Premier Boiler

Pressure Vessel Design Calculations

Item: C6100-1 Half Pipe Jacket
Drawing No.: 1-146-A
Alteration Code: NBIC Part 3 - 2023 Edition
Alteration Design Code: ASME Section VIII, 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. (warnin%)

Changes to steelmaking practices have increased the risk of brittle fracture at temperatures higher than the ASME impact test
exemption temperatures. It s highly recommended that the following supplemental requirements be applied for SA-105, SA-106 B, SA-
63 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 | Applicable Warnings !
Flange #3[1 7
Flange #4 |1
Flange #1 {1
Flange #2 |1

Warning
1 E?r 8Iass 1 ,\?0 f'langes, ASME B16.5 para. 5.4.3 recommends gaskets to be in accordance with Nonmandatory Appendix B, Table
_|B1, Group No. . )
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Settings Summary

COMPRESS 2024 Build 8400

ASME Section VIIl Division 1, 2023 Edition

Units ) U.S. Customary

Datum Line Location 0.00" from bottom seam
Vessel Design Mode Design Mode

Minimum thickness 0.0625" per U3-16(b)
Design for cold shut down only No

Design for lethal service (full radiography required) No )
User has limited MAWP to 90 psi

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 minirnum 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

Flydro/Pneumatic Test

Shop Hydrotest Pressure

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

Test liquid specific gravity

1.00

Maximum stress during tesit 90% of yield
Recjuired 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
Corcle Casesl\Interpretations
Use Appendix 46 No B
Use UG-44(b) Yes
Use Code Case 3035 No
Apply interpretation VIll-1-83-66 Yes
Apply interpretation VIII-1-88-175 Yes
Apply interpretation VIlI-1-01-37 No
Apply interpretation VIII-1-01-150 Yes
Apply interpretation VIII-1-07-50 Yes
Apply interpretation VIII-1-18-85 Yes
No UCS-66.1 MDMT reduction No
No UCS-68(c) MDMT reduction No
Disallow UG-20(f) exemptions No
UG-22 Loadings
UG-22(a) Internal or External Design Pressure Yes
UG-22(b) Weight of the vessel and normal contents under operating or test conditions No
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UG-22(c) Superimposed static reactions from weight of attached equipment (external loads) |No
UG-22(d)(2) Vessel supports such as lugs, rings, skirts, saddles and legs No
UG-22(f) Wind reactions No
UG-22(f) Seismic reactions No
UG-22(j) Test pressure and coincident static head acting during the test: No

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

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

e LEICO0Ra lnisrmation
Company Name |J Lowry

License Commercial

License Key ID |33620

Support Expires |May 03, 2025

Account Number | 415386935659501
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Component Summary for Chamber bounded by F&D Head #1 and F&D Head #2 |

Pressure Summary

P | f
Identifier D(epsslgn D?;:)gn N:s‘.N])P x:; M(E,’FN)‘T Exn::rt.:-on I;.:::;‘:;
F&D Head #2 16 335 |20.73 |28.63| -320 Note 1 No
Straight Flange on F&D Head #2 ] 15 335 |69.84 [74.69| -320 Note 2 No
Cylinder #1 15 335 |86.35]92.35| -320 Note 3 No
Straight Flange on F&D Head #1| 16 335 |69.84 |74.69| -320 Note 2 No
F&D Head #1 15 335 |20.73 |28,63| -320 Note 4 No

Design MDMT

Rated MDMT

-20 °F @ 20.73 ps|

MAWP hot & corroded

20,73 psi @ 335 °F

MAP cold & new

28.53 psi @ 70 °F

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

Component Summary for Half Pipe Jacket

P T
Identifier D(e;‘lgl;;n D:f’:;;n M(:!:I)P :J:,I:; M(?’I:V)IT Exr:r:':t.ll-on l_rn;:a;:;
Head Zone 90 335 280.34 | 303.37 | -320 Note 5 No
Head Zone Outlet Elbow 90 335 199.76 275 -65 N/A No
Head Zone Inlet Elbow 90 3356 199.75 275 -66 N/A No
Shell Zone 1 90 335 |1,123.48(1,201.58| -320 Note 6 No
Shell Zone 1 Outlet Elbow| 90 336 | 199.76 275 -55 N/A No
Shell Zone 1 Inlet Elbow 90 335 | 199.75 275 -65 N/A No

Chamber Summary for Half Pipe Jacket

Shell Zone 1

Head Zone
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 psi @ 70 °F 275 psi@ 70 °F

(1) These pressure chambers are not designed for external pressure.

(2) The rated MDMT Is limited to the design MDMT based on the setting In the Calculations tab of the Set Mode dialog.

Note # Exemption

Detalls

-

.| Straight Flange governs MDMT

. | Impact test exempt per UHA-51(g) (coincident ratio = 0.2362)

. | Impact test exempt per UHA-51(g) (coincident ratio = 0.18)

.| Straight Flange governs MDMT

. | Impact test exempt per UHA-61(g) (coincident ratio = 0,1266)

ololdxlwlN

. | Impact test exempt per UHA-51(g) (coincident ratio = 0.1149)
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Component

Component Data

Thickness Summary

Nominal t | Design t

Total Corrosion

Joint

1dentlfier Matetls) Dh('l‘:‘;m Le(?:)'h (in) (in) (in) g i[isbesd
F&D Head #2 SA-240 304 1140D |20.2528| 0.1875* | 0.146 0 0.85 [ Internal
Straight Flange on F&D Head #2 SA-240 304 140D | 15 | 025 | 0.0538 0 0.85 | Internal
Cylinder #1 SA-240 304 140D | 87 | 0.375 | 0.0663 0 0.70 | Internal
Straight Flange on F&D Head #1 SA-240 304 11400 | 16 | o025 | 0.0538 0 0.85 | Internal
F&D Head #1 SA-240 304 1140D [20.2528] 0.1875* | 0.146 0 0.85 | Internal
Head Zone SA-312 TP304 WId & smls pipe |2.375 0D | 1,861 | 0.109 | 0.0072 0 N/A [Internal
Shell Zone 1 SA-312 TP304 WId & smls pipe |2.375 OD| 3,939 | 0.109 | 0.0072 0 N/A |Internal

