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Deficiencies Summary

Deficiencies Summary

Deficienciesfor Nozzle #4 (N4)
Nozzle MAWP (121.2158 psi) isless than the design pressure (125.0000 psi).

Warnings Summary

Warningsfor Legs#1

The Skirt/Legs/Saddles Stress Increase factor is 1.30 (Set Mode Options dialog on the Calculation tab).
AISC ASD supplement No. 1 (Dec. 17, 2001) paragraph A5 removed the stress increase factor of 1/3.
For the specified building code the recommended stress increase factor is 1.00. (warning)

ASME B16.5/B16.47 Flange Warnings Summary

ASME B16.5/ 16.47 Flanges with
Warnings
Flange Applicable Warnings
Nozzle#3 (N3) | 1
Nozzle#1 (N1) | 1

Nozzle#4 (N4) | 1

ASME B16.5/ 16.47 Flange Warnings
No. Warning

For Class 150 flanges, ASME B16.5 para. 5.4.2 recommends gaskets to be in accordance with

1 Fig. E1, Group No. I.
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Nozzle Schedule

Nozzle Schedule

Materials
Nozzle Service Size
mark Fine Fine
Nozzle |Impact | Norm Grain Pad |Impact | Norm Grain Flange
Nozzle 2.500" SA-106 WN
N1 1 Sch 40 B Smis | No No No N/A | N/A N/A | N/A A105
(Std) pipe 150#
N SA-106
N2 zgzz'e (133 SN lcamis No INo |No  INAINA INnA INA NA
pipe
" SA-106 WN
N3 (Nozzle [4"Sch80 o cic e INo INo  IN/AINJAINIA IN/A | AL05
#3 (X9) .
pipe 150#
" SA-106 WN
Ng (Nozzle [4"Sch80 o q g INo INo  IN/AIN/A INIA IN/A | AL05
#4 (XS) .
pipe 150#
Nozzle | 1" 3000# -
N5 45 threaded SA-105 | No No No N/A | N/A N/A | N/A N/A
Nozzle | 1" 3000# -
N6 46 threaded SA-105 | No No No N/A | N/A N/A | N/A N/A
Nozzle 1.500°
N7 47 3000¢# - SA-105  No No No N/A | N/A N/A | N/A N/A
threaded
Nozzle 1.500°
N8 g 3000# - SA-105 | No No No N/A | N/A N/A | N/A N/A
threaded
Nozzle | 1" 3000# -
N9 49 threaded SA-105 | No No No N/A | N/A N/A | N/A N/A
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Nozzle Summary

Nozzle Summary

Shell Reinfor cement
Nozzle | OD |ty Redtn |\ ol a2 Pad Corr | AJA,
mark | (in) |(in) | (in) Nomt |Designt | Usert | Width |ty (M |(%)

(in) (in) (in) | (in) (in)
N1 288 |0.2030|0.2030 | Yes | Yes | 0.5000% | 0.3862 N/A N/A | 0.0000 | 100.0
N2 1800 0.7500 | 0.0714 | Yes | Yes | 0.5000 |0.4391 N/A N/A | 0.0000 | 100.0
N3 450 |0.3370|0.2370 | Yes | Yes | 0.5000% | 0.3982 N/A N/A | 0.0000 | 100.0
N4 450 |0.3370|0.2370 | Yes | Yes | 0.5000% | 0.3982 N/A N/A | 0.0000 | 100.0
N5 175 |0.2175|0.1042 | Yes | Yes | 05000 | N/A N/A N/A | 0.0000 | Exempt
N6 175 |0.2175|0.1042 | Yes | Yes | 05000 | N/A N/A N/A | 0.0000 | Exempt
N7 250 |0.3000|0.1041 | Yes | Yes | 0.5000% | N/A N/A N/A | 0.0000 | Exempt
N8 250 |0.3000|0.1041 | Yes | Yes | 0.5000% | N/A N/A N/A | 0.0000 | Exempt
N9 175 |0.2175|0.1042 | Yes | Yes | 05000 | N/A N/A N/A | 0.0000 | Exempt
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Nozzle thickness

Nozzle thickness required per UG-45/UG-16
Vessel wall thickness
Required vessel wall thickness due to pressure + corrosion allowance per UG-37

Local vessel wall thickness (near opening)

Area available per UG-37, governing condition

Arearequired per UG-37, governing condition

Corrosion allowance on nozzle wall
Head minimum thickness after forming
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Pressure Summary

Pressure Summary

Pressure Summary for Chamber bounded by Ellipsoidal Head #1 and Ellipsoidal Head #2

|dentifier

P
Design
(psi)

T
Design

(°F)

MAWP
(psi)

MAP
(psi)

MAEP
(psi)

Te
external

(°F)

MDMT Rating

MDMT
(°F)

Exemption

Total
Corrosion
Allowance

(in)

I mpact
Test

Ellipsoidal
Head #2

125.0

300.0

147.00

147.21

61.66

300.0

-40.9

Note 1

0.000

No

Straight
Flange on

Ellipsoidal
Head #2

125.0

300.0

146.15

146.44

43.45

300.0

-40.6

Note 2

0.000

No

Cylinder #1

125.0

300.0

142.83

146.44

43.45

300.0

-38.8

Note 3

0.000

No

Straight
Flange on

Ellipsoidal
Head #1

125.0

300.0

142.76

146.44

43.45

300.0

-38.7

Note 5

0.000

No

Ellipsoidal
Head #1

125.0

300.0

142.67

147.21

61.66

300.0

-38.6

Note 4

0.000

No

Legs#1

125.0

300.0

125.00

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Nozzle #1
1

E

125.0

300.0

169.45

174.20

36.74

300.0

-55.0

Note 6

0.000

No

Nozzle #2
N2

125.0

300.0

133.89

137.05

31.34

300.0

-47.6

Note 7

0.000

No

I:Zl:
@)
N
N
®
&5

N3

125.0

300.0

125.38

125.38

39.06

300.0

-55.0

Note 6

0.000

No

Nozzle #4
N4

125.0

300.0

121.22

125.38

39.07

300.0

-55.0

Note 6

0.000

No

I:Z[:
@)
N
N
D)
i

N5

125.0

300.0

208.70

209.16

43.45

300.0

-155.0

Note 8

0.000

No

Nozzle #6
N6

B

125.0

300.0

205.69

209.16

43.45

300.0

-155.0

Note 9

0.000

No

Nozzle #7
7

E

125.0

300.0

23251

23251

43.45

300.0

-155.0
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0.000

No
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Pressure Summary

Mol 28, 125.0 | 300.0 |23251 |23251 4345 |300.0 155.0 | Note 10 0.000 N
m . . . . . . - . ote . 0]
Mozze s 125.0 |300.0 |208.48 |209.16 [43.45 |300.0 155.0 | Note 11l 0.000 N
M . . . . . . - . ote . (0]

Chamber design MDMT is-20.00°F

Chamber rated MDMT is-38.60°F @ 121.22 psi

Chamber MAWP hot & corroded is 121.22 psi @ 300.0°F

Chamber MAP cold & new is 125.38 psi @ 70.0°F

Chamber MAEP is 31.34 pst @ 300.0°F

Vacuum rings did not govern the external pressure rating.

Notes for MDMT Rating:
Note# | Exemption Details

Material impact test exemption temperature from Fig UCS-66 Curve B

=-7°F

0.6609836)

Fig UCS-66.1 MDMT reduction = 33.9 °F, (coincident ratio =

UCS-66 governing thickness=0.5in

Material impact test exemption temperature from Fig UCS-66 Curve B

=-7°F

0.6642336)

Fig UCS-66.1 MDMT reduction = 33.6 °F, (coincident ratio =

UCS-66 governing thickness=0.5in

Material impact test exemption temperature from Fig UCS-66 Curve B

=-7°F

0.6823238)

Fig UCS-66.1 MDMT reduction = 31.8 °F, (coincident ratio =

UCS-66 governing thickness=0.5in

Material impact test exemption temperature from Fig UCS-66 Curve B

=.7°F

0.684324)

Fig UCS-66.1 MDMT reduction = 31.6 °F, (coincident ratio =

UCS-66 governing thickness=0.5in

Material impact test exemption temperature from Fig UCS-66 Curve B

=-7°F

0.682717)

6. Flange rating governs:

Fig UCS-66.1 MDMT reduction = 31.7 °F, (coincident ratio =

UCS-66 governing thickness=0.5in

UCS-66(b)(1)(b)
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Pressure Summary

Nozzle impact test exemption temperature from Fig UCS-66 Curve B =

ratio = 0.01849).

7. -7°F UCS-66 governing thickness= 0.5 in.

Fig UCS-66.1 MDMT reduction = 40.6 °F, (coincident ratio = 0.5953)

3 Nozzle isimpact test exempt to -155 °F per UCS-66(b)(3) (coincident
' ratio = 0.01846).

9 Nozzle isimpact test exempt to -155 °F per UCS-66(b)(3) (coincident
' ratio = 0.01892).

10 Nozzle isimpact test exempt to -155 °F per UCS-66(b)(3) (coincident
' ratio = 0.01926).

1 Nozzle isimpact test exempt to -155 °F per UCS-66(b)(3) (coincident

Design notes are available on the Settings Summary page.
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Revision History

No. | Date Operator | Notes
O |3/5/2004 | george | New vessel created ASME Division 1 [Build 6225]

Converted from ASME Section V111 Division 1, 2001 Edition, AO3
Addendato ASME Section VIII Division 1, 2001 Edition, AO3 Addenda.
During the conversion, changes may have been made to your vessel (some
may be listed above). Please check your vessel carefully.

1 |3/11/2004 | george
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Settings Summary

Settings Summary
COMPRESS Build 6242
Units: English
Datum Line Location: 0.00" from bottom seam
Design

ASME Section V111 Division 1, 2001 Edition, A0O3 Addenda

Design or Rating: Get Thickness from Pressure

Minimum thickness: 1/16" per UG-16(b)

Design for cold shut down only: No

Design for lethal service (full radiography required): No

Design nozzlesfor: Design P, find nozzle MAWP and MAP
Corrosion weight loss: 100% of theoretical loss

UG-23 Stress Increase: 1.20

Skirt/legs stress increase: 1.3

Minimum nozzle projection: 3.0000"

Juncture calculations for a > 30 only: Yes

Preheat P-No 1 Materials> 1.25" and <= 1.50" thick: No
Butt welds are tapered per Figure UCS-66.3(a).
Hydro/Pneumatic Test

Shop Hydrotest Pressure: 1.3 times vessel MAWP
Test liquid specific gravity: 1.00
Maximum stress during test: 90% of yield

Code Interpretations
Apply interpretation VII1-1-83-66: Yes

Apply interpretation VI11-1-86-175: Yes
Apply interpretation VI111-1-83-115: Yes
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Settings Summary

Apply interpretation VI11-1-01-37: Yes
Disallow UG-20(f) exemptions: No

UG-22 Loadings

UG-22 (a) Internal or External Design Pressure : Yes
UG-22 (b) Weight of the vessel and normal contents under operating or test conditions: Yes
UG-22 (c) Superimposed static reactions from weight of attached equipment (external loads): No
UG-22 (d)(2) Vessel supports such as lugs, rings, skirts, saddles and legs. Yes
UG-22 (f) Wind reactions: No
UG-22 (f) Seismic reactions: Yes

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

Thickness Summary

Component Material
| dentifier aera
Ellipsoidal Head #2 SA-516 70

Straight Flange on Ellipsoidal Head #2 | SA-516 70

Cylinder #1 SA-516 70
Straight Flange on Ellipsoidal Head #1 | SA-516 70

Ellipsoidal Head #1 SA-516 70

Diameter
(in)

96.00 OD
96.00 OD
96.00 OD
96.00 OD

96.00 OD

Length
(in)
24.25
2.00
92.00
2.00

24.25

Nominal t
(in)
0.5000*
0.5000
0.5000
0.5000

0.5000*

Design t
(in)
0.4259
0.4281
0.4394
0.4396

0.4405

Joint
E

0.7000
0.7000
0.7000
0.7000

0.7000

L oad

Internal
Internal
Internal
Internal

Internal

Nominal t: Vessel wall nominal thickness
Required vessal thickness due to governing loading + corrosion

Design t:
Joint E:
*

Load
internal:
external:
wind:
Seismic:

Longitudinal seam joint efficiency

Head minimum thickness after forming

Circumferential stress due to internal pressure governs

External pressure governs

Combined longitudinal stress of pressure + weight + wind governs

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

Weight Summary

Weight (1b) Contributed by Vessel Elements
Component Metal Metal |Insulation & Linin Piping |Operating| Test
New* | Corroded* | Supports g +Liquid| Liquid Liquid

Ellipsoidal Head #2 |1,571.75|1,571.75 |0.00 0.00 |0.00 2,014.25 |4,566.73
Cylinder #1 3,868.66 | 3,868.66 | 0.00 0.00 |0.00 23,564.21 |23,564.21
Ellipsoidal Head #1 | 1,572.22 | 1,572.22 |0.00 0.00 |0.00 4,566.44 | 4,566.44
Legs#1 355.38 |355.38 0.00 0.00 |0.00 0.00 0.00
TOTAL: 7,368.00(7,368.00 |0.00 0.00 |0.00 30,144.90 | 32,697.37
* Shells with attached nozzles have weight reduced by material cut out for opening.

