0,22 1 1,30 1.745,838 3.211,341 No
Nozzle (D) 20,98 0,31 1 1,30 1.410,038 3.211,341 No
Nozzle (E1) 20,91 0,24 1 1,30 1.221,594 3.211,341 No
Nozzle (E2) 20,83 0,16 1 1,30 1.217,014 3.211,341 No
Nozzle (F1) 20,83 0,16 1 1,30 1.217,014 3.211,341 No
Nozzle (F2) 20,83 0,16 1 1,30 1.217,014 3.211,341 No
Nozzle (G) 20,9 0,23 1 1,30 1.356,499 3.211,341 No
Nozzle (H) 20,7 0,03 1 1,30 1.418,554 3.211,341 No
Nozzle (K1) 20,9 0,23 1 1,30 1.221,308 3.211,341 No
Nozzle (K2) 20,83 0,16 1 1,30 1.351,73 3.211,341 No
Nozzle (L1) 20,9 0,23 1 1,30 1.221,17 3.211,341 No
Nozzle (L2) 20,83 0,16 1 1,30 1.217,014 3.211,341 No
Nozzle Pipe (D) 20,99 0,32 1 1,30 153,038 2.334,64 No

(1) Top Head limits the UG-99(b) stress ratio.
(2) P stresses at nozzle openings have been estimated using the method described in Division 2 Part 4.5.

(3) 1,50,95*Sy used as the basis for the maximum local primary membrane stress at the nozzle intersection Py.

(4) UG-99(l): Custom flange assemblies shall be tested with gaskets having identical geometries and gasket factors,
and bolting having identical allowable stress at room temperature as used in the design calculations.




Vacuum Summary

Largest Unsupported Length Le

i Elevation Length Le
Component Line of Support above Datum (mm)
(mm)
Top Head - 2.274 N/A
- 1/3 depth of Top Head 1.950 N/A
Straight Flange on Top Head Top - 1.800 2.100
Straight Flange on Top Head Bottom - 1.750 2.100
Shell V1 Top - 1.750 2.100
Shell V1 Bottom - 50 2.100
Straight Flange on Bottom Head Top - 50 2.100
Straight Flange on Bottom Head Bottom - 0 2.100
- 1/3 depth of Bottom Head -150 N/A
Bottom Head - -474 N/A




Foundation Load Summary

Skirt Base Ring: Total Loading at Base

Load Vessel Condition Base Shear | Base Moment | Vertical Force
(kgg) (kggm) (kgs)

Weight Only (D) Operating, Corroded 0 593 10.155,2
Weight Only (D) Operating, New 0 596,1 10.472,3
Weight Only (D) Empty, Corroded 0 593 8.102,8
Weight Only (D) Empty, New 0 596,1 8.420,1
Weight Only (D) Field Hydrotest, Corroded 0 593 12.941,8
Weight Only (D) Field Hydrotest, New 0 596,1 13.258,5
Wind Only (W) Operating, Corroded 652,9 1.779 0
Wind Only (W) Operating, New 652,9 1.779 0
Wind Only (W) Empty, Corroded 652,9 1.779 0
Wind Only (W) Empty, New 652,9 1.779 0
Wind Only (W) External Pressure, Corroded 652,9 1.779 0
Seismic Only (E) Operating, Corroded 599,2 1.534,6 0
Seismic Only (E) Operating, New 617,9 1.573,2 0
Seismic Only (E) Empty, Corroded 478,1 1.300,3 0
Seismic Only (E) Empty, New 496,8 1.340 0
Seismic Only (E) External Pressure, Corroded 599,2 1.534,6 0
25% Wind Only ( 0,25 * W) Field Hydrotest, New 163,2 4447 0
25% Wind Only ( 0,25 * W) | Field Hydrotest, Corroded 163,2 4447 0

All values reported are service loads for Allowable Stress Design (ASD).

Support Information

Support Type Skirt Base Ring
Base Ring Inner Diameter 1.754 mm
Base Ring Outer Diameter 2.014 mm
Base Ring Thickness 20 mm
Number of Anchor Bolts 4
Bolt Circle Diameter 1.934 mm
Bolt Size and Type M24 x 3
Bolt Hole Clearance 12 mm
Center of Gravity (Distance from Support Base) | 1.835,72 mm




Liquid Level bounded by Bottom Head

ASME Section VIl Division 1, 2021 Edition Metric

Location from Datum (mm) 505

Operating Liquid Specific Gravity 0,999




Top Head

ASME Section VIl Division 1, 2021 Edition Metric

Component Ellipsoidal Head
Material SA-516 60 (II-D Metric p. 16, In. 3)
Attached To Shell V1
mpect [Normaiizea| "R Sran | pwnr [Meximize WoMT
Yes (-46°C) Yes Yes Yes No
Design Design Design
Pressure (bar) | Temperature (°C) MDMT (°C)
Internal 15,5 121 15
External 1 23
Condition Ps (bar) Hs (mm) SG
Test horizontal 0,19 1.923,2 1
Test vertical 0,07 750 1

Inner Diameter 1.800 mm

Head Ratio 2

Minimum Thickness 24 mm

) Inner 0 mm

Corrosion

Outer 1,6 mm

Length Lg¢ 50 mm

Nominal Thickness tg¢ 24 mm

Weight and Capacity

Category A joints

Weight (kg)' Capacity (liters)’
New 767,58 879,66
Corroded 714,87 879,66
Thickness (mm) | Density (kg/m3) Weight (kg)
Lining 3 8.000 87,87

Radiography
Full UW-11(a) Type 1

Head to shell seam

Full UW-11(a) Type 1

"includes straight flange

Governing condition

Results Summary

internal pressure

Minimum thickness per UG-16

1,5mm + 1,6 mm = 3,1 mm

Design thickness due to internal pressure (t) |13.44 mm
Design thickness due to external pressure (tg) |6,19 mm

Maximum allowable working pressure (MAWP)

29,3 bar

Maximum allowable pressure (MAP)

31.38 bar

Maximum allowable external pressure (MAEP)

13.66 bar

Rated MDMT

-73,6°C




UCS-66 Material Toughness Requirements

Material impact test temperature per UG-84 = -46°C

. 15,9-1.800 - 214
" 2.1180-1-02-159 14 m

t, B 12141

St tio = =— = 0,5421
ress ratio tn e o 71,6 l}

UCS-66(i) reduction in MDMT, TR from Fig UCS-66.1M = 27,6°C

MDMT = max [T} —Tg, —105] = max [—46 — 27,6, — 105] = |-73,6°C

Design MDMT of -15°C is acceptable.

Design thickness for internal pressure, (Corroded at 121 °C) UG-32(c)(1)

P-D 15,5-1.800
+ Corrosion = +16 =13.44 mm

L M
2.5.E—02-P 2-1180-1-02-155

Maximum allowable working pressure, (Corroded at 121 °C) UG-32(c)(1)

_2S Bt LR o oon
D +02-t 1.800+0,2 - 22,4 ==

Maximum allowable pressure, (New at 7 °C) UG-32(c)(1)

2.5.E -t 2.1.180-1-24
_25 bt p _2L80L A 448
D102t 1.800+0.2 - 24 ar

Design thickness for external pressure, (Corroded at 23 °C) UG-33(d)

Equivalent outside spherical radius
R, =K, -D,=08772-1.848 = 1.621,09 mm

0,125 0,125

A= = = 0,000354
R,/ t 1.621,09 / 4,59
From Table CS-2 Metric: B = 360,063 kgf/cm2
B 353,1012
= = 2 =1 bar
R, /| t 1.621,09 / 4,59
t = 4,59 mm+Corrosion = 4,59 mm + 1,6 mm = 6,19 mm

The head external pressure design thickness (tg) is 6.19 mm.

Maximum Allowable External Pressure, (Corroded at 23 °C) UG-33(d)

Equivalent outside spherical radius
R, =K, -D,=08772-1.848 = 1.621,09 mm

0,125 0,125
= - =0,001727
R, / t 162109 / 224
From Table CS-2 Metric: B = 1.007,9818 kgf/cm2
B 88,4924
P, = = 13,6587 bar

R, / t 162100 / 224

The maximum allowable external pressure (MAEP) is 13.66 bar.



% Extreme fiber elongation - UCS-79(d)

75t R; 7524 318
EFE=— ). (11— )= =—/Z).(1- = 5,6604 %
(Rf) ( RD> ( 318 ) ( inﬁm'ty) ’




Straight Flange on Top Head

ASME Section VI Division 1, 2021 Edition Metric

Component Cylinder
Material SA-516 60 (II-D Metric p. 16, In. 3)
mpact | Normazea | FineSrain | pwnr  [Maximize MOWT
Yes (-46°C) Yes Yes Yes No
Design Design Design
Pressure (bar) | Temperature (°C) MDMT (°C)
Internal 15,5 121 15
External 1 23
Condition Ps (bar) Hs (mm) SG
Test horizontal 0,19 1.923,2 1
Test vertical 0,08 800 1
. Dmensos |
Inner Diameter 1.800 mm
Length 50 mm
Nominal Thickness 24 mm
Corrosion Inner 0 mm
Outer 1,6 mm
Weight (kg) Capacity (liters)
New 53,86 126,39
Corroded 50,23 126,39

Thickness (mm)| Density (kg/m?3) Weight (kg)

Lining 3 8.000 0
Radiography
Longitudinal seam Full UW-11(a) Type 1
Bottom Circumferential seam Full UW-11(a) Type 1

Results Summary

Governing condition Internal pressure

Minimum thickness per UG-16 1,5mm+ 1,6 mm=3,1mm
Design thickness due to internal pressure (t) 13,52 mm

Design thickness due to external pressure (tg) 7.79 mm

Design thickness due to combined loadings + corrosion |6.48 mm

Maximum allowable working pressure (MAWP) 28,94 bar
Maximum allowable pressure (MAP) 30,97 bar
Maximum allowable external pressure (MAEP) 15,58 bar

Rated MDMT -73,3°C




UCS-66 Material Toughness Requirements

Material impact test temperature per UG-84 = -46°C

by = 0 90 = 12,23

TT1180-1-06-159 43 M
t.-E*  1223-1

Stress ratio = =— = 0,5458
th—c  24—16

Stress ratio longitudinal — —o0o0 L _ 0,2218

ress ratlo longitudinal = 1203,265 1 = y
UCS-66(i) reduction in MDMT, Tg from Fig UCS-66.1M = 27,3°C
MDMT = max [Timpet —Tr,—105] = max [—46 — 27,3, —105] = |-73,3°C
Design MDMT of -15°C is acceptable.

Design thickness, (at 121 °C) UG-27(c)(1)

. 15,5 - 900
PR + Corrosion = +16 =13.52 mm

P —
S-E—060-P 1.180 - 1,00 — 0,60 - 15,5

Maximum allowable working pressure, (at 121 °C) UG-27(c)(1)

-E -t 1.180-1,00 - 22,4
:S—fps:wfozzsgmbar
R +060 -1 900 10,60 - 224 822

Maximum allowable pressure, (at 7 °C) UG-27(c)(1)

p_ S-E-t  1180-1,00-24
T R+060-t 900+ 0,60 - 24

External Pressure, (Corroded & at 23 °C) UG-28(c)

L 2.1
_ 24000 a6
D, 1.848
Do _ 188 087407
t 6,19
From table G: A =0,000224

From table CS-2 Metric: B = 2284802 kg/cm 2(224,06 bar)

4-B 4-224,06

3 D0 3 (sse) L

a

Design thickness for external pressure P, = 1 bar
t, =t + Corrosion = 6,19 +1,6 =7.79 mm
Maximum Allowable External Pressure, (Corroded & at 23 °C) UG-28(c)

L 2100
D, 1848

=1,1364

D, 1848
=0 = 0 825007
t 224 '



From table G: A =0,001581

From table CS-2 Metric: B = 983,2359 kg/cm *(964,2233 bar)

4B 4-94,2
T 3-(D,/t)  3-(1.848/224)

a

% Extreme fiber elongation - UCS-79(d)

50 -t Ry 50 - 24 912
EFE=—) - (1-—)=(=——]) - [1- =131
(&) (%) - () (- aiy) —1ms%

The extreme fiber elongation does not exceed 5%.

Thickness Required Due to Pressure + External Loads

Allowable Stress Before UG-23
Condition Stress Increase ( kglcmz) Tempfrature Corrosion Load Pressure | Req'd '!'hk Dueto| Req'd Thlf Due to
(°C) C (mm) P ( bar) Tension (mm) Compression (mm)
St Se
Wind 71.3 4,88 4,87
Operating, Hot & Corroded 1.203,3 1.143.,5 121 1,6
Seismic| 71,31 4,88 4,87
Wind 76,45 4.88 4,87
Operating, Hot & New 1.203,3 1.153.1 121 0
Seismic| 76,45 4.88 4,87
Wind 0 0.04 0.05
Hot Shut Down, Corroded 1.203,3 1.143.5 121 1,6
Seismic 0 0.04 0.05
Wind 0 0.04 0.05
Hot Shut Down, New 1.203,3 1.153.1 121 0
Seismic 0 0.04 0.05
Wind 0 0.04 0.05
Empty, Corroded 1.203,3 1.143.5 20 1,6
Seismic 0 0.04 0.05
Wind 0 0.04 0.05
Empty, New 1.203,3 1.153.1 20 0
Seismic 0 0.04 0.05
Wind 67.51 0.37 0.38
Vacuum 1.203,3 1.143.5 23 1,6
Seismic| 67,52 0.37 0.38
Hot Shut Down, Corroded, Weight & Wind 0 0.05 0.05
X 1.203,3 1.143.,5 121 1,6
Eccentric Moments Only Seismic 0 0 0

Allowable Compressive Stress, Hot and Corroded- S¢jc, (table CS-2 Metric)

A= % = ﬁ = 0,0()3()30
R,/t  924/224
B =11435 kg/cm >
1.203,3 )
S ="""" —12033 kg/cm
1,00 ke/

Sepc = min (B,S) = 1.143,5 kg/cm?

Allowable Compressive Stress, Hot and New- Sy, (table CS-2 Metric)

L0125 012
R/t 924/

= 0,003247

B =1.153,1 kg/cm ?



1.203,3
=" —12033 kg/cm ?

t

Sqy = min (B,S) = 1.153,1 kg/cm?

Allowable Compressive Stress, Cold and New- Sccy, (table CS-2 Metric)

0125 0125

A=22
R,/t 924/

= 0,003247

B =1.153,1 kg/cm ®

1.2
g 12033

=1.203,3 kg/cm >
1,00 ¢/

Sey = min (B,S) = 1.153.1 ka/cm?

Allowable Compressive Stress, Cold and Corroded- S.cc, (table CS-2 Metric)

0,125 0,125
= =—"="_ —0,003030

A =
R,/t  924/224

B =1.1435 kg/cm ?

12033

=1.203,3 kg/cm *

)

S = min (B,S) = 1.143,5 kg/cm?

Allowable Compressive Stress, Vacuum and Corroded- Sy, (table CS-2 Metric)

12 12
- ﬁ - & = 0,003030
R,/t 924/22.4
B =1.1435 kg/cm ®

1.203,3
g ==

=1.203,3 kg/cm *
1,00 ¢/

Syc = min (B,S) = 1.143.5 kg/cm?2

Operating, Hot & Corroded, Wind, Bottom Seam




oo P-R o
P = 2.8, K, E, +040-|P| (Pressure)

15,5 - 900
2-1.180 - 1,20 - 1,00 + 0,40 - [155|

= 4,92 mm

M
tm = - MetricFactor i
m T RL.S K. B (bending)

2
= 06 - 98066.5

911,22 -1.180 - 1,20 - 1,00

= 0,01 mm

w
ty = s R 5 K. - MetricFactor (Weight)

B 3.305,7 05,0665
T 2.7.9112-1180-120-100

= 0,04 mm
tt =ttt —ty (total required, tensile)
= 4,9240,01 — (0,04)

= 4,88 mm

te = [tme +tue —tul (total, net tensile)

0,01 + (0,04) — (4,92)]

4,87 mm

Maximum allowable working pressure, Longitudinal Stress

2.8, K, B, (t —tp +ty)
R —040 - (t —tm +ty)

2-1.180 - 1,20 - 1,00 - (22,4 — 0,01 + (0,04))
900 — 0,40 - (22,4 — 0,01 + (0,04))

71.3 bar

Operating, Hot & New, Wind, Bottom Seam



oo P-R o
P = 2.8, K, E, +040-|P| (Pressure)

15,5 - 900
2-1.180 - 1,20 - 1,00 + 0,40 - [155|

= 4,92 mm

M
t = - MetricFactor bendin
m TI"Rgn'St'Ks'Ec ( g)

206,4
= - 98066.5
79122 .1.180 - 1,20 - 1,00

= 0,01 mm

w . .
ty = s R 5 KB - MetricFactor  (Weight)

B 3.360,8 080665
T 2.7.912-1.180- 1,20 - 1,00 '

= 0,04 mm
tt = t, +tn —ty (total required, tensile)
= 4924001 — (0,04)

= 4,88 mm

te = [tme +tue —tycl (total, net tensile)

0,01 + (0,04) — (4,92)]

4.87 mm

Maximum allowable working pressure, Longitudinal Stress

2.8, K, E,-(t —tp +ty)
R —040 - (t —tn +tu)

21180 - 1,20 - 1,00 - (24 — 0,01 + (0,04))
900 — 0,40 - (24 — 0,01 + (0,04))

76,45 bar

Hot Shut Down, Corroded, Wind, Bottom Seam




tp = 0mm (Pressure)

M
ty = ————— - MetricFactor (bending)

7-R2.-S,- K,

= 206 - 98066.5

m-911,2 2 1.121,37 - 1,20

= 0,01 mm

w
tw = Tr R S K - MetricFactor (Weight)

3.305,7
= - 98.0665
279112 1.121,37 - 1,20

= 0,04 mm
= [ty +tm —tul (total, net compressive)
= 0+001 — (0,04)]

= 0,04 mm

te = tme Ttue —tw (total required, compressive)

0,01+(0,04) — (0)

0.05 mm

Hot Shut Down, New, Wind, Bottom Seam

tp, = 0mm (Pressure)
tm = M MetricFact i
m = m etrickactor (bending)
206,4
= - 98066.5
79122 -1.130,85 - 1,20
= 0,01 mm
t w MetricFacto (Weight)
= " Ti r i
YT 3 xR, 5. K, g
= 3.360,8 98.0665
T 2.7-912-113085-120
= 0,04 mm
tt = [t +tn —tul (total, net compressive)
= |0+001 — (0,04)]
= 0,04 mm
te = tme Ftue —tw (total required, compressive)

0,01+(0,04) — (0)

0.05 mm

Empty, Corroded, Wind, Bottom Seam



tp = 0mm (Pressure)

M
ty, = ——————— - MetricFactor (bending)

7-R%L- S, - K,

= 206 - 98066.5

m-911,2 2.1.121,37 - 1,20

0,01 mm

w
ty = m - MetricFactor (Weight)

3.305,7
= - 98.0665
2.m-9112-1.121,37 - 1,20

0,04 mm
t

[tp +tm —twl (total, net compressive)

00,01 — (0,04)|

0.04 mm

te = tme Ttue —tw (total required, compressive)

0,01+(0,04) — (0)

0.05 mm

Empty, New, Wind, Bottom Seam

tp, = 0mm (Pressure)
t M MetricFact bendi
= ———— - Metric or ndin
™7 %.RL-S.-K, (bending)
206,4
= 5 - 98066.5
m-912° .1.130,85 - 1,20
= 0,01 mm
t w MetricFacto (Weight)
= " Ti r i
YT 3 xR, 8. K, g
= 3.360,8 98.0665
T 2.7.912-113085-120
= 0,04 mm
tt = [t +tn —tul (total, net compressive)
= |0+001 — (0,04)]
= 0,04 mm
te = tme Ftue —tw (total required, compressive)

0,01+(0,04) — (0)

0.05 mm

Vacuum, Wind, Bottom Seam




t P-R o
= ressure
P~ 2.8,.K,+040-|P| ( )

~1-900
2. 1.121,37 - 1,20 + 0,40 - [1]

= -0,33 mm

M
tm = ——— - MetricFactor i
m xRS K (bending)

2
= 06 - 98066.5

79112 %-1.121,37 - 1,20

= 0,01 mm

w
tyw = ——————— - MetricFact Weight
w 57 R.. 5. K etricFactor (Weight)

= 3.305,7 - 98.0665
2.m-911,2-1.121,37 - 1,20

= 0,04 mm
tt = |t, +tm —tu (total, net compressive)
= [—033+001 — (0,04)]

= 0,37 mm

te = tme Ttue —tw (total required, compressive)
= 0,01+(0,04) — ( —0,33)

= 0,38 mm

Maximum Allowable External Pressure, Longitudinal Stress

o 28, Ky (t —tme —t
T R —040-(t —tm —t

ue)

wc)

2-1.121,37 1,20 - (22,4 — 0,01 — 0,04)
900 — 0,40 - (22,4 — 0,01 — 0,04)

67.51 bar

Hot Shut Down, Corroded, Weight & Eccentric Moments Only, Bottom Seam



tp = 0mm (Pressure)

M
ty, = ——— - MetricFactor i
m T RL.S. K. (bending)

= 2 - 98066.5

m-911,2 2. 1.121,37 - 1,00

0 mm

w
ty = m - MetricFactor (Weight)

_ 3.305,7 98.0665
T 2.7-911,2-1.121,37 - 1,00 '

0,05 mm
t

[tp +tm —twl (total, net compressive)

100 — (0,05)|

0.05 mm

te = tme Ttue —tw (total required, compressive)

0+ (0,05) — (0)

0.05 mm

Operating, Hot & Corroded, Seismic, Bottom Seam

ty = PR P
P = 975, K, E. 1040 |P| (Pressure)

15,5 - 900
2-1.180 - 1,20 - 1,00 + 0,40 - |15,5|

4,92 mm

M
t, = - MetricFactor bendi
m = Y R..S,-K, E. (bending)

1
= %0 - 98066.5

m-911,2 2. 1.180 - 1,20 - 1,00

0 mm

w . .
ty = ST R S KB MetricFactor ~ (Weight)

_ 3.305,7 08,0665
T 2.7-911,2-1.180 - 1,20 - 1,00 ‘

0,04 mm

tt = tp +tn —ty (total required, tensile)

4,9240 — (0,04)
= 4,88 mm

to = [tme +twe —tpl (total, net tensile)

= |0+ (0,04) — (4,92)]

= 4,87 mm

Maximum allowable working pressure, Longitudinal Stress



2.8, K, B, (t —tp +ty)
R —040 - (t —tp +t)

21180 - 1,20 - 1,00 - (224 — 0 + (0,04))
900 — 0,40 - (22,4 — 0 + (0,04))

= 71.31 bar

Operating, Hot & New, Seismic, Bottom Seam

t PR P
= ressure
P~ 2.8,-K, - E +040-|P| ( )

15,5 - 900
21180 - 1,20 - 1,00 + 0,40 - [15,5|

4,92 mm

M
t., = - MetricFactor bendin
m Tr-R?n'St'Ks'Ec ( g)

152
= 52,9 - 98066.5

79122 .1.180 - 1,20 - 1,00

0 mm

w
ty = - MetricFacto: Weight
Y = Y s R, S K. E, rickactor - (Weight)

= 3.360,8 - 98.0665

2-m-912-1.180 - 1,20 - 1,00

0,04 mm

—
~
I}

ty +tn —ty (total required, tensile)

492+0 — (0,04)

4,88 mm

[tme +twe — tpel (total, net tensile)

tc

[0+ (0,04) — (4,92)|

4.87 mm

Maximum allowable working pressure, Longitudinal Stress

2:8, K, E.-(t —tm +ty)
R —040 - (t —tp +t)

21180 - 1,20 - 1,00 - (24 — 0 + (0,04))
900 — 0,40 - (24 — 0 + (0,04))

76,45 bar

Hot Shut Down, Corroded, Seismic, Bottom Seam




tp = 0mm (Pressure)

M
ty, = ——— - MetricFactor i
m ~ RL.S. K. (bending)

= 150 - 98066.5

m-911,2 2.1.121,37 - 1,20

0 mm

w
ty = m - MetricFactor (Weight)

3.305,7
= - 98.0665
2.m-911,2-1.121,37 - 1,20

0,04 mm
t

[tp +tm —twl (total, net compressive)

[0+0—(0,04)]

0.04 mm

te = tme Ttue —tw (total required, compressive)

0+ (0,04) — (0)

0.05 mm

Hot Shut Down, New, Seismic, Bottom Seam

tp, = 0mm (Pressure)
¢ M . i
m = m - MetricFactor (bending)
152,9
= 5 - 98066.5
79122 . 1.130,85 - 1,20
= 0mm
t W MetricFactor ~ (Weight)
= - etric. or I
Y= 27 R, S K, 9
_ 3.360,8 08.0665
T 2.7.912-113085-120
= 0,04 mm
tt = [t +tn —tul (total, net compressive)
= 0+0—(0,04)]
= 0,04 mm
to = tme ttwe —tn (total required, compressive)

0+ (0,04) — (0)

0,05 mm

Empty, Corroded, Seismic, Bottom Seam




tp = 0mm (Pressure)

M
ty, = ——— - MetricFactor i
m T RZS. K. (bending)

134,8
= - 98066.5
79112 2.1.121,37 - 1,20

0 mm

ty = ——— - MetricFactor Weight
Y 2.7R,-S.-K, (Weight)

- 3.305,7 - 98.0665
279112 112137 - 120

0,04 mm

t¢ [ty +tm —twl (total, net compressive)

[0+0—(0,04)]

0.04 mm

te = tme tlwe —tn (total required, compressive)

0+ (0,04) — (0)

0,05 mm

Empty, New, Seismic, Bottom Seam

tp, = 0mm (Pressure)
t M MetricFact: bendi
= —" €elric. or endin
m m-R%-8, - K, ( 9)
138,1
= - 98066.5
w9122 .1.130,85 - 1,20
= 0mm
t W MetricFactor Weight
= 1 T
w 2-7-R,-S, K, (Weight)
= 3.360,8 98.0665
T 2.7-912-113085-120
= 0,04 mm
tt = [t +tn —tul (total, net compressive)
= [0+0—(0,04)]
= 0,04 mm
te = tme Ftue —tw (total required, compressive)

0+ (0,04) — (0)

0.05 mm

Vacuum, Seismic, Bottom Seam




ty =

P-R

2.5, K, +040-|P| (Pressure)
—1-900
2-1.121,37-1,20 + 040 - [1
-0,33 mm
ﬁ - MetricFactor (bending)
150

- 98066.5

79112 2.1.121,37 - 1,20
0 mm

w

m - MetricFactor (Welght)

3.305,7
279112 -1.121,37 - 1,20

- 98.0665
0,04 mm
[ty +tm —twl (total, net compressive)

| 0,33 +0— (0,04)|

0.37 mm

tme +tuwe — o (total required, compressive)
0+ (0,04) — (—0,33)

0.38 mm

Maximum Allowable External Pressure, Longitudinal Stress

28, Ky (t —tme
R —040 - (t —tpe

we)

-t

- twc)

2-1.121,37-1,20 - (224 — 0 — 0,04)
900 — 0,40 - (22,4 — 0 — 0,04)

67.52 bar



Nozzle (A)
ASME Section VIl Division 1, 2021 Edition Metric

s e
N
| 1 1
| T
[ TA—M’F

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

Located on Top Head

Orientation 0°

End of nozzle to datum line 2.500 mm

Calculated as hillside No

Distance to head center, R 0 mm

Passes through a Category A joint No
. Nome |
Description NPS 10 Sch 80 DN 250

Access opening No

Material specification SA-333 6 WId & smis pipe (II-D Metric p. 16, In. 19) (normalized)
Inside diameter, new 242,87 mm

Pipe minimum wall thickness 15,09 mm

Corrosion inner 0 mm

Corrosion outer 1,6 mm

Projection available outside vessel, Lpr 129,6 mm

Projection available outside vessel to flange face, Lf|231,2 mm

Local vessel minimum thickness 24 mm
Liquid static head included 0 bar

Inner fillet, Legy 11 mm
Nozzle to vessel groove weld 24 mm

Radiography
Longitudinal seam Seamless No RT

Circumferential seam Full UW-11(a) Type 1




ASME B16.5-2017 Flange

Description NPS 10 Class 150 WN A350 LF2 CI.1 N
Bolt Material SA-320 L7 Bolt <= 65 (lI-D Metric p. 410, In. 33)
Blind included No

Rated MDMT -56,6°C

Liquid static head 0 bar

Consider External Loads on Flange MAWP Rating Yes

MAWP reduction due to external loads 20,02 bar

MAWP rating 16,9 bar @ 121°C

MAP rating 19,6 bar @ 7°C

Hydrotest rating 30 bar@ 7°C

PWHT performed Yes

Produced to Fine Grain Practice and Yes

Supplied in Heat Treated Condition

Impact Tested No

Circumferential joint radiography Full UW-11(a) Type 1

Bore diameter, B (specified by purchaser) 242,87 mm

MAWP Reduction Due to External Loads

6-M  16-1.0683 1000
Py = 3 3
TG - 303,76

/1,02 -100 = 19,04 bar

—-4-W —4. —T724
P, = — = o /1,02 - 100 = 0,98 bar
7w G m - 303,76

M AW Pregution = max [Py, + P,.0] = max [19,04 +0,98,0] = 20,02 bar

Table UG-44-1 Moment Factor, Fj; = 1,2

MAWP = min [MAWP MAWP - (1+ Fy) — M AW Prguion | — Py

16,9 bar
= min [16,9,16,9 - (1 +1,2) —20,02] — 0 =

Type ASME B16.20 Spiral-Wound
Description Spiral-wound Carbon windings with filler
Factor, m 2,5

Seating Stress, y 703,07 kgf/cm2

Thickness, T 4.5 mm

Inner Diameter 287,3 mm

Outer Diameter 317,5 mm

|

1) Flange is impact tested per material specification to -46°C.
UCS-66(i) reduction of 10,6°C applied (ratio = 0,8112).
Bolts rated MDMT per Fig UCS-66 note (c) =-104°C

(2) UG-44(b): The actual assembly bolt load (see Nonmandatory Appendix S) shall comply with ASME PCC-1, Nonmandatory
Appendix O.

(3) UG-44(b): The bolt material shall have an allowable stress equal to or greater than SA-193 B8 Cl. 2 at the specified bolt size and
temperature.




UCS-66 Material Toughness Requirements Nozzle
Impact test temperature per material specification = -45°C

External nozzle loadings per UG-22 govern the coincident ratio used.

*

. t-ET 2921
Stress ratio = o 15,0016 = 0,2165
Stress ratio < 0,35, MDMT per UCS-66(b)(3) = -105°C
MDMT = min [Timpas — Tyes se(g) » — 105] = min [—45 — 3, —105] = |-105°C

Material is exempt from impact testing at the Design MDMT of -15°C.




Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (cmz)

For P = 16,78 bar @ 121 °C
The opening is adequately reinforced

UG-45 Summary (mm)

The nozzle passes UG-45

A

A A .
required |available Ar A2 As|As welds treq fmin
28.0135]35.070326.3903|7.9206 | — | — | 0.7594 9.71 15,09

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

Weld description

Required weld Actual weld
throat size (mm) | throat size (mm)

Status

Nozzle to shell fillet (Legyy) 6,1 weld size is adequate
“ 6 (corroded) q
WRC 537
Max | Allow L"f,i’a(. t:z::
P M V. M V. M
Load Case P r U 2 2 i t ;:::: :t::‘sbs Primary | Primary Over
(bar) | (kgg) | (kgg-m) | (kgy) | (kgg-m) | (kgy) | (kgs-m) 2 | Stress Stress |Stressed
ki ki
(kggfom?) | (kadem? o | eqiemd)
Load case 1 16,78 |-724| 1.305 |1.023,9 0 0 | 922,8 [2.183,594|3.609,796 | 1.428,778 | 1.804,898 No
Load case 1 (Hot Shut Down) 0 |-724| 1.305 |1.023,9 0 0 | 922,8 | 990,625 |3.609,796| 235,81 |1.804,898 No
Load case 1 (Pr Reversed) 16,78 724 | 1.305 |1.023,9 0 0 | 922,8 [2.089,1013.609,796 | 1.384,906 | 1.804,898 No
Load case 1 (Pr Reversed) (Hot Shut Down)| 0 724 1.305 [1.023,9 0 0 | 922,8 | -990,625 |3.609,796| -235,81 |1.804,898 No

Calculations for internal pressure 16,78 bar @ 121 °C

Parallel Limit of reinforcement per UG-40

LR

242,87 mm

max [d7 R, +(tn _Cn) +(t _C)]

Outer Normal Limit of reinforcement per UG-40

Ly

33,72 mm

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

P-R,
S, -E—-06-P

trn

16,7791-121,44
1180 -1 — 0,6 - 16,7791

1,74 mm

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

min [25 - (t —C), 25 (t, —Cp) +t.]

max 242,87, 121,44 + (15,09 — 1,6) + (24 — 1,6)]

min [25 - (24 — 16), 25 - (15,09 — 1,6) + 0]




P.-K,-D
2.S-E—02-P

16,7791 - 0,9 - 1.800
2-1.180 -1 —02 - 16,7791

11,53 mm

Area required per UG-37(c)

Allowable stresses: S, = 1.203,265, S, = 1.203,265 kgf/cm2

fr1 = lesser of 1 or % =1

v

Sn
fro = lesser of 1 or 5 =1

v

A = dt, F+42-t,-t,-F-(1—f)

(242,87 11,53 - 1+2-1509 - 11,53 - 1 - (1 — 1)) /100

= 28,0135 cm?

Area available from FIG. UG-37.1

A4 = larger of the following= 26,3903 cm?
= d-(Ey-t—F-t,)—2-t, - (By-t—F-t,) -(1—fn)
= (242,87 - (1-224 —1-11,53) —2-15,09 - (1- 224 —1-11,53) - (1 — 1)) /100
= 26,3903 cm’
= 2-(t+t,) - (By -t —F-t,)—2-t, - (B -t —F -t,)-(1—f1)
= (2- (224 +1349) - (1-224 —1-11,53) —2-15,09 - (1- 224 —1-11,53) - (1 —1))/100

= 7,7987 cm’

Ao = smaller of the following= 7,9206 cm?

= 5'(tn7t7‘n)'fr2't
= (5-(1349 —1,74) -1-224)/100

= 13,1542 cm?

= 5'(tn_trn)'fr2'tn
= (5- (1349 —1,74) - 1-13,49)/100

= 79206 cm’

A4t = Leg’-fo
= (8,71%-1)/100

= 0.7594 cm?




Area Ay +Ay+Apn

26,3903+7,9206 + 0,7594

= 350703 cm?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: ¢, = min [19mm, t,, t] = 13,49 mm
tc(min) = min [6 mm, 017'tmin] = § mm

tdasuay =07 -Leg =07-871 =61 mm

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

= ————— + Corrosion

fave-2r S, E—06-P

16,7791-121,44
= +16
1180 - 1 — 0,6 - 16,7791

= 3,34 mm

taug-22 = 4,57 mm

to = max [twg-27, tauc-22]
= max [3734, 4,57]
= 4,57 mm
P.-K,-D

fot = 25 m oz p | oomesn

16,7791 - 0,9 - 1.800
= +16
2-1180-1—02 - 16,7791

= 13,13 mm

tn = max [ty, tweis]
= max [13,13, 3,1]

= 13,13 mm

ty = min [tig, ty ]
= min[971, 13,13]

= 9,71 mm

tuc-5 max [t,, tp]
= max [4,57, 9,71]
= 9.71 mm

Available nozzle wall thickness new, t, = 15,09 mm

The nozzle neck thickness is adequate.



WRC 537 Load case 1

Applied Loads

Radial load, P, -724 kg

Circumferential moment, M4 | 1.305 kgi-m

Circumferential shear, V, 1.023,9 kg

Longitudinal moment, My 0 kgg-m

Longitudinal shear, V4 0 kgs
Torsion moment, M 922,8 kgs-m
Internal pressure, P 16,78 bar
Mean dish radius, R, 1.639,3 mm
Local head thickness, T 22,4 mm
Design factor 3

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

. 12818
y=1m — 90,5038

t 1349

T 24
p=— =2 16608

t 1349

134,92

J— 349 — 0,704

VBRn, T B /1.639,3-22,4

WRC 537 Nondimensional Coefficients

atc-Ute-Ut+g-U®+i-U*
T1+b-U+d-U+f-US+h-UL+;-U

y=5 SP-2 SM-2

p=1] My My Ny Ny My My Ny Ny
a | 06211 | 0,3627 4,244 0,147 | 11,647 | 3,0505 | 2,3258 [-0,0608
b |21,6273| 44,9628 | 2.909,7533 |-1,6443| 44,8126 | 18,7157 | 7,2896 |-4,1861
c |29619 | 3,7254 | 670,6484 |0,1238 | -215,542 | -13,8221 | -10,6212 | 0,3339
d |29,2309| 98,0346 | 7.883,0399 | 29,843 | -990,6785 | -19,0976 | 46,1723 |9,0989
e |21842 | -0,2704 |-1.025,2729| 5,3816 | 1.206,7112| 24,6135 | 23,7824 |-0,3729
f |86,1406137,5921| -15.335,94 | 6,1433 | 5.063,1144 | -108,1759 | -198,2298 |-7,5883
g |-0,3873 0 482,899 |-3,3272| -398,6713 | -6,4014 | 18,2767 | 0,2136
h 0 0 6.934,936 | 1,2597 |5.228,5657 | 373,4437 | 767,1196 | 2,6114
[ 0 0 -34,8626 | 0,5351 0 0 0 -0,0422
j 0 0 0 0 0 0 0 0
Y | 0,0601 | 0,0221 0,0555 |0,1096 | 0,123 0,056 | 0,0878 |0,0963




WRC 537 Nondimensional Coefficients

. atc-U+e -U2+g-Ud+i-U*
C 14b-U+d-U2+f-U3+h-Ut+j-US

y=5 SP-3 SM-3

p=2[ my My Nx Ny My My Nx | Ny

a | 03656 | 06924 | 194,6898 | 0,1169 | 3.575,8953 |-1.612,8152| 1,1658 |-0,2512
b [ 20,761 41,4509 | 35.425,74 | 0,0485 | 18.337,83 | -16.367,04 | 6,6119 | -4,0064
c | 21174 | 65648 |6.712,6521 [ 1,0834 | -148.402,8 | 19.1457 |-1,8023| 1,206
d |39,8904| 56,9657 | 67.541,61 |6,5638 | -1.113.150 | 231.710,9 |-7,5795| 11,6011
e |-15403| 10,362 [-7.076,6023|-1,4491| 1.808.340 | 174.103,8 | 0,7851 [-0,9153
f | 6,0842 | 50,3033 | -38.750,21 |-8,5622[1,9219E+07 | 969.880,3 [-0,5602|-10,415
g | 03004 | 52068 |7.127,4907 | 0,6633 | -121.264,6 | 74.723,92 | 0,0402 | 0,1529
h 0 [-124,8434| 52.813,19 |4,7651 | 4.868.062 | 1.365.329 [2,7493 | 3,6043
i 0 | -0,8506 | -976,6428 |-0,1059| -427.941,1 [ -91.95724 [ 0 0

i 0 | 459146 0 |-07887| 8.286.525 | 1.720.110 | 0 0

Y [00319] 00335 | 00632 [01572| 00737 | 00945 |0,1262]0,1673

WRC 537 Nondimensional Coefficients

B a+c-U+e-U?+g-U3+i-Ut
 14b-U+d-U+f-Ud+h-Ut+j-US

y=15 SP-5 SM-5

p=1 M, My Ny Ny M, My Ny Ny
a 25313 | 02573 | 02148 | 0,2565 | 5,0495 | 2,3071 | 1,3095 | -0,0934
b | 473,1618 | 0,6261 | 75,2962 |-4,0038 | 9,0562 | 10,326 | 7,1691 | -54435
c | 188,3279 | -3,2878 | 11,984 |-1,0345|-14,0471| -11,3673 | -4,9409 | 0,5761
d |[3.838,2426-118,1855|347,0785| 5,3696 | 47,3217 | 26,4081 | 25,6386 | 18,6046
e | 276,3502 | 12,6432 | -2,8446 | 0,6823 | 32,2135 | 28,751 | 30,6153 | -0,5013
f |3.999,8712|597,9902 | -59,4988 | -7,5639 | -73,3031 |-148,3722 | 362,4322 | -21,4549
g 70,677 | -5,5092 0 1,7989 | -10,377 | -3,0892 |-19,9268 | 0,5988
h 0 -163,2562 0 21,8984 | 206,2954 | 706,8852 | -74,8696 | 13,0083
[ 0 0,5296 0 -0,7141| 2,0028 0 4,1492 0
j 0 0 0 -7,0392 0 0 0 0
Y 0,0681 0,0217 | 0,0353 | 0,1347 | 0,143 | 0,0522 | 0,0558 | 0,13

WRC 537 Nondimensional Coefficients

atc-U+e -U+g-U+i-Ut
T 1+b-U+d-U+f-U+h-Ut+j-U°

v =15 SP-6 SM-6

p=2| M, My Ny Ny My My Ny Ny
a | 0436404568 | 05408 [ 0,199 | 12527 | 19756 | 34348 [-06545
b |[238528(184406| 86,1146 [ 1,3701 | 9,7364 | 10,5872 | 32,542 |2,3553
c | 31218 [ 05744 | 10,6552 [0,9562 | 42,3407 | -7,1545 | -9,1948 |3,7495
d [57,2195[ 2,9177 [210,1066 [ 4,8904 | 581,7506 | 267,0319 | 0,2003 |6,5143
e | -1,23 [02335| 22,8821 [-0,1717| 115154 | 184,7135 | 14,4342 [-2,6465
f |-0,5058 37,5435 66,5636 |-0,1752|-363,3128 | 406,7564 |-130,0729(-54867
g |o04263| o | 19553 | o | 44567 | 337601 | 1057 [05907
h [165587] © 0 0 |555,7041[5.118,1159 | 350,2929 | 1,9002
i 0 0 0 0 0 1558292 [ 0 0
i 0 0 0 0 0 |26197988] 0 0
Y |[0,0434 [ 00342 | 00386 [0,1819] 00921 | 00849 | 00693 |[0,1981




Pressure stress intensity factor, I = 1,9185 (derived from Division 2 Part 4.5)

I-P-R; ,
——— =1192968 kg,/em

Local pressure stress = 5T

Maximum combined stress (P + P, + Q) = 2.183,59 kg ;/cm 2
Allowable combined stress (P, + P, + Q) = £3-S = +3.609,8 kgf/cm2

The maximum combined stress (P, + B, + Q) is within allowable limits.

Maximum local primary membrane stress (Pr) = 1.428,78 kg ;/cm 2

Allowable local primary membrane stress (Pr) = £1,5-5 = £1.804,9 kg;/cm 2

The maximum local primary membrane stress (P|) is within allowable limits.



Stresses at the nozzle OD per WRC Bulletin 537

Figure Y Ay A By B Cy Ci Dy D
N,-T
SP-1 to 10* > 0,0502| 7,242 7,242 7,242 7,242 7,242 7,242 7,242 7,242
M,
SP-1to 10 - 0,0461| 39,934 | -39,934 | 39,934 | -39,934 | 39,934 | -39,934 | 39,934 | -39,934
Ng-T-+/Rm-T
SM-1 to 10* + 0,0913 0 0 0 0 123,951 | -123,951 | 123,951 | 123,951
1
My - /B - T
SM-1to 10 ’T 0,0989 0 0 0 0 -805,718 | 805,718 | 805,718 | -805,718
1
Nz-T-+/Rm-T
SM-1to 10| —— Y™~ 10,0913 0 0 0 0 0 0 0 0
My
My - /B - T
SM-1to10 | — Y™ " 10,0989 0 0 0 0 0 0 0 0
M,
Pressure stress* 1.192,968 | 1.192,968 | 1.192,968 | 1.192,968 | 1.192,968 | 1.192,968 | 1.192,968 | 1.192,968
Total O, stress 1.240,1441.160,276 | 1.240,144 | 1.160,276 | 310,476 [1.842,042|2.169,813| 478,509
Membrane O, stress* 1.200,21 | 1.200,21 | 1.200,21 | 1.200,21 |1.076,259 | 1.076,259 | 1.324,161 | 1.324,161
Ny-T
SP-1 to 10* - 0,1522| 21,936 | 21,936 | 21,936 | 21,936 | 21,936 | 21,936 | 21,936 | 21,936
M?!
SP-1to 10 - 0,0298| 25,803 | -25,803 | 25,803 | -25,803 | 25,803 | -25,803 | 25,803 | -25,803
Ny-T-+/Rm-T
SM-1 to 10* % 0,1576 0 0 0 0 213,874 | -213,874 | 213,874 | 213,874
1
My /B - T
SM-1 to 10 — 0,078 0 0 0 0 -635,153 | 635,153 | 635,153 | -635,153
1
Ny-T-+/Rm-T
SM-1to 10*| 2~ — Y™ " 10,1576 0 0 0 0 0 0 0 0
M,
My /B - T
SM-1t0 10 | ———— | 0,078 0 0 0 0 0 0 0 0
M,
Pressure stress* 1.192,968 | 1.192,968 | 1.192,968 [ 1.192,968 | 1.192,968 | 1.192,968 | 1.192,968 | 1.192,968
Total Oy stress 1.240,707/1.189,102 | 1.240,707 [ 1.189,102| 391,68 [1.610,3812.089,734| 767,822
Membrane Oy stress* 1.214,904 | 1.214,904 | 1.214,904 | 1.214,904 | 1.001,03 | 1.001,03 | 1.428,778|1.428,778
Shear from M; 35,997 | 35,997 | 35997 | 35997 | 35997 | 35,997 | 35997 | 35,997
Shear from V, 0 0 0 0 0 0 0 0
Shear from V, 10,757 10,757 | -10,757 | -10,757 0 0 0 0
Total Shear stress 46,754 | 46,754 25,24 25,24 35,997 | 35,997 | 35997 | 35,997
Combined stress
1.287,18 |1.223,622|1.265,666 | 1.203,725| 405,32 |1.847,526 |2.183,594 | 772,252
(P +P,+Q)
(1) * denotes primary stress.
(2) The nozzle is analyzed as a hollow attachment.

Longitudinal stress in the nozzle wall due to internal pressure + external loads

P- Rz Pr n M - Ro
o = —
n(Pm) 2., - (R% —R?) I
16,78 -1,02 - 121,44 —T724 100 1.305.027,6-134,92 100
B 213,49 ™ (134,92 2 _12144 2) 8,9485E+07

= 280,464 kg ;/cm

The average primary stress Py, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable ( <
S =1.203,265 kgs/cm?)



Shear stress in the nozzle wall due to external loads

JVE V2 \J0? + 10239 ?

Taer =g, 0T T nar By 100 T 198% key/em
M, 9228 )
Ftorsion = ————=—— - 100000 = : 100000 = 73,844 kg ;/em
2.7 Rt 2712144 % - 1349

Ototal = Oshear + Otorsion — 191899 + 735844 = 937743 kg f/ml ?

UG-45: The total combined shear stress (93,743 kgf/sz) < allowable (0,7 -8, =0,7-1.203,265 = 842,286 kgf/cmz)



Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (cm?) | UG-45 Summary (mm)

For Pe =1 bar @ 23 °C

The opening is adequately reinforced The nozzle passes UG-45

A A A _
required | available A A2 As|As welds treq fmin
5,5753 | 52,5696 |43.2528 | 8.5574 | — | - |0.7594| 3.67 15,09

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
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legyy) 6,1 weld size is adequate
“ 6 (corroded) q

Calculations for external pressure 1 bar @ 23 °C

Parallel Limit of reinforcement per UG-40

Lr max [d, R+ (t, —Cy) +(t —C)]

max [242,87, 121,44 + (1509 — 16) + (24 — 1,6)]

242,87 mm

Outer Normal Limit of reinforcement per UG-40

Ly min 25 (t —C), 25-(t, —Cy) +te]

min 25 - (24 —16), 25 - (15,09 — 1,6) +0]

33,72 mm

Nozzle required thickness per UG-28 t,, = 0,8 mm

From UG-37(d)(1) required thickness t, = 4,59 mm

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

Allowable stresses: S, = 1.203,265, S, = 1.203,265 kgf/cm2

n

fr1 = lesser of 1 or Z— =1

v

n

fro = lesser of 1 or “;— =1

v

>
I

05-(d-t, - F+2-t, -t,-F-(1—fn))

(05 - (242,87 - 459 -1+2-15,09 - 4,59 - 1- (1 —1)))/100

55753 cm?

