








WEK & ASSOCIATES ENGINEERING INC. #13 Heath Place St. Albert, Alberta T6N 6B3 
PH/FAX# (780) 458-3983, E-mail; ‘wekeng@shaw.ca’ 
 
December 12, 2006 
 
Electrical/Mechanical Safety 
Public Works & Services 
Government of the NWT 
Box 1320 
Yellowknife NWT X1A 2L9 
Canada 
 
Attention: Mr. Steve Donovan 

     Chief Boiler Inspector 
     PH#(867) 920-3257 

 
Ref: Paramount Resources – Cameron Hills Battery 
        Repair/Alteration to Sour Inlet Separator Vessel 

Originally manufactured by Orban Industries Dwg# 02-179-A Rev 1 
66”OD X 18’-0” S/S x 740 psig DP, -20/100 F, 1/8”CA 
Replacement of existing nozzles, addition of new nozzles and corrosion repairs 
 

Dear Sir: 
 I am submitting the attached vessel repair/alteration documents for registration in Nothwest 
Territories, on behalf of my clients Paramount Resources and TG Engineering. 
 
The vessel is 66”OD X 18’-0” S/S x 740 psig DP, -20/100 F, 1/8”CA and was manufactured by Orban 
Industries in 2003. 
 
Scope of Repairs;(See attached Drawing V-100 Repair Rev 0) 
 
1. The existing NPS 2(N2) gas outlet nozzle will be replaced with a NPS 8-300# RF HB Bore Nozzle to 

improve the operation of the separator. A new mist extractor section will also be added to handle the 
larger outlet nozzle. 

2. The existing NPS 2(N3) drain nozzle will be replaced due to excessive corrosion. 
3. Two(2) New NPS 4(N9A,N9B) 300#RFHB Bore forged anode nozzles will be added. 
4. Several areas of the shell have been inspected and have corrosion present that will be repaired by the 

addition of weld metal. See attached U/T inspection report. 
 
All areas of the vessel that will be repaired, will be preheated to 200F minimum before welding. 
 
The areas of the shell that are corroded will be repaired as follows; 
- all corroded material in the areas that will be repaired, will be removed by grinding 
- the vessel shell will be preheated to 200F minimum prior to starting welding. 
- weld metal will be applied to the vessel shell until the original base metal thickness is restored. 
- the finished surface of the weld metal surface will be ground smooth and will be inspected by dye 

penetrant or MPI inspection to locate any surface defects that may be present. All defects located will 
be removed and repaired. 

 
 
 



WEK & ASSOCIATES ENGINEERING INC. #13 Heath Place St. Albert, Alberta T6N 6B3 
PH/FAX# (780) 458-3983, E-mail; ‘wekeng@shaw.ca’ 
The vessel will not be re-stress relieved and will become an ‘as welded’ vessel as it would be extremely 
difficult to stress relieve the vessel on site and the stress relief is not required for the process conditions. 
 
The addition of the new nozzles and the weld repairs will be done by;  
 
Pillar Resource Services 
Calgary, Alberta, 
 
Pillar Resource Services is licensed to provide repair services to pressure vessels under Alberta Quality 
Control Program AQP-1102 and NWT AQP018.T 
Pillar Resource Services will be providing all registered welding procedures for this vessel. 
 
The following documents are attached to verify the design of the new nozzle in this vessel; 
 
1. Three copies of the original fabrication drawing from Orban Industries    

Dwg# 02-179-A Rev 1, 66”OD X 18’-0” S/S x 740 psig DP, -20/100 F, 1/8”CA 
 

2. Three copies of the drawing #V-100 Repair Rev 0, which details the planned repairs;  
 

3. One set of calculations for this vessel to verify the design of the new nozzles in the existing pressure 
shell. The calculations are in accordance with the ASME code Sec VIII Div 1 2002 Ed. 2002 Add.      
To maintain the original Code of Manufacture. 

 
4. Three copies of the U/T inspection report of the vessel. 
 
Please register and return two copies of the stamped design to: 
 
Paramount Resources Ltd. 
4700, 888-3 St. SW 
Calgary, Alberta 
T2P 5C5 
 
Attention: Mr. James Kozlowski 
PH# (403)290-3671, FAX# (403)266-6032 
 
Invoicing for registration of this design is to be sent directly to Paramount Resources Ltd. 
 
Please direct all technical inquiries to Warren Kmicik @ 780-458-3983 
 
Your attention to the above registration is greatly appreciated, as my customer is very anxious to start the 
repairs to this vessel. 
 
Yours truly; 
 
Warren Kmicik P.Eng.        c/c TG Engineering,  
                Paramount Resources Ltd. 
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Paramount Resources 

Cameron Hills Plant Site  

NWT  

COMPRESS Pressure Vessel Design Calculations 

  

  

 
Vessel is 66"OD x 18'-0"S/S x 740 psig DP @ -20/450 F.  

THIS VESSEL IS REGISTERED UNDER CRN# R2052.21LT  
SUBMITTED FOR DESIGN APPROVAL 

  

 

Contact:   Warren Kmicik 
Item:   Inlet Separator V-100 

Drawing No:   Orban Dwg#02-179-A Rev 1 and V-100 Repair Rev 0 
Customer:   Paramount Resources 

Size:   66"OD x 18'-0"S/S x 740 psig DP @ -20/450 F. 
Date:   Tuesday, January 16, 2007 
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Engineering Notes

Jan 16-2007  
 
1. Nozzle N2 is revised from a NPS 8-300#HB Bore forged nozzle to a NPS 8 S/100 nozzle neck and a 1.25" thk repad.  
 
Nozzle N2 will be fabricated with;  
NPS 8 S/100(0.594"wt) SA-106 B nozzle neck  
NPS 8 S/100 RFWN SA-105 N flange  
Repad 16.625" OD x 8.75"ID x 1.25" Thick SA-516-70 N  
 
The nozzle is fabricated with no internal projection.  
 
All welds are full penetration.  
 
Nozzle to repad fillet weld size is 3/8".  
Repad to shell fillet weld size is 1".  
 
See nozzle attachment details in calculations  
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Deficiencies Summary

No deficiencies found.  
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Nozzle Schedule

 

Nozzle 
mark Service Size 

Materials 

Nozzle Impact Norm Fine 
Grain Pad Impact Norm Fine 

Grain Flange 

M1 Existing M1 NPS 20 
Manway

20.00 
IDx2.50 SA-105 Yes Yes No N/A N/A N/A N/A HB A105 Class 

300

N1 Existing N1 NPS 6 
Gas Inlet Nozzle

5.76 
IDx1.81 SA-105 Yes Yes No N/A N/A N/A N/A HB A105 Class 

300

N4 Existing N4 NPS 4 Oil 
Out Nozzle

3.83 
IDx1.39 SA-105 Yes Yes No N/A N/A N/A N/A HB A105 Class 

300

N5 Existing N5 NPS 3 
Water Out Nozzle

2.90 
IDx1.24 SA-105 No No No N/A N/A N/A N/A HB A105 Class 

300

N6 Existing N6 NPS 3 
LSHH Nozzle

2.90 
IDx1.24 SA-105 No No No N/A N/A N/A N/A HB A105 Class 

300

N7 Existing N7 NPS 4 Oil 
LLC Nozzle

4" XX 
Heavy

SA-106 B 
Smls pipe No No No SA-

516 70 No Yes No WN A105 Class 
300

N8 Existing N8 NPS 4 
Water LLC Nozzle

4" XX 
Heavy

SA-106 B 
Smls pipe No No No SA-

516 70 No Yes No WN A105 Class 
300

New N2 New N2 NPS 8 Gas 
Outlet Nozzle #1

8" Sch 
100

SA-106 B 
Smls pipe No No No SA-

516 70 No Yes No WN A105 Class 
300

New N3 New N3 NPS 2 Drain 
Nozzle

2" Sch 
160

SA-106 B 
Smls pipe No No No N/A N/A N/A N/A WN A105 Class 

300

New 
N9A

New N9A NPS 4 
Anode Nozzle

3.83 
IDx1.39

SA-350 LF2 
Cl 1 No No No N/A N/A N/A N/A HB A350 LF2 

Cl.1 Class 300

New 
N9B

New N9B NPS 4 
Anode Nozzle

3.83 
IDx1.39

SA-350 LF2 
Cl 1 No No No N/A N/A N/A N/A HB A350 LF2 

Cl.1 Class 300
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Nozzle Summary