Weight ( I1b) Contributed by Attachments

Nozzles & '
Component | Body Flanges | "o " Packed |Ladders& | Trays& | " g% |Vertica

Beds | Platforms | Supports| ... L oads
New |Corroded | New | Corroded Clips

Ellipsoidal
=PI 0.00 1 0.00 33.49 |33.49 0.00 0.00 0.00 0.00 |0.00
Head #2
Cylinder #1 1 0.00 | 0.00 59.81 |59.81 0.00 0.00 0.00 0.00 |0.00
Ellipsoidal
=RIDSIEE 0.00 1 0.00 37.48 |37.48 0.00 0.00 0.00 0.00 |0.00
Head #1
Legs#1 0.00 |0.00 0.00 |0.00 0.00 0.00 0.00 0.00 |0.00
TOTAL: 0.00 |0.00 130.78130.78 0.00 0.00 0.00 0.00 |0.00

Vessel operating weight, Corroded: 37,644 |b
Vessel operating weight, New:

Vessel empty weight, Corroded:

Vessel empty weight, New:
Vessdl test weight, New:

Vessel center of gravity location (from datum)

37,644 1b
7,499 |b
7,499 b
40,196 Ib

Vessdl Lift Weight, New: 7,499 Ib
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Weight Summary

Center of Gravity: 42.94"

Vessel Capacity
Vessel Capacity** (New): 3,917 US gal

Vessel Capacity** (Corroded): 3,917 US gd
**The vessel capacity does not include volume of nozzle, piping or other attachments.
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Hydrostatic Test

Hydrostatic Test

Shop test pressure determination for Chamber bounded by Ellipsoidal Head #1 and Ellipsoidal
Head #2 based on MAWP per UG-99(b)

Shop hydrostatic test gauge pressure is 157.581 psi at 70.00 °F (the chamber MAWP = 121.216 psi)

The shop test is performed with the vessel in the horizontal position.

B L ocal test Tes; liquid | UG-99 | UG-99 S_tress Allowable Stress
| dentifier pressure static head strgss pressure durlng test | test st-ress e CesSVE?
psi psi ratio | factor pS psi
(Ell;ips"ida' Head#2 161008 | 3628 1.0000 | 1.30 13,783 34,200 No
2}[;122} djag?a;fzz 161.208 | 3.628 1.0000 | 1.30 15,395 34,200 No
Cylinder #1 161.208 | 3.628 1.0000 | 1.30 15,395 34,200 No
g:?;ggit dgaﬂge;le 161208 | 3.628 1.0000 | 1.30 15,395 34,200 No
Ellipsoidal Head#1 | 161.208 | 3.628 1.0000 | 1.30 13,783 34,200 No
Nozzle #1 (N1) 150538 | 1.958 1.0000 | 1.30 17,465 47,250 No
Nozzle #2 (N2) 161.339 | 3.759 1.0000 | 1.30 31,323 51,300 No
Nozzle #3 (N3) 157.943 | 0.362 1.0000 | 1.30 20,922 47,250 No
Nozzle #4 (N4) 157.943 | 0.362 1.0000 | 1.30 20,920 47,250 No
Nozzle #5 (N5) 150517 | 1.937 1.0000 | 1.30 17,994 48,600 No
Nozzle #6 (N6) 159517 | 1.937 1.0000 | 1.30 17,994 48,600 No
Nozzle #7 (N7) 150528 | 1.947 1.0000 | 1.30 15,287 48,600 No
Nozzle #8 (N8) 160.394 | 2.814 1.0000 | 1.30 15,502 48,600 No
Nozzle #9 (N9) 161371 | 3.790 1.0000 | 1.30 18,203 48,600 No
Notes:

(1) Ellipsoidal Head #2 limits the UG-99 stress ratio.
(2) P stresses at nozzle openings have been estimated using the method described in PVP-Vol. 399,

pages 77-82.

(3) VIII-2, AD-151.1(b) used as the basis for nozzle allowabl e test stress.
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Hydrostatic Test

(4) The zero degree angular position is assumed to be up, and the test liquid height is assumed to the top-
most flange.

Thefield test condition has not been investigated for the Chamber bounded by Ellipsoidal Head #1 and
Ellipsoidal Head #2.

The test temperature of 70.00 °F is warmer than the minimum recommended temperature of -8.60 °F so
the brittle fracture provision of UG-99(h) has been met.
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Vacuum Summary

Vacuum Summary

_ Elevation Length Le
Component Line of Support gbove Datum (in)
(in)
Ellipsoidal Head #2 - 118.25 N/A
- 1/3 depth of Ellipsoidal Head #2 | 101.92 N/A
Straight Flange on Ellipsoidal Head #2 Top - 94.00 111.83
Straight Flange on Ellipsoidal Head #2 Bottom | - 92.00 111.83
Cylinder #1 Top - 92.00 111.83
Cylinder #1 Bottom - 0.00 111.83
Straight Flange on Ellipsoidal Head #1 Top - 0.00 111.83
Straight Flange on Ellipsoidal Head #1 Bottom | - -2.00 111.83
- 1/3 depth of Ellipsoidal Head #1 | -9.92 N/A
Ellipsoidal Head #1 - -26.25 N/A

Note

For main components, the listed value of ‘L€' isthe largest unsupported length for the component.
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Cylinder #1
ASME Section VIII Division 1, 2001 Edition, AO3 Addenda

Component: Cylinder

Material specification: SA-516 70 (ASME I1-D p. 14, In. 31)
Material impact test exemption temperature from Fig UCS-66 Curve B = -7 °F

Fig UCS-66.1 MDMT reduction = 31.8 °F, (coincident ratio = 0.6823238)

UCS-66 governing thickness=0.51in

Internal design pressure: P =125 psi @ 300°F
External design pressure: P, = 15 psi @ 300°F

Static liquid head:

P, =3.6097 psi(SG=1.0000, H=100.0000" Operating head)
P=3.6278 psi(SG=1.0000, H=100.5000", Horizontal test head)

Corrosion allowance; Inner C = 0.0000" Outer C = 0.0000"
Design MDMT = -20.00°F No impact test performed
Rated MDMT = -38.80°F Material is not normalized

Material is not produced to Fine Grain Practice
PWHT is not performed

Radiography: Longitudinal joint - None UW-11(c) Type 1
Top circumferential joint - None UW-11(c) Type 1
Bottom circumferential joint - None UW-11(c) Type 1

Estimated weight: New = 3905.68751b  corr = 3905.6875 |b

Capacity: New = 2823.0135gal  corr = 2823.0135 gal
OD = 96.0000"

Length L. = 92.0000"

t = 0.5000"

Design thickness, (at 300.00°F) Appendix 1-1

P*R,/(S*E + 0.40*P) + Corrosion
128.6097* 48.0000/(20000.0000* 0.70 + 0.40* 128.6097) + 0.0000

~—+
1
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=  0.4394"
Maximum allowable working pressure, (at 300.00°F) Appendix 1-1

P SFE*t/(R, - 0.40%t) - Py
20000.0000* 0.70* 0.5000 / (48.0000 - 0.40*0.5000) - 3.6097

142.8338 ps

Maximum allowable pressure, (at 70.00°F) Appendix 1-1

P S*E*t/(R, - 0.40%1)

20000.0000* 0.70* 0.5000 / (48.0000 - 0.40* 0.5000)
146.4435 ps

External Pressure, (Corroded & at 300.00°F) UG-28(c)

L/Dg = 111.8333/96.0000 = 1.1649
D/t = 96.0000/0.329221 = 291.5970

From table G: A = 0.000228
From table CS-2: B = 3280.4565

P, = 4*B/(3*(D/t))
= 4*3280.4565/(3* (96.0000/0.329221))
= 15.0000 psi

Design thickness for external pressure P, = 15.0000 psi

=t + Corrosion = 0.329221 + 0.0000 = 0.3292"
Maximum Allowable External Pressure, (Corroded & at 300.00°F) UG-28(c)

L/Dg = 111.8333/96.0000 = 1.1649
D/t = 96.0000/0.5000 = 192.0000

From table G: A =0.000435
From table CS-2: B = 6256.9512

P, = 4*B/(3*(Dy/t))
= 4*6256.9512/(3* (96.0000/0.5000))
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= 43.4510 ps

% Extreme fiber elongation - UCS-79(d)

=(50* t/Ry)* (1- R¢/ Ry)
= (50 * 05000/ 47.7500) * (1 - 47.7500 / o)
= 0.5236 %

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

P, = VAcce*W / (2*Tt*R.) + M / (Tt R.2)
= 1.2000*5531.92 / (2* 1t*47.7500) + 134724.69 / (1t* 47.75002)
= 40.9344 |b/in
a = I:)v/ (Pe* Do)
= 40.934406 / (15.0000* 96.0000)
= 0.0284
n =6
m = 1.23/ (L/D,)?
= 1.23/(111.833328/96.0000)2
= 0.9064
RatioPe=(n2- 1+ m+ m*a)/(n2-1+m)
= (62 - 1 + 0.906369 + 0.906369* 0.028427) / (62 - 1 + 0.906369)

= 1.0007
Ratio P, * P, < MAEP design cylinder thickness is satisfactory.

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

Py = VAccel*W / (2*1*R,,) + M [ (1t* Rmz)
= 1.2000*5531.92 / (2* Tt* 47.7500) + 4669.13 / (1t 47.75002)
= 22.7779 Ib/in
a =P,/ (P"Dy)
= 22.777905 / (15.0000* 96.0000)
= 0.0158
n =6
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m = 1.23/ (L/D,)?

= 1.23/(111.833328/96.0000)2
= 0.9064

Ratio Po= (n2- 1+ m+m*a)/(n2- 1+ m)
= (62 - 1+ 0.906369 + 0.906369* 0.015818) / (62 - 1 + 0.906369)

= 1.0004
Ratio P, * P, < MAEP design cylinder thickness is satisfactory.

Design thickness = 0.4394"
The governing condition is due to internal pressure.
The cylinder thickness of 0.5000" is adequate.