*Head minimum thickness after forming

Definitions

omnal t Vssel wall nominal thlcknes
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
Selsmic | Combined longitudinal stress of pressure + weight + seismic governs
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Material

Bill of Materials

7 Dla. [I]

Thk [In] Wi, [Ib] (ea.) Qty
H1 F&D Head SA-240 304 0.1875 (min.) 114 OD 699.3 2
Item # Type Materlal Thk [in] Dla. [In] Length [in] W, [Ib] (ea)) Qty
S1 Cylinder SA-240 304 0,375 114 OD 87 3,377.3 1
Item # Type Material NPS Thk [in] Dia. [in] Length [in] Wt. [Ib]
HPJ1 Haif Pipe SA-312 TP304 WId & smls pipe (welded) NPS 2 Sch 108 0.109 2.375 OD 925.6 208.3
HPJ2 Half Pipe SA-312 TP304 WId & smls plpe (welded) NPS 2 Sch 108 0.109 2,375 0D 1,969.6 443.2

Half pipe length Is the total required pipe length.

Item #

Type

ASME B16.9 Fittings

Materlal

Size [in]

ng

EB1

B16.9 Elbow Long Radlus

SA-234 WPB

NPS 2 8ch 10

Flanges
Item # Type Materlal NPS Dia, [In] Wi, [Ib] (ea.) Qty
AF1 ASME B16.5 Slip On - Class 150 A182 F304 2 6 x 2.44 5 4
Item # Description Material Length [in]
FB1 6/&" coarse bolt SA-193 B7 Bolt <= 2 1/2 2.8 16

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

7141



Cylinder #1

~ ASME Section VIl Division 1, 2023 Edition

omponent Cylinder
Material SA-240 304 (II-D p. 92, In. 14)
T e I I
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 15 335 -20
PR e T e e e
Condition Ps (psi) Hs (in) SG
Test horizontal 4.09 113.4375 1

Dimensions

Outer Dlamter ] o 14"
Length 87"
Nominal Thickness 0.375"
Corrosion mnner 0
Outer 0"

Weight and Capacity : . |
Weight (lb) Capacity (LIS gal)

New 3,377.32 3,793.79
Corroded 3,377.32 3,793.79

= ____ Radiography 7
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

e T Results Summary = ]
Governing condition j : Internal pressure
Minimum thickness per UG-16 0.0625" + 0" = 0.0625"
Design thickness due to internal pressure (t) |0.0653"

Maximum allowable working pressure (MAWP) | 86.35 psi

Maximum allowable pressure (MAP) 92.35 psi
Rated MDMT -320 °F

o DHA-oTMAtONBLToNg NS SE RGNS MOnt St & o

_ 20.73 - 57
"~ 20,000 - 0.7 + 04 - 20.73

t = 0.0844"

t, E* 0.0844.0.8
0 = = = . 8
Stress ratio - 0.375—-0 i

Impact test exempt per UHA-51(g) (coincident ratio = 0.18)
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, 15 .57
o o ol = = 0.0653"
b= S TErod0.p T OemOsen = e 00 04015 0

Maximum allowable working pressure, (at 335 °F) Appendix 1-1
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8Bt 18,700 -0.70 - 0.375
" R, 040t * T BT —040- 0375

—0 = 86.35 psl

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

S-E.t 200000700375

=R Cod0.1 ~ 5 -040.037 SR

% Forming strain - UHA-44(a)(2)
50 -¢ Ry 50 . 0.375 56.8125
BFE=|—| . [1-—) = 1= =033
(R,)( Ro) (56.8125)( oo)o%

ASME Section VIII Division 1 UG-80(a)'Outr-ofr-Roqndness
(Dmox — Diin) shallnot exceed 1% of D

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

F&D Head #1

1, 2023 Edition

Condition Ps (psi)

Component F&D Head
Material SA-240 304 (II-D p. 92, In. 14)
Attached To Cylincler #1
M8t TRomatesa | FIRSEITT™ Tovier [ Masea gy
No No No No No
Design Design Design
Fressure (psi) | Temperature (°F) MDMT (°F)
Internal 156 335 -20

737tatrirc Liqujd ngd

He (in) sG

Test horizontal 4.1

113.625 1

Dimensions
Outer Diameter ' ' 114"
Crown Radius L 108"
Knuckle Radius r 6.875"
Minimum Thickness 0.1875"
Corrosion et o
Outer 0"
Length Lg¢ 1.5"
Nominal Thickness tg¢ 0.25"

Weight and Capacity . ;
Weight (Ib)’ Capacity (US gal)?

New 699.33 597.77
Corroded 699.33 597.77
Category A joints Seamless No RT
Head to shell seam None UW-11(c) Type 1

includes straight flange

Bl e ~____ Results Summary
Governing condition

internal pressure

Minimum thickness per UG-16

0.0625" + 0" = 0.0625"

Design thickness due to internal pressure (t) |[0.146"
Maximum allowable working pressure (MAWP)|20.73 psi
Maximum allowable pressure (MAP) 28.53 psi
Straight Flange governs MDMT -320°F

Note: Endnote 88 used to determine allowable stress.
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1
1 108 \ 2
M==. - ;
Corroded 1 [3 + ( 3875 ] 1.7409
1 108 i
2
M=-.(3 o— ’
New 1 [ + ( 5875 ] 1.7409

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

P.L, M

t=
2.5 B+P-(M—02)