 

Nozzle 
mark 

OD 
(in) 

tn
 

(in) 
Req tn

 
(in) 

A1? A2? 
Shell Reinforcement 

Pad Corr 
(in) 

Aa/Ar
(%) Nom t

(in) 
Design t

(in) 
User t

(in) 
Width

(in) 
tpad

 
(in) 

M1 25.00 2.5000 0.5081 Yes Yes 1.3125* 1.2079  N/A N/A 0.1250 100.3

N1 9.38 1.8100 0.4444 Yes Yes 1.3750 1.3282  N/A N/A 0.1250 141.6

N4 6.62 1.3950 0.3700 Yes Yes 1.3750 1.3282  N/A N/A 0.1250 159.5

N5 5.38 1.2400 0.3507 Yes Yes 1.3750 1.3282  N/A N/A 0.1250 164.8

N6 5.38 1.2400 0.3507 Yes Yes 1.3750 1.3282  N/A N/A 0.1250 237.6

N7 4.50 0.6740 0.3799 Yes Yes 1.3750 1.3282  2.0000 1.0000 0.1250 100.3

N8 4.50 0.6740 0.3799 Yes Yes 1.3750 1.3282  2.0000 1.0000 0.1250 100.3

New N2 8.63 0.5940 0.4649 Yes Yes 1.3750 1.3282  4.0000 1.2500 0.1250 107.8

New N3 2.38 0.3440 0.2969 Yes Yes 1.3750 N/A  N/A N/A 0.1250 Exempt

New N9A 6.62 1.3950 0.3700 Yes Yes 1.3750 1.3282  N/A N/A 0.1250 159.5

New N9B 6.62 1.3950 0.3700 Yes Yes 1.3750 1.3282  N/A N/A 0.1250 159.5

tn: Nozzle thickness
Req tn: Nozzle thickness required per UG-45/UG-16
Nom t: Vessel wall thickness
Design t: Required vessel wall thickness due to pressure + corrosion allowance per UG-37
User t: Local vessel wall thickness (near opening)
Aa: Area available per UG-37, governing condition
Ar: Area required per UG-37, governing condition
Corr: Corrosion allowance on nozzle wall
* Head minimum thickness after forming
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Pressure Summary

Chamber design MDMT is -20.00°F 
Chamber rated MDMT is -20.00°F @ 740.00 psi  

Chamber MAWP hot & corroded is 740.00 psi @ 100.0°F 

Chamber MAP cold & new is 740.00 psi @ 45.0°F 

This pressure chamber is not designed for external pressure. 

Notes for MDMT Rating: 

Design notes are available on the Settings Summary page.  
 

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

Identifier 
P 

Design
( psi)

T 
Design

(°F) 
MAWP

( psi)
MAP
( psi)

MDMT
(°F) 

MDMT 
Exemption 

Total 
Corrosion 
Allowance 

(in) 

Impact
Test 

Left Ellipsoidal Head #1 740.0 100.0 747.67 824.99 -21.7 Note 1 0.125 No

Straight Flange on Left Ellipsoidal Head #1 740.0 100.0 769.23 847.46 -21.7 Note 2 0.125 No

Cylinder #1 740.0 100.0 769.23 847.46 -21.7 Note 2 0.125 No

Cylinder #2 740.0 100.0 769.23 847.46 -21.7 Note 2 0.125 No

Straight Flange on Ellipsoidal Head #2 740.0 100.0 769.23 847.46 -21.7 Note 2 0.125 No

Ellipsoidal Head #2 740.0 100.0 747.67 824.99 -21.7 Note 3 0.125 No

Saddle #1 740.0 100.0 740.00 N/A N/A N/A N/A N/A

Existing M1 NPS 20 Manway (M1) 740.0 100.0 740.00 740.00 -20.0 Note 4 0.125 Yes

Existing N1 NPS 6 Gas Inlet Nozzle (N1) 740.0 100.0 740.00 740.00 -20.0 Note 4 0.125 Yes

Existing N4 NPS 4 Oil Out Nozzle (N4) 740.0 100.0 740.00 740.00 -20.0 Note 4 0.125 Yes

Existing N5 NPS 3 Water Out Nozzle (N5) 740.0 100.0 740.00 740.00 -20.0 Note 5 0.125 No

Existing N6 NPS 3 LSHH Nozzle (N6) 740.0 100.0 740.00 740.00 -20.0 Note 5 0.125 No

Existing N7 NPS 4 Oil LLC Nozzle (N7) 740.0 100.0 740.00 740.00 -20.0 Nozzle Note 5; Pad note 
6 0.125 No

Existing N8 NPS 4 Water LLC Nozzle (N8) 740.0 100.0 740.00 740.00 -20.0 Nozzle Note 5; Pad note 
6 0.125 No

New N2 NPS 8 Gas Outlet Nozzle #1 (New 
N2) 740.0 100.0 740.00 740.00 -20.0 Nozzle Note 5; Pad note 

7 0.125 No

New N3 NPS 2 Drain Nozzle (New N3) 740.0 100.0 740.00 740.00 -20.0 Note 5 0.125 No

New N9A NPS 4 Anode Nozzle (New N9A) 740.0 100.0 740.00 740.00 -55.0 Note 8 0.125 No

New N9B NPS 4 Anode Nozzle (New N9B) 740.0 100.0 740.00 740.00 -55.0 Note 8 0.125 No

Note # Exemption Details

1. Straight Flange governs MDMT  

2. Material impact test exemption temperature from Fig UCS-66 Curve D = -18 °F
Fig UCS-66.1 MDMT reduction = 3.7 °F, (coincident ratio = 0.9625542) UCS-66 governing thickness = 1.375 in

3. Straight Flange governs MDMT  

4. Flange rating governs:  
Flange impact tested to -20.00°F UCS-66(i) reduction of 0 °F applied (ratio = 1).

5. Flange rating governs: UCS-66(b)(1)(b)

6. Pad impact test exemption temperature from Fig UCS-66 Curve D = -30 °F 
Fig UCS-66.1 MDMT reduction = 3.7 °F, (coincident ratio = 0.96255) UCS-66 governing thickness = 1 in.

7. Pad impact test exemption temperature from Fig UCS-66 Curve D = -21 °F 
Fig UCS-66.1 MDMT reduction = 3.7 °F, (coincident ratio = 0.96255) UCS-66 governing thickness = 1.25 in.