Thickness Required Due to Pressure + External Loads

Allowable Stress Req'd
Before UG-23 Reqg'd Thk
Pressure St I Temperature | Corrosion Thk Dueto
Condition : ressincrease po . Location | Load | Dueto .
P (ps) (ps) (°F) C(in) . Compression
Tension .
: (in)
S S ()

Operating, top Seismic | 0.1236 | 0.1219
Hot & 125.00 20000.00 | 13265.59 | 300.00 0.0000
Corroded Bottom | Seismic | 0.1228 | 0.1226
Operating, top Seismic | 0.1236 |0.1219
Hot & 125.00 20000.00 | 13265.59 | 300.00 0.0000
New Bottom | Seismic | 0.1228 | 0.1226
Hot Shut top Seismic | 0.0000 | 0.0026
Down 0.00 20000.00 | 13265.59 | 300.00 0.0000
Corroded Bottom | Seismic | 0.0011 | 0.0014
Hot Shut top Seismic | 0.0000 | 0.0026
Down, 0.00 20000.00 | 13265.59 | 300.00 0.0000
New Bottom | Seismic | 0.0011 | 0.0014
Empty, top Seismic | 0.0009 | 0.0017
Corroded 0.00 20000.00 | 13265.59 | 0.00 0.0000
~orroded Bottom | Seismic | 0.0011 | 0.0014
Empty, top Seismic | 0.0009 | 0.0017
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New 0.00 20000.00 | 13265.59 | 0.00 0.0000 Botton | Seismic | 0.0011 | 0.0014
top Seismic | 0.0224 | 0.0249
Vacuum | -15.00 20000.00 | 13265.59 | 300.00 0.0000
Bottom | Seismic | 0.0235 | 0.0238
Hot Shut
Down top Weight |0.0014 | 0.0017
Corroded
Weight & | 0.00 20000.00 | 13265.59 | 300.00 0.0000
Eccentric
Moments Bottom | Weight | 0.0014 | 0.0017
Only

Allowable Compressive Stress, Hot and Corroded- S.c, (table CS-2)

A =0125/(R,/t)
= 0.125/ (48.0000 / 0.5000)

= 0.001302
B =13265.5928 ps

S =20000.0000/ 1.0000
= 20000.0000 psi

Scnc = 13265.5928 psi

Allowable Compressive Stress, Hot and New- Sy

ScHN = SeHC
= 13265.5928 psi

Allowable Compressive Stress, Cold and New- S.¢y;, (table CS-2)

A =0125/(R,/t)
= 0.125/ (48.0000 / 0.5000)
= 0.001302

B = 132655928 ps

S =20000.0000/ 1.0000
= 20000.0000 psi
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Seen = 13265.5928 psi

Allowable Compressive Stress, Cold and Corroded- S.cc

Sece = Seen
= 13265.5928 psi

Allowable Compressive Stress, Vacuum and Corroded- S;\c, (table CS-2)

A =0125/(R,/1)
= 0.125/ (48.0000 / 0.5000)
= 0.001302

B =13265.5928 ps

S =20000.0000/ 1.0000
= 20000.0000 psi

Sy = 13265.5928 psi

Operating, Hot & Corroded, Seismic, Above Support Point

ty = PYRI(2*S*KE, + 0.40%|P)) (Pressure)
= 125.0000* 47.5000/(2* 20000.0000* 1.2000* 1.00 + 0.40* [125.0000])
= 0.1236"

tn = M/(T*R,2* S*KFE,) (bending)
= 134724.69/(1* 47.75002* 20000.0000* 1.2000* 1.00)
= 0.0008"
ty = W/(2*TR*S*KFEy) (Weight)
= 5531.92/(2* t* 47.7500* 20000.0000* 1.2000* 1.00)
= 0.0008"
tt =thtitm-ty (total required, tensile)
= 0.123569 + 0.000784 - (0.000768)
= 0.1236"

twe = VAccel * W/(2* TR * S* K E,) (Weight)
= 1.2000 * 5531.92/(2* Tt 47.7500* 20000.0000* 1.2000* 1.00)
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= 0.0009"

te = ltme * twe - Tpcl (total, net tengile)
= |0.000784 + (0.000922) - (0.123569)|
= 0.1219"

Maximum allowable working pressure, Longitudinal Stress

P = 2*SFKFE* (tt+,) / (R - 0.40% (t-t+,)

_ 2¥20000.0000* 1.2000* 1.00* (0.5000-0.000784+(0.000768)) / (47.5000 - 0.40* (0.5000-
~ 0.000784+(0.000768)))

= 507.3839 psi

Operating, Hot & New, Seismic, Above Support Point

to =P*RI(2*S* K E + 0.40%|P) (Pressure)

= 125.0000* 47.5000/(2* 20000.0000* 1.2000* 1.00 + 0.40*|125.0000])
= 0.1236"

tm = M/(TR;2* S*KEy) (bending)
= 134724.69/ (1t 47.75002* 20000.0000* 1.2000* 1.00)
= 0.0008"
ty = W/(2*TR;* S K Ep) (Weight)
= 5531.92/(2* 1t 47.7500* 20000.0000* 1.2000* 1.00)
= 0.0008"
tt =thtitm-ty (total required, tensile)
= 0.123569 + 0.000784 - (0.000768)
= 0.1236"

twe = VAccd * W/(2* TR * S*KFEp) (Weight)
= 1.2000 * 5531.92/(2* 1t* 47.7500* 20000.0000* 1.2000* 1.00)
= 0.0009"
te = ltme + twe - Tocl (total, net tensile)
= ]0.000784 + (0.000922) - (0.123569)|
=0.1219"

Maximum allowable working pressure, Longitudinal Stress
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P = 2*S*KFE* (tt+y,) / (R - 0.40% (t-t+,)

_ 2¥20000.0000* 1.2000* 1.00* (0.5000-0.000784+(0.000768)) / (47.5000 - 0.40* (0.5000-
~ 0.000784+(0.000768)))

= 507.3839 psi

Hot Shut Down, Corroded, Seismic, Above Support Point

t, =0.0000" (Pressure)
ty, = M/(T*R,2*S* K Ey) (bending)
= 134724.69/(1t* 47.75002* 20000.0000* 1.2000* 1.00)
= 0.0008"
ty =WI(2* TR *S*KSE,) (Weight)
= 5531.92/(2* T 47.7500* 20000.0000* 1.2000* 1.00)
= 0.0008"
tt =thtin-ty (total required, tensile)
= 0.000000 + 0.000784 - (0.000768)
= 0.0000"
tme = M/(TFR12* S*K ) (bending)
= 134724.69/ (1t 47.75002* 13265.5928* 1.2000)
= 0.0012"
tye = VAcce * W/(2* T Rp* S K o (Weight)
= 1.2000 * 5531.92/(2* 1t* 47.7500* 13265.5928* 1.2000)
= 0.0014"
I =Tnc ¥ twe~Tpc (total required, compressive)
= 0.001182 + (0.001390) - (0.000000)
= 0.0026"

Hot Shut Down, New, Seismic, Above Support Point

t, =0.0000" (Pressure)
ty, = M/(T*R;2* S* K EL) (bending)
= 134724.69/(tt* 47.75002* 20000.0000* 1.2000* 1.00)
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= 0.0008"
ty = WI(2*T*R* SFKSEL) (Weight)
= 5531.92/(2* 1t 47.7500* 20000.0000* 1.2000* 1.00)
= 0.0008"
tt =ttty -ty (total required, tensile)
= 0.000000 + 0.000784 - (0.000768)
= 0.0000"
tme = M/(TFR2* S*K ) (bending)
= 134724.69/(Tt 47.75002* 13265.5928* 1.2000)
= 0.0012"
twe = VAccel * W/(2* TR, * SFK) (Weight)
= 1.2000 * 5531.92/(2* Tt* 47.7500* 13265.5928* 1.2000)
= 0.0014"
te =tme+twe - the (total required, compressive)
= 0.001182 + (0.001390) - (0.000000)
= 0.0026"

Empty, Corroded, Seismic, Above Support Point

t, =0.0000" (Pressure)
ty, = M/(T*R2* S*K) (bending)
= 32162.91/(1r* 47.75002* 13265.5928* 1.2000)
= 0.0003"
ty = W/(2*T*R,* SFK) (Weight)
= 5531.92/(2* 1t 47.7500* 13265.5928* 1.2000)
= 0.0012"
e =ty + tm - twl (total, net compressive)
= ]0.000000 + 0.000282 - (0.001158)|
= 0.0009"

tye = VACcel * WI(2* TR *S*K ) (Weight)

= 1.2000 * 5531.92/(2* 1t 47.7500* 13265.5928* 1.2000)
= 0.0014"
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e = tme * twe - toc (total required, compressive)
= 0.000282 + (0.001390) - (0.000000)
= 0.0017"

Empty, New, Seismic, Above Support Point

t, =0.0000" (Pressure)
ty, = M/(T*R2* S*K) (bending)
= 32162.91/(1r* 47.75002* 13265.5928* 1.2000)
= 0.0003"
ty = W/(2*T*R,* S*Ky) (Weight)
= 5531.92/(2* 1t* 47.7500* 13265.5928* 1.2000)
= 0.0012"
e =ty + tm - twl (total, net compressive)
= |0.000000 + 0.000282 - (0.001158)|
= 0.0009"

twe = VAccel * W/(2* T R* S*Ky) (Weight)
= 1.2000 * 5531.92/(2* 1t* 47.7500* 13265.5928* 1.2000)
= 0.0014"
te =tme ™ twe - toc (total required, compressive)
= 0.000282 + (0.001390) - (0.000000)
= 0.0017"

Vacuum, Seismic, Above Support Point

to = P*R/(2*S*Kg + 0.40%|P)) (Pressure)
= -15.0000* 47.5000/(2* 13265.5928* 1.2000 + 0.40* |15.0000|)
= -0.0224"

tn = M/(TFR2*S*KY) (bending)
= 134724.69/(Tt 47.75002* 13265.5928* 1.2000)
= 0.0012"

ty = W/(2*Tt R+ S K ) (Weight)
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= 5531.92/(2* 1t* 47.7500* 13265.5928* 1.2000)
= 0.0012"

e =ty + tm - twl (total, net compressive)
= [-0.022375 + 0.001182 - (0.001158)|
= 0.0224"

twe = VAccd * W/(2* T R * S K) (Weight)
= 1.2000 * 5531.92/(2* 1+ 47.7500* 13265.5928* 1.2000)
= 0.0014"
te =tme* twe - toc (total required, compressive)
= 0.001182 + (0.001390) - (-0.022375)
= 0.0249"

Hot Shut Down, Corroded, Weight & Eccentric Moments Only, Seismic, Above Support

Point

t, =0.0000" (Pressure)
tm = M/(T*R,2* S*K) (bending)
= 1544.32/(1* 47.75002* 13265.5928* 1.0000)
= 0.0000"
ty = W/(2*T*R,* S.*K) (Weight)
= 5531.92/(2* 1t 47.7500* 13265.5928* 1.0000)
= 0.0014"
e =ty + tm - twl (total, net compressive)
= |0.000000 + 0.000016 - (0.001390)|
= 0.0014"

tye = VACCel * WI(2* TR *S*K ) (Weight)

= 1.2000 * 5531.92/(2* - 47.7500* 13265.5928* 1.0000)
= 0.0017"

te =tme ™ twe - toc (total required, compressive)
= 0.000016 + (0.001668) - (0.000000)
= 0.0017"

Operating, Hot & Corroded, Seismic, Below Support Point
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ty = P*RI(2*S*KSE, + 0.40*|P) (Pressure)
= 125.0000* 47.5000/(2* 20000.0000* 1.2000* 1.00 + 0.40* |125.0000))
= 0.1236"
tn = M/(TtR2* S*KFEy) (bending)
= 4669.13/(1t* 47.75002* 20000.0000* 1.2000* 1.00)
= 0.0000"
ty = W/(2* TR *SFKFEL) (Weight)
= 5531.92/(2* rt* 47.7500* 20000.0000* 1.2000* 1.00)
= 0.0008"
tt =to+tm-ty (total required, tensile)
= 0.123569 + 0.000027 - (0.000768)
= 0.1228"
tye = VAccd * W/(2* TR * S*K*Ey) (Weight)
= 1.2000 * 5531.92/(2* 1t* 47.7500* 20000.0000* 1.2000* 1.00)
= 0.0009"
te = ltme + twe - Tocl (total, net tensile)
= [0.000027 + (0.000922) - (0.123569)|
= 0.1226"

Maximum allowable working pressure, Longitudinal Stress

P = 2 S KFEg (-t +,) / (R - 0.40% (t-t,+t,))

_ 2%20000.0000* 1.2000* 1.00* (0.5000-0.000027+(0.000768)) / (47.5000 - 0.40* (0.5000-
~ 0.000027+(0.000768)))

= 508.1549 psi

Operating, Hot & New, Seismic, Below Support Point

t, = P*RI(2*S*KgE + 0.40*|P) (Pressure)
= 125.0000* 47.5000/(2* 20000.0000* 1.2000* 1.00 + 0.40* |125.0000))
= 0.1236"

ty = M/(TFR2* S*KFE,) (bending)
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= 4669.13/(Tt* 47.75002* 20000.0000* 1.2000* 1.00)
= 0.0000"

ty = W/I(2*TR;* S K Ep) (Weight)
= 5531.92/(2* rt* 47.7500* 20000.0000* 1.2000* 1.00)
= 0.0008"
tt =thtitm-ty (total required, tensile)
= 0.123569 + 0.000027 - (0.000768)
= 0.1228"
twe = VAccd * W/(2* TR * S*KFEp) (Weight)
= 1.2000 * 5531.92/(2* - 47.7500* 20000.0000* 1.2000* 1.00)
= 0.0009"
te = ltme * twe - Tpcl (total, net tensile)
= |0.000027 + (0.000922) - (0.123569)|
= 0.1226"

Maximum allowable working pressure, Longitudinal Stress

P = 2*SFKFE* (tt+y,) / (R - 0.40% (t-t+,)