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

0.0005 =

tminhead — Corrosion  0.1875

+ Corrosion

%+ 108.1875 « 1.7409

L

- —0.0605 < 0.08

S =Cy +Ep - (%) = 04773 - 26.79E+06 - (

Oy =125
_YI1 _ Y1803
=T T eans

9.31 .7 9.31-6.875
T 113.626

108

0.146
6.875

=0.,577557 radians

6=05'D —r =05-113.625 —6.875 =49.9375"

b=L —r =108 —6875 =101.125"

A = arcecos (%) = aroos (

¢=0.5776 <p = 1.0543

a 3 49.9375

499375
101.125

=0.0017 < 0.002

—0.086 =04773

) =1.06432 radians

—) =271,527 psi

c= = =56.205222"
cos(B—¢)  cos(L0543 — 0.5776)
Re=c+r =562052+6875 =63.080222
o S, -t ~ 271,527.0.146
¢ 0.5 R, - 0.5.63.0809
C, R, [ T) —1] 1.25 - 63.0802 - [(Tm_) = ]
o S, -t ~ 21,8000.146
v 0.5-R, T 0.5:63,0802
GRe-[(%5%) -1 125 630802 (25580 ]
P 14012
B =T =168

= 218,700 0.85 + 15 - (1.7400 — 0.2)

=140.12 psi

=11.25 psi
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Py =2-P, =2.11.25 =225 psi

P
:"l—%:— = 15 psi 2 Internal design pressure P = 15 psi
t =t, + Corrosion = 0.145985 +0 =0.145986"

Design thickness is acceptable per Appendix 1-4(f) for a design pressure of 15 psi.

The head internal pressure design thickness is 0.146",

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

B 2.8-E t 3 218,700 - 0.85 - 0.1875
T M L, —t- (M —02) * 717409 - 108.1875 — 0,1875 - (1.7409 — 0.2)

P -0 =317 psi

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

0.0005 < tminkead — Corrosion _ 0.1875 — 0.0017 < 0.002
L 108

L —0.0605 < 0.08
I =R S
L 931.r 9.31.6.875
= = - 0088 = o2 — 008 =04773

¢ 0.1875
o — " T (= — 3. A o f | oAt = ]
8§, =C,  Bp (r) 0.4773 - 26.79E+06 ( — ) 348741 psi
7 =125
g=Y2rt VIBOIBM . esisds sadians

T 6.876
6=06-D—r =05113.625 — 6876 =49.9375"

b=L—-r =108 —6.875 =101.125"

a 49.9376
A = —) = —_— | =1, ians
A = arcos ( b ) arwcos ( 101125 ) 1.05432 radians

¢=0.6545 < B = 1.0543

0,
) PR, = il =54,212189"
cos(B — @) cos(1.0543 — 0.6545)
R.=c+r =542122 +6.87 =61.087189"
. 348741.0.1875
P= S‘g :R = : =248.74 psi
Ci-Re [(%5%) =1]  125- 60872 [(L5HAT) 1]

S, -t 21,800-0.1875 ,

P, = = = =15.65 psi

Cr R, - [ —B-) —1] 1.25 . 61.0872 - [("L&;ﬁﬁﬂ) _1]

P 24874

'P—y—m-=16>8.29

Py =2-P, =2.1555 =311 psi
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Pa _
',G =20.73 pSI

p=_11_°% _P,P=31—1;——0=20.73 pel

The maximum allowable working pressure (MAWP) is 20.73 psi.

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

3 2.8 B+t s 220,000 - 0.85 - 0.1875
M L, —t (M —02) * 17409 - 108.1875 — 0.1875 - (1.7409 — 0.2)

b

~0 =339 psi

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

tminhead — Corrosion  0.1875

.0005 < — 0.0017 < 0.0!

(.0005 T 108 0.0017 < 0.002

”

-— = 0.0605 < 0.

) 0.0606 < 0.08

931 .7 9.31-6.875

Y= = = —— -0 .

n="p 0.086 113.625 0.086 =0.4773
0.1875

8, =C,+Erp- (13) = 04773 - 28.3E+06 - ( ) =368,308 psi

6.875
Cy =125

VLt /10801875
e LT ¢t - 86835 O 00555 adians

¢ =05D —r =05-113.626 —6.876 =49.9375"
b=L—-r =108 —687 =101.125"

49.9375

m) =1.05432 radians

. a
A = arcos (-g) = arwos (

¢=0.6545 < = 1.0543

0.
b= — = g =54.212189"
cos(B—¢)  cos(L0543 — 0.6545)
R, =c+r =542122 +6.875 =61.087189"
. 368,308.0.1875
Pe = Sen 51-511 = , 0.5:01,0872 ~2070 pei
Co-R.-[(%5%) 1] 125-6L0872- (2550 —1]
S, -t 30,000-0.1875
Py = 1/0 5-R, T , 0.5:61.0872 =24 pel
GoRo-[(25%) -1] 125610872 [(255) -1
P 26276
—_—= =12, A
B =g = 122> 82

Py =2-P) =2:214 =428 psi

k]

ok v
5 28.53 psi
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P. R
p=% —-PP= 4_1253—():28.53 psi

The maximum allowable pressure (MAP) is 28.53 psi.