8. Nozzle is impact tested to -55 °F (UCS-66(g)) UCS-66 governing thickness = 1.375 in.
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Thickness Summary

 

Component 
Identifier Material Diameter

(in) 
Length

(in) 
Nominal t

(in) 
Design t 

(in) 
Joint 

E Load 

Left Ellipsoidal Head #1 SA-516 70 66.00 OD 17.16 1.3125* 1.3008 1.0000 Internal

Straight Flange on Left Ellipsoidal Head #1 SA-516 70 66.00 OD 2.00 1.3750 1.3282 1.0000 Internal

Cylinder #1 SA-516 70 66.00 OD 120.00 1.3750 1.3282 1.0000 Internal

Cylinder #2 SA-516 70 66.00 OD 96.00 1.3750 1.3282 1.0000 Internal

Straight Flange on Ellipsoidal Head #2 SA-516 70 66.00 OD 2.00 1.3750 1.3282 1.0000 Internal

Ellipsoidal Head #2 SA-516 70 66.00 OD 17.16 1.3125* 1.3008 1.0000 Internal

Nominal t: Vessel wall nominal thickness
Design t: Required vessel thickness due to governing loading + corrosion
Joint E: Longitudinal seam joint efficiency
* Head minimum thickness after forming

Load
internal: Circumferential stress due to internal pressure governs
external: External pressure governs
Wind: Combined longitudinal stress of pressure + weight + wind governs
Seismic: Combined longitudinal stress of pressure + weight + seismic governs
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Weight Summary

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

Vessel center of gravity location - from datum - lift condition 

Vessel Capacity 

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

Component 
Weight ( lb) Contributed by Vessel Elements 

Metal 
New* 

Metal 
Corroded* 

Insulation &
Supports Lining Piping

+ Liquid 
Operating

Liquid 
Test 

Liquid 

Left Ellipsoidal Head #1 1,784.60 1,623.40 0.00 0.00 0.00 0.00 1,491.57

Cylinder #1 9,409.84 8,571.07 0.00 0.00 0.00 0.00 13,627.60

Cylinder #2 7,533.05 6,861.57 0.00 0.00 0.00 0.00 10,896.44

Ellipsoidal Head #2 1,966.93 1,788.37 0.00 0.00 0.00 0.00 1,429.56

Saddle #1 1,290.00 1,290.00 0.00 0.00 0.00 0.00 0.00

TOTAL: 21,984.41 20,134.41 0.00 0.00 0.00 0.00 27,445.17

Component 

Weight ( lb) Contributed by Attachments 

Body Flanges Nozzles & 
Flanges Packed

Beds 
Trays &
Supports 

Rings &
Clips 

Vertical
Loads 

New Corroded New Corroded 

Left Ellipsoidal Head #1 0.00 0.00 1,427.84 1,391.83 0.00 0.00 0.00 0.00

Cylinder #1 0.00 0.00 514.00 489.37 0.00 0.00 0.00 0.00

Cylinder #2 0.00 0.00 322.33 307.31 0.00 0.00 0.00 0.00

Ellipsoidal Head #2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL: 0.00 0.00 2,264.18 2,188.51 0.00 0.00 0.00 0.00

Vessel operating weight, Corroded: 22,323 lb
Vessel operating weight, New: 24,249 lb
Vessel empty weight, Corroded: 22,323 lb
Vessel empty weight, New: 24,249 lb
Vessel test weight, New: 51,694 lb

Vessel Lift Weight, New: 24,249 lb
Center of Gravity: 101.05"

Vessel Capacity** (New): 3,281 US gal
Vessel Capacity** (Corroded): 3,309 US gal
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Hydrostatic Test

 
Shop test pressure determination for Chamber bounded by Ellipsoidal Head #2 and Left Ellipsoidal Head #1 based on MAWP per
UG-99(b) 
 
Shop hydrostatic test gauge pressure is 962.000 psi at 45.00 °F (the chamber MAWP = 740.000 psi) 
 
The shop test is performed with the vessel in the horizontal position. 
 

 
Notes: 
(1) Left Ellipsoidal Head #1 limits the UG-99 stress ratio. 
(2) PL 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 allowable test stress. 
(4) The zero degree angular position is assumed to be up, and the test liquid height is assumed to the top-most flange. 
 
The test temperature of 45.00 °F is warmer than the minimum recommended temperature of 10.00 °F so the brittle fracture 
provision of UG-99(h) has been met. 
 
 

Identifier
Local test
pressure

psi

Test liquid
static head

psi

UG-99
stress
ratio

UG-99
pressure

factor

Stress 
during test 

psi

Allowable 
test stress 

psi

Stress 
excessive?

Left Ellipsoidal Head #1 (1) 964.755 2.755 1.0000 1.30 20,963 34,200 No

Straight Flange on Left Ellipsoidal Head #1 964.752 2.752 1.0000 1.30 22,668 34,200 No

Cylinder #1 964.752 2.752 1.0000 1.30 22,668 34,200 No

Cylinder #2 964.752 2.752 1.0000 1.30 22,668 34,200 No

Straight Flange on Ellipsoidal Head #2 964.752 2.752 1.0000 1.30 22,668 34,200 No

Ellipsoidal Head #2 964.755 2.755 1.0000 1.30 20,963 34,200 No

Existing M1 NPS 20 Manway (M1) 963.972 1.972 1.0000 1.30 23,747 48,600 No

Existing N1 NPS 6 Gas Inlet Nozzle (N1) 962.420 0.420 1.0000 1.30 23,689 48,600 No

Existing N4 NPS 4 Oil Out Nozzle (N4) 965.091 3.091 1.0000 1.30 24,089 48,600 No

Existing N5 NPS 3 Water Out Nozzle (N5) 965.091 3.091 1.0000 1.30 23,748 48,600 No

Existing N6 NPS 3 LSHH Nozzle (N6) 963.447 1.447 1.0000 1.30 22,159 48,600 No

Existing N7 NPS 4 Oil LLC Nozzle (N7) 964.317 2.318 1.0000 1.30 19,043 47,250 No

Existing N8 NPS 4 Water LLC Nozzle (N8) 964.317 2.318 1.0000 1.30 19,043 47,250 No

New N2 NPS 8 Gas Outlet Nozzle #1 (New N2) 962.420 0.420 1.0000 1.30 19,744 47,250 No

New N3 NPS 2 Drain Nozzle (New N3) 965.091 3.091 1.0000 1.30 25,202 46,701 No

New N9A NPS 4 Anode Nozzle (New N9A) 964.330 2.330 1.0000 1.30 23,672 48,600 No

New N9B NPS 4 Anode Nozzle (New N9B) 964.330 2.330 1.0000 1.30 23,672 48,600 No
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Field test pressure determination for Chamber bounded by Ellipsoidal Head #2 and Left Ellipsoidal Head #1 based on design P 
per UG-99(b) 
 
Field hydrostatic test gauge pressure is 962.000 psi at 45.00 °F (the chamber design P = 740.000 psi) 
 

 
Notes: 
(1) Left Ellipsoidal Head #1 limits the UG-99 stress ratio. 
(2) PL 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 allowable test stress. 
(4) The zero degree angular position is assumed to be up, and the test liquid height is assumed to the top-most flange. 
 
The test temperature of 45.00 °F is warmer than the minimum recommended temperature of 10.00 °F so the brittle fracture 
provision of UG-99(h) has been met. 
 
 

Identifier
Local test
pressure

psi

Test liquid
static head

psi

UG-99
stress
ratio

UG-99
pressure

factor

Stress 
during test 

psi

Allowable 
test stress 

psi

Stress 
excessive?