Area available from FIG. UG-37.1

A4 = larger of the following= 43,2528 cm?




= d-(By-t—F-t,)—2-t, (B t—F-t,)-(1—fn)
= (24287 (1-224—1-459) —2-1509 - (1-224 —1-459) - (1 —1))/100

= 432528 cm>

= 2. (t+t) (B t—F-t,)—2-ty (By-t—F-t,)-(1—fn)
= (2-(224 +13,49) - (1-224 —1-459) —2-1509 - (1-22,4 —1-459) - (1 —1))/100

= 12,7819 cm?

Ao = smaller of the following= 8,5574 cm?

5'(tn_trn)'fr2't

(5- (13,49 —08) - 1-224)/100

= 14,2122 cam?

= 5'(tn_trn)'f7'2'tn
= (5- (13,49 —08) - 1-13,49) /100

= 85574 cm’

Ast = Leg’ fo
= (8,71%-1)/100

= 0.7594 cm?

Area = A1 +A2 +A41
= 43,2528+8,5574 40,7594

= 525696 cm?

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

Fillet weld: tpi, = min [19mm, t,, t]= 13,49 mm
tomin) = Min [6 mm, 0,7 -tpy] = 6 mm

toocua) =07 -Leg =07-871 =61 mm

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 = 24 mm

taug-22 = 3,67 mm

ta = max [tac-2s, tavc-22]
= max [24, 3,67]

= 3,67 mm



t PEvD L Gorrosi
= _—— OITOS10N
b2 2.5 E_02-P

_ 1-09 -1.800 16
- 2.1.180-1-02-1 +th

= 2,29 mm

i = max [ty, twucie)
= max [2,29, 3]1]

= 3,1 mm

ty = min [tig, ]
= min[971, 31]

= 3,1 mm

tua-45 = max [t,, tp)

= max (3,67, 3,1]

= 367 mm
Available nozzle wall thickness new, t, = 15,09 mm
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 23 °C) UG-28(c)

L 2312

= = 0,8467
D, 273,05
D, 273,05
= = 342,31
: 08 342,3199
From table G: A =0,000257

From table CS-2 Metric: B = 261,8041 kg/cm ?(256,74 bar)

4-B 4-256,74

= = =1 bar
3-(D,/t) 3-(273,05/0,8)

P,

Design thickness for external pressure P, = 1 bar

t, =t + Corrosion =08 +1,6 = 2,4 mm



Nozzle (H)
ASME Section VIl Division 1, 2021 Edition Metric

i s
24
W R 1
| 4 h |
Ay 7

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

Location and Orientation

Located on Top Head

Orientation 270°

End of nozzle to datum line 2.550 mm

Calculated as hillside Yes

Distance to head center, R 450 mm

Passes through a Category A joint No
. Nome |
Description NPS 2 Sch 80 (XS) DN 50

Access opening No

Material specification SA-333 6 WId & smis pipe (II-D Metric p. 16, In. 19) (normalized)
Inside diameter, new 49,25 mm

Pipe minimum wall thickness 5,54 mm

Corrosion inner 0 mm

Corrosion outer 1,6 mm

Opening chord length 51,25 mm

Projection available outside vessel, Lpr 263,15 mm

Projection available outside vessel to flange face, Lf| 327,75 mm

Local vessel minimum thickness 24 mm
Liquid static head included 0 bar
Inner fillet, Legyq 8 mm
Nozzle to vessel groove weld 24 mm

Radiography
Longitudinal seam Seamless No RT

Circumferential seam Full UW-11(a) Type 1

UCS-66 Material Toughness Requirements Nozzle
Governing thickness, tg = 5,54 mm

Impact test exempt per UCS-66(d) (NPS 4 or smaller pipe) =|-105°C
Material is exempt from impact testing at the Design MDMT of -15°C.




Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (cmz)

For P = 16,78 bar @ 121 °C

UG-45 Summary (mm)

The nozzle passes UG-45

A A A ;
required available A1 A2 As As welds treq fmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 5,02 5,54

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

Required weld
throat size (mm)

Actual weld
throat size (mm)

Status

Nozzle to shell fillet (Legy) 4 weld size is adequate
“ 2.76 (corroded) a
WRC 537
Max Allow L“f;:. t:z:;
Load Case P i I T M sctc:;lbs ;?2152 Primary | Primary | Over
(bar) | (kgf) |(kgem) | (kgg) | (kgg-m) | (kgy) | (kgg-m) ) 5 | Stress Stress | Stressed
(kgd/em?) | (kgg/em®) (kgdem?) | (kggem?)
Load case 1 16,78 |-106,05| 54,8 | 150 0 0 38,7 |1.600,538|3.609,796|1.187,274|1.804,898 No
Load case 1 (Hot Shut Down) 0 -106,05| 54,8 | 150 0 0 38,7 435,411 [3.609,796 | 22,147 |1.804,898 No
Load case 1 (Pr Reversed) 16,78 | 106,05 | 54,8 | 150 0 0 38,7 |1.585,633|3.609,796|1.183,336|1.804,898 No
Load case 1 (Pr Reversed) (Hot Shut Down) 0 106,05 | 54,8 | 150 0 0 38,7 -435,411 |3.609,796 | -22,147 |1.804,898 No

Calculations for internal pressure 16,78 bar @ 121 °C

Parallel Limit of reinforcement per UG-40

LR

51,96 mm

max [d, Rp+ (tn —Cy) + (t — C)]

max [51,25, 25,63 + (554 — 16) + (24 — 1,6)]

Outer Normal Limit of reinforcement per UG-40

Lh

9,84 mm

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

P-R,

tm

S, -E—06-P

16,7791-24,63

1.180 - 1 — 0,6 - 16,7791

0,35 mm

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

min 25 (t —C), 25 (t, —Cy) +1te]

min [25 - (24 — 16), 25 - (554 —16) +0]




P.K,-D

2.S-E—02-P
16,7791 - 0,9 - 1.800

2-1.180 -1 —02 - 16,7791

11,53 mm

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

UW-16(c) Weld Check

Fillet weld: tpi, = min [19mm, t,, t]= 3,94 mm
tc{min) = min [6 mm, 077'tmin] = 276 mm

tqacua) =07 -Leg =07-571 =4 mm

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 P R, + Corrosio:
QUG- = _ rrosion
ue-21 S, E—06-P

B 16,7791-24,63 L6
N 1.180 -1 — 0,6 - 16,7791 th

= 1,95 mm

taug-22 = 3,84 mm

ta = max [taUG»277 taUG-Z?}
= max [1,95, 3,84]
= 3,84 mm
P-K,-D

tb1 = m + Corrosion

16,7791 - 0,9 - 1.800
= +16
2-1.180-1—0,2 - 16,7791

= 13,13 mm

tn = max [ty , tyucis)
= max [1313, 3]]

= 13,13 mm

tb - min [tb3, tbl]
=  min [5,02, 13,13]

= 5,02 mm

tUG»45 = max [ta, tb]

= max [3,84, 5,02

= 5,02 mm



Available nozzle wall thickness new, t, = 5,54 mm

The nozzle neck thickness is adequate.



WRC 537 Load case 1

Applied Loads

Radial load, P, -106,05 kgs

Circumferential moment, M4 | 54,8 kgs-m

Circumferential shear, V, 150 kg

Longitudinal moment, M, 0 kgg-m

Longitudinal shear, V4 0 kgs
Torsion moment, M 38,7 kgg-m
Internal pressure, P 16,78 bar
Mean dish radius, R, 1.639,3 mm
Local head thickness, T 22,4 mm
Design factor 3

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

2659
y=lm o 22 g 7nas
t 3%
T 224
p== =" _56896
t 394
T 28,56

=0,149

VERn T - /16393224

WRC 537 Nondimensional Coefficients

atc-U+e -Ul+g-U®+i-Ut
T14b-U+d-U+f-Us+h-Ut+;-U
y=5 SP-4 SM-4
p=4l My My Ny Ny My My Ny Ny
a 0,1955 | 0,7443 2,537 0,1606 -3,9242 12,6132 | -0,9607 | -6,9959
b 355,6102 | 7,533 | 1.071,7354 | 22,9473 | -68,5346 | 29,9988 [-43,2509| 114,214
c 21,1677 |-2,6223| 127,4587 | 10,3372 | 228,2976 | -129,5801 | -7,5852 | 81,2222
d |1.539,5199|-7,6574 | 2.112,6475 |-190,1285|9.214,6671| -214,241 | 8,1123 | -726,9062
e -9,9855 | 9,5634 | -131,0041 | -76,2413 | 341,9835 | 558,185 | 5,3251 | -296,5262
f 356,7674 |64,1716|-8.161,6149| 517,979 | 12.323,9 | 595,3023 | 11,1703 | 1.724,0898
g 0 -5,6615| -54,494 |186,8225 | -372,3161 | -319,0507 0 427,4096
h 0 62,296 | 7.160,3101 |-483,8102 0 2.813,0991 0 -1.948,4552
i 0 0 102,0928 |-102,4669 0 0 0 -195,9934
j 0 0 -1.577,3732 | 408,8865 0 0 0 1.040,0273
Y 0,035 0,2492 0,1005 0,3381 0,1544 1,1406 0,3774 -0,0238
Note: p is outside the bounds. p = 4 used.




WRC 537 Nondimensional Coefficients

B atc-U+e-U+g-U+i-Ut
C14b-U+d-U2+f-Us+h-Ut+j -US
=15 SP-7 SM-7
p=4 My My Ny Ny M, My Ny Ny
a 01225 | 1,1858 | 0,152 | 0,2586 | 81.160,67 | 54,8627 |-7,2531E+09|-2.889,5632
b 10,2618 | 30,9469 | 6,4077 | 2,6992 | 2.773.928 | 313,4235 | 2,0933E+11 | 44.457,77
c 0,0628 | 0,7386 |-0,2621 | 2,1956 | 11.224,63 | -805,6348 | 2,2821E+11 | 31.259,89
d 2,5604 |-22,7834-20,1141|10,0386 | -888.508,9 | -5.199,714 | 6,2796E+12 | -175.466,5
e |[-9,8501E-04| 0,8686 | 0,1324 | 0,3281 |-4.806,5269 | 2.622,0799 | 1,5072E+12 | -81.861,2
f 7,9918 | 86,4361 | 30,2989 | -5,923 | 3.917.797 | 23.612,83 | 3,0942E+13 | 299.387,2
g 0 -0,3301 | 0,2529 |-0,3719 0 4.442,2399 | 1,7691E+11 | 85.306,95
h 0 0 |-12,616 | 4,2863 0 -21.199,17 | 3,2234E+12 | -247.881,6
i 0 0 |-00853| 0 0 -1.946,6481 0 -22.718,26
j 0 0 1,8294 0 0 79.566,95 0 113.956,5
Y 0,0505 | 0,2437 | 0,0728 | 0,3682 | 0,2035 1,1743 0,2853 0,0615

WRC 537 Nondimensional Coefficients

_ atc-U+e-U2+g-U+i-U*
C14b-U+d-U2+f-Us+h-Ut+j.-US
y=15 SP-8 SM-8
p=10| m, My Ny Ny My My Ny Ny
a [0,0089| 0,7951 |0,0353 | 0,3592 | 04473 | 58265 | -4,7165 [-0,0349
b |[50204| 9,416 |-2,6917|5,4358 | 78,6107 | 2,5265 | -597,0121 |-2,3803
c |0,0154| -1,7189 |-0,1634| 3,4207 | -8,384 |-112,5814| 161,5182 | 1,8888
d |5,3485(-15,6863-0,3186 | -8,1149|-1.801,6236 | -368,7197 | 18.269,05 | 6,6619
e |0,0058| 1,4218 | 0,3444 |-89147| 7,5876 | 81,5976 | 927,0814 |-3,4378
f |8,4286| 9,5447 | 7,5748 | 4,7756 | 1.641,4093 |-166,4983 |-9.902,5503 |-8,1245
g 0 |-04031|-0,4108| 11,36 | -2,1272 0 387,6637 | 1,9493
h 0 0 |-8,8672|9,0287 | -813,4468 0 675,9853 | 3,3625
[ 0 0 |0,2287 |-4,7215 0 0 -69,6238 |[-0,3143
j 0 0 |39087| 0 0 0 2.942,6661| 0
Y | 0,006 | 0,2728 | 0,0283 | 0,428 | 0,0288 1,2413 | 10,1443 |0,2299

Pressure stress intensity factor, I = 1,8738 (derived from Division 2 Part 4.5)

P-R

I-P-R;
Local pressure stress = =T = 1.165,127 kg, /cm 2

Maximum combined stress (Pr + P, +@Q) = 1.600,54 kg ;/cm 2
Allowable combined stress (P, + P, +Q) = +3-S = +3.609,8 kgf/cm2

The maximum combined stress (P, + P, + Q) is within allowable limits.

Maximum local primary membrane stress (Pr) = 1.187,27 kgf/cm2

Allowable local primary membrane stress (Pr) = £15-S5 = 18049 kg;/cm 2

The maximum local primary membrane stress (P ) is within allowable limits.



Figure Y Ay A By B Cu Ci Dy D
. Ny-T
SP-1t0 10 — 0,0934 | 1,969 1,969 1,969 1,969 1,969 1,969 1,969 1,969
Mz
SP-1to 10 - 0,0355 4,5 -4,5 4,5 -4,5 4,5 -4,5 4,5 -4,5
Ny-T-/Rn-T
SM-1 to 10* % 0,3543 0 0 0 0 -20,178 | -20,178 | 20,178 | 20,178
1
My - /R - T
SM-1 to 10 — 0,1544 0 0 0 0 -52,801 52,801 52,801 | -52,801
1
Ny-T-/Rn-T
SM-1 to 10+ | N T VB T 0,3543 0 0 0 0 0 0 0 0
M
My - \/Rn-T
SM-1to 10 | —Y—— | 0,1544 0 0 0 0 0 0 0 0
M,
Pressure stress* 1.165,127 [1.165,127 | 1.165,127 | 1.165,127 [ 1.165,127 | 1.165,127 | 1.165,127 | 1.165,127
Total O, stress 1.171,595[1.162,596 | 1.171,595 | 1.162,596 | 1.098,617 | 1.195,218 | 1.244,574 [ 1.129,973
Membrane O, stress* 1.167,096 [1.167,096 | 1.167,096 | 1.167,096 | 1.146,917 | 1.146,917 | 1.187,274 | 1.187,274
N,-T
SP-1to 10* > 0,3463 | 7,312 7,312 7,312 7,312 7,312 7,312 7,312 7,312
My
SP-1to0 10 - 0,2497 | 31,638 | -31,638 | 31,638 | -31,638 | 31,638 | -31,638 | 31,638 | -31,638
Ny-T-+/Rm-T
SM-1 to 10* -0,0005 0 0 0 0 0 0 0 0
My
My- \/Bn-T
SM-1 to 10 o 1,1498 0 0 0 0 -393,227 | 393,227 | 393,227 | -393,227
1
Ny-T-/Rm T
SM-1to 10*| —— ¥~ |-0,0005 0 0 0 0 0 0 0 0
M,
My- \/Bn-T
SM-1to10 | Y |1,1498 0 0 0 0 0 0 0 0
M
Pressure stress* 1.165,127 [1.165,127 | 1.165,127 | 1.165,127 [ 1.165,127 | 1.165,127 | 1.165,127 | 1.165,127
Total Oy stress 1.204,077 [ 1.140,801 | 1.204,077 | 1.140,801 | 810,85 |1.534,028|1.597,304 | 747,574
Membrane Oy stress* 1.172,439[1.172,439 | 1.172,439 [ 1.172,439 | 1.172,439 | 1.172,439 | 1.172,439 | 1.172,439
Shear from M; 33,747 33,747 33,747 33,747 33,747 33,747 33,747 33,747
Shear from V, 0 0 0 0 0 0 0 0
Shear from V, 7,453 7,453 7,453 7,453 0 0 0 0
Total Shear stress 41,2 41,2 26,295 | 26,295 33,747 33,747 33,747 | 33,747

Combined stress

(PL+P,+Q) 1.232,129(1.194,304 | 1.218,7711.180,173 | 1.102,554 | 1.537,332 | 1.600,538 | 1.132,926

(1) * denotes primary stress.
(2) The nozzle is analyzed as a hollow attachment.

Longitudinal stress in the nozzle wall due to internal pressure + external loads

PR P, MR,
o, = —
" "9ty n (R -R) I
16,78 - 1,02 - 24,63 ~106,05 54.799,3-28,56
=—" . - : 2100 + ———2— .100
2-3% - (28,56 2 — 24,63 %) 233.899,6

=17383807 kg f/cm2

The average primary stress Py, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable ( <
S = 1.203,265 kgs/cm?)



Shear stress in the nozzle wall due to external loads

JVE+VE VP10

O shear = -100 = -100 = 49,249 em ?
b 7 Ri-t, 724,63 -394 ke /)
M, 38,7
Ftorsion = ——————— + 100000 = ——————————— 100000 = 258,318 kg ;/cm*
2.7 Rt 2.7 24632 -394

Ototal = Oshear + Otorsion — 491249 + 2587318 = 3077567 kgf/CIn 2

UG-45: The total combined shear stress (307,567 kgf/sz) < allowable (0,7 - S, =0,7-1.203,265 = 842,286 kgf/cm2)



Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (cm?) UG-45 Summary (mm)
For Pe =1 bar @ 23 °C The nozzle passes UG-45
A A A _
required available A1 A2 As As welds treq fmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 3.64 5,54

UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

A Required weld Actual weld
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legy) 4 weld size is adequate
“ 276 (corroded) a

Calculations for external pressure 1 bar @ 23 °C

Parallel Limit of reinforcement per UG-40

Lr max [d, R, + (tn —Cn) +(t —O)]

max [51,26, 25,63 + (5,54 — 1,6) -+ (24 — 1,6)]

51,97 mm

Outer Normal Limit of reinforcement per UG-40

Ly min 25 - (t —C), 25 (t, —Cp) +t.]

min [25 - (24 — 16), 25 - (554 —16) +0]

9,84 mm

Nozzle required thickness per UG-28 t;, = 0,4 mm
From UG-37(d)(1) required thickness t, = 4,59 mm
This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: ¢, = min [19mm, t,, t] = 3,94 mm
tomin) = mmin 6 mm, 0,7 tym] = 2.76 mm

tfatuay =0,7-Leg =07-571 =4 mm

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
tauc-28 = 2 mm

taug-22 = 3,64 mm



ta = max [tw-28, tauc-22]

max [2, 3,64]

= 3,64 mm

t _ P-K,-D ‘C .
b2 = 5.5.F _02.P orrosion
1-0,9-1.800

— 1
2.1180-1-02-1 +16

= 2,29 mm

L2 = max [ty, twcie)
= max [2,29, 31]

= 3,1 mm

tb = min [tbg, th]
= min [5,02, 3]

= 3,1 mm

tug-45 = max [t,, by

= max [3,64, 3,1]

= 364 mm
Available nozzle wall thickness new, t, = 5,54 mm
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 23 °C) UG-28(c)

L 345,03

— = =5,7195

D, 6033

D, _ 8033 _ 150,8388

t 04

From table G: A =0,000113

From table CS-2 Metric: B = 115,3628 kg/em 2(113,13 bar)

4.B 4-113,13
T 3.(D,/t)  3-(60,33/04)

a

Design thickness for external pressure P, = 1 bar

t, =t + Corrosion = 04 + 1,6 =2 mm



Flange H

ASME Section VIl Division 1, 2021 Edition Metric , Appendix 2 Flange Calculations

Flange Type Weld neck integral
Attachment Type Figure 2-4 sketch (6)
Flange Material SA-350 LF2 CI 1 (lI-D Metric p. 20, In. 36)
Attached To Nozzle (H)
e I I I s
No Yes Yes Yes No
Design Design Design
Pressure (bar) Temperature (°C) MDMT (°C)
Internal 15,5 121 15
External 1 23
Static Liquid Head
Condition Ps (bar)
Operating 0
Flange OD, A 152 mm
Flange ID, B 49,2 mm A
Bolt Circle, C 120,6 mm C—
Gasket OD 85,9 mm |
Gasket ID 69,9 mm Gasket OD |
Flange Thickness, t 17,5 mm Gosket 1D |
Hub Thickness, g4 14,37 mm |
Hub Thickness, g 5,54 mm 7 T
B—3 i
Hub Length, h 44 mm ey
Length, e 64,6 mm gl | b
Corrosion Bore 0 mm ”
Corrosion Flange 0 mm R
T e
Bolting
Material SA-320 L7 Bolt < 65 (II-D Metric p. 410, In. 33)
Description 4 - 0,625" coarse threaded

Corrosion on root

0 mm

Type Spiral-Wound
Description Spiral-wound Stainless, Monel, or nickel-base alloy windings with filler
Factor, m 3

Seating Stress, y

703,07 kgs/cm?

Longitudinal seam

Radiography

Seamless No RT

Thickness, T 4.5 mm
New 2,9 kg
Corroded 2,9 kg

Left Circumferential seam

Moment

Full UW-11(a) Type 1

User Defined Loads

54,8 kgs-m




Axial Load

-106,05 kgy

Results Summary

Flange design thickness:

16,45 mm

Maximum allowable working pressure, MAWP:

43,33 bar @ 121 °C

Maximum allowable pressure, MAP:

428bar@7 °C

Maximum allowable external pressure, MAEP:

514,57 bar @ 23 °C

Rated MDMT

-49 °C

Note: this flange is calculated as an integral type.

UCS-66 Material Toughness Requirements

Impact test temperature per material specification = -46°C
Additional reduction per UCS-66(g) = 3°C
Bolts rated MDMT per Fig UCS-66 note (c) = -104°C
Material is exempt from impact testing at the Design MDMT of -15°C.

Stress Summary

SH Allow Sr St |(Su+SR)/2|(Su+ST)/2| Allow
oy | e | el | (o | (ke (kas! (kas! (kas!
cm?) cm?) cm?) | cm?) cm?) cm?) cm?)

. Oper 1.121,51912.110,813 | 1.407.208 | 659,289 | 1.264.363 890,404 1.407,208

MAWP [ Wind 43,33
Seating 1.010,03912.110,813 | 1.267.331 | 593.755| 1.138.685 801,897 1.407,208
. Oper 1.129,23512.110,813 | 1.407.207 | 642,297 | 1.268.221 885,766 1.407,208

MAP |Wind 42,8

Seating 1.020,74712.110,813(1.272,014| 580,59 | 1.146.381 800,669 1.407,208
. Oper 1.121.51912.110,813 | 1.407.208 | 659.289| 1.264.364 890,404 1.407,208

MAEP | Wind - 514,57
Seating 965.548 12.110,813|1.211.506 | 567.601| 1.088.527 766.574 1.407,208

Bolt Summary

1‘

w Am Ap
(bar) (kgf) (cmz) (cmz)
) Oper 7.617.28 | 4.34
MAWP | Wind 43,33 5,21
Seating 6.879 3.92
, Oper 7.559.91 | 4,31
MAP |Wind 42,8 5,21
Seating 6.879 | 3.92
) Oper 58.505.47 | 1.66
MAEP | Wind —1514,57 5,21
Seating 6.879 | 3.92
Rigidity Summary
P
(bar) J Allow
_ Oper 0.1298| 1
MAWP | Wind 43,33
Seating 0.1136| 1
. Oper 0,1207 1
MAP |Wind - 42,8
Seating 0.1096| 1
. Oper 0,1263 1
MAEP | Wind —514,57
Seating 0,1086 1

Flange calculations for MAWP + Wind

Longitudinal bending moment on flange




10°
_16-M;, 16-54,8‘m

» = = 57,8969 bar
- G? 77793
Axial load on flange
4. 106,05 L&
—4.F )
P, — - L2 _ 91821 bar

T G? T-719°
Total design load on flange (used for H - ref. 1ll-1 NC-3658.1)
=P +P, +P,, + P, = 43,3318 + 0+ 57,8969 -+ 2,1821 = 103,4108 bar
Gasket details from facing sketch 1(a) or (b), Column |l

Gasket width N =8 mm

N
bn = —
0773

=4 mm

Effective gasket seating width, b = bg = 4 mm

gasket OD+gasket ID 85,9-+69,9
G = = =779 mm
2 2
— 120,6—77,9
hg = c-¢ = =21,35 mm
2 2
o 14,37
hp :R-‘r? :21,33+T = 28,52 mm
R+g +h 21,33+14,37 + 21,35
hp— —LILTRG — 92853 mm

2 2
H,=25-314-G-m-P=001-2-4-314-779 -3 44,1862 = 2.593,97 kg,
H =0,785-G* - P =0,785-77,9% - 1054497 = 5.023,31 kg;

Hp =0,785-B" - P =0,785- 49,2 - 44,1862 = 839,63 kg ;

Hp = H — Hp =5.023,31 — 839,63 = 418368 kg,

Wi = H + H, =5.023,31 +2.593,97 = 7.617.28 kgt

Wi =314-b-G -y =3,14-4-77,9 - 703,066 = 6.879 kgs

Required bolt area, A, = greater of A1, Am2 = 4,343 cm?

W 7.617,28

Zm 0% 4343 cm?
S, 1753912 €m

Aml =

Wi 6.879

_ _ 2
5. imson | =222lcm

Ay =

Total area for 4 - 0,625" coarse threaded bolts, corroded, A, = 5,2129 cm?

(A +Ap)- S, (4,343 +52129) - 1.753,912
_ . - . =8.380,12 kg,

Mp = Hp - hp = 839,63 -0,0285 = 239kg; —m
My = Hy - hy = 4.183,68 - 0,0285 = 119,3kg; —m

Hg =W —H =7617,28 —5.023,31 = 2.593,97 kg,



Mg = Hg - hg = 259397 -0,0214 = 554kg; —m
M, = Mp + My + Mg =239 +119,3 + 554 = 198,Tkg; —m
M, =W -hg =8380,12-0,0214 = 178 9kg; —m

Hub and Flange Factors

go = min (go,t,) = min (5,54,3,94) = 3,94 mm

ho=+/B-go =4/492394 =1392 mm

A 152
From FIG. 2-7.1, where K = — = —— =3,084
G w B~ 12 3,089
T=11845 Z =1.2341 Y =18171 U =1,9969

h 91
— =31615 — =365
h() 9o

F
F=05148 V=004 e=3—=0369
0

d= v ho-g% = 1,9969 1,3918 - 0,3937 2 = 15,1874 cm?
“\v ) P00 T \Doeea ) TR TR A

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

f=1
t-e+1 & 1,75-0,3699 +1 1,753
= — = =1,74
T d 1,1845 * 15,1874 /7435
f-M, le5-1-198,7 2
Sy = 1.121,519 kgs/cm#

T L-g? B 1743514372492

(133-t-e+1)-M, (1,33-17,5 - 0,037 +1) - 15 - 198,7

Sp = g - : = 1.407.208 kg¢/cm?
L-t-B 1,7435-17,5” - 49,2 ”
Y- M, leb - 1,8171 - 1987 )
Sr = ~Z-Sp = —1,2341 - 1.407,208 = 659,289 kgg/cm?

t2-B 1752 492

Allowable stress S¢, = 1.407,208 kgf/cm2
Allowable stress Sy, = 1.203,265 kgf/cm2

St does not exceed Stq
Sy does not exceed min [15 - Sy, 25 - Syo] = 2.110,813 kg /am >

Sr does not exceed St

Sp+ S
ZHTOR 1,264,363 kgf/cm2 does not exceed S¢q
@ = 890.404 kgf/cm2 does not exceed S¢q

Flange rigidity at operating per VilI-1 Appendix 2-14

M, 198,7
J =524V ———————— =52,14.0,0284- >
L-E-gy-Ki-ho 1,7435 - 20,06E+05 - 3,94 ° - 0,3 - 13,92

The flange rigidity index J does not exceed 1; satisfactory.

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



f-M, le5-1-178,9

Sy = L - = 1.010.039 kgg/cm?2
L-¢g*> B 1743514372492 .
(133-t-e+1)- M, (1,33 -17,5-0,037 +1) - le5 - 1789 )
Sp = - - > =1.267.331 kgsg/cm=
L-t2-B 1,7435 - 17,52 - 492 -
Y- M, 1,8171 - 1e5 - 1789 5
Sy = ~Z-Sp= —1,2341 - 1.267,331 = 593.755 kgy/cm?

t?-B 1752492

Allowable stress Sy, = 1.407,208 kgg/cm?
Allowable stress Sp, = 1.203,265 kgs/cm?

St does not exceed Si,
Sh does not exceed min [1,5 - Sg, 2,5 - Spa] = 2.110,813 kg ;/cm ?
SR does not exceed Sty

S S
M = 1.138.,685 kgf/cm2 does not exceed S¢y

SutSr = 801,897 kgf/cm2 does not exceed Sty

Flange rigidity at gasket seating per VIII-1 Appendix 2-14

M, 1789
——————— =5214-0,0284- -
L-E-g5-Ki-ho 1,7435 - 20,63E+05 - 3,94 % - 0,3 - 13,92

J=5214-V -

The flange rigidity index J does not exceed 1; satisfactory.
Flange calculations for MAP + Wind

Longitudinal bending moment on flange

1¢

_ 16 - M, _ 16 - 548 - 1,02

P, = 57,8069 bar

G 57198
Axial load on flange

102
_4.p 4 —10605- 15
-~ — —2,1821 bar
™ G2 R

P,

Total design load on flange (used for H - ref. 1ll-1 NC-3658.1)
=P+ P, +P, +P, =428028 + 0+ 57,8969 +2,1821 = 102,8817 bar

Gasket details from facing sketch 1(a) or (b), Column Il

Gasket width N =8 mm

=4 mm

N
bop= —
077

Effective gasket seating width, b = bg = 4 mm

gasket OD+gasket ID 85,94+69,9
= = =779 mm
2 2

C -G 120,6—77,9

he = = ! ! =21,35 mm
2 2
14,37

hD:R+~‘;_1:21,33+’T = 2852 mm

R +g1 +h 21,334+14,37 + 21,35
hp =96 ASHESTHILD 9853 mm

2 2



H,=2b-314-G-m-P=001-2-4-314-779-3- 436467 = 2.562,3 kg,
H =0,785-G* - P =0,785-77,9? - 104,9102 = 4.997,61 kg,

Hp =0,785- B> - P =0,785-49,2 % - 43,6467 = 829,38 kg

Hr = H — Hp =4.997,61 — 829,38 = 4.168,23 kg,

Wy = H + H, = 4.997,61 + 2.562,3 = 7.559.91 kgy

Wi =314-b-G -y =314 -4-77,9 - 703,0696 = 6.879 kgr

Required bolt area, A, = greater of A1, Am2 = 4,3103 cm?

Woa 755991

A = =" 43103 cm?
S, 1753912

Ay = Vm 689 59501 cm2
S, 1753912

Total area for 4 - 0,625" coarse threaded bolts, corroded, A, = 5,2129 cm?

An+4)-S, (43103 +52129) - 1753912
w = 2b) _ 2) — 835143 kg,

Mp = Hp - hp = 829,38 -0,0285 = 23,7Tkg; —m
My = Hy - hy = 4.168,23 -0,0285 = 118 9kg; —m

Hg =Wy —H =T755991 — 499761 = 2.562,3 kg,

Mg = Hg - hg = 2.562,3 - 0,0214 = 54,Tkg; —m

M, = Mp + My + Mg = 23,7+ 1189 4 54,7 = 197,3kg; —m
M, =W -hg = 835143 -0,0214 = 178 3kg; —m

Hub and Flange Factors

go = min (go,t,) = min (5,54,5,54) = 5,54 mm

ho=/B-gy = /492554 =1651 mm

From FIG. 2-7.1, where K = é = E = 3,0894
B 492
T=11845 Z =12341 Y =18171 U =1,9969

D oeass L = 25952
h() g0

F
F=06015 V=0063 e=>—=03644
0

U 1,9969
d=(=) ho-g2 == -1,6505 - 0,5537 2 = 15,9146 cm3
(V) 09 (0,0635 ) o

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

F=1



t-e+1 8 175-03644 +1 1,758
poteft (£ L0l L LIBT g0
T d 1,1845 15,9146
M le5-1-197,3
Sy = f-M e , = 1.129.235 kgs/cm?2
L-g?-B 17193 -1437%-492 -
133-t-e+1)-M, 1,33-17,5 - 0,0364 + 1) - 1e5 - 197,3
= e+1) _ ) le — 1.407.207 kgg/cm?
L-t-B 1,7193 - 17,52 - 49,2 B
Y. M le5-1,8171 - 1
Sy = o g .8y = S WBITLITS o0y 1 407,207 — 642,297 kgrlom?
t2. B 17,52 - 49,2 B

Allowable stress St = 1.407,208 kgf/cm2
Allowable stress S, = 1.203,265 kgf/cm2

St does not exceed Siq
Sy does not exceed min [L5 - Sy, ,25 - Spo) = 2.110,813 kg ;/cm ?
Sk does not exceed S¢,

Sut Se = 1.268,221 kgf/cm2 does not exceed S¢q

S S
2HEOT _ e85 766 kgr/cm? does not exceed Sto

Flange rigidity at operating per Vill-1 Appendix 2-14

M, 197,3
J=5214-V . ———°  _5214-0,0635- = 0,1207
L-E-g Kj-ho 1,7193 - 20,73E+05 - 5,542 - 0,3 - 16,51

The flange rigidity index J does not exceed 1; satisfactory.

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

‘M le5-1-178,3

Gyt Mo e ’ — 1.020.747 kgs/cm?

L-g?-B 17193 -1437%.492 -

133-t-e +1)- M, 133175 -0,0364 +1) - 1e5 - 1783
Sp— )M, ) le = 1.272,014 kgy/cm?

LB 1,7193 - 17,5 2 - 492 :

Y- M 18171 -1e5 - 178,3

Sp=—2L —Z.55 == 12341 -1.272,014 — 580,59 kggl/em?

t2.B 17,52 - 49,2

Allowable stress S¢; = 1.407,208 kgf/cm2
Allowable stress S5 = 1.203,265 kgf/cm2

St does not exceed Si,
Sp does not exceed min [15 - Sy, ,25 - Sna] = 2,110,813 kg ;/em ?
SR does not exceed Sty

S S
% = 1.146.381 kgs/cm? does not exceed Sty
Su+ Sr

= 800,669 kgf/cm2 does not exceed Sty

Flange rigidity at gasket seating per VIII-1 Appendix 2-14

M 178,3
g = 52,14 - 0,0635 - = 0,1096

J=514.V.— L
L-E-g}-Ki-hg 1,7193 - 20,63E+05 - 5,542 - 0,3 - 16,51

The flange rigidity index J does not exceed 1; satisfactory.

Flange calculations for MAEP + Wind per VIiI-1, Appendix 2-11

Longitudinal bending moment on flange



16548 - 10
16 - M, ©
P, = b= 2 57,8969 bar

T G? 777193

Axial load on flange

102

4.F 4-—106,05-T02

P, = > = 3 = —2,1821 bar
TG 77,9

Total design load on flange (used for H - ref. 1ll-1 NC-3658.1)
=P+ P, + P, + P, =514,5656 + 0 + 57,8969 + — 2,1821 = 570,2804 bar

Gasket details from facing sketch 1(a) or (b), Column II

Gasket width N =8 mm

Effective gasket seating width, b = bg = 4 mm

asket OD+gasket ID 85,9+69,9
G = & gaske = =779 mm
2 2
_ 120,6—77,9
he = ¢-G = =21,35 mm
2 2
(i 14,37
hD:R+?:21,33+T = 28,52 mm
R+g +h 21,33414,37 4 21,35
hp= —ATC — 2853 mm

2 B 2
H,=25-314-G-m-P=001-2-4-314-77,9 -3-524,7109 = 30.803,39 kg,
H =0,785-G* - P =0,785- 77,9 - 581,5242 = 27.702,08 kg

Hp =0,785-B* - P = 0,785 - 49,2 > - 524,7109 = 9.970,57 kg

Hr = H — Hp = 27.702,08 —9.970,57 = 17.731,51 kg,

W = H + H, = 27.702,08 + 30.803,39 = 58.505.47 kgy

Wi =314-b-G -y =3,14-4-77,9 - 703,066 = 6.879 kgy

Required bolt area, A, = greater of A1, Am2 = 3,9221 cm?

P, — P, 57,9— — 2,18
A =0785.G2. = T _0785.779% ———— " — 16639 cm?
! S, 1753912 m
Wa 6.879 9
Ay =—2 = 2" — 39221 cm?
™ =T T T 1753012 <

Total area for 4 - 0,625" coarse threaded bolts, corroded, Ay = 5,2129 cm?

Aup +45)-S. (39221 +52129) - 1753912
_ (A : )5 | 2) — 801098 kg,

w

M, =Hp-(hp —hg) + Hr - (hr —hg) = 9.970,57 - (0,0285 — 0,0214) + 17.731,51 - (0,0285 — 0,0214) = 198,7kg; —m

My, =W -hg =8.010,98 - 0,0214 = 171kg; —m



Hub and Flange Factors

go = min (go,t,) = min (5,54,394) =3,94 mm

ho=+/B-gy =4/492394 =1392 mm

A 152
—= = —— =3,0894

From FIG. 2-7.1, where K = B~ 12

T=11845 Z =12341 Y =18171 U = 1,9969

g
L1615 L =365
ho 90

F
F=05148 V =0,0284 e = = 0,3699
0

d= v ho- g2 = 19969 1,3918 - 0,3937 2 = 15,1874 cm®
“\v) "% =\ Qoo ) ’ T an

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

f=1
L_t-e+1 £ 1,75-0,3699 +1 1,752 173
T 1,1845 + 15,1874 '
f-M, le5-1-198,7 5
Sy = = 1.121,519 kgg/cm#@

L-¢>-B 1743514372492

(133-t-e+1)-M, (1,33 17,5 - 0,037 +1) - 15 - 198,7

Sk = =
L-t*-B 1,7435 - 1757 - 49,2
Y- M, le5-1,8171-198,7
Sr == ~Z-Sp= -
t*-B 1757 - 49,2

Allowable stress St = 1.407,208 kg/cm?
Allowable stress S = 1.203,265 kgf/cm2

St does not exceed Siq

Sy does not exceed min [1,5 - Sy, ,2,5 - Spp] = 2.110,813 kgf/cm2

SR does not exceed Ss,

Suy+ Sr
2

Su+ Sr

= 1.264,364 kgf/cm2 does not exceed S¢q

= 890.404 kgf/cm2 does not exceed S¢q

Flange rigidity at operating per Vill-1 Appendix 2-14

J=5214.V . — M 52,14 - 0,0284 -

= 1.407.208 kgg/cm?2

—1,2341 - 1.407,208 = 659.289 kgs/cm?

1987

L-E-g;-K;-hg 1,7435 - 20,61E+05 - 394 % - 0,3 - 13,92

The flange rigidity index J does not exceed 1; satisfactory.

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

M le5-1-171
Sy = ! —— = ¢ . = 965.548 kgs/cm?
L-¢> B 1743514372492 N
g (33:tee+1) M, (1,33 17,5 - 0,037 +1) - 1e5 - 171
= -

L-t2-B 1,7435 - 17,52 - 49,2

= 1.211,506 kg¢/cm?



Y. M, 7.5 1,8171 - 1e5- 171
_ - Z-§p=2r—-——"" "

- - —1,2341 - 1.211,506 = 567.601 kgs/cm?
t2.B 17,52 - 49,2 B

Allowable stress S¢; = 1.407,208 kgf/cm2
Allowable stress S5 = 1.203,265 kgf/cm2

St does not exceed Sty
Sy does not exceed min [15 - Sy, 25 - Spa] = 2110813 kg ;/em
SR does not exceed Sty

@ = 1.088,527 kgs/cm? does not exceed Sty
% = 766.574 kgf/cm2 does not exceed Sty

Flange rigidity at gasket seating per VIII-1 Appendix 2-14

M, 171
J =514V . ——————— = 52,14-0,0284 - - =0,1086
L-E-g; Ki-ho 1,7435 - 20,63E+05 - 3,94 * - 0,3 - 13,92

The flange rigidity index J does not exceed 1; satisfactory.

Flange H - Flange hub

ASME Section VIII Division 1, 2021 Edition Metric

Component Flange Hub
Material SA-350 LF2 CI 1 (lI-D Metric p. 20, In. 36)
Tosted | Normalized Fractice. PwHT (M
No Yes Yes Yes No
Design Design Design
Pressure (bar) Temperature (°C) MDMT (°C)

Internal 15,5 121 15
External 1 23

Condition Ps (bar) Hs (mm) SG

Test horizontal 0,1 1.050,83 1
Test vertical 0,03 336,01 1
. Dmensos
Outer Diameter 60,28 mm
Length 47,1 mm
Nominal Thickness 5,54 mm
Corrosion Inner 0 mm
Outer 0 mm
Weight (kg) Capacity (liters)
New 0,86 0,09
Corroded 0,86 0,09
Cladding
Material Thickness (mm) Thk Credit
SA-240 304L (low stress) 3,18 No

Radiography
Longitudinal seam Seamless No RT
Bottom Circumferential seam Full UW-11(a) Type 1




Results Summary

Governing condition UG-16
Minimum thickness per UG-16 1,5mm+0mm=1,5mm

Design thickness due to internal pressure (t) 0,34 mm

Design thickness due to external pressure (tg) 0,17 mm

Maximum allowable working pressure (MAWP) | 273,79 bar

Maximum allowable pressure (MAP) 273,79 bar

Maximum allowable external pressure (MAEP) | 148,27 bar

Rated MDMT -105°C

Impact test temperature per material specification = -46°C

. = 15,9-30,14 _ 0.35 mm

1.380-1+04-159

t.-E°  035-1

Stress ratio = Pa— 5510 = 0,0624
Stress ratio < 0,35, MDMT per UCS-66(b)(3) = -105°C
MDMT = min [Tige — Tocs—se(g) » — 105] = min [~ 46 — 3, —105] = [-105°C

Material is exempt from impact testing at the Design MDMT of -15°C.

Design thickness, (at 121 °C) Appendix 1-1

R 27 15,5-30,14 0 034 mm
TS Etog-p O™ T 7380.1,00 + 040 - 155 T2

Maximum allowable working pressure, (at 121 °C) Appendix 1-1

S-E-t 1.380 - 1,00 - 5,54

P = —P, =
R, —040 -t ® 7 30,14—040 - 5,54

—0=273,79 bar

Maximum allowable pressure, (at 7 °C) Appendix 1-1

_ S-E-t 1.380 - 1,00 - 5,54

= = = 273,79 bar
R, —040-t 30,14—0,40 - 5,54 I

External Pressure, (Corroded & at 23 °C) UG-28(c)

L 4
At 0,7814
D, 60,28
D, _ 808 _ 353,0838
t 0,17
From table G: A = 0,000266

From table CS-2 Metric: B = 270,7284 kg/cm *(265,49 bar)

4.B 4-265,49

RGN NG

a

Design thickness for external pressure P, = 1 bar

t, =t + Corrosion = 0,17 +0 = 0,17 mm



Maximum Allowable External Pressure, (Corroded & at 23 °C) UG-28(c)

L 471

=_—_ —0,7814
D, 6028 0,78
D, _ %028 _ 10,8809
t 554
From table G: A =0,057564

From table CS-2 Metric: B = 1.233,8567 kg/cm *(1.209,9979 bar)

4B 4-1210
T 3-(D,/t)  3-(60,28/5,54)

a



Top platform

Distance from Base to Datum 2.286 mm

Attached To Top Head
Orientation 0,00 degrees

Offset 981 mm

Width, W 2.557 mm (2,56 m)
Length, L 1.962 mm (1,96 m)
Wind Force Coefficient, Cs 2,00

Unit Weight 150,00 kg/m”2

Area 5,02 m"2
__ Raling
Height, h 1.300 mm (1,30 m)
Length 9038,00 mm (9,04 m)
Unit Weight 25,00 kg/m

Distance from Start to Datum -1.170 mm

Angle 0,00 degrees

Unit Weight 45,00 kg/m

Length 3.456 mm (3,46 m)
Allow Cage on Ladder Yes

Platform & Railing Weight 978,48 kg
Ladder Weight 155,52 kg
Total Weight 1134,00 kg
Included in Vessel Lift & Shipping Weight | No
Present When Vessel is Empty Yes
Present During Test Yes

Platform Wind Shear Calculation
Method and assumptions taken from Wind Loads for Petrochemical and Other Industrial Facilities, ASCE, 2011.
Platform depth: H, =152,4 mm

Railing effective height: H, = 243,84 mm

Platform diagonal length: L, = \/L? + W? = /19622 +25572 = 3.222,99 mm

Platform projected area: Acp=H, -Lg =1524-322299 =4911,84 cm?

Front Railing projected area: A.pz = H, - Ly = 243,84 - 3.222,99 = 7.858,95 cm?

Rear Railing projected area: A.gg = H, - Ly = 243,84 - 3.222,99 = 7.858,95 cm 2

Total projected area: A, =Ap +Acpg +Acrr = 4.911,84 + 7.858,95 + 7.858,95 = 20.629,74 cm 2
Local wind pressure: P, =861,17Pa

Wind shear: V, =P, - Cs - A, - MetricFactor = 861,17 - 2,00 - 20.629,74 - 0,101972 = 362,32 kgf



Shell V1

ASME Section VIII Division 1, 2021 Edition Metric

Component Cylinder
Material SA-516 60 (lI-D Metric p. 16, In. 3)
Tooted | Normalized | Fpi2 G PWHT o MAWP
Yes (-46°C) Yes Yes Yes No
Design Design Design
Pressure (bar) Temperature (°C) MDMT (°C)
Internal 15,5 121 15
External 1 23
Condition Ps (bar) Hs (mm) SG
Operating 0,04 455 0,999
Test horizontal 0,19 1.923,2 1
Test vertical 0,25 2.500 1

Longitudinal seam

Inner Diameter 1.800 mm
Length 1.700 mm
Nominal Thickness 21 mm
Corrosion Inner 0 mm
Outer 1,6 mm
Weight (kg) Capacity (liters)
New 1.510,35 4.297,18
Corroded 1.393,96 4.297,18
Thickness (mm) Density (kg/m3) Weight (kg)
Lining 3 8.000 230,33
Insulation 80 100 82,12
Spacing(mm) |Individual Weight (kg) | Total Weight (kg)
b 0 0 0

Radiography

Full UW-11(a) Type 1

Top Circumferential seam

Full UW-11(a) Type 1

Bottom Circumferential seam

Full UW-11(a) Type 1

Results Summary

Governing condition Internal pressure

Minimum thickness per UG-16 1,5 mm+ 1,6 mm = 3,1 mm
Design thickness due to internal pressure (t) 13,55 mm

Design thickness due to external pressure (tg) 7.77 mm

Design thickness due to combined loadings + corrosion |6.48 mm

Maximum allowable working pressure (MAWP) 25,07 bar

Maximum allowable pressure (MAP) 27.15 bar

Maximum allowable external pressure (MAEP) 12,77 bar

Rated MDMT -66,6 °C




UCS-66 Material Toughness Requirements

Material impact test temperature per UG-84 = -46°C

. 15,94 - 900 _ 1226

"T1180.1-06-1594 20 M
t,-E*  1226-1

Stressratio = —— = —— = 0,632
to—c  21—16

Stress ratio longitudinal — —ooP 0 L _ 0,2565

ress ratlo longitudinal = 1203,265 1 = y
UCS-66(i) reduction in MDMT, Tg from Fig UCS-66.1M = 20,6°C
MDMT = max [Tyt —Tr,—105] = max [ — 46 — 20,6, — 105] = |-66,6°C
Design MDMT of -15°C is acceptable.