_ 2¥20000.0000* 1.2000* 1.00* (0.5000-0.000027+(0.000768)) / (47.5000 - 0.40* (0.5000-
~ 0.000027+(0.000768)))

= 508.1549 psi

Hot Shut Down, Corroded, Seismic, Below Support Point

t, =0.0000" (Pressure)
tm = M/(TFR2* S*K) (bending)
= 4669.13/(1* 47.75002* 13265.5928* 1.2000)
= 0.0000"
ty = W/I(2*T*R,* S.*Ky) (Weight)
= 5531.92/(2* 1t 47.7500* 13265.5928* 1.2000)
= 0.0012"
tt = [ty tm-twl (total, net compressive)

= ]0.000000 + 0.000041 - (0.001158)|
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= 0.0011"
twe = VAcce * W/(2* T Ry * S K) (Weight)
= 1.2000 * 5531.92/(2* 1t* 47.7500* 13265.5928* 1.2000)
= 0.0014"
te =tme* twe - toc (total required, compressive)
= 0.000041 + (0.001390) - (0.000000)
= 0.0014"

Hot Shut Down, New, Seismic, Below Support Point

t, =0.0000" (Pressure)
tm = M/(T*R,2* S*K) (bending)
= 4669.13/(1t* 47.75002* 13265.5928* 1.2000)
= 0.0000"
ty = W/(2*T*R,* SFK) (Weight)
= 5531.92/(2* 1t 47.7500* 13265.5928* 1.2000)
= 0.0012"
tt =ty + tm - twl (total, net compressive)
= ]0.000000 + 0.000041 - (0.001158)|
= 0.0011"

twe = VAccd * W/(2* TR * S K) (Weight)
= 1.2000 * 5531.92/(2* 1t*47.7500* 13265.5928* 1.2000)
= 0.0014"
te =tme* twe - toc (total required, compressive)
= 0.000041 + (0.001390) - (0.000000)
= 0.0014"

Empty, Corroded, Seismic, Below Support Point

t, =0.0000" (Pressure)
tm = M/(TFR2* S*K ) (bending)
= 2490.13/(t* 47.75002* 13265.5928* 1.2000)
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= 0.0000"
ty = W/I(2*T*R,* S*Ky) (Weight)
= 5531.92/(2* 1t* 47.7500* 13265.5928* 1.2000)
= 0.0012"
tt = [t tm-tyl (total, net compressive)
= |0.000000 + 0.000022 - (0.001158)|
= 0.0011"

tye = VACeE * W/(2*TER * S K (Weight)
= 1.2000 * 5531.92/(2* t* 47.7500* 13265.5928* 1.2000)
= 0.0014"
fe = Tmc ¥ tye - tpe (total required, compressive)
= 0.000022 + (0.001390) - (0.000000)
= 0.0014"

Empty, New, Seismic, Below Support Point

t, =0.0000" (Pressure)
tm = M/(TFR2* S*K) (bending)
= 2490.13/(1* 47.75002* 13265.5928* 1.2000)
= 0.0000"
ty = W/I(2*T*R,* S*Ky) (Weight)
= 5531.92/(2* 1t 47.7500* 13265.5928* 1.2000)
= 0.0012"
tt =t tm-twl (total, net compressive)
= |0.000000 + 0.000022 - (0.001158)|
= 0.0011"

tye = VACeH * W/(2* TR, * S*K Q) (Weight)
= 1.2000 * 5531.92/(2* e+ 47.7500* 13265.5928* 1.2000)
= 0.0014"
tc = tme * twe - toc (total required, compressive)
= 0.000022 + (0.001390) - (0.000000)
= 0.0014"
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Vacuum, Seismic, Below Support Point

t, = P*RI(2*Sg*Kg + 0.40%|P) (Pressure)
= -15.0000* 47.5000/(2* 13265.5928* 1.2000 + 0.40*|15.0000|)
=-0.0224"
tn = M/(T*R,2* S*K ) (bending)
= 4669.13/(1r* 47.75002* 13265.5928* 1.2000)
= 0.0000"
ty = W/(2*TFR *S*Ky) (Weight)
= 5531.92/(2* Tt* 47.7500* 13265.5928* 1.2000)
= 0.0012"
=ty * tm - tyl (total, net compressive)
= |-0.022375 + 0.000041 - (0.001158)|
= 0.0235"
twe = VACeH * W/(2* TR ,* S*K Q) (Weight)
= 1.2000 * 5531.92/(2* t* 47.7500* 13265.5928* 1.2000)
= 0.0014"
te =Tmc+ twetoe (total required, compressive)
= 0.000041 + (0.001390) - (-0.022375)
= 0.0238"

Hot Shut Down, Corroded, Weight & Eccentric Moments Only, Seismic, Below Support

Point

t, =0.0000" (Pressure)
tm = M/(T*R,2* S*K) (bending)
= 1459.96/(Tt* 47.75002* 13265.5928* 1.0000)
= 0.0000"
ty = W/(2*TR*S*KY) (Weight)
= 5531.92/(2* Tt* 47.7500* 13265.5928* 1.0000)
= 0.0014"
tt =l +tm-twl (total, net compressive)
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=0.000000 + 0.000015 - (0.001390)|
= 0.0014"

twe = VAccel * W/(2* TR, * S*K Q) (Weight)
= 1.2000 * 5531.92/(2* 1t* 47.7500* 13265.5928* 1.0000)
=0.0017"

te =tme* twe - toc (total required, compressive)
= 0.000015 + (0.001668) - (0.000000)
= 0.0017"
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Ellipsoidal Head #2

Ellipsoidal Head #2

ASME Section VIII, Division 1, 2001 Edition, AO3 Addenda

Component: Ellipsoidal Head
Material Specification: SA-516 70 (ASME 11-D p.14, In. 31)

Material impact test exemption temperature from Fig UCS-66 Curve B =-7 °F
Fig UCS-66.1 MDMT reduction = 33.9 °F, (coincident ratio = 0.6609836)
UCS-66 governing thickness= 0.5 in

Internal design pressure: P =125 psi @ 300 °F
External design pressure: P, = 15 pst @ 300 °F

Static liquid head:

Ps=0.2166 psi (SG=1, Hs=8" Operating head)
Py= 3.6278 psi (SG=1, H=100.5" Horizontal test head)

Corrosion alowance: Inner C = 0" Outer C=0"
Design MDMT = -20°F No impact test performed
Rated MDMT = -40.9°F Material is not normalized

Material is not produced to fine grain practice
PWHT is not performed
Do not Optimize MDMT / Find MAWP

Radiography: Category A joints - None UW-11(c) Type 1
Head to shell seam - None UW-11(c) Type 1

Estimated weight*:  new =1,571.701b corr =1,571.70 1b

Capacity*: new = 547.2 USgd corr =547.2USgd

* includes straight flange

Outer diameter = 96"

Minimum head thickness = 05"

Head ratio D/2h = 2 (new)

Head ratio D/2h = 2 (corroded)

Straight flange length L = o

Nominal straight flange thicknessty = 0.5"
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Ellipsoidal Head #2

Insulation thk*: 0" density: O Ib/ft3 weight: 0 1b
Insulation supportring . individual weight: 0 1b total weight: O Ib
spacing:

Lining/ref thk*: 0" density: 0 Ib/ft3 weight: O 1b

* includes straight flange if applicable
Results Summary

The governing condition isinternal pressure.

Minimum thickness per UG-16 = 0.0625" + 0" = 0.0625"
Design thickness due to internal pressure (t) = 0.4259"

Design thickness due to external pressure (te) = 0.247"

Maximum allowable working pressure (MAWP) = 146.9969 ps
Maximum allowable pressure (MAP) = 147.2135ps
Maximum allowable external pressure (MAEP) = 61.6617 ps

K (Corroded)

K = (U6)*[2+(D/(2*h))]
=  (U6)*[2+ (95/(2*23.75))4]
= 1

K (New)

K = (Ue)*[2+(D/(2*h))]
= (U6)*[2+ (95/(2*23.75))3]
= 1

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

~—*
1

P*D,*K / (2*S*E + 2*P*(K - 0.1)) + Corrosion
125.2166*96* 1 / (2*20000*0.7 + 2*125.2166* (1 - 0.1)) + 0
0.4259"

The head internal pressure design thicknessis 0.4259".

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

P = 2SE*t/(K*Dy- 2*t*(K - 0.1)) - Pg
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Ellipsoidal Head #2

2% 20000%0.7+0.5 / (1¥96 - 2¥0.5%(1 - 0.1)) - 0.2166
146.9969 psi

The maximum allowable working pressure (MAWP) is 146.9969 psi.
Maximum allowable pressure, (New at 70 °F) Appendix 1-4(c)

p 2 SFE*t [ (K*D, - 2¢t* (K - 0.1)) - Pq
2%20000*0.7%0.5 / (1*96 - 2*0.5*(1 - 0.1)) -

147.2135 psi

The maximum allowable pressure (MAP) is 147.2135 ps.

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

Equivalent outside spherical radius (Ry)
I:QO KO* DO

0.8907 * 96

85.5093in

>
I

0.125/ (Ry/t)
0.125 / (85.5093/0.246972)
0.000361

From Table CS-2: B=5,193.4536 psi

P, B/(Ry/t)
5,193.454/(85.5093/0.246972)

15 ps

0.247" + Corrosion = 0.247" + Q" = 0.247"

~—
1

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

1.67*P*D*K / (2*S*E + 2¢1.67*P.* (K - 0.1)) + Corrosion
1.67%15%96% 1/ (2*20000% 1 + 2* 1.67*15*(1 - 0.1)) + 0
0.0601"

~—*
1

The head external pressure design thickness (t,) is 0.246972".

Maximum Allowable External Pressure, (Corroded at 300 °F) UG-33(d)
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Ellipsoidal Head #2

Equivalent outside spherical radius (Ry)
RO KO* DO

0.8907 * 96

85.5093in

>
I

0.125/ (R t)

0.125 / (85.5093/0.5)
0.000731

From Table CS-2: B=10,545.2891 psi

P, B/(R,/t)

10,545.29/(85.5093/0.5)
61.6617 ps

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

p 2% SFE*t [ ((K*Dy - 2¢t* (K - 0.1))*1.67) - Py
2*20000% 1*0.5 / ((1*96 - 20.5*(1 - 0.1))*1.67) - O

125.9311 psi

The maximum allowable external pressure (MAEP) is61.6617 psi.

% Extreme fiber elongation - UCS-79(d)

(75t Ry)*(1- R/ Ry)
(7540.5/ 16.4)* (1 - 16.4/ 00)
2.2866%

The extreme fiber elongation does not exceed 5%.
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Straight Flange on Ellipsoidal Head #2

Straight Flange on Ellipsoidal Head #2
ASME Section VIII Division 1, 2001 Edition, AO3 Addenda

Component: Straight Flange

Material specification: SA-516 70 (ASME 11-D p. 14, In. 31)
Material impact test exemption temperature from Fig UCS-66 Curve B =-7 °F

Fig UCS-66.1 MDMT reduction = 33.6 °F, (coincident ratio = 0.6642336)

UCS-66 governing thickness= 0.5 in

Internal design pressure: P =125 psi @ 300°F
External design pressure: P, = 15 psi @ 300°F

Static liquid head:

Ps =0.2888 psi(SG=1.0000, H=8.0000" Operating head)
Pih=3.6278 psi(SG=1.0000, H=100.5000", Horizontal test head)

Corrosion alowance: Inner C = 0.0000" Outer C = 0.0000"
Design MDMT = -20.00°F No impact test performed
Rated MDMT = -40.60°F Material is not normalized

Material is not produced to Fine Grain Practice
PWHT is not performed

Radiography: Longitudinal joint - None UW-11(c) Type 1
Circumferential joint - None UW-11(c) Type 1

Estimated weight: New = 84.9063|b  corr = 84.9063 Ib

Capacity: New =61.3699 ga corr = 61.3699 gal
OD = 96.0000"

Length L. = 2.0000"

t = 0.5000"

Design thickness, (at 300.00°F) Appendix 1-1

P*R//(S E + 0.40*P) + Corrosion

125.2888* 48.0000/(20000.0000* 0.70 + 0.40* 125.2888) + 0.0000
0.4281"

~—+
1
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Straight Flange on Ellipsoidal Head #2

Maximum allowable working pressure, (at 300.00°F) Appendix 1-1

P

S*E*t/(R, - 0.40%t) - P
20000.0000* 0.70* 0.5000 / (48.0000 - 0.40* 0.5000) - 0.2888
146.1547 ps

Maximum allowable pressure, (at 70.00°F) Appendix 1-1

p S*E*t/(R, - 0.40t)
20000.0000* 0.70* 0.5000 / (48.0000 - 0.40* 0.5000)

146.4435 psi

External Pressure, (Corroded & at 300.00°F) UG-28(c)

L/D, = 111.8333/96.0000 = 1.1649
D/t = 96.0000/0.329221 = 291.5970

From table G: A =0.000228
From table CS-2: B = 3280.4565

P, = 4*B/(3* (D))
= 4*3280.4565/(3* (96.0000/0.329221))
= 15.0000 psi

Design thickness for external pressure P, = 15.0000 psi

=t + Corrosion = 0.329221 + 0.0000 = 0.3292"
Maximum Allowable External Pressure, (Corroded & at 300.00°F) UG-28(c)

L/Dgy = 111.8333/96.0000 = 1.1649
D/t = 96.0000/0.5000 = 192.0000

From table G: A =0.000435
From table CS-2: B = 6256.9512

P, = 4*B/(3*(Dy/t))
= 4*6256.9512/(3* (96.0000/0.5000))
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Straight Flange on Ellipsoidal Head #2

= 43.4510 ps

% Extreme fiber elongation - UCS-79(d)

=(B0*t/Rs)* (1- R/ Ryp)

= (50 * 0.5000 / 47.7500) * (1 - 47.7500 / 00)

=0.5236 %

Design thickness = 0.4281"

The governing condition is due to internal pressure.