Left Ellipsoidal Head #1 (1) 964.755 2.755 1.0000 1.30 20,963 34,200 No

Straight Flange on Left Ellipsoidal Head #1 964.752 2.752 1.0000 1.30 22,668 34,200 No

Cylinder #1 964.752 2.752 1.0000 1.30 22,668 34,200 No

Cylinder #2 964.752 2.752 1.0000 1.30 22,668 34,200 No

Straight Flange on Ellipsoidal Head #2 964.752 2.752 1.0000 1.30 22,668 34,200 No

Ellipsoidal Head #2 964.755 2.755 1.0000 1.30 20,963 34,200 No

Existing M1 NPS 20 Manway (M1) 963.972 1.972 1.0000 1.30 23,747 48,600 No

Existing N1 NPS 6 Gas Inlet Nozzle (N1) 962.420 0.420 1.0000 1.30 23,689 48,600 No

Existing N4 NPS 4 Oil Out Nozzle (N4) 965.091 3.091 1.0000 1.30 24,089 48,600 No

Existing N5 NPS 3 Water Out Nozzle (N5) 965.091 3.091 1.0000 1.30 23,748 48,600 No

Existing N6 NPS 3 LSHH Nozzle (N6) 963.447 1.447 1.0000 1.30 22,159 48,600 No

Existing N7 NPS 4 Oil LLC Nozzle (N7) 964.317 2.318 1.0000 1.30 19,043 47,250 No

Existing N8 NPS 4 Water LLC Nozzle (N8) 964.317 2.318 1.0000 1.30 19,043 47,250 No

New N2 NPS 8 Gas Outlet Nozzle #1 (New N2) 962.420 0.420 1.0000 1.30 19,744 47,250 No

New N3 NPS 2 Drain Nozzle (New N3) 965.091 3.091 1.0000 1.30 25,202 46,701 No

New N9A NPS 4 Anode Nozzle (New N9A) 964.330 2.330 1.0000 1.30 23,672 48,600 No

New N9B NPS 4 Anode Nozzle (New N9B) 964.330 2.330 1.0000 1.30 23,672 48,600 No
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Left Ellipsoidal Head #1

ASME Section VIII, Division 1, 2001 Edition, A02 Addenda  

Straight Flange governs MDMT 
 
Internal design pressure: P = 740 psi @ 100 °F 

Static liquid head: 

Ps= 0 psi (SG=1, Hs=0" Operating head)
 

Pth= 2.7547 psi (SG=1, Hs=76.3125" Horizontal test head) 

 

 

* includes straight flange  
 

* includes straight flange if applicable  

Results Summary 

 

Design thickness for internal pressure, (Corroded at 100 °F) Appendix 1-4(c) 

 
The head internal pressure design thickness is 1.3008".

Component: Ellipsoidal Head 
Material Specification: SA-516 70 (II-D p.14, ln. 30)

Corrosion allowance: Inner C = 0.125" Outer C = 0"

Design MDMT = -20°F No impact test performed 
Rated MDMT = -21.7°F Material is normalized 

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

Radiography: Category A joints -  Seamless No RT  
Head to shell seam -  Full UW-11(a) Type 1  

Estimated weight*:  new = 1,784.60 lb  corr = 1,623.40 lb 
Capacity*:  new = 171.4 US gal  corr = 173.9 US gal

Outer diameter = 66"
Minimum head thickness = 1.3125"
Head ratio D/2h = 2 (new)
Head ratio D/2h = 1.9922 (corroded)
Straight flange length Lsf = 2"
Nominal straight flange thickness tsf = 1.375"

Insulation thk*: 0" density: 0 lb/ft3 weight: 0 lb 
Insulation support ring spacing: 0" individual weight: 0 lb total weight: 0 lb 
Lining/ref thk*: 0" density: 0 lb/ft3 weight: 0 lb

The governing condition is internal pressure.
Minimum thickness per UG-16 = 0.0625" + 0.125" = 0.1875"
Design thickness due to internal pressure (t) = 1.3008"
Maximum allowable working pressure (MAWP) = 747.665 psi
Maximum allowable pressure (MAP) = 824.9853 psi

K (Corroded) 
K = (1/6)*[2 + (D / (2*h))2]

= (1/6)*[2 + (63.625 / (2*15.9688))2]
= 0.994792

K (New) 
K = (1/6)*[2 + (D / (2*h))2]

= (1/6)*[2 + (63.375 / (2*15.8438))2]
= 1

t = P*Do*K / (2*S*E + 2*P*(K - 0.1)) + Corrosion
= 740*66*0.994792 / (2*20000*1 + 2*740*(0.994792 - 0.1)) + 0.125
= 1.3007"
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Maximum allowable working pressure, (Corroded at 100 °F) Appendix 1-4(c)

 
The maximum allowable working pressure (MAWP) is 747.665 psi.

Maximum allowable pressure, (New at 45 °F) Appendix 1-4(c) 

 
The maximum allowable pressure (MAP) is 824.9853 psi.

% Extreme fiber elongation - UCS-79(d)  

 
The extreme fiber elongation exceeds 5 percent and the thickness exceeds 5/8 inch;. Heat treatment per UCS-56 is required if 
fabricated by cold forming.  

P = 2*S*E*t / (K*Do - 2*t*(K - 0.1)) - Ps
= 2*20000*1*1.1875 / (0.994792*66 - 2*1.1875*(0.994792 - 0.1)) - 0
= 747.665 psi

P = 2*S*E*t / (K*Do - 2*t*(K - 0.1)) - Ps
= 2*20000*1*1.3125 / (1*66 - 2*1.3125*(1 - 0.1)) - 0
= 824.9853 psi

= (75*t / Rf)*(1 - Rf / Ro)

= (75*1.375 / 11.4613)*(1 - 11.4613 / ∞)
= 8.9977%
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Cylinder #1

ASME Section VIII Division 1, 2001 Edition, A02 Addenda  

Material impact test exemption temperature from Fig UCS-66 Curve D = -18 °F 
Fig UCS-66.1 MDMT reduction = 3.7 °F, (coincident ratio = 0.9625542) 
UCS-66 governing thickness = 1.375 in 
 
Internal design pressure: P = 740 psi @ 100°F 

Static liquid head: 

OD = 66.0000" 
Length Lc = 120.0000" 
t = 1.3750" 

Design thickness, (at 100.00°F) Appendix 1-1 

Maximum allowable working pressure, (at 100.00°F) Appendix 1-1 

Maximum allowable pressure, (at 45.00°F) Appendix 1-1 

% Extreme fiber elongation - UCS-79(d) 

= (50 * t / Rf) * (1 - Rf / Ro)
 

= (50 * 1.3750 / 32.3125) * (1 - 32.3125 / ∞) 
= 2.1277 %

Component: Cylinder
Material specification: SA-516 70 (II-D p. 14, ln. 30)

Pth=2.7524 psi(SG=1.0000, Hs=76.2500", Horizontal test head)

Corrosion allowance: Inner C = 0.1250" Outer C = 0.0000"

Design MDMT = -20.00°F No impact test performed
Rated MDMT = -21.70°F Material is normalized

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

Radiography: Longitudinal joint - Full UW-11(a) Type 1
Left circumferential joint - Full UW-11(a) Type 1
Right circumferential joint - Full UW-11(a) Type 1

Estimated weight: New = 9480.2725 lb     corr = 8635.0996 lb
Capacity: New = 1632.2258 gal     corr = 1645.1542 gal

t = P*Ro/(S*E + 0.40*P) + Corrosion
= 740.00*33.0000/(20000*1.00 + 0.40*740.00) + 0.1250
= 1.3282"

P = S*E*t/(Ro - 0.40*t) - Ps
= 20000*1.00*1.2500 / (33.0000 - 0.40*1.2500) - 0.0000
= 769.2308 psi

