Premier Boiler

Pressure Vessel Design Calculations

Item: C4011 Half Pipe Jacket
Drawing No.: 1-136-A
Alteration Code: NBIC Part 3 - 2023 Edition
Alteration Design Code: ASME Section VI, Div. 1 - 2023 Edition

Alteration Calculations Revision A
Scope Of Work
Re-rate Half Pipe Jacket to 90psi @ 335°F
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Deficiencies Summary
No deficiencies found.

Warnings Summary

Warnings for Half Pipe Jacket
Longitudinal seam is assumed to be made without filler metal. (warning)

Warnings for Vessel

Supports have not been added to this vessel; combined loads are not being considered. (warnim};])

Changes to steelmaking practices have increased the risk of brittle fracture at temperatures higher than the ASME impact test
exemption temperatures. It is highly recommended that the following supplemental requirements be applied for SA-105, SA-106 B, SA-
53 seamless, and SA-234: material composition should have a minimum Mn:C ratio of 5, and SA-105 flanges should require a grain size
of 7 or finer. (warning)

ASME B16.5 / B16.47 Flange Warnings Summary

Flange 1 Applicable Warnings{
Flange #3[1
Flange #4
Flange #1
Flange #2

-

I QEEY Y

Warning |
1 E?r 8Iass 1 NSO fllanges. ASME B16.5 para. 5.4.3 recommends gaskets to be in accordance with Nonmandatory Appendix B, Table
, Group No. . -
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Settings Summary

_ COMPRESS 2024 Build 8400

" ASME Section Vill Division 1, 2023 Edition

Units A u.S. Customafy )
Datum Line Location 0.00" from bottom seam
Vessel Design Mode Design Mode )
Minimum thickness 0.0625" per UG-16(b)
Design for cold shut down only No

Design for lethal service (full radiography required) No B

Design nozzles for Design P only
Corrosion weight loss 100% of theoretical loss
UG-23 Stress Increase 1.20

Skirt/legs stress increase 1.0

Minimum nozzle projection 0.25"

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 No

ASME B16.9 fittings are entered as minimum thickness No

Butt welds

Tapered per Figure UCS-66.3(a)

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

No

Hydro/Pneumatic Test

Shop Hydrotest Pressure

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

Test liquid specific gravity

1.00

Maximum stress during test 90% of yield
Required Marking - UG-116
Chamber bounded by F&D Head #1 and F&D Head #2
UG-116(e) Radiography None
UG-116(f) Postweld heat treatment None
Half Pipe Jacket
UG-116(e) Radiography RT1
UG-116(f) Postweld heat treatment None
Code Cases\Interpretations
Use Appendix 46 No
Use UG-44(b) Yes
Use Code Case 3035 No
Apply interpretation VIII-1-83-66 Yes
Apply interpretation VIII-1-86-175 Yes
Apply interpretation VIII-1-01-37 No
Apply interpretation VIII-1-01-150 Yes
Apply interpretation VIil-1-07-50 Yes
Apply interpretation VIlI-1-16-85 Yes
No UCS-66.1 MDMT reduction No
No UCS-68(c) MDMT reduction No
Disallow UG-20(f) exemptions No
UG-22 Loadings
UG-22(a) Internal or External Desigh Pressure Yes
UG-22(b) Weight of the vessel and normal contents under operating or test conditions No
UG-22(c) Superimposed static reactions from welght of attached equipment (external loads) |No
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UG-22(d)(2) Vessel supports such as lugs, rings, skirts, saddles and legs ! No
UG-22(f) Wind reactions No
UG-22(f) Seismic reactions No
UG-22(j) Test pressure and coincident static head acting during the test: No

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

5 License_lnformgtior]
mpany Name owry
License Commercial
License Key ID |33620

Support Expires |May 03, 2025
Account Number | 415386935659501
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Pressure Summary

Component Summary for Chamber bounded by F&D Head #1 and F&D Head #2

Pl T
MAWP | MAP [MDMT| MDMT [impact
tdentifier D:;g" PO | (ps) | (o | () | Exemption| Tested
F&D Head #2 33 | 335 | 86.11 [ 91.02 | 320 [ Noted | No
Stralaht Flange on F&D Head #2| 33 | 335 [199.69[213.67[ -320 | Note2 | No
Cylinder #1 33 | 335 |164.45[175.88| -320 | Noted [ No

Straight Flange on F&D Head #1| 33 335 |401.39]429.29| -320 Note § No
F&D Head #1 33 335 | 85.11 | 91.02 | -320 Note 4 No

Chamber Summary for Chamber bounded by F&D Head #1 and F&D Head #2

elgn D ) -20 °F

Rated MDMT -20 °F @ 85.11 psi

MAWP hot & corroded 86.11 psi @ 335 °F

MAP cold & new 91,02 psi @ 70 °F

(1) The ratéd MDMT Is limited to the design MDMT based on the setting In the Calculations tab of the Set Mode dialog.
(2) This pressure chamber Is not designed for external pressure.

Component Summary for Half Pipe Jacket

P T
Identifier D(apaglgn D?’a':)gn N;::NI)P I::;:I'; M(?:')‘T Exn:rgr;{o = I‘rl:s:e?
Head Zone 90 335 |401.82433.77| -320 Note 6 No
Head Zone Outlet Elbow 20 335 |199.75| 275 -565 N/A No
Head Zone Inlet Elbow 90 335 |199.76| 275 -55 N/A No
Shell Zone 1 90 335 |711.69|763.47| -320 Note 7 No
Shell Zone 1 Outlet Elbow| 90 335 |199.76| 275 -66 N/A No
Shell Zone 1 Inlet Elbow 90 335 |199.75] 2756 -66 N/A No

Chamber Summary for Half Pipe Jacket

Head Zone ] : Shell Zo
Design MDMT -20 °F -20 °F
Rated MDMT -20 °F -20 °F
MAWP hot & corroded 199.76 psi @ 335 °F 199.75 psi @ 335 °F
MAP cold & new 275 psl @ 70 °F 275 psi @ 70 °F
(1) These pressure chambers are not designed for external pressure.
(2) The rated MDMT s limited to the design MDMT based on the setting In the Calculations tab of the Set Mode dlalog.