The cylinder thickness of 0.5000" is adequate.

Thickness Required Due to Pressure + External Loads
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Allowable Stress Reg'd ,
Reqg'd Thk
Condition Pressure Beflor:(?rl;a(;-eZ(\??)r%s Temperature | Corrosion L oad DTJ?;O Dueto
P (psi) P (°F) C (in) Tension | COMPression
ension in)
S S (in) (
Operating,
Hot& 125.00 | 20000.00 |13265.59 |300.00 0.0000 Seismic | 0.1762 | 0.1760
Corroded
Operating,
Hot & 125.00 | 20000.00 | 13265.59 | 300.00 0.0000 Seismic | 0.1762 | 0.1760
New
Hot Shut
Down 0.00 20000.00 | 13265.59 | 300.00 0.0000 Seismic | 0.0003 | 0.0004
Corroded
Hot Shut
Down, 0.00 20000.00 | 13265.59 | 300.00 0.0000 Seismic | 0.0003 | 0.0004
New
Empty,
Cmt 0.00 20000.00 |13265.59 |0.00 0.0000 Seismic | 0.0003 | 0.0004
orroded
Empty, .
N:,:N 0.00 20000.00 | 13265.59 | 0.00 0.0000 Seismic | 0.0003 | 0.0004
Vacuum -15.00 |20000.00 | 13265.59 | 300.00 0.0000 Seismic | 0.0227 | 0.0228




Straight Flange on Ellipsoidal Head #2

Hot Shut

Down

Corroded

Weight & | 0.00 20000.00 |13265.59 | 300.00 0.0000 Weight | 0.0004 | 0.0005
Eccentric

Moments

Only

Allowable Compressive Stress, Hot and Corroded- S.c, (table CS-2)

A =0125/(R,/t)
= 0.125/ (48.0000 / 0.5000)
= 0.001302

B = 132655928 ps

S =20000.0000/ 1.0000
= 20000.0000 psi

Sec = 13265.5928 psi

Allowable Compressive Stress, Hot and New- S

ScHN = ScHe
= 13265.5928 psi

Allowable Compressive Stress, Cold and New- S.cy, (table CS-2)

A =0125/(R,/t)
= 0.125/ (48.0000 / 0.5000)
= 0.001302

B = 132655928 ps

S =20000.0000/ 1.0000
= 20000.0000 psi

Seen = 13265.5928 psi
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Straight Flange on Ellipsoidal Head #2

Allowable Compressive Stress, Cold and Corroded- S;.¢¢

Sece = Seen
= 13265.5928 psi

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

A =0125/(R,/t)
= 0.125/ (48.0000 / 0.5000)
= 0.001302

B = 132655928 ps

S  =20000.0000/ 1.0000
= 20000.0000 psi

SCVC = 13265.5928 DSI

Operating, Hot & Corroded, Seismic, Bottom Seam

t, = P*RI(2*S*KgE + 0.40*|P) (Pressure)
= 125.0000* 47.5000/(2* 20000.0000* 1.2000* 0.70 + 0.40* |125.0000))
=0.1764"

ty, = M/(TFR2* S KX Ep) (bending)
= 4623.04/(1t* 47.75002* 20000.0000* 1.2000* 0.70)
= 0.0000"
ty = WI(2*T*R*S*KE,) (Weight)
= 1608.88/(2* t* 47.7500* 20000.0000* 1.2000* 0.70)
= 0.0003"
tt =to+tym-ty (total required, tensile)
= 0.176449 + 0.000038 - (0.000319)
=0.1762"

twe = VAccel * W/(2* TR * S*K*E) (Weight)

= 1.2000 * 1608.88/(2* 1t* 47.7500* 20000.0000* 1.2000* 0.70)
= 0.0004"
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Straight Flange on Ellipsoidal Head #2

te = Itme + twe - tpcl (total, net tensile)
= ]0.000038 + (0.000383) - (0.176449)|
=0.1760"

Maximum allowable working pressure, Longitudinal Stress

P = 2% S*KFE* (-t ) / (R - 0.40% (-t +,))

_ 2%20000.0000* 1.2000* 0.70* (0.5000-0.000038+(0.000319)) / (47.5000 - 0.40* (0.5000-
~ 0.000038+(0.000319)))

= 355.3800 psi

Operating, Hot & New, Seismic, Bottom Seam

ty, = PYRI(2*S*KE, + 0.40%|P)) (Pressure)
= 125.0000* 47.5000/(2* 20000.0000* 1.2000* 0.70 + 0.40* |125.0000))
= 0.1764"

ty, = M/(TFR2* S K Ep) (bending)
= 4623.04/(1t* 47.75002* 20000.0000* 1.2000* 0.70)
= 0.0000"
ty = W/I(2*T*R*S*KFE,) (Weight)
= 1608.88/(2* t* 47.7500* 20000.0000* 1.2000* 0.70)
= 0.0003"
tt =thtin-ty (total required, tensile)
= 0.176449 + 0.000038 - (0.000319)
=0.1762"

tye = VACel * W/(2* TP R, * SFK & E,) (Weight)
= 1.2000 * 1608.88/(2* 1t* 47.7500* 20000.0000* 1.2000* 0.70)
= 0.0004"
e = ltme * twe - Tpcl (total, net tensile)
= ]0.000038 + (0.000383) - (0.176449)|
=0.1760"

Maximum allowable working pressure, Longitudinal Stress
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Straight Flange on Ellipsoidal Head #2

P = 2¢SFKFEF (t-tyHy,) / (R - 0.40% (-t +,,)

_ 2%20000.0000* 1.2000* 0.70* (0.5000-0.000038+(0.000319)) / (47.5000 - 0.40* (0.5000-
~ 0.000038+(0.000319)))

= 355.3800 psi

Hot Shut Down, Corroded, Seismic, Bottom Seam

t, =0.0000" (Pressure)
tm = M/(T*R2* S*Ky) (bending)
= 4623.04/(1t 47.75002* 13265.5928* 1.2000)
= 0.0000"
ty = W/I(2*TR,* S KY) (Weight)
= 1608.88/(2* 1t 47.7500* 13265.5928* 1.2000)
= 0.0003"
tt = [t tm-twl (total, net compressive)
= [0.000000 + 0.000041 - (0.000337)|
= 0.0003"

tye = VACce * W/(2* TR * S K (Weight)
=1.2000 * 1608.88/(2* 1r* 47.7500* 13265.5928* 1.2000)
= 0.0004"
lc =Tmet twe - tnc (total required, compressive)
= 0.000041 + (0.000404) - (0.000000)
= 0.0004"

Hot Shut Down, New, Seismic, Bottom Seam

t, =0.0000" (Pressure)
tm = M/(T* R 2* S*K) (bending)
= 4623.04/(1t* 47.75002* 13265.5928* 1.2000)
= 0.0000"
ty = W/(2*TR*S*K) (Weight)

= 1608.88/(2* 1t* 47.7500* 13265.5928* 1.2000)

file:///C|/Codeware/ COMPRESS/Temp/CWOAF00553.html (7 of 10) [9/6/2005 2:13:27 PM]



Straight Flange on Ellipsoidal Head #2

= 0.0003"
tt =ty + tm - twl (total, net compressive)
= 0.000000 + 0.000041 - (0.000337)|
= 0.0003"
twe = VAcce * W/(2*Tt* R ,* ScFKo) (Weight)
= 1.2000 * 1608.88/(2* 1t* 47.7500* 13265.5928* 1.2000)
= 0.0004"
te =tme+twe - toc (total required, compressive)
= 0.000041 + (0.000404) - (0.000000)
= 0.0004"

Empty, Corroded, Seismic, Bottom Seam

t, =0.0000" (Pressure)
tm = M/(T* R 2* S*K) (bending)
= 3699.76/(1t* 47.75002* 13265.5928* 1.2000)
= 0.0000"
ty = W/I(2*TR;* S Ko (Weight)
= 1608.88/(2* 1t 47.7500* 13265.5928* 1.2000)
= 0.0003"
tr =ty + tm - twl (total, net compressive)
= 10.000000 + 0.000032 - (0.000337)|
= 0.0003"

twe = VAccel * W/(2* Tt R * S*K Q) (Weight)
= 1.2000 * 1608.88/(2* 1t* 47.7500* 13265.5928* 1.2000)
= 0.0004"
te =tme* twe - toc (total required, compressive)
= 0.000032 + (0.000404) - (0.000000)
= 0.0004"

Empty, New, Seismic, Bottom Seam
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Straight Flange on Ellipsoidal Head #2

t, =0.0000" (Pressure)
tm = M/(T*R2* S*Ky) (bending)
= 3699.76/(1t* 47.75002* 13265.5928* 1.2000)
= 0.0000"
ty = W/I(2*TR* S KY) (Weight)
= 1608.88/(2* 1t 47.7500* 13265.5928* 1.2000)
= 0.0003"
tt =ty + tm - twl (total, net compressive)
= 10.000000 + 0.000032 - (0.000337)|
= 0.0003"

tye = VAccel * W/(2* TR ,* S*K Q) (Weight)
=1.2000 * 1608.88/(2* 1r* 47.7500* 13265.5928* 1.2000)
= 0.0004"
e =Tnc+ twe~toc (total required, compressive)
= 0.000032 + (0.000404) - (0.000000)
= 0.0004"

Vacuum, Seismic, Bottom Seam

to =P*R/(2*S* K+ 0.40%|P) (Pressure)

= -15.0000* 47.5000/(2* 13265.5928* 1.2000 + 0.40* |15.0000|)
=-0.0224"

tm = M/(T* R 2* S*K) (bending)
= 4623.04/(1t 47.75002* 13265.5928* 1.2000)
= 0.0000"

ty = W/(2*T*R,;*S*Ky) (Weight)
= 1608.88/(2* 1t 47.7500* 13265.5928* 1.2000)
= 0.0003"

tt =ty + tm - twl (total, net compressive)
= [-0.022375 + 0.000041 - (0.000337)|
= 0.0227"
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Straight Flange on Ellipsoidal Head #2

twe = VACoE * W/(2* Tt R, * S*K ) (Weight)
= 1.2000 * 1608.88/(2* 1t* 47.7500* 13265.5928* 1.2000)
= 0.0004"
e =tme+ twe - tpc (total required, compressive)
= 0.000041 + (0.000404) - (-0.022375)
= 0.0228"

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

t, =0.0000" (Pressure)
tn = M/(T*R2* Sg*K ) (bending)
= 1384.25/(1* 47.75002* 13265.5928* 1.0000)
= 0.0000"
ty = W/(2*TR,;*S*Ky) (Weight)
= 1608.88/(2* 1t 47.7500* 13265.5928* 1.0000)
= 0.0004"
tt =ty + tm - twl (total, net compressive)
= [0.000000 + 0.000015 - (0.000404)|
= 0.0004"
twe = VAccel * W/(2* T R,* S.* Ko (Weight)
= 1.2000 * 1608.88/(2* 1t* 47.7500* 13265.5928* 1.0000)
= 0.0005"
te = tme+ twe - toc (total required, compressive)
= 0.000015 + (0.000485) - (0.000000)
= 0.0005"
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Straight Flange on Ellipsoidal Head #1