Design thickness, (at 121 °C) UG-27(c)(1)

P-R 15,54 - 900

— ——— 4 Corrosion = 1,6 — 13,55 mm
S B 060 P OO = T 00 —060 a0 T 1890

t

Maximum allowable working pressure, (at 121 °C) UG-27(c)(1)

_ S-B-t _p - 1.180 - 1,00 - 19,4 0,04 — 2507 bar
R+060-t 900 + 0,60 - 19,4 =
Maximum allowable pressure, (at 7 °C) UG-27(c)(1)

 S-E-t  1180-1,00-21
" R4060-t 900 +0,60 - 21

External Pressure, (Corroded & at 23 °C) UG-28(c)

L _ 2100 1,1401
D, 1.842
D, 1.842
= —— =298,4016
t 6,17
From table G: A =0,000224

From table CS-2 Metric: B = 2282138 kg/em (2238 bar)

4-B 42238

" 3Dun  3aseer

Design thickness for external pressure P, = 1 bar
t, =t + Corrosion = 6,17 + 1,6 = 7,77 mm
Maximum Allowable External Pressure, (Corroded & at 23 °C) UG-28(c)

L 2100

=2 —11401
, 1842

D
D, 1842

=2 — 040494
t 194 94,949




From table G: A =0,001284

From table CS-2 Metric: B = 927,4941 kg/cm *(909,5594 bar)

4B 4-909,5
T 3-(D,/t)  3-(1.842/194)

a

% Extreme fiber elongation - UCS-79(d)

50 - ¢ Ry 50 - 21 910,5
EFE=— ) . (1- =) ==—/7]7/—) .- (1- =1,1532
(%) (=) = ) (- ) 2o

The extreme fiber elongation does not exceed 5%.

External Pressure + Weight + Wind Loading Check (Bergman, ASME paper 54-A-104)

w M 10 - 6.395,6 10000 - 1.619,9
P, = + = =174200 kg/cm
2-m- R, - RZ, 2-7-909,7 - 909,7 2
P, 17,42
a=———— =9803 - ———— =0,0927
P..D, 1-1.842
n=>5
1,2 1,2
m = 23 :’—3=0,9463
L\?2 2.100 2
D, 1.842
21 . -1 4 463 - 0,002
RatioP, — n +m+m- - _ 5 + 0,9463 + 0,9463 - 0,0927 —1,0035

n:—14+m 52 —1 40,9463
RatioP, - P, < MAEP
(1,0035 -1 =1) < 12,77

Cylinder thickness is satisfactory.

External Pressure + Weight + Seismic Loading Check (Bergman, ASME paper 54-A-104)

p_ W M 10-63956 1000014462 .
T2 Ry, | noR, 2.7 9097 xo90072 o
_ D =980 16,7521 = 0,0892

*Tp.p, P18

n==5

123 123
m = = ——— = 09463
A 2.100
(Do) (1842)
2 _q . 52 — 1 40,0463 + 0,9463 - 0,0892
Ratiop, — - —1tmtm-a — 1,0034

n:—14+m 52 —1 40,9463

RatioP, - P, < MAEP

(1,0034 -1 =1) < 12,77

Cylinder thickness is satisfactory.



Thickness Required Due to Pressure + External Loads

Allowable Stress Before UG-23
Condition Stress Increase ( kg/cm?) Temperature | Corrosion Load Pressure | Req'd Thk Due to| Req'd Thk Due to
(°C) C (mm) P ( bar) Tension (mm) Compression (mm)
St S¢
Wind 61,69 4,88 4,79
Operating, Hot & Corroded 1.203,3 1.111.7 121 1,6
Seismic 61.7 4,88 4.8
Wind 66,82 4,88 4,79
Operating, Hot & New 1.203,3 1.130.1 121 0
Seismic| 66,83 4,87 4.8
Wind 0 0.04 0.13
Hot Shut Down, Corroded 1.203,3 1.111.7 121 1,6
Seismic 0 0.04 0.13
Wind 0 0.04 0,13
Hot Shut Down, New 1.203,3 1.130.1 121 0
Seismic 0 0.04 0,13
Wind 0 0.04 0,13
Empty, Corroded 1.203,3 1.111.7 20 1,6
Seismic 0 0.04 0.12
Wind 0 0.04 0.13
Empty, New 1.203,3 1.130.1 20 0
Seismic 0 0.05 0,12
Wind 56.5 0.38 0.47
Vacuum 1.203,3 1.111.7 23 1,6
Seismic| 56,52 0.39 0.47
Hot Shut Down, Corroded, Weight & Wind 0 0.08 0.12
. 1.203,3 1.111.7 121 1,6
Eccentric Moments Only Seismic 0 0 0

Allowable Compressive Stress, Hot and Corroded- S¢jc, (table CS-2 Metric)

0,125 0,125
A= = —0,002633
R,/t  921/194
B =1111,7 kg/em >
g_ 1233 .. )
=g — L2033 ke/em

Sgc = min (B,S) = 1.111.7 kg/cm?

Allowable Compressive Stress, Hot and New- Sy, (table CS-2 Metric)

0125 0,125
A=

= —0,002850
R,/t  921/21
B =11301 kg/em
L3y . e ?
=g VA% defem

Sy = min (B,S) = 1.130,1 kg/cm?

Allowable Compressive Stress, Cold and New- Sccy, (table CS-2 Metric)

0125 0,125

A _
R,/t  921/21

= 0,002850

B =1.130,1 kg/cm >



12033

=12033 k ?
1,00 03,3 kg/cm

S

Sey = min (B,S) = 1.130.1 ka/cm?

Allowable Compressive Stress, Cold and Corroded- S.cc, (table CS-2 Metric)

0,125 0,125
= - T —0,002633
R,/t  921/194

B =1111,7 kg/em’

12033

=1.2033 k 2
T00 3 kg/em

Se¢ = min (B,S) = 1.111.7 kg/cm?

Allowable Compressive Stress, Vacuum and Corroded- Scyc, (table CS-2 Metric)

0,125 0,125
= = —0,002633

A =
R,/t  921/194

B =1111,7 kg/em’

12033
1,00

S =12033 kg/cm ’
Syc = min (B,S) =1.111.7 kg/cm?

Operating, Hot & Corroded, Wind, Bottom Seam




oo P-R o
P = 2.5, K, E, +040-|P| (Pressure)

15,5 - 900
2-1.180 - 1,20 - 1,00 + 0,40 - [155

= 4,92 mm

M
t. = - MetricFactor bendin
m TI"Rgn'St'Ks'Ec ( g)

1.619,9
= - 98066.5
7-909,7 2-1.180 - 1,20 - 1,00

= 0,04 mm

w
ty = T R 5 K. B - MetricFactor (Weight)

= 03%,6 98.0665
"~ 2.7-909,7-1.180 - 1,20 - 1,00 '

= 0,08 mm
tt = t, +tn —ty (total required, tensile)
= 492+0,04 — (0,08)

= 4,88 mm

te = [tme +tue —tpl (total, net tensile)

|0,04 + (0,08) — (4,92)|

4,79 mm

Maximum allowable working pressure, Longitudinal Stress

2.8, K, E.(t —tm +ty)
R — 040 - (t —tm +1ty)

2-1.180 - 1,20 - 1,00 - (19,4 — 0,04 + (0,08))
900 — 0,40 - (19,4 — 0,04 + (0,08))

61.69 bar

Operating, Hot & New, Wind, Bottom Seam




oo P-R o
P = 2.8, K, E, +040-|P| (Pressure)

15,5 - 900
2-1.180 - 1,20 - 1,00 + 0,40 - [155|

= 4,92 mm

M
t. = - MetricFactor bendin
m TI"Rgn'St'Ks'Ec ( g)

1.622,9
= - 98066.5
7-910,5 2 - 1.180 - 1,20 - 1,00

= 0,04 mm

tyw = - MetricFactor Weight
w 2.7-Ry-8 K, E, (Weight)

_ 6.572,9 08,0665
T 2.7-910,5 - 1.180 - 1,20 - 1,00 ’

= 0,08 mm
tt =t +t, —ty (total required, tensile)
= 4,92+0,04 — (0,08)

= 4,88 mm

te = [tme +tue —tul (total, net tensile)

|0,04 + (0,08) — (4,92)|

4,79 mm

Maximum allowable working pressure, Longitudinal Stress

2.8, K, B, (t —tp +ty)
R —040 - (t —tm +ty)

2.1.180 - 1,20 - 1,00 - (21 — 0,04 + (0,08))
900 — 0,40 - (21 — 0,04 + (0,08))

66,82 bar

Hot Shut Down, Corroded, Wind, Bottom Seam




tp = 0mm (Pressure)

M
tn = ——— - MetricFactor i
m xRS, K. (bending)

1.619,9
= - 98066.5

7-909,7 2-1.090,21 - 1,20

0,05 mm

ty = ——— - MetricFactor Weight
Y 2.7R,-S.-K, (Weight)

_ 6.395,6 08,0665
T 2.7-909,7 -1.090,21 - 1,20 .

0,08 mm

t¢ [ty +tm —twl (total, net compressive)

0+ 0,05 — (0,08)|

0.04 mm

to = tme tlwe —tn (total required, compressive)

0,05-+(0,08) — (0)

0,13 mm

Hot Shut Down, New, Wind, Bottom Seam

tp, = 0mm (Pressure)
tm = M MetricFact i
m = m etrickactor (bending)
1.622
= 622,9 - 98066.5
7 -910,5 2 -1.108,2 - 1,20
= 0,05 mm
t w MetricFact (Weight)
= —_— etric. or I
YT 27R, S K, ©9
.572
= 6.572,9 - 98.0665
2.7-910,5 - 1.108,2 - 1,20
= 0,08 mm
tt = [t +tm —tul (total, net compressive)
= 040,05 — (0,08)]
= 0,04 mm
to = tme tlwe —tn (total required, compressive)

0,05-+(0,08) — (0)

0,13 mm

Empty, Corroded, Wind, Bottom Seam



tp = 0mm (Pressure)

M
tn = ——— - MetricFactor i
m xRS, K. (bending)

1.619,9
= - 98066.5

7-909,7 2-1.090,21 - 1,20

= 0,05 mm

w
ty, = Tr R, 5K - MetricFactor (Weight)

_ 6.395,6 08,0665
T 2.7-909,7 -1.090,21 - 1,20 .

= 0,08 mm
tt = [t +tn —tul (total, net compressive)
= 0+005 — (008)]

= 0,04 mm

to = tme tlwe —tn (total required, compressive)

0,05-+(0,08) — (0)

0,13 mm

Empty, New, Wind, Bottom Seam

tp, = 0mm (Pressure)
tm = L - MetricFactor (bending)
m-R2,-S. K,
1.622,9
T or01052. 1.1708,2 1,20 +98066.5
= 0,05 mm
tw = N | — - MetricFactor ~ (Weight)
2-m-R,, - S.- K,
6.572,9
T 2 x0105- 1.1708,2 a0 280665
= 0,08 mm
tt = [t +tn —tul (total, net compressive)
= |0+0,05 — (0,08)|
= 0,04 mm
te = tme tlwe —te (total required, compressive)

0,05-+(0,08) — (0)

0,13 mm

Vacuum, Wind, Bottom Seam




ty =

P-R
2.5, K, +040 - |P|

(Pressure)

—1-900
2-1.090,21 - 1,20 + 0,40 - |1

-0,34 mm

M

m - MetricFactor (bend i ng)

1.619,9

- - 98066.5
7-909,7 2 1.090,21 - 1,20

0,05 mm

w

m . MetrlcFactor (Welght)

6.395,6

3 r 0007100021 120 00665

0,08 mm
[ty +tm —twl (total, net compressive)
| —0,34 40,05 — (0,08)]

0.38 mm

tne T twe —tpe (total required, compressive)
0,05-+(0,08) — ( —0,34)

0,47 mm

Maximum Allowable External Pressure, Longitudinal Stress

2:8, Ky - (t —tme —tue)
R —040 - (t —tme —tue)

2-1.090,21 - 1,20 - (19,4 — 0,05 — 0,08)
900 — 0,40 - (19,4 — 0,05 — 0,08)

56.5 bar

Hot Shut Down, Corroded, Weight & Eccentric Moments Only, Bottom Seam




tp = 0mm (Pressure)

M
ty = ————— - MetricFactor (bending)

7 -R2,-S.- K,

= 593 - 98066.5

7-909,7 2 - 1.090,21 - 1,00

= 0,02 mm

w
tw = Tr R S K - MetricFactor (Weight)

6.395,6
= - 98.0665
2.7 -909,7 - 1.090,21 - 1,00

= 0,1mm
= [ty +tm —tul (total, net compressive)
= |[0+0,02 — (0,1)]

= 0,08 mm

te = tme Ttue —tw (total required, compressive)

0,02+(0,1) — (0)

0,12 mm

Operating, Hot & Corroded, Seismic, Bottom Seam

o P-R o
P = 278, K, E.+040-|P| (Pressure)

15,5 - 900
2-1.180 - 1,20 - 1,00 + 0,40 - |15,5|

4,92 mm

M
t, = - MetricFactor i
m xRS, K. E. (bending)

1.446,2
= - 98066.5

7-909,7 2-1.180 - 1,20 - 1,00

0,04 mm

w
ty = S 7 R 5 K L - MetricFactor (Weight)

6.395, 6
= - 98.0665
2.7 -909,7 - 1.180 - 1,20 - 1,00

0,08 mm
tt =t ttn —t (total required, tensile)

492+0,04 — (0,08)

4.88 mm

= [tme +tue — tpcl (total, net tensile)

—
o
|

0,04 + (0,08) — (4,92)]

= 4.8 mm

Maximum allowable working pressure, Longitudinal Stress



2.8, K, B, (t —tp +ty)
R —040 - (t —tm +ty)

2-1.180 - 1,20 - 1,00 - (194 — 0,04 + (0,08))
900 — 0,40 - (19,4 — 0,04 -+ (0,08))

61.7 bar

Operating, Hot & New, Seismic, Bottom Seam

oo P-R o
P = 2.8, K, E, +040-|P| (Pressure)

15,5 - 900
2-1.180 - 1,20 - 1,00 + 0,40 - [155|

4,92 mm

M
o - MetricFactor bendin
m Tr-R?n'St'Ks'Ec ( g)

1472,1
= - 98066.5

7-910,5 2 - 1.180 - 1,20 - 1,00

0,04 mm

w
ty = N A A - MetricFactor (Weight)

= 0572,9 98.0665
T 2.7-9105- 1180 - 1,20 - 1,00 '

0,08 mm

tt = tp +tm —ty (total required, tensile)

4,92+0,04 — (0,08)

4,87 mm

tc

[tme + twe — tpel (total, net tensile)

|0,04 + (0,08) — (4,92)|

4.8 mm

Maximum allowable working pressure, Longitudinal Stress

2.8, K, E.-(t —tm +1t,)
R —040- (t —tn, +1ty)

2-1.180 - 1,20 - 1,00 - (21 — 0,04 + (0,08))
900 — 0,40 - (21 — 0,04 + (0,08))

66,83 bar

Hot Shut Down, Corroded, Seismic, Bottom Seam




tp = 0mm (Pressure)

M
tn, = ——— - MetricFactor i
m x RZ.S. K. (bending)

1.446,2
= - - 98066.5
79097 % 1.090,21 - 1,20

0,04 mm

w
ty = TR, 5K - MetricFactor (Weight)

= 0.5%,0 98.0665
T 2.7-909,7 -1.090,21 - 1,20 .

0,08 mm

t¢ [ty +tm —twl (total, net compressive)

0+ 0,04 — (0,08)|

0.04 mm

to = tme tlwe —tn (total required, compressive)

0,04-+(0,08) — (0)

0,13 mm

Hot Shut Down, New, Seismic, Bottom Seam

tp, = 0mm (Pressure)
tm = M MetricFact i
m = m etrickactor (bending)
1472,1
= - 98066.5
m-910,5 2 -1.108,2 - 1,20
= 0,04 mm
t w MetricFacto (Weight)
= " Ti T i
YT 3 xR, 8. K, g
_ 6.572,9 98.0665
T 2.7.9105-11082-120
= 0,08 mm
tt = [t +tn —tul (total, net compressive)
= 040,04 — (0,08)]
= 0,04 mm
te = tme Ftue —tw (total required, compressive)

0,04+(0,08) — (0)

0.13 mm

Empty, Corroded, Seismic, Bottom Seam



tp = 0mm (Pressure)

M
ty = ————— - MetricFactor (bending)

7 R2,-S.- K,

1.352
= 352,9 - 98066.5

7 -909,7 2-1.090,21 - 1,20

= 0,04 mm

tw = —— . MetricFactor Weight
YT 97 R, S. K, (Weight)

- 6.395,6 - 98.0665
279097 1.090.21 - 120

= 0,08 mm
tt = |t +tn —tul (total, net compressive)
= [0+0,04 — (008)|

= 0,04 mm

to = tme tlwe —tn (total required, compressive)

0,04-+(0,08) — (0)

0,12 mm

Empty, New, Seismic, Bottom Seam

tp, = 0mm (Pressure)
M . .
tm = m-MetncFaﬁtor (bending)
1.379,8
= - 98066.5
m-910,5 2-1.108,2 - 1,20
= 0,04 mm
t W MetricFact (Weight)
= - €etric. or el
Y T 2 Ry S. K, g
_ 6.572,9 98.0665
T 2.7.9105-11082-120
= 0,08 mm
tt = [t, +tn —tul (total, net compressive)
= |0+0,04 — (0,08)]
= 0,05 mm
tc = tme ttuwe —tp (total required, compressive)

0,04+(0,08) — (0)

0.12 mm

Vacuum, Seismic, Bottom Seam




ty =

PR
2.5, K, +040 - |P|

(Pressure)

—1-900
2-1.090,21 - 1,20 + 0,40 - [1|

-0,34 mm

M

m - MetricFactor (bend | ng)

1.446,2
7-909,7 2 - 1.090,21 - 1,20

- 98066.5

0,04 mm

w

m - MetricFactor (Welght)

6.395,6
2.7 -909,7 - 1.090,21 - 1,20

- 98.0665

0,08 mm
[tp +tm —twl (total, net compressive)
| —0,34 40,04 — (0,08)]

0.39 mm

tne T twe —tpe (total required, compressive)
0,04-+(0,08) — ( —0,34)

0,47 mm

Maximum Allowable External Pressure, Longitudinal Stress

2:8,- Ky - (t —tme —tue)
R —040 - (t —tme —tye)

2-1.090,21 - 1,20 - (19,4 — 0,04 — 0,08)
900 — 0,40 - (19,4 — 0,04 — 0,08)

56,52 bar



MESH BLANKET

ASME Section VIl Division 1, 2021 Edition Metric

Inputs
Number of Trays in Group 2
Distance from Bottom Tray to Datum 1.200 mm
Space Between Trays 150 mm
Number of Passes 1

Weight
Tray Weight 0,00 kg/m?
Tray Diameter 1.500 mm
Support Weight 0 kg each
Operating Liquid Depth on Tray 0 mm
Tray Liquid Specific Gravity 1,00
Estimated Tray Weight, Empty 0 kg each
Estimated Tray Weight, Operating 0 kg each

Loading Conditions

Included in Vessel Lift & Shipping Weight | Yes
Present When Vessel is Empty Yes
Present During Test Yes




Nozzle (B)
ASME Section VIl Division 1, 2021 Edition Metric

— ¥11031
— —3 3038
B "SRR | Ll

: N L 2

21

Note: Per UW-16(b) minimum inside corner radius rq = min [1 / 4*t, 3 mm] = 3 mm

Location and Orientation

Located on Shell V1

Orientation 90°

Nozzle center line offset to datum line 900 mm

End of nozzle to shell center 1.150 mm

Passes through a Category A joint No

Access opening No

Material specification SA-266 1 (II-D Metric p. 12, In. 40) (normalized)
Inside diameter, new 303,18 mm

Wall thickness, t, 26 mm

Minimum wall thickness 10,31 mm

Corrosion inner 0 mm

Corrosion outer 1,6 mm

Projection available outside vessel, Lpr 114,7 mm

Heavy barrel length, Ly, 50 mm

Projection available outside vessel to flange face, Lf|229 mm

Local vessel minimum thickness 21 mm

Liquid static head included 0 bar
. Weus |
Inner fillet, Legg 11 mm

Nozzle to vessel groove weld 21 mm

Longitudinal seam Full UW-11(a) Type 1
Circumferential seam Full UW-11(a) Type 1




ASME B16.5-2017 Flange

MAWP Reduction Due
_ 16 - M _ 16 - 1.486,4 - 1000

Description NPS 12 Class 150 WN A350 LF2 CI.1 N
Bolt Material SA-320 L7 Bolt <= 65 (lI-D Metric p. 410, In. 33)
Blind included No

Rated MDMT -56,6°C

Liquid static head 0 bar

Consider External Loads on Flange MAWP Rating Yes

MAWP reduction due to external loads 19,51 bar

MAWP rating 16,9 bar @ 121°C

MAP rating 19,6 bar @ 7°C

Hydrotest rating 30 bar@ 7°C

PWHT performed Yes

Produced to Fine Grain Practice and Yes

Supplied in Heat Treated Condition

Impact Tested No

Circumferential joint radiography Full UW-11(a) Type 1

Bore diameter, B (specified by purchaser) 303,18 mm

to External Loads

= min [169,169 - (1+1,2) —19,51] —0 =

Description

(1) Flange is impact tested per material specification to -46°C.
UCS-66(i) reduction of 10,6°C applied (ratio = 0,8112).
Bolts rated MDMT per Fig UCS-66 note (c) =-104°C

P =— 342,00 ° 10100 = .

p_ AW —4. —909,59 102100 = 0,97 bar
G2 - 342,09

MAWP,guion = max [Py +P,,0] = max [1854 +0,97,0] = 19,51 bar

Table UG-44-1 Moment Factor, Fj = 12

MAWP = win [MAWP,MAWP - (1+ Fy) = M AW Byeiuction | = Ps 16,9 bar

Spiral-wound Stainless, Monel, or nickel-base alloy windings
with filler

Appendix O.

(2) UG-44(b): The actual assembly bolt load (see Nonmandatory Appendix S) shall comply with ASME PCC-1, Nonmandatory

temperature.

(3) UG-44(b): The bolt material shall have an allowable stress equal to or greater than SA-193 B8 CI. 2 at the specified bolt size and




UCS-66 Material Toughness Requirements Nozzle At Intersection

Governing thickness, ty = 21 mm
Exemption temperature from Fig UCS-66M Curve C = -23,75°C
B 15,9 - 900 B 1223
TT1180-1-06-159 3 M

. t-E° 12231
Stress ratio = e 215 0,6302
308,497 - 1
t tio longitudinal = ——— =
Stress ratio longitudin 1203265 1 0,2564
Reduction in MDMT, TR from Fig UCS-66.1M = 20,7°C
Reduction in MDMT, Tpynt from UCS-68(c) = 17°C

MDMT = max [MDMT — T — Trwnr , — 48] = max [ — 23,75 — 20,7 — 17, — 48] = |-48°C

Material is exempt from impact testing at the Design MDMT of -15°C.

UCS-66 Material Toughness Requirements Nozzle

External nozzle loadings per UG-22 govern the coincident ratio used.

St o — B 302-1 0,3469
ress ratio = t o 1031-16 = ,

Stress ratio < 0,35, MDMT per UCS-66(b)(3) = -105°C
Material is exempt from impact testing at the Design MDMT of -15°C.




Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (cm2)

For P = 16,78 bar @ 121 °C
The opening is adequately reinforced

UG-45 Summary (mm)

The nozzle passes UG-45

A A Ay A,
required |available

A
A; | A
317 welds

treq

39,1338 |42.0006 | 19.6825 | 21.5587 | —

0.7594| 9.93

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

Weld description

Required weld
throat size (mm)

Actual weld
throat size (mm)

Status

Nozzle to shell fillet (Legyy) 6,1 weld size is adequate
“ 6 (corroded) q
WRC 537
Max Allow Lh:?:;(l t:::::
Load Case P | Pr Mo | Ve | Moo Vo | Me | Comb | BMD | primary | Primary | Over
(bar) | (kgg) | (kgem) | (kgy) | (kgg-m) | (kgp) | (kgg-m) oo o2 Stress Stress |Stressed
(kggem’) | (kggem’) (kgg/em?) | (kgfcm?)
Load case 1 16,78 -909,59 | 1.259,3 909,59 |1.259,3 909,59 | 1.259,3 | 2.154,627 | 3.609,796 | 1.729,34 | 1.804,898 No
Load case 1 (Hot Shut Down) 0 -909,59(1.259,3 909,59 | 1.259,3 | 909,59 | 1.259,3 | 1.235,364 | 3.609,796 | 285,868 |1.804,898 No
Load case 1 (Pr Reversed) 16,78 | 909,59 | 1.259,3 909,59 | 1.259,3 909,59 | 1.259,3 | 1.965,431 | 3.609,796 | 1.657,908 | 1.804,898 No
Load case 1 (Pr Reversed) (Hot Shut Down) 0 909,59 [1.259,3 909,59 |1.259,3 909,59 | 1.259,3 | -1.232,973 | 3.609,796 | -285,868 | 1.804,898 No

Calculations for internal pressure 16,78 bar @ 121 °C

Parallel Limit of reinforcement per UG-40 and Fig. UG-40 sketch (e-1)

Lr

303,18 mm

max [d, R, + (t, —Cy) +(t —C))

max [303,18, 151,59 + (10,31 — 1,6) + (21 — 1,6)]

Outer Normal Limit of reinforcement per UG-40 and Fig. UG-40 sketch (e-1)

min [25 - (21 — 16), 2,5 - (10,31 — 1,6) + 27,18]

LH = min [275 '(tiC)v 2,5'(tn 7Cn) +te]
= 48,5 mm
te = min [49,08 + 15,69 - tan(30), 15,69 - tan(60)]

27,18 mm

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

; _ P-R,
mo = S.-E—06-P

16,7791-151,59

1.180 - 1 — 0,6 - 16,7791

2,17 mm

Required thickness t, from UG-37(a)




P-R
S-E—06-P

16,7791 - 900
1180 -1 — 0,6 - 16,7791

= 12,91 mm

Area required per UG-37(c)

Allowable stresses: S, = 1.203,265, S, = 1.203,265 kgf/c:m2

"

fq =1 f1or — =1
r1 = lesser of 1 or S,

Sn
fro = lesser of 1 or 5 =1

v

A = dt, F+2-t,t, F-(1—fn)

(303,18 - 12,91 - 14226 - 1291 - 1- (1 — 1))/100

= 39,1338 cm?

Area available from FIG. UG-37.1

A4 = larger of the following= 19,6825 cm?
= d-(Ey-t—F-t,)—2-t,-(By-t—F-t,) -(1—fn)
= (303,18 - (1-194 —1-12,91) —2-26 - (1-19,4 —1-12,91) - (1 —1))/100
= 19,6825 cm?
= 2-(t+t,) - (By -t —F-t,)—2-t, - (B -t —F -t,)-(1—f1)
= (2-(194+8,71)-(1-194-1-1291) —2-26- (1-194 —1-12,91) - (1 —1))/100

= 3,6497 cm?

Ao = smaller of the following= 21,5587 cm?

= 5'(tn7t7‘n)'fr2't
= (5-(244 —2,17)-1-194)/100

= 21,5587 cm >

= 2'(tn_trn)'(275'tp+te)'fr2
= 2- (24,4 — 2,17) . (2,5 -8,71 +27,18) . 1)/100

= 21,7587 cm?

A1 = Leg’-fp
= (8,712-1)/100

= 0.7594 cm?




Area Ay +Ay+Apn

19,6825-+21,5587 -+ 0,7504

= 42,0006 cm?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: ¢, = min [19mm, t,, t]= 19 mm
tymin) = min [6 mm, 07 -ty,] = 6 mm

tdacuay =07 -Leg =07-871 =6,1 mm

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-27 = m + Corrosion

16,7791-151,59
- +16
1180 -1 — 0,6 - 16,7791

= 3,77 mm

taug-22 = 4,68 mm

to = max [twg-27, tauc-22]
= max 377, 468]
= 4,68 mm
P-R

th1 = m + Corrosion

16,7791 - 900
= 116
1.180 - 1 — 0,6 - 16,7791

= 14,51 mm

tn = max [ty, tweis]
= max [14,51, 3,1]

= 14,51 mm

ty = min [tig, ty ]
= min [9,93, 1451]

= 9,93 mm

tuc-5 max [t,, tp]

max [4,68, 9,93]
= 9.93 mm
Available nozzle wall thickness new, t, = 10,31 mm

The nozzle neck thickness is adequate.



WRC 537 Load case 1

Applied Loads

Radial load, P, -909,59 kgt

Circumferential moment, M¢ | 1.259,3 kgs-m

Circumferential shear, V¢ 909,59 kgt

Longitudinal moment, M 1.259,3 kgs-m

Longitudinal shear, Vi 909,59 kg
Torsion moment, M 1.259,3 kgs-m
Internal pressure, P 16,78 bar
Mean shell radius, Ry, 909,7 mm
Local shell thickness, T 19,4 mm
Design factor 3

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

_ Bm _ 9097 = 46,8022
YT T 94 T
0,875 - 7, 0,875-175,99
B = = =0,1693

R, 909,7

Pressure stress intensity factor, I = 1,8185 (derived from Division 2 Part 4.5)

I-P-R;
Local circumferential pressure stress = —F = 1.443,472 kg;/cm 2

o I-P-R; 2
Local longitudinal pressure stress = T = 721,701 kg;/cm

Maximum combined stress (Pr + P, +Q) = 2.154,63 kg ;/cm 2

Allowable combined stress (P, + P, +Q) = +£3-S = +3.609,8 kgf/cm2
The maximum combined stress (P, + P, + Q) is within allowable limits.

Maximum local primary membrane stress (Pp) = 1.729,34 kgf/cm2

Allowable local primary membrane stress (P;) = £15-S = +1.804,9 kgf/c:m2

The maximum local primary membrane stress (P ) is within allowable limits.



Stresses at the nozzle OD per WRC Bulletin 537

Figure Y Ay A By B Cy Ci Dy Dy
Ny
3C* Er— 4,3636 0 0 0 0 22,498 22,498 22,498 22,498
P / Rm
Ny
4C* e r— 6,928 35,716 35,716 35,716 35,716 0 0 0 0
P / Rm
My
1C 5 0,0742 0 0 0 0 107,57 -107,57 107,57 -107,57
M,
2C-1 5 0,0406 58,847 -58,847 58,847 -58,847 0 0 0 0
Ny
3A* 1,775 0 0 0 0 -82,259 -82,259 82,259 82,259
M, | (B%-6)
M,
1A _— 0,0782 0 0 0 0 -1.019,3811.019,381{1.019,381-1.019,381
M | (Bm-B)
Ny
3B* — 5,3985 | -250,152 | -250,152 | 250,152 | 250,152 0 0 0 0
My / (R%-B)
M,
1B-1 —_— 0,0281 | -365,807 | 365,807 | 365,807 | -365,807 0 0 0 0
My /) (Bm-B)
Pressure stress* 1.443,472 | 1.443,472|1.443,472|1.443,472| 793,766 793,766 | 793,766 793,766
Total circumferential stress 922,076 |1.535,996 (2.153,994 |1.304,686 | -177,806 |1.645,816|2.025,473 | -228,427
Primary membrane circumferential stress* | 1.229,036 | 1.229,036 | 1.729,34 | 1.729,34 | 734,005 | 734,005 | 898,523 | 898,523
NE
3C* —_— 4,3636 22,498 22,498 22,498 22,498 0 0 0 0
P / Rm
Nfl}
4C* — 6,928 0 0 0 0 35,716 35,716 35,716 35,716
P/ Rm
MJ
1C-1 7 0,0787 114,179 | -114,179 | 114,179 | -114,179 0 0 0 0
M.’L‘
2C - 0,0388 0 0 0 0 56,246 -56,246 56,246 -56,246
NZ
4A* 3,3606 0 0 0 0 -155,73 -155,73 155,73 155,73
M, | (R%-6)
2A M 0,0389 0 0 0 0 507,687 | 507,687 | 507,687 507,687
Mo/ (B B) ) ) ) ) )
Ny
4B* 1,4886 -68,971 -68,971 68,971 68,971 0 0 0 0
My | (B} B)
2B-1 L 0,0444 579,048 | 579,048 | 579,048 579,048 0 0 0 0
My | (Em-B) ) ) ) ) )
Pressure stress* 396,883 | 396,883 | 396,883 | 396,883 721,701 721,701 721,701 721,701
Total longitudinal stress -114,46 815,279 |1.181,579| -204,874 | 150,246 |1.053,128|1.477,079| 349,215

Primary membrane longitudinal stress* 350,41 350,41 488,352 | 488,352 601,687 601,687 | 913,147 913,147

Shear from M, 33,326 | 33,326 | 33,326 | 33,326 | 33,326 | 33,326 | 33,326 | 33,326
Circ shear from V,, 8,507 8,507 -8,507 -8,507 0 0 0 0
Long shear from V| 0 0 0 0 -8,507 -8,507 8,507 8,507
Total Shear stress 41,833 | 41,833 | 24,818 | 24,818 | 24,818 24,818 | 41,833 | 41,833
Combined stress (P_+P,+Q) 1.039,91 |1.538,387 |2.154,627 | 1.510,404 | 331,779 | 1.646,87 |2.028,637| 583,688

* denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads



P-R; P, M -R,
On(Pm) = 2.1, w-(R%—R?) + T

16,78 - 1,02 - 151,59 —909,59 Lo 178098211603
- 2-8,71 - (160,3 % — 151,59 ?) 1,0385E+08

= 434459 kg ;/cm

The average primary stress Py, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable ( <
S = 1.203,265 kgs/cm?)

Shear stress in the nozzle wall due to external loads

A V2+V2 1/909,59 2 4 909,59 2

L
shear = 100 = .100 = 31,012 k 2
7 sh TR, -t 7 - 151,50 - 871 g s/am
M, 100000 1.256,3 100000 = 100,142 kg ,/cm *
Otorsion = — 5 ' = : = ) m
‘ 2.7 R -t, 2.7 -151,59 2 - 8,71 !

Ttotal = Oshear + Otorsion = 31,012 +100,142 = 131,154 kg ;/em >

UG-45: The total combined shear stress (131,154 kgf/sz) < allowable (0,7 - S, =0,7-1.203,265 = 842,286 kgf/(:tnz)



Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (cm?) UG-45 Summary (mm)

For Pe =1 bar @ 23 °C

The opening is adequately reinforced The nozzle passes UG-45

A A A .
required | available Ar A2 As| As welds treq tmin
9.3576 |163.5999 |40.1012(22.7393 | - | — |0.7594 3.61 10,31

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
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legyy) 6,1 weld size is adequate
“ 6 (corroded) q

Calculations for external pressure 1 bar @ 23 °C

Parallel Limit of reinforcement per UG-40 and Fig. UG-40 sketch (e-1)

Lr max [d, R+ (t, —Cy) +(t —C)]

max [303,18, 151,59 + (10,31 — 1,6) + (21 — 1,6)]

303,18 mm

Outer Normal Limit of reinforcement per UG-40 and Fig. UG-40 sketch (e-1)

Ly = min 25 (t —C), 25 (t, —Cy) +t.]
= min [2,5- (21 —1,6), 2,5 (10,31 —1,6) +27,18]
= 48,5 mm

te = min [49,08 + 15,69 - tan(30), 15,69 - tan(60)]

27,18 mm

Nozzle required thickness per UG-28 t,,, = 0,96 mm

From UG-37(d)(1) required thickness t, = 6,17 mm

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

Allowable stresses: S, = 1.203,265, S, = 1.203,265 kgf/cm2

n

fr1 = lesser of 1 or :S;— =1

v

n

fro = lesser of 1 or i— =1

v

>
Il

05-(d-t,-F+2-t, -t,-F-(1— fn))

(05 - (303,18 - 6,17 -1+2-26 - 6,17 - 1- (1 —1)))/100

= 9.3576 cm?

Area available from FIG. UG-37.1



A4 = larger of the following= 40,1012 cm?

= d-(By t—Ft,)—2-t,-(By -t —F-t,)-(1—fu)
= (303,18 - (1194 —1-6,17) —2-26 - (1-194 —1-6,17) - (1 — 1)) /100

= 40,1012 cm>

= 2-(t+tn) (B1-t—F-t,) =2t - (B1-t —F -t.)- (1= fn)
= (2-(1944+871) - (1-194 —1-6,17) —2-26 - (1-194 —1-6,17) - (1 — 1)) /100
= 74361 cm’
Ay = smaller of the following= 22,7393 cm?
= 5'(tn_trn)'fr2't
= (5-(244 —0,96) -1-194)/100

= 22,7393 cm >

= 2 (tn —trm) - (25 -ty +1) - fra
= (2-(244—096) - (258,71 +27,18) - 1)/100

= 22,9503 cm >

Ast = Leg’ fo
= (8,71%-1)/100

= 0.7594 cm?

A+ A+ An

Area
= 40,1012+-22,7393 + 0,7594

= 63,5999 cm?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: ¢, = min [19mm, t,, t]= 19 mm
tymin) = min [6 mm, 0,7 -ty,]= 6 mm

tooua) =07 -Leg =07-871 =61 mm

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-2s = 2,56 mm

taug-22 = 3,61 mm

ta = max [tac-2s, tavc-22]
= max 256, 361]

= 3,61 mm



t PR + Corrosi
= _— OITOS1ION
b2 S-E—06-P

1-900
= —_— ]_
1.180-1-06-1 +16

= 2,36 mm

L2 = max [ti, twcis)
= max 236, 3]]

= 3,1 mm

tb = min [tb3, tbg]
= min [9,93, 3]]

= 3,1 mm

tug-4s = max [t,, o

= max (3,61, 3,1]

= 361 mm
Available nozzle wall thickness new, t, = 10,31 mm
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 23 °C) UG-28(c)

L 24628
—_ = = 0,6934
D, 35518
D, 35518
= = 371,0232
t 0,96 ’
From table G: A =0,000279

From table CS-2 Metric: B = 283,7594 kg/cm (278,27 bar)

4.B 4-278,27

a = = - 1 b
3-(D,/t) _ 3-(35518/0,96) o

Design thickness for external pressure P, = 1 bar

t, =t + Corrosion = 0,96 + 1,6 = 2,56 mm



Nozzle (C)

ASME Section VIl Division 1, 2021 Edition Metric

— 7102
k—  6i0

__gpimmm— |

| 60

| e

| M

21

Note: Per UW-16(b) minimum inside corner radius rq = min [1 / 4*t, 3 mm] = 3 mm

Location and Orientation

Access opening

Located on Shell V1
Orientation 260°
Nozzle center line offset to datum line 630 mm
End of nozzle to shell center 1.223,4 mm
Passes through a Category A joint No

Yes

Material specification

SA-350 LF2 ClI 1 (lI-D Metric p. 20, In. 36) (normalized)

Inside diameter, new

590,2 mm

Inner fillet, Legg

Wall thickness, t,, 60 mm
Minimum wall thickness 9,9 mm
Corrosion inner 0 mm
Corrosion outer 1,6 mm
Projection available outside vessel, Lpr 150 mm
Heavy barrel length, Ly, 60 mm
Projection available outside vessel to flange face, Lf|302,4 mm
Local vessel minimum thickness 21 mm
User input radial limit of reinforcement 480 mm
Liquid static head included 0,02 bar

11 mm

Nozzle to vessel groove weld

Longitudinal seam

Radiography

21 mm

Full UW-11(a) Type 1

Circumferential seam

Full UW-11(a) Type 1




ASME B16.5-2017 Flange

Description NPS 24 Class 150 WN A350 LF2 CI.1 N
Bolt Material SA-320 L7 Bolt <= 65 (lI-D Metric p. 410, In. 33)
Blind included Yes

Rated MDMT -56,6°C

Liquid static head 0 bar

MAWP rating 16,9 bar @ 121°C

MAP rating 19,6 bar @ 7°C

Hydrotest rating 30bar@ 7°C

PWHT performed Yes

Produced to Fine Grain Practice and Yes

Supplied in Heat Treated Condition

Impact Tested No

Circumferential joint radiography Full UW-11(a) Type 1

Bore diameter, B (specified by purchaser) 584 mm

(1) Flange is impact tested per material specification to -46°C.
UCS-66(i) reduction of 10,6°C applied (ratio = 0,8112).
Bolts rated MDMT per Fig UCS-66 note (c) =-104°C

Type ASME B16.20 Spiral-Wound

Description Spiral-wound Stainless, Monel, or nickel-base alloy windings with filler
Factor, m 3

Seating Stress, y 703,07 kgs/cm?

Thickness, T 4.5 mm

Inner Diameter 628,7 mm

Outer Diameter 685,8 mm

UCS-66 Material Toughness Requirements Nozzle At Intersection

Impact test temperature per material specification = -46°C
15,92 - 900
"7 1180 -1-06 - 1592 12,24 mm
Stress ratio = LB = w = 0,6309
th—c 21 —16
308,357 - 1
. l . . — Y —

Stress ratio longitudinal —1.203,265 1 0,2563
UCS-66(i) reduction in MDMT, Tg from Fig UCS-66.1M = 20,7°C
MDMT = min [Timpar —Tuos se(g) » mex [T} ~Tg,—105]] = min [—46 — 3, max [ — 46 — 20,7, — 105]] = |-66,7°C

Material is exempt from impact testing at the Design MDMT of -15°C.

UCS-66 Material Toughness Requirements Nozzle

Impact test temperature per material specification = -46°C
. 15,92:295,1 3 343
" 1380-1-06-1592 &3 mm
t,-E" 343 -1
Stressratio = —— = —— = 0,413
t, —c 99-16
UCS-66(i) reduction in MDMT, TR from Fig UCS-66.1M = 47,5°C
MDMT = min [Timpar — Tvcs-e6(g) » X [Timpad — Tr, — 105]] = min [ —46 — 3, max [ — 46 — 47,5, — 105] = |-93,5°C
Material is exempt from impact testing at the Design MDMT of -15°C.







Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (cm?2) UG-45 Summary (mm)

For P = 16,8 bar @ 121 °C

The opening is adequately reinforced The nozzle passes UG-45

A A A _
required |available A A2 As|As welds freq fmin
76.2581|77.857323.9593 53,1386 | — | — | 0.7594 5.22 9,9

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

i Required weld Actual weld
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legyq) 6,1 weld size is adequate
“ 6 (corroded) q

Calculations for internal pressure 16,8 bar @ 121 °C

Parallel Limit of reinforcement per UG-40 and Fig. UG-40 sketch (e-1)

Lr = max [d, R+ (t, —Cyp) +(t —C)]
= max [590,2, 295,1 + (99 —1,6) + (21 — 1,6)]
= 590,2 mm

LR = 480 mm (User Defined)

Outer Normal Limit of reinforcement per UG-40 and Fig. UG-40 sketch (e-1)

Ly = min [25-(t —C), 25-(t, —Cy) +1t
= min [2,5- (21 —1,6), 2,5 (9,9 —1,6) +86,78]
= 48,5 mm

te = min [59,08 + 50,1 - tan(30), 50,1 - tan(60)]

86,78 mm
Nozzle required thickness per UG-27(c)(1)

P-R,

t A
m S, -E—06-P

16,7957-295,1
1.380 -1 — 0,6 - 16,7957

3,62 mm

Required thickness t, from UG-37(a)
P-R
S-E—-06-P

16,7957 - 900
1180 -1 — 06 - 16,7957

= 12,92 mm



Area required per UG-37(c)

Allowable stresses: S, = 1.407,208, S, = 1.203,265 kgf/cm2

fr1 = lesser of 1 or Sn =1

v

fro = lesser of 1 or CLY 1

v

A = d-t, F+2-t, t, - F-(1—f.)

(590,2-12,92-1+2-60-1292-1- (1 —1))/100

76,2581 cm?

Area available from FIG. UG-37.1

A4: (specified limit governs) = 23,9593 cm?
= (2-limits —d) - (B4 -t —F-t,) —2-t, - (E1 -t —F-t,)- (1 — fr1)

= ((2-480—590,2) - (1-194 —1-1292) —2-60 - (1-194 —1-1292) - (1 —1))/100

= 23,9593 cm?

A, = smaller of the following= 53,1386 cm?

= 5'(tn_trn)'f7‘2't
= (5-(584 —362)-1-194)/100

= 53,1386 cm >
= 2t —t) (25t +8) fro — [(b— 1) -tan(30) + 2 (LIMIT ~ Liy — Luge ) - (b0 —1,)] - £
= (2 (584 —3,62) - (2,5 - 8,3 +86,78) - 1 — [(58,4 ~83) 2-tan(30) +2- (107,53 — 1,6 — 59,08 — 28,93) - (58,4 — 8,3)] : 1) / 100
= 85,3598 cm >
A4t = Leg’-fo

= (8,71%-1)/100

= 0.7594 cm?

Area Ay +Ar+ Ay
= 23,9593+-53,1386 + 0,7594

= 77.8573 cm?

As Area >= A the reinforcement is adequate.
UW-16(c) Weld Check
Fillet weld: ¢, = min [19mm, t,, t]= 19 mm

tymin) = min [6 mm, 0,7 -ty,] = 6 mm

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 (Access Opening)

P-R, .
taug-27 = S B 06 P -+ Corrosion
16,7957-295,1

= 1
1.380 -1 —0,6 - 16,7957 +18

= 5,22 mm

ta = max [tac-a7, tave-22]
= max [5,22, 0]
= 5,22 mm
Available nozzle wall thickness new, t, = 9,9 mm

The nozzle neck thickness is adequate.



Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (cm?) UG-45 Summary (mm)

For Pe =1 bar @ 23 °C

The opening is adequately reinforced The nozzle passes UG-45

A A A _
required | available A A2 As|As welds treq fmin
18,2164 (104.6488 | 48,9128 | 54.9767 | — | — | 0.7594 3.32 9,9

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
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legyy) 6,1 weld size is adequate
“ 6 (corroded) q

Calculations for external pressure 1 bar @ 23 °C

Parallel Limit of reinforcement per UG-40 and Fig. UG-40 sketch (e-1)

Lr = max [d, R,+(t, —Cy)+(t—C)]
= max [5902, 2051+ (99 — 16) + (21 — 16)]
= 590,2 mm

LR = 480 mm (User Defined)

Outer Normal Limit of reinforcement per UG-40 and Fig. UG-40 sketch (e-1)

Ly = min [25-(t —C), 25-(t, —Cy,) +1t
= min [2,5- (21 —1,6), 2,5 (9,9 —1,6) +86,78]
= 48,5 mm

te = min [59,08 + 50,1 - tan(30), 50,1 - tan(60)]

= 86,78 mm

Nozzle required thickness per UG-28 t,, = 1,72 mm

From UG-37(d)(1) required thickness t, = 6,17 mm

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

Allowable stresses: S, = 1.407,208, S, = 1.203,265 kgf/cm2

fr1 = lesser of 1 or & =1

v

fro = lesser of 1 or ﬂ =1

v

>
Il

05-(d-t,-F+2-t, t,-F-(1—fy))

(05-(590,2-6,17-1+2-60-6,17 -1 (1 —1)))/100

18,2164 cm?



Area available from FIG. UG-37.1

Aq: (specified limit governs) = 48,9128 cm?
(2-limits —d) - (B4 -t —F-t,) —2-t, - (E1 -t —F-t,)- (1 — fr1)

((2-480 —5902) - (1-19,4 —1-6,17) —2-60 - (1-194 —1-6,17) - (1 —1))/100

48,9128 cm?

Ay = smaller of the following= 54,9767 cm?

5- (tn _trn) 'frZ -t
= (5- (584 —1,72) -1-19,4)/100

= 54,9767 cm >
= 2 (ty —tm) (25 -ty +t.) - fra — [(tn —t,)% tan(30) +2- (LIMIT — Ly — Laoe ) - (tn —1,)| - fr2
= (2 (584 — 1,72) - (2,5 - 8,3 + 86,78) - 1 — [(58,4 ~83) 2-tan(30) +2- (107,53 — 1,6 — 50,08 — 28,93) - (58,4 — 8,3)] : 1) / 100
= 80,4353 cm >
Ast = Leg’ fo

= (8,71%-1)/100

= 0.7594 cm?