P = S*E*t/(Ro - 0.40*t)
= 20000*1.00*1.3750 / (33.0000 - 0.40*1.3750)
= 847.4576 psi

 
Allowable Compressive Stress, Hot and Corroded- ScHC, (table CS-2)

A = 0.125 / (Ro / t)

= 0.125 / (33.0000 / 1.2500)
= 0.004735

B = 17101.4570 psi
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S = 20000.0000 / 1.0000
= 20000.0000 psi

ScHC = 17101.4570 psi
 
Allowable Compressive Stress, Hot and New- ScHN, (table CS-2)

A = 0.125 / (Ro / t)

= 0.125 / (33.0000 / 1.3750)
= 0.005208

B = 17210.0332 psi

S = 20000.0000 / 1.0000
= 20000.0000 psi

ScHN = 17210.0332 psi
 
Allowable Compressive Stress, Cold and New- ScCN, (table CS-2)

A = 0.125 / (Ro / t)

= 0.125 / (33.0000 / 1.3750)
= 0.005208

B = 17210.0332 psi

S = 20000.0000 / 1.0000
= 20000.0000 psi

ScCN = 17210.0332 psi
 
Allowable Compressive Stress, Cold and Corroded- ScCC, (table CS-2)

A = 0.125 / (Ro / t)

= 0.125 / (33.0000 / 1.2500)
= 0.004735

B = 17101.4570 psi

S = 20000.0000 / 1.0000
= 20000.0000 psi

ScCC = 17101.4570 psi
 
Allowable Compressive Stress, Vacuum and Corroded- ScVC, (table CS-2)

A = 0.125 / (Ro / t)

= 0.125 / (33.0000 / 1.2500)
= 0.004735

B = 17101.4570 psi

S = 20000.0000 / 1.0000
= 20000.0000 psi

ScVC = 17101.4570 psi
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New N2 NPS 8 Gas Outlet Nozzle #1 (New N2)

 
ASME Section VIII Division 1, 2001 Edition, A02 Addenda 
 

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

 

tw(lower) = 1.3750 in

Leg41 = 0.3750 in

tw(upper) = 1.2500 in

Leg42 = 1.0000 in

Dp = 16.6250 in

te = 1.2500 in

Located on: Cylinder #2
Liquid static head included: 0 psi
Nozzle material specification: SA-106 B Smls pipe (II-D p. 10, ln. 15)
Nozzle longitudinal joint efficiency: 1.00
Nozzle description: 8" Sch 100
Pad material specification: SA-516 70 (II-D p. 14, ln. 30) (normalized)
Pad diameter: 16.625 in
Flange description: 8 inch Class 300 WN A105
Bolt Material: SA-193 B7 Bolt <= 2 1/2 (II-D p. 382, ln. 37)
Flange rated MDMT: -20°F
(UCS-66(b)(1)(b))
Liquid static head on flange: 0 psi
ASME B16.5 flange rating MAWP: 740 psi @ 100°F
ASME B16.5 flange rating MAP: 740 psi @ 45°F
ASME B16.5 flange hydro test: 1125 psi @ 45°F
Nozzle orientation: 0°
Local vessel minimum thickness: 1.375 in
Nozzle center line offset to datum line: 204 in
End of nozzle to shell center: 39 in
Nozzle inside diameter, new: 7.437 in
Nozzle nominal wall thickness: 0.594 in
Nozzle corrosion allowance: 0.125 in
Projection available outside vessel, Lpr: 6 in
Pad is split: no

16 of 32

1/16/2007COMPRESS Build 6252; 



 
Reinforcement Calculations for Internal Pressure 
 

 

 

 
 
Calculations for internal pressure 740 psi @ 100 °F 
 
Fig UCS-66.2 general note (1) applies. 
 
Nozzle impact test exemption temperature from Fig UCS-66 Curve B = -5.1 °F 
Fig UCS-66.1 MDMT reduction = 86.3 °F, (coincident ratio = 0.43258) 
Rated MDMT is governed by UCS-66(b)(2). 
 
Pad impact test exemption temperature from Fig UCS-66 Curve D = -21 °F 
Fig UCS-66.1 MDMT reduction = 3.7 °F, (coincident ratio = 0.96255). 
 

 
Limits of reinforcement per UG-40 
 

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

 
Required thickness tr from UG-37(a) 
 

 
Area required per UG-37(c) 
 
Allowable stresses: Sn = 17100, Sv = 20000, Sp = 20000 psi 
 
fr1 = lesser of 1 or Sn/Sv = 0.855 
fr2 = lesser of 1 or Sn/Sv = 0.855 
fr3 = lesser of fr2 or Sp/Sv = 0.855 

UG-37 Area Calculation Summary (in2)
For P = 740 psi @ 100 °F 

The opening is adequately reinforced

UG-45 Nozzle Wall 
Thickness Summary (in)

The nozzle passes UG-45

A 
required

A 
available A1 A2 A3 A5

A 
welds treq tmin

9.4126 10.1453 0.3535 1.2353 -- 8.4363 0.1202 0.4068 0.5198

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

Weld load 
W

Weld load 
W1-1

Path 1-1 
strength

Weld load
W2-2

Path 2-2 
strength

Weld load
W3-3

Path 3-3 
strength

181,932.17 195,835.02 327,844.38 47,159.75 543,850.25 215,884.77 506,562.19

UW-16 Weld Sizing Summary

Weld description Required weld 
size (in)

Actual weld
size (in) Status

Nozzle to pad fillet (Leg41) 0.2500 0.2625 weld size is adequate

Pad to shell fillet (Leg42) 0.3750 0.7000 weld size is adequate

Nozzle to pad groove (Upper) 0.3283 1.2500 weld size is adequate

Nozzle UCS-66 governing thk: 0.5198 in
Nozzle rated MDMT: -55 °F
Pad UCS-66 governing thickness: 1.25 in
Pad rated MDMT: -24.7 °F

Parallel to the vessel wall: d = 7.687 in
Normal to the vessel wall outside: 2.5*(tn - Cn) + te = 2.4225 in

trn = P*Rn/(Sn*E - 0.6*P)
= 740*3.8435/(17100*1 - 0.6*740)
= 0.1708 in

tr = P*Ro/(S*E + 0.4*P)
= 740*33/(20000*1 + 0.4*740)
= 1.2032 in
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fr4 = lesser of 1 or Sp/Sv = 1 
 

 
Area available from FIG. UG-37.1 
 
A1 = larger of the following= 0.3535 in2 
 

 

 
A2 = smaller of the following= 1.2353 in2 
 

 

 

 

 
(Part of the weld is outside of the limits) 

 

 
As Area >= A the reinforcement is adequate. 
 