Notes for MDMT Rating

Note # Exemption Detalls

1.} Straight Flange governs MDMT

. | Impact test exempt per UHA-51(g) (coincident ratio = 0,3397)
. | Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

. | Straight Flange governs MDMT

. | Impact test exempt per UHA-51(g) (coincident ratio = 0,1266)

2
3
4
5. | Impact test exempt per UHA-61(g) (coincident ratio = 0.1699)
6
U

. | Impact test exempt per UHA-51(g) (coincident ratio = 0,1171)
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Component

Thickness Summary

Component Data

Design t

Total Corrosion

Joint

Identifier Matetlei Dla(rlrri';ter L?T.S'h Norz:;m (In) (i) g | Lose

F&D Head #2 SA-240 304 400D | 6.923 | 0.1875* | 0.0729 0 0.85 | Internal
Straight Flange on F&D Head #2 SA-240 304 40 OD 1.5 0.25 0.0415 0 0.85 | Internal
Cylinder #1 SA-240 304 40 OD 52 0.25 0.0504 0 0.70 | Internal
Straight Flange on F&D Head #1 SA-240 304 40 OD 1.6 0.5 0.0416 0 0.85 | Internal
F&D Head #1 SA-240 304 400D | 6.923 | 0.1875* | 0.0729 0 0.85 | Internal
Head Zone SA-312 TP304 WId & smls pipe | 2.375 OD| 125 0.109 0.0072 0 N/A |Internal
Shell Zone 1 SA-312 TP304 WId & smis pipe | 2.376 OD| 126 0.109 0.0072 0 N/A {lInternal
*Head minimum thickness after forming

Definitions

olnl t Vssel wall nominal thckness
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 + welght + selsmic governs
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Bill of Materials

Heads

Item # Type Material Thk [In] Dia. [In] Wt. [Ib] (ea.) Qty
H1 F&D Head SA-240 304 0.1875 (min.) 40 OD 94.4 1
H2 F&D Head SA-240 304 0.18756 (min,) 40 OD 107.8

Item # Type Material Thk [in] Dia. [in] Length [In] Wt. [Ib] (ea.) Qty
S1 Cylinder SA-240 304 0.25 40 OD 52 470.8 1

Half Pipe Jacket

Itom # | " Material NPS Thk@n] | Dla.in] | Lengthfin] | We[b]
HPJ1 | Half Pipe SA-312 TP304 Wid & smls plpe (welded) NPS2Sch10S | 0.109 | 23750D 62.3 14
HPJ2 | Half Pipe SA-312 TP304 WId & smls pipe (welded) NPS2Sch10S | 0.109 | 2.3750D 62.9 141
Half pipe length is the total required pipe length.
ASME B16.9 Fittings }
Item # Type Mnterll Size [In] Qty
EB1 B16.9 Elbow Long Radius SA-234 WPB NPS 2 Sch 10 4

Itern #

Type

Flanges

Material

NPS

Dia. [in]

We. [1h] (ea.)

AF1

ASME B16.5 Slip On - Class 150

A182 F304

2 6x244 5

lem #

Description

Fasteners

Material

“Length [in]

FB1

5/8" coarse bolt

SA-193 B7 Bolt <=21/2

2.8

All listed flange bolts require associated nuts and washers in accordance with Division 1, UCS-11.
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Cylinder #1

“ ASME Section VIll Division 1, 2023 Edition

Component Cylinder
Material SA-240 304 (1I-D p. 92, In. 14)
I I I I el
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal : 33 335 -20
~ static Liquid £F '
Condition Ps (psi) Hg (in) SG
Test horizontal 1.43 39.5625

Dimensions

' Oute Diameter ; ' 40"
Length 52"
Nominal Thickness 0.25"
Corrosion Iner g
Outer 0"

Weight and Capacity

Welght (Ib) Capacity (US gal)|
New 470.79 275.85
Corroded 470.79 275.85

2k _ Radiography A
Longitudinal seam None UW-11(c) Type 1
Top Circumferential seam None UW-11(c) Type 1
Bottom Circumferential seam None UW-11(c) Type 1

'Results Summary 7 ]‘

Goemlng conltlon UG-16 '

Minimum thickness per UG-16 0.0625" + 0" = 0.0625"
Design thickness due to internal pressure () |0.0504"

Maximum allowable working pressure (MAWP) | 164.45 psi

Maximum allowable pressure (MAP) 175.88 psi
Rated MDMT -320 °F

- UhasiMatenal Teughness Kegiitoments

85.11 - 20 “
e 20,000-0.7 +04-8511 0.1213
.t E' 0121308
Stress ratio = e = 0250 0.3881

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F
Material is exempt from impact testing at the Design MDMT of -20°F.