Area = A1 +A2 +A41
= 48,9128+-54,9767 + 0,7594

= 104.6488 cm?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: ¢y, = min [19mm, t,, t]= 19 mm
tymin) = min [6 mm, 0,7 -tyn]= 6 mm

tooua) =07 -Leg =07-871 =61 mm

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 (Access Opening)

taug-28 = 3,32 mm

ta = max [tueg.-28, tauc-22]
= max (3,32, 0]
= 3,32 mm

Available nozzle wall thickness new, t, = 9,9 mm
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 23 °C) UG-28(c)



L 371361

= 0,5261
D, 7102
D, 7102
=2 — 412,4399
t 1,72
From table G: A =0,000310

From table CS-2 Metric: B = 3154276 kg/cm *(309,33 bar)

4.B 4-309,33

= - —1hb
3-(D./t)  3-(7102/1,72) o

Design thickness for external pressure P, = 1 bar

t, =t + Corrosion = 1,72 + 1,6 = 3,32 mm



Nozzle (E1)

ASME Section VIl Division 1, 2021 Edition Metric

\Lii

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

Location and Orientation

Access opening

Located on Shell V1
Orientation 330°
Nozzle center line offset to datum line 150 mm
End of nozzle to shell center 1.125 mm
Passes through a Category A joint No

No

Material specification

SA-350 LF2 ClI 1 (lI-D Metric p. 20, In. 36) (normalized)

Inside diameter, new

50,8 mm

Inner fillet, Legg

Nominal wall thickness 16,64 mm
Corrosion inner 0 mm
Corrosion outer 1,6 mm
Projection available outside vessel, Lpr 181,65 mm
Projection available outside vessel to flange face, Lf| 204 mm
Local vessel minimum thickness 21 mm
Liquid static head included 0,04 bar

11 mm

Nozzle to vessel groove weld

21 mm

Radiography

Longitudinal seam

Seamless No RT




ASME B16.5-2017 Flange

Description NPS 2 Class 300 LWN A350 LF2 CI.1 N
Bolt Material SA-320 L7 Bolt <= 65 (lI-D Metric p. 410, In. 33)
Blind included No

Rated MDMT -104°C

Liquid static head 0,03 bar

Consider External Loads on Flange MAWP Rating Yes

MAWP reduction due to external loads 21,25 bar

MAWP rating 45,97 bar @ 121°C

MAP rating 51,1bar@ 7°C

Hydrotest rating 77bar@ 7°C

PWHT performed Yes

Produced to Fine Grain Practice and

Supplied in Heat Treated Condition Yes

Impact Tested No
MAWP Reduction Due to External Loads

_16-M  16-17,4-1000

P, = - 1,02 - 100 =
— e / 18,38 bar
—4-W —4. —139,7
P, = = 1,02 - 100 =
— Iy / 2,87 bar
M AW P,egution = max [P, + P,,0] = max [18,38 +2,87,0] = 21,25 bar
Table UG-44-1 Moment Factor, Fy; = 0,5

MAWP = min MAWP MAWP - (1+ Fy) — MAW Preuion | — Ps

45,94 bar
= min [45,97,45,97 - (1 +0,5) — 21,25] — 0,03 =

Type ASME B16.20 Spiral-Wound

Description \’Svﬁ::a;:ﬁ\glpund Stainless, Monel, or nickel-base alloy windings
Factor, m 3

Seating Stress, y 703,07 kgs/cm?

Thickness, T 4.5 mm

Inner Diameter 69,9 mm

Outer Diameter 85,9 mm

(1) Flange is impact tested per material specification to -46°C.
Stress ratio = 0,3118 < 0,35, MDMT per UCS-66(b)(3) = -105°C.
Bolts rated MDMT per Fig UCS-66 note (c) =-104°C

(2) UG-44(b): The actual assembly bolt load (see Nonmandatory Appendix S) shall comply with ASME PCC-1, Nonmandatory
Appendix O.

(3) UG-44(b): The bolt material shall have an allowable stress equal to or greater than SA-193 B8 Cl. 2 at the specified bolt size and
temperature.

UCS-66 Material Toughness Requirements

LWN rated MDMT per UCS-66(c)(1) = -104°C
Material is exempt from impact testing at the Design MDMT of -15°C.




Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (cmz)

For P = 16,82 bar @ 121 °C

UG-45 Summary (mm)

The nozzle passes UG-45

A A A .
required available Ml A2 | A | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 6.4 16,64

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

Required weld
throat size (mm)

throat size (mm)

Actual weld

Status

Nozzle to shell fillet (Legy) 6 (cor‘rsélie g [werd size i aequate
Max Allow L"f,i’a(u fL'L’Z?
Load Case P i Me Ve " Vi Me ;:2152 :t?;nsbs Primary | Primary | Over
(bar) | (kgg) |(kggm) | (kgg) | (kge-m) | (kgy) | (kgg-m) ) 5 | Stress Stress | stressed
(kgd/em?) | (kgdcm?) (kagem?) | (kggem?)

Load case 1 16,82|-139,7| 40,8 |139,7| 40,8 |139,7| 40,8 |1.163,1583.609,796 |1.012,842(1.804,898 No
Load case 1 (Hot Shut Down) 0 -139,7| 40,8 |139,7| 40,8 |139,7| 40,8 259,362 |3.609,796| 21,303 |1.804,898 No
Load case 1 (Pr Reversed) 16,82 139,7 | 40,8 |139,7| 40,8 |139,7| 40,8 |1.121,5373.609,796 | 998,499 [1.804,898 No
Load case 1 (Pr Reversed) (Hot Shut Down) 0 139,7| 40,8 |139,7| 40,8 |139,7| 40,8 | -255,566 |3.609,796 | -21,303 [1.804,898 No

Calculations for internal pressure 16,82 bar @ 121 °C

Parallel Limit of reinforcement per UG-40

LR

59,84 mm

max [d, Ry + (tn —C) + (t — C)]

max [50,8, 254 + (16,64 — 1,6) + (21 — 1,6)]

Outer Normal Limit of reinforcement per UG-40

Lh

37,59 mm

min 25 (t —C), 25 (t, —Cy) +1te]

min 25 - (21 —1,6), 25 - (16,64 — 1,6) +0]

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

P-R,

tm

S, -E—06-P

16,8163-25,4

1.380 - 1 — 0,6 - 16,8163

0,31 mm

Required thickness t, from UG-37(a)




P-R

S-E—06-P
16,8163 - 900

1.180 -1 06 - 16,8163

12,94 mm

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

UW-16(c) Weld Check

Fillet weld: ¢y = min [19mm, t,, t]= 15,04 mm
tc{min) = min [6 mm, 077'tmin] = § mm

tyacua) =07 -Leg =07-871 =61 mm

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 P R, + Corrosio:
QUG- = _ rrosion
ue-21 S, E—06-P

16,3163-254
= +16
1.380 -1 — 06 - 16,8163

= 1,91 mm

taug-22 = 2,71 mm

ta = max [taUG»277 taUG-Z?}
= max [1,91, 2,71]

= 2,71 mm

t PR + Corrosi
= _— I'TOS101
b1 S E_06-P OFrosIo

16,8163 - 900
= +16
1180 -1 — 06 - 16,8163

= 14,54 mm

tn = max [ty , tyucis)
= max [1454, 3]]

= 14,54 mm

tb - min [tb3, tbl]
= min [64, 14,54]

= 64 mm

tUG»45 = max [ta, tb]
= max [2,71, 64]

= 64 mm



Available nozzle wall thickness new, t, = 16,64 mm

The nozzle neck thickness is adequate.



WRC 537 Load case 1

Applied Loads

Radial load, P, -139,7 kgs

Circumferential moment, M |40,8 kgs-m

Circumferential shear, V¢ 139,7 kg

Longitudinal moment, M 40,8 kgf-m

Longitudinal shear, V| 139,7 kg
Torsion moment, M 40,8 kgf-m
Internal pressure, P 16,82 bar
Mean shell radius, Ry, 909,7 mm
Local shell thickness, T 19,4 mm
Design factor 3

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

By _ 9097 _ 46,8922
T 194

. .40.44
_ 08757, _ 087540M 0,038
R, 909,7

B

Pressure stress intensity factor, I = 1,2464 (derived from Division 2 Part 4.5)
I-P-R;

Local circumferential pressure stress = —r = 991,539 kgf/cm2

- I-P-R;
Local longitudinal pressure stress = T - 495,805 kgf/cm 2

Maximum combined stress (P +F, +Q) = 1.163,16 kg ;/cm 2
Allowable combined stress (P + P, +Q) = +3-5 = £3.609,8 kg ,/em’

The maximum combined stress (P, + P, + Q) is within allowable limits.

Maximum local primary membrane stress (Pr) = 1.012,84 kgf/cm2

Allowable local primary membrane stress (P;) = +£1,5-S = +1.804,9 kgf/cmz

The maximum local primary membrane stress (P ) is within allowable limits.



Figure Y Ay A By By Cy Ci Dy Dy
Ny
3c* — 9,0035 0 0 0 0 7,101 | 7,101 7,101 7,101
P/ Rm
Ny
4c* - 9,0286 | 7,171 7,171 7,171 7,171 0 0 0 0
P/ Rm
My
1C - 0,2092 0 0 0 0 46,614 | -46,614 | 46,614 | -46,614
My
2C-1 - 0,1632 | 36,349 | -36,349 | 36,349 | -36,349 0 0 0 0
Ny
3A* —_— 0,4576 0 0 0 0 -3,023 | -3,023 | 3,023 3,023
M, / (R%-6)
My
1A P 0,1064 0 0 0 0 -195,594 | 195,594 | 195,594 |-195,594
Mc / (Bm-B)
Ny
3B* — 2,1599 | -14,132 | -14,132 | 14,132 14,132 0 0 0 0
My
1B-1 PR 0,0618 |-113,546| 113,546 | 113,546 | -113,546 0 0 0 0
My / (Bm-B)
Pressure stress* 991,539 | 991,539 | 991,539 | 991,539 | 795,523 | 795,523 | 795,523 | 795,523
Total circumferential stress 907,382 [1.061,776 | 1.162,736 | 862,948 | 650,621 | 948,581 |1.047,855| 563,44
Primary membrane circumferential stress* | 984,579 | 984,579 |1.012,842|1.012,842 | 799,601 | 799,601 | 805,647 | 805,647
Nz
3c* _— 9,0035 | 7,101 7,101 7,101 7,101 0 0 0 0
P/ Rm
Nx
4c* —_— 9,0286 0 0 0 0 7171 | 7171 7,171 7,171
P/ Rm
Mz
1C-1 - 0,2145 | 47,738 | -47,738 | 47,738 | -47,738 0 0 0 0
Mz
2C - 0,1608 0 0 0 0 35,786 | -35,786 | 35,786 | -35,786
Nz
4A* e — 0,7155 0 0 0 0 -4,64 -4,64 4,64 4,64
M, / (R} -B)
Mz
2A _ 0,0621 0 0 0 0 -114,108 | 114,108 | 114,108 |-114,108
Mc / (Bm-B)
Nz
4B* —_— 0,5274 | -3,445 | -3,445 3,445 3,445 0 0 0 0
M, | (R -B)
Mz
2B-1 e 0,1029 |[-189,196| 189,196 | 189,196 | -189,196 0 0 0 0
My / (Bm-B)
Pressure stress* 397,797 | 397,797 | 397,797 | 397,797 | 495,805 |495,805| 495,805 | 495,805
Total longitudinal stress 259,995 | 542,91 | 645277 | 171,408 | 420,014 | 576,658 | 657,511 | 357,722
Primary membrane longitudinal stress* 401,453 | 401,453 | 408,343 | 408,343 | 498,336 | 498,336 | 507,616 | 507,616
Shear from M, 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459
Circ shear from V, 5,695 5,695 -5,695 -5,695 0 0 0 0
Long shear from V| 0 0 0 0 -5,695 | -5,695 5,695 5,695
Total Shear stress 26,154 | 26,154 14,764 14,764 | 14,764 | 14,764 | 26,154 | 26,154
Combined stress (P +P,+Q) 908,436 | 1.063,112|1.163,158 | 863,229 | 651,535 | 949,144 | 1.049,613 | 566,744

* denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads




PR P, M -R,

n(Pm) = +
O Pm) 2-t, 7T(R‘2,—R12) I
16,82 - 1,02 - 254 -1 .698,1-40,44
_1682.102-%54 307 100 57698140, -
215,04 (10447 —2542) 1.772.985

= 150,568 kg /cm >

The average primary stress P, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable ( <
S = 1.407,208 kgs/cm?)

Shear stress in the nozzle wall due to external loads

VE+VE 1/139,7% +139,7°2

L
shear = -100 = -100 = 16,466 2
7sh T Rt 72541504 ke ;/am
M, 408
Frorsion = ——————— + 100000 = ————————— 100000 = 66,934 kg /am’
2-7-R?-t, 2.m-2542.1504

Ototal = Oshear 1 Otorsion = 16,466 + 66,934 = 83,399 kg f/cm 2

UG-45: The total combined shear stress (83,399 kgf/sz) < allowable (0,7 - S, =0,7-1.407,208 = 985,046 kgf/cmz)



Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (cm?) UG-45 Summary (mm)
For Pe =1 bar @ 23 °C The nozzle passes UG-45
A A Ayl Al A A A ;
required available L 2 g 5 welds treq fmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 3.1 16,64

UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

A Required weld Actual weld
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legy) 6,1 weld size is adequate
“ 8 (corroded) a

Calculations for external pressure 1 bar @ 23 °C

Parallel Limit of reinforcement per UG-40

Lr max [d, R, + (tn —Cn) +(t —O)]

max [50,8, 254 + (16,64 — 1,6) + (21 — 1,6)]

59,84 mm

Outer Normal Limit of reinforcement per UG-40

Ly min 25 - (t —C), 25 (t, —Cp) +t.]

min [25 - (21 — 16), 25 - (16,64 — 1,6) + 0]

37,59 mm

Nozzle required thickness per UG-28 t,,, = 0,38 mm
From UG-37(d)(1) required thickness t, = 6,17 mm
This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: ¢, = min [19mm, t,, t] = 15,04 mm
tymin) = min [6 mm, 07 -tyu] = 6 mm

tfatuay = 0,7 -Leg =0.7-871 =6,1 mm

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 = 1,98 mm

taug-22 = 248 mm



ta = max [tac-28, tauc-22]

max [1,98, 2,48]
= 2,48 mm

P-R

tb2 = m + Corrosion

= L9 +16
- 1.180-1—-06-1 ’

= 2,36 mm

i = max [ty, twcie)
= max [236, 3]

= 3,1 mm

tb - min [tbg, tbQ]
= min [64, 3,1]

= 3,1 mm

tug.as = max [t,, tp)

= max (248, 31|

= 31 mm
Available nozzle wall thickness new, t, = 16,64 mm
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 23 °C) UG-28(c)

L 204,96
= =2,4379
D, 84,07
D, 84,07
= ——— = 219,2887
t 0,38
From table G: A =0,000164

From table CS-2 Metric: B = 167,7082 kg/cm *(164,47 bar)

_ 4-B 4-164,47
"~ 3-(D,/t)  3-(84,07/0,38)

P, =1 bar

Design thickness for external pressure P, = 1 bar

t, =t + Corrosion = 0,38 + 1,6 = 1,98 mm



Nozzle (E2)

ASME Section VIl Division 1, 2021 Edition Metric

N B

| 2 | 91
| ] & ~L N
|

7 I vy

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

Location and Orientation

Access opening

Located on Shell V1
Orientation 330°
Nozzle center line offset to datum line 950 mm
End of nozzle to shell center 1.125 mm
Passes through a Category A joint No

No

Material specification

SA-350 LF2 ClI 1 (lI-D Metric p. 20, In. 36) (normalized)

Inside diameter, new

50,8 mm

Inner fillet, Legg

Nominal wall thickness 16,64 mm
Corrosion inner 0 mm
Corrosion outer 1,6 mm
Projection available outside vessel, Lpr 181,65 mm
Projection available outside vessel to flange face, Lf| 204 mm
Local vessel minimum thickness 21 mm
Liquid static head included 0 bar

11 mm

Nozzle to vessel groove weld

21 mm

Radiography

Longitudinal seam

Seamless No RT




ASME B16.5-2017 Flange

Description NPS 2 Class 300 LWN A350 LF2 CI.1 N
Bolt Material SA-320 L7 Bolt <= 65 (lI-D Metric p. 410, In. 33)
Blind included No

Rated MDMT -104°C

Liquid static head 0 bar

Consider External Loads on Flange MAWP Rating Yes

MAWP reduction due to external loads 21,25 bar

MAWP rating 45,97 bar @ 121°C

MAP rating 51,1bar@ 7°C

Hydrotest rating 77bar@ 7°C

PWHT performed Yes

Produced to Fine Grain Practice and

Supplied in Heat Treated Condition Yes

Impact Tested No
MAWP Reduction Due to External Loads

_16-M  16-17,4-1000

P, = - 1,02 - 100 =
— e / 18,38 bar
—4-W —4. —139,7
P, = = 1,02 - 100 =
— Iy / 2,87 bar
M AW P,egution = max [P, + P,,0] = max [18,38 +2,87,0] = 21,25 bar
Table UG-44-1 Moment Factor, Fy; = 0,5

MAWP = min MAWP MAWP - (1+ Fy) — MAW Preuion | — Ps

45,97 bar
= min [45,97,45,97 - (1 +0,5) —21,25] — 0 =

Type ASME B16.20 Spiral-Wound

Description \’Svﬁ::a;:ﬁ\glpund Stainless, Monel, or nickel-base alloy windings
Factor, m 3

Seating Stress, y 703,07 kgs/cm?

Thickness, T 4.5 mm

Inner Diameter 69,9 mm

Outer Diameter 85,9 mm

(1) Flange is impact tested per material specification to -46°C.
Stress ratio = 0,3112 < 0,35, MDMT per UCS-66(b)(3) = -105°C.
Bolts rated MDMT per Fig UCS-66 note (c) =-104°C

(2) UG-44(b): The actual assembly bolt load (see Nonmandatory Appendix S) shall comply with ASME PCC-1, Nonmandatory
Appendix O.

(3) UG-44(b): The bolt material shall have an allowable stress equal to or greater than SA-193 B8 Cl. 2 at the specified bolt size and
temperature.

UCS-66 Material Toughness Requirements

LWN rated MDMT per UCS-66(c)(1) = -104°C
Material is exempt from impact testing at the Design MDMT of -15°C.




Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (cmz)

For P = 16,78 bar @ 121 °C

UG-45 Summary (mm)

The nozzle passes UG-45

A A A .
required available Ml A2 | A | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 6.4 16,64

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

Required weld
throat size (mm)

throat size (mm)

Actual weld

Status

Nozzle to shell fillet (Legy) 6 (cor‘rsélie g [werd size i aequate
Max Allow L"f,i’a(u fL'L’Z?
Load Case P i Me Ve " Vi Me ;:2152 :t?;nsbs Primary | Primary | Over
(bar) | (kgg) |(kggm) | (kgg) | (kge-m) | (kgy) | (kgg-m) ) 5 | Stress Stress | stressed
(kgd/em?) | (kgdcm?) (kagem?) | (kggem?)

Load case 1 16,78 |-139,7| 40,8 |139,7| 40,8 |139,7| 40,8 |1.160,9793.609,796|1.010,663 [ 1.804,898 No
Load case 1 (Hot Shut Down) 0 -139,7| 40,8 |139,7| 40,8 |139,7| 40,8 259,362 |3.609,796| 21,303 |1.804,898 No
Load case 1 (Pr Reversed) 16,78 139,7 | 40,8 |139,7| 40,8 |139,7| 40,8 |1.119,357|3.609,796| 996,32 [1.804,898 No
Load case 1 (Pr Reversed) (Hot Shut Down) 0 139,7| 40,8 |139,7| 40,8 |139,7| 40,8 | -255,566 |3.609,796 | -21,303 [1.804,898 No

Calculations for internal pressure 16,78 bar @ 121 °C

Parallel Limit of reinforcement per UG-40

LR

59,84 mm

max [d, Ry + (tn —C) + (t — C)]

max [50,8, 254 + (16,64 — 1,6) + (21 — 1,6)]

Outer Normal Limit of reinforcement per UG-40

Lh

37,59 mm

min 25 (t —C), 25 (t, —Cy) +1te]

min 25 - (21 —1,6), 25 - (16,64 — 1,6) +0]

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

P-R,

tm

S, -E—06-P

16,7791-25 4

1.380-1—-06 - 16,7791

0,31 mm

Required thickness t, from UG-37(a)




P-R

S-E—06-P
16,7791 - 900

1.180 -1 — 0,6 - 16,7791

12,91 mm

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

UW-16(c) Weld Check

Fillet weld: ¢y = min [19mm, t,, t]= 15,04 mm
tc{min) = min [6 mm, 077'tmin] = § mm

tyacua) =07 -Leg =07-871 =61 mm

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 P R, + Corrosio:
QUG- = _ rrosion
ue-21 S, E—06-P

B 16,7791-254 L6
N 1.380 -1 — 0,6 - 16,7791 th

= 1,91 mm

taug-22 = 2,71 mm

ta = max [taUG»277 taUG-Z?}
= max [1,91, 2,71]

= 2,71 mm

t PR + Corrosi
= _— I'TOS101
b1 S E_06-P OFrosIo

_ 16,7791 - 900 16
- 1.180 -1 — 0,6 - 16,7791 ’

= 14,51 mm

tn = max [ty , tyucis)
= max [1451, 3]

= 14,51 mm

tb - min [tb3, tbl]
= min [64, 1451]

= 64 mm

tUG»45 = max [ta, tb]
= max [2,71, 64]

= 64 mm



Available nozzle wall thickness new, t, = 16,64 mm

The nozzle neck thickness is adequate.



WRC 537 Load case 1

Applied Loads

Radial load, P, -139,7 kgs

Circumferential moment, M |40,8 kgs-m

Circumferential shear, V¢ 139,7 kg

Longitudinal moment, M 40,8 kgf-m

Longitudinal shear, V| 139,7 kg
Torsion moment, M 40,8 kgf-m
Internal pressure, P 16,78 bar
Mean shell radius, Ry, 909,7 mm
Local shell thickness, T 19,4 mm
Design factor 3

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

By _ 9097 _ 46,8922
T 194

. .40.44
_ 08757, _ 087540M 0,038
R, 909,7

B

Pressure stress intensity factor, I = 1,2464 (derived from Division 2 Part 4.5)
I-P-R;

Local circumferential pressure stress = —r = 989,36 kgf/c:m 2

- I-P-R;
Local longitudinal pressure stress = T - 494,68 kgf/m12

Maximum combined stress (P +F, +Q) = 1.160,98 kg ;/cm 2
Allowable combined stress (P + P, +Q) = +3-5 = £3.609,8 kg ,/em’

The maximum combined stress (P, + P, + Q) is within allowable limits.

Maximum local primary membrane stress (Pr) = 1.010,66 kgf/cm2

Allowable local primary membrane stress (P;) = +£1,5-S = +1.804,9 kgf/cmz

The maximum local primary membrane stress (P ) is within allowable limits.



Figure Y Ay A By By Cy Ci Dy Dy
Ny
3c* — 9,0035 0 0 0 0 7,101 | 7,101 7,101 7,101
P/ Rm
Ny
4c* - 9,0286 | 7,171 7,171 7,171 7,171 0 0 0 0
P/ Rm
My
1C - 0,2092 0 0 0 0 46,614 | -46,614 | 46,614 | -46,614
My
2C-1 - 0,1632 | 36,349 | -36,349 | 36,349 | -36,349 0 0 0 0
Ny
3A* —_— 0,4576 0 0 0 0 -3,023 | -3,023 | 3,023 3,023
M, / (R%-6)
My
1A P 0,1064 0 0 0 0 -195,594 | 195,594 | 195,594 |-195,594
Mc / (Bm-B)
Ny
3B* — 2,1599 | -14,132 | -14,132 | 14,132 14,132 0 0 0 0
My
1B-1 PR 0,0618 |-113,546| 113,546 | 113,546 | -113,546 0 0 0 0
My / (Bm-B)
Pressure stress* 989,36 | 989,36 | 989,36 | 989,36 | 793,766 [793,766| 793,766 | 793,766
Total circumferential stress 905,202 [1.059,596 | 1.160,557 | 860,768 | 648,863 | 946,824 | 1.046,097 | 561,682
Primary membrane circumferential stress* | 982,399 | 982,399 |1.010,663|1.010,663 | 797,843 | 797,843 | 803,89 | 803,89
Nz
3c* _— 9,0035 | 7,101 7,101 7,101 7,101 0 0 0 0
P/ Rm
Nx
4c* —_— 9,0286 0 0 0 0 7171 | 7171 7,171 7,171
P/ Rm
Mz
1C-1 - 0,2145 | 47,738 | -47,738 | 47,738 | -47,738 0 0 0 0
Mz
2C - 0,1608 0 0 0 0 35,786 | -35,786 | 35,786 | -35,786
Nz
4A* e — 0,7155 0 0 0 0 -4,64 -4,64 4,64 4,64
M, / (R} -B)
Mz
2A _ 0,0621 0 0 0 0 -114,108 | 114,108 | 114,108 |-114,108
Mc / (Bm-B)
Nz
4B* —_— 0,5274 | -3,445 | -3,445 3,445 3,445 0 0 0 0
M, | (R -B)
Mz
2B-1 e 0,1029 |[-189,196| 189,196 | 189,196 | -189,196 0 0 0 0
My / (Bm-B)
Pressure stress* 396,883 | 396,883 | 396,883 | 396,883 | 494,68 | 494,68 | 494,68 | 494,68
Total longitudinal stress 259,081 | 541,996 | 644,363 | 170,494 | 418,889 |575,533| 656,386 | 356,597
Primary membrane longitudinal stress* 400,539 | 400,539 | 407,429 | 407,429 | 497,211 | 497,211 | 506,491 | 506,491
Shear from M, 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459
Circ shear from V, 5,695 5,695 -5,695 -5,695 0 0 0 0
Long shear from V| 0 0 0 0 -5,695 | -5,695 5,695 5,695
Total Shear stress 26,154 | 26,154 14,764 14,764 | 14,764 | 14,764 | 26,154 | 26,154
Combined stress (P +P,+Q) 906,257 |1.060,932|1.160,979 | 861,049 | 649,777 | 947,386 | 1.047,855 | 564,987

* denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads




PR P, M -R,

n(Pm) = +
O Pm) 2-t, 7T(R‘2,—R12) I
1 -1,02 - 254 -1 .698,1-40,44
_1678-102-%54 307 100 57698140, -
215,04 (10447 —2542) 1.772.985

=150,536 kg /cm >

The average primary stress P, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable ( <
S = 1.407,208 kgs/cm?)

Shear stress in the nozzle wall due to external loads

VE+VE 1/139,7% +139,7°2

L
shear = -100 = -100 = 16,466 2
7sh T Rt 72541504 ke ;/am
M, 408
Frorsion = ——————— + 100000 = ————————— 100000 = 66,934 kg /am’
2-7-R?-t, 2.m-2542.1504

Ototal = Oshear 1 Otorsion = 16,466 + 66,934 = 83,399 kg f/cm 2

UG-45: The total combined shear stress (83,399 kgf/sz) < allowable (0,7 - S, =0,7-1.407,208 = 985,046 kgf/cmz)



Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (cm?) UG-45 Summary (mm)
For Pe =1 bar @ 23 °C The nozzle passes UG-45
A A Ayl Al A A A ;
required available L 2 g 5 welds treq fmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 3.1 16,64

UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

A Required weld Actual weld
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legy) 6,1 weld size is adequate
“ 8 (corroded) a

Calculations for external pressure 1 bar @ 23 °C

Parallel Limit of reinforcement per UG-40

Lr max [d, R, + (tn —Cn) +(t —O)]

max [50,8, 254 + (16,64 — 1,6) + (21 — 1,6)]

59,84 mm

Outer Normal Limit of reinforcement per UG-40

Ly min 25 - (t —C), 25 (t, —Cp) +t.]

min [25 - (21 — 16), 25 - (16,64 — 1,6) + 0]

37,59 mm

Nozzle required thickness per UG-28 t,,, = 0,38 mm
From UG-37(d)(1) required thickness t, = 6,17 mm
This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: ¢, = min [19mm, t,, t] = 15,04 mm
tymin) = min [6 mm, 07 -tyu] = 6 mm

tfatuay = 0,7 -Leg =0.7-871 =6,1 mm

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 = 1,98 mm

taug-22 = 248 mm



ta = max [tac-28, tauc-22]

max [1,98, 2,48]
= 2,48 mm

P-R

tb2 = m + Corrosion

= L9 +16
- 1.180-1—-06-1 ’

= 2,36 mm

i = max [ty, twcie)
= max [236, 3]

= 3,1 mm

tb - min [tbg, tbQ]
= min [64, 3,1]

= 3,1 mm

tug.as = max [t,, tp)

= max (248, 31|

= 31 mm
Available nozzle wall thickness new, t, = 16,64 mm
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 23 °C) UG-28(c)

L 204,96
= =2,4379
D, 84,07
D, 84,07
= ——— = 219,2887
t 0,38
From table G: A =0,000164

From table CS-2 Metric: B = 167,7082 kg/cm *(164,47 bar)

_ 4-B 4-164,47
"~ 3-(D,/t)  3-(84,07/0,38)

P, =1 bar

Design thickness for external pressure P, = 1 bar

t, =t + Corrosion = 0,38 + 1,6 = 1,98 mm



Nozzle (F1)

ASME Section VIl Division 1, 2021 Edition Metric

N B

| 2 | 91
| ] & ~L N
|

7 I vy

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

Location and Orientation

Access opening

Located on Shell V1
Orientation 295°
Nozzle center line offset to datum line 950 mm
End of nozzle to shell center 1.125 mm
Passes through a Category A joint No

No

Material specification

SA-350 LF2 ClI 1 (lI-D Metric p. 20, In. 36) (normalized)

Inside diameter, new

50,8 mm

Inner fillet, Legg

Nominal wall thickness 16,64 mm
Corrosion inner 0 mm
Corrosion outer 1,6 mm
Projection available outside vessel, Lpr 181,65 mm
Projection available outside vessel to flange face, Lf| 204 mm
Local vessel minimum thickness 21 mm
Liquid static head included 0 bar

11 mm

Nozzle to vessel groove weld

21 mm

Radiography

Longitudinal seam

Seamless No RT




ASME B16.5-2017 Flange

Description NPS 2 Class 300 LWN A350 LF2 CI.1 N
Bolt Material SA-320 L7 Bolt <= 65 (lI-D Metric p. 410, In. 33)
Blind included No

Rated MDMT -104°C

Liquid static head 0 bar

Consider External Loads on Flange MAWP Rating Yes

MAWP reduction due to external loads 21,25 bar

MAWP rating 45,97 bar @ 121°C

MAP rating 51,1bar@ 7°C

Hydrotest rating 77bar@ 7°C

PWHT performed Yes

Produced to Fine Grain Practice and

Supplied in Heat Treated Condition Yes

Impact Tested No
MAWP Reduction Due to External Loads

_16-M  16-17,4-1000

P, = - 1,02 - 100 =
— e / 18,38 bar
—4-W —4. —139,7
P, = = 1,02 - 100 =
— Iy / 2,87 bar
M AW P,egution = max [P, + P,,0] = max [18,38 +2,87,0] = 21,25 bar
Table UG-44-1 Moment Factor, Fy; = 0,5

MAWP = min MAWP MAWP - (1+ Fy) — MAW Preuion | — Ps

45,97 bar
= min [45,97,45,97 - (1 +0,5) —21,25] — 0 =

Type ASME B16.20 Spiral-Wound

Description \’Svﬁ::a;:ﬁ\glpund Stainless, Monel, or nickel-base alloy windings
Factor, m 3

Seating Stress, y 703,07 kgs/cm?

Thickness, T 4.5 mm

Inner Diameter 69,9 mm

Outer Diameter 85,9 mm

(1) Flange is impact tested per material specification to -46°C.
Stress ratio = 0,3112 < 0,35, MDMT per UCS-66(b)(3) = -105°C.
Bolts rated MDMT per Fig UCS-66 note (c) =-104°C

(2) UG-44(b): The actual assembly bolt load (see Nonmandatory Appendix S) shall comply with ASME PCC-1, Nonmandatory
Appendix O.

(3) UG-44(b): The bolt material shall have an allowable stress equal to or greater than SA-193 B8 Cl. 2 at the specified bolt size and
temperature.

UCS-66 Material Toughness Requirements

LWN rated MDMT per UCS-66(c)(1) = -104°C
Material is exempt from impact testing at the Design MDMT of -15°C.




Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (cmz)

For P = 16,78 bar @ 121 °C

UG-45 Summary (mm)

The nozzle passes UG-45

A A A .
required available Ml A2 | A | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 6.4 16,64

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

Required weld
throat size (mm)

throat size (mm)

Actual weld

Status

Nozzle to shell fillet (Legy) 6 (cor‘rsélie g [werd size i aequate
Max Allow L"f,i’a(u fL'L’Z?
Load Case P i Me Ve " Vi Me ;:2152 :t?;nsbs Primary | Primary | Over
(bar) | (kgg) |(kggm) | (kgg) | (kge-m) | (kgy) | (kgg-m) ) 5 | Stress Stress | stressed
(kgd/em?) | (kgdcm?) (kagem?) | (kggem?)

Load case 1 16,78 |-139,7| 40,8 |139,7| 40,8 |139,7| 40,8 |1.160,9793.609,796|1.010,663 [ 1.804,898 No
Load case 1 (Hot Shut Down) 0 -139,7| 40,8 |139,7| 40,8 |139,7| 40,8 259,362 |3.609,796| 21,303 |1.804,898 No
Load case 1 (Pr Reversed) 16,78 139,7 | 40,8 |139,7| 40,8 |139,7| 40,8 |1.119,357|3.609,796| 996,32 [1.804,898 No
Load case 1 (Pr Reversed) (Hot Shut Down) 0 139,7| 40,8 |139,7| 40,8 |139,7| 40,8 | -255,566 |3.609,796 | -21,303 [1.804,898 No

Calculations for internal pressure 16,78 bar @ 121 °C

Parallel Limit of reinforcement per UG-40

LR

59,84 mm

max [d, Ry + (tn —C) + (t — C)]

max [50,8, 254 + (16,64 — 1,6) + (21 — 1,6)]

Outer Normal Limit of reinforcement per UG-40

Lh

37,59 mm

min 25 (t —C), 25 (t, —Cy) +1te]

min 25 - (21 —1,6), 25 - (16,64 — 1,6) +0]

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

P-R,

tm

S, -E—06-P

16,7791-25 4

1.380-1—-06 - 16,7791

0,31 mm

Required thickness t, from UG-37(a)




P-R

S-E—06-P
16,7791 - 900

1.180 -1 — 0,6 - 16,7791

12,91 mm

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

UW-16(c) Weld Check

Fillet weld: ¢y = min [19mm, t,, t]= 15,04 mm
tc{min) = min [6 mm, 077'tmin] = § mm

tyacua) =07 -Leg =07-871 =61 mm

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 P R, + Corrosio:
QUG- = _ rrosion
ue-21 S, E—06-P

B 16,7791-254 L6
N 1.380 -1 — 0,6 - 16,7791 th

= 1,91 mm

taug-22 = 2,71 mm

ta = max [taUG»277 taUG-Z?}
= max [1,91, 2,71]

= 2,71 mm

t PR + Corrosi
= _— I'TOS101
b1 S E_06-P OFrosIo

_ 16,7791 - 900 16
- 1.180 -1 — 0,6 - 16,7791 ’

= 14,51 mm

tn = max [ty , tyucis)
= max [1451, 3]

= 14,51 mm

tb - min [tb3, tbl]
= min [64, 1451]

= 64 mm

tUG»45 = max [ta, tb]
= max [2,71, 64]

= 64 mm



Available nozzle wall thickness new, t, = 16,64 mm

The nozzle neck thickness is adequate.



WRC 537 Load case 1

Applied Loads

Radial load, P, -139,7 kgs

Circumferential moment, M |40,8 kgs-m

Circumferential shear, V¢ 139,7 kg

Longitudinal moment, M 40,8 kgf-m

Longitudinal shear, V| 139,7 kg
Torsion moment, M 40,8 kgf-m
Internal pressure, P 16,78 bar
Mean shell radius, Ry, 909,7 mm
Local shell thickness, T 19,4 mm
Design factor 3

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

By _ 9097 _ 46,8922
T 194

. .40.44
_ 08757, _ 087540M 0,038
R, 909,7

B

Pressure stress intensity factor, I = 1,2464 (derived from Division 2 Part 4.5)
I-P-R;

Local circumferential pressure stress = —r = 989,36 kgf/c:m 2

- I-P-R;
Local longitudinal pressure stress = T - 494,68 kgf/m12

Maximum combined stress (P +F, +Q) = 1.160,98 kg ;/cm 2
Allowable combined stress (P + P, +Q) = +3-5 = £3.609,8 kg ,/em’

The maximum combined stress (P, + P, + Q) is within allowable limits.

Maximum local primary membrane stress (Pr) = 1.010,66 kgf/cm2

Allowable local primary membrane stress (P;) = +£1,5-S = +1.804,9 kgf/cmz

The maximum local primary membrane stress (P ) is within allowable limits.



Figure Y Ay A By By Cy Ci Dy Dy
Ny
3c* — 9,0035 0 0 0 0 7,101 | 7,101 7,101 7,101
P/ Rm
Ny
4c* - 9,0286 | 7,171 7,171 7,171 7,171 0 0 0 0
P/ Rm
My
1C - 0,2092 0 0 0 0 46,614 | -46,614 | 46,614 | -46,614
My
2C-1 - 0,1632 | 36,349 | -36,349 | 36,349 | -36,349 0 0 0 0
Ny
3A* —_— 0,4576 0 0 0 0 -3,023 | -3,023 | 3,023 3,023
M, / (R%-6)
My
1A P 0,1064 0 0 0 0 -195,594 | 195,594 | 195,594 |-195,594
Mc / (Bm-B)
Ny
3B* — 2,1599 | -14,132 | -14,132 | 14,132 14,132 0 0 0 0
My
1B-1 PR 0,0618 |-113,546| 113,546 | 113,546 | -113,546 0 0 0 0
My / (Bm-B)
Pressure stress* 989,36 | 989,36 | 989,36 | 989,36 | 793,766 [793,766| 793,766 | 793,766
Total circumferential stress 905,202 [1.059,596 | 1.160,557 | 860,768 | 648,863 | 946,824 | 1.046,097 | 561,682
Primary membrane circumferential stress* | 982,399 | 982,399 |1.010,663|1.010,663 | 797,843 | 797,843 | 803,89 | 803,89
Nz
3c* _— 9,0035 | 7,101 7,101 7,101 7,101 0 0 0 0
P/ Rm
Nx
4c* —_— 9,0286 0 0 0 0 7171 | 7171 7,171 7,171
P/ Rm
Mz
1C-1 - 0,2145 | 47,738 | -47,738 | 47,738 | -47,738 0 0 0 0
Mz
2C - 0,1608 0 0 0 0 35,786 | -35,786 | 35,786 | -35,786
Nz
4A* e — 0,7155 0 0 0 0 -4,64 -4,64 4,64 4,64
M, / (R} -B)
Mz
2A _ 0,0621 0 0 0 0 -114,108 | 114,108 | 114,108 |-114,108
Mc / (Bm-B)
Nz
4B* —_— 0,5274 | -3,445 | -3,445 3,445 3,445 0 0 0 0
M, | (R -B)
Mz
2B-1 e 0,1029 |[-189,196| 189,196 | 189,196 | -189,196 0 0 0 0
My / (Bm-B)
Pressure stress* 396,883 | 396,883 | 396,883 | 396,883 | 494,68 | 494,68 | 494,68 | 494,68
Total longitudinal stress 259,081 | 541,996 | 644,363 | 170,494 | 418,889 |575,533| 656,386 | 356,597
Primary membrane longitudinal stress* 400,539 | 400,539 | 407,429 | 407,429 | 497,211 | 497,211 | 506,491 | 506,491
Shear from M, 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459
Circ shear from V, 5,695 5,695 -5,695 -5,695 0 0 0 0
Long shear from V| 0 0 0 0 -5,695 | -5,695 5,695 5,695
Total Shear stress 26,154 | 26,154 14,764 14,764 | 14,764 | 14,764 | 26,154 | 26,154
Combined stress (P +P,+Q) 906,257 |1.060,932|1.160,979 | 861,049 | 649,777 | 947,386 | 1.047,855 | 564,987

* denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads




PR P, M -R,

n(Pm) = +
O Pm) 2-t, 7T(R‘2,—R12) I
1 -1,02 - 254 -1 . -40,44
_1678-102-%54 307 100 5769740 -
215,04 (10447 —2542) 1.772.985

=150,54 kg ,/am*

The average primary stress P, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable ( <
S = 1.407,208 kgs/cm?)

Shear stress in the nozzle wall due to external loads

VE+VE 1/139,7% +139,7°2

L
shear = -100 = -100 = 16,465 2
7sh T Rt 72541504 ke ;/am
M, 408
Frorsion = ——————— + 100000 = ————————— 100000 = 66,936 kg /am’
2-7-R?-t, 2.7-2542.1504

Ototal = Oshear T Otorsion = 167465 + 66,936 = 83,401 kg f/(IIl 2

UG-45: The total combined shear stress (83,401 kgf/sz) < allowable (0,7 - S, =0,7-1.407,208 = 985,046 kgf/cmz)



Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (cm?) UG-45 Summary (mm)
For Pe =1 bar @ 23 °C The nozzle passes UG-45
A A Ayl Al A A A ;
required available L 2 g 5 welds treq fmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 3.1 16,64

UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

A Required weld Actual weld
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legy) 6,1 weld size is adequate
“ 8 (corroded) a

Calculations for external pressure 1 bar @ 23 °C

Parallel Limit of reinforcement per UG-40

Lr max [d, R, + (tn —Cn) +(t —O)]

max [50,8, 254 + (16,64 — 1,6) + (21 — 1,6)]

59,84 mm

Outer Normal Limit of reinforcement per UG-40

Ly min 25 - (t —C), 25 (t, —Cp) +t.]

min [25 - (21 — 16), 25 - (16,64 — 1,6) + 0]

37,59 mm

Nozzle required thickness per UG-28 t,,, = 0,38 mm
From UG-37(d)(1) required thickness t, = 6,17 mm
This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: ¢, = min [19mm, t,, t] = 15,04 mm
tymin) = min [6 mm, 07 -tyu] = 6 mm

tfatuay = 0,7 -Leg =0.7-871 =6,1 mm

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 = 1,98 mm

taug-22 = 248 mm



ta = max [tac-28, tauc-22]

max [1,98, 2,48]
= 2,48 mm

P-R

tb2 = m + Corrosion

= L9 +16
- 1.180-1—-06-1 ’

= 2,36 mm

i = max [ty, twcie)
= max [236, 3]

= 3,1 mm

tb - min [tbg, tbQ]
= min [64, 3,1]

= 3,1 mm

tug.as = max [t,, tp)

= max (248, 31|

= 31 mm
Available nozzle wall thickness new, t, = 16,64 mm
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 23 °C) UG-28(c)

L 204,96
= =2,4379
D, 84,07
D, 84,07
= ——— = 219,2887
t 0,38
From table G: A =0,000164

From table CS-2 Metric: B = 167,7082 kg/cm *(164,47 bar)

_ 4-B 4-164,47
"~ 3-(D,/t)  3-(84,07/0,38)

P, =1 bar

Design thickness for external pressure P, = 1 bar

t, =t + Corrosion = 0,38 + 1,6 = 1,98 mm



Nozzle (F2)

ASME Section VIl Division 1, 2021 Edition Metric

N B

| 2 | 91
| ] & ~L N
|

7 I vy

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

Location and Orientation

Access opening

Located on Shell V1
Orientation 225°
Nozzle center line offset to datum line 950 mm
End of nozzle to shell center 1.125 mm
Passes through a Category A joint No

No

Material specification

SA-350 LF2 ClI 1 (lI-D Metric p. 20, In. 36) (normalized)

Inside diameter, new

50,8 mm

Inner fillet, Legg

Nominal wall thickness 16,64 mm
Corrosion inner 0 mm
Corrosion outer 1,6 mm
Projection available outside vessel, Lpr 181,65 mm
Projection available outside vessel to flange face, Lf| 204 mm
Local vessel minimum thickness 21 mm
Liquid static head included 0 bar

11 mm

Nozzle to vessel groove weld

21 mm

Radiography

Longitudinal seam

Seamless No RT




ASME B16.5-2017 Flange

Description NPS 2 Class 300 LWN A350 LF2 CI.1 N
Bolt Material SA-320 L7 Bolt <= 65 (lI-D Metric p. 410, In. 33)
Blind included No

Rated MDMT -104°C

Liquid static head 0 bar

Consider External Loads on Flange MAWP Rating Yes

MAWP reduction due to external loads 21,25 bar

MAWP rating 45,97 bar @ 121°C

MAP rating 51,1bar@ 7°C

Hydrotest rating 77bar@ 7°C

PWHT performed Yes

Produced to Fine Grain Practice and

Supplied in Heat Treated Condition Yes

Impact Tested No
MAWP Reduction Due to External Loads

_16-M  16-17,4-1000

P, = - 1,02 - 100 =
— e / 18,38 bar
—4-W —4. —139,7
P, = = 1,02 - 100 =
— Iy / 2,87 bar
M AW P,egution = max [P, + P,,0] = max [18,38 +2,87,0] = 21,25 bar
Table UG-44-1 Moment Factor, Fy; = 0,5

MAWP = min MAWP MAWP - (1+ Fy) — MAW Preuion | — Ps

45,97 bar
= min [45,97,45,97 - (1 +0,5) —21,25] — 0 =

Type ASME B16.20 Spiral-Wound

Description \’Svﬁ::a;:ﬁ\glpund Stainless, Monel, or nickel-base alloy windings
Factor, m 3

Seating Stress, y 703,07 kgs/cm?

Thickness, T 4.5 mm

Inner Diameter 69,9 mm

Outer Diameter 85,9 mm

(1) Flange is impact tested per material specification to -46°C.
Stress ratio = 0,3112 < 0,35, MDMT per UCS-66(b)(3) = -105°C.
Bolts rated MDMT per Fig UCS-66 note (c) =-104°C

(2) UG-44(b): The actual assembly bolt load (see Nonmandatory Appendix S) shall comply with ASME PCC-1, Nonmandatory
Appendix O.

(3) UG-44(b): The bolt material shall have an allowable stress equal to or greater than SA-193 B8 Cl. 2 at the specified bolt size and
temperature.

UCS-66 Material Toughness Requirements

LWN rated MDMT per UCS-66(c)(1) = -104°C
Material is exempt from impact testing at the Design MDMT of -15°C.




Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (cmz)

For P = 16,78 bar @ 121 °C

UG-45 Summary (mm)

The nozzle passes UG-45

A A A .
required available Ml A2 | A | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 6.4 16,64

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

Required weld
throat size (mm)

throat size (mm)

Actual weld

Status

Nozzle to shell fillet (Legy) 6 (cor‘rsélie g [werd size i aequate
Max Allow L"f,i’a(u fL'L’Z?
Load Case P i Me Ve " Vi Me ;:2152 :t?;nsbs Primary | Primary | Over
(bar) | (kgg) |(kggm) | (kgg) | (kge-m) | (kgy) | (kgg-m) ) 5 | Stress Stress | stressed
(kgd/em?) | (kgdcm?) (kagem?) | (kggem?)

Load case 1 16,78 |-139,7| 40,8 |139,7| 40,8 |139,7| 40,8 |1.160,9793.609,796|1.010,663 [ 1.804,898 No
Load case 1 (Hot Shut Down) 0 -139,7| 40,8 |139,7| 40,8 |139,7| 40,8 259,362 |3.609,796| 21,303 |1.804,898 No
Load case 1 (Pr Reversed) 16,78 139,7 | 40,8 |139,7| 40,8 |139,7| 40,8 |1.119,357|3.609,796| 996,32 [1.804,898 No
Load case 1 (Pr Reversed) (Hot Shut Down) 0 139,7| 40,8 |139,7| 40,8 |139,7| 40,8 | -255,566 |3.609,796 | -21,303 [1.804,898 No

Calculations for internal pressure 16,78 bar @ 121 °C

Parallel Limit of reinforcement per UG-40

LR

59,84 mm

max [d, Ry + (tn —C) + (t — C)]

max [50,8, 254 + (16,64 — 1,6) + (21 — 1,6)]

Outer Normal Limit of reinforcement per UG-40

Lh

37,59 mm

min 25 (t —C), 25 (t, —Cy) +1te]

min 25 - (21 —1,6), 25 - (16,64 — 1,6) +0]

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

P-R,

tm

S, -E—06-P

16,7791-25 4

1.380-1—-06 - 16,7791

0,31 mm

Required thickness t, from UG-37(a)




P-R

S-E—06-P
16,7791 - 900

1.180 -1 — 0,6 - 16,7791

12,91 mm

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

UW-16(c) Weld Check

Fillet weld: ¢y = min [19mm, t,, t]= 15,04 mm
tc{min) = min [6 mm, 077'tmin] = § mm

tyacua) =07 -Leg =07-871 =61 mm

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 P R, + Corrosio:
QUG- = _ rrosion
ue-21 S, E—06-P

B 16,7791-254 L6
N 1.380 -1 — 0,6 - 16,7791 th

= 1,91 mm

taug-22 = 2,71 mm

ta = max [taUG»277 taUG-Z?}
= max [1,91, 2,71]

= 2,71 mm

t PR + Corrosi
= _— I'TOS101
b1 S E_06-P OFrosIo

_ 16,7791 - 900 16
- 1.180 -1 — 0,6 - 16,7791 ’

= 14,51 mm

tn = max [ty , tyucis)
= max [1451, 3]

= 14,51 mm

tb - min [tb3, tbl]
= min [64, 1451]

= 64 mm

tUG»45 = max [ta, tb]
= max [2,71, 64]

= 64 mm



Available nozzle wall thickness new, t, = 16,64 mm

The nozzle neck thickness is adequate.