UW-16(c)(2) Weld Check 
 

 

 
UG-45 Nozzle Neck Thickness Check 
 

A = d*tr*F + 2*tn*tr*F*(1 - fr1)
= 7.687*1.2032*1 + 2*0.469*1.2032*1*(1 - 0.855)
= 9.4126 in2

= d*(E1*t - F*tr) - 2*tn*(E1*t - F*tr)*(1 - fr1)
= 7.687*(1*1.25 - 1*1.2032) - 2*0.469*(1*1.25 - 1*1.2032)*(1 - 0.855)
= 0.3535 in2

= 2*(t + tn)*(E1*t - F*tr) - 2*tn*(E1*t - F*tr)*(1 - fr1)
= 2*(1.25 + 0.469)*(1*1.25 - 1*1.2032) - 2*0.469*(1*1.25 - 1*1.2032)*(1 - 0.855)
= 0.1546 in2

= 5*(tn - trn)*fr2*t
= 5*(0.469 - 0.1708)*0.855*1.25
= 1.5935 in2

= 2*(tn - trn)*(2.5*tn + te)*fr2
= 2*(0.469 - 0.1708)*(2.5*0.469 + 1.25)*0.855
= 1.2353 in2

A41 = Leg2*fr3
= 0.3752*0.855
= 0.1202 in2

A42 = Leg2*fr4
= 02*1
= 0 in2

A5 = (Dp - d - 2*tn)*te*fr4
= (15.374 - 7.687 - 2*0.469)*1.25*1
= 8.4363 in2

Area = A1 + A2 + A41 + A42 + A5
= 0.3535 + 1.2353 + 0.1202 + 0 + 8.4363
= 10.1453 in2

Inner fillet: tmin = lesser of 0.75 or tn or te = 0.469 in

tc(min) = lesser of 0.25 or 0.7*tmin = 0.25 in

tc(actual) = 0.7*Leg = 0.7*0.375 = 0.2625 in

Outer fillet: tmin = lesser of 0.75 or te or t = 0.75 in

tw(min) = 0.5*tmin = 0.375 in

tw(actual) = 0.7*Leg = 0.7*1 = 0.7 in

Wall thickness per UG-45(a): tr1 = 0.2958 in (E =1)

Wall thickness per UG-45(b)(1): tr2 = 1.3282 in

Wall thickness per UG-16(b): tr3 = 0.1875 in

Standard wall pipe per UG-45(b)(4): tr4 = 0.4068 in
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Required per UG-45 is the larger of tr1 or tr6 = 0.4068 in 
 
Available nozzle wall thickness new, tn = 0.8750*0.594 = 0.5198 in 
 
The nozzle neck thickness is adequate. 
 
Allowable stresses in joints UG-45(c) and UW-15(c) 
 

 
Strength of welded joints: 
 
(1) Inner fillet weld in shear 
(π/2)*Nozzle OD*Leg*Si = (π/2)*8.625*0.375*8379 = 42569.88 lbf 
 
(2) Outer fillet weld in shear 
(π/2)*Pad OD*Leg*So = (π/2)*16.625*1*9800 = 255922 lbf 
 
(3) Nozzle wall in shear 
(π/2)*Mean nozzle dia*tn*Sn = (π/2)*8.156*0.469*11970 = 71922.38 lbf 
 
(4) Groove weld in tension 
(π/2)*Nozzle OD*tw*Sg = (π/2)*8.625*1.25*14800 = 250640.2 lbf 
 
(6) Upper groove weld in tension 
(π/2)*Nozzle OD*tw*Sg = (π/2)*8.625*1.25*14800 = 250640.2 lbf 
 
Loading on welds per UG-41(b)(1) 
 

 

 

 

 
 
Load for path 1-1 lesser of W or W1-1 = 181932.2 lbf 
Path 1-1 through (2) & (3) = 255922 + 71922.38 = 327844.4 lbf 
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2). 
 
Load for path 2-2 lesser of W or W2-2 = 47159.75 lbf 
Path 2-2 through (1), (4), (6) = 42569.88 + 250640.2 + 250640.2 = 543850.3 lbf 
Path 2-2 is stronger than W2-2 so it is acceptable per UG-41(b)(1). 
 
Load for path 3-3 lesser of W or W3-3 = 181932.2 lbf 
Path 3-3 through (2), (4) = 255922 + 250640.2 = 506562.2 lbf 
Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2). 
 

The greater of tr2 or tr3: tr5 = 1.3282 in

The lesser of tr4 or tr5: tr6 = 0.4068 in

Groove weld in tension: 0.74*20000 = 14800 psi
Nozzle wall in shear: 0.7*17100 = 11970 psi
Inner fillet weld in shear: 0.49*17100 = 8379 psi
Outer fillet weld in shear: 0.49*20000 = 9800 psi
Upper groove weld in tension: 0.74*20000 = 14800 psi

W = (A - A1 + 2*tn*fr1*(E1*t - F*tr))*Sv
= (9.4126 - 0.3535 + 2*0.469*0.855*(1*1.25 - 1*1.2032))*20000
= 181932.2 lbf

W1-1 = (A2 + A5 + A41 + A42)*Sv
= (1.2353 + 8.4363 + 0.1202 + 0)*20000
= 195835 lbf

W2-2 = (A2 + A3 + A41 + A43 + 2*tn*t*fr1)*Sv
= (1.2353 + 0 + 0.1202 + 0 + 2*0.469*1.25*0.855)*20000
= 47159.75 lbf

W3-3 = (A2 + A3 + A5 + A41 + A42 + A43 + 2*tn*t*fr1)*Sv
= (1.2353 + 0 + 8.4363 + 0.1202 + 0 + 0 + 2*0.469*1.25*0.855)*20000
= 215884.8 lbf
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New N3 NPS 2 Drain Nozzle (New N3)

 
ASME Section VIII Division 1, 2001 Edition, A02 Addenda 
 

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

 

tw(lower) = 1.3750 in

Leg41 = 0.3750 in

Located on: Cylinder #1
Liquid static head included: 0 psi
Nozzle material specification: SA-106 B Smls pipe (II-D p. 10, ln. 15)
Nozzle longitudinal joint efficiency: 1.00
Nozzle description: 2" Sch 160
Flange description: 2 inch Class 300 WN A105
Bolt Material: SA-193 B7 Bolt <= 2 1/2 (II-D p. 382, ln. 37)
Flange rated MDMT: -20°F
(UCS-66(b)(1)(b))
Liquid static head on flange: 0 psi
ASME B16.5 flange rating MAWP: 740 psi @ 100°F
ASME B16.5 flange rating MAP: 740 psi @ 45°F
ASME B16.5 flange hydro test: 1125 psi @ 45°F
Nozzle orientation: 180°
Local vessel minimum thickness: 1.375 in
Nozzle center line offset to datum line: 72 in
End of nozzle to shell center: 41 in
Nozzle inside diameter, new: 1.687 in
Nozzle nominal wall thickness: 0.344 in
Nozzle corrosion allowance: 0.125 in
Projection available outside vessel, Lpr: 8 in
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Reinforcement Calculations for Internal Pressure 
 

 

 

 
 
Calculations for internal pressure 740 psi @ 100 °F 
 
Fig UCS-66.2 general note (1) applies. 
 
Nozzle is impact test exempt to -155 °F per UCS-66(b)(3) (coincident ratio = 0.24448). 
 
 

 
Limits of reinforcement per UG-40 
 

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

 
Required thickness tr from UG-37(a) 
 

 
This opening does not require reinforcement per UG-36(c)(3)(a) 
 
 
UW-16(c) Weld Check 
 
Fillet weld: tmin = lesser of 0.75 or tn or t = 0.219 in 
tc(min) = lesser of 0.25 or 0.7*tmin = 0.1533 in 
tc(actual) = 0.7*Leg = 0.7*0.375 = 0.2625 in 
 
The fillet weld size is satisfactory. 
 
Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e). 
 