Design thickness, (at 335 °F) Appendix 1-1

P'RO i = 38-%0 — "
=S Erod. P OO = rao om0 o0 o 20504

Maximum allowable working pressure, (at 335 °F) Appendix 1-1
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S

Bt P = 18,700 - 0.70 - 0.25

—0 =164.45 psi

" R, —040-t

—-P, =

20 — 040 - 0.25

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

S

‘E-t 20000070 -0.25

P=

R, —040-t  20-040-0.25 e

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

EFE'=(

50 ¢ R;) (50.0.25 ) ( 19.875)
—_— |l ]| =] [1-= = 0.6289 %
Ry ) ( R, 1987 o ’

(Dmax — Dimin) shallnotexceed 1% of D

ASME Section VIIl Division 1 UG-80(a) Out-of-Roundness

When the cross section passes through an opening or within 1 LD, of the opening,
(Dmax — Dmin) shallnotexceed 1% of D +2% of the inside diameter of the opening
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ASME Section Vill Division 1, 2023 Edition

F&D Head #1

Codltlon

Component F&D Head
Material SA-240 304 (II-D p. 92, In. 14)
Attached To Cylinder #1
impact INormaiizea| Firerain [ pwir | Maximizs MO
No No No 7 No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal : 33 335 -20

Static Liquid Head

Ps (psi) Hs (in) SG
Test horizontal 1.43 39.625 1
Dimensions i

uter Diameter 40"
Crown Radius L 40"

Knuckle Radius r 25"

Minimum Thickness - 0.1875"

Corrosion nnes 2
Outer 0"

Length Lg¢ 1.5"

Nominal Thickness tg¢ 0.5"

Weight and Capacity

|

tegory A joints

Weight (Ib)’ Capacity (US gal)’
New 107.8 29.83
Corroded 107.8 29.83

Radiography

Seamless No T

Head to shell seam

None UW-11(c) Type 1

!includes straight flange

Govelng codtlon !

: Resulis Summary

internal pressure

Minimum thickness per UG-16

0.0625" + 0" = 0.0625"

Design thickness due to internal pressure (t) |0.0729"

Maximum allowable working pressure (MAWP)|85.11 psi

Maximum allowable pressure (MAP) 91.02 psi
Straight Flange governs MDMT -320°F

Note: Endnote 88 used to determine allowable stress.
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1
40 2
Corroded M=i- [3+(—)"] 1.75

1
1 40\ 2
New M = = |:3+(-2—5') ] 1.75

Design thickness for internal pressure, (Corroded at 335 °F) Appendix 1-4(d)

P L, M 33+ 40.1875 - 1.75

t

Maximum allowable working pressure, (Corroded at 335 °F) Appendix 1-4(d)

2:8-BE-t 218,700 - 0.85 - 0.1875
= —-P, = -0 =85.11 psi
M L, —t (M —02) 1.75 - 40,1875 — 0,1875 - (175 — 0.2)
Maximum allowable pressure, (New at 70 °F) Appendix 1-4(d)
S.E. 220,000 - 0.85 - 0.18756
P e Ak P, 1000 - 0.85 —0 =91.02 psi

T M L,—t-(M—02) ' 175-40.1875 — 01875 (175 —02)

% Forming strain - UHA-44(a)(2)
(Tt Ry (75:05 276\ _
prp (B (1 20) - (B8 (120 _ssasr

___ASME Section VIl Division 1 UG-81(a) Out-of-Roundness :
Inside surface shall not deviate outside the shape by more than 1.25% of D

Inside surface shall not deviate inside the shape by more than 0.626% of D

_ Corrosion = +0 =00729"
7S BE+P-(M—02) OO = 0TI8700. 085 483 (175 — 02)
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ASME Section Vill Division 1, 2023 Edition

Straight Flange on F&D Head #1

Cmonent Cylinder
Material SA-240 304 (1I-D p. 92, In. 14)
e e I I
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 33 335 20
;  Static Liquid Head e
Condition Ps (psi) Hg (in) SG

Outer Diameter

Test horizontal 1.42 393125 1

40"

Length 1.5"
Nominal Thickness 0.5"
Corrosion oner 0
Outer 0"

Weight and Capacity

Longltudlnl seam

Weight (Ib) | capacity (US gal)|
New 26.99 7 - 7.76
Corroded 26.99 7.76

! _Radiography

Sealess o R

Top Circumferential seam

None UW-11(c) Type 1

Goernn nditio ik

Resulgs Sumrrr]arryi

UG-16

Minimum thickness per UG-16

0.0625" + 0" = 0.0625"

Design thickness due to internal pressure (t) ]0.0415"

Maximum allowable working pressure (MAWP) | 401.39 psi

Maximum allowable pressure (MAP) 429.29 psi
Rated MDMT -320 °F

UHA-51 Material Toughness Requirements

85.11 - 20 .
br = 20,000 - 0.85 + 0.4 - 85.11 0.0999
. teeB' 00999085
Stress ratio = t e = 0520 0.1699
Impact test exempt per UHA-51(g) (coincident ratio = 0.1699)
Rated MDMT = [-320°F

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

Design thickness, (at 335 °F) Appendix 1-1

PR,

42 +0 = 0.0415"

b= W + Corrosion =

18,700 - 0.85 4-0.40 - 33 -

Maximum allowable working pressure, (at 335 °F) Appendix 1-1
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po S Bt _p 18T00-085:05 o 404439 pi

" R, —040-% T T —040-05

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

S.E.t _ 2000008505

R, od0-t  0-0d0-05 ol

P=
% Forming strain - UHA-44(a)(2)
50 ¢ Ry 50 - 0.5 19.75
EFE=—) . (1-—) = sl 1= =
(%) (-%) = (57) (1-55) moames

ASME Section Vill Division 1 UG-80(a) Out-of-Roundness
(Dmax — Dmin) shallnot exceed 1% of D

‘When the cross section passes through an opening or within 1 LD, of the opening,

(Dmax — Dimin) shallnotexceed 1% of D +2% of the inside diameter of the opening
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ASME Section Vill Division 1, 2023 Edition

F&D Head #2

Oter Diameter

Component F&D Head
Material SA-240 304 (II-D p. 92, In. 14)
Attached To Cylinder #1
Impact Fine Grain Maximize MDMT/
Tested |Normalized | "pi2 e RWHT No MAWP
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 33 - 335 -20
Statig Liquid Head e -
Condition Ps (psi) Hs (in) SG
Test horizontal 1.43 39.625 1

Dimensions

40"