WRC 537 Load case 1

Applied Loads

Radial load, P, -139,7 kgs

Circumferential moment, M |40,8 kgs-m

Circumferential shear, V¢ 139,7 kg

Longitudinal moment, M 40,8 kgf-m

Longitudinal shear, V| 139,7 kg
Torsion moment, M 40,8 kgf-m
Internal pressure, P 16,78 bar
Mean shell radius, Ry, 909,7 mm
Local shell thickness, T 19,4 mm
Design factor 3

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

By _ 9097 _ 46,8922
T 194

. .40.44
_ 08757, _ 087540M 0,038
R, 909,7

B

Pressure stress intensity factor, I = 1,2464 (derived from Division 2 Part 4.5)
I-P-R;

Local circumferential pressure stress = —r = 989,36 kgf/c:m 2

- I-P-R;
Local longitudinal pressure stress = T - 494,68 kgf/m12

Maximum combined stress (P +F, +Q) = 1.160,98 kg ;/cm 2
Allowable combined stress (P + P, +Q) = +3-5 = £3.609,8 kg ,/em’

The maximum combined stress (P, + P, + Q) is within allowable limits.

Maximum local primary membrane stress (Pr) = 1.010,66 kgf/cm2

Allowable local primary membrane stress (P;) = +£1,5-S = +1.804,9 kgf/cmz

The maximum local primary membrane stress (P ) is within allowable limits.



Figure Y Ay A By By Cy Ci Dy Dy
Ny
3c* — 9,0035 0 0 0 0 7,101 | 7,101 7,101 7,101
P/ Rm
Ny
4c* - 9,0286 | 7,171 7,171 7,171 7,171 0 0 0 0
P/ Rm
My
1C - 0,2092 0 0 0 0 46,614 | -46,614 | 46,614 | -46,614
My
2C-1 - 0,1632 | 36,349 | -36,349 | 36,349 | -36,349 0 0 0 0
Ny
3A* —_— 0,4576 0 0 0 0 -3,023 | -3,023 | 3,023 3,023
M, / (R%-6)
My
1A P 0,1064 0 0 0 0 -195,594 | 195,594 | 195,594 |-195,594
Mc / (Bm-B)
Ny
3B* — 2,1599 | -14,132 | -14,132 | 14,132 14,132 0 0 0 0
My
1B-1 PR 0,0618 |-113,546| 113,546 | 113,546 | -113,546 0 0 0 0
My / (Bm-B)
Pressure stress* 989,36 | 989,36 | 989,36 | 989,36 | 793,766 [793,766| 793,766 | 793,766
Total circumferential stress 905,202 [1.059,596 | 1.160,557 | 860,768 | 648,863 | 946,824 | 1.046,097 | 561,682
Primary membrane circumferential stress* | 982,399 | 982,399 |1.010,663|1.010,663 | 797,843 | 797,843 | 803,89 | 803,89
Nz
3c* _— 9,0035 | 7,101 7,101 7,101 7,101 0 0 0 0
P/ Rm
Nx
4c* —_— 9,0286 0 0 0 0 7171 | 7171 7,171 7,171
P/ Rm
Mz
1C-1 - 0,2145 | 47,738 | -47,738 | 47,738 | -47,738 0 0 0 0
Mz
2C - 0,1608 0 0 0 0 35,786 | -35,786 | 35,786 | -35,786
Nz
4A* e — 0,7155 0 0 0 0 -4,64 -4,64 4,64 4,64
M, / (R} -B)
Mz
2A _ 0,0621 0 0 0 0 -114,108 | 114,108 | 114,108 |-114,108
Mc / (Bm-B)
Nz
4B* —_— 0,5274 | -3,445 | -3,445 3,445 3,445 0 0 0 0
M, | (R -B)
Mz
2B-1 e 0,1029 |[-189,196| 189,196 | 189,196 | -189,196 0 0 0 0
My / (Bm-B)
Pressure stress* 396,883 | 396,883 | 396,883 | 396,883 | 494,68 | 494,68 | 494,68 | 494,68
Total longitudinal stress 259,081 | 541,996 | 644,363 | 170,494 | 418,889 |575,533| 656,386 | 356,597
Primary membrane longitudinal stress* 400,539 | 400,539 | 407,429 | 407,429 | 497,211 | 497,211 | 506,491 | 506,491
Shear from M, 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459
Circ shear from V, 5,695 5,695 -5,695 -5,695 0 0 0 0
Long shear from V| 0 0 0 0 -5,695 | -5,695 5,695 5,695
Total Shear stress 26,154 | 26,154 14,764 14,764 | 14,764 | 14,764 | 26,154 | 26,154
Combined stress (P +P,+Q) 906,257 |1.060,932|1.160,979 | 861,049 | 649,777 | 947,386 | 1.047,855 | 564,987

* denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads




PR P, M -R,

n(Pm) = +
O Pm) 2-t, 7T(R‘2,—R12) I
1 -1,02 - 254 -1 .698,1-40,44
_1678-102-%54 307 100 57698140, -
215,04 (10447 —2542) 1.772.985

=150,536 kg /cm >

The average primary stress P, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable ( <
S = 1.407,208 kgs/cm?)

Shear stress in the nozzle wall due to external loads

VE+VE 1/139,7% +139,7°2

L
shear = -100 = -100 = 16,466 2
7sh T Rt 72541504 ke ;/am
M, 408
Frorsion = ——————— + 100000 = ————————— 100000 = 66,934 kg /am’
2-7-R?-t, 2.m-2542.1504

Ototal = Oshear 1 Otorsion = 16,466 + 66,934 = 83,399 kg f/cm 2

UG-45: The total combined shear stress (83,399 kgf/sz) < allowable (0,7 - S, =0,7-1.407,208 = 985,046 kgf/cmz)



Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (cm?) UG-45 Summary (mm)
For Pe =1 bar @ 23 °C The nozzle passes UG-45
A A Ayl Al A A A ;
required available L 2 g 5 welds treq fmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 3.1 16,64

UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

A Required weld Actual weld
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legy) 6,1 weld size is adequate
“ 8 (corroded) a

Calculations for external pressure 1 bar @ 23 °C

Parallel Limit of reinforcement per UG-40

Lr max [d, R, + (tn —Cn) +(t —O)]

max [50,8, 254 + (16,64 — 1,6) + (21 — 1,6)]

59,84 mm

Outer Normal Limit of reinforcement per UG-40

Ly min 25 - (t —C), 25 (t, —Cp) +t.]

min [25 - (21 — 16), 25 - (16,64 — 1,6) + 0]

37,59 mm

Nozzle required thickness per UG-28 t,,, = 0,38 mm
From UG-37(d)(1) required thickness t, = 6,17 mm
This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: ¢, = min [19mm, t,, t] = 15,04 mm
tymin) = min [6 mm, 07 -tyu] = 6 mm

tfatuay = 0,7 -Leg =0.7-871 =6,1 mm

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 = 1,98 mm

taug-22 = 248 mm



ta = max [tac-28, tauc-22]

max [1,98, 2,48]
= 2,48 mm

P-R

tb2 = m + Corrosion

= L9 +16
- 1.180-1—-06-1 ’

= 2,36 mm

i = max [ty, twcie)
= max [236, 3]

= 3,1 mm

tb - min [tbg, tbQ]
= min [64, 3,1]

= 3,1 mm

tug.as = max [t,, tp)

= max (248, 31|

= 31 mm
Available nozzle wall thickness new, t, = 16,64 mm
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 23 °C) UG-28(c)

L 204,96
= =2,4379
D, 84,07
D, 84,07
= ——— = 219,2887
t 0,38
From table G: A =0,000164

From table CS-2 Metric: B = 167,7082 kg/cm *(164,47 bar)

_ 4-B 4-164,47
"~ 3-(D,/t)  3-(84,07/0,38)

P, =1 bar

Design thickness for external pressure P, = 1 bar

t, =t + Corrosion = 0,38 + 1,6 = 1,98 mm



Nozzle (G)

ASME Section VIl Division 1, 2021 Edition Metric

N N R

| 2 | 21
!‘ L [i ]
| _— | X

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

Location and Orientation

Access opening

Located on Shell V1
Orientation 135°
Nozzle center line offset to datum line 200 mm
End of nozzle to shell center 1.125 mm
Passes through a Category A joint No

No

Material specification

SA-350 LF2 ClI 1 (lI-D Metric p. 20, In. 36) (normalized)

Inside diameter, new

50,8 mm

Inner fillet, Legg

Nominal wall thickness 13,46 mm
Corrosion inner 0 mm
Corrosion outer 1,6 mm
Projection available outside vessel, Lpr 184,95 mm
Projection available outside vessel to flange face, Lf| 204 mm
Local vessel minimum thickness 21 mm
Liquid static head included 0,03 bar

11 mm

Nozzle to vessel groove weld

21 mm

Radiography

Longitudinal seam

Seamless No RT




ASME B16.5-2017 Flange

Description NPS 2 Class 150 LWN A350 LF2 CI.1 N
Bolt Material SA-320 L7 Bolt <= 65 (lI-D Metric p. 410, In. 33)
Blind included No

Rated MDMT -53,7°C

Liquid static head 0,03 bar

Consider External Loads on Flange MAWP Rating Yes

MAWP reduction due to external loads 21,25 bar

MAWP rating 16,9 bar @ 121°C

MAP rating 19,6 bar @ 7°C

Hydrotest rating 30bar@ 7°C

PWHT performed Yes

Produced to Fine Grain Practice and

Supplied in Heat Treated Condition Yes

Impact Tested No
MAWP Reduction Due to External Loads

_16-M  16-17,4-1000

P, = - 1,02 - 100 =
— e / 18,38 bar
—4-W —4. —139,7
P, = = 1,02 100 =
— Iy / 2,87 bar
M AW P,egution = max [P, + P,,0] = max [18,38 +2,87,0] = 21,25 bar
Table UG-44-1 Moment Factor, Fy; = 1,2

MAWP = min MAWP MAWP - (1+ Fy) — MAW Preuion | — Ps

15,9 bar
= min [16,9,16,9 - (1 +1,2) — 21,25] — 0,03 =

Type ASME B16.20 Spiral-Wound

Description \’Svﬁ::a;:ﬁ\glpund Stainless, Monel, or nickel-base alloy windings
Factor, m 3

Seating Stress, y 703,07 kgs/cm?

Thickness, T 4.5 mm

Inner Diameter 69,9 mm

Outer Diameter 85,9 mm

(1) Flange is impact tested per material specification to -46°C.
UCS-66(i) reduction of 7,7°C applied (ratio = 0,8623).
Bolts rated MDMT per Fig UCS-66 note (c) =-104°C

(2) UG-44(b): The actual assembly bolt load (see Nonmandatory Appendix S) shall comply with ASME PCC-1, Nonmandatory
Appendix O.

(3) UG-44(b): The bolt material shall have an allowable stress equal to or greater than SA-193 B8 Cl. 2 at the specified bolt size and
temperature.

UCS-66 Material Toughness Requirements

LWN rated MDMT per UCS-66(c)(1) = -53,7°C
Material is exempt from impact testing at the Design MDMT of -15°C.




Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (cmz)
For P = 15,93 bar @ 121 °C

UG-45 Summary (mm)

The nozzle passes UG-45

A A A .
required available Ml A2 | A | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 6.4 13,46

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

Required weld
throat size (mm)

throat size (mm)

Actual weld

Status

Nozzle to shell fillet (Legy) 6 (cor‘rsélie g [werd size i aequate
Max Allow L"f,i’a(u fL'L’Z?
Load Case P i Me Ve " Vi Me ;:2152 :t?;nsbs Primary | Primary | Over
(bar) | (kgg) |(kggm) | (kgg) | (kge-m) | (kgy) | (kgg-m) ) 5 | Stress Stress | stressed
(kgd/em?) | (kgdcm?) (kagem?) | (kggem?)

Load case 1 15,93|-139,7| 40,8 |139,7| 40,8 |139,7| 40,8 |1.231,497|3.609,796 |1.067,681 [1.804,898 No
Load case 1 (Hot Shut Down) 0 -139,7| 40,8 |139,7| 40,8 |139,7| 40,8 279,4 3.609,796 | 21,022 [1.804,898 No
Load case 1 (Pr Reversed) 15,93 139,7 | 40,8 |139,7| 40,8 |139,7| 40,8 |1.190,508|3.609,796|1.053,3391.804,898 No
Load case 1 (Pr Reversed) (Hot Shut Down) 0 139,7| 40,8 |139,7| 40,8 |139,7| 40,8 | -278,626 |3.609,796 | -21,022 [1.804,898 No

Calculations for internal pressure 15,93 bar @ 121 °C

Parallel Limit of reinforcement per UG-40

LR

max [d, Ry + (tn —C) + (t — C)]

max [50,8, 254 + (13,46 — 1,6) + (21 — 1,6)]

56,66 mm

Outer Normal Limit of reinforcement per UG-40

Lh

min 25 (t —C), 25 (t, —Cy) +1te]

min 25 - (21 —1,6), 25 - (13,46 — 1,6) +0]

29,656 mm

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

tm

P-R,
S, -E—06-P

15,9324-25 4

1.380-1—-06 - 15,9324

0,29 mm

Required thickness t, from UG-37(a)




P-R
S-E—06-P

15,9324 - 900
1.180 -1 — 06 - 15,0324

12,25 mm

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

UW-16(c) Weld Check

Fillet weld: tpi, = min [19mm, t,, t]= 11,86 mm
tc{min) = min [6 mm, 077'tmin] = § mm

tyacua) =07 -Leg =07-871 =61 mm

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 P R, + Corrosio:
QUG- = _ rrosion
ue-21 S, E—06-P

B 15,9324-254 L6
N 1.380 - 1 — 0,6 - 15,9324 th

= 1,89 mm

taug-22 = 2,84 mm

ta = max [taUG»277 taUG-Z?}
= max [1,89, 2,84]
= 2,84 mm
P-R

tb1 = m + Corrosion

_ 15,9324 - 900 16
- 1.180 -1 — 0,6 - 15,9324 ’

= 13,85 mm

tn = max [ty , tyucis)
= max [1385, 3]

= 13,85 mm

tb - min [tb3, tbl]
=  min [64, 1385]

= 64 mm

tUG»45 = max [ta, tb]
= max [2,84, 64]

= 64 mm



Available nozzle wall thickness new, t, = 13,46 mm

The nozzle neck thickness is adequate.



WRC 537 Load case 1

Applied Loads

Radial load, P, -139,7 kgs

Circumferential moment, M |40,8 kgs-m

Circumferential shear, V¢ 139,7 kg

Longitudinal moment, M 40,8 kgf-m

Longitudinal shear, V| 139,7 kg
Torsion moment, M 40,8 kgf-m
Internal pressure, P 15,93 bar
Mean shell radius, Ry, 909,7 mm
Local shell thickness, T 19,4 mm
Design factor 3

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

By _ 9097 _ 46,8922
T 194

. .37.2
_ 08757, _ 08753726 0,035
R, 909,7

B

Pressure stress intensity factor, I = 1,3888 (derived from Division 2 Part 4.5)
I-P-R;

Local circumferential pressure stress = —r = 1.046,66 kgf/(:m 2

- I-P-R;
Local longitudinal pressure stress = T - 523,365 kgf/cm 2

Maximum combined stress (P + P, + Q) = 1.2315 kgf/cm2
Allowable combined stress (P + P, +Q) = +3-5 = £3.609,8 kg ,/em’

The maximum combined stress (P, + P, + Q) is within allowable limits.

Maximum local primary membrane stress (Pr) = 1.067,68 kgf/cm2

Allowable local primary membrane stress (P;) = +£1,5-S = +1.804,9 kgf/cmz

The maximum local primary membrane stress (P ) is within allowable limits.



Figure Y Ay A By B Cy Ci Dy D
Ny
3c* — 9,0998 0 0 0 0 7471 | 7,171 7,171 7,171
P/ Rm
Ny
4c* — 9,0709 7,171 7,171 7,171 7,171 0 0 0 0
P/ Rm
My
1C - 0,2174 0 0 0 0 48,441 | -48,441| 48,441 | -48,441
My
2C-1 - 0,1709 | 38,036 | -38,036 | 38,036 | -38,036 0 0 0 0
Ny
3A* —_— 0,4136 0 0 0 0 -2,953 | -2,953 | 2,953 2,953
M, / (R%-6)
My
1A P 0,1064 0 0 0 0 -212,257 212,257 | 212,257 |-212,257
Mc / (Bm-B)
Ny
3B* —_— 1,9568 | -13,85 -13,85 13,85 13,85 0 0 0 0
My
1B-1 PR 0,0628 | -125,217 | 125,217 | 125,217 | -125,217 0 0 0 0
My / (Bm-B)
Pressure stress* 1.046,66 | 1.046,66 | 1.046,66 | 1.046,66 | 753,691 | 753,691 753,691 | 753,691
Total circumferential stress 952,8 [1.127,1611.230,934 | 904,429 | 594,094 (921,724 |1.024,513 | 503,117
Primary membrane circumferential stress* | 1.039,981 [1.039,981 | 1.067,681 | 1.067,681 | 757,909 | 757,909 | 763,815 | 763,815
Nz
3c* _— 9,0998 7,171 7,171 7,171 7,171 0 0 0 0
P/ Rm
Nx
4c* _— 9,0709 0 0 0 0 7471 | 7171 7,171 7,171
P/ Rm
Mz
1C-1 - 0,2227 | 49,566 | -49,566 | 49,566 | -49,566 0 0 0 0
2C % 0,1677 0 0 0 0 37,333 | -37,333 | 37,333 | -37,333
Nz
4A* P —— 0,6345 0 0 0 0 4.5 4.5 4,5 4,5
M, / (R} -B)
Mz
2A _ 0,0623 0 0 0 0 -124,232 124,232 | 124,232 |-124,232
Mc / (Bm-B)
Nz
4B* e — 0,4806 | -3,375 -3,375 3,375 3,375 0 0 0 0
M, | (R -B)
Mz
2B-1 e 0,1047 | -208,812 | 208,812 | 208,812 | -208,812 0 0 0 0
My / (Bm-B)
Pressure stress* 376,845 | 376,845 | 376,845 | 376,845 | 523,365 |523,365| 523,365 | 523,365
Total longitudinal stress 221,397 | 539,887 | 645,769 | 129,013 | 439,137 612,936 | 696,601 | 373,471
Primary membrane longitudinal stress* 380,642 380,642 387,391 387,391 | 526,037 | 526,037 | 535,036 | 535,036
Shear from M, 24115 | 24115 | 24115 | 24115 | 24,115 | 24,115 | 24,115 | 24,115
Circ shear from V, 6,117 6,117 -6,117 -6,117 0 0 0 0
Long shear from V| 0 0 0 0 -6,117 | -6,117 6,117 6,117
Total Shear stress 30,232 | 30,232 17,999 17,999 | 17,999 | 17,999 | 30,232 | 30,232
Combined stress (P +P,+Q) 954,065 |1.128,708|1.231,497 | 904,851 | 596,133 |922,779(1.027,255| 509,796

* denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads




PR P, M -R,

n(Pm) = +
O Pm) 2-t, 7T(R‘2,—R12) I
15,93 - 1,02 - 254 1 699.7-37.2
_1593.102-%54 307 o STE%TETX
2-11,86 - (3726% —2542) 1.187.160

= 204482 kg /em®

The average primary stress P, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable ( <
S = 1.407,208 kgs/cm?)

Shear stress in the nozzle wall due to external loads

VE+VE 1/139,7% +139,7°2

L
shear = -100 = -100 = 20,873 2
7sh TRt 7254 - 11,86 ke ;/am
M, 408
Frorsion = ——————— + 100000 = ————————— 100000 = 84,852 kg /am’
2-7-R?-t, 2-7-2542%.11,86

Ototal = Oshear T Otorsion = 207873 + 847852 = 105,725 kg f/crn ?

UG-45: The total combined shear stress (105,725 kgf/sz) < allowable (0,7 - S, =0,7-1.407,208 = 985,046 kgf/cmz)



Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (cm?) UG-45 Summary (mm)
For Pe =1 bar @ 23 °C The nozzle passes UG-45
A A Ayl Al A A A ;
required available L 2 g 5 welds treq fmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 3.1 13,46

UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

A Required weld Actual weld
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legy) 6,1 weld size is adequate
“ 8 (corroded) a

Calculations for external pressure 1 bar @ 23 °C

Parallel Limit of reinforcement per UG-40

Lr max [d, R, + (tn —Cn) +(t —O)]

max [50,8, 254 + (13,46 —1,6) + (21 — 1,6)]

56,66 mm

Outer Normal Limit of reinforcement per UG-40

Ly min 25 - (t —C), 25 (t, —Cp) +t.]

min [25 - (21 — 16), 25 - (13,46 — 1,6) + 0]

29,65 mm

Nozzle required thickness per UG-28 t,,, = 0,37 mm
From UG-37(d)(1) required thickness t, = 6,17 mm
This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: ¢, = min [19mm, t,, t]= 11,86 mm
tymin) = min [6 mm, 07 -tyu] = 6 mm

tfatuay = 0,7 -Leg =0.7-871 =6,1 mm

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 = 1,97 mm

taug-22 = 2,64 mm



ta = max [tac-28, tauc-22]

max [1,97, 2,64]
= 2,64 mm

P-R

tb2 = m + Corrosion

= L9 +16
- 1.180-1—-06-1 ’

= 2,36 mm

i = max [ty, twcie)
= max [236, 3]

= 3,1 mm

tb - min [tbg, tbQ]
= min [64, 3,1]

= 3,1 mm

tug.as = max [t,, tp)

= max (2,64, 3,1]

= 31 mm
Available nozzle wall thickness new, t, = 13,46 mm
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 23 °C) UG-28(c)

L _ 2% e
D, w2 7
D, 7172
= —— =211,7836
i 0,37
From table G: A =0,000159

From table CS-2 Metric: B = 161,9607 kg/cm *(158,83 bar)

4B 41883
~3-(D,/t)  3-(77,712/0,37)

P, =1 bar

Design thickness for external pressure P, = 1 bar

t, =t + Corrosion = 0,37 + 1,6 = 1,97 mm



Nozzle (K1)

ASME Section VIl Division 1, 2021 Edition Metric

N B

| 2 | 91
| ] & ~L N
|

7 I vy

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

Location and Orientation

Access opening

Located on Shell V1
Orientation 315°
Nozzle center line offset to datum line 200 mm
End of nozzle to shell center 1.125 mm
Passes through a Category A joint No

No

Material specification

SA-350 LF2 ClI 1 (lI-D Metric p. 20, In. 36) (normalized)

Inside diameter, new

50,8 mm

Inner fillet, Legg

Nominal wall thickness 16,64 mm
Corrosion inner 0 mm
Corrosion outer 1,6 mm
Projection available outside vessel, Lpr 181,65 mm
Projection available outside vessel to flange face, Lf| 204 mm
Local vessel minimum thickness 21 mm
Liquid static head included 0,03 bar

11 mm

Nozzle to vessel groove weld

21 mm

Radiography

Longitudinal seam

Seamless No RT




ASME B16.5-2017 Flange

Description NPS 2 Class 300 LWN A350 LF2 CI.1 N
Bolt Material SA-320 L7 Bolt <= 65 (lI-D Metric p. 410, In. 33)
Blind included No

Rated MDMT -104°C

Liquid static head 0,03 bar

Consider External Loads on Flange MAWP Rating Yes

MAWP reduction due to external loads 21,25 bar

MAWP rating 45,97 bar @ 121°C

MAP rating 51,1bar@ 7°C

Hydrotest rating 77bar@ 7°C

PWHT performed Yes

Produced to Fine Grain Practice and

Supplied in Heat Treated Condition Yes

Impact Tested No
MAWP Reduction Due to External Loads

_16-M  16-17,4-1000

P, = - 1,02 - 100 =
— e / 18,38 bar
—4-W —4. —139,7
P, = = 1,02 - 100 =
— Iy / 2,87 bar
M AW P,egution = max [P, + P,,0] = max [18,38 +2,87,0] = 21,25 bar
Table UG-44-1 Moment Factor, Fy; = 0,5

MAWP = min MAWP MAWP - (1+ Fy) — MAW Preuion | — Ps

45,94 bar
= min [45,97,45,97 - (1 +0,5) — 21,25] — 0,03 =

Type ASME B16.20 Spiral-Wound

Description \’Svﬁ::a;:ﬁ\glpund Stainless, Monel, or nickel-base alloy windings
Factor, m 3

Seating Stress, y 703,07 kgs/cm?

Thickness, T 4.5 mm

Inner Diameter 69,9 mm

Outer Diameter 85,9 mm

(1) Flange is impact tested per material specification to -46°C.
Stress ratio = 0,3117 < 0,35, MDMT per UCS-66(b)(3) = -105°C.
Bolts rated MDMT per Fig UCS-66 note (c) =-104°C

(2) UG-44(b): The actual assembly bolt load (see Nonmandatory Appendix S) shall comply with ASME PCC-1, Nonmandatory
Appendix O.

(3) UG-44(b): The bolt material shall have an allowable stress equal to or greater than SA-193 B8 Cl. 2 at the specified bolt size and
temperature.

UCS-66 Material Toughness Requirements

LWN rated MDMT per UCS-66(c)(1) = -104°C
Material is exempt from impact testing at the Design MDMT of -15°C.




Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (cmz)
For P = 16,81 bar @ 121 °C

UG-45 Summary (mm)

The nozzle passes UG-45

A A A .
required available Ml A2 | A | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 6.4 16,64

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

Required weld
throat size (mm)

throat size (mm)

Actual weld

Status

Nozzle to shell fillet (Legy) 6 (cor‘rsélie g [werd size i aequate
Max Allow L"f,i’a(u fL'L’Z?
Load Case P i Me Ve " Vi Me ;:2152 :t?;nsbs Primary | Primary | Over
(bar) | (kgg) |(kggm) | (kgg) | (kge-m) | (kgy) | (kgg-m) ) 5 | Stress Stress | stressed
(kgd/em?) | (kgdcm?) (kagem?) | (kggem?)

Load case 1 16,81|-139,7| 40,8 |139,7| 40,8 |139,7| 40,8 |1.162,877|3.609,796|1.012,561 [ 1.804,898 No
Load case 1 (Hot Shut Down) 0 -139,7| 40,8 |139,7| 40,8 |139,7| 40,8 259,362 |3.609,796| 21,303 |1.804,898 No
Load case 1 (Pr Reversed) 16,81 139,7 | 40,8 |139,7| 40,8 |139,7| 40,8 |1.121,255|3.609,796 | 998,218 [1.804,898 No
Load case 1 (Pr Reversed) (Hot Shut Down) 0 139,7| 40,8 |139,7| 40,8 |139,7| 40,8 | -255,566 |3.609,796 | -21,303 [1.804,898 No

Calculations for internal pressure 16,81 bar @ 121 °C

Parallel Limit of reinforcement per UG-40

LR

max [d, Ry + (tn —C) + (t — C)]

max [50,8, 254 + (16,64 — 1,6) + (21 — 1,6)]

59,84 mm

Outer Normal Limit of reinforcement per UG-40

Lh

min 25 (t —C), 25 (t, —Cy) +1te]

min 25 - (21 —1,6), 25 - (16,64 — 1,6) +0]

37,59 mm

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

tm

P-R,
S, -E—06-P

16,8114-254

1.380 -1 —06 - 16,8114

0,31 mm

Required thickness t, from UG-37(a)




PR

S-E—06-P
16,8114 - 900

1.180 -1 — 06 - 16,8114

12,93 mm

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

UW-16(c) Weld Check

Fillet weld: ¢y = min [19mm, t,, t]= 15,04 mm
tc{min) = min [6 mm, 077'tmin] = § mm

tyacua) =07 -Leg =07-871 =61 mm

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 P R, + Corrosio:
QUG- = _ rrosion
ue-21 S, E—06-P

B 16,8114-254 L6
N 1.380 -1 — 0,6 - 16,8114 th

= 1,91 mm

taug-22 = 2,71 mm

ta = max [taUG»277 taUG-Z?}
= max [1,91, 2,71]

= 2,71 mm

t PR + Corrosi
= _— I'TOS101
b1 S E_06-P OFrosIo

_ 16,8114 - 900 16
- 1.180 -1 —0,6 - 16,8114 +h

= 14,53 mm

tn = max [ty , tyucis)
= max [1453, 3]]

= 14,53 mm

tb - min [tb3, tbl]
= min [64, 1453]

= 64 mm

tUG»45 = max [ta, tb]
= max [2,71, 64]

= 64 mm



Available nozzle wall thickness new, t, = 16,64 mm

The nozzle neck thickness is adequate.



WRC 537 Load case 1

Applied Loads

Radial load, P, -139,7 kgs

Circumferential moment, M |40,8 kgs-m

Circumferential shear, V¢ 139,7 kg

Longitudinal moment, M 40,8 kgf-m

Longitudinal shear, V| 139,7 kg
Torsion moment, M 40,8 kgf-m
Internal pressure, P 16,81 bar
Mean shell radius, Ry, 909,7 mm
Local shell thickness, T 19,4 mm
Design factor 3

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

By _ 9097 _ 46,8922
T 194

. .40.44
_ 08757, _ 087540M 0,038
R, 909,7

B

Pressure stress intensity factor, I = 1,2464 (derived from Division 2 Part 4.5)
I-P-R;

Local circumferential pressure stress = —r = 991,258 kgf/cm2

- I-P-R;
Local longitudinal pressure stress = T - 495,594 kgf/cm 2

Maximum combined stress (Pr +F, +Q) = 1.162,88 kg ;/cm 2
Allowable combined stress (P + P, +Q) = +3-5 = £3.609,8 kg ,/em’

The maximum combined stress (P, + P, + Q) is within allowable limits.

Maximum local primary membrane stress (Py) = 1.012,56 kgf/cm2

Allowable local primary membrane stress (P;) = +£1,5-S = +1.804,9 kgf/cmz

The maximum local primary membrane stress (P ) is within allowable limits.



Figure Y Ay A By By Cy Ci Dy Dy
Ny
3c* — 9,0035 0 0 0 0 7,101 | 7,101 7,101 7,101
P/ Rm
Ny
4c* - 9,0286 | 7,171 7,171 7,171 7,171 0 0 0 0
P/ Rm
My
1C - 0,2092 0 0 0 0 46,614 | -46,614 | 46,614 | -46,614
My
2C-1 - 0,1632 | 36,349 | -36,349 | 36,349 | -36,349 0 0 0 0
Ny
3A* —_— 0,4576 0 0 0 0 -3,023 | -3,023 | 3,023 3,023
M, / (R%-6)
My
1A P 0,1064 0 0 0 0 -195,594 | 195,594 | 195,594 |-195,594
Mc / (Bm-B)
Ny
3B* — 2,1599 | -14,132 | -14,132 | 14,132 14,132 0 0 0 0
My
1B-1 PR 0,0618 |-113,546| 113,546 | 113,546 | -113,546 0 0 0 0
My / (Bm-B)
Pressure stress* 991,258 | 991,258 | 991,258 | 991,258 | 795,312 |795,312| 795,312 | 795,312
Total circumferential stress 907,1 [1.061,494|1.162,455| 862,666 | 650,41 |948,371|1.047,644 | 563,229
Primary membrane circumferential stress* | 984,297 | 984,297 |1.012,561|1.012,561| 799,39 | 799,39 | 805,437 | 805,437
Nz
3c* _— 9,0035 | 7,101 7,101 7,101 7,101 0 0 0 0
P/ Rm
Nx
4c* —_— 9,0286 0 0 0 0 7171 | 7171 7,171 7,171
P/ Rm
Mz
1C-1 - 0,2145 | 47,738 | -47,738 | 47,738 | -47,738 0 0 0 0
Mz
2C - 0,1608 0 0 0 0 35,786 | -35,786 | 35,786 | -35,786
Nz
4A* e — 0,7155 0 0 0 0 -4,64 -4,64 4,64 4,64
M, / (R} -B)
Mz
2A _ 0,0621 0 0 0 0 -114,108 | 114,108 | 114,108 |-114,108
Mc / (Bm-B)
Nz
4B* —_— 0,5274 | -3,445 | -3,445 3,445 3,445 0 0 0 0
M, | (R -B)
Mz
2B-1 e 0,1029 |[-189,196| 189,196 | 189,196 | -189,196 0 0 0 0
My / (Bm-B)
Pressure stress* 397,656 | 397,656 | 397,656 | 397,656 | 495,594 |495,594 | 495594 | 495,594
Total longitudinal stress 259,855 | 542,77 | 645,137 | 171,268 | 419,803 |576,447| 657,3 | 357,511
Primary membrane longitudinal stress* 401,312 | 401,312 | 408,202 | 408,202 | 498,125 498,125 507,405 | 507,405
Shear from M, 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459
Circ shear from V, 5,695 5,695 -5,695 -5,695 0 0 0 0
Long shear from V| 0 0 0 0 -5,695 | -5,695 5,695 5,695
Total Shear stress 26,154 | 26,154 14,764 14,764 | 14,764 | 14,764 | 26,154 | 26,154
Combined stress (P +P,+Q) 908,155 | 1.062,83 |1.162,877 | 862,948 | 651,324 | 948,933 | 1.049,402 | 566,533

* denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads




PR P, M -R,

n(Pm) = +
O Pm) 2-t, 7T(R‘2,—R12) I
16,81 - 1,02 - 254 -1 .698,1-40,44
_ 1681102254 307 100 57698140, -
215,04 (10447 —2542) 1.772.985

= 150,564 kg /cm >

The average primary stress P, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable ( <
S = 1.407,208 kgs/cm?)

Shear stress in the nozzle wall due to external loads

VE+VE 1/139,7% +139,7°2

L
shear = -100 = -100 = 16,466 2
7sh T Rt 72541504 ke ;/am
M, 408
Frorsion = ——————— + 100000 = ————————— 100000 = 66,934 kg /am’
2-7-R?-t, 2.m-2542.1504

Ototal = Oshear 1 Otorsion = 16,466 + 66,934 = 83,399 kg f/cm 2

UG-45: The total combined shear stress (83,399 kgf/sz) < allowable (0,7 - S, =0,7-1.407,208 = 985,046 kgf/cmz)



Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (cm?) UG-45 Summary (mm)
For Pe =1 bar @ 23 °C The nozzle passes UG-45
A A Ayl Al A A A ;
required available L 2 g 5 welds treq fmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 3.1 16,64

UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

A Required weld Actual weld
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legy) 6,1 weld size is adequate
“ 8 (corroded) a

Calculations for external pressure 1 bar @ 23 °C

Parallel Limit of reinforcement per UG-40

Lr max [d, R, + (tn —Cn) +(t —O)]

max [50,8, 254 + (16,64 — 1,6) + (21 — 1,6)]

59,84 mm

Outer Normal Limit of reinforcement per UG-40

Ly min 25 - (t —C), 25 (t, —Cp) +t.]

min [25 - (21 — 16), 25 - (16,64 — 1,6) + 0]

37,59 mm

Nozzle required thickness per UG-28 t,,, = 0,38 mm
From UG-37(d)(1) required thickness t, = 6,17 mm
This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: ¢, = min [19mm, t,, t] = 15,04 mm
tymin) = min [6 mm, 07 -tyu] = 6 mm

tfatuay = 0,7 -Leg =0.7-871 =6,1 mm

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 = 1,98 mm

taug-22 = 248 mm



ta = max [tac-28, tauc-22]

max [1,98, 2,48]
= 2,48 mm

P-R

tb2 = m + Corrosion

= L9 +16
- 1.180-1—-06-1 ’

= 2,36 mm

i = max [ty, twcie)
= max [236, 3]

= 3,1 mm

tb - min [tbg, tbQ]
= min [64, 3,1]

= 3,1 mm

tug.as = max [t,, tp)

= max (248, 31|

= 31 mm
Available nozzle wall thickness new, t, = 16,64 mm
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 23 °C) UG-28(c)

L 204,96
= =2,4379
D, 84,07
D, 84,07
= ——— = 219,2887
t 0,38
From table G: A =0,000164

From table CS-2 Metric: B = 167,7082 kg/cm *(164,47 bar)

_ 4-B 4-164,47
"~ 3-(D,/t)  3-(84,07/0,38)

P, =1 bar

Design thickness for external pressure P, = 1 bar

t, =t + Corrosion = 0,38 + 1,6 = 1,98 mm



Nozzle (K2)

ASME Section VIl Division 1, 2021 Edition Metric

N N R

| 2 | 21
!‘ L [i ]
| _— | X

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

Located on Shell V1

Orientation 315°

Nozzle center line offset to datum line 950 mm

End of nozzle to shell center 1.125 mm

Passes through a Category A joint No
____ Nome |
Access opening No

Material specification SA-350 LF2 CI 1 (lI-D Metric p. 20, In. 36) (normalized)
Inside diameter, new 50,8 mm

Nominal wall thickness 13,46 mm

Corrosion inner 0 mm

Corrosion outer 1,6 mm

Projection available outside vessel, Lpr 184,95 mm

Projection available outside vessel to flange face, Lf| 204 mm

Local vessel minimum thickness 21 mm

Liquid static head included 0 bar
. Wes |
Inner fillet, Legy 11 mm

Nozzle to vessel groove weld 21 mm

Radiography
Longitudinal seam Seamless No RT




ASME B16.5-2017 Flange

Description NPS 2 Class 150 LWN A350 LF2 CI.1 N
Bolt Material SA-320 L7 Bolt <= 65 (lI-D Metric p. 410, In. 33)
Blind included No

Rated MDMT -53,8°C

Liquid static head 0 bar

Consider External Loads on Flange MAWP Rating Yes

MAWP reduction due to external loads 21,25 bar

MAWP rating 16,9 bar @ 121°C

MAP rating 19,6 bar @ 7°C

Hydrotest rating 30bar@ 7°C

PWHT performed Yes

Produced to Fine Grain Practice and

Supplied in Heat Treated Condition Yes

Impact Tested No
MAWP Reduction Due to External Loads

_16-M  16-17,4-1000

P, = - 1,02 - 100 =
— e / 18,38 bar
—4-W —4. —139,7
P, = = 1,02 100 =
— Iy / 2,87 bar
M AW P,egution = max [P, + P,,0] = max [18,38 +2,87,0] = 21,25 bar
Table UG-44-1 Moment Factor, Fy; = 1,2

MAWP = min MAWP MAWP - (1+ Fy) — MAW Preuion | — Ps

15,93 bar
= min [169,16,9 - (1 +12) —21,25] —0 =

Type ASME B16.20 Spiral-Wound

Description \’Svﬁ::a;:ﬁ\glpund Stainless, Monel, or nickel-base alloy windings
Factor, m 3

Seating Stress, y 703,07 kgs/cm?

Thickness, T 4.5 mm

Inner Diameter 69,9 mm

Outer Diameter 85,9 mm

(1) Flange is impact tested per material specification to -46°C.
UCS-66(i) reduction of 7,8°C applied (ratio = 0,8607).
Bolts rated MDMT per Fig UCS-66 note (c) =-104°C

(2) UG-44(b): The actual assembly bolt load (see Nonmandatory Appendix S) shall comply with ASME PCC-1, Nonmandatory
Appendix O.

(3) UG-44(b): The bolt material shall have an allowable stress equal to or greater than SA-193 B8 Cl. 2 at the specified bolt size and
temperature.

UCS-66 Material Toughness Requirements

LWN rated MDMT per UCS-66(c)(1) = -53,8°C
Material is exempt from impact testing at the Design MDMT of -15°C.




Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (cmz)
For P = 15,93 bar @ 121 °C

UG-45 Summary (mm)

The nozzle passes UG-45

A A A .
required available Ml A2 | A | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 6.4 13,46

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

Required weld
throat size (mm)

throat size (mm)

Actual weld

Status

Nozzle to shell fillet (Legy) 6 (cor‘rsélie g [werd size i aequate
Max Allow L"f,i’a(u fL'L’Z?
Load Case P i Me Ve " Vi Me ;:2152 :t?;nsbs Primary | Primary | Over
(bar) | (kgg) |(kggm) | (kgg) | (kge-m) | (kgy) | (kgg-m) ) 5 | Stress Stress | stressed
(kgd/em?) | (kgdcm?) (kagem?) | (kggem?)

Load case 1 15,93|-139,7| 40,8 |139,7| 40,8 |139,7| 40,8 |1.231,497|3.609,796 |1.067,681 [1.804,898 No
Load case 1 (Hot Shut Down) 0 -139,7| 40,8 |139,7| 40,8 |139,7| 40,8 279,33 |3.609,796| 21,022 |1.804,898 No
Load case 1 (Pr Reversed) 15,93 139,7 | 40,8 |139,7| 40,8 |139,7| 40,8 |1.190,508|3.609,796|1.053,3391.804,898 No
Load case 1 (Pr Reversed) (Hot Shut Down) 0 139,7| 40,8 |139,7| 40,8 |139,7| 40,8 | -278,626 |3.609,796 | -21,022 [1.804,898 No

Calculations for internal pressure 15,93 bar @ 121 °C

Parallel Limit of reinforcement per UG-40

LR

max [d, Ry + (tn —C) + (t — C)]

max [50,8, 254 + (13,46 — 1,6) + (21 — 1,6)]

56,66 mm

Outer Normal Limit of reinforcement per UG-40

Lh

min 25 (t —C), 25 (t, —Cy) +1te]

min 25 - (21 —1,6), 25 - (13,46 — 1,6) +0]

29,656 mm

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

tm

P-R,
S, -E—06-P

15,932-25 4

1.380 - 1 — 0,6 - 15,932

0,29 mm

Required thickness t, from UG-37(a)




P-R

S-E—06-P
15,932 - 900

1180 -1 — 06 - 15,932

12,25 mm

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

UW-16(c) Weld Check

Fillet weld: tpi, = min [19mm, t,, t]= 11,86 mm
tc{min) = min [6 mm, 077'tmin] = § mm

tyacua) =07 -Leg =07-871 =61 mm

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 P R, + Corrosio:
QUG- = _ rrosion
ue-21 S, E—06-P

15,932.254
= +16
1.380 -1 — 06 - 15,932

= 1,89 mm

taug-22 = 2,84 mm

ta = max [taUG»277 taUG-Z?}
= max [1,89, 2,84]
= 2,84 mm
P-R

tb1 = m + Corrosion

15,932 - 900
= +16
1180 -1 — 06 - 15,932

= 13,85 mm

tn = max [ty , tyucis)
= max [1385, 3]

= 13,85 mm

tb - min [tb3, tbl]
=  min [64, 1385]

= 64 mm

tUG»45 = max [ta, tb]
= max [2,84, 64]

= 64 mm



Available nozzle wall thickness new, t, = 13,46 mm

The nozzle neck thickness is adequate.



WRC 537 Load case 1

Applied Loads

Radial load, P, -139,7 kgs

Circumferential moment, M |40,8 kgs-m

Circumferential shear, V¢ 139,7 kg

Longitudinal moment, M 40,8 kgf-m

Longitudinal shear, V| 139,7 kg
Torsion moment, M 40,8 kgf-m
Internal pressure, P 15,93 bar
Mean shell radius, Ry, 909,7 mm
Local shell thickness, T 19,4 mm
Design factor 3

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

By _ 9097 _ 46,8922
T 194

. .37.2
_ 08757, _ 08753726 0,035
R, 909,7

B

Pressure stress intensity factor, I = 1,3888 (derived from Division 2 Part 4.5)
I-P-R;

Local circumferential pressure stress = —r = 1.046,66 kgf/(:m 2

- I-P-R;
Local longitudinal pressure stress = T - 523,365 kgf/cm 2

Maximum combined stress (P + P, + Q) = 1.2315 kgf/cm2
Allowable combined stress (P + P, +Q) = +3-5 = £3.609,8 kg ,/em’

The maximum combined stress (P, + P, + Q) is within allowable limits.

Maximum local primary membrane stress (Pr) = 1.067,68 kgf/cm2

Allowable local primary membrane stress (P;) = +£1,5-S = +1.804,9 kgf/cmz

The maximum local primary membrane stress (P ) is within allowable limits.



Figure Y Ay A By B Cy Ci Dy D
Ny
3c* — 9,0998 0 0 0 0 7471 | 7,171 7,171 7,171
P/ Rm
Ny
4c* — 9,0709 7,171 7,171 7,171 7,171 0 0 0 0
P/ Rm
My
1C - 0,2174 0 0 0 0 48,441 | -48,441| 48,441 | -48,441
My
2C-1 - 0,1709 | 38,036 | -38,036 | 38,036 | -38,036 0 0 0 0
Ny
3A* —_— 0,4136 0 0 0 0 -2,953 | -2,953 | 2,953 2,953
M, / (R%-6)
My
1A P 0,1064 0 0 0 0 -212,186|212,186 | 212,186 |-212,186
Mc / (Bm-B)
Ny
3B* —_— 1,9568 | -13,85 -13,85 13,85 13,85 0 0 0 0
My
1B-1 PR 0,0628 | -125,217 | 125,217 | 125,217 | -125,217 0 0 0 0
My / (Bm-B)
Pressure stress* 1.046,66 | 1.046,66 | 1.046,66 | 1.046,66 | 753,691 | 753,691 753,691 | 753,691
Total circumferential stress 952,8 [1.127,1611.230,934 | 904,429 | 594,164 | 921,654 | 1.024,443 | 503,187
Primary membrane circumferential stress* | 1.039,981 [1.039,981 | 1.067,681 | 1.067,681 | 757,909 | 757,909 | 763,815 | 763,815
Nz
3c* _— 9,0998 7,171 7,171 7,171 7,171 0 0 0 0
P/ Rm
Nx
4c* _— 9,0709 0 0 0 0 7471 | 7171 7,171 7,171
P/ Rm
Mz
1C-1 - 0,2227 | 49,566 | -49,566 | 49,566 | -49,566 0 0 0 0
2C % 0,1677 0 0 0 0 37,333 | -37,333 | 37,333 | -37,333
Nz
4A* P —— 0,6345 0 0 0 0 4.5 4.5 4,5 4,5
M, / (R} -B)
Mz
2A _ 0,0623 0 0 0 0 -124,232 124,232 | 124,232 |-124,232
Mc / (Bm-B)
Nz
4B* e — 0,4806 | -3,375 -3,375 3,375 3,375 0 0 0 0
M, | (R -B)
Mz
2B-1 e 0,1047 | -208,812 | 208,812 | 208,812 | -208,812 0 0 0 0
My / (Bm-B)
Pressure stress* 376,845 | 376,845 | 376,845 | 376,845 | 523,365 |523,365| 523,365 | 523,365
Total longitudinal stress 221,397 | 539,887 | 645,769 | 129,013 | 439,137 612,936 | 696,601 | 373,471
Primary membrane longitudinal stress* 380,642 380,642 387,391 387,391 | 526,037 | 526,037 | 535,036 | 535,036
Shear from M, 24115 | 24115 | 24115 | 24115 | 24,115 | 24,115 | 24,115 | 24,115
Circ shear from V, 6,117 6,117 -6,117 -6,117 0 0 0 0
Long shear from V| 0 0 0 0 -6,117 | -6,117 6,117 6,117
Total Shear stress 30,232 | 30,232 17,999 17,999 | 17,999 | 17,999 | 30,232 | 30,232
Combined stress (P +P,+Q) 954,065 |1.128,7081.231,497 | 904,851 | 596,203 | 922,709 1.027,185| 509,866

* denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads




PR P, M -R,

n(Pm) = +
O Pm) 2-t, 7T(R‘2,—R12) I
1 -1,02 - 254 -1 .698,1-37,2
_1593.102-%54 307 o STEsLETH
2-11,86 - (3726% —2542) 1.187.160

= 204476 kg ;/cm®

The average primary stress P, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable ( <
S = 1.407,208 kgs/cm?)