UG-45 Nozzle Neck Thickness Check 
 

UG-37 Area Calculation Summary (in2)
For P = 740 psi @ 100 °F

UG-45 Nozzle Wall 
Thickness Summary (in)

The nozzle passes UG-45

A 
required

A 
available A1 A2 A3 A5

A 
welds treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.2598 0.3010

Weld Failure Path Analysis Summary 

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

UW-16 Weld Sizing Summary

Weld description Required weld 
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.1533 0.2625 weld size is adequate

Nozzle UCS-66 governing thk: 0.301 in
Nozzle rated MDMT: -155 °F

Parallel to the vessel wall: (Rn + tn + t )= 2.4375 in

Normal to the vessel wall outside: 2.5*(tn - Cn) + te = 0.5475 in

trn = P*Rn/(Sn*E - 0.6*P)
= 740*0.9685/(17100*1 - 0.6*740)
= 0.043 in

tr = P*Ro/(S*E + 0.4*P)
= 740*33/(20000*1 + 0.4*740)
= 1.2032 in

Wall thickness per UG-45(a): tr1 = 0.168 in (E =1)

Wall thickness per UG-45(b)(1): tr2 = 1.3282 in

Wall thickness per UG-16(b): tr3 = 0.1875 in

Standard wall pipe per UG-45(b)(4): tr4 = 0.2598 in
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Required per UG-45 is the larger of tr1 or tr6 = 0.2598 in 
 
Available nozzle wall thickness new, tn = 0.8750*0.344 = 0.301 in 
 
The nozzle neck thickness is adequate. 
 

The greater of tr2 or tr3: tr5 = 1.3282 in

The lesser of tr4 or tr5: tr6 = 0.2598 in
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New N9A NPS 4 Anode Nozzle (New N9A)

 
ASME Section VIII Division 1, 2001 Edition, A02 Addenda 
 

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

 

tw(lower) = 1.3750 in

Leg41 = 0.3750 in

Located on: Cylinder #1
Liquid static head included: 0 psi
Nozzle material specification: SA-350 LF2 Cl 1 (II-D p. 14, ln. 22)
Nozzle longitudinal joint efficiency: 1.00
Flange description: 4 inch Class 300 HB A350 LF2 Cl.1 (Nut Relief)
Bolt Material: SA-193 B7 Bolt <= 2 1/2 (II-D p. 382, ln. 37)
Flange rated MDMT: -55°F
(UG-84 provisions apply)
(Flange impact tested to -55.00°F (UCS-66(g)))
Liquid static head on flange: 0 psi
ASME B16.5 flange rating MAWP: 740 psi @ 100°F
ASME B16.5 flange rating MAP: 740 psi @ 45°F
ASME B16.5 flange hydro test: 1125 psi @ 45°F
Nozzle orientation: 90°
Local vessel minimum thickness: 1.375 in
Nozzle center line offset to datum line: 31 in
End of nozzle to shell center: 36 in
Offset from center, Lo: 18 in
Nozzle inside diameter, new: 3.83 in
Nozzle wall thickness, tn: 1.395 in
Nozzle minimum wall thickness: 0.96 in
Nozzle corrosion allowance: 0.125 in
Opening chord length: 4.9166 in
Projection available outside vessel, Lpr: 6.45 in
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Reinforcement Calculations for Internal Pressure 
 

 

 

 
 
Calculations for internal pressure 740 psi @ 100 °F 
 
Nozzle is impact tested to -55 °F (UCS-66(g)). 
 
 

 
Limits of reinforcement per UG-40 
 

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

 
Required thickness tr from UG-37(a) 
 

 
Area required per UG-37(c) 
 
Allowable stresses: Sn = 20000, Sv = 20000 psi 
 
fr1 = lesser of 1 or Sn/Sv = 1 
fr2 = lesser of 1 or Sn/Sv = 1 
 

 
Area available from FIG. UG-37.1 
 
A1 = larger of the following= 3.268 in2 
 

 

UG-37 Area Calculation Summary (in2)
For P = 740 psi @ 100 °F 

The opening is adequately reinforced

UG-45 Nozzle Wall 
Thickness Summary (in)

The nozzle passes UG-45

A 
required

A 
available A1 A2 A3 A5

A 
welds treq tmin

2.9578 10.8636 3.2680 7.4550 -- -- 0.1406 0.3700 0.9600

Weld Failure Path Analysis Summary 

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

UW-16 Weld Sizing Summary

Weld description Required weld 
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.2500 0.2625 weld size is adequate

Nozzle UCS-66 governing thk: 1.375 in
Nozzle rated MDMT: -55 °F

Parallel to the vessel wall: (Rn + tn + t )= 4.9783 in

Normal to the vessel wall outside: 2.5*(t - C) = 3.125 in

trn = P*Rn/(Sn*E - 0.6*P)
= 740*2.04/(20000*1 - 0.6*740)
= 0.0772 in

tr = P*Ro/(S*E + 0.4*P)
= 740*33/(20000*1 + 0.4*740)
= 1.2032 in

A = d*tr*F + 2*tn*tr*F*(1 - fr1)
= 4.9166*1.2032*0.5 + 2*1.27*1.2032*0.5*(1 - 1)
= 2.9578 in2

= d*(E1*t - F*tr) - 2*tn*(E1*t - F*tr)*(1 - fr1)
= 4.9166*(1*1.25 - 0.5*1.2032) - 2*1.27*(1*1.25 - 0.5*1.2032)*(1 - 1)
= 3.1879 in2

= 2*(t + tn)*(E1*t - F*tr) - 2*tn*(E1*t - F*tr)*(1 - fr1)
= 2*(1.25 + 1.27)*(1*1.25 - 0.5*1.2032) - 2*1.27*(1*1.25 - 0.5*1.2032)*(1 - 1)
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A2 = smaller of the following= 7.455 in2 
 

 

 

 

 
As Area >= A the reinforcement is adequate. 
 
UW-16(c) Weld Check 
 
Fillet weld: tmin = lesser of 0.75 or tn or t = 0.75 in 
tc(min) = lesser of 0.25 or 0.7*tmin = 0.25 in 
tc(actual) = 0.7*Leg = 0.7*0.375 = 0.2625 in 
 
The fillet weld size is satisfactory. 
 
Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e). 
 
UG-45 Nozzle Neck Thickness Check 
 

 
Required per UG-45 is the larger of tr1 or tr6 = 0.37 in 
 
Available nozzle wall thickness new, tn = 0.96 in 
 
The nozzle neck thickness is adequate. 
 

= 3.268 in2

= 5*(tn - trn)*fr2*t
= 5*(1.27 - 0.0772)*1*1.25
= 7.455 in2

= 5*(tn - trn)*fr2*tn
= 5*(1.27 - 0.0772)*1*1.27
= 7.5743 in2

A41 = Leg2*fr2
= 0.3752*1
= 0.1406 in2

Area = A1 + A2 + A41
= 3.268 + 7.455 + 0.1406
= 10.8636 in2

Wall thickness per UG-45(a): tr1 = 0.2022 in (E =1)

Wall thickness per UG-45(b)(1): tr2 = 1.3282 in

Wall thickness per UG-16(b): tr3 = 0.1875 in

Standard wall pipe per UG-45(b)(4): tr4 = 0.37 in

The greater of tr2 or tr3: tr5 = 1.3282 in

The lesser of tr4 or tr5: tr6 = 0.37 in
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Reinforcement check in the plane parallel to the longitudinal axis 
 
 
Reinforcement Calculations for Internal Pressure 
 

 

 

 
Limits of reinforcement per UG-40 
 

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

 
Required thickness tr from UG-37(a) 
 

 
Area required per UG-37(c) 
 
Allowable stresses: Sn = 20000, Sv = 20000 psi 
 
fr1 = lesser of 1 or Sn/Sv = 1 
fr2 = lesser of 1 or Sn/Sv = 1 
 

 
Area available from FIG. UG-37.1 
 
A1 = larger of the following= 0.2359 in2 
 

 