Crown Radius L 40"
Knuckle Radius r 25"
Minimum Thickness 0.1875"
Corrosion Inner o
Outer 0"
Length Lgg¢ 1.6"
Nominal Thickness tg¢ 0.25"

~_Weight and Capacity e .:
Weight (Ib)’ Capacity (US gal)’

' Cego A]oins T

New 94.39 30.03
Corroded 94.39 30.03

__Radiography

Seamless o T i

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

T includes straight flange

= ! = VResth‘s Summary
Governing condition

internal pressure

Minimum thickness per UG-16

0.0625" + 0" = 0.0625"

Design thickness due to internal pressure (t)

0.0729"

Maximum allowable working pressure (MAWP) [85.11 psi

Maximum allowable pressure (MAP) 91.02 psi
Straight Flange governs MDMT -320°F

Note: Endnote 88 used to determine allowable stress.
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1
Corroded | M = i [3+ (—4-0—)

i

0]

] 1.75
1 40

New M~Z-[3+<g) ] 1.75

Design thickness for internal pressure, (Corroded at 335 °F) Appendix 1-4(d)

t= el R + Corrosion = 240180 L0 +0 =0.0729"
2.5 E+P-(M—02) 218,700 - 0.85 + 33 - (L.75 — 0.2)

Maximum allowable working pressure, (Corroded at 335 °F) Appendix 1-4(d)

2.8 E-t 218,700 - 0.85 - 0.1875 ;
- -P, = —0 =85.11 psi
M L, -t (M —02) 1.75 - 40,1875 — 0,1875 - (1.75 — 0.2)
Maximum allowable pressure, (New at 70 °F) Appendix 1-4(d)
S E . 220,000 - 0.85 - 0.1875
P 2B -P, : —0 =91.02 psi

M L, —t (M -02) ~ 175 - 40.1875 — 0.1875 - (1.76 — 0.2)

% Forming strain - UHA-44(a)(2)
(Tt Ry\  (75:025 2625 \ _
prp= (Bt) . (1-2) - (BS8). (1-285) _paum

__ASME Section VIl Division 1 UG-81(a) Out-of-Roundness

Inside surface shall not deviate outside the shape by more than 1.25% of D

Inside surface shall not deviate inside the shape by more than 0.625% of D
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ASME Section Vill Division 1, 2023 Edition

Straight Flange on F&D Head #2

Condition i

‘Component Cylinder
Material SA-240 304 (II-D p. 92, In. 14)
Impact Fine Grain Maximize MDMT/
Tested | Normalized | "ppactice AL No MAWP
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 33 335 , 20

Static Liquid

Ps (psi) sln) v e

Test horizontal

143 | 305625 |

Dimensions

Outer Diameter 0"
Length 1.5"
Nominal Thickness 0.25"
Oll
Corrosion npes
Outer 0"

_ Weight and Capacity

Weight (Ib) Capacity (US gal)

ogtudlnal seam

New 13.58 7.96
Corroded 13.58 7.96

_Radiography :
Seamless No RT

Bottom Circumferential seam

None UW-11(c) Type 1

vernl condltio

Results Summary

UG-16

Minimum thickness per UG-16

0.0625" + 0" = 0.0625"

Design thickness due to internal

pressure (t) |0.0415"

Maximum allowable working pressure (MAWP) | 199.69 psi

Maximum allowable pressure (MAP) 213.57 psi
Ratect MDMT -320 °F

UH,A,'51 Mgterial ;r_oug{mesisi Requirements

85.11 - 20 .
br = 20,000 -0.85 +04-85.11 0.0909
.t E' 00999085
Stress ratio = T o ~ 0250 0.3397
Impact test exempt per UHA-51(g) (coincident ratio = 0.3397)
Rated MDMT = [-320°F
Material Is exempt from impact testing at the Design MDMT of -20°F.

Design thickness, (at 335 °F) Appendix 1-1

P-R,

S5 Bt p T

t

33.20 .
~ 18,700 - 0.85 +0.40 - 33 +0=00415

Maximum allowable working pressure, (at 335 °F) Appendix 1-1
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S

Bt p 18T00-085-035 49060 psi

T R,—040-t

20 — 040 0.25

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

"Bt _ 20000085025

P= g
% Formin
EFE = (

R,—-040-t  20-040.0.25

g strain - UHA-44(a)(2)

50 ¢ R; 50+0.25 19.875)

—_— ) (l—m—= )= ——][1=-—"——] =062
) ow) - e o mom

) ASME Section VIil Division 1 UG-80(a) Out-of-Rqudngss
(Dmax — Diin) shallnot exceed 1% of D

‘When the cross section passes through an opening or within 1 I.D. of the opening,

(Dmax — Dmin) shallnotexceed 1% of D +2% of the inside diameter of the opening
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Half Pipe Jacket

ASME Section VIl Division 1, 2023 Edition

Comone ' Half Pipe Jacket
Material SA-312 TP304 WId & smls pipe (II-D p. 92, In. 25) (welded)
e e e I e
- No No No No No -20
Design Data Head Zone Shell Zone 1
Internal Pressure (psi) 90 90
Internal Temperature (°F) 335 335

Test horizontal, P (psi)

Static Liquid Hea

1.04

59

Test horizontal, Hg (in)

28.9418

44,0785

Tst horizontal, SG

Dimension

1

1

Shell Zone 1 |

Pipe Head Zone
Pipe Description NPS 2 Sch 108 NPS 2 Sch 108
Inside diameter, new (in) 2,157 2,157
Pipe Nominal Thickness, t; (in) 0.109 0.109
Pipe Minimum Thickness (in) 0.0857 0.0926
Inner 0 0
Corrosion (in) Dot 5 5
Pitch (in) 4.75 4,75
Weld Fillet (in) 0.3125 0.1875
Location Head Zone Shell Zone 1
Angle (deg.) 0 0
Inlet Elev. (in) - 8.75
Dist. r (in) 5.25 -
Angle (deg.) 0 0
Outlet Elev. (in) - 1#QNB
Dist. r (in) 14.4351 -
Rotation Direction Standard Standard
2 1