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

EFE = (75—t> e (1—ﬂ) = (75'0‘25 ) -(1——7--) =2.6786%
Ry o)

7

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 Vil Division 1, 2023 Edition

Straight Flange on F&D Head #1

: Comonent Cylinder
Material SA-240 304 (II-D p. 92, In. 14)
Impact Fine Grain Maximize MDMT/
Tested | Normalized | “g il PAHT No MAWP
No No No No No

Design

Design
Pressure (psl) | Temperature (°F) MDMT (°F)

Design

Intenal (i 15

~ staticLiquidHead
Condition Ps (psi) Hs (in) SG

335 20

Test horizontal 4.1 113.6625 1

Outer Diameter ' 114"
Length 1.5"
Nominal Thickness 0.25"
"
Corrosion ey 0
Outer 0"

Weight and Capacityﬂ

: Lonitudlal seam

Weight (lb) |Capacity (US gal)
New 38.86 65.7
orroded 38.86 65.7

VRa:diography :

Seamles RT

Top Circumferential searn

None UW-11(c) Type 1

4 VRersults Summary

Goverln onditlo uG-1é 7

Minimum thickness per UG-16 0.0625" + 0" = 0.0625"
Design thickness due to internal pressure (t) |0.0538"

Maximum allowable working pressure (MAWP)|69.84 psi

Maximum allowable pressure (MAP) 74.69 psi

Rated MDMT -320 °F

UHA-51 Material Toughness Requiremreprtisr 7
20.73 « 57

2

~ 20,000 085 +04 - 2078 pSic

. t-B' 00695085
Stress ratio = o~ 0250 = 0.2362

Impact test exempt per UHA-51(g) (coincident ratio = 0.2362)
Rated MDMT = [-320°F
Material is exempt from impact testing at the Design MDMT of -20°F.

PDesign thickness, (at 335 “F) Appendix 1-1

PR, . 1557 ~ .
=S Erod. p T Oemosion = e e tod0. 15 10— 20538

t

o

Maximum allowable working pressure, (at 335 °F) Appendix 1-1
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p__S'Eit _p _ 18700.08.0% _0—69.84 psl
R, —040 ¢ 57 —0.40 - 0.25 S

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

S-E-t 20000085025
R, 040t  57-040-035

P= = 74.69 psi

% Forming strain - UHA-44(a)(2)
50 ¢ R;) (50~0.25>( 56.875)
BFE=—) (1-=)=———) . [1-—=—) =0.2198%
E (Rf> ( R, 56.875 o0 DL

_ ASME Section VIl Division 1 UG-80(a) 0l_1t;of-Round|1ess

(Dmax — Dmin) shallnotexceed 1% of D

‘When the cross section passes through an opening or within 1 1D, of the opening,
(Dmax — Dmin) shallnot exceed 1% of D +2% of the inside diameter of the opening

16/41



* ASME Section VIil Division

F&D Head #2

1, 2023 Edition

7 ~ Static Liquid Head
Condition Ps (psi)

Component F&D Head
Material SA-240 304 (II-D p. 92, In. 14)
Attached To Cylincler #1
e o I I
No No No No No
Design Design Design
Fressure (psi) | Temperature (°F) MDMT (°F)
_Internal 15 335 20

Hg (in) sG

Test horizontal 4.1

Dimensions

113,625 1

“Outer Diameter 114"
Crown Radius L 108"
Knuckle Radius r 6.875"
Minimum Thickness 0.1875"
Corrosion Inner L
Outer 0"
Length Lgg¢ 1.5"
Nominal Thickness tg¢ 0.25"

WWeight and Cap_arcity L

Weight (Ib)’ Capacity (US gal)’

Category A joints

__ Radiography :
Seamless No RT

New 699.33 597.77
Corroded 699.33 597.77

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

includes straight flange

Results Summary

Goernlg condllon

internal pressure

Minimum thickness per UG-16

0.0625" + 0" = 0.0625"

Design thickness due to internal pressure (t) |0.146"
Maximum allowable working pressure (MAWP)]20.73 psi
Maximum allowable pressure (MAP) 28.53 psi
Straight Flange governs MDMT -320°F

Note: Endnote 88 used to determine allowable stress.
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1
1 2
M== e .
Corroded 1 l:.'i+ (6.875 ) J 1.7409

1
1 108 2
New M=Z-[3+<-6—)2] 1.7409

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

P.L, M 15 - 108.1875 - 17400
- Catscalot = +0 =0.0888"
2.5 B+P. (M —02) OO = 55700 085 + 15 - (17409 — 02)

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

tminhead — Corrosion  0.1875

0.0005 < = =g = 00017 < 0.002
. —0.0605 < 008
D
L, 93L.r 9.31.6.875
N = —0.086 = 713_6-2—5— —0.086 =0.4773
¢ 0.146
8, =C, Ep+[ =) =04773 2. (== =gnser
Y, =C, + Ep <T> 04773 - 26.79F+06 (6.875) o7 psi
Cy =12
¢ = “I; S 10:8'7(;146 =0,577557 radians

6=05'D —r =05-113.626 —6.875 =49.9375"
b=L—-r =108 —6.875 =101.125"

. a 49.9375
A = arcos (-5) = arcwos | -

10—11-2—5—) =1.06432 radians

t=0.5776 <p = 1.0543

0,
= - ol —56.205222"

cos(B—¢)  cos(1.0543 — 0.5776)

R, =c+7r =056.2052 46876 =63.080222"

B, = _ 271,527.0.146 012 o
Cz- R [(" ”‘) ~1] 125630802 (25T _y)

B e S _ 21,800.0.146 i35
Cy - R, - [ (225 )—1] 1.25 630802 - [ (Lzaroan) ]

5—; = lfle: = 1246 > 829
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Py =2.P, =2-11.25 =225 psi

-_"F‘i;'— = 15 psi 2 Internal design pressure P = 15 psi

=t, + Corrosion = 0.145985 +0 =0.145986"

Design thickness is acceptable per Appendix 1-4(f) for a design pressure of 15 psi.

The head internal pressure design thickness is 0.146".