Straight Flange on Ellipsoidal Head #1
ASME Section VIII Division 1, 2001 Edition, AO3 Addenda

Component: Straight Flange

Material specification: SA-516 70 (ASME 11-D p. 14, In. 31)
Material impact test exemption temperature from Fig UCS-66 Curve B =-7 °F

Fig UCS-66.1 MDMT reduction = 31.7 °F, (coincident ratio = 0.682717)

UCS-66 governing thickness= 0.5 in

Internal design pressure: P =125 psi @ 300°F
External design pressure: P, = 15 psi @ 300°F

Static liquid head:

Ps =3.6819 psi(SG=1.0000, H=102.0000" Operating head)
Pih=3.6278 psi(SG=1.0000, H=100.5000", Horizontal test head)

Corrosion alowance: Inner C = 0.0000" Outer C = 0.0000"
Design MDMT = -20.00°F No impact test performed
Rated MDMT = -38.70°F Material is not normalized

Material is not produced to Fine Grain Practice
PWHT is not performed

Radiography: Longitudinal joint - None UW-11(c) Type 1
Circumferential joint - None UW-11(c) Type 1

Estimated weight: New = 84.9063|b  corr = 84.9063 Ib

Capacity: New =61.3699 ga corr = 61.3699 gal
OD = 96.0000"

Length L. = 2.0000"

t = 0.5000"

Design thickness, (at 300.00°F) Appendix 1-1

P*R//(S E + 0.40*P) + Corrosion

128.6819* 48.0000/(20000.0000* 0.70 + 0.40* 128.6819) + 0.0000
0.4396"

~—+
1
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Straight Flange on Ellipsoidal Head #1

Maximum allowable working pressure, (at 300.00°F) Appendix 1-1

P

SFE*t/(R, - 0.40*t) - Py
20000.0000* 0.70*0.5000 / (48.0000 - 0.40* 0.5000) - 3.6819
142.7616 ps

Maximum allowable pressure, (at 70.00°F) Appendix 1-1

p S*E*t/(R, - 0.40t)
20000.0000* 0.70* 0.5000 / (48.0000 - 0.40* 0.5000)

146.4435 psi

External Pressure, (Corroded & at 300.00°F) UG-28(c)

L/D, = 111.8333/96.0000 = 1.1649
D/t = 96.0000/0.329221 = 291.5970

From table G: A =0.000228
From table CS-2: B = 3280.4565

P, = 4*B/(3* (D))
= 4*3280.4565/(3* (96.0000/0.329221))
= 15.0000 psi

Design thickness for external pressure P, = 15.0000 psi

=t + Corrosion = 0.329221 + 0.0000 = 0.3292"
Maximum Allowable External Pressure, (Corroded & at 300.00°F) UG-28(c)

L/Dgy = 111.8333/96.0000 = 1.1649
D/t = 96.0000/0.5000 = 192.0000

From table G: A =0.000435
From table CS-2: B = 6256.9512

P, = 4*B/(3*(Dy/t))
= 4*6256.9512/(3* (96.0000/0.5000))
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Straight Flange on Ellipsoidal Head #1

= 43.4510 ps

% Extreme fiber elongation - UCS-79(d)

=(B0*t/Rs)* (1- R/ Ryp)

= (50 * 0.5000 / 47.7500) * (1 - 47.7500 / 00)

=0.5236 %

Design thickness = 0.4396"

The governing condition is due to internal pressure.

The cylinder thickness of 0.5000" is adequate.

Thickness Required Due to Pressure + External Loads
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Allowable Stress Reg'd ,
Reqg'd Thk
Condition Pressure Beflor:(?rl;a(;-eZ(\??)r%s Temperature | Corrosion L oad DTJ?;O Dueto
P (psi) P (°F) C (in) Tension | COMPression
ension in)
S S (in) (
Operating,
Hot& 125.00 | 20000.00 |13265.59 | 300.00 0.0000 Seismic | 0.1840 |0.1827
Corroded
Operating,
Hot & 125.00 | 20000.00 | 13265.59 | 300.00 0.0000 Seismic | 0.1840 | 0.1827
New
Hot Shut
Down 0.00 20000.00 | 13265.59 | 300.00 0.0000 Seismic | 0.0076 | 0.0062
Corroded
Hot Shut
Down, 0.00 20000.00 | 13265.59 | 300.00 0.0000 Seismic | 0.0076 |0.0062
New
Empty,
Cmt 0.00 20000.00 |13265.59 |0.00 0.0000 Seismic | 0.0004 | 0.0003
orroded
Empty, .
N:,:N 0.00 20000.00 | 13265.59 | 0.00 0.0000 Seismic | 0.0004 |0.0003
Vacuum | -15.00 |20000.00 | 13265.59 |300.00 0.0000 Seismic | 0.0144 | 0.0158




Straight Flange on Ellipsoidal Head #1

Hot Shut

Down

Corroded

Weight & | 0.00 20000.00 |13265.59 | 300.00 0.0000 Weight | 0.0091 | 0.0075
Eccentric

Moments

Only

Allowable Compressive Stress, Hot and Corroded- S.c, (table CS-2)

A =0125/(R,/t)
= 0.125/ (48.0000 / 0.5000)
= 0.001302

B = 132655928 ps

S =20000.0000/ 1.0000
= 20000.0000 psi

Sec = 13265.5928 psi

Allowable Compressive Stress, Hot and New- S

ScHN = ScHe
= 13265.5928 psi

Allowable Compressive Stress, Cold and New- S.cy, (table CS-2)

A =0125/(R,/t)
= 0.125/ (48.0000 / 0.5000)
= 0.001302

B = 132655928 ps

S =20000.0000/ 1.0000
= 20000.0000 psi

Seen = 13265.5928 psi
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Straight Flange on Ellipsoidal Head #1

Allowable Compressive Stress, Cold and Corroded- S;.¢¢

Sece = Seen
= 13265.5928 psi

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

A =0125/(R,/t)
= 0.125/ (48.0000 / 0.5000)
= 0.001302

B = 132655928 ps

S  =20000.0000/ 1.0000
= 20000.0000 psi

SCVC = 13265.5928 DSI

Operating, Hot & Corroded, Seismic, Top Seam

t, = P*RI(2*S*KgE + 0.40*|P) (Pressure)
= 125.0000* 47.5000/(2* 20000.0000* 1.2000* 0.70 + 0.40* |125.0000))
=0.1764"

tn = M/(T*R,2*S* K E,) (bending)
= 4409.57/(Tt* 47.75002* 20000.0000* 1.2000* 0.70)
= 0.0000"

ty = VAcce * W/(2*1*R,* S*KFE,) (Weight)
= 1.2000 * -31670.04/(2* 1t 47.7500* 20000.0000* 1.2000* 0.70)
= -0.0075"

tt =to+tym-ty (total required, tensile)
= 0.176449 + 0.000037 - (-0.007540)
= 0.1840"

tywe = W/I(2* TR * S* K E,) (Weight)
= -31670.04/(2* T* 47.7500* 20000.0000* 1.2000* 0.70)
= -0.0063"
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Straight Flange on Ellipsoidal Head #1

te = Itme + twe - tpcl (total, net tensile)
= ]0.000037 + (-0.006283) - (0.176449)|
=0.1827"

Maximum allowable working pressure, Longitudinal Stress

P = 2% S*KFE* (-t ) / (R - 0.40% (-t +,))

_ 2*20000.0000* 1.2000* 0.70* (0.5000-0.000037-+(-0.006283)) / (47.5000 - 0.40* (0.5000-0.000037+(-
~ 0.006283)))

= 350.6716 psi

Operating, Hot & New, Seismic, Top Seam

ty, = PYRI(2*S*KE, + 0.40%|P)) (Pressure)
= 125.0000* 47.5000/(2* 20000.0000* 1.2000* 0.70 + 0.40* |125.0000))
= 0.1764"

tn = M/(T*R,2*S* K EL) (bending)
= 4409.57/(Tt* 47.75002* 20000.0000* 1.2000* 0.70)
= 0.0000"
ty = VAcce * W/(2* 1R * S*K*E) (Weight)
= 1.2000 * -31670.04/(2* Tt 47.7500* 20000.0000* 1.2000* 0.70)
=-0.0075"
tt =thtin-ty (total required, tensile)
= 0.176449 + 0.000037 - (-0.007540)
= 0.1840"
tywe = W/(2* TR * S* K E,) (Weight)
= -31670.04/(2* T* 47.7500* 20000.0000* 1.2000* 0.70)
= -0.0063"
te = [tme + twe - tol (total, net tensile)
= |0.000037 + (-0.006283) - (0.176449)|
=0.1827"

Maximum allowable working pressure, Longitudinal Stress
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Straight Flange on Ellipsoidal Head #1

P = 2¢SFKFEF (t-tyHy,) / (R - 0.40% (-t +,,)

_ 2¥20000.0000* 1.2000* 0.70* (0.5000-0.000037+(-0.006283)) / (47.5000 - 0.40* (0.5000-0.000037+(-
~ 0.006283)))

= 350.6716 ps

Hot Shut Down, Corroded, Seismic, Top Seam

t, =0.0000" (Pressure)
tm = M/(T*R2* S* K Ey) (bending)
= 4409.57/(te 47.75002* 20000.0000* 1.2000* 0.70)
= 0.0000"
ty = VAccd * W/(2*T*R,* S*KSFEL) (Weight)
= 1.2000 * -31670.04/(2* - 47.7500* 20000.0000* 1.2000* 0.70)
=-0.0075"
tt =thtin-ty (total required, tensile)
= 0.000000 + 0.000037 - (-0.007540)
= 0.0076"

tye = W/(2*TE R * SFK S E,) (Weight)
= -31670.04/(2* 1t 47.7500* 20000.0000* 1.2000* 0.70)
= -0.0063"
e = ltme * twe -~ Tpcl (total, net tensile)
= ]0.000037 + (-0.006283) - (0.000000)|
= 0.0062"

Hot Shut Down, New, Seismic, Top Seam

t, =0.0000" (Pressure)
tm = M/(T*R2* S K Ey) (bending)
= 4409.57/(rt* 47.75002* 20000.0000* 1.2000* 0.70)
= 0.0000"
ty = VAcce * W/(2*T R * S*KFEp) (Weight)

= 1.2000 * -31670.04/(2* 1t* 47.7500* 20000.0000* 1.2000* 0.70)

file:///C|/Codeware/ COMPRESS/Temp/CW5FFBFD79.html (7 of 10) [9/6/2005 2:13:28 PM]



Straight Flange on Ellipsoidal Head #1

=-0.0075"
tt =th+im-ty (total required, tensile)
= 0.000000 + 0.000037 - (-0.007540)
= 0.0076"
twe = W/(2* T R ;* S* K Ep) (Weight)
= -31670.04/(2* 1t 47.7500* 20000.0000* 1.2000* 0.70)
=-0.0063"
te = Itme + twe - tpcl (total, net tensile)
= ]0.000037 + (-0.006283) - (0.000000)|
= 0.0062"

Empty, Corroded, Seismic, Top Seam

t, =0.0000" (Pressure)
tm = M/(TF R 2* S K Ep) (bending)
= 2422.74/(r* 47.75002* 20000.0000* 1.2000* 0.70)
= 0.0000"
ty = VAcce * W/(2*1*R* S*KFE) (Weight)
= 1.2000 * -1612.87/(2* 1t 47.7500* 20000.0000* 1.2000* 0.70)
= -0.0004"
tt =ty +tm-ty (total required, tensile)
= 0.000000 + 0.000020 - (-0.000384)
= 0.0004"

twe = W/(2* T R ;* S K E) (Weight)
= -1612.87/(2* 1* 47.7500* 20000.0000* 1.2000* 0.70)
= -0.0003"
te = Itme + twe - tpcl (total, net tensile)
= ]0.000020 + (-0.000320) - (0.000000)|
= 0.0003"

Empty, New, Seismic, Top Seam
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Straight Flange on Ellipsoidal Head #1

t, =0.0000" (Pressure)
tm = M/(T*R2* S K Ey) (bending)
= 2422.74/(1t* 47.75002* 20000.0000* 1.2000* 0.70)
= 0.0000"
ty =VAcce * W/(2*TR* S*K*E,) (Weight)
=1.2000 * -1612.87/(2* 1 47.7500* 20000.0000* 1.2000* 0.70)
= -0.0004"
tt =ty +ttm-ty (total required, tensile)
= 0.000000 + 0.000020 - (-0.000384)
= 0.0004"
twe = WI(2* TR * S* K E,) (Weight)
= -1612.87/(2* 1t* 47.7500* 20000.0000* 1.2000* 0.70)
= -0.0003"
te =Itmet twe- tpc| (total, net tensile)
= 10.000020 + (-0.000320) - (0.000000)|
= 0.0003"