Shear stress in the nozzle wall due to external loads

VE+VE 1/139,7% +139,7°2

L
shear = -100 = -100 = 20,873 2
7sh TRt 7254 - 11,86 ke ;/am
M, 40,8
Ftorsion = ——————— - 100000 = —————————— - 100000 = 84,85 kg ;/cm’
2-7-R?-t, 2.7-254%.11,86

Ototal = Oshear T Otorsion = 207873 + 84785 = 105,722 kg f/(IIl 2

UG-45: The total combined shear stress (105,722 kgf/sz) < allowable (0,7 - S, =0,7-1.407,208 = 985,046 kgf/cmz)



Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (cm?) UG-45 Summary (mm)
For Pe =1 bar @ 23 °C The nozzle passes UG-45
A A Ayl Al A A A ;
required available L 2 g 5 welds treq fmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 3.1 13,46

UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

A Required weld Actual weld
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legy) 6,1 weld size is adequate
“ 8 (corroded) a

Calculations for external pressure 1 bar @ 23 °C

Parallel Limit of reinforcement per UG-40

Lr max [d, R, + (tn —Cn) +(t —O)]

max [50,8, 254 + (13,46 —1,6) + (21 — 1,6)]

56,66 mm

Outer Normal Limit of reinforcement per UG-40

Ly min 25 - (t —C), 25 (t, —Cp) +t.]

min [25 - (21 — 16), 25 - (13,46 — 1,6) + 0]

29,65 mm

Nozzle required thickness per UG-28 t,,, = 0,37 mm
From UG-37(d)(1) required thickness t, = 6,17 mm
This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: ¢, = min [19mm, t,, t]= 11,86 mm
tymin) = min [6 mm, 07 -tyu] = 6 mm

tfatuay = 0,7 -Leg =0.7-871 =6,1 mm

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 = 1,97 mm

taug-22 = 2,64 mm



ta = max [tac-28, tauc-22]

max [1,97, 2,64]
= 2,64 mm

P-R

tb2 = m + Corrosion

= L9 +16
- 1.180-1—-06-1 ’

= 2,36 mm

i = max [ty, twcie)
= max [236, 3]

= 3,1 mm

tb - min [tbg, tbQ]
= min [64, 3,1]

= 3,1 mm

tug.as = max [t,, tp)

= max (2,64, 3,1]

= 31 mm
Available nozzle wall thickness new, t, = 13,46 mm
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 23 °C) UG-28(c)

L _ 2% e
D, w2 7
D, 7172
= —— =211,7836
i 0,37
From table G: A =0,000159

From table CS-2 Metric: B = 161,9607 kg/cm *(158,83 bar)

4B 41883
~3-(D,/t)  3-(77,712/0,37)

P, =1 bar

Design thickness for external pressure P, = 1 bar

t, =t + Corrosion = 0,37 + 1,6 = 1,97 mm



Nozzle (L1)

ASME Section VIl Division 1, 2021 Edition Metric

N B

| 2 | 91
| ] & ~L N
|

7 I vy

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

Location and Orientation

Access opening

Located on Shell V1
Orientation 195°
Nozzle center line offset to datum line 224 mm
End of nozzle to shell center 1.125 mm
Passes through a Category A joint No

No

Material specification

SA-350 LF2 ClI 1 (lI-D Metric p. 20, In. 36) (normalized)

Inside diameter, new

50,8 mm

Inner fillet, Legg

Nominal wall thickness 16,64 mm
Corrosion inner 0 mm
Corrosion outer 1,6 mm
Projection available outside vessel, Lpr 181,65 mm
Projection available outside vessel to flange face, Lf| 204 mm
Local vessel minimum thickness 21 mm
Liquid static head included 0,03 bar

11 mm

Nozzle to vessel groove weld

21 mm

Radiography

Longitudinal seam

Seamless No RT




ASME B16.5-2017 Flange

Description NPS 2 Class 300 LWN A350 LF2 CI.1 N
Bolt Material SA-320 L7 Bolt <= 65 (lI-D Metric p. 410, In. 33)
Blind included No

Rated MDMT -104°C

Liquid static head 0,03 bar

Consider External Loads on Flange MAWP Rating Yes

MAWP reduction due to external loads 21,25 bar

MAWP rating 45,97 bar @ 121°C

MAP rating 51,1bar@ 7°C

Hydrotest rating 77bar@ 7°C

PWHT performed Yes

Produced to Fine Grain Practice and

Supplied in Heat Treated Condition Yes

Impact Tested No
MAWP Reduction Due to External Loads

_16-M  16-17,4-1000

P, = - 1,02 - 100 =
— e / 18,38 bar
—4-W —4. —139,7
P, = = 1,02 - 100 =
— Iy / 2,87 bar
M AW P,egution = max [P, + P,,0] = max [18,38 +2,87,0] = 21,25 bar
Table UG-44-1 Moment Factor, Fy; = 0,5

MAWP = min MAWP MAWP - (1+ Fy) — MAW Preuion | — Ps

45,94 bar
= min [45,97,45,97 - (1 +0,5) — 21,25] — 0,03 =

Type ASME B16.20 Spiral-Wound

Description \’Svﬁ::a;:ﬁ\glpund Stainless, Monel, or nickel-base alloy windings
Factor, m 3

Seating Stress, y 703,07 kgs/cm?

Thickness, T 4.5 mm

Inner Diameter 69,9 mm

Outer Diameter 85,9 mm

(1) Flange is impact tested per material specification to -46°C.
Stress ratio = 0,3117 < 0,35, MDMT per UCS-66(b)(3) = -105°C.
Bolts rated MDMT per Fig UCS-66 note (c) =-104°C

(2) UG-44(b): The actual assembly bolt load (see Nonmandatory Appendix S) shall comply with ASME PCC-1, Nonmandatory
Appendix O.

(3) UG-44(b): The bolt material shall have an allowable stress equal to or greater than SA-193 B8 Cl. 2 at the specified bolt size and
temperature.

UCS-66 Material Toughness Requirements

LWN rated MDMT per UCS-66(c)(1) = -104°C
Material is exempt from impact testing at the Design MDMT of -15°C.




Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (cmz)

For P = 16,81 bar @ 121 °C

UG-45 Summary (mm)

The nozzle passes UG-45

A A A .
required available Ml A2 | A | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 6.4 16,64

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

Required weld
throat size (mm)

throat size (mm)

Actual weld

Status

Nozzle to shell fillet (Legyq)

6

6,1
(corroded)

weld size is adequate

WRC 537
Max Allow Ln:l;:l t::l:::
P P, M. V¢ M \' M, Comb Comb N R Over
Load Case Stress Stress (PIETy || (Ul
(bar) | (kgg) |(kggm) | (kgg) | (kge-m) | (kgy) | (kgg-m) ) , | Stress | Stress stressed

(kgd/em?) | (kggcm®) (kgdem?) | (kggem?)
Load case 1 16,81|-139,7| 40,8 |139,7| 40,8 |139,7| 40,8 |1.162,666 |3.609,796 | 1.012,35|1.804,898 No
Load case 1 (Hot Shut Down) 0 -139,7| 40,8 |139,7| 40,8 |139,7| 40,8 259,362 |3.609,796| 21,303 |1.804,898 No
Load case 1 (Pr Reversed) 16,81 139,7 | 40,8 |139,7| 40,8 |139,7| 40,8 |1.121,044|3.609,796 | 998,007 | 1.804,898 No
Load case 1 (Pr Reversed) (Hot Shut Down) 0 139,7| 40,8 |139,7| 40,8 |139,7| 40,8 | -255,566 |3.609,796 | -21,303 |1.804,898 No

Calculations for internal pressure 16,81 bar @ 121 °C

Parallel Limit of reinforcement per UG-40

LR

59,84 mm

max [d, Ry + (tn —C) + (t — C)]

max [50,8, 254 + (16,64 — 1,6) + (21 — 1,6)]

Outer Normal Limit of reinforcement per UG-40

Lh

37,59 mm

min 25 (t —C), 25 (t, —Cy) +1te]

min 25 - (21 —1,6), 25 - (16,64 — 1,6) +0]

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

P-R,

tm

S, -E—06-P

16,8091-25 4

1.380 -1 0,6 - 16,8091

0,31 mm

Required thickness t, from UG-37(a)




P-R

S-E—06-P
16,8091 - 900

1.180 - 1 — 0,6 - 16,8001

12,93 mm

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

UW-16(c) Weld Check

Fillet weld: ¢y = min [19mm, t,, t]= 15,04 mm
tc{min) = min [6 mm, 077'tmin] = § mm

tyacua) =07 -Leg =07-871 =61 mm

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 P R, + Corrosio:
QUG- = _ rrosion
ue-21 S, E—06-P

16,3091-254
= +16
1.380 - 1 — 0,6 - 16,8091

= 1,91 mm

taug-22 = 2,71 mm

ta = max [taUG»277 taUG-Z?}
= max [1,91, 2,71]

= 2,71 mm

t PR + Corrosi
= _— I'TOS101
b1 S E_06-P OFrosIo

16,8091 - 900
= +16
1180 -1 — 0,6 - 16,8091

= 14,53 mm

tn = max [ty , tyucis)
= max [1453, 3]]

= 14,53 mm

tb - min [tb3, tbl]
= min [64, 1453]

= 64 mm

tUG»45 = max [ta, tb]
= max [2,71, 64]

= 64 mm



Available nozzle wall thickness new, t, = 16,64 mm

The nozzle neck thickness is adequate.



WRC 537 Load case 1

Applied Loads

Radial load, P, -139,7 kgs

Circumferential moment, M |40,8 kgs-m

Circumferential shear, V¢ 139,7 kg

Longitudinal moment, M 40,8 kgf-m

Longitudinal shear, V| 139,7 kg
Torsion moment, M 40,8 kgf-m
Internal pressure, P 16,81 bar
Mean shell radius, Ry, 909,7 mm
Local shell thickness, T 19,4 mm
Design factor 3

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

By _ 9097 _ 46,8922
T 194

. .40.44
_ 08757, _ 087540M 0,038
R, 909,7

B

Pressure stress intensity factor, I = 1,2464 (derived from Division 2 Part 4.5)
I-P-R;

Local circumferential pressure stress = —r = 991,047 kgf/cm2

- I-P-R;
Local longitudinal pressure stress = T - 495,523 kgf/cm 2

Maximum combined stress (Pr +F, +Q) = 1.162,67 kg ;/cm 2
Allowable combined stress (P + P, +Q) = +3-5 = £3.609,8 kg ,/em’

The maximum combined stress (P, + P, + Q) is within allowable limits.

Maximum local primary membrane stress (Pr) = 1.012,35 kgf/cm2

Allowable local primary membrane stress (P;) = +£1,5-S = +1.804,9 kgf/cmz

The maximum local primary membrane stress (P ) is within allowable limits.



Figure Y Ay A By By Cy Ci Dy Dy
Ny
3c* — 9,0035 0 0 0 0 7,101 | 7,101 7,101 7,101
P/ Rm
Ny
4c* — 9,0286 | 7,171 7,171 7,171 7,171 0 0 0 0
P/ Rm
My
1C - 0,2092 0 0 0 0 46,614 | -46,614 | 46,614 | -46,614
My
2C-1 - 0,1632 | 36,349 | -36,349 | 36,349 | -36,349 0 0 0 0
Ny
3A* —_— 0,4576 0 0 0 0 -3,023 | -3,023 | 3,023 3,023
M, / (R%-6)
My
1A P 0,1064 0 0 0 0 -195,594 | 195,594 | 195,594 |-195,594
Mc / (Bm-B)
Ny
3B* —_— 2,1599 | -14,132 | -14,132 | 14,132 | 14,132 0 0 0 0
My
1B-1 PR 0,0618 |-113,546| 113,546 | 113,546 |-113,546 0 0 0 0
My / (Bm-B)
Pressure stress* 991,047 | 991,047 | 991,047 | 991,047 | 795,172 | 795,172 795,172 | 795,172
Total circumferential stress 906,889 [1.061,284 | 1.162,244 | 862,455 | 650,269 | 948,23 [1.047,503 | 563,088
Primary membrane circumferential stress* | 984,086 | 984,086 | 1.012,35 |1.012,35| 799,25 | 799,25 | 805,296 | 805,296
Nz
3c* _— 9,0035 | 7,101 7,101 7,101 7,101 0 0 0 0
P/ Rm
Nx
4c* _— 9,0286 0 0 0 0 7171 | 7471 7,171 7,171
P/ Rm
Mz
1C-1 - 0,2145 | 47,738 | -47,738 | 47,738 | -47,738 0 0 0 0
2C % 0,1608 0 0 0 0 35,786 | -35,786 | 35,786 | -35,786
Nz
4A* e — 0,7155 0 0 0 0 -4.64 -4,64 4,64 4,64
M, / (R} -B)
Mz
2A _ 0,0621 0 0 0 0 -114,108 | 114,108 | 114,108 |-114,108
Mc / (Bm-B)
Nz
4B* e — 0,5274 | -3,445 | -3,445 3,445 3,445 0 0 0 0
M, | (R -B)
Mz
2B-1 e 0,1029 |[-189,196| 189,196 | 189,196 |[-189,196 0 0 0 0
My / (Bm-B)
Pressure stress* 397,586 | 397,586 | 397,586 | 397,586 | 495,523 | 495,523 | 495,523 | 495,523
Total longitudinal stress 259,784 | 542,699 | 645,066 | 171,197 | 419,733 | 576,376 | 657,229 | 357,441
Primary membrane longitudinal stress* 401,242 | 401,242 | 408,132 | 408,132 | 498,054 | 498,054 | 507,335 | 507,335
Shear from M, 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459
Circ shear from V, 5,695 5,695 -5,695 -5,695 0 0 0 0
Long shear from V| 0 0 0 0 -5,695 | -5,695 5,695 5,695
Total Shear stress 26,154 | 26,154 14,764 | 14,764 | 14,764 | 14,764 | 26,154 | 26,154
Combined stress (P +P,+Q) 907,944 |1.062,619|1.162,666 | 862,737 | 651,183 | 948,792 | 1.049,261 | 566,393

* denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads




PR P, M -R,

n(Pm) = +
O Pm) 2-t, 7T(R‘2,—R12) I
16,81 - 1,02 - 254 -1 .698,1-40,44
_ 1681102254 307 100 57698140, -
215,04 (10447 —2542) 1.772.985

= 150,562 kg ;/cm ®

The average primary stress P, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable ( <
S = 1.407,208 kgs/cm?)

Shear stress in the nozzle wall due to external loads

VE+VE 1/139,7% +139,7°2

L
shear = -100 = -100 = 16,466 2
7sh T Rt 72541504 ke ;/am
M, 408
Frorsion = ——————— + 100000 = ————————— 100000 = 66,934 kg /am’
2-7-R?-t, 2.m-2542.1504

Ototal = Oshear 1 Otorsion = 16,466 + 66,934 = 83,399 kg f/cm 2

UG-45: The total combined shear stress (83,399 kgf/sz) < allowable (0,7 - S, =0,7-1.407,208 = 985,046 kgf/cmz)



Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (cm?) UG-45 Summary (mm)
For Pe =1 bar @ 23 °C The nozzle passes UG-45
A A Ayl Al A A A ;
required available L 2 g 5 welds treq fmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 3.1 16,64

UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

A Required weld Actual weld
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legy) 6,1 weld size is adequate
“ 8 (corroded) a

Calculations for external pressure 1 bar @ 23 °C

Parallel Limit of reinforcement per UG-40

Lr max [d, R, + (tn —Cn) +(t —O)]

max [50,8, 254 + (16,64 — 1,6) + (21 — 1,6)]

59,84 mm

Outer Normal Limit of reinforcement per UG-40

Ly min 25 - (t —C), 25 (t, —Cp) +t.]

min [25 - (21 — 16), 25 - (16,64 — 1,6) + 0]

37,59 mm

Nozzle required thickness per UG-28 t,,, = 0,38 mm
From UG-37(d)(1) required thickness t, = 6,17 mm
This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: ¢, = min [19mm, t,, t] = 15,04 mm
tymin) = min [6 mm, 07 -tyu] = 6 mm

tfatuay = 0,7 -Leg =0.7-871 =6,1 mm

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 = 1,98 mm

taug-22 = 248 mm



ta = max [tac-28, tauc-22]

max [1,98, 2,48]
= 2,48 mm

P-R

tb2 = m + Corrosion

= L9 +16
- 1.180-1—-06-1 ’

= 2,36 mm

i = max [ty, twcie)
= max [236, 3]

= 3,1 mm

tb - min [tbg, tbQ]
= min [64, 3,1]

= 3,1 mm

tug.as = max [t,, tp)

= max (248, 31|

= 31 mm
Available nozzle wall thickness new, t, = 16,64 mm
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 23 °C) UG-28(c)

L 204,96
= =2,4379
D, 84,07
D, 84,07
= ——— = 219,2887
t 0,38
From table G: A =0,000164

From table CS-2 Metric: B = 167,7082 kg/cm *(164,47 bar)

_ 4-B 4-164,47
"~ 3-(D,/t)  3-(84,07/0,38)

P, =1 bar

Design thickness for external pressure P, = 1 bar

t, =t + Corrosion = 0,38 + 1,6 = 1,98 mm



Nozzle (L2)

ASME Section VIl Division 1, 2021 Edition Metric

N B

| 21 | 91
| A o '| L
|

7 I

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

Location and Orientation

Access opening

Located on Shell V1
Orientation 195°
Nozzle center line offset to datum line 950 mm
End of nozzle to shell center 1.125 mm
Passes through a Category A joint No

No

Material specification

SA-350 LF2 ClI 1 (lI-D Metric p. 20, In. 36) (normalized)

Inside diameter, new

50,8 mm

Inner fillet, Legg

Nominal wall thickness 16,64 mm
Corrosion inner 0 mm
Corrosion outer 1,6 mm
Projection available outside vessel, Lpr 181,65 mm
Projection available outside vessel to flange face, Lf| 204 mm
Local vessel minimum thickness 21 mm
Liquid static head included 0 bar

11 mm

Nozzle to vessel groove weld

21 mm

Radiography

Longitudinal seam

Seamless No RT




ASME B16.5-2017 Flange

Description NPS 2 Class 300 LWN A350 LF2 CI.1 N

Bolt Material SA-320 L7 Bolt <= 65 (lI-D Metric p. 410, In. 33)
Blind included No

Rated MDMT -99,3°C

Liquid static head 0 bar

Consider External Loads on Flange MAWP Rating Yes

MAWP reduction due to external loads 27,32 bar

_16-M 161741000

MAWP rating 45,97 bar @ 121°C
MAP rating 51,1 bar@ 7°C
Hydrotest rating 77 bar@ 7°C
PWHT performed Yes

Produced to Fine Grain Practice and Yes

Supplied in Heat Treated Condition

Impact Tested No

MAWP Reduction Due to External Loads

= min [45,97,4597 - (1 +05) — 27,32] — 0 =

(1) Flange is impact tested per material specification to -46°C.
UCS-66(i) reduction of 53,3°C applied (ratio = 0,3959).
Bolts rated MDMT per Fig UCS-66 note (c) =-104°C

P, = o ppprer /1,02 -100 = 23,89 bar
P, = ;4.'22/ = _i'.;l’l;)f /1,02 - 100 = 3,42 bar
M AW Pregugion = max [Py, + P, 0] = max [23,80 +342,0] = 27,32 bar
Table UG-44-1 Moment Factor, Fy; = 0,5
MAWP = min MAWP MAWP - (14 Fy) — M AW Preguetion | — Ps

41,64 bar

Appendix O.

(2) UG-44(b): The actual assembly bolt load (see Nonmandatory Appendix S) shall comply with ASME PCC-1, Nonmandatory

temperature.

(3) UG-44(b): The bolt material shall have an allowable stress equal to or greater than SA-193 B8 CI. 2 at the specified bolt size and

UCS-66 Material Toughness Requirements

LWN rated MDMT per UCS-66(c)(1) = -99,3°C

Material is exempt from impact testing at the Design MDMT of -15°C.




Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (cmz)

For P = 16,78 bar @ 121 °C

UG-45 Summary (mm)

The nozzle passes UG-45

A A A .
required available Ml A2 | A | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 6.4 16,64

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

Required weld
throat size (mm)

throat size (mm)

Actual weld

Status

Nozzle to shell fillet (Legy) 6 (cor‘rsélie g [werd size i aequate
Max Allow L"f,i’a(u fL'L’Z?
Load Case P i Me Ve " Vi Me ;:2152 :t?;nsbs Primary | Primary | Over
(bar) | (kgg) |(kggm) | (kgg) | (kge-m) | (kgy) | (kgg-m) ) 5 | Stress Stress | stressed
(kgd/em?) | (kgdcm?) (kagem?) | (kggem?)

Load case 1 16,78 |-139,7| 40,8 |139,7| 40,8 |139,7| 40,8 |1.160,9793.609,796|1.010,663 [ 1.804,898 No
Load case 1 (Hot Shut Down) 0 -139,7| 40,8 |139,7| 40,8 |139,7| 40,8 259,362 |3.609,796| 21,303 |1.804,898 No
Load case 1 (Pr Reversed) 16,78 139,7 | 40,8 |139,7| 40,8 |139,7| 40,8 |1.119,357|3.609,796| 996,32 [1.804,898 No
Load case 1 (Pr Reversed) (Hot Shut Down) 0 139,7| 40,8 |139,7| 40,8 |139,7| 40,8 | -255,566 |3.609,796 | -21,303 [1.804,898 No

Calculations for internal pressure 16,78 bar @ 121 °C

Parallel Limit of reinforcement per UG-40

LR

59,84 mm

max [d, Ry + (tn —C) + (t — C)]

max [50,8, 254 + (16,64 — 1,6) + (21 — 1,6)]

Outer Normal Limit of reinforcement per UG-40

Lh

37,59 mm

min 25 (t —C), 25 (t, —Cy) +1te]

min 25 - (21 —1,6), 25 - (16,64 — 1,6) +0]

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

P-R,

tm

S, -E—06-P

16,7791-25 4

1.380-1—-06 - 16,7791

0,31 mm

Required thickness t, from UG-37(a)




P-R

S-E—06-P
16,7791 - 900

1.180 -1 — 0,6 - 16,7791

12,91 mm

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

UW-16(c) Weld Check

Fillet weld: ¢y = min [19mm, t,, t]= 15,04 mm
tc{min) = min [6 mm, 077'tmin] = § mm

tyacua) =07 -Leg =07-871 =61 mm

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 P R, + Corrosio:
QUG- = _ rrosion
ue-21 S, E—06-P

B 16,7791-254 L6
N 1.380 -1 — 0,6 - 16,7791 th

= 1,91 mm

taug-22 = 2,71 mm

ta = max [taUG»277 taUG-Z?}
= max [1,91, 2,71]

= 2,71 mm

t PR + Corrosi
= _— I'TOS101
b1 S E_06-P OFrosIo

_ 16,7791 - 900 16
- 1.180 -1 — 0,6 - 16,7791 ’

= 14,51 mm

tn = max [ty , tyucis)
= max [1451, 3]

= 14,51 mm

tb - min [tb3, tbl]
= min [64, 1451]

= 64 mm

tUG»45 = max [ta, tb]
= max [2,71, 64]

= 64 mm



Available nozzle wall thickness new, t, = 16,64 mm

The nozzle neck thickness is adequate.



WRC 537 Load case 1

Applied Loads

Radial load, P, -139,7 kgs

Circumferential moment, M [40,8 kgs-m

Circumferential shear, V¢ 139,7 kg

Longitudinal moment, M 40,8 kgf-m

Longitudinal shear, V| 139,7 kg
Torsion moment, M 40,8 kgf-m
Internal pressure, P 16,78 bar
Mean shell radius, Ry, 909,7 mm
Local shell thickness, T 19,4 mm
Design factor 3

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

By _ 9097 _ 46,8922
T 194

’

. .40.44
_ 08757, _ 0875404 0,038
R, 909,7

B
Pressure stress intensity factor, I = 1,2464 (derived from Division 2 Part 4.5)
. . I-P-R; 9

Local circumferential pressure stress = —r = 989,36 kgf/c:m

- I-P-R;
Local longitudinal pressure stress = T - 494,68 kgf/m12

Maximum combined stress (P +F, +Q) = 1.160,98 kg ;/cm 2
Allowable combined stress (P, + P, +Q) = +3-5 = +3.609,8 kgf/cm2

The maximum combined stress (P + P, + Q) is within allowable limits.

Maximum local primary membrane stress (Pr) = 1.010,66 kgf/cm2

Allowable local primary membrane stress (Pr) = +£1,5-S = +1.804,9 kgf/cm2

The maximum local primary membrane stress (P ) is within allowable limits.



Figure Y Ay A By By Cy Ci Dy Dy
Ny
3c* — 9,0035 0 0 0 0 7,101 | 7,101 7,101 7,101
P/ Rm
Ny
4c* - 9,0286 | 7,171 7,171 7,171 7,171 0 0 0 0
P/ Rm
My
1C - 0,2092 0 0 0 0 46,614 | -46,614 | 46,614 | -46,614
My
2C-1 - 0,1632 | 36,349 | -36,349 | 36,349 | -36,349 0 0 0 0
Ny
3A* —_— 0,4576 0 0 0 0 -3,023 | -3,023 | 3,023 3,023
M, / (R%-6)
My
1A P 0,1064 0 0 0 0 -195,594 | 195,594 | 195,594 |-195,594
Mc / (Bm-B)
Ny
3B* — 2,1599 | -14,132 | -14,132 | 14,132 14,132 0 0 0 0
My
1B-1 PR 0,0618 |-113,546| 113,546 | 113,546 | -113,546 0 0 0 0
My / (Bm-B)
Pressure stress* 989,36 | 989,36 | 989,36 | 989,36 | 793,766 [793,766| 793,766 | 793,766
Total circumferential stress 905,202 [1.059,596 | 1.160,557 | 860,768 | 648,863 | 946,824 | 1.046,097 | 561,682
Primary membrane circumferential stress* | 982,399 | 982,399 |1.010,663|1.010,663 | 797,843 | 797,843 | 803,89 | 803,89
Nz
3c* _— 9,0035 | 7,101 7,101 7,101 7,101 0 0 0 0
P/ Rm
Nx
4c* —_— 9,0286 0 0 0 0 7171 | 7171 7,171 7,171
P/ Rm
Mz
1C-1 - 0,2145 | 47,738 | -47,738 | 47,738 | -47,738 0 0 0 0
Mz
2C - 0,1608 0 0 0 0 35,786 | -35,786 | 35,786 | -35,786
Nz
4A* e — 0,7155 0 0 0 0 -4,64 -4,64 4,64 4,64
M, / (R} -B)
Mz
2A _ 0,0621 0 0 0 0 -114,108 | 114,108 | 114,108 |-114,108
Mc / (Bm-B)
Nz
4B* —_— 0,5274 | -3,445 | -3,445 3,445 3,445 0 0 0 0
M, | (R -B)
Mz
2B-1 e 0,1029 |[-189,196| 189,196 | 189,196 | -189,196 0 0 0 0
My / (Bm-B)
Pressure stress* 396,883 | 396,883 | 396,883 | 396,883 | 494,68 | 494,68 | 494,68 | 494,68
Total longitudinal stress 259,081 | 541,996 | 644,363 | 170,494 | 418,889 |575,533| 656,386 | 356,597
Primary membrane longitudinal stress* 400,539 | 400,539 | 407,429 | 407,429 | 497,211 | 497,211 | 506,491 | 506,491
Shear from M, 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459 | 20,459
Circ shear from V, 5,695 5,695 -5,695 -5,695 0 0 0 0
Long shear from V| 0 0 0 0 -5,695 | -5,695 5,695 5,695
Total Shear stress 26,154 | 26,154 14,764 14,764 | 14,764 | 14,764 | 26,154 | 26,154
Combined stress (P +P,+Q) 906,257 |1.060,932|1.160,979 | 861,049 | 649,777 | 947,386 | 1.047,855 | 564,987

* denotes primary stress.

Longitudinal stress in the nozzle wall due to internal pressure + external loads




PR P, M -R,

n(Pm) = +
O Pm) 2-t, 7T(R‘2,—R12) I
1 -1,02 - 254 -1 .698,1-40,44
_1678-102-%54 307 100 57698140, -
215,04 (10447 —2542) 1.772.985

=150,536 kg /cm >

The average primary stress P, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable ( <
S = 1.407,208 kgs/cm?)

Shear stress in the nozzle wall due to external loads

VE+VE 1/139,7% +139,7°2

L
shear = -100 = -100 = 16,466 2
7sh T Rt 72541504 ke ;/am
M, 408
Frorsion = ——————— + 100000 = ————————— 100000 = 66,934 kg /am’
2-7-R?-t, 2.m-2542.1504

Ototal = Oshear 1 Otorsion = 16,466 + 66,934 = 83,399 kg f/cm 2

UG-45: The total combined shear stress (83,399 kgf/sz) < allowable (0,7 - S, =0,7-1.407,208 = 985,046 kgf/cmz)



Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (cm?) UG-45 Summary (mm)
For Pe =1 bar @ 23 °C The nozzle passes UG-45
A A alala A )
required available L 2 g As welds t'eq fmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a)| 3.1 16,64

UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

A Required weld Actual weld
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legy) 6,1 weld size is adequate
“ 8 (corroded) a

Calculations for external pressure 1 bar @ 23 °C

Parallel Limit of reinforcement per UG-40

Lr max [d, R, + (t, —Cn) +(t —O)]

max [50,8, 254 + (16,64 — 1,6) + (21 — 1,6)]

59,84 mm

Outer Normal Limit of reinforcement per UG-40

Ly min 25 - (t —C), 25 (t, —Cp) +t.]

min [25 - (21 — 16), 25 - (16,64 — 1,6) + 0]

37,59 mm

Nozzle required thickness per UG-28 t,,, = 0,38 mm
From UG-37(d)(1) required thickness t, = 6,17 mm
This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: ¢, = min [19mm, t,, t] = 15,04 mm
tymin) = Mmin [6 mm, 07 -tyu] = 6 mm

tfatuay =0,7-Leg =0.7-871 =6,1 mm

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 = 1,98 mm

taug-22 = 248 mm



ta = max [taG-28, tauc-22]

max [1,98, 2,48]
= 2,48 mm

P-R

tb2 = m + Corrosion

= L9 +16
- 1.180-1—06-1 ’

= 2,36 mm

i = max [ti, twcie)
= max [236, 3]

= 3,1 mm

tb - min [tb3, tbQ]
= min [64, 3,1]

= 3,1 mm

tug.as = max [t,, tp)

= max (248, 31|

= 31 mm
Available nozzle wall thickness new, t, = 16,64 mm
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 23 °C) UG-28(c)

L 204,96
= =2,4379
D, 84,07
D, 84,07
= ——— = 219,2887
t 0,38
From table G: A =0,000164

From table CS-2 Metric: B = 167,7082 kg/cm *(164,47 bar)

 4-B 4-164,47
"~ 3-(D,/t)  3-(84,07/0,38)

P, =1 bar

Design thickness for external pressure P, = 1 bar

t, =t + Corrosion = 0,38 + 1,6 = 1,98 mm



ASME Section VIl Division 1, 2021 Edition Metric

Straight Flange on Bottom Head

Component Cylinder
Material SA-516 60 (II-D Metric p. 16, In. 3)
Tebted | Normalized | P2 G PWHT o MAWP
Yes (-46°C) Yes Yes Yes No
Design Design Design
Pressure (bar) Temperature (°C) MDMT (°C)
Internal 15,5 121 15
External 1 23
Condition Ps (bar) Hg (mm) SG
Operating 0,05 505 0,999
Test horizontal 0,19 1.923,2 1
Test vertical 0,25 2.550 1

Inner Diameter 1.800 mm
Length 50 mm
Nominal Thickness 24 mm
. Inner 0 mm
Corrosion
Outer 1,6 mm

Weight and Capacity

Weight (kg) Capacity (liters)
New 53,86 126,39
Corroded 50,23 126,39

Insulation\Lining

Longitudinal seam

Thickness (mm)|  Density (kg/m?) Weight (kg)
Lining 3 8.000 0
Insulation 80 100 0
Spacing(mm) |Individual Weight (kg) | Total Weight (kg)
Insulation
Supports 0 0 0

Radiography

Full UW-11(a) Type 1

Top Circumferential seam

Full UW-11(a) Type 1

Results Summary

Governing condition Internal pressure

Minimum thickness per UG-16 1,5 mm+ 1,6 mm = 3,1 mm
Design thickness due to internal pressure (t) 13,56 mm

Design thickness due to external pressure (tg) 7.79 mm

Design thickness due to combined loadings + corrosion |6.48 mm

Maximum allowable working pressure (MAWP) 28,89 bar

Maximum allowable pressure (MAP) 30,97 bar

Maximum allowable external pressure (MAEP) 15,58 bar

Rated MDMT -73,2°C




UCS-66 Material Toughness Requirements

Material impact test temperature per UG-84 = -46°C

. 15,95 - 900 _ 1226

"T1180-1-06-159 20 M
t.-E*  1226-1

Stress ratio = =— = 0,5475
th—c  24—16

Stress ratio longitudinal — —ooo00 L _ 0,2218

ress ratlo longitudinal = 1203,265 1 = y
UCS-66(i) reduction in MDMT, Tg from Fig UCS-66.1M = 27,2°C
MDMT = max [Timpes —Tr,—105] = max [—46 — 27,2, —105] = |-73,2°C
Design MDMT of -15°C is acceptable.

Design thickness, (at 121 °C) UG-27(c)(1)

. 15,55 - 900
PR + Corrosion = +1,6 =13,56 mm

P —
S-E—060-P 1.180 - 1,00 — 0,60 - 15,55

Maximum allowable working pressure, (at 121 °C) UG-27(c)(1)

S-E-t 1.180 - 1,00 - 224
_ —pP,=_—""" " _0,05= 28,89 bar
R +060-t 900 + 0,60 - 22,4

Maximum allowable pressure, (at 7 °C) UG-27(c)(1)

p_ S-E-t  1180-100-24
T R+060-t 900+ 0,60 - 24

External Pressure, (Corroded & at 23 °C) UG-28(c)

L 2.1
_ 24000 a6
D, 1.848
Do _ 188 087407
t 6,19
From table G: A =0,000224

From table CS-2 Metric: B = 2284802 kg/cm 2(224,06 bar)

4-B 4-224,06

3 D0 3 (sse1) L

a

Design thickness for external pressure P, = 1 bar
t, =t + Corrosion = 6,19 +1,6 =7.79 mm
Maximum Allowable External Pressure, (Corroded & at 23 °C) UG-28(c)

L 2100
D, 1848

=1,1364

D, 1848
=0 = 0 825007
t 224 '



From table G: A =0,001581

From table CS-2 Metric: B = 983,2359 kg/cm *(964,2233 bar)

 4-B 4-94,2
T 3-(D,/t)  3-(1.848/224)

a

% Extreme fiber elongation - UCS-79(d)

50 -t Ry 50 - 24 912
EFE=—) - (1-—)=(=——]) - [1- =131
(&) (%) - () (- aiy) —ms%

The extreme fiber elongation does not exceed 5%.

Thickness Required Due to Pressure + External Loads

Allowable Stress Before UG-23
Condition Stress Increase ( kglcmz) Tempfrature Corrosion Load Pressure | Req'd '!'hk Dueto| Req'd Thlf Due to
(°C) C (mm) P ( bar) Tension (mm) Compression (mm)
St Se
Wind 71.3 4,88 4,79
Operating, Hot & Corroded 1.203,3 1.143.,5 121 1,6
Seismic| 71,32 4,88 4.8
Wind 76,45 4.88 4,79
Operating, Hot & New 1.203,3 1.153.1 121 0
Seismic| 76,46 4.87 4.8
Wind 0 0.04 0,13
Hot Shut Down, Corroded 1.203,3 1.143.,5 121 1,6
Seismic 0 0.04 0.12
Wind 0 0.04 0,13
Hot Shut Down, New 1.203,3 1.153.1 121 0
Seismic 0 0.04 0,13
Wind 0 0.04 0.13
Empty, Corroded 1.203,3 1.143.5 20 1,6
Seismic 0 0.04 0.12
Wind 0 0.04 0.13
Empty, New 1.203,3 1.153.1 20 0
Seismic 0 0.04 0.12
Wind 67,26 0.37 0.46
Vacuum 1.203,3 1.143.5 23 1,6
Seismic| 67,28 0,38 0.46
Hot Shut Down, Corroded, Weight & Wind 0 0.08 0.12
X 1.203,3 1.143.,5 121 1,6
Eccentric Moments Only Seismic 0 0 0

Allowable Compressive Stress, Hot and Corroded- S¢jc, (table CS-2 Metric)

A= % = ﬁ = 0,0()3()30
R,/t  924/224
B =11435 kg/cm >
1.203,3 )
S ="""" —12033 kg/cm
1,00 ke/

Sec = min (B,S) = 1.143,5 kg/cm?

Allowable Compressive Stress, Hot and New- Sy, (table CS-2 Metric)

L0125 012
R/t 924/

= 0,003247

B =1.153,1 kg/cm ?



1.203,3
= ~ —1.203,3 kg/em *

t

Sqy = min (B,S) = 1.153,1 kg/cm?

Allowable Compressive Stress, Cold and New- Sccy, (table CS-2 Metric)

0125 0125

A=22
R,/t 924/

= 0,003247

B =1.153,1 kg/cm ®

1.2
g 12033

=1.203,3 kg/cm >
1,00 ¢/

Sey = min (B,S) = 1.153.1 ka/cm?

Allowable Compressive Stress, Cold and Corroded- S.cc, (table CS-2 Metric)

0,125 0,125
= =—"="_ —0,003030

A =
R,/t  924/224

B =1.1435 kg/cm ?

12033

=1.203,3 kg/cm *

)

S = min (B,S) = 1.143,5 kg/cm?

Allowable Compressive Stress, Vacuum and Corroded- Sy, (table CS-2 Metric)

12 12
- ﬁ - & = 0,003030
R,/t 924/22.4
B =1.1435 kg/cm ®

1.203,3
g ==

=1.203,3 kg/cm *
1,00 ¢/

Syc = min (B,S) = 1.143.5 kg/cm?2

Operating, Hot & Corroded, Wind, Bottom Seam




oo P-R o
P = 2.8, K, E, +040-|P| (Pressure)

15,5 - 900
2-1.180 - 1,20 - 1,00 + 0,40 - [155|

= 4,92 mm

M
tm = - MetricFactor i
m T RL.S K. B (bending)

1.658,3
= 5 - 98066.5
m-911,2 “-1.180 - 1,20 - 1,00

= 0,04 mm

w
ty = N A A - MetricFactor (Weight)

= 6.445,8 98.0665
T 2.7.9112-1180-120-100

= 0,08 mm
tt =t +t, —ty (total required, tensile)
= 4,92+0,04 — (0,08)

= 4,88 mm

te = [tme +tue —tul (total, net tensile)

|0,04 + (0,08) — (4,92)|

4,79 mm

Maximum allowable working pressure, Longitudinal Stress

2.8, K, B, (t —tp +ty)
R —040 - (t —tm +ty)

2-1.180 - 1,20 - 1,00 - (22,4 — 0,04 + (0,08))
900 — 0,40 - (22,4 — 0,04 + (0,08))

71.3 bar

Operating, Hot & New, Wind, Bottom Seam



oo P-R o
P = 278, K, E, +040-|P| (Pressure)

15,5 - 900
2-1.180 - 1,20 - 1,00 + 0,40 - [155|

= 4,92 mm

M
t = - MetricFactor bendin
m TI"Rgn'St'Ks'Ec ( g)

1.661,4
= - 98066.5
79122 .1.180 - 1,20 - 1,00

= 0,04 mm

w . .
ty = s R 5 KB - MetricFactor (Weight)

B 6.626,7 080665
T 2.7.912-1.180- 1,20 - 1,00 '

= 0,08 mm
tt = t, +tn —ty (total required, tensile)
= 492+0,04 — (0,08)

= 4,88 mm

te = [tme +tue —tycl (total, net tensile)

|0,04 + (0,08) — (4,92)|

4,79 mm

Maximum allowable working pressure, Longitudinal Stress

2.8, K, E,-(t —tp +ty)
R —040 - (t —tn +tu)

21180 - 1,20 - 1,00 - (24 — 0,04 + (0,08))
900 — 0,40 - (24 — 0,04 + (0,08))

76,45 bar

Hot Shut Down, Corroded, Wind, Bottom Seam




tp = 0mm (Pressure)

M
ty = ———— - MetricFactor (bending)

7-R2.-S,- K,

= 1658,3 - 98066.5

m-911,2 2.1.121,37 - 1,20

0,05 mm

w
tw = Tr R S K - MetricFactor (Weight)

.44
= 6445,8 - 98.0665
2.-7-911,2-1.121,37 - 1,20

0,08 mm
t

[tp +tm —twl (total, net compressive)

0+ 0,05 — (0,08)|

0.04 mm

te = tme Ttue —tw (total required, compressive)

0,05+(0,08) — (0)

0,13 mm

Hot Shut Down, New, Wind, Bottom Seam

tp, = 0mm (Pressure)
tm = M MetricFact i
m = m - Metrickactor (bending)
1.661,4
= - 98066.5
79122 -1.130,85 - 1,20
= 0,056 mm
t w MetricFacto (Weight)
= " Ti T i
Y~ 27R, S K, g
_ 6.626,7 98.0665
T 2.7-912-113085-120
= 0,08 mm
tt = [t +tn —tul (total, net compressive)
= 040,05 — (0,08)]
= 0,04 mm
te = tme Ftue —tw (total required, compressive)

0,05+(0,08) — (0)

0.13 mm

Empty, Corroded, Wind, Bottom Seam



tp = 0mm (Pressure)

M
ty, = ———————— - MetricFactor (bending)

7-R%L- S, - K,

= 1658,3 - 98066.5

m-911,2 2.1.121,37 - 1,20

= 0,05 mm

w
ty = m - MetricFactor (Weight)

.44
= 6445,8 - 98.0665
2.-7-911,2-1.121,37 - 1,20

= 0,08 mm
= [ty +tm —tul (total, net compressive)
= [0+0,05 — (0,08)]

= 0,04 mm

te = tme Ttue —tw (total required, compressive)

0,05+(0,08) — (0)

0,13 mm

Empty, New, Wind, Bottom Seam

tp, = 0mm (Pressure)
t M MetricFact bendi
= ———— - Metric or ndin
™7 x.RL-S.-K, (bending)
1.661,4
= 5 - 98066.5
m-912° .1.130,85 - 1,20
= 0,056 mm
t w MetricFacto (Weight)
= " Ti r i
YT 27R, S K, g
_ 6.626,7 98,0665
T 2.7.912-113085-120
= 0,08 mm
tt = [t +tn —tul (total, net compressive)
= |0+0,05 — (0,08)]
= 0,04 mm
te = tme Ftue —tw (total required, compressive)

0,05+(0,08) — (0)

0.13 mm

Vacuum, Wind, Bottom Seam




t P-R o
= ressure
P~ 2.8, K,+040-|P| ( )

~1-900
2.1.121,37 - 1,20 + 0,40 - [1]

= -0,33 mm

M
tm = ——— - MetricFactor i
m xRS K (bending)

1.
= 658,3 - 98066.5

79112 %-1.121,37 - 1,20

= 0,05 mm

w
tyw = ——————— - MetricFact Weight
w 57 R.. 5. K etricFactor (Weight)

44
= 6.445,8 - 98.0665
2.m-911,2-1.121,37 - 1,20

= 0,08 mm

tt = [t +tn —tul (total, net compressive)
= |—033+005 — (0,08)|
= 0.37 mm

te = tme Ttue —tw (total required, compressive)
= 0,056+(0,08) — ( —0,33)

= 0,46 mm

Maximum Allowable External Pressure, Longitudinal Stress

5 28, Ky (t —tme —t
T R —040-(t —tm —t

ue)

wc)

2-1.121,37 - 1,20 - (224 — 0,05 — 0,08)
900 — 0,40 - (22,4 — 0,05 — 0,08)

67.26 bar

Hot Shut Down, Corroded, Weight & Eccentric Moments Only, Bottom Seam



tp = 0mm (Pressure)

M
ty, = ——— - MetricFactor i
m x RZS. K. (bending)

= 593 - 98066.5

7-911,2 2. 1.121,37 - 1,00

= 0,02 mm

w
ty = m - MetricFactor (Weight)

= 64458 98.0665
T 2.7-911,2-1.121,37 - 1,00 :

= 0,1mm
= [ty +tn —tul (total, net compressive)
= |[0+0,02 — (0,1)]

= 0,08 mm

te = tme Ttue —tw (total required, compressive)

0,02+(0,1) — (0)

0,12 mm

Operating, Hot & Corroded, Seismic, Bottom Seam

o P-R o
P = 278, K, E.+040-|P| (Pressure)

15,5 - 900
2-1.180 - 1,20 - 1,00 + 0,40 - |15,5|

4,92 mm

M
t, = - MetricFactor i
m xRS, K. E. (bending)

1.474,3
= - 98066.5
79112 - 1.180 - 1,20 - 1,00

0,04 mm

W
ty = - MetricFact i
WS xRS K, B, ercRactor  (Weight)

6.445,8
= - 98.0665
2-m-911,2-1.180 - 1,20 - 1,00

0,08 mm

tt =t ttn —t (total required, tensile)

492+0,04 — (0,08)

4.88 mm

= [tme +tue — tpcl (total, net tensile)

—
o
|

0,04 + (0,08) — (4,92)]

= 4.8 mm

Maximum allowable working pressure, Longitudinal Stress



2.8, K, - E,-(t —tn +ty)
R —040 - (t —tp +t)

2-1.180 - 1,20 - 1,00 - (22,4 — 0,04 + (0,08))
900 — 0,40 - (22,4 — 0,04 + (0,08))

= 71.32 bar

Operating, Hot & New, Seismic, Bottom Seam

t PR P
= ressure
P~ 2.8,-K,-E, +040-|P| ( )

15,5 - 900
21180 - 1,20 - 1,00 + 0,40 - [155|

4,92 mm

M
t., = - MetricFactor bendin
m Tr-R?n'St'Ks'Ec ( g)

1.501
= %0 - 98066.5

79122 .1.180 - 1,20 - 1,00

0,04 mm

w
ty = - MetricFacto: Weight
Y S Y s R, S K, ricactor - (Weight)

= 6.626,7 - 98.0665
2.-m-912-1.180 - 1,20 - 1,00

0,08 mm

—
~
I}

ty +tn —ty (total required, tensile)

492+0,04 — (0,08)

4.87 mm

[tme +twe — tpel (total, net tensile)

tc

10,04 + (0,08) — (4,92)]

= 4.8 mm

Maximum allowable working pressure, Longitudinal Stress

2.8, K, B (t —tm +ty)
R —040 - (t —tp +t)

21180 - 1,20 - 1,00 - (24 — 0,04 + (0,08))
900 — 0,40 - (24 — 0,04 + (0,08))

76,46 bar

Hot Shut Down, Corroded, Seismic, Bottom Seam




tp = 0mm (Pressure)

M
tn, = ——— - MetricFactor i
m T RL.S. K. (bending)

1474
= .3 - 98066.5

m-911,22.1.121,37 - 1,20

0,04 mm

ty = ——— - MetricFactor Weight
Y 2.7R,-S.-K, (Weight)

44
= 6.445,8 - 98.0665
2.7 -911,2 - 1.121,37 - 1,20

0,08 mm

t¢ [ty +tm —twl (total, net compressive)

|0+ 0,04 — (0,08)|

0.04 mm

to = tme tlwe —tn (total required, compressive)

0,04-+(0,08) — (0)

0,12 mm

Hot Shut Down, New, Seismic, Bottom Seam

tp = 0mm (Pressure)
M . .
tm = m-MetncFactor (bending)
1.501
_ - 50 - 98066.5
m-912° .1.130,85 - 1,20
= 0,04 mm
t w MetricFacto (Weight)
=" T16 i |
Y 2.7-R,-S. K, g
= 6.626,7 98.0665
T 2.7-012-1130,85-120
= 0,08 mm
tt = |t +tm —tul (total, net compressive)
= |0+0,04 — (0,08)]
= 0,04 mm
te = tme Ftue —tw (total required, compressive)

0,04+(0,08) — (0)

0.13 mm

Empty, Corroded, Seismic, Bottom Seam



tp = 0mm (Pressure)

M
tn, = ——— - MetricFactor i
m x RZS. K. (bending)

1.376,2
= 376, - 98066.5

79112 2.1.121,37 - 1,20

= 0,04 mm

ty = ——— - MetricFactor Weight
Y 2.7R,-S.-K, (Weight)

44
= 6.445,8 - 98.0665
2. -911,2 - 1.121,37 - 1,20

= 0,08 mm
tt = [t +tn —tul (total, net compressive)
= [0+0,04 — (008)|

= 0,04 mm

te = tme ttwe —tn (total required, compressive)

0,04-+(0,08) — (0)

0,12 mm

Empty, New, Seismic, Bottom Seam

tp, = 0mm (Pressure)
M . .
tm = m-MetncFaﬁtor (bending)
1.403,9
= - 98066.5
79122 -1.130,85 - 1,20
= 0,04 mm
t W MetricFact Weight
= - etric. or
YT Y w Ry 8. K, (Weight)
_ 6.626,7 98.0665
T 2.7-912-1.130,85-1,20 R
= 0,08 mm
tt = [t, +tn —tul (total, net compressive)
= |0+0,04 — (0,08)]
= 0,04 mm
te = tme Ttue —tw (total required, compressive)

0,04+(0,08) — (0)

0,12 mm

Vacuum, Seismic, Bottom Seam




ty =

P-R
2.5, K, +040 - |P|

(Pressure)

—1-900
2.1.121,37 - 1,20 + 0,40 - |1

-0,33 mm

M

m - MetricFactor (bend i ng)

1.474,3
m-911,2 2.1.121,37 - 1,20

- 98066.5

0,04 mm

w

m - MetricFactor (Welght)

6.445,8

2.m7-911,2-1.121,37 - 1,20 - 98.0665

0,08 mm
[tp +tm —twl (total, net compressive)
| — 0,33 40,04 — (0,08)]

0.38 mm

tne T twe —tpe (total required, compressive)
0,04+(0,08) — ( —0,33)

0,46 mm

Maximum Allowable External Pressure, Longitudinal Stress

2:8,- Ky - (t —tme —tue)
R —040-(t —tp, —t

we)

2-1.121,37 - 1,20 - (22,4 — 0,04 — 0,08)
900 — 0,40 - (22,4 — 0,04 — 0,08)

67.28 bar



Bottom Head

ASME Section VI Division 1, 2021 Edition Metric

Component Ellipsoidal Head
Material SA-516 60 (II-D Metric p. 16, In. 3)
Attached To Shell V1
s [romored] TpoSar [ ewwr [
Yes (-46°C) Yes Yes Yes No
Design Design Design
Pressure (bar) Temperature (°C) MDMT (°C)
Internal 15,5 121 15
External 1 23
Condition Ps (bar) Hg (mm) SG
Operating 0,09 955 0,999
Test horizontal 0,19 1.923,2 1
Test vertical 0,29 3.000 1

Inner Diameter 1.800 mm

Head Ratio 2

Minimum Thickness 24 mm

3 Inner 0 mm

Corrosion

Outer 1,6 mm

Length Lg¢ 50 mm

Nominal Thickness tg¢ 24 mm

Weight and Capacity
Weight (kg)’

Capacity (liters)?