Number of Ils

Weight (Ib)

New 14 14.1

Corroded 14 141
New (total) 28.2
Corroded (total) 28.2

e M S Radﬁiqgrraprhy
Inlet Circumferential seam

u UW-11 () ype 1

Full UW-11(a) Type 1|

Outlet Circumferential seam

Full UW-11(a) Type 1

Full UW-11(a) Type 1

__Results Summary

Head Zone | Shell Zone 1
Minimum thickness per UG-16 (in) 0.0625 + 0 = 0.0625|0.0625 + 0 = 0.0625
Design thickness due to internal pressure (t;p) (in) 0.0072 0.0072
Maximum allowable working pressure (MAWP) (psi) 401.82 711.59
Maximum working pressure (MAP) (psi) 433.77 763.47
Rated MDMT (°F) -320 -320
Required Fillet Weld (new) (in) 0.1557 0.1557
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: U,HA,'E’,{ Maﬁerial Tgpghnéss Reqpirgmenls A
Head Zone

199.75-1.0785

= 30000085 —06.199.75 G.0128

t,

. B 00128085
Stress ratio = e 0080 0.1266

Impact test exempt per UHA-51(g) (coincident ratio = 0.1266)
Rated MDMT = [-320°F
Material is exempt from impact testing at the Design MDMT of -20°F.

Shell Zone 1

199.75-1.0785

b= 30000085 —06.19075 0.0128

. t.E' 0.0128-0.85
Stress ratio = e 00020-0 0.1171

Impact test exempt per UHA-51(g) (coincident ratio = 0.1171)
Rated MDMT = |-320°F
Material Is exempt from impact testing at the Design MDMT of -20°F.

Minimum Thickness After Bending, Ty in

Bend Thinning Factor Fip = (1 + == ) (TEMA RCB 2.3.1)

C-R

Thom + Material Thinning

Min Thickness Ty, = T
tend

TEMA Thinning Constant C = 4

C = 4 for Carbon Steel, low alloy ferritic stainless, austinitic stainless.
C = 2 for duplex stainless, martensitic stainless, high nickel alloys

Head Zone
Outer diameter, d, = 2.375"
Bend Radius, R = 5.25"
2.375
Foong = (1+m5—) 1.1131
0.109-0.875 .
Minimum Thickness, Ty, = T 0.0857
Shell Zone 1
Outer diameter, dg = 2.375"
Bend Radius, R = 20"
2376
Fieng = (1 + m) 1.0297
. 0.109-0.875 "
Minimum Thickness, Ty, = YA 0.0926
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__ Minimum Required Thickness, T
_ P1 “r
T 085-5; —060- P,

T

+ Corrosion | (EE-2 (2))

~ Head Zone
Operating Hot & Corroded

T 90 - 1.0785
0.85 - 15,895 — 0.60 - 90
Shell Zone 1
Operating Hot & Corroded

B 90 - 1.0785
"~ 0.85 15,805 — 0,60 - 90

+0= |0.0072"

T

+0= [0.0072"

: Alrloyvable Stress, F
P.D

§' = max [0, * (%) (%)]

F = min [(150 S — §),1.50 - §)

(EE-2)

Longitudinal stress for formed head based on Division 2, paragraph 4.3.6.3, or 4.3.7.2,

Longitudinal loading, W, M, are not considered for the MAP condition.

Head Zone
Operating Hot & Corroded
33.80
I = 0,—] =
S max [ T 01870 ] 3,520 psi
F = min [(1.50 - 18,700 — 3,520),1.50 - 18,700] = 24,530 psi
Cold & New (MAP)
3380
U p— =
S = max [O, TG ] 3,520 psi
F = min [(1.50 - 20,000 — 3,520),1.50 - 20,000] = 26,480 psi
Shell Zone 1
Operating Hot & Corroded
33395
S’ e~ 0 — -
max [ i ] 1,304 psi
F = min [(1.50 - 18,700 — 1,304),1.60 - 18,700] = 26,747 psi
| Cold & New (MAP)
33395
8 = O] =
max [ 105 } 1,304 psi
F = min [(1.50 - 20,000 — 1,304),1.50 - 20,000] = 28,697 psi
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Division 2 4.11.6.4 Rating Factor, K,