Vacuum, Seismic, Top Seam

to =P*R/(2*S* K+ 0.40%|P) (Pressure)

= -15.0000* 47.5000/(2* 13265.5928* 1.2000 + 0.40*|15.0000])
=-0.0224"

tm = M/(T* R 2* S*K) (bending)
= 4409.57/(1t 47.75002* 13265.5928* 1.2000)
= 0.0000"
ty = VAcce * W/(2*TR*S*K) (Weight)
= 1.2000 * -31670.04/(2* - 47.7500* 13265.5928* 1.2000)
= -0.0080"
tt =ty + tm - twl (total, net compressive)
= [-0.022375 + 0.000039 - (-0.007957)|
= 0.0144"
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Straight Flange on Ellipsoidal Head #1

e = W2 TR, *S*KQ (Weight)
= -31670.04/(2* 1 47.7500* 13265.5928* 1.2000)
= -0.0066"
e =tme+ twe - tpc (total required, compressive)
= 0.000039 + (-0.006631) - (-0.022375)
= 0.0158"

Hot Shut Down, Corroded, Weight & Eccentric Moments Only, Seismic, Top Seam

t, =0.0000" (Pressure)
tn = M/(T*R,2*S*KFEL) (bending)
= 1459.96/(1t* 47.75002* 20000.0000* 1.0000* 0.70)
= 0.0000"
ty = VAcce * W/(2*T R * S*KFEp) (Weight)
= 1.2000 * -31670.04/(2* 1t* 47.7500* 20000.0000* 1.0000* 0.70)
= -0.0090"
tt =ty ttm-ty (total required, tensile)
= 0.000000 + 0.000015 - (-0.009048)
= 0.0091"
twe = WI(2* T R * S* K E,) (Weight)
= -31670.04/(2* 1t 47.7500* 20000.0000* 1.0000* 0.70)
= -0.0075"
te = ltme * twe - tpcl (total, net tensile)
= 10.000015 + (-0.007540) - (0.000000)|
= 0.0075"
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Ellipsoidal Head #1

Ellipsoidal Head #1

ASME Section VIII, Division 1, 2001 Edition, AO3 Addenda

Component: Ellipsoidal Head
Material Specification: SA-516 70 (ASME 11-D p.14, In. 31)

Material impact test exemption temperature from Fig UCS-66 Curve B =-7 °F
Fig UCS-66.1 MDMT reduction = 31.6 °F, (coincident ratio = 0.684324)
UCS-66 governing thickness= 0.5 in

Internal design pressure: P =125 psi @ 300 °F
External design pressure: P, = 15 pst @ 300 °F

Static liquid head:

P= 4.5392 psi (SG=1, He=126.25" Operating head)
Py.= 3.6278 psi (SG=1, H=100.5" Horizontal test head)

Corrosion alowance: Inner C = 0" Outer C=0"
Design MDMT = -20°F No impact test performed
Rated MDMT = -38.6°F Material is not normalized

Material is not produced to fine grain practice
PWHT is not performed
Do not Optimize MDMT / Find MAWP

Radiography: Category A joints - None UW-11(c) Type 1
Head to shell seam - None UW-11(c) Type 1

Estimated weight*:  new =1,572.201b corr =1,572.201b

Capacity*: new = 547.2 USgd corr =547.2USgd

* includes straight flange

Outer diameter = 96"

Minimum head thickness = 05"

Head ratio D/2h = 2 (new)

Head ratio D/2h = 2 (corroded)

Straight flange length L = o

Nominal straight flange thicknessty = 0.5"
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Ellipsoidal Head #1

Insulation thk*: 0" density: O Ib/ft3 weight: 0 1b
Insulation supportring . individual weight: 0 1b total weight: O Ib
spacing:

Lining/ref thk*: 0" density: 0 Ib/ft3 weight: O 1b

* includes straight flange if applicable
Results Summary

The governing condition isinternal pressure.

Minimum thickness per UG-16 = 0.0625" + 0" = 0.0625"
Design thickness due to internal pressure (t) = 0.4405"

Design thickness due to external pressure (te) = 0.247"

Maximum allowable working pressure (MAWP) = 142.6742 ps
Maximum allowable pressure (MAP) = 147.2135ps
Maximum allowable external pressure (MAEP) = 61.6617 ps

K (Corroded)

K = (U6)*[2+(D/(2*h)2
= (UB)*[2+ (95/ (2+23.75))2]
= 1

K (New)

K = (U8)*[2+(D/(2*h)2

(U/6)*[2 + (95/ (2*23.75))q]
= 1

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

P*D,*K / (2*S*E + 2*P*(K - 0.1)) + Corrosion
129.5392*96* 1 / (2*20000*0.7 + 2*129.5392*(1 - 0.1)) + 0
0.4405"

t

The head internal pressure design thicknessis 0.4405".

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

P = 2SE*t/(K*Dy- 2*t*(K - 0.1)) - Pg
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Ellipsoidal Head #1

2% 20000%0.7+0.5 / (1¥96 - 2¥0.5% (1 - 0.1)) - 4.5392
142.6742 ps

The maximum allowable working pressure (MAWP) is 142.6742 pSi.
Maximum allowable pressure, (New at 70 °F) Appendix 1-4(c)

p 2 SFE*t [ (K*D, - 2¢t* (K - 0.1)) - Pq
2%20000*0.7%0.5 / (1*96 - 2*0.5*(1 - 0.1)) -

147.2135 psi

The maximum allowable pressure (MAP) is 147.2135 ps.

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

Equivalent outside spherical radius (Ry)
I:QO KO* DO

0.8907 * 96

85.5093in

>
I

0.125/ (Ry/t)
0.125 / (85.5093/0.246972)
0.000361

From Table CS-2: B=5,193.4536 psi

P, B/(Ry/t)
5,193.454/(85.5093/0.246972)

15 ps

0.247" + Corrosion = 0.247" + Q" = 0.247"

~—
1

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

1.67*P*D*K / (2*S*E + 2¢1.67*P.* (K - 0.1)) + Corrosion
1.67%15%96% 1/ (2*20000% 1 + 2* 1.67*15*(1 - 0.1)) + 0
0.0601"

~—*
1

The head external pressure design thickness (t,) is 0.246972".

Maximum Allowable External Pressure, (Corroded at 300 °F) UG-33(d)
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Ellipsoidal Head #1

Equivalent outside spherical radius (Ry)
RO KO* DO

0.8907 * 96

85.5093in

>
I

0.125/ (R t)

0.125 / (85.5093/0.5)
0.000731

From Table CS-2: B=10,545.2891 psi

P, B/(R,/t)

10,545.29/(85.5093/0.5)
61.6617 ps

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

p 2% SFE*t [ ((K*Dy - 2¢t* (K - 0.1))*1.67) - Py
2*20000% 1*0.5 / ((1*96 - 20.5*(1 - 0.1))*1.67) - O

125.9311 psi

The maximum allowable external pressure (MAEP) is61.6617 psi.

% Extreme fiber elongation - UCS-79(d)

(75t Ry)*(1- R/ Ry)
(7540.5/ 16.4)* (1 - 16.4/ 00)
2.2866%

The extreme fiber elongation does not exceed 5%.
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Nozzle#1 (N1)

Nozzle #1 (N1)

ASME Section VIII Division 1, 2001 Edition, AO3 Addenda

[ ] tw(lower) =0.1870 in

Legs; = 0.2500in

F—0.2500

05000

0.1870)

.-"l‘\-

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

L ocated on:

Liquid static head included:
Nozzle material specification:

Nozzle longitudinal joint efficiency:

Nozzle description:

Flange description:

Bolt Material:

Flange rated MDMT:
(UCS-66(b)(1)(b))

Liquid static head on flange:

Ellipsoidal Head #1

4.7648 psi
SA-106 B Smis pipe (ASME I1-D p. 10, In. 15)
1.00

2.500" Sch 40 (Std)

2.5 inch 150# WN A105
SA-193 B7 Bolt <=2 1/2

-55.00 °F
4.7829 ps

ASME B16.5 flange rating MAWP:  230.00 psi @ 300.00°F
ASME B16.5 flange rating MAP: 285.00 psi @ 70.00°F
ASME B16.5 flange hydro test: 450.00 psi @ 70.00°F
Nozzle orientation: 0 °

Calculated as hillside: no

Local vessel minimum thickness: 0.5000 in

End of nozzle to datum line: -32.5000 in

Nozzle inside diameter, new: 2.4690 in

Nozzle nominal wall thickness: 0.2030 in

Nozzle corrosion allowance: 0.0000 in

Projection available outside vessel, Lpr: 6.2609 in

Distance to head center, R: 0.0000 in
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Nozzle#1 (N1)

Reinforcement Calculations for Internal Pressure

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

UG-45 Nozzle Wall

Thickness Summary (in)
The nozzle passes UG-45

UG-37 Area Calculation Summary (in?)
For P =174.22 psi @ 300.00 °F

A A A |
required available A1 A2 A3 As welds lreg Tmin
This nozzle is exempt from area cal culations per UG-36(c)(3)(a) | 0.1776 0.1776

Weld Failure Path Analysis Summary
The nozzle is exempt from weld strength cal culations per UW-15(b)(2)

UW-16 Weld Sizing Summary
Required weld | Actual weld

Weld description throat size (in) | throat size (in) Status
Nozzleto shell fillet (Leg,;) | 0.1421 0.1750 weld size is adequate
Nozzle to shell groove (Lower) | 0.1421 0.1870 weld size is adequate

Calculationsfor internal pressure 174.22 psi @ 300.00 °F
Fig UCS-66.2 general note (1) applies.

Nozzleisimpact test exempt per UCS-66(d)(NPS 4 or smaller pipe).

Nozzle UCS-66 governing thk: 0.1776 in
Nozzle rated MDMT: -155.00°F

Limits of reinforcement per UG-40

Parallel to the vessal wall: d=24690in
Normal to the vessel wall outside; 2.5*(t, - C,)) + t,=0.5075in

Nozzlerequired thickness per UG-27(c)(1)
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Nozzle#1 (N1)

ty, = P*R/(S,*E - 0.6*P)
= 174.2156* 1.2345/(17,100.00% 1 - 0.6* 174.2156)
=0.0127in

Required thicknesst, from UG-37(a)(3)

t, = P*K *D,/(2*S*E + 0.8*P)
= 174.2156* 0.9+ 96/(2* 20,000.00* 1 + 0.8+ 174.2156)
= 0.3750in

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

Area calculationsfor weld failure path analysis

Allowable stresses: S, = 17,100.00, S, = 20,000.00 psi

fi1 = lesser of 1 or S/S, = 0.855
fio = lesser of 1 or S/S, = 0.855

A =t 4 F + 26t t FE (L - )
= 2.469*0.375* 1 + 2*0.2030.375* 1* (1 - 0.855)
=0.9480in2

A = larger of the following= 0.3013 in?

= o (Eq*t - F¥t,) - 25t (Eq*t - Frt)*(1- )
= 2.469*(1*0.5 - 1¥0.375) - 2¢0.203* (1*0.5 - 1*0.375)* (1 - 0.855)
=0.3013in2

=24 (04 )" (Ert- Fr) - 274 (Bt - P (L )
= 2%(0.5 + 0.203)* (1*0.5 - 1*0.375) - 2*0.203* (1*0.5 - 1*0.375)* (1 - 0.855)
= 0.1684 in2

A, = smaller of the following= 0.1651 in?

=5 (th - tp)*fr2™t
=5%(0.203 - 0.0127)*0.855*0.5
= 0.4068 in?

= 5%ty - t)* 2"t
= 5*(0.203 - 0.0127)*0.855*0.203
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Nozzle#1 (N1)

=0.1651in2
Ay = Leg?*fy,
= (0.252%0.855 =0.0534 in2

UW-16(d) Weld Check

tin = lesser of 0.75 or t,, or t =0.2030 in

t1(min) OF tomin) = lesser of 0.25 or 0.7*ty, = 0.1421 in
t1(actual) = 0.7°Leg = 0.70.25=0.175in

The weld sizet, is satisfactory.

to(actualy = 0-18711n

The weld sizet, is satisfactory.

t; +t, = 0.362 >= 1.25%t,;i,,
The combined weld sizes for t; and t, are satisfactory.