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

3 2.5 Bt B 218,700 - 0.85 - 0.1875
T M L,—t-(M -02) 717409 - 108.1875 — 0.1875 - (17409 —0.2)

»]

-0 =317 psi

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

tminhead — Corrosion  0.1875

T T 0.0017 < 0.002

0.0005 =

7
— =) <0
5) 0.0606 < 0.08

4

931 -1 9.31-6.875

Cr=—p— ~008 = =

—0.086 =0.4773

0.1875

S =Cy Ep- <-t;> = 04773 + 26.79E+06 (_6_8—75—

) =348741 psi
Cp =125

=0.654545 radians

q,)_\/L-t _ /10801875
T or 687

6=05-D —r =05-113.625 —6.876 =49.9375"
b=L-r =108 -687 =101.125"

49.9375

M) =1.05432 radians

. a
A = arccos (Z) = arwos (

¢ =0.6545 <p = 1.0543

a 409375
= - =54,212189”
© T ws(B—¢)  cos(1.0543 — 0.6545)
Re=c+r =542122 +6.875 =61.087189
. 348,741.0.1875
P, = Se -t = =248.74 psi

Cp R [(22%) ~1]  125-6osr2. [(O580) o]

v S, -t 21,800.0.1875 1555 ot

= = =10 S1

"G R [(%3F) —1]  125.6r0872. [(L88eer) g !
2 e |\ ) T LIS 6876 )

P, 24874

B = T =108

Py =2.P, =2.1555 =3L1 psi
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Py _
=& =20.73 psi

Py, 311
P==% _pp="""_0=20 i
5 5 0=20.73 psi

The maximum allowable working pressure (MAWP) is 20.73 psi.

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

B 2-8-B -t e 2 - 20,000 - 0.85 - 0.1875
M L, —t-(M—02) ° 17409 .108.1875 —0.1875 - (1.7409 — 0.2)

P -0 =339 psi

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

tminhead — Corrosior 0.1875
), < = = 0.0017 < 0.0:
(.0005 I 108 0.0017 < 0.002

r
B = 0.06056 < 0.08

931 7 9316875

~

/] =

—0.086 =0.4773

D 008 = 1363

$.=Cy - Br- (73) = 04773 - 283406 - (—061:7755 ) 368,308 psi
Cy =125

VLt  +/108-01875
b= I; L YT 0654545 radians

6=05-D —r =05-113.625 —6.876 =49.9375"
b=L -7 =108 —-687 =101.125"

. ay 49.9376 _ ,
A =arcos ( b) = arwos < 01195 ) =1.05432 radians

¢=0.6545 < = 1.0543

9,
P = el =54.212189"
cos(B—¢)  cos(1.0543 — 0.6545)
R, =c+r =b542122 +6.876 =61.087189"
. 368,398:0.1875

Pe = Sco :R = 0.5:61,0872 it

Gi+ R, [(T) —1] 1.25 - 61.0872 - {(—Wﬁ—) —1]

S, -t 30,000-0.1875 )

Fy= 0.5R, T 0.5:61.0872 =2l pal

R, [(%5%) 1] 125-6v0872- [(H5AR) 1]
P, 262.76
:D_” =14 - 12.28 > 8.29

Py =2.-P, =2.214 =428 psi
Pa. .

— = 28,

B 28.53 psi
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Lo —-PP= 28 o853 psi

D 210
d 1.5 15

The maximum allowable pressure (MAP) is 28.53 psi.

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

75t Ry 75 - 0.25 7
BFE=—) (1-—) = (1-—) =26786
( Ry ) ( Ro) < 7 ) (1 °°) it

ASME Section VIll 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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Straight Flange on F&D Head #2

ASME Section VIl Division 1, 2023 Edition _

“Conditlon. Ps (psi)

Component Cylinder
Material SA-240 304 (II-D p. 92, In. 14)
Tooted | Normaiized | FRfEN | pwnr  |MaxiEs GOMT
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal : 15 335 | 20

 Static Liquid Head

Hon) | se |

Test horlzontal 41

Dimensions

1135625 | 1

~ Outer Dieter 114"
Length 1.5"
Nominal Thickness 0.25"
0|I
Corrosion L
Outer 0"

7Weight and Capacityr .

Longitudinal seam -

Weight (Ib) ~ [capacity (US gal)
New 38.86 65.7
Corroded 38.86 - 657

Radiograrphy

S«aaless No RT

Bottom Circumferential seam

None UW-11(c) Type 1

7 - Results Summary
Governing condition

[ug-16

Minimum thickness per UG-16

0.0625" + 0" = 0.0625"

Design thickness due to internal pressure (t)

0.0538"

Maximum allowable working pressure (MAWP) | 69.84 psi
Maximum allowable pressure (MAP) 74.69 psi
Rated MDMT -320 °F

UHA-51 Material Toughness Requirements

20.73 - 57 .
% = 20,000 - 0.85 +04 - 2075 0.0685
. tE' 00695085
Stress ratio = e = 025-0 0.2362
Impact test exempt per UHA-51(g) (coincident ratio = 0.2362)
Rated MDMT = |-320°F

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

Nesign thickness, (at 335 “F) Appendix 1-1

L

PR, 15 57

+0 = 0.0538"

i + Corrosion =

TS E+040.P 18,700 - 0.85 + 040 - 15 Al

Maximum allowable working pressure, (at 335 °F) Appendix 1-1
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S E -t p _ 18700085025
" 57 -040-025

_ —0=69.84
R, — 0401 pel

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

S.E.t 20000085025
R, —040-t ~ 57-040-025

P= =74.69 psi

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

. R .0
BFE = (ﬂ_t_) ) (1__£> = (50 025 ) (1_@8_75_) = 0.2198 %
Ry 56.875 (S

ASME Septiqn VIl Division 1 UG-80(a) Out-of-Roundness

(Dmax — Dmin) shallnotexceed 1% of D

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

Half Pipe Jacket

1, 2023 Edition

Statiq lr.iqiuid He;{d %

346

Component Half Pipe Jacket
Material SA-312 TP304 WIid & smils pipe (II-D p. 92, In. 25) (welded)
e e e I e 3l
No No No No No -20
Design Data Head Zone Shell Zone 1
Internal Pressure (psi) 90 90
Internal Temperature (°F) 335 335

426

Dimensions

: Tes horlzonta, Pg (psi)
Test horizontal, Hg (in) 95.7658 118.0785
Tet horizontal, SG 1 il