Category A joints

New 778,59 879,66
Corroded 725,15 879,66
Thickness (mm) Density (kg/m3) Weight (kg)
Lining 3 8.000 87,87
Insulation 80 100 34,62
Spacing(mm) |Individual Weight (kg) | Total Weight (kg)
Insulation
Supports 0 0 0

Radiography

Full UW-11(a) Type 1

Head to shell seam

Full UW-11(a) Type 1

Tincludes straight flange

Governing condition

Results Summary

internal pressure

Minimum thickness per UG-16

1,5mm+ 1,6 mm = 3,1 mm

Design thickness due to internal pressure (f) |13.51 mm
Design thickness due to external pressure (tg) | 6,19 mm
Maximum allowable working pressure (MAWP) | 29,2 bar
Maximum allowable pressure (MAP) 31,38 bar
Maximum allowable external pressure (MAEP) | 13,66 bar

Rated MDMT

-73,4°C




UCS-66 Material Toughness Requirements

Material impact test temperature per UG-84 = -46°C

. 15,99-1.800 - 1299
"7 2.1180-1-02-1599 44 m

t, B 12221

Stress ratio = =— = 0,5453
th—c  24—16

UCS-66(i) reduction in MDMT, TR from Fig UCS-66.1M = 27,4°C

MDMT = max [Timpa — Tr, —105] = max [—46 — 27,4, —105] = |-73,4°C

Design MDMT of -15°C is acceptable.

Design thickness for internal pressure, (Corroded at 121 °C) UG-32(c)(1)

P-D 15,59-1.800
+ Corrosion = +1,6 =13,51 mm

e ———
2.5-E—-02-P 2-1.180-1—02 - 15,59

Maximum allowable working pressure, (Corroded at 121 °C) UG-32(c)(1)

_2:S-Bt 0 2 1180-1.24 009 = 20.2 bar
D +02-t 1.800+0,2 - 22,4 ==

Maximum allowable pressure, (New at 7 °C) UG-32(c)(1)

2.5.E -t 2.1.180-1-24
_25 bt p _2L80L A 448
D102t 1.800+0.2 - 24 ar

Design thickness for external pressure, (Corroded at 23 °C) UG-33(d)

Equivalent outside spherical radius
R, =K, -D,=08772-1.848 = 1.621,09 mm

0,125 0,125

A= = = 0,000354
R,/ t 1.621,09 / 4,59
From Table CS-2 Metric: B = 360,063 kgf/cm2
B 353,1012
= = 2 =1 bar
R, /| t 1.621,09 / 4,59
t = 4,59 mm+Corrosion = 4,59 mm + 1,6 mm = 6,19 mm

The head external pressure design thickness (tg) is 6.19 mm.

Maximum Allowable External Pressure, (Corroded at 23 °C) UG-33(d)

Equivalent outside spherical radius
R, =K, -D,=08772-1.848 = 1.621,09 mm

0,125 0,125
= - =0,001727
R, / t 162109 / 224
From Table CS-2 Metric: B = 1.007,9818 kgf/cm2
B 88,4924
P, = = 13,6587 bar

R, / t 162100 / 224

The maximum allowable external pressure (MAEP) is 13.66 bar.



% Extreme fiber elongation - UCS-79(d)

75t R; 7524 318
EFE=— ). (11— )= =—/Z).(1- = 5,6604 %
(Rf) ( RD> ( 318 ) ( inﬁm'ty) ’




Nozzle (D)

ASME Section VI Division 1, 2021 Edition Metric

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

Location and Orientation

Description

Located on Bottom Head
Orientation 0°

End of nozzle to datum line -650 mm
Calculated as hillside No

Distance to head center, R 0 mm
Passes through a Category A joint No

NPS 2 Sch 80 (XS) DN 50

Access opening

No

Material specification

SA-333 6 WId & smis pipe (II-D Metric p. 16, In. 19) (normalized)

Inside diameter, new

49,25 mm

Inner fillet, Legg

Pipe minimum wall thickness 5,54 mm
Corrosion inner 0 mm
Corrosion outer 1,6 mm
Projection available outside vessel, Lpr| 176,25 mm
Local vessel minimum thickness 24 mm
Liquid static head included 0,11 bar

8 mm

Nozzle to vessel groove weld

Longitudinal seam

24 mm
Radiography
Seamless No RT

Circumferential seam

Full UW-11(a) Type 1

UCS-66 Material Toughness Requirements Nozzle

Governing thickness, tg =

5,54 mm

Impact test exempt per UCS-66(d) (NPS 4 or smaller pipe) =

-105°C

Material is exempt from impact testing at the Design MDMT of -15°C.




Reinforcement Calculations for Chamber MAWP

UG-37 Area Calculation Summary (cmz)

For P = 16,89 bar @ 121 °C

UG-45 Summary (mm)

The nozzle passes UG-45

A A A ;
required available A1 A2 As As welds treq fmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 5,02 5,54

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

Required weld
throat size (mm)

Actual weld
throat size (mm)

Status

Nozzle to shell fillet (Legy;) 276 4 weld size is adequate
— (corroded) q
WRC 537
Max Allow th;:l t:z:;
Load Case P i I T My sctc::sbs s(.:t:::; Primary | Primary | Over
(bar) | (kgs) |(kgem) | (kgg) | (kgg-m) | (kgy) | (kgg-m) 2 5 | Stress Stress | Stressed
(kgf/em?) | (kgg/cm®) (kgdem?) | (kggem?)
Load case 1 16,89|-106,05| 54,8 | 150 0 0 38,7 |1.585,563|3.609,796 |1.172,298 | 1.804,898 No
Load case 1 (Hot Shut Down) 0 -106,05| 54,8 | 150 0 0 38,7 435,411 |3.609,796| 22,147 |1.804,898 No
Load case 1 (Pr Reversed) 16,89 106,05| 54,8 | 150 0 0 38,7 |1.570,657 |3.609,796|1.168,361 | 1.804,898 No
Load case 1 (Pr Reversed) (Hot Shut Down) 0 106,05| 54,8 | 150 0 0 38,7 -435,411 | 3.609,796 | -22,147 |1.804,898 No

Calculations for internal pressure 16,89 bar @ 121 °C

Parallel Limit of reinforcement per UG-40

LR

50,96 mm

max [d, Ry + (tn —Cy) + (t — C)]

max [49,25, 24,63 + (5,54 — 1,6) + (24 — 1,6)]

Outer Normal Limit of reinforcement per UG-40

Ly

9,84 mm

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

P-R,

trn

S, -E—06-P

16,8898-24,63

1.180 - 1 — 0,6 - 16,8898

0,36 mm

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

min 25 (t —C), 25 (t, —Cy) +1te]

min [25 - (24 — 16), 25 - (554 —16) +0]




P.K,-D

2.S-E—02-P
16,8898 - 0,9 - 1.800

2-1.180 -1 — 02 - 16,8898

11,61 mm

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

UW-16(c) Weld Check

Fillet weld: tpi, = min [19mm, t,, t]= 3,94 mm
tc{min) = min [6 mm, 077'tmin] = 276 mm

tqacua) =07 -Leg =07-571 =4 mm

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 P Ry + Corrosio!
UG- = _— rrosion
uG-21 S, E—06-P

16,8921-24,63
= +16
1180 -1 — 0,6 - 16,8921

= 1,96 mm

taug-22 = 3,84 mm

ta = max [taUG»277 taUG-Z?}
= max [1,96, 3,84]
= 3,84 mm
P-K,-D

tb1 = m + Corrosion

16,8898 - 0,9 - 1.800
= +16
2.1.180 -1 — 0,2 - 16,8898

= 13,21 mm

tn = max [ty , tyucis)
= max [1321, 3]

= 13,21 mm

tb - min [tb3, tbl]
= min [5,02, 1321]

= 5,02 mm

tUG»45 = max [ta, tb]

= max [3,84, 5,02

= 5,02 mm



Available nozzle wall thickness new, t, = 5,54 mm

The nozzle neck thickness is adequate.



WRC 537 Load case 1

Applied Loads

Radial load, P, -106,05 kgs

Circumferential moment, M4 | 54,8 kgs-m

Circumferential shear, V, 150 kg

Longitudinal moment, My 0 kgg-m

Longitudinal shear, V4 0 kg
Torsion moment, M 38,7 kgg-m
Internal pressure, P 16,89 bar
Mean dish radius, Ry, 1.639,3 mm
Local head thickness, T 22,4 mm
Design factor 3

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

2659
y=lm o 220 g 7nas
t 3%
T 24
p== =" _ 56896
t 394
T 28,56

=0,149

VERn T - /16393224

WRC 537 Nondimensional Coefficients

atc-U+e -Ul+g-U®+i-Ut
T14b-U+d-U+f-Us+h-Ut+j-U
y=5 SP-4 SM-4
p=4l My My Ny Ny My My Ny Ny
a 0,1955 | 0,7443 2,537 0,1606 -3,9242 12,6132 | -0,9607 | -6,9959
b 355,6102 | 7,533 | 1.071,7354 | 22,9473 | -68,5346 | 29,9988 [-43,2509| 114,214
c 21,1677 |-2,6223| 127,4587 | 10,3372 | 228,2976 | -129,5801 | -7,5852 | 81,2222
d |1.539,5199|-7,6574 | 2.112,6475 |-190,1285|9.214,6671| -214,241 | 8,1123 | -726,9062
e -9,9855 | 9,5634 | -131,0041 | -76,2413 | 341,9835 | 558,185 | 5,3251 | -296,5262
f 356,7674 |64,1716|-8.161,6149| 517,979 | 12.323,9 | 595,3023 | 11,1703 | 1.724,0898
g 0 -5,6615| -54,494 |186,8225 | -372,3161 | -319,0507 0 427,4096
h 0 62,296 | 7.160,3101 |-483,8102 0 2.813,0991 0 -1.948,4552
i 0 0 102,0928 |-102,4669 0 0 0 -195,9934
j 0 0 -1.577,3732 | 408,8865 0 0 0 1.040,0273
Y 0,035 0,2492 0,1005 0,3381 0,1544 1,1406 0,3774 -0,0238
Note: p is outside the bounds. p = 4 used.




WRC 537 Nondimensional Coefficients

B atc-U+e-U+g-U+i-Ut
C14b-U+d-U2+f-Us+h-Ut+j -US
y=15 SP-7 SM-7
p=4 My My Ny Ny M, My Ny Ny
a 01225 | 1,1858 | 0,152 | 0,2586 | 81.160,67 | 54,8627 |-7,2531E+09|-2.889,5632
b 10,2618 | 30,9469 | 6,4077 | 2,6992 | 2.773.928 | 313,4235 | 2,0933E+11 | 44.457,77
c 0,0628 | 0,7386 |-0,2621 | 2,1956 | 11.224,63 | -805,6348 | 2,2821E+11 | 31.259,89
d 2,5604 |-22,7834-20,1141|10,0386 | -888.508,9 | -5.199,714 | 6,2796E+12 | -175.466,5
e |[-9,8501E-04| 0,8686 | 0,1324 | 0,3281 |-4.806,5269 | 2.622,0799 | 1,5072E+12 | -81.861,2
f 7,9918 | 86,4361 | 30,2989 | -5,923 | 3.917.797 | 23.612,83 | 3,0942E+13 | 299.387,2
g 0 -0,3301 | 0,2529 |-0,3719 0 4.442,2399 | 1,7691E+11 | 85.306,95
h 0 0 |-12,616 | 4,2863 0 -21.199,17 | 3,2234E+12 | -247.881,6
i 0 0 |-00853| 0 0 -1.946,6481 0 -22.718,26
j 0 0 1,8294 0 0 79.566,95 0 113.956,5
Y 0,0505 | 0,2437 | 0,0728 | 0,3682 | 0,2035 1,1743 0,2853 0,0615

WRC 537 Nondimensional Coefficients

_ atc-U+e-U2+g-U+i-U*
C14b-U+d-U2+f-Us+h-Ut+j.-US
y=15 SP-8 SM-8
p=10| m, My Ny Ny My My Ny Ny
a [0,0089| 0,7951 |0,0353 | 0,3592 | 04473 | 58265 | -4,7165 [-0,0349
b |50204| 9,416 |-2,6917|5,4358 | 78,6107 | 2,5265 | -597,0121 |-2,3803
c |0,0154| -1,7189 |-0,1634| 3,4207 | -8,384 |-112,5814| 161,5182 |1,8888
d |5,3485(-15,6863-0,3186 | -8,1149|-1.801,6236 | -368,7197 | 18.269,05 | 6,6619
e |0,0058| 1,4218 | 0,3444 |-89147| 7,5876 | 81,5976 | 927,0814 |-3,4378
f |8,4286| 9,5447 |7,5748 | 4,7756 | 1.641,4093 |-166,4983 |-9.902,5503 |-8,1245
g 0 |-04031|-0,4108| 11,36 | -2,1272 0 387,6637 | 1,9493
h 0 0 |-8,8672|9,0287 | -813,4468 0 675,9853 | 3,3625
[ 0 0 |0,2287 |-4,7215 0 0 -69,6238 |[-0,3143
j 0 0 |39087| 0 0 0 2.942,6661| 0
Y | 0,006 | 0,2728 | 0,0283 | 0,428 | 0,0288 1,2413 | 10,1443 |0,2299

Pressure stress intensity factor, I = 1,8376 (derived from Division 2 Part 4.5)

I.-P-R
Local pressure stress = T - 1.150,152 kg /cm ?

Maximum combined stress (Pr + P, + Q) = 1.585,56 kg ;/cm 2
Allowable combined stress (P, + P, +Q) = +3-S = +3.609,8 kgf/cm2

The maximum combined stress (P, + P, + Q) is within allowable limits.

Maximum local primary membrane stress (Pr) =1.172,3 kg /am 2

Allowable local primary membrane stress (Pr) = £15-S5 = 18049 kg;/cm 2

The maximum local primary membrane stress (P ) is within allowable limits.



Figure Y Ay A By B Cu Ci Dy D
Ny-T
SP-1to 10* — 0,0934 | 1,969 1,969 1,969 1,969 1,969 1,969 1,969 1,969
My
SP-1to 10 - 0,0355 4,5 -4,5 4,5 -4,5 4,5 -4,5 4,5 -4,5
Ng-T-+/Rm-T
SM-1 to 10* % 0,3543 0 0 0 0 -20,178 | -20,178 | 20,178 20,178
1
My - \/Rm - T
SM-1 to 10 — 0,1544 0 0 0 0 -52,801 52,801 52,801 | -52,801
1
Ng-T-+/Rm-T
SM-1 to 10+ | oo T VEm T 0,3543 0 0 0 0 0 0 0 0
M
My - \/Rn - T
SM-1t010 | ——~—— | 0,1544 0 0 0 0 0 0 0 0
M,
Pressure stress* 1.150,152(1.150,152[1.150,152 | 1.150,152 | 1.150,152 | 1.150,152 | 1.150,152 | 1.150,152
Total O, stress 1.156,62 | 1.147,62 | 1.156,62 | 1.147,62 |1.083,6411.180,243 | 1.229,598 | 1.114,998
Membrane O, stress* 1.152,12 | 1.152,12 | 1.152,12 | 1.152,12 |1.131,942|1.131,942 | 1.172,298 | 1.172,298
N,-T
SP-1to 10* > 0,3463 | 7,312 7,312 7,312 7,312 7,312 7,312 7,312 7,312
My
SP-1to 10 - 0,2497| 31,638 | -31,638 | 31,638 | -31,638 | 31,638 | -31,638 | 31,638 | -31,638
Ny-T-/Rm-T
SM-1 to 10* -0,0005 0 0 0 0 0 0 0 0
My
My- \/Bn-T
SM-1 to 10 o 1,1498 0 0 0 0 -393,227 | 393,227 | 393,227 | -393,227
1
Ny-T-/Rm T
SM-1to 10* | ———— —_ |-0,0005 0 0 0 0 0 0 0 0
M,
My- \/Bn-T
SM-1to10 | Y |1,1498 0 0 0 0 0 0 0 0
M
Pressure stress* 1.150,152(1.150,152[1.150,152|1.150,152 | 1.150,152 | 1.150,152 | 1.150,152 | 1.150,152
Total Oy stress 1.189,102(1.125,825|1.189,102 | 1.125,825 | 795,875 |1.519,052|1.582,328 | 732,599
Membrane O, stress* 1.157,463|1.157,463|1.157,463 | 1.157,463 | 1.157,463 | 1.157,463 | 1.157,463 | 1.157,463
Shear from M, 33,747 33,747 33,747 33,747 33,747 33,747 33,747 33,747
Shear from V, 0 0 0 0 0 0 0 0
Shear from V, 7,453 7,453 -7,453 7,453 0 0 0 0
Total Shear stress 41,2 41,2 26,295 26,295 33,747 33,747 33,747 33,747
Combined stress
P +P + 1.217,1541.179,329 | 1.203,796 | 1.165,197 | 1.087,578 | 1.522,357 | 1.585,563 | 1.117,951
(PL+Py+Q)

(1) * denotes primary stress.
(2) The nozzle is analyzed as a hollow attachment.

Longitudinal stress in the nozzle wall due to internal pressure + external loads

P-R; P, . MR,
O = _
" "9ty n (R -R) I
16,89 - 1,02 - 24,63 —106,05 54.799,3-28,56
— ) ) ) _ ) . 100 + ) ) . 100
2-3% - (28,56 2 — 24,63 %) 233.899,6

= 739,16 kg ,/am 2

The average primary stress Py, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable ( <
S =1.203,265 kgs/cm?)



Shear stress in the nozzle wall due to external loads

JVE+VE VP17

O shear = -100 = -100 = 49,249 em ?
b 7 Ri-t, 724,63 -394 ke /
M, 38,7
Ftorsion = ——————— + 100000 = —————————— 100000 = 258,318 kg ;/cm”
2.7 R?-t, 2.7 24,632 -394

Ototal = Oshear + Otorsion — 491249 + 2587318 = 3077567 kgf/CIn 2

UG-45: The total combined shear stress (307,567 kgf/sz) < allowable (0,7 - S, =0,7-1.203,265 = 842,286 kgf/cm2)



Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (cm?) UG-45 Summary (mm)
For Pe =1 bar @ 23 °C The nozzle passes UG-45
A A A ;
required available A1 A2 As As welds treq fmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 3.64 5,54

UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

A Required weld Actual weld
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legy) 4 weld size is adequate
“ 276 (corroded) a

Calculations for external pressure 1 bar @ 23 °C

Parallel Limit of reinforcement per UG-40

Lr max [d, R, + (t, —Cn) +(t —O)]

max [49.25, 24,63 + (554 — 1,6) + (24 — 1,6)]

50,96 mm

Outer Normal Limit of reinforcement per UG-40

Ly min 25 - (t —C), 25 (t, —Cp) +t.]

min [25 - (24 — 16), 25 - (554 — 16) +0]

9,84 mm

Nozzle required thickness per UG-28 t,,, = 0,52 mm
From UG-37(d)(1) required thickness t, = 4,59 mm
This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: ¢, = min [19mm, t,, t] = 3,94 mm
tomin) = mmin 6 mm, 0,7 tym] = 2.76 mm

tfatuay =0,7-Leg =07-571 =4 mm

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 = 212 mm

taug-22 = 3,64 mm



to = max [tae2s, tavg-22]
= max [212, 364]
= 3,64 mm

P-K,-D

tb2 = m + Corrosion

_ 1-09-1.800 16
- 2.1180-1-02-1 ’

= 2,29 mm

L2 = max [ty, twcie)
= max [2,29, 31]

= 3,1 mm

tb = min [tbg, th]
= min [5,02, 3]

= 3,1 mm

tug-45 = max [t,, by

= max [3,64, 3,1]

= 364 mm
Available nozzle wall thickness new, t, = 5,54 mm
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 23 °C) UG-28(c)

L 130945
— = 217065
D, 60,33
D, 6033
=— =11
- 052 5,3648
From table G: A =0,000087

From table CS-2 Metric: B = 88,226 kg/cm *(86,52 bar)

4.B 4-86,52

3.(D,/t)  3-(60,33/0,52)

a

Design thickness for external pressure P, = 1 bar

t, =t + Corrosion = 0,52 + 1,6 =2,12 mm



B16.9 Elbow D

ASME Section VIl Division 1, 2021 Edition Metric

Component ASME B16.9 Elbow
Type Long Radius 90-deg
Material SA-420 WPL6 (II-D Metric p. 16, In. 26)
Pipe NPS and Schedule NPS 2 Sch 80 (XS) DN 50
Attached To Nozzle (D)
mpact | Normalized | FmeCrain | pwnr [Maximize MOWTI
No Yes Yes Yes No
Design Design Design
Pressure (bar) | Temperature (°C) MDMT (°C)
Internal 15,5 121 5
External 1 23
Condition Ps (bar) Hg (mm) SG
Operating 0,12 1.255,83 0,999
Test horizontal 0,1 1.050,83 1
Test vertical 0,32 3.300,83 1

Longitudinal seam

Outer Diameter 60,33 mm
Nominal Thickness 5,54 mm
Minimum Thickness 4,85 mm
Center-to-End, A 76 mm
Corrosion Inner 0 mm
Outer 1,6 mm
Weight (kg) Capacity (liters)
New 0,89 0,18
Corroded 0,62 0,18
Thickness (mm)| Density (kg/m3) Weight (kg)
Lining 3 8.000 0

Radiography

Full UW-11(a) Type 1

Left Circumferential seam

Full UW-11(a) Type 1

Right Circumferential seam

Full UW-11(a) Type 1

" minimum thickness = nominal thickness times pipe tolera

nce factor of 0,875.

Results Summary

Governing condition UG-16

Minimum thickness per UG-16 1,5mm+ 1,6 mm = 3,1 mm
Design thickness due to internal pressure (t) |2 mm

Design thickness due to external pressure (tg) [ 2,12 mm

Maximum allowable working pressure (MAWP) | 132,53 bar

Maximum allowable pressure (MAP) 202,56 bar

Maximum allowable external pressure (MAEP) |81.5 bar

Rated MDMT -105°C




UCS-66 Material Toughness Requirements

Impact test temperature per material specification = -45°C

. 16,02-30,16 B 041
"7 1180-1104-1602 a1 mm

t,-E*  041-1
Stress ratio = = = 0,1255
th—c 48516

Stress ratio < 0,35, MDMT per UCS-66(b)(3) -105°C

MDMT = min [Tz — Tuos-s6(g) » — 105] = min [—45 — 3, — 105 = |-105°C

Material is exempt from impact testing at the Design MDMT of -15°C.

Design thickness, (at 121 °C) Appendix 1-1

P-R, 15,62-30,16
t = ————————— + Corrosion = +16 =2mm
S-E +040 - P 1.180 - 1,00 + 0,40 - 15,62

Maximum allowable working pressure, (at 121 °C) Appendix 1-1

B. 1.180 - 1,00 - (5,54 - 0,875 — 1,6
p-_S Bt p_ ( ) —0,12 = 132,53 bar

R, —040-¢ ~30,16—0,40 - (5,54 - 0,875 — 1,6)

Maximum allowable pressure, (at 7 °C) Appendix 1-1

 S-E-t  1180-1,00- (554 -0875)
" R,—040-t  30,16—0,40 - (5,54 - 0,875)

External Pressure, (Corroded & at 23 °C) UG-28(c)

L 1.309,45
= ——— =21,7065
D, 60,33
D, 60,33
= >0 — 1153648
t 0,52
From table G: A =0,000087

From table CS-2 Metric: B = 88,226 kg/cm 2(86,52 bar)

4B 48,5
- 3-(D,/t)  3-(60,33/0,52)

=1 bar

a

Design thickness for external pressure P, = 1 bar
t, =t + Corrosion = 0,52 + 1,6 =2,12 mm
Maximum Allowable External Pressure, (Corroded & at 23 °C) UG-28(c)

L 130945 Jp—
6033

SIS

o

= 60,33 = 18,5910
t  554-0875—16

From table G: A =0,003380

From table CS-2 Metric: B = 1.1588304 kg/cm *(1.136,4223 bar)



4B 4-1.136,42
T 3.(D,/t)  3-(60,33/(5,54 - 0,875 —16))

=81.5 bar

a



Nozzle Pipe (D)

ASME Section VIl Division 1, 2021 Edition Metric

Component Nozzle Pipe
Material SA-333 6 WId & smls pipe (lI-D Metric p. 16, In. 19)
Pipe NPS and Schedule NPS 2 Sch 80 (XS) DN 50
Attached To B16.9 Elbow D
meact | Nommaiized | Fme St | pwar [Meximie wowT
No Yes Yes Yes No
Design Design Design
Pressure (bar) | Temperature (°C) MDMT (°C)
Internal 15,5 121 5
External 1 23
Condition Ps (bar) Hs (mm) SG
Operating 0,12 1.255,83 0,999
Test horizontal 0,09 950 1
Test vertical 0,32 3.300,83 1

Outer Diameter 60,33 mm
Length 950 mm
Pipe Minimum Thickness 5,54 mm
. Inner 0 mm
Corrosion
Outer 1,6 mm

Weight and Capacity

Longitudinal seam

Weight (kg) Capacity (liters)
New 7,09 1,4
Corroded 4,9 1,4
Thickness (mm)| Density (kg/m3) Weight (kg)
Lining 3 8.000 0

Radiography
Seamless No RT

Left Circumferential seam

Full UW-11(a) Type 1

Right Circumferential seam

Full UW-11(a) Type 1




ASME B16.5-2017 Flange

Description NPS 2 Class 150 WN A350 LF2 CIl.1 N
Bolt Material SA-320 L7 Bolt <= 65 (lI-D Metric p. 410, In. 33)
Blind included No

Rated MDMT -56,2°C

Liquid static head 0,12 bar

MAWP rating 16,9 bar @ 121°C

MAP rating 19,6 bar @ 7°C

Hydrotest rating 30bar@ 7°C

PWHT performed Yes

Produced to Fine Grain Practice and Yes

Supplied in Heat Treated Condition

Impact Tested No

Circumferential joint radiography Full UW-11(a) Type 1

Type ASME B16.20 Spiral-Wound

Description Spiral-wound Stainless, Monel, or nickel-base alloy windings with filler
Factor, m 3

Seating Stress, y 703,07 kgs/cm?

Thickness, T 4,5 mm

Inner Diameter 69,9 mm

Outer Diameter 85,9 mm

(1) Flange is impact tested per material specification to -46°C.
UCS-66(i) reduction of 10,2°C applied (ratio = 0,8175).
Bolts rated MDMT per Fig UCS-66 note (c) =-104°C

Results Summary
Governing condition UG-16

Minimum thickness per UG-16 1,5mm+ 1,6 mm = 3,1 mm

Design thickness due to internal pressure (t) |2 mm

Design thickness due to external pressure (tg) [ 2,12 mm

Maximum allowable working pressure (MAWP) | 162,38 bar

Maximum allowable pressure (MAP) 233,79 bar

Maximum allowable external pressure (MAEP) | 103,05 bar
Rated MDMT -105°C

UCS-66 Material Toughness Requirements

Impact test exempt per UCS-66(d) (NPS 4 or smaller pipe) = [-105°C
Material is exempt from impact testing at the Design MDMT of -15°C.

Design thickness, (at 121 °C) Appendix 1-1

,___PR, -+ Gomosion — 15,62-30,16 16— 2 mm
TS E+040.P OHTOSION = 77780 - 1,00 + 0,40 - 15,62 Ve

Maximum allowable working pressure, (at 121 °C) Appendix 1-1

p_ S Et _p _ L180-100-304 012 = 162.38 bar
R, —040-¢ 30,16—0,40 - 3,94 —=

Maximum allowable pressure, (at 7 °C) Appendix 1-1



_ S:E-t  1180-100-554
~ R,—040-t  30,16—0,40 - 5,54

External Pressure, (Corroded & at 23 °C) UG-28(c)

L 1.309,45
= ——— = 21,7065
D, 60,33
D 60,33
° = =115,3648
t 0,52 ’
From table G: A =0,000087

From table CS-2 Metric: B = 88226 kg/cm *(86,52 bar)

4.B 4-86,52

a = = - 1 b
3-(D,/1)  3-(6033/052) .

Design thickness for external pressure P, = 1 bar
t, =t + Corrosion = 0,52 + 1,6 = 2,12 mm

Maximum Allowable External Pressure, (Corroded & at 23 °C) UG-28(c)

L 130945 —
D, 6033 77

D, _ 8038 _ 15,3226

t 39 7

From table G: A =0,004791

From table CS-2 Metric: B = 1.207,5615 kg/cm 2(1.184,2111 bar)

4-B 4-1.184,21

= = = 103.05 bar
3-(D,/t)  3-(60,33/394)




Support Skirt

ASME Section VIl Division 1, 2021 Edition Metric

Component

Support Skirt

Skirt is Attached To

Bottom Head

Skirt Attachment Offset

150 mm down from the top seam

SA-516 60 (1I-D Metric p. 16, In. 3)

Tageq’ | Normatized | T
No Yes Yes

Internal 121°C

External 121°C

. Top 1.814 mm
Inner Diameter

Bottom 1.814 mm
Length (includes base ring thickness) 1.070 mm

Nominal Thickness 10 mm

. Inner 1,6 mm

Corrosion

Outer 0 mm
New 471,29 kg
Corroded 395,54 kg

Insulation\Lining

Thickness Density Weight
Lining 18,3 mm 1.000 110,46 kg
Insulation 18,3 mm 1.000 113,95 kg
Spacing |Individual Weight | Total Weight
'gﬁg::;:g: 0 mm 0 kg 0 kg
Top 0,55
Bottom 0,7

"Impact testing requirements are not checked for supports

Skirt design thickness, largest of the following + corrosion = 1.9 mm

The governing condition is due to wind, compressive stress at the base, operating & corroded.

The skirt thickness of 10 mm is adequate.



Results Summary

Tensile or | Governing Temperatur Allowable | Calculated | Required
Loading Condition Compressive Skirt e ;()oec)a ure | Stress Stress/E | thickness

Side Location (kgdem?) | (kgdem?) | (mm)
Tensile top -11,55 0.11

operating, corroded 121 898,2
Compressive bottom 31,6 0.3
Tensile top -10,1 0.11

operating, new 121 943,22
Compressive bottom 27,14 0,29
Tensile top -7,29 0.07

empty, corroded 7 898,2
Compressive bottom 27,34 0.26
Tensile top -6,52 0.07

Wind empty, new 7 943,22
Compressive bottom 23,56 0.25
Tensile -21,88 0.2

test, corroded bottom 7 898,2
Compressive 31,32 0.29
Tensile -18,93 0.2

test, new bottom 7 943,22
Compressive 26,9 0.29
Tensile top -11,55 0.11

vacuum, corroded 121 898,2
Compressive bottom 31,6 0.3
Tensile top -12,43 0,12

operating, corroded 121 898,2
Compressive bottom 30,49 0.29
Tensile top -10,75 0,11

operating, new 121 943,22
Compressive bottom 26,35 0.28
Tensile top -8,65 0.08

Seismic | empty, corroded 7 898,2
Compressive bottom 25,17 0.24
Tensile top -7,57 0.08

empty, new 7 943,22
Compressive bottom 21,88 0.23
Tensile top -12,43 0.12

vacuum, corroded 121 898,2
Compressive bottom 30,49 0.29

Loading due to wind, operating & corroded

Windward side (tensile)

Required thickness, tensile stress at base:

. w L 4M 10.027,72 L 4-1e3-23m 0,008
= — = — =0, mm
m-D-$-E w-D*.5-F To18256- o1 m18256 % il

Required thickness, tensile stress at the top:

Wi 4. M, 9.320,59 4-1e3-1.714.2
t=- D, -S - -E + 2 =T 898,203 + 2 898,203 =011 mm
™ DesSee m-Di-5-E 718256 —i— -1  m-182567 —— -1

Leeward side (compressive)

Required thickness, compressive stress at base:

W 4-M 10.027,72 4-1e3-2372
t= 2 = 898,203 898,203 = g’§ m
w-D-S.-E w-D*.S.-BE. .18056. 3820 7 -1.8256 2. 528208 4
100 100
Required thickness, compressive stress at the top:
W, 4- M, 9.320,59 4-1e3-1.714,2
b= D St’ E, * 2 . = ;98 203 + : 898,203 =0,25 mm
TSt mDi-Se-Ee qp.18256-—— -1  m-18256 % —— -1

Loading due to wind, operating & new



Windward side (tensile)

Required thickness, tensile stress at base:

w 4-M 10.344,88 4-1e3-2.375,1
t=- D.S.-E + 2 - 943,224 + ) 943,224 =0,09% mm
™ DS mD*-5-E mo1824. =1 we18247 .2

Required thickness, tensile stress at the top:

, W 4-M 9.555,38 L 4-le3- 17173 o1
= — = — :_I_
mDi-S-E  7n.D}-S-E w1824 0001 po 1824 g

Leeward side (compressive)

Required thickness, compressive stress at base:

W 4-M 10.344,88 4-1¢3-2375,1
t= + 2 - 943,224 + 943,224 :g‘& om
mD-Sc-E m-D?-S.-B.  gpo1geq. B2 poqgq?. B

Required thickness, compressive stress at the top:

W, 4. M, 9.555,38 4-1e3-1.7173
t= + 2 = 943,224 + 943,224 =025 mm
Di-Sc-Be  m-Dj-Se-B.  gp.1g0a. 2820 goqgpq2. MR

Loading due to wind, empty & corroded

Windward side (tensile)

Required thickness, tensile stress at base:

¢ w + 4-M 7.975,37 n 4-1e3-2.372 0.0539
— = =0, mm
w-D-S;-F x-D?.S,-E 18256 - 8982031 . 182562 8980303

Required thickness, tensile stress at the top:

Wi 4. M, 7.268,23 4-1e3-1.714,2
t=- D,-S,-E + 2 - 898,203 + 2 898,203 =0.0682 mm
eo m-Di-5-E 718256 ——-1  m-182567 —— -1
Leeward side (compressive)
Required thickness, compressive stress at base:
. w " 4-M 7.975,37 n 4-1e3-2.372 026
_ = = mm
m-D-Sc- B m-D*-S-Be  p.18256- 0001 n-18256 % oin -1
Required thickness, compressive stress at the top:
W, 4.- M, 7.268,23 4-1e3-1.714,2
t= D,-S. -E + 2 - 898,203 + 2 898,203 =021 mm
TSt mDi-Se-Be o186 —— -1 m-18256 7 —— -1
Loading due to wind, empty & new
Windward side (tensile)
Required thickness, tensile stress at base:
w 4-M 8.292,67 4-1e3-2375,1
t=- D.S.-E + 2 = 943,224 + - ) 943,224 =0,0571 mm
D5y 7-D*-5;-B o184 =221 .18’ 2T

100 100

Required thickness, tensile stress at the top:



, W, LM 7.503,16 L 41e31mny 0.0601
= - = - = mm
m D S-E  n.D}-S-E 7:-1.824-9413(’;24-1 7-1.8242. 9413(;(2)24.1

Leeward side (compressive)

Required thickness, compressive stress at base:

W 4.-M 8.292,67 4-1e3-2.3751
t= 2 = 943,224 + 943,224 :g‘& m
meD-Sc- B w-D?-S.-Be  gpoigyq. X2y poggpy? 222

Required thickness, compressive stress at the top:

. w, N 4. M, 7.503,16 . 4-1e3-1.717,3 091
— = =0,21 mm
m-D;-S.-E, n-D?.S,.-E, o-1.824 . 243224 4 o-1.8242 . 23224 4
100 100
Loading due to wind, test & corroded
Windward side (tensile)
Required thickness, tensile stress at base:
. w + 4-M 12.814,37 n 4-1e3-1.037,8 02
= — = — =02 mm
~-D-S-E 71.D*.S,-E 18256 - 898,203 | m 182562 898,203
100 100
Required thickness, tensile stress at the top:
W, 4-M, 12.107,24 4-1e3-873,3
t= — + = — —+ =0,2 mm
m-D;-8-E 7-D}-S-E 7-1825,6- 22281 189562 20202
’ 100 . ’ 100
Leeward side (compressive)
Required thickness, compressive stress at base:
w 4-M 12.814,37 4-1e3-1.0378
t= 2 = 598,203 + 898,203 =029 mm
7-D-S.- B 7w-D*-S.-E.  5.18%56. 0.1 1.182562 ——" .1
100 100
Required thickness, compressive stress at the top:
W, 4.-M, 12.107,24 4-1e3-8733
t= D,-S. -E + 2 - 898,203 + 2 898,203 =027 mm
T D Se-Be meDi-Se-Be 718256 —2— -1  m-18256 % —2— -1
Loading due to wind, test & new
Windward side (tensile)
Required thickness, tensile stress at base:
w 4-M 13.131,02 4-1e3-1.040,8
t=- D-.S,-FE + 2 =T 943,224 + 2 943,224 :g'z mm
m DS m-D*-5-E To1824- =1 w1847 1
Required thickness, tensile stress at the top:
. W, N 4. M, 12.341,51 n 4-1e3- 8764 019
— = — =0,19 mm
mDy$-E  rx.D}-S-E w184 BEE poggy . M
100 100
Leeward side (compressive)
Required thickness, compressive stress at base:
w 4-M 13.131,02 4-1e3-1.0408
¢ - ] c ’ =029 mm

mD-Sc-EB  m-D?-S.-B.  gpoigyq. B2y poqgyr MR




Required thickness, compressive stress at the top:

, Wi LM 12.341,51 L 4-1e3.8764 026
— = =0,26 mm
m-Di-S.-Be  m-Di-Se-Be  gp.o184.7020.1 0 p.184%. 2R

Loading due to wind, vacuum & corroded

Windward side (tensile)

Required thickness, tensile stress at base:

. W L 4M 10.027,72 L 4-1e3.237 00938
= _ = — =0, mm
mD-SE w-D-8E 718256 oo .1 mo18256 2 oo

Required thickness, tensile stress at the top:

W, 4-M, 9.320,59 4-1e3-17142
t= — + = - + =011 mm
mD¢S-E  w-D}-S-E m-18256- 25281 r.18256% . 220
’ 100 e 100

Leeward side (compressive)

Required thickness, compressive stress at base:

. w N 4-M 10.027,72 n 4-1e3-2.372 03
— — =0,3 mm
w-D-S.-E, x-D?.S,-E, 18256 - 898,203 r 18256 2 898,203
100 100
Required thickness, compressive stress at the top:
4. M, .32 4-1e3-1.714,2
t = W + t = 9.320,59 + e3- 1714, —025 mm

mDiSe-Be  w-DP-Se-Be  po1856- 20201 ro1856 7. 2020

100
Loading due to seismic, operating & corroded
Tensile side

Required thickness, tensile stress at base:

W 4-M 10.027,72 4-1e3-2.127,6
t= — + = - + =01 mm
©D-S-E 7w-D?-5-FE mo18256- 201 r.18256 2. S020

Required thickness, tensile stress at the top:

W, 4-M, 9.320,59 4-1e3-1520,9
t=- + 2 - 898,203 + 898,203 =012 mm
™D S-E  r-D}-S-E w1856 2.1 r. 182562 ot ]
Compressive side
Required thickness, compressive stress at base:
w 4-M 10.027,72 4-1e3-2.1276
t= + 2 - 898,203 + 898,203 - g& mm
mD-Sc-E  m-D-S.-E.  p.18%56 5201 no182562 2.1
Required thickness, compressive stress at the top:
. W, N 4-M, 9.320,59 N 4-1e3- 15209 095
— = =0,25 mm
moDi-Se-Be  moDi-Se-Be  po18256 -1 m-18256 % oot

Loading due to seismic, operating & new

Tensile side



Required thickness, tensile stress at base:

w 4-M 10.344,88 4-1e3-2.169,3
t= - + 2 =T 943,224 + 943,224 =01 mm
m-D-5-E w-D*-5-E w1824 L1 me18? . 2

Required thickness, tensile stress at the top:

W, 4. M, 9.555,38 4-1e3-1.548,7
t= — + = — + =011 mm
x-D;- 8- E 7-D?.S,-E o184 213224 4 o184 2. 213224 —
100 100

Compressive side

Required thickness, compressive stress at base:

: w N 4-M 10.344,88 N 4-1e3-2.169,3 0.98
— = = mm
w-D-S,-E, 7r'D2'Sc’Ec 7r-1.824~943’224~1 7r~1.8242-943’224~1 ==
100 100
Required thickness, compressive stress at the top:
W; 4. M, 9.555,38 4-1e3-1.548,7
t= D,-S. -E + 2 - 943,224 + 2 943,224 =024 mm
T DiSe-Be meDi-Se-Ee g8 1 w1847 1
Loading due to seismic, empty & corroded
Tensile side
Required thickness, tensile stress at base:
w 4-M 7.975,37 4-1e3-1.893,3
t= — + = — + =0,0743 mm
w-D-S,-E w-D2.S,-E 718256 . 398:208 o-1.805.6 2. 898208 4
’ 100 e 100
Required thickness, tensile stress at the top:
W, 4. M, 7.268,23 4-1e3-1.4156
= t i o ) + ° i —0.0809 mm
7D S-F  x-D}-S-E w1856 it .1 m-182567 . ot o1
Compressive side
Required thickness, compressive stress at base:
w 4-M 7.975,37 4-1e3-1.893,3
t= 2 = 898,203 + 898,203 = Q& rm
m-D-S.-E, m-D*.S.-E, T 18256 o - 1 718256 2. 1
Required thickness, compressive stress at the top:
. w, N 4- M, 7.268,23 N 4.1e3-14156 02
— = =0,2 mm
m-Di-Sc-Be  7-D}-S.-Be  1.1856- 2229 .1 5.18256 2. 2220 4
100 100
Loading due to seismic, empty & new
Tensile side
Required thickness, tensile stress at base:
w 4-M 8.292,67 4-1e3-1.936,1
t=- D-S -E * 2 - 943,224 + 943,224 =0,0749 mm
T Doy 7-D*-5;-E mol8A. =1 18Ut

Required thickness, tensile stress at the top:



W, 4. M, 7.503,16 4.-1e3-1.4446
t: - + 2 == 943 224 + 943,224 ZQIM mm
D;-S5-E 7D} S-E mo1824. 2By g gpq 2, M2

Compressive side
Required thickness, compressive stress at base:

; w n 4-M 8.292,67 N 4-1e3-1.936,1 0.23
p— = = —_—
7#-D.S,-E, x-D2.S,-E, oo18oq. Y1322 18242 9430(2)24 1 o

Required thickness, compressive stress at the top:

Wi 4. M, 7.503,16 4-1e3-1.444,6
t= D,-S. -E + 2 - 943,224 + o 943,224 =02 mm
¢S BemDy-Se-Be po1go- 1 w184’ I

Loading due to seismic, vacuum & corroded

Tensile side
Required thickness, tensile stress at base:

, w L 4M 10.027,72 L 4-1e3 21276 o
= - = =0,1 mm
m-D-$-E w-D*-5-F 718256 o0 1 wo18256 % o1

Required thickness, tensile stress at the top:

W, 4. M, 9.320,59 4-1e3-1.520,9
t=- + 2 = 898,203 + 898,203 =012 mm
Di-S-EB  m-D}-$-E m18256- -1 mo18256 % Tnt 1
Compressive side
Required thickness, compressive stress at base:
w 4-M 10.027,72 4-1e3-2.127,6
t= D.S.-E + 2 = 898,203 + 9 898,203 :w mm
DS B mD*-Sc-Be 18256 =21 wo18256 7 = -1
Required thickness, compressive stress at the top:
. W, N 4-M, 9.320,59 N 4-1e3-1520,9 095
— = =0, mm
m-Di-Se-Be  7-D}-S.-Be  5.18%56- 2229 1 n.18256 2. 2220 4

100 100



Base configuration

Skirt Base Ring

single base plate

Base plate material

SA-516 Gr60

Base plate allowable stress, Sp

1.203,265 kgs/cm?

Foundation compressive strength

116,569 kgs/cm?

Concrete ultimate 28-day strength

210,921 kgg/cm?

Material

Bolt circle, BC 1.934 mm
Base plate inner diameter, D; 1.754 mm
Base plate outer diameter, D, 2.014 mm
Base plate thickness, ty, 20 mm
Gusset separation, w 125 mm
Gusset height, h 200 mm
Gusset thickness, tg 13 mm

Anchor Bolts

Allowable stress, Sy,

1.055 kgs/cm?