K,=0,+Cy D" 4+C3.D +Cy- D" 4 C; . D* +Cy - D** +C; - D* +Cy - D** 4Oy - D* +Cyo- D | (4.11.5)
Head Zone
Opéi'atlng Hot & Corroded
Vessel Inner Diameier. D= ' 39.625"
Vessel Shell Thickness, t = 0.1875"
K, = — 3.667451E+01 + 1.230699E+01 - 39.625 *°° -+ 3.570168E+00 - 39.625 +
—7.951658E-01 - 39.625 1'% 4 5,879104E-02 - 30.625 ? + — 1.536540E-03 - 39.625 *:° 4 81.0487
0.000000E+00 - 39.625 * -+ 0.000000E-+00 - 39.625 3-2° 4 0.000000E-+00 - 39.625 4 +
0.000000E+00 - 39.625 *° =
Cold & New (MAP)
Vessel Inner Diameter, D = 39.625"
Vessel Shell Thickness, t = 0.1875"
K, = — 3.667451E+01 + 1.230699E+-01 - 30.625 5 + 3.570168E+00 - 39.625 +
—7.951658E-01 - 39.625 150 + 5.879104E-02 - 39.625 * + — 1.536540E-03 - 39.625 *:° 4 510467
0.000000E+00 - 39.625 * -+ 0.000000E+00 - 39.625 >-°° 4 0.000000E+-00 - 39.625 * +
0.000000E+00 - 39.625 *-50 =
] Shell Zone 1
Operating Hot & Corroded
Vessel Inner Diameter, D = ' 39.5"
Vessel Shell Thickness, t = 0.25"
K, = —1.887404E+04 + 1.786052E+04 - 39.5 “®° + — 7.284642E+03 - 39.5 +
1.672376E+03 - 39.5 %" + — 2.364893E+02 - 39.5 > + 2.110174E+01 - 39.56 %50 4 p—
~1,160889E+00 - 395 * + 3.602271E-02 - 395 *%° 4 — 4.830325E-04 - 395 +
0.000000E+00 - 39.5 *%° =
Cold & New (MAP)
Vessel Inner Diameter, D = 39.5"
Vessel Shell Thickness, t = 0.25"
K, = — 1.887404E+04 + 1.786952E+04 - 39.5 ©%° + — 7.284642E+03 - 39.5 +
1.672376E+-03 - 39,5 150 4 — 2.364893E+02 - 30.5 2 + 2.110174E+01 - 3950 + e
—1,160889E+00 - 39.5 * + 3.602271E-02 - 39.5 **° 4 — 4,830325E-04 - 39.5* +
0.000000E+00 - 39.5 50 =
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Maximum Permissible Pressure

F
P = T P, (EE-2 (1))
S-085-¢t
Pire - K
dr R+060-% 8 (UG 27(0)(1))
P max = min (P’,Pgp)
Head Zone
Operating Hot & Corroded (MAWP)
P 50, . 401.82 psi
61.0467
Py = 16,895 - 0.85 - 0.0857 = [1,024.56 psi
1.078540.60 - 0.0857
MAWP = 401.82 psi
Cold & New (MAP)
P = 26,480 433.77 psi
61.0467
e = 17,000 - 0.85 - 0.0857 - 1,095.79 psi
1.0785+-0.60 - 0.0857
MAP = 433.77 psi
Shell Zone 1
Operating Hot & Corroded (MAWP)
, 26,747 .
=— 711.59
37.5868 pe)
15,895 + 0.85 « 0.0926
Pion = ) —0 = ] .
dre = orss1060. 0006 0 |10349psi
MAWP = 711.59 psi
Cold & New (MAP)
J 763.47 psi
37.5868
17,000 - 0.85 - 0.0926
Py = — = ,180.2 psi
4re = 1,0785-+0.60 - 0.0926 L
MAP = 763.47 psi
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" EE2 Winimum Recuired Filt Wold

Head Zone ell e 1

Weld Fillet Size (fa) = 0,3125" 0.1875"
Jacket Thickness () = e -4 -1

=0.109 =0.109

K - 0.25—
Shell Thickness (ts) = 01875-0 §

=0.1875 =0.25
Minimum Throat Thickness =
min(t, ts) = 0.109 0.109
Fillet Weld Throat Thickness = 0.70 - 0.3126 —0]0.70 - 0.1875 — 0
070 fa—C = =0.2188 =0.1312
Fillet Weld Throat Thickness Acceptable OK - OK
Required Fillet Leg = 0.109+0 0.109+0
Min Throat + C - 0.70 0.70

0.70 = 0.1557" = 0.1557"

Groove weld requirements shall be in accordance with paragraph EE-2.

% Forming strain - UHA44(a)(2)|
100 -7
R
Head Zone

1001187 | 22610%
I =755 -

Shell Zone 1

100 - 1.1876 5.9375%
i

Ef =
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ASME Section VIl Division 1, 2023 Edition

Shell Zone 1 Inlet Elbow

Component ASME B16.9 Elbow
Type Long Radius 90-deg
Material SA-234 WPB (lI-D p. 16, In. 18)
Pipe NPS and Schedule NPS 2 Sch 10
Attached To Half Pipe Jacket
impact | Normaiizea | FineSrain | pwyyr |Meximize WO
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 90 335 -20
Static Liquid Head
Condition Ps (psi) Hs (in) SG
Test horizontal 0.11 3 1

Dimensions

Outer Diameter 2.375"

Nominal Thickness 0.109"

Minimum Thickness’ 0.0954"
Center-to-End, A 3"
Corrosion InneF v
Outer 0"

Weight and Capacity ] 7 7 |
Weight (Ib) Capacity (US gal)

Longltdinal seam

New 1.03 0.07
Corroded 1.03 0.07

Radiography : w
Seamless No RT

Left Circumferential seam

Full UW-11(a) Type 1

! minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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_ ASME B16.5-2020 Flange

NPS 2 Class 150 SO A182 F304

eto

Bolt Material SA-193 B7 Bolt <= 2 1/2 (lI-D p. 418, In. 32)
Blind included No

Rated MDMT -55°F

Liquid static head 0 psi

MAWRP rating 199.75 psi @ 335°F

MAP rating 275 psi @ 70°F

Hydrotest rating 425 psi @ 70°F

External fillet weld leg (UW-21)

0.1526" (0.1526" min)

Internal fillet weld leg (UW-21)

0.109" (0.109" min)

X = min [L4 - ,,g0] = [14 - 0.109,0.81] =

Uw-21 Flrangie Welds

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

Impact Tested No

0.1526"

0
[0109025+B_7—]

Flangerated MDMT per UHA-51(d)1)(a) =-320°F
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

O 0 \
External Leg i = Xujn + 57 =0.1526 + oo = 0.1526
G
Internal Leg ., = min |£,,0.26” -+ W] = 0.109"

3 Resul%s Summary
Governing condition UG-16

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

Design thickness due to internal pressure (t) |0.0063"