_Weighhi) =

Pipe Head Zone Shell Zone 1 :
Pipe Description NPS 2 Sch 108 NPS 2 Sch 108
Inside diameter, new (in) 2,157 2.157
Pipe Nominal Thickness, tp (in) 0.109 0.109
Pipe Minimum Thickness (in) 0.0857 0.0944
Corrosion (in) inner g °
Outer 0 0
Pitch (in) 4 4
Weld Fillet (in) 0.1875 0.1875
Location Head Zone Shell Zone 1
Angle (deg.) 0 0
Inlet Elev. (in) - 4
Dist. r (in) 5.25 -
Angle (deg.) 0 0
Outlet Elev. (in) - 48
Dist. r (in) 47.5684 -
Rotation Direction Standard Standard
Number of coils 11 1

: II rcurntial sm

Radiography _

Full UW-11(a) Type 1

New 208.3 443.2
Corroded 208.3 443.2
New (total) 651.5
Corroded (total) 651.5

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) 280.34 1.123.48
Maximum working pressure (MAP) (psi) 303.37 1.201.58
Rated MDMT (°F) -320 -320
Required Fillet Weld (new) (in) 0.1557 0.1557
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UHﬁA-571 Material 'Toughnresr Régﬁifeméqts :

Head Zone
4= 199.75-1.0785 _ 0.4 28"
20,000 - 0.85 — 0.6 - 199.75
t.-E* 0.0128.0.85
Stress ratio = g = ohE—o =~ 0.1266
Impact test exempt per UHA-51(g) (coincident ratio = 0.1266)
Rated MDMT = e |-320°F
Material is exempt from impact testing at the Design MDMT of -20°F.
Shell Zone 1
199.75-1.0785
t, = 0.0128"

= 20,000-0.85 — 06 -199.75

.t E 0.0128.0.85
Stress ratio = —c = om0 0.1149

Impact test exempt per UHA-51(g) (coincident ratio = 0,1149)

Rated MDMT = |-320°F

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

Minimum Thickness After Bending, Trhin

Bend Thinning Factor Fy.,q = (1 + OdoR> (TEMA RCB 2.3.1)

Tyom + Material Thinning

Min Thickness T, = 7
bend

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, do = 2.375"
Bend Radius, R = 5.25"
2.375
Fieng = (1+m> 1.1131
. 0.109-0.875 .
Minimum Thickness, Ty == R 0.0857
Shell Zone 1
Outer diameter, dg = 2,375"
Bend Radius, R = 57"
2.375
Fiena = (1+m) 1.0104
- \ 0.109-0.875 "
Minimum Thickness, T = YT 0.0944
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Mriqimum Requjred ﬂ'icl;ne”ss,i T

P1 T
T= +C i -
085 5, — 060 P, orrosion | (EE-2 (2))
Head Zone
Operating Hot & Corroded
-1,
T M Lotk +0= 10.0072"

~ 0,85 - 15,895 — 0.60 - 90
Shell Zone 1
Operating Hot & Corroded

- 90 - 1,0785
"~ 0.85 - 15,895 — 0.60 + 90

+0= ]0.0072"

Allowable Stress, F ,

- e o224 () + (%]

F = min [(150- S — §'),L60 - 8]

(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
15 . 216
S = 0, ————| = i
max [ T 0187 } 4,320 psi
F = min [(150 - 18,700 — 4,320),1.50 - 18,700] = 23,730 psi
Cold & New (MAP)
15216
! = 0 =
g max [ YT ] 4,320 psi
F = min [(1.50 - 20,000 — 4,320),1.50 - 20,000] = 25,680 psi
Shell Zone 1
Operating Hot & Corroded
15+ 113.25
8§ = Oy——— = i
[’ 4.0.37 ] ;193 pdl
F = min [(1.50 - 18,700 — 1,133),1.50 - 18,700] = 26,918 psi
Cold & New (MAP)
16 - 113.25
S = ) ————— | = ,
[ 0575 ] 1,133 psi
F = min [(1.50 - 20,000 — 1,133),1.50 - 20,000] = 28,868 psi
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mbiviéib!] 2 4.1-:|.6.4 ﬁating Fractor, Kp :

Kp =01+02'D0’50+03'D +C4'DL50+05'D2 +(;'0'D2'50+C7'D3 +Cs'D3.50+09_D4+010.D4.50

@118)

Head Zone

Operating Hot & Corroded
Vessel Inner Diameter, D = 113.625"
Vessel Shell Thickness, t = 0.1875"
K, = — 3.667451E+01 + 1.230699E+01 - 113.625 *-°° + 3570168 E+00 - 113.625 +
—7.951658E-01 - 113,625 10 5,879104E-02 - 113,625 ? + - 1.536540E-03 - 113,625 20 - oy
0.000000E+-00 - 113.625 * -+ 0.000000E+00 - 113,625 -5° 4+ (,000000E+00 - 113.625 * + ’
0.000000E+00 - 113.625 450 =

Cold & New (MAP)
Vessel Inner Diameter, D = 113.625"
Vessel Shell Thickness, t = 0.1875"
K, = — 3.667451E+01 + 1.230699E+01 - 113.625 °-5° 4 3.570168E+-00 - 113.625 +
—17.951658E-01 - 113.625 -1 5,879104E-02 - 113.625 ? + - 1.536540E-03 » 113,625 50 - o eE
0.000000E+-00 - 113.625 * -+ 0.000000E+00 - 113.625 35° 4 0.000000E+00 - 113.625 * + '
0.000000E+00 - 113.625 450 =
Shell Zone 1

Operating Hot & Corroded
Vessel Inner Diameter, D = 113.25"
Vessel Shell Thickness, t = 0.375"
K, = 4.008378E+02 + — 5.702011E+02 - 113.25 *%° 4 3,198070E+02 - 113.25 +
—0.428621E+01 - 113.25 1% 4+ 1.639176E+0L - 113.25 2 + ~ 1,743122E+00 - 11325 *50 4 o
1.116018E-01 - 113.25 * + — 3.954959E-03 - 113.25 *°° + 5964421 E-05 - 113.25 * + o
0.000000E+00 - 113.25 4% =