Bolt size and type M24 x 3
Number of bolts, N 4
Corrosion allowance (applied to root radius) 0 mm
Anchor bolt clearance 12 mm
Bolt root area (corroded), A, 3,13 cm?
Diameter of anchor bolt holes, dy 36 mm
Initial bolt preload 0% (0 kgg/cm?)
Bolt at 0° No

Results Summary

Required | t Foundation
V 1 Base V| Base M w r bearing
Load co::;;n (kgp) | (kgg-m) (kg) bolt a;ea Base| stress
(em?) (mm) | (g /cm?)
Wind | operating, corroded | 652,9| 2.372|10.155,2 0| 6.3 2,0232
Wind operating, new | 652,912.375,1(10.472,3 016.37 2,0655
Wind empty, corroded | 652,9| 2.372| 8.102,8 0]5.87 1,7551
Wind empty, new 652,9|2.375,1| 8.420,1 01594 1.7974
Wind test, corroded 163,2|1.037,8|12.941,8 0]6.26 1,9956
Wind test, new 163,2(1.040,8|13.258,5 0]6.32| 2.0379
Wind | vacuum, corroded | 652,9| 2.372]10.155,2 0| 6.3| 2.0232
Seismic | operating, corroded | 599,2 12.127,6|10.155,2 016.19 1.9515
Seismic| operating, new | 617,9(2.169,3|10.472,3 016.27 2,0051
Seismic | empty, corroded | 478,111.893,3| 8.102,8 015,63 1.6145
Seismic empty, new 496,811.936,1| 8.420,1 015.72 1,6685
Seismic | vacuum, corroded | 599,212.127,6|10.155,2 016.19 1.9515
Anchor bolt load (operating, corroded + Wind)
-w 4-M —10.155,18 4-2372
P=—"*~oBc"~ 4 Tagm R R
The anchor bolts are satisfactory (no net uplift on anchor bolt)

Foundation bearing stress (operating, corroded + Wind)




n - (D3 — D?) N-m-d2  m- (20147 —17547) 4.7-362

_ _ _ _ 2

A, = n I I n 7.653,6737 cm

7 (Di—-D})  w-(2014* —1754") .
I = m = o = 34301E+07 am

M 2.372

N-A, -Preload W 5D 4-31275-0 10.155,18 10- === -2.014

.= p - Prelo LU ° _ I T 2 —2023 kgf/cm2
A, A, I. 7.653,6737 7.653,6737 3,4301E+07 —

As f; <= 116,569 kgs/cm? the base plate width is satisfactory.
Base plate required thickness (operating, corroded + Wind)

l

From Brownell & Young, Table 10.3:, — = 0,0658

S

M, = 0.01 -0,0015 - 2,023 - 1.367,96 > = 58,3 Kg¢

M, =001 - —04858 -2,023-90> = — 79,6 kgs

My 100 - 6 - 79,61
tT=\/6 :\/ ~63 mm

5, 1.203,265

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, operating, corroded + Wind)

Boltload = A, - f, = 3,1275 -0 = 0 kg¢

( F Vo 0

t. =] 391- ; = 3.91-100 -
2. w 2 1 2-90 125 2 1
k Sy'(7+ﬂ—db'(ﬁ+2_,l)> } k 2.202-<m+m—36'(m+m))

The base plate thickness is satisfactory.

0.5

|
)

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

S 15-F-b 1,5-100 -0 - 90

2
= = =0 cm
gussets~7r-t§k-h 2.7-84%.200 e/

As S, <= 1.804,898 kgf/cm2 the skirt thickness is adequate to resist the gusset reaction.
Anchor bolt load (operating, new + Wind)

p_ W AM 1047231 423751
-~ "wnoBc ~ 4 1034

= — 139003 ke,

The anchor bolts are satisfactory (no net uplift on anchor bolt)

Foundation bearing stress (operating, new + Wind)

n - (D} — D?) N-m-d2 m-(2014% —17547) 4.7-362 ,
A = 1 - 1 = 1 - 1 = 7.653,6737 cm

n - (D — DY) m- (20144 —1754*)

I.= = = 3,4301 !
. o o 34301E+07 cm
2.375,1
N A Proad W +%-Do _ 4312750 104123 +10-T~2-014 2086 kg Jan’?
o A, A, I, 76536737 7.653,6737 3,4301E+07 a0 Kgp/an

As f; <= 116,569 kgr/cm? the base plate width is satisfactory.



Base plate required thickness (operating, new + Wind)

l

From Brownell & Young, Table 10.3:, — = 0,0658

Sl

M, = 0.01 - 0,0015 - 2,066 - 1.367,96 > = 59,5 kgs

M, =001 — 04858 - 2,066 - 90° = — 81,3 kgy

- M, 100 - 6 - 81,28
tr\/G = \/ =6.37 mm

S, 1.203,265

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, operating, new + Wind)

Boltload = A, - f, = 3,1275 -0 = 0 kgf

( F Vo 0

t, = [ 391- — — [ 391-100- —
. w 2 1 - 1 2 1
k Sy'(7+ﬁ—db'(;+z—.z)) } k 2-202'(1—25+m—36'(1—25+2.—50))

The base plate thickness is satisfactory.

0.5

|
)

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

g _ 15-F b 15100090

2
= = =0 kg /cm
gussets - - t%, - h 2.7-84%-200 i

As S, <= 1.804,898 kgf/cm2 the skirt thickness is adequate to resist the gusset reaction.
Anchor bolt load (empty, corroded + Wind)

W 4-M -81028  4.237
p_- W _ — 79923 K
N "N BC 4 +4~1,934 -~ Ry

The anchor bolts are satisfactory (no net uplift on anchor bolt)

Foundation bearing stress (empty, corroded + Wind)

7-(D-D?) N-m-d? 7w-(014%-1754%)  4.7.36° ,
- = 7.653,6737 cm

T 4 4 - 4 4

m - (D§ — DY) m-(2014* —1754 %)

I = = = 3,4301E+07 cm*
& ) E+07 cm
M 2.372
N-A, -Preload W 5 Do 4.31275-0 8.102,33 10 - == -2.014
i = p-Preload W % _ n T 2 =1.755 kg ;/em”
A, A, I, 7.653,6737 7.653,6737 3,4301E+07

As f; <= 116,569 kgf/cm2 the base plate width is satisfactory.
Base plate required thickness (empty, corroded + Wind)

l

From Brownell & Young, Table 10.3:, — = 0,0658

Sl

M, =001 -0,0015 - 1,755 - 1.367,96 > = 50,6 kg¢

M, =001 —04858-1,755 - 90> = — 69,1 kgy

- M, 100 - 6 - 69,06
t, = 6 - Minax = =5,87 mm
S, 1.203,265




The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, empty, corroded + Wind)

Boltload = A, - f, = 3,1275 -0 = 0 kgf

( F T

t,=1391- ” \‘ =]391-100 -
- w 2 1
U s e o) )
The base plate thickness is satisfactory.
Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

¢ _ 15-F-b 15100090

2
= = =0 kg /cm
gussets~7r-t§k -h 2.7-84%-200 i

As S, <= 1.804,898 kgf/cm2 the skirt thickness is adequate to resist the gusset reaction.

Anchor bolt load (empty, new + Wind)

-w 4-M —8.420,13 4-2.375,1
N N -BC 4 4-1,934

= 87698 kg,

The anchor bolts are satisfactory (no net uplift on anchor bolt)
Foundation bearing stress (empty, new + Wind)

7-(D-D?)  N-m-d? 7w (0142 -1754%)  4.7.36°

A, = = = 7.653,6737 cm

4 4 4 4

m- (D —-Df)  w-(2014" —1754)

I = = = 34301E+07 cm*
o o E+07 cm
2.375,1
f _NoA Prooad W +%-Do 481750 sz 105204
e 4, A, T I To536137 | 76536737 34301E+ 07

As f. <= 116,569 kgf/cm2 the base plate width is satisfactory.
Base plate required thickness (empty, new + Wind)

l

From Brownell & Young, Table 10.3:, — = 0,0658

S

M, = 0.01 -0,0015 - 1,797 - 1.367,96 > = 51,8 kgr

M, =001 —04858 1,797 - 90° = — 70,7 kgg

6 Mo 100 - 6 - 70,73
t, = = =594 mm
\/ S, \/ 1.203,265

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, empty, new + Wind)

Boltload = A, - f, = 3,1275 -0 = 0 kgf

( F Y

= k3.91 -100 -

t, =] 3.91- \l
s e (5en) )

The base plate thickness is satisfactory.

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

=1.797 kg ;/em®



g __ B Fb  15:100.0:90

2
= = =0 cm
gussets~7r-t§k-h 2.7-84%.200 e/

As S, <= 1.804,898 kgf/cm2 the skirt thickness is adequate to resist the gusset reaction.
Anchor bolt load (test, corroded + Wind)

4 4-M —12.941,83 4-1.037,8

P=—— =
N N BC 4 t 103

= 269887 kg,

The anchor bolts are satisfactory (no net uplift on anchor bolt)

Foundation bearing stress (test, corroded + Wind)

n - (D3 — D?) N-m-d2 m-(2014% -17547) 4.7-362 ,
A = 1 - 1 = 1 - 1 = 7.653,6737 cm

n - (D — DY) m- (20144 —1754 1)

I = = = 3,4301 !
. o o 34301E+07 cm
1.037,8
N A Proad W +%-Do _ 4312750 1294183 +10- o2 "
o A, A, I, 76536737 7.653,6737 3,4301E+07 TR g y/an

As f; <= 116,569 kgr/cm? the base plate width is satisfactory.
Base plate required thickness (test, corroded + Wind)

l

From Brownell & Young, Table 10.3:, — = 0,0658

S

M, =0.01 -0,0015 - 1,996 - 1.367,96 2 = 57,5 kgs

M, =001 —04858-1,996 - 90> = — 785 kgy

. 100 - 6 - 78,52
t, = 6 Minax = =6,26 mm
Sp 1.203,265

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, test, corroded + Wind)

Boltload = A, - f, = 3,1275 -0 = 0 kg¢

( F Vo[ 0

t, = [ 391 - = [ 391-100-
2. w 2 1 2:90 125 2 1
k Sy'(7+ﬂ—db'(z+z—.l)) } \ 2-202'(m+m—36'(m+m))

The base plate thickness is satisfactory.

0.5

|
)

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

g __ B Fb o 15:100.0.90

= = =0 kg s/om”
gussets - m - t%, - h 2.m-84% 200 i

As S, <= 1.804,898 kgf/cm2 the skirt thickness is adequate to resist the gusset reaction.
Anchor bolt load (test, new + Wind)

-w 4-M —13.258,48 4-1.040,8

P=— =
N "N.BC 4 T 103

= 277645 kg,

The anchor bolts are satisfactory (no net uplift on anchor bolt)

Foundation bearing stress (test, new + Wind)



7-(D-D?) N-m-d? 7-(014%-1754%)  4.7.36°

A, = - = - = 7.653,6737 cm?
4 4 4 4 o
7 - (D4 — DY) 7 (20144 —1754%) .
I = = = 34301E+07
o o E+07 cm
M .040,8
P N - A, - Preload +W +7-Do  4:31275-0 . 13.258,48 +10~ o 2014 _ 2038 kg Jam’
o A, A, I. 76536737 7.653,6737 3,4301E+07 T A0 g/

As f. <= 116,569 kgf/cm2 the base plate width is satisfactory.
Base plate required thickness (test, new + Wind)

l

From Brownell & Young, Table 10.3:, — = 0,0658

Sl

M, = 0.01-0,0015 - 2,038 - 1.367,96 > = 58,7 kgs

M, =001 —04858-2,038-90° = —80,2 kgy

M 100 - 6 - 80,19
tr\/G s \/ =6.32 mm

S, 1.203,265

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, test, new + Wind)

Bolt load = A, - f, = 3,1275 -0 = 0 kgs

tT:(3.91- F \
U s e (o) )

The base plate thickness is satisfactory.

0.5
( 0

— 391100 —— |
. 1 2 1
k 2202 (558 + 5% — 36+ (2 + 755 ) )

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

5 _ 15-F b 15100090

2
= = =0 kg /cm
gussets - m - t%, - h 2.7-84%.200 i

As S, <= 1.804,898 kgf/cm2 the skirt thickness is adequate to resist the gusset reaction.
Anchor bolt load (vacuum, corroded + Wind)

W 4-M —10.155,18 4-2372
P=——+ = +
N N -BC 4 4-1,934

= — 131232 kg,

The anchor bolts are satisfactory (no net uplift on anchor bolt)

Foundation bearing stress (vacuum, corroded + Wind)

7-(D-D?) N-m-d? 7-(014%-1754%)  4.7.36°

A= - = - = 7.653,6737 cm>
4 4 4 4 o
©- (D4 — D%) 7 (20144 —1754%) A
I, = — = 3,4301E+07
& o E+07 cm
M 2.372
N - A, - Preload w 5 Do  4.31275-0 10.155,18 10- == -2.014
fo=— b T2 " + + 2 —2,023 kg ;/am>
A, A, I. 7.653,6737 7.653,6737 3,4301E+07

As f; <= 116,569 kgf/cm2 the base plate width is satisfactory.

Base plate required thickness (vacuum, corroded + Wind)



l

From Brownell & Young, Table 10.3:, — = 0,0658

Sl

M, = 0.01-0,0015 - 2,023 - 1.367,96 > = 58,3 kg¢

M, =001 —04858-2,023-90° = — 79,6 kgy

6 - M 100 - 6 - 79,61
t, = = :§:§ mm
S, 1.203,265

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, vacuum, corroded + Wind)

Bolt load = A, - f, = 3,1275 -0 = 0 kgy

tT:(3.91~ il \
s ez )

The base plate thickness is satisfactory.

0.5

0.5 ( .

= k3.91 -100 -

2:90 125 2 1
2202 (358 + 5% — 36+ (25 + 755 )

|-
)

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

5 _ 15-F b  15-100-0-90

= = =0 kg s/cm”
gussets - m - t%, - h 2.7-84%.200 i

As S, <= 1.804,898 kgf/cm2 the skirt thickness is adequate to resist the gusset reaction.
Anchor bolt load (operating, corroded + Seismic)

4 4-M —10.155,18 4-2.127,6

P=—— -
N " N.BC 4 t 103

= 143868 kg,

The anchor bolts are satisfactory (no net uplift on anchor bolt)
Foundation bearing stress (operating, corroded + Seismic)

n - (D% — D?) N-m-d2  m- (20147 —17547) 4.7-362

A, = = =7 2
c 1 1 1 1 7.653,6737 cm
7 (Di—-Df)  w- (014" —1754") .
I.= = = 3,4301
I o 34301E+07 cm
2.127,6
N - A, - Preload w % ‘D, 4.31275-0 10.155,18 10 ——-2014 )
f. = + 24 - + + =1.951 kg;/m
A, A, I, 7.653,6737 7.653,6737 3,4301E+07

As f. <= 116,569 kgf/cm2 the base plate width is satisfactory.
Base plate required thickness (operating, corroded + Seismic)

l

From Brownell & Young, Table 10.3:, — = 0,0658

Sl

M, = 0,01 - 0,0015 - 1,951 - 1.367,96 > = 56,2 kgt

M, =001 —04858-1,951-90° = — 768 kgy

6 Mpyax 100 - 6 - 76,79
t, = = =6.19 mm
Sy 1.203,265

The base plate thickness is satisfactory.



Base plate bolt load (Jawad & Farr eq. 12.13, operating, corroded + Seismic)

Bolt load = A, - f, = 3,1275 -0 = 0 kgs

( F Vo[ 0

t.=1391- ” =] 391100 - o0 "
. w 2 1 - 125 2 1
k Sy'(7+2_<l_db'(5+2_-l)) } k 2.202-(T%+m—36'(m+m)>

The base plate thickness is satisfactory.

0.5

|-
)

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

G __ 15Fb 15-100-0-90
" gussets - m - t%, - h 2.7-84% 200

=0 kgf/cm2

As S, <= 1.804,898 kgf/cm2 the skirt thickness is adequate to resist the gusset reaction.
Anchor bolt load (operating, new + Seismic)

-W 4-M —10.472,34 4-2.169,3
P=—+ = +
N N -BC 4 4-1,934

= 149645 kg,

The anchor bolts are satisfactory (no net uplift on anchor bolt)

Foundation bearing stress (operating, new + Seismic)

7-(D-D?) N-m-d? 7-(014%-1754%)  4.7.36°

A, = = = 17.653,6737 2
1 1 1 1 7.653,6737 cm
7 - (D4 — DY) 7 (20144 —1754%) .
I = = = 34301E+07
o o E+07 cm
2.169,3
P N - A, - Preload +W +%-Do  4:31275-0 N 10.472,34 N 10- ——-2.014 2005 kg Jem’
o A, A, I. 76536737 7.653,6737 3,4301E+07 A K/

As f. <= 116,569 kgf/cm2 the base plate width is satisfactory.
Base plate required thickness (operating, new + Seismic)

l

From Brownell & Young, Table 10.3:, — = 0,0658

Sl

M, =001 -0,0015 - 2,005 - 1.367,96 > = 57,8 kg¢

M, =001 - —04858-2,005-90> = — 789 kgy

- M, 100 -6 - 78,9
t, = 6 - Minax = =6.27 mm
S, 1.203,265

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, operating, new + Seismic)

Bolt load = A, - f, = 3,1275 -0 = 0 kgs

( F Vo[ 0

t, =391 - =1 391-100 - oo py \
. w 2 1 . 1 2 1
k Sy'(7+ﬂ—db'(;+m)) } k 2.202-(T%+m—36'(m+m)> )

The base plate thickness is satisfactory.

0.5

=0 mm

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)



¢ __ B Fb o 15:100.0:90

2
= = =0 cm
gussets~7r-t§k-h 2.7-84%.200 e/

As S; <= 1.804,898 kgf/cm2 the skirt thickness is adequate to resist the gusset reaction.
Anchor bolt load (empty, corroded + Seismic)

4 4-M —8.102,83 4-1.893,3

P=—— =
N N BC 4 t 103

= —1.046,77 kg,

The anchor bolts are satisfactory (no net uplift on anchor bolt)

Foundation bearing stress (empty, corroded + Seismic)

n - (D} — D?) N-m-d2 m-(2014% -17547) 4.7-362 ,
A = 1 - 1 = 1 - 1 = 7.653,6737 cm

n - (D — DY) m- (20144 —1754*)

I = = = 3,4301 4
. o = 34301E+07 cm
1.893,3
N-A4, Preoad W & Do 4.31275-0 810283  10-———--2014 ,
o= + _ + + =1.615 kg /em
A, A, 1, TE53,6737 | 76536737 34301+ 07

As f; <= 116,569 kgr/cm? the base plate width is satisfactory.
Base plate required thickness (empty, corroded + Seismic)

l

From Brownell & Young, Table 10.3:, — = 0,0658

S

M, = 0.1 -0,0015 - 1,615 - 1.367,96 > = 46,5 kg¢

M, =001 —04858 - 1,615-90> = — 635 kgy

. 100 - 6 - 63,53
t, = 6 Mrnax = =5,63 mm
S, 1.203,265 222

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, empty, corroded + Seismic)

Boltload = A, - f, = 3,1275 -0 = 0 kgf

( F Vo[ 0

t, = [ 391 - = [ 391-100-
2. w 2 1 2:90 125 2 1
k Sy'(7+ﬂ—db'(m+z—.l)) } \ 2-202'(m+m—36'(m+m))

The base plate thickness is satisfactory.

0.5

|
)

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

g __ B Fb  15:100.0.90

L = = =0 kg s/cm”
gussets - m - t%, - h 2.7-84% 200 i

As S, <= 1.804,898 kgf/cm2 the skirt thickness is adequate to resist the gusset reaction.
Anchor bolt load (empty, new + Seismic)

4 4-M —8.420,13 4-1.936,1

P=— =
N "N.BC 4 T 1o

= 110395 kg,

The anchor bolts are satisfactory (no net uplift on anchor bolt)

Foundation bearing stress (empty, new + Seismic)



7-(D-D?) N-m-d? 7-(0L4%-1754%)  4.7.36°

A, = - = - = 76536737 cm?
4 4 4 4 o
7 - (D4 — DY) m- (20144 —1754%) .
I = = = 34301E+07
o o E+07 cm
1.936,1
P N - A, - Preload +W +%-Do  4:31275-0 . 8.420,13 +10~ > 2014 _ 1669 kg fem
o A, A, I. 76536737 7.653,6737 3,4301E+07 —LRE g y/an

As f. <= 116,569 kgf/cm2 the base plate width is satisfactory.
Base plate required thickness (empty, new + Seismic)

l

From Brownell & Young, Table 10.3:, — = 0,0658

Sl

M, = 0.01-0,0015 - 1,669 - 1.367,96 > = 48,1 kgs

M, =001 —04858 1,669 -90° = — 65,7 kgy

- M, 100 - 6 - 65,66
tr\/G s \/ =572 mm

S, 1.203,265

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, empty, new + Seismic)

Bolt load = A, - f, = 3,1275 -0 = 0 kgs

tT:(3.91- F \
s e (o) )

The base plate thickness is satisfactory.

0.5

0.5
( 0

— [ 391-100- ——
. 1 2 1
k 2202 (558 + 5% — 36+ (2 + 755 )

|-
)

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

5 _ 15-F-b 15100090

2
= = =0 kg /cm
gussets - m - t%, - h 2.7-84%.200 i

As S, <= 1.804,898 kgf/cm2 the skirt thickness is adequate to resist the gusset reaction.
Anchor bolt load (vacuum, corroded + Seismic)

-w  4-M ~10.155,18 421276
P=—" 4 - +
N ' N-BC 4 4-1,934

= 143868 kg,

The anchor bolts are satisfactory (no net uplift on anchor bolt)

Foundation bearing stress (vacuum, corroded + Seismic)

7-(D-D?) N-m-d? 7-(014%-1754%)  4.7.36°

A= - = - = 7.653,6737 cm>
4 4 4 4 o
m- (D4 — DY) T (20144 —17544) .
I, = - = 3,4301E+07
& ) E+07 cm
2.127,6
N - Ay - Preload w % ‘Do 4.31275-0 10.155,18 10- ——-2.014 )
f.— + 224 — + + =1.951 kg;/m
A, A, I, 7.653,6737 7.653,6737 3,4301E+07

As f. <= 116,569 kgf/cm2 the base plate width is satisfactory.

Base plate required thickness (vacuum, corroded + Seismic)



l

From Brownell & Young, Table 10.3:, — = 0,0658

Sl

M, = 0.01 -0,0015 - 1,951 - 1.367,96 > = 56,2 kgf

M, =0.01- —0,4858 -1,951 -90% = — 76,8 kgt

.M. 100 - 6 - 76,79
tr—\/6 e —\/ =6.19 mm

S, 1.203,265

The base plate thickness is satisfactory.

Base plate bolt load (Jawad & Farr eq. 12.13, vacuum, corroded + Seismic)

Boltload = A, - f, = 3,1275 -0 = 0 kgf

tr:(3~91~ il \‘
s e ) )

The base plate thickness is satisfactory.

0.5

0.5
( 0

— [ 391100
k 2.202-(M+ﬁ_36,(i+L))

125 2-50 125 2-50

|-
)

Check skirt for gusset reaction (Jawad & Farr eq. 12.14)

¢ _ 15-F-b 15100090

2
= = =0 kg,/cm
gussets - - t%, - h 2.7-84%-200 i

As S, <= 1.804,898 kgf/cm2 the skirt thickness is adequate to resist the gusset reaction.



Skirt opening (SA1)

ASME Section VIII Division 1, 2021 Edition Metric

Component Skirt Opening
Description Skirt opening
Drawing Mark SA1

Sleeve Material

SA-516 60 (II-D Metric p. 16, In. 3)

Location and Orientation
Attached to Support Skirt
Orientation radial
Offset, L 650 mm
Angle, 0 45°
Distance, r 1.037 mm
Through a Category B Joint No
Inside Diameter 580 mm
Nominal Wall Thickness 10 mm L
Skirt Thickness 10 mm r[‘H— RELER Y
Legaq 6 mm I Il L I
Legss 6 mm | | /[;D
External Projection Available, Lp,1 120 mm | |
Internal Projection, Ly,» 100 mm | |
Corrosion Inner 0 mm | |
Outer 1,6 mm | |
s=a
B i B




Skirt Opening Reinforcement Summary

Required A A
Th|clt(ness Tz rz Ratio |Status
r (cm?) | (cm*)
(mm)
Wind Tensile 0 32,951 |0 N/A OK
. Compressive | 0,27 32,4376 1.5549120,862 OK
Operating Hot & Corroded -
L Tensile 0 32,951 |0 N/A OK
Seismic
Compressive | 0,26 32455 |1.5022(21,6046| OK
Wind Tensile 0 43,308 |0 N/A OK
i Compressive | 0,26 42,7594 11,5117 | 28,2852 OK
Operating Hot & New
L Tensile 0 43,308 |0 N/A OK
Seismic
Compressive | 0,25 42775 |1.4686(29,1262| OK
Wind Tensile 0 32,951 |0 N/A OK
Compressive | 0,23 32,513911.3238(24,5612| OK
Empty Cold & Corroded -
. Tensile 0 32,951 |0 N/A OK
Seismic
Compressive | 0,21 32,544 11.2327126,4009| OK
Wind Tensile 0 43,308 |0 N/A OK
Compressive | 0,22 42.839311.2915(33,1702| OK
Empty Cold & New -
L Tensile 0 43,308 |0 N/A OK
Seismic
Compressive | 0,21 42.86821.212 |35,3707| OK
. . Tensile 0 32,951 |0 N/A OK
Field Test Corr Wind
Compressive | 0,28 32.4183|1.613420,0931| OK
. . Tensile 0 43,308 |0 N/A OK
Field Test New Wind -
Compressive | 0,27 42,7392 1.5672|27,2704| OK
Wind Tensile 0 32,951 |0 N/A OK
Compressive | 0,27 32,4376 11.5549120,862 OK
External Pressure Hot & Corroded
L Tensile 0 32,951 |0 N/A OK
Seismic
Compressive | 0,26 32455 |1.5022(21,6046| OK

Note: Skirt required thickness of zero on tensile side indicates load is compressive.

Skirt Opening Reinforcement Calculations

Operating Hot & Corroded Wind Compressive

L2821 1 )
o= min | Tomeor ot =
L2821 1 ]

Fro = min | Tomeor ot =

L 28736-(1-84-027) 14,2085 om?
1 100 N ‘ em

1

Ay =2 (57,76 - 027) -84 - o = 9,6579 cm?

Ay —2.4936 84— — 2
3 = 5 5 100 = 8,2918 cm

A =374 L _ 0,1397 cm?
41 y 100 )

Ags— 3742 —— 0,1397 cm?
43 y 100 I}

Ap = 14,2085 +9,6579 + 8,2018 + 0,1397 + 0,1397 = |32 4376 cm?2

580027 +2-84-027-(1-1)

= 2
r 100 = 1.5549 cm

Ap = 324376cm* > A, = 1,5549¢m’




Operating Hot & New Wind Compressive

B 120327 | :
= 120327 7|
L [120827 7 :
Fro= min | omeor ot =
L _2:9524.(1-10-026) 18,5500 o
e 100 B ’ em
1
Ay =2-(6385-026) 10 o = 12,7182 cm?
Ay — 2538510 —— — 2
3 = X 00 10,7703 cm
Ay =6 = — 0,36 cm?
41 100 ,00 CM
Ay =62 —— — 0,36 cm?
43 100 =0 cem

Ap =18,5509 + 12,7182 + 10,7703 + 0,36 + 0,36 =

42,7594 cm?

4 580:026+2:10-026-(1-1)
T 100

1,5117 cm?

Ap =42,7594cm? > A, = 15117cm?

Empty Cold & Corroded Wind Compressive

o [120827 7 :
Fro= min | oossr ot =
o [120827 7 :
Fro= min | oissr ot =
28736 (1-84-023) 149781 om?
' 100 B ’ om
Ay =2 (57,76 —023) -84 - - = 9,6646 cm?
Ay —2.4936 -84 —— — 2
3 = i) 5 100 - 8,2918 cm
A =374 = — 0,1397 cm?
41 s 100 , c
= 2, 2
Ay =374 o 0,1397 cm
Ar = 14,2781 +9,6646 + 8,2918 + 0,1397 +0,1397 = |32 5139 cm2
580023 +2-84-023-(1—1
A = (1-1 = 1,3238 cm?

" 100

Ap = 325139cm’ > A, = 1,3238¢cm’

Empty Cold & New Wind Compressive

NEEEE 1
Fro= win | orssr ot =

NEEEE 1
Fro= 120327 7|

2-9524 - (1-10 —0,22)
A =
100

18,6232 cm?




1
Ay =2-(6385-022) 10 o = 12,7258 cm?
Ay —2.5385-10 —— — 10,7703 cm?
3T AT 00 ' cm
Ay =6 —— — 0,36 cm?
4 100 ’
Ay =62 — — 0,36 cm?
43 100 ’
Ar = 18,6232 + 12,7258 + 10,7703 + 0,36 + 0,36 = |42 8393 cm?2
580022 +2-10-022 - (1 —1) ,
A, = 5 = 1.2915 cm?
Ar = 428393cm’ > A, = 1,2915¢m’
Field Test Corr Wind Compressive
(L2 .
o= min | oot =
o [L20327 .
fro = min | ons ot =
2.87,36 - (1-84 —0,28) )
A, = 5 = 14,1909 cm
Ay =2 (57,76 —0.28) -84 - = = 9,6563 cm?
Ay —2.4936 -84 —— — 8,2918 cm?
3T TSR 00 T ’ cm
Ay =374% — = 0,1397 cm?
100 ’
Ay =374%  — = 0,1397 cm?
100 ’
Ap = 14,1909 + 9,6563 + 8,2918 + 0,1397 + 0,1397 = |32 4183 cm?2
580-0,28 +2-84-028-(1—1
A, = ’ 4028 (1-1) = 1.6134 cm?
100
Ap =324183cm® > A, = 1,6134cm’
Field Test New Wind Compressive
o [120827 7 .
o= min | omeor ot =
L (12021 7 .
Fro = min | ons ot =
2.9524 - (110 — 0.27) 5
1 = 10 = 18,5326 cm
1 2
Ay =2:(6385-027) 10 o = 12,7163 cm
Ay —2.5385-10  —— — 10,7703 cm?
3T AT 00 ' cm
Ay =62 — 0,36 cm?
4 100 :
2 1 2
A3 =6" - — = 0,36 cm

100




Ap =18,5326 + 12,7163 + 10,7703 + 0,36 + 0,36 =

427392 cm?

A 580 - 0,27 +2-10-0.27 - (1 —1)
T 100

1,5672 cm?

Ap =42,7392cm? > A, = 1,5672cm?

External Pressure Hot & Corroded Wind Compressive

B 120327 1 _ .
fro= min | omeor ot =
o [120327 7 .
Fro= min | Tomeor ot =
4 _208736-(1-84-027) 142085 em?
e 100 B ’ em
1
Ay =2 (57,76 —027) -84 - - = 9,6579 cm?
Ay = 2493684 —— — 2
3 = B} 5 100 - 8,2918 cm
Ay =347 — = 0,1397 cm?
41 y 100 3 Cl
A =374%  — = 2
43 =3,T 100 0,1397 cm
Ap = 14,2085 +9,6579 +8,2918 +0,1397 +0,1397 = |32.4376 cm?2
580 0,27 +2-84-027 - (1—1) )
;= = 1.5549 cm#

100

Ap =324376cm? > A, = 1,5549¢m?

Operating Hot & Corroded Seismic Compressive

o m 120327 1 _ .
i M o037 | T
e 120327 1 _ .
2= M o037 | T
 2.8736-(1-84-026) 142244 o2
L= 100 - ectt cim
Ay =2 (57,76 —0.26) -84 - - = 9,6595 cm?
A; =2.4936 -84 LI 2
3 = B sy 100 = 8,2918 cm
A =374 = _ 0,1397 cm?
41 y 100 , C
A —374% = — 0,1397 cm?
43 =% 700 19900
Ap =14,2244 +9,6595 + 8,2918 + 0,1397 + 0,1397 = |32 455 cm?
580 0,26 +2-84-026 - (1 —1
A, = -1 = 1,5022 cm?

100

Ar = 32455cm? > A, = 15022¢m?

Operating Hot & New Seismic Compressive




1.203,27
f rl = 1N =

120327 °

1.203,27
fro = min [— 1] -

1.203,27 °
a 2-9524-(1-10-025) 18.565 om?
L= 100 - 00 CM
1 2
Ay =2 (6385 —0,25)-10 - o0~ 12,7197 cm
A3 =2-5385-10 LI 2
3 = : 00— 10,7703 cm
Ay =67 — = 0,36 cm?
4l 100 ’
A =62 = — 0,36 cm?
43 100 )
Ap = 18565 + 12,7197 + 10,7703 + 0,36 + 0,36 = 42.775 cm?
5800254210025 (1—1) B 14686 om?
r = 100 - —aRe ™
Ap =4275¢m? > A, = 1,4686cm>
Empty Cold & Corroded Seismic Compressive
120827 1 .
fro= min | oot =
C 120821 1 ]
Fro= min | opssr ot =
28736 (1-84-021) 14,3056 om?
L= 100 - OUD0 Cm
1
Ay =2 (57,76 —021) -84 - = = 9,6673 cm?
A3 =2-4936 -84 L 2
3 = 5 i 100 = 8,2918 cm
A =374 = — 0,1397 cm?
41 y 100 , cm
App—374%  — — 0,1397 cm?
3= 700 1397 cm
Ar = 14,3056 + 9,6673 + 8,2918 + 0,1397 +0,1397 = |32 544 cm2
580 -0,21 +2-84-021-(1—1
A, = 20— = 1.2327 cm?

" 100

Ap =32544cm?® > A, =1,2327cm’

Empty Cold & New Seismic Compressive

o riaospr 1 1
o= min | oot =

1120327 1
fro = min | ons o Y| =

s 2.9524-(1-10 —0.21)
1o 100

18,6493 cm?




1

Ay =2-(6385-021) 10 o = 12,7285 cm?
Ay — 2538510 — — 2
3 = X 0 10,7703 cm

Ay =6 = 0,36 cm?
41 100 =0 cm
Ags =6 —— — 0,36 cm?
43 100 =0 cm

Ap =18,6493 + 12,7285 + 10,7703 + 0,36 + 0,36 =

42 8682 cm?

~ 580-0.21+2-10-021-(1—1)
T 100

1,212 cm?

Ap =428682cm? > A, = 1212cm?

External Pressure Hot & Corroded Seismic Compressive

. [120821 1 ]
Fro= min | oissr ot =
B 120327 1 ]
Fro= min | onssr ot =
i 87,36 (1-84—026) 142944 om?
L= 100 - Ay
1
As =2-4936 -84 1 _ 2
3 = i) 5 100 - 8,2918 cm
A =374 = — 0,1397 cm?
41 s 100 , c
A —374% = — 0,1397 cm?
43 s 100 , c
Ar = 14,2244 +9,6595 + 8,2918 40,1397 +0,1397 = |32 455 cm?
580 -0,26 +2-84-0,26- (1 —1
A, = -y = 1,5022 cm?

! 100

Ap = 32455cm? > A, = 15022¢m?




Seismic Code
Building Code: User-defined

Base Shear Multiplier 0,0590
Portion at Top 0,0700
Vertical Accelerations Considered No
Hazardous, toxic, or explosive contents No

Vessel Characteristics
Height
Operating, Corroded

11,2992 ft (3,44 m)
22.355 Ib (10.140 kg)
17.830 Ib (8.088 kg)
22.355 Ib (10.140 kg)
of Vibration Calculation

0,019 sec (f = 52,2 Hz)
0,019 sec (f = 53,6 Hz)
0,019 sec (f = 52,3 Hz)

Weight Empty, Corroded

Vacuum, Corroded
Period
Operating, Corroded

Fundamental Period, T Empty, Corroded

Vacuum, Corroded

The fundamental period of vibration T (above) is calculated using the Rayleigh method of approximation

X (Wi-y?)

!

gZ(Wz 'yi)

Wwhere

Wi is the weight of the ith lumped mass, and
yiis its deflection when the system is treated as a cantilever beam.

Seismic Shear Reports:

Operating, Corroded

Empty, Corroded
Vacuum, Corroded

Base Shear Calculations

Seismic Shear Report: Operating, Corroded

Component Elevation of Bottom | Elastic Modulus E | Inertia | | Seismic Shear at | Bending Moment at
above Base (mm) (kglcm?) (m% Bottom (kgy) Bottom (kg¢-m)
Top Head 2.920 2.006.191,0 * 320,5 150
Shell V1 1.220 2.006.191,0 0,0459 532,6 1.446,2
Bottom Head (top) 1.070 2.006.191,0 * 551,3 1.527,6
Support Skirt 0 2.006.191,0 0,02383 599,2 2.127,6

*Moment of Inertia | varies over the length of the component

Seismic Shear Report: Empty, Corroded

Component Elevation of Bottom | Elastic Modulus E | Inertia | | Seismic Shear at | Bending Moment at
above Base (mm) (kg/cm?) (m% Bottom (kgg) Bottom (kg¢-m)
Top Head 2.920 2.063.397,1 * 288,2 134,8
Shell V1 1.220 2.063.397,1 0,0459 4422 1.352,9
Bottom Head (top) 1.070 2.063.397,1 * 449 1.419,8
Support Skirt 0 2.063.397,1 0,02383 478,1 1.893,3

*Moment of Inertia | varies over the length of the component




Seismic Shear Report: Vacuum, Corroded

Component Elevation of Bottom | Elastic Modulus E | Inertia | | Seismic Shear at | Bending Moment at
above Base (mm) (kglcm?) (m%) Bottom (kgy) Bottom (kg¢-m)
Top Head 2.920 2.061.255,7 * 320,5 150
Shell V1 1.220 2.061.255,7 0,0459 532,6 1.446,2
Bottom Head (top) 1.070 2.061.255,7 * 551,3 1.527,6
Support Skirt 0 2.006.191,0 0,02383 599,2 2.127,6
*Moment of Inertia | varies over the length of the component

Base Shear Calculations

Operating, Corroded

Empty, Corroded
Vacuum, Corroded

Base Shear Calculations: Operating, Corroded

V = Base Shear Multiplier - W = 0,0590 - 22.355,1406 = 1.318,95 1b(598,27 kg)

Base Shear Calculations: Empty, Corroded

V' = Base Shear Multiplier - W = 0,0590 - 17.830,4785 = 1.052,00 1b(477,18 kg)

Base Shear Calculations: Vacuum, Corroded

V' = Base Shear Multiplier - W = 0,0500 - 22.355,1406 = 1.318,95 Ib(598,27 kg)



Building Code: User Defined

Wind Code

Elevation of base above grade

0,98 ft (0,30 m)

Increase effective outer diameter by

1,51 ft (0,46 m)

Wind Force Coefficient, Cf

0,4700

Hazardous, toxic, or explosive contents

No

Vessel Characteristics

Height, h

11,2992 ft (3,4440 m)

Effective Width

Operating, Corroded

6,0675 ft (1,8494 m)

Empty, Corroded

6,0675 ft (1,8494 m)

Hydrotest, New, Field

5,9985 ft (1,8283 m)

Hydrotest, Corroded, Field

6,0675 ft (1,8494 m)

Fundamental Frequency, nq

Operating, Corroded

52,2177 Hz

Empty, Corroded

53,5642 Hz

Hydrotest, New, Field

49,5162 Hz

Hydrotest, Corroded, Field

49,7230 Hz

Damping coefficient, B

Operating, Corroded

0,0286

Empty, Corroded

0,0238

Hydrotest, New, Field

0,0288

Hydrotest, Corroded, Field

0,0288

Wind Deflection Reports:

Operating, Corroded

Empty, Corroded
Vacuum, Corroded

Hydrotest, New, field

Hydrotest, Corroded, field

Wind Pressure Table

Wind Deflection Report: Operating, Corroded

Elevation of . . Inerti Platform Total Wind Bending .
ST Bottom above Effective OD | Elastic Mod:llus nel ;a Wind Shear at| Shear at Moment at Deflection
e () (m) E (kg/cm?) 1(m* | Bottom (kg;) |Bottom (kgy) | Bottom (kg;-m) | 2t TOP (Mm)
Top Head 2.920 2,31 2.006.191,0 * 362,3 404,5 206 0,02
Shell V1 1.220 2,46 2.006.191,0 |0,04589 362,3 565,2 1.619,9 0,01
Bottom Head (top) 1.070 2,47 2.006.191,0 * 362,3 576,6 1.714,2 0
Support Skirt 0 2,33 2.006.191,0 0,02007 362,3 652,9 2.372 0

*Moment of Inertia | varies over the length of the component

Wind Deflection Report: Empty, Corroded

Elevation of . . Inerti Platform Total Wind Bending .
ST Bottom above Effective OD | Elastic Mod:llus ne ;a Wind Shear at| Shear at Moment at Deflection
Base (mm) (m) E (kglcm?) 1(m%) | Bottom (kg;) |Bottom (kg;) | Bottom (kg;-m) atTop (mm)
Top Head 2.920 2,31 2.063.397,1 * 362,3 404,5 206 0,02
Shell V1 1.220 2,46 2.063.397,1 0,04589 362,3 565,2 1.619,9 0,01
Bottom Head (top) 1.070 2,47 2.063.397,1 * 362,3 576,6 1.714,2 0
Support Skirt 0 2,33 2.063.397,1 0,02007 362,3 652,9 2.372 0

*Moment of Inertia | varies over the length of the component




Wind Deflection Report: Vacuum, Corroded

Elevation of . . Inertia Platform Total Wind Bending i
TR Bottom above Effective OD EIaIsEtlz I\;Iodzulus ; Wind Shear at| Shear at Moment at Dt;flectlon
Base (mm) (m) (kglem?) 1(m%) Bottom (kgs) | Bottom (kgg) | Bottom (kg¢-m) at Top (mm)
Top Head 2.920 2,31 2.061.255,7 * 362,3 404,5 206 0,02
Shell V1 1.220 2,46 2.061.255,7 |0,04589 362,3 565,2 1.619,9 0,01
Bottom Head (top) 1.070 2,47 2.061.255,7 * 362,3 576,6 1.714,2 0
Support Skirt 0 2,33 2.006.191,0 |0,02007 362,3 652,9 2.372 0

*Moment of Inertia | varies over the length of the component

Wind Deflection Report: Field Hydrotest, New

Elevation of ) ) Inertia Platform Total Wind Bending )
TR Bottom above Effective OD EIaIsEtlz I\;Iodzulus ; Wind Shear at| Shear at Moment at Dt;flectlon
Base (mm) (m) (kglem?) 1(m%) Bottom (kgs) | Bottom (kgg) | Bottom (kg¢-m) at Top (mm)
Top Head 2.920 2,31 2.072.676,5 * 90,6 101,1 53,3 0,01
Shell V1 1.220 2,46 2.072.676,5 0,0498 90,6 141,3 852,8 0,01
Bottom Head (top) 1.070 2,47 2.072.676,5 * 90,6 144,2 876,4 0
Support Skirt 0 2,33 2.072.676,5 |0,02383 90,6 163,2 1.040,8 0

*Moment of Inertia | varies over the length of the component

Wind Deflection Report: Field Hydrotest, Corroded

Elevation of . . Inertia Platform Total Wind Bending i
TR Bottom above Effective OD EIaIsEtlz I\;Iodzulus ; Wind Shear at| Shear at Moment at Dt;flectlon
Base (mm) (m) (kglem?) 1(m%) Bottom (kgs) | Bottom (kgg) | Bottom (kg¢-m) at Top (mm)
Top Head 2.920 2,31 2.072.676,5 * 90,6 101,1 53 0,01
Shell V1 1.220 2,46 2.072.676,5 |0,04589 90,6 141,3 849,7 0,01
Bottom Head (top) 1.070 2,47 2.072.676,5 * 90,6 144,2 873,3 0
Support Skirt 0 2,33 2.072.676,5 |0,02007 90,6 163,2 1.037,8 0

*Moment of Inertia | varies over the length of the component

Wind Pressure (WP) table

Wind Force Coefficient, Cf: 0,4700

Design Wind Pressures

To Height Z Wind Pressure Adjusted by Cf
(m) (bar) (bar)
2,00 0,0065 0,0030
5,00 0,0086 0,0040
Design Wind Force determined from: F = Pressure * Af , where Af is the projected area.




ASME Section VIl Division 1, 2021 Edition Metric

Inputs

Load Orientation Vertical Load
Elevation Above Datum 900 mm
Direction Angle 0,00 deg
Distance from Center of Vessel 0 mm
Magnitude of Force 250 kg

Loading Conditions
Present When Operating Yes
Included in Vessel Lift Weight Yes
Present When Vessel is Empty Yes
Present During Test Yes

DEMISTER



ASME Section VIl Division 1, 2021 Edition Metric

Inputs

Load Orientation Vertical Load
Elevation Above Datum 900 mm
Direction Angle 0,00 deg
Distance from Center of Vessel 0 mm
Magnitude of Force 274 kg

Loading Conditions
Present When Operating Yes
Included in Vessel Lift Weight Yes
Present When Vessel is Empty Yes
Present During Test Yes

EXTRA WEIGHT



EXTRA WEIGHT PARA LIFTING

ASME Section VIl Division 1, 2021 Edition Metric

Inputs
Load Orientation Vertical Load
Elevation Above Datum 900 mm
Direction Angle 0,00 deg
Distance from Center of Vessel 0 mm
Magnitude of Force 595 kg

Loading Conditions

Present When Operating No
Included in Vessel Lift Weight Yes
Present When Vessel is Empty No

Present During Test No




Extra weight para igualar pesos

ASME Section VIl Division 1, 2021 Edition Metric

Inputs

Load Orientation

Vertical Load

Elevation Above Datum

600 mm

Direction Angle

0,00 deg

Distance from Center of Vessel

0 mm

Magnitude of Force

52,3 kg

Loading Conditions

Present When Operating

Yes

Included in Vessel Lift Weight

Yes

Present When Vessel is Empty

Yes

Present During Test

Yes




Platform clips weight

ASME Section VIl Division 1, 2021 Edition Metric

Inputs

Load Orientation Vertical Load
Elevation Above Datum 900 mm
Direction Angle 0,00 deg
Distance from Center of Vessel 0 mm
Magnitude of Force 50 kg

Loading Conditions
Present When Operating Yes
Included in Vessel Lift Weight Yes
Present When Vessel is Empty Yes
Present During Test Yes




ASME Section VIl Division 1, 2021 Edition Metric

Inputs

Load Orientation Vertical Load
Elevation Above Datum 1.200 mm
Direction Angle 0,00 deg
Distance from Center of Vessel 0 mm
Magnitude of Force 53 kg

Loading Conditions
Present When Operating Yes
Included in Vessel Lift Weight Yes
Present When Vessel is Empty Yes
Present During Test Yes

Shell Insulation ring



ASME Section VIl Division 1, 2021 Edition Metric

Inputs

Load Orientation Vertical Load
Elevation Above Datum -600 mm
Direction Angle 0,00 deg
Distance from Center of Vessel 0 mm
Magnitude of Force 53 kg

Loading Conditions
Present When Operating Yes
Included in Vessel Lift Weight Yes
Present When Vessel is Empty Yes
Present During Test Yes

Skirt insulation ring



TRUNNION EXTRA WEIGHT

ASME Section VIl Division 1, 2021 Edition Metric

Inputs
Load Orientation Vertical Load
Elevation Above Datum 1.540 mm
Direction Angle 0,00 deg
Distance from Center of Vessel 0 mm
Magnitude of Force 38,1 kg

Loading Conditions

Present When Operating Yes
Included in Vessel Lift Weight Yes
Present When Vessel is Empty Yes

Present During Test Yes




ASME Section VIl Division 1, 2021 Edition Metric

Inputs

Load Orientation Vertical Load
Elevation Above Datum 1.800 mm
Direction Angle 0,00 deg
Distance from Center of Vessel 0 mm
Magnitude of Force 50 kg

Loading Conditions
Present When Operating Yes
Included in Vessel Lift Weight Yes
Present When Vessel is Empty Yes
Present During Test Yes

Tailing Lugs weight



Top head platform snow load

ASME Section VIl Division 1, 2021 Edition Metric

Inputs

Load Orientation Vertical Load
Elevation Above Datum 2.286 mm
Direction Angle 0,00 deg
Distance from Center of Vessel 0 mm
Magnitude of Force 1.274 kg

Loading Conditions
Present When Operating Yes
Included in Vessel Lift Weight No
Present When Vessel is Empty Yes

Present During Test No
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