Maximum allowable working pressure (MAWP) | 1.418.99 psi

Maximum allowable pressure (MAP) 1.418.99 psi
Ratecd MDMT -1565 °F

_ UCS-66 Material Toughness Requirements

199.75:1,1875
t, = — : "
"7 17,100 - 1404 - 199.75 e

t,-E' 001381
St tio = = = 0.1448
ress ratio G o 0060 4

Stress ratio < 0.35, MDMT per UCS-66(b)(3) = -165°F

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

Design thickness, (at 335 °F) Appendix 1-1

O i + Corrosion = A -L1SA
T 8.E+040.P ~ 17,100 - 1.00 4 0.40 - 90

Maximum allowable working pressure, (at 335 °F) Appendix 1-1

S-E-t 17,100 - 1.00 - (0.109 - 0.875)

P = —-P =
R, —040 ¢ 7 1.1875—040 - (0.109 - 0.875)

+0 = 0.0063"

-0=1.418.99 psi
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Maximum allowable pressure, (at 70 °F) Appendix 1-1

§.E-t 17,100 100 (0109 -0875)
R, —040.t  11875—0.40 - (0.109 - 0.875)

P= =1.418.99 psi
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ASME Section Vil Division 1, 2023 Edition

Shell Zone 1 Outlet Elbow

Component ASME B16.9 Elbow
Type Long Radius 90-deg
Material SA-234 WPB (lI-D p. 16, In. 18)
Pipe NPS and Schedule NPS 2 Sch 10
Attached To Half Pipe Jacket
meact | Normaized | FineSrain | pwnr |Maxinias HoMTI
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 90 335 -20
Static Liquid Head
Condition Ps (psi) Hs (in) SG
Test horizontal 0.11 3 1

Dimensions

~ Outer Diameter 2375"
Nominal Thickness 0.109"
Minimum Thickness' 0.0954"
Center-to-End, A 3"
Corrosion inner LA
Outer 0"

Weight and Capacity

Longltudinl seam

Weight (Ib) "~ [capacity (US gal)|
New 1.03 0.07
Corroded 1.03 0.07

Radiography )
Seamless No RT

Left Circumferential seam

Full UW-11(a) Type 1

" minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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~ ASME B16.5-2020 Flange

Description NPS 2 Class 150 SO A182 F304

Bolt Material SA-193 B7 Bolt <=2 1/2 (lI-D p. 418, In. 32)
Blind included No

Rated MDMT -55°F

Liquid static head 0 psi

MAWP rating 199.75 psl @ 335°F

MAP rating 275 psi @ 70°F

Hydrotest rating 425 psi @ 70°F

External fillet weld leg (UW-21)

0.15626" (0.1526" min)

Internal fillet weld leg (UW-21)

0.109" (0.109" min)

0.7

Flange rated MDMT per UHA-51(d)(1)(a) = -320°F
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

PWHT performed No

Produced to Fine Grain Practice and No

Supplied in Heat Treated Condition

Impact Tested No

X = min [14 - ,,90] = 14 -0.109,0.31] = 0.1526"
c, 0 "

External Leg 0 = Xmin + -0—7- =0.1526 + 'ﬁ' = 0.1526

. G ; 0
Internal Leg 5, = min (¢,,0.25” +0—7— = min |0.109,0.25 + —| = 10.109"

Governing condition UG-16

Minimum thickness per UG-16

0.0625" + 0" = 0,0625"

Design thickness due to internal pressure (t) |0.0063"

Maximum allowable working pressure (MAWP)|1.418.99 psi

Maximum allowable pressure (MAP) 1,418.99 psi
Rated MDMT -155 °F

UCS-66 Material Toughness Requirements

199.75-1,1875

=
" 17,100 - 14 0.4 -199.75

= 0.0138"

t, E' 001381

= = 1448
th —¢C 0.0954—0 0,134

Stress ratio =

Stress ratio < 0.35, MDMT per UCS-66(b)(3) = -155°F

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

Design thickness, (at 335 °F) Appendix 1-1

PR, 90 11875
TS5 E+040-P

t 17.100 - 100 + 040 - 90

Maximum allowable working pressure, (at 335 °F) Appendix 1-1

S-E-t 17,100 - 1.00 - (0.109 - 0.875)

P= -P, =
R, —040 -t 1.1875—0.40 - (0.109 - 0.875)

+ Corrosion = +0 = 0.0063"

—0=1418.99 psi
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Maximum allowable pressure, (at 70 °F) Appendix 1-1

p_ S Bt 17,100 - 1.00 - (0.109 - 0.875)

= = =1.418.99 psi
R, —040-1 1,1875—0.40 - (0.109 - 0.875) ’ o
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ASME Section VIll Division 1, 2023 Edition

Head Zone Inlet Elbow

Component ASME B16.9 Elbow
Type Long Radius 90-deg
Material SA-234 WPB (II-D p. 16, In. 18)
Pipe NPS and Schedule NPS 2 Sch 10
Attached To Half Pipe Jacket
ity | normatees | FRSE [ e [P
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 90 335 -20
Condition Pg (psi) Hs (in) SG
Test horizontal 0.38 10.4411 1

Dimensions

‘Outer Diameter  2.375"

Nominal Thickness 0.109"

Minimum Thickness’ 0.0954"
Center-to-End, A 3"
Corrosion inner s
Outer 0"

Weight and Capacity

Longludlnal seam

Weight (Ib) " [Capacity (US gal) |
New 1.03 0.07
Corroded 1.03 0.07

Radiography :
Seamless No RT

Left Circumferential seam

Full UW-11(a) Type 1

1

minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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ASME B16.5-2020 Flange

NPS 2 Class 150 SO A182 F304

esrlptlon i

Bolt Material SA-193 B7 Bolt <= 2 1/2 (lI-D p. 418, In. 32)
Blind included No

Rated MDMT -55°F

Liquid static head 0 psi

MAWP rating 199.75 psl @ 335°F

MAP rating 275 psi @ 70°F

Hydrotest rating 425 psi @ 70°F

External fillet weld leg (UW-21)