Cold & New (MAP)

Vessel Inner Diameter, D = 113.25"
Vessel Shell Thickness, t = 0.375"
K, = 4.008378E+02 + — 5.702011E+02 - 113.25 *5° - 3.198970E+02 - 113.25 +
—9.498621E+-01 - 113.25 %0 4- 1.639176E+01 - 113.25 2 + - 1.743122E+00 - 113.25 %50 e

1.116018E-01 - 113.25 ® + — 3.954959E-03 - 113.25 %50 + 5,964421E-05 - 113.25 * +
0.000000E+-00 - 113,25 *°0 =
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ssure

__ Maximum Permissible Pre
F
P'==—_P, EE-2 (1
K ( (1)
5086t
Pyye = Rroe: T (UG-27(c)(1))
P max = min (P’,Pg.)
Head Zone
Operating Hot & Corroded (MAWP)
23,730
Pl=—"——-0= 280.34 psi
84.6484 P
o 16,895 « 0.85 - 0.0857 0 = |1,024.56 psi
1.0785-+0.60 - 0.0857
MAWP = 280.34 psi
Cold & New (MAP)
25,680
P=—= 303.37 psi
84,6484 i
e = 17,000 - 0,85 + 0.0857 1,095.79 psi
1.0785+0.60 - 0.0857
MAP = 303.37 psi
Shell Zone 1
Operating Hot & Corroded (MVAWP)
1o 2098, 1,124.3 psi
23.9415
P, — 158950850004 |\ 10, o
1.0785+-0.60 - 0,0944
MAWP = 1.123.48 psi
Cold & New (MAP)
pra 00 1,206.75 psi
23.9416
Piye = 17,000 08 0004 _ = |4,201.58 psi
1.0785+0.60 - 0.0944
MAP = 1,201.58 psi
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Head Zone eII Zon 1

Weld Fillet Size (fa) = 0.1875" 0.1875"
Jacket Thickness (t) = Guw s L
=0.109 =0.109
Shell Thickness (ts) = UEw=0 G575=9
=0.1875 =0.3756
Minimum Throat Thickness =
min(t; ts) = 0.109 0.109
Fillet Weld Throat Thickness = 0.70 - 0.1875 - 0 {0.70 - 0.1875 — 0
0.70- fa-C = =0,1312 =0.1312
Fillet Weld Throat Thicknesis 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 - UHA-44(a)(2)

_ 1007

Ef R
Head Zone

.. _ 100. 11875
;= "5

Shell Zone 1

100 . 1.1876 2.0833%
g="w -

22.619%
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ASME Section VIl Division 1, 2023 Edition

Head Zone Inlet Elbow

Component ASME B16.9 Elbow
Type Long Radius 90-deg
Material SA-234 WPB (I1-D p. 16, In. 18)
Pipe NPS and Schedule NP$ 2 Sch 10
Attached To Half Pipe Jacket
gt | Nommatzen | FRa QN1 pwr | [Naxiee oMY
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 90 435 -20
_ Static Liquid Head :
Condition Ps (psi) Hg (in) SG
Test horizontal 1.58 43.8886 1

Dimensions

~ Outer Diameter | 23758
Nominal Thickness 0.109"
Minimum Thickness’ 0.0954"
Center-to-End, A 3"
Corrosion ildad L
Outer 0"

L aightand Capactiye ..

Weight (Ib) [Capacity (US gal)

ongudial seam

New 1.03 0.07
Corroded 1.03 0.07

Radipgraphy
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

Decrlptlon

Bolt Material SA-193 B7 Bolt <=2 1/2 (II-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@ 79°F

Hydrotest rating 425 psl @ 70°F

External fillet weld leg (UW-21)

0.1526" (0.1526" min)

Internal fillet weld leg (UW-21)

0.109" (0.109" min)

UW-21 Flange Welds

X = min [L4 - #,,0] = [14 - 0.109,0.31] =

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

Impact Tested No

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

0.1526"
Cy 0 Y
ExternalLeg i = Xmin + - = 01526 + — = 0.1526
0.7 0.7
; Ci ) 0
Internal Leg ,y, = min |¢,,0.25” +W = min |0.109,0.25 + wl= 0.109"

- 7 = Resuits Summary i
Governing condition UG-1€

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

s UCSGG !V_Iatgrial TourghnessrRequinementsr

199.75-1.1875

=
" 17,100 - 1+04-199.75

= 0.0138"

t.-E' 001381

= = 0.1448
t, —c 0.0954—0 4

Stress ratio =

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.

Nesign thickness, (at 335 “F) Appendix 1-1

B P.R, + Corrogiin = 90 . 1.1875
T S.E+040.P ~ 17,100 - 1.00 4 0.40 - 90

+
3

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

p_ S Bt p 17100100 - (0,109 - 0875)
i 7 1.1876—0.40 - (0.109 - 0.875)

R, —040-¢

+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)

= = =1.418.99 psi
R, —040-¢ 1.1875—-0.40 - (0.109 - 0.875) p
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~ ASME Section Vill Division 1, 2023 Edition

Head Zone Outlet Elbow

omponent ASME B16.9 Elbow
Type Long Radius 90-deg
Material SA-234 WPH (II-D p. 16, In. 18)
Pipe NPS and Schedule NPS 2 Sch 10
Attached To Half IPipe Jacket
ImeaZt [ Nomalied | TRemieln | pwnr | [Waiee UGHT
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 90 335 -20

Condition Pg (psi) Hs (in) 8G

Test horizontal

ter am 7

0.05 1.35651 1
Qimensiops —

2.375"

Nominal Thickness 0.109"
Minimum Thickness’ 0.0954"
Center-to-End, A 3"
Corrosion nper 0
Quter 0"