UG-45 Nozzle Neck Thickness Check

Interpretation VI11-1-83-66 has been applied.

Wall thickness per UG-45(a): t, =0.0127in (E=1)
Wall thickness per UG-45(b)(1):  t2=0.4149in
Wall thickness per UG-16(b): t3=0.06251in
Standard wall pipe per UG-45(b)(4): t;4 =0.1776in
The greater of t,, or t.5: t,5 = 0.41491in
The lesser of t4 Or t,5: tg=0.17761n

Required per UG-45 isthe larger of t;; or t,g = 0.1776in
Available nozzle wall thickness new, t,, = 0.8750*0.2030 = 0.1776 in

The nozzle neck thickness is adequate.

Reinforcement Calculationsfor MAP

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

file:///C|/Codeware/COMPRESS/Temp/CW342106F3.html (4 of 10) [9/6/2005 2:13:29 PM]



Nozzle#1 (N1)

UG-37 Area Calculation Summary (in?)
For P=174.20 ps @ 70.00 °F

UG-45 Nozzle Wall

Thickness Summary (in)
The nozzle passes UG-45

A A A |
required available ! Az A3 As welds treq tin
This nozzle is exempt from area cal culations per UG-36(c)(3)(a) | 0.1776 0.1776

Weld Failure Path Analysis Summary

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

UW-16 Weld Sizing Summary
Required weld | Actual weld

Weld description throat size (in) | throat size (in) Status
Nozzleto shell fillet (Leg,;) | 0.1421 0.1750 weld size is adequate
Nozzle to shell groove (Lower) | 0.1421 0.1870 weld size is adequate

Calculationsfor internal pressure 174.20 psi @ 70.00 °F

Limits of reinforcement per UG-40

Parallel to the vessal wall: d=24690in
Normal to the vessal wall outside; 2.5*(t,, - C,)) + t,=0.5075in

Nozzlerequired thickness per UG-27(c)(1)

ty, = P*RY(S*E - 0.6*P)
= 174.1972* 1.2345/(17,100.00* 1 - 0.6* 174.1972)
=0.0127in

Required thicknesst, from UG-37(a)(3)

t, = P*K,*Dy/(2*S*E + 0.8*P)
= 174.1972*0.9* 96/(2* 20,000.00* 1 + 0.8* 174.1972)
= 0.3750in

This opening does not requirerenforcement per UG-36(c)(3)(a)
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Nozzle#1 (N1)

Area calculations for weld failure path analysis

Allowable stresses: S, = 17,100.00, S, = 20,000.00 psi

f1 =lesser of 1 or S/S, = 0.855
fio =lesser of 1 or S/S, = 0.855

A = d tFF + 25t 5t P (L - fy)
= 2.469+0.37496* 1 + 2*0.203* 0.37496* 1* (1 - 0.855)
=0.9479in?

A1 = larger of the following= 0.3014 in2

= d* (Eg*t - F*t,) - 2*t,* (Eg*t - F*t)* (1 - f,q)
= 2.469* (1*0.5 - 1*0.37496) - 2*0.203* (1+0.5 - 1*0.37496)* (1 - 0.855)
= 0.3014 in2

=2 (t + tn)*(El*t - F*tr) - 2*tn* (El*t - F*tr)* (1 - frl)
= 2¢(0.5 + 0.203)* (1¥0.5 - 1*0.37496) - 2*0.203*(1*0.5 - 1*0.37496)* (1 - 0.855)
=0.1684 in2

A, = smaller of the following= 0.1651 in?

=5 (th - ) *fi2"t
=5%(0.203 - 0.0127)*0.855*0.5
= 0.4068 in?

=5*(th - tm)*fr2"
=5%(0.203 - 0.0127)*0.855*0.203
=0.1651in2

Ay = Leg?*fp,
= (0.252*(0.855 =0.0534 in2

UW-16(d) Weld Check

tin = lesser of 0.75 or t,, or t =0.2030 in
tl(mi n) or t2(mi n) = |esser of 0.25 or 0-7*tmin =0.1421 in
t1(actual) = 0.7%Leg = 0.7%0.25=0.175in
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Nozzle#1 (N1)

The weld size t, is satisfactory.
t2(actua|) =0.187in
The weld sizet, is satisfactory.

tl + t2 =0.362 >= 1-25*tmin
The combined weld sizes for t; and t, are satisfactory.

UG-45 Nozzle Neck Thickness Check

Interpretation VI11-1-83-66 has been applied.

Wall thickness per UG-45(a): t, =0.0127in (E=1)
Wall thickness per UG-45(b)(1):  t;,=0.4148in
Wall thickness per UG-16(b): t,3=0.06251n
Standard wall pipe per UG-45(b)(4): t,4 = 0.1776in
The greater of t,, or t,3: t5=0.4148in
The lesser of t4 or t;5: tg=0.17761n

Required per UG-45 isthe larger of t;; or t;g = 0.1776in
Available nozzle wall thickness new, t,, = 0.8750*0.2030 = 0.1776 in

The nozzle neck thickness is adequate.

Reinfor cement Calculationsfor External Pressure

UG-37 Area Calculation Summary (in2) UG-45 Nozzle Wall

For Pe=36.74 psi @ 300.00 °F Thickness Summary (in)
The opening isadequately reinfor ced The nozzle passes UG-45

A A A _

required | available A1 A2 Az |As welds freq tmin

0.4881 104881 |0.27440.1603|-- | -- | 0.0534  0.0880 0.1776

Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure
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Nozzle#1 (N1)

UW-16 Weld Sizing Summary
Required weld | Actual weld

Weld description throat size (in) | throat size (in) Status
Nozzleto shell fillet (Leg,;) | 0.1421 0.1750 weld size is adequate
Nozzle to shell groove (Lower) | 0.1421 0.1870 weld size is adequate

Calculationsfor external pressure 36.74 psi @ 300.00 °F

Limits of reinforcement per UG-40

Parallel to the vessel wall: d=24690in
Normal to the vessel wall outside; 2.5*(t,, - C,)) + t,=0.5075in

Nozzle required thickness per UG-28t,, = 0.0182in

From UG-37(d)(1) required thicknesst, = 0.3862 in

Arearequired per UG-37(d)(1)
Allowable stresses: S, = 17,100.00, S, = 20,000.00 psi

fi1 = lesser of 1 or S/S, = 0.855
fio =lesser of 1 or S/S, = 0.855

A = 0.5*(d*t,*F + 2%t *t*F* (1 - 1))
= 0.5*(2.469* 0.38616* 1 + 2*0.203*0.38616* 1* (1 - 0.855))
= 0.4881 in2

Area availablefrom FIG. UG-37.1
A1 = larger of the following= 0.2744 in2

= o (Ey*t- FrYy) - 24y (Bt - P (1 - )
= 2.469* (1*0.5 - 1*0.38616) - 2*0.203* (1*0.5 - 1*0.38616)* (1 - 0.855)
=0.2744 in2

=2 (t + tn)*(El*t - F*tr) - 2*J[n* (El*t -F tr)* (1 - frl)
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Nozzle#1 (N1)

=2*(0.5+ 0.203)*(1*0.5 - 1*0.38616) - 2¥0.203*(1*0.5 - 1*0.38616)* (1 - 0.855)
=0.1534in2

A, = smaller of the following= 0.1603 in?

=5 (th - ) *fi2"t
=5%(0.203 - 1.824298E-02)* 0.855*0.5
=0.3949in?

=5*(th - tm)*fr2"
= 5%(0.203 - 1.824298E-02)* 0.855* 0.203
=0.1603 in?

Ay = Leg?*fp,
= (0.252*(0.855 =0.0534 in2

Area= Al + A2 + A41
=0.2744 + 0.1603 + 0.0534
= 0.4881 in?

As Area>= A thereinforcement is adequate.
UW-16(d) Weld Check

tin = lesser of 0.75 or t,,or t =0.2030 in

t1(min) OF tomin) = lesser of 0.25 or 0.7*t, = 0.1421 in
t1(actual) = 0.7°Leg = 0.7%0.25=0.175in

The weld size t, is satisfactory.

to(actual) = 0-1871in

The weld sizet, is satisfactory.

t; +t, =0.362 >= 1.25*t,,i,
The combined weld sizes for t; and t, are satisfactory.

UG-45 Nozzle Neck Thickness Check

Interpretation V111-1-83-66 has been applied.

Wall thickness per UG-45(a): t, =0.0182in
Wall thickness per UG-45(b)(2):  t,=0.0880in
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Nozzle#1 (N1)

Wall thickness per UG-16(b): t3=0.0625in
Standard wall pipe per UG-45(b)(4): t;4 =0.1776in
The greater of t, or t.5: t,5 =0.0880in
The lesser of t,4 or t;5: t,g = 0.0880in

Required per UG-45 isthe larger of t,; or t; = 0.0880 in
Available nozzle wall thickness new, t,, = 0.8750*0.2030 = 0.1776 in
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 300.00°F) UG-28(c)

L/Dg = 6.2609/2.8750 = 2.1777
D/t = 2.8750/0.018243 = 157.5949

From table G: A = 0.000302
From table CS-2: B = 4342.7334

P, = 4*B/(3* (D))
= 4*4342.7334/(3* (2.8750/0.018243))
= 36.7417 psi

Design thickness for external pressure P, = 36.7417 psi

=t + Corrosion = 0.018243 + 0.0000 = 0.0182"
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Nozzle #2 (N2)

Nozzle #2 (N2)

ASME Section VIII Division 1, 2001 Edition, AO3 Addenda

| | t(lower) =0.3750in
03750  Legy = 0.3750in
Legyz= 0.3750in
hhew = 0.3750in

0.5000 0.3750) |
= =
' 0.3750 — = 0.3750

Note: round inside edges per UG-76(c)
L ocated on: Cylinder #1
Liquid static head included: 31134 psi
Nozzle material specification: SA-106 C Smis pipe (ASME I1-D p. 18, In. 1)
Nozzle longitudinal joint efficiency:  1.00
Nozzle description: 18" Sch 60
Nozzle orientation: 180 °
Local vessel minimum thickness: 0.5000 in
Nozzle center line offset to datum line: 22.0000 in
End of nozzle to shell center: 51.1250 in
Nozzle inside diameter, new: 16.5000 in
Nozzle nominal wall thickness: 0.7500 in
Nozzle corrosion allowance: 0.0000 in
Projection available outside vessel, Lpr: 3.1250 in

Reinforcement Calculationsfor Internal Pressure

Available reinforcement per UG-37 governsthe MAWP of this nozzle.

UG-37 Area Calculation Summary (in?) UG-45 Nozzle Wall
For P =137.00 psi @ 300.00 °F Thickness Summary (in)
The opening is adequately reinfor ced The nozzle passes UG-45
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Nozzle #2 (N2)

A A A .
required | available A1 A2 As As | valds | fred Lmin
54105 54165 |2.8395|1.7333|0.5625  -- |0.2812 | 0.0625 0.6563

Weld Failure Path Analysis Summary (Ibs)
All failure paths are stronger than the applicable weld loads

Weld load | Weld load | Path 1-1 Weld load | Path 2-2
W Wi 4 strength Wo.o strength

96,583.01 | 37,478.00 | 388,418.69 | 66,540.00 | 364,/38.91

UW-16 Weld Sizing Summary
Required weld | Actual weld

Weld description throat size (in) | throat size (in) Status

Nozzle to shell fillet (Legy,) 0.2500 0.2625 weld sizeis adequate
Nozzle to inside shell fillet (Leg,s) | 0.2500 ?Cﬁ(rsrzosd ed) weld size is adequate
Nozzle to shell groove (Lower) 0.3625 0.3750 weld sizeis adequate

Calculationsfor internal pressure 137.00 ps @ 300.00 °F

Fig UCS-66.2 general note (1) applies.

Nozzle impact test exemption temperature from Fig UCS-66 Curve B =-7 °F
Fig UCS-66.1 MDMT reduction = 40.6 °F, (coincident ratio = 0.5953).

Nozzle UCS-66 governing thk: 0.5000in
Nozzle rated MDMT: -47.60 °F

Limits of reinforcement per UG-40

Parallel to the vessel wall: d =16.5000 in
Normal to the vessel wall outside: 2.5*(t - C) = 1.2500 in
Normal to the vessel wall inside: 2.5*(t - C) = 1.2500 in

Nozzlerequired thickness per UG-27(c)(1)
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