0.1526" (0.1526" min)

Internal fillet weld leg (UW-21)

0.109" (0.109" min)

e = : i 7 U;VVV;217FIang¢ Welds
Xnin = min [14 - #,,90] = (1.4 - 0.109,0.31] =

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

Impact Tested No

0.1526"

0.7

Flange rated MDMT per UHA-51(d)(1)(a) = -320°F
Bolts rated MDMT per Fig UCS-66 note (c) = -565°F

Co 0 1"
External Leg i, = Xmin +-67 =0.1526 + e 0.1526
; ., Ci \ 0 .
Internal Leg ,,, = min |¢,,0.25 -+—a—7— = min [0.109,0.25 + —| = ]0.109"

; Reéults Summary :
Governing condition UG-16

Minimum thickness per UG-16 0.0625" + 0" = 0,0625"

Design thickness due to internal pressure (t) |0.0063"

Maximum allowable working pressure (MAWP) | 1.418.99 psi

Maximum allowable pressure (MAP) 1,418.99 psi
Rated MDMT -165 °F

ucs-66 Material Toughness Requirements

199.75-1,1875

T 17100 140419975 0.0138

t

t, B 001381

tn—c  00954—0 0448

Stress ratio =

Stress ratio < 0.35, MDMT per UCS-66(b)(3) = -155°F

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

Design thickness, (at 335 °F) Appendix 1-1

PR, 90 - 1.1875

=S E+o40.P 17100 - 100 + 040 - 90

Maximum allowable working pressure, (at 335 °F) Appendix 1-1

S-E-t _ 17,100 - 1.00 - (0.109 - 0.875)

P = — E—3
R, —040-¢ ' 1.1875--0.40 - (0.109 - 0.875)

+ Corrosion = +0 = 0.0063"

—0=1.418.99 psi
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Maximum allowable pressure, (at 70 °F) Appendix 1-1

S E-t 17,100 - 1.00 - (0.109 - 0.875)
R, —040-¢t ~ 1.1875—0.40 - (0.109 - 0.875)

P = =1.418.99 psi
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ASME Section VIll Division 1, 2023 Edition

Head Zone Outlet Elbow

ASME B16.9 Elbow

Component
Type Long Radius 90-deg
Material SA-234 WPB (lI-D p. 16, In. 18)
Pipe NPS and Schedule NPS 2 Sch 10
Attached To Half Pipe Jacket
et [ Wormaiasa [ FineGrain [y [Meximtzs WOMT!
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 90 335 -20
: Static Liquid Head }
Condition Pg (psi) Hs (in) SG .
Test horizontal 0.04 1.224 1

Dimensions

" Outer Diameter 2.375"

Nominal Thickness 0.109"

Minimum Thickness’ 0.0954"
Center-to-End, A 3"
Corrosion inney 2
Outer 0"

Weight and Capacity , ] w2y
Weight (Ib) Capacity (US gal)

Longitudinal seam

New 1.03 0.07
Corroded 1.03 0.07

_Radiography &

Seamless o RT

Left Circumferential seam

Full UW-11(a) Type 1

! minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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~ ASME B16.5:2020 Flange

Descripon NPS 2 Class 150 SO F304
Bolt Material SA-193 B7 Bolt <= 2 1/2 (lI-D p. 418, In. 32)
Blind included : No
Rated MDMT -55°F
Liquid static head 0 psi
MAWP rating 199.75 psi @ 335°F
MAP rating 275 psi @ 70°F
Hydrotest rating 425 psi @ 70°F
External fillet weld leg (UW-21) 0.1526" (0.1526" min)
Internal fillet weld leg (UW-21) 0.109" (0.109" min)
PWHT performed 7 No
Produced to Fine Grain Practice and No
Supplied In Heat Treated Condition
Impact Tested 7 No

: : UW-21 Flangg Welds
Xnin = min [14 - 4,,g0) = [14 - 0.109,0.31] = 0.1526"
External Leg i = Xmin + & =0.1526 + e 0.1526"

0.7 0.7

Internal Leg ,,;,, = min [t",0.25” -+ OE’;'-] = min [0.109,0.25-+— %] = 10.109"

Flange rated MDMT per UHA-51(d)(1)(a) = -320°F
Bolts rated MDMT per Fig UCS-66 note (c) = -65°F

__Results Summary :
Governing condition UG-16
Minimum thickness per UG-16 0.0625" + 0" = 0.0625"
Design thickness due to internal pressure (t) |0.0063"
Maximum allowable working pressure (MAWP)|1.418.99 psi

Maximum allowable pressure (MAP) 1.418.99 psi
Rated MDMT -1565 °F

~__ucs-66 Material Toughness Requirements

199.75-1,1875

"= 7100 1404-19075 0.0138

t. B 001381
th—c  0.0954—0

Stress ratio < 0.35, MDMT per UCS-66(b)(3) = -1565°F
Material is exempt from impact testing at the Design MDMT of -20°F.

0.1448

Stress ratio =

Design thickness, (at 335 °F) Appendix 1-1

PR, + Corrosion = - 3150 +0 = 0.0063"

b= STEroa. P 17,100 - 100 + 040 - 90

Maximum allowable working pressure, (at 335 °F) Appendix 1-1

S.E-t 17,100 - 1.00 - (0.109 - 0.875)

P = — =
R, —040 -t 7 1.1875-0.40 - (0.109 - 0.875)

—0=1.418.99 psi
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Maximum allowable pressure, (at 70 °F) Appendix 1-1

p_ _SE:t 17,100 - 1.00 - (0.109 - 0.875)

= = = 1,418.99 psi
R, —040-t 1.1875—-0.40 - (0.109 - 0.875) p
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