_Weight and Capacity

Weight (Ib)  |Capacity (US gal)|

Longitudinal seam

New 1.03 0.07
Corroded 1.03 0.07

Radiography 1

Seamless N 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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" ASHE B165.2020 Flange

NPS 2 Class 150 SO A182 F304

Description

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

Rated MDMT -65°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 (LIW-21)

0.1526" (0.1526" min)

Internal fillet weld leg (UW-21)

0.109" (0.109" min)

'UW-21 Flange Welds

Xy = min [L4 - t,,g9] = [14-0.109,031] =

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

Impact Tested No

Fagered MDMT per UH1 d(1 )) = -320°F
Bolts rated MDMT per Fig LJCS-66 note (c) = -65°F

0.1526"
Co 0
External Leg min = Xmln oyl 0.1526 +—= 0.1526"
0.7 0.7
; C; 0
Internal Leg ,;, = min t,,,0.25”+0—7— = min 0,109,0.25+-67- = 10.109"

S e il VResthsSummary 7
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-6§ Mgtgrial Toughness Reqqirements
199.75-1,1875

t, = 0.0138"

= 17,100 1+04-199.75

t B 001381

= = 0.1448
th—c 0.0954—0

Stress ratio =

Stress ratio < 0.35, MDMT per UCS-66(b)(3) = ~1656°F

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

esign thickness, (at 335 “F) Appendix 1-1

RN ..’ - + Corrosion = X L9
T S.-E+4040.P ~ 17,100 - 1.00 + 0.40 - 90

K
i

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

_ S.E-t 17,100+ 1.00 - (0.109 - 0.875)
T 7 1.1875—0.40 - (0.109 - 0.875)

R, -040 -t

+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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Shell Zone 1 Inlet Elbow

ASME Section VIll Division 1, 2023 Edition

omponent ASME B16.9 Elbow
Type Long Radius 90-deg
Material SA-234 WPB (II-D p. 186, In. 18)
Pipe NPS and Schedule NPS 2 Sch 10
Attached To Half Pipe Jacket
Imact | Nommatized | FieSrain | pwwr [Weximize WO
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 90 335 -20
Condition Ps (psi) Hg (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"
i Inner 0"
Corrosion
Outer 0"

: vyfight andVCapacit‘yl :

aaclty (us al)

Weight (Ib)
New 1.03 0.07
Corroded 1.03 0.07

: > Radiography 7
Longitudinal seam Seamiless 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 B16.52020 Flange

NPS 2 Class 150 SO A182 F304

crptln

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-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)

: 7U\iN-21 Flange Welds

Xmin = min [1'4 “tn )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"

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

Co 0 1
External Leg pjn = Xuin +'(ﬁ = 0.1526 + o 0.1526
Ci 0
Internal Leg .y, = min [t,, 0.25" +W} = min [0.109,0.25 - W] = {0.109"

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 -165 °F

__UCS-66 Material Toughness Requirements

199.75.1.1875

0.0138"

r

= 17,100 -1+ 0419975

t,-E' 001381

= = 0.1
t, —c 0.0954—0 448

Stress ratio =

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.

esign thickness, (at 335 “F) Appendix 1-1

P R, 90 - 1.1875

P=gTE rod0. p T COMOSON = TGh 100 + 0400

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

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

P= P =
11875040 - (0.109 - 0.876)

T R, —040-t

+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)

P =R 0t ~ 1187040 (0.100 . 087)

=1,418.99 psi
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~ ASME Section Vill Division 1, 2023 Edition

Shell Zone 1 Outlet Elbow

~ Outer Diameter

Component ASME B16.9 Elbow
Type Long Radius 90-deg
Material SA-234 WPE (11-D p. 16, In. 18)
Pipe NPS and Schedule NPS 2 Sch 10
Attached To Half Pipe Jacket
impect | Normatizea [ FineSrain | pwnr  [Maimize uowTi
No No No No No
Design Design Design
Pressure (psi) | Temperature (°F) MDMT (°F)
Internal 90 335 -20
Static Liquid Head |
Condition Ps (psi) Hg (in) SG
Test horizontal 0.11 3 1

Dimensions

-~ 2.375"

Nominal Thickness 0.109"

Minimum Thickness’ 0.0954"
Center-to-End, A 3"
Corrosion Lithds 0!
Outer 0"

. Welghtand Gapaclty

' Logltudlnal 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

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

Description Ko : NPS 2 Class 150 SO A182 F304
Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p. 418, In. 32)
Blind included No

Rated MDMT -65°F

Liquid static head 0 psi )

MAWP rating 199.75 psi @ 335°F

MAP rating 275 psi @ 70°F

Hydrotest rating 425 psl @ 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 No

Produced to Fine Grain Practice and No

Supplied in Heat Treated Condition

Impact Tested Y : No

| 7 ~ UW-21 Flange Welds :

Xpin = min [L4 - t5,g0] = (14 - 0.109,0.31] = 0.1526"
c, 0

External Leg i, = Xwmin + (v 0.1526 + e 0.1526"

0.7

1o}
Internal Leg ,, = min [tn 0.25” +#] = min [0.109,0.25+i] = |0.109"

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

¥ » Results Summary =
Governing condition UG-1€

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 Toqghnressi Requirements

199.75-1,1875

T 17100 1+04.199.75 0.0138

r

t.-E'  00138-1
th—c ~ 0.0954—0

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.

0.1448

Stress ratio =

lesign thickness, (at 335 “F) Appendix 1-1

PR, 9 . 1.1875
S pe——————— Qi _ = 0 "
S E 040 P T COmOson = Trao 100 rodo. oo O~ 20063

i

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

S-E-t 17,200 - 1.00 - (0.109 - 0.875)

P= -P =
R, —040 -t 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_ _S:E:t 17,100 - 100 - (0.109 - 0.875)

= - =1.418.99 psi
R, —040-¢ 1.1875-0.40 - (0,109 - 0.875) -
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