 
A2 = smaller of the following= 7.455 in2 
 

UG-37 Area Calculation Summary (in2)
For P = 740 psi @ 100 °F 

The opening is adequately reinforced

UG-45 Nozzle Wall 
Thickness Summary (in)

The nozzle passes UG-45

A 
required

A 
available A1 A2 A3 A5

A 
welds treq tmin

4.9090 7.8315 0.2359 7.4550 -- -- 0.1406 0.3700 0.9600

Weld Failure Path Analysis Summary 

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

UW-16 Weld Sizing Summary

Weld description Required weld 
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.2500 0.2625 weld size is adequate

Parallel to the vessel wall: (Rn + tn + t )= 4.56 in

Normal to the vessel wall outside: 2.5*(t - C) = 3.125 in

trn = P*Rn/(Sn*E - 0.6*P)
= 740*2.04/(20000*1 - 0.6*740)
= 0.0772 in

tr = P*Ro/(S*E + 0.4*P)
= 740*33/(20000*1 + 0.4*740)
= 1.2032 in

A = d*tr*F + 2*tn*tr*F*(1 - fr1)
= 4.08*1.2032*1 + 2*1.27*1.2032*1*(1 - 1)
= 4.909 in2

= d*(E1*t - F*tr) - 2*tn*(E1*t - F*tr)*(1 - fr1)
= 4.08*(1*1.25 - 1*1.2032) - 2*1.27*(1*1.25 - 1*1.2032)*(1 - 1)
= 0.191 in2

= 2*(t + tn)*(E1*t - F*tr) - 2*tn*(E1*t - F*tr)*(1 - fr1)
= 2*(1.25 + 1.27)*(1*1.25 - 1*1.2032) - 2*1.27*(1*1.25 - 1*1.2032)*(1 - 1)
= 0.2359 in2

= 5*(tn - trn)*fr2*t
= 5*(1.27 - 0.0772)*1*1.25
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As Area >= A the reinforcement is adequate. 
 
UG-45 Nozzle Neck Thickness Check 
 

 
Required per UG-45 is the larger of tr1 or tr6 = 0.37 in 
 
Available nozzle wall thickness new, tn = 0.96 in 
 
The nozzle neck thickness is adequate. 
 

= 7.455 in2

= 5*(tn - trn)*fr2*tn
= 5*(1.27 - 0.0772)*1*1.27
= 7.5743 in2

A41 = Leg2*fr2
= 0.3752*1
= 0.1406 in2

Area = A1 + A2 + A41
= 0.2359 + 7.455 + 0.1406
= 7.8315 in2

Wall thickness per UG-45(a): tr1 = 0.2022 in (E =1)

Wall thickness per UG-45(b)(1): tr2 = 1.3282 in

Wall thickness per UG-16(b): tr3 = 0.1875 in

Standard wall pipe per UG-45(b)(4): tr4 = 0.37 in

The greater of tr2 or tr3: tr5 = 1.3282 in

The lesser of tr4 or tr5: tr6 = 0.37 in
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New N9B NPS 4 Anode Nozzle (New N9B)

 
ASME Section VIII Division 1, 2001 Edition, A02 Addenda 
 

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

 

tw(lower) = 1.3750 in

Leg41 = 0.3750 in

Located on: Cylinder #1
Liquid static head included: 0 psi
Nozzle material specification: SA-350 LF2 Cl 1 (II-D p. 14, ln. 22)
Nozzle longitudinal joint efficiency: 1.00
Flange description: 4 inch Class 300 HB A350 LF2 Cl.1 (Nut Relief)
Bolt Material: SA-193 B7 Bolt <= 2 1/2 (II-D p. 382, ln. 37)
Flange rated MDMT: -55°F
(UG-84 provisions apply)
(Flange impact tested to -55.00°F (UCS-66(g)))
Liquid static head on flange: 0 psi
ASME B16.5 flange rating MAWP: 740 psi @ 100°F
ASME B16.5 flange rating MAP: 740 psi @ 45°F
ASME B16.5 flange hydro test: 1125 psi @ 45°F
Nozzle orientation: 90°
Local vessel minimum thickness: 1.375 in
Nozzle center line offset to datum line: 90 in
End of nozzle to shell center: 36 in
Offset from center, Lo: 18 in
Nozzle inside diameter, new: 3.83 in
Nozzle wall thickness, tn: 1.395 in
Nozzle minimum wall thickness: 0.96 in
Nozzle corrosion allowance: 0.125 in
Opening chord length: 4.9166 in
Projection available outside vessel, Lpr: 6.45 in
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Reinforcement Calculations for Internal Pressure 
 

 

 

 
 
Calculations for internal pressure 740 psi @ 100 °F 
 
Nozzle is impact tested to -55 °F (UCS-66(g)). 
 
 

 
Limits of reinforcement per UG-40 
 

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

 
Required thickness tr from UG-37(a) 
 

 
Area required per UG-37(c) 
 
Allowable stresses: Sn = 20000, Sv = 20000 psi 
 
fr1 = lesser of 1 or Sn/Sv = 1 
fr2 = lesser of 1 or Sn/Sv = 1 
 

 
Area available from FIG. UG-37.1 
 
A1 = larger of the following= 3.268 in2 
 

 

UG-37 Area Calculation Summary (in2)
For P = 740 psi @ 100 °F 

The opening is adequately reinforced

UG-45 Nozzle Wall 
Thickness Summary (in)

The nozzle passes UG-45

A 
required

A 
available A1 A2 A3 A5

A 
welds treq tmin

2.9578 10.8636 3.2680 7.4550 -- -- 0.1406 0.3700 0.9600

Weld Failure Path Analysis Summary 

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

UW-16 Weld Sizing Summary

Weld description Required weld 
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.2500 0.2625 weld size is adequate

Nozzle UCS-66 governing thk: 1.375 in
Nozzle rated MDMT: -55 °F

Parallel to the vessel wall: (Rn + tn + t )= 4.9783 in

Normal to the vessel wall outside: 2.5*(t - C) = 3.125 in

trn = P*Rn/(Sn*E - 0.6*P)
= 740*2.04/(20000*1 - 0.6*740)
= 0.0772 in

tr = P*Ro/(S*E + 0.4*P)
= 740*33/(20000*1 + 0.4*740)
= 1.2032 in

A = d*tr*F + 2*tn*tr*F*(1 - fr1)
= 4.9166*1.2032*0.5 + 2*1.27*1.2032*0.5*(1 - 1)
= 2.9578 in2

= d*(E1*t - F*tr) - 2*tn*(E1*t - F*tr)*(1 - fr1)
= 4.9166*(1*1.25 - 0.5*1.2032) - 2*1.27*(1*1.25 - 0.5*1.2032)*(1 - 1)
= 3.1879 in2

= 2*(t + tn)*(E1*t - F*tr) - 2*tn*(E1*t - F*tr)*(1 - fr1)
= 2*(1.25 + 1.27)*(1*1.25 - 0.5*1.2032) - 2*1.27*(1*1.25 - 0.5*1.2032)*(1 - 1)
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A2 = smaller of the following= 7.455 in2 
 

 

 

 

 
As Area >= A the reinforcement is adequate. 
 
UW-16(c) Weld Check 
 
Fillet weld: tmin = lesser of 0.75 or tn or t = 0.75 in 
tc(min) = lesser of 0.25 or 0.7*tmin = 0.25 in 
tc(actual) = 0.7*Leg = 0.7*0.375 = 0.2625 in 
 
The fillet weld size is satisfactory. 
 
Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e). 
 
UG-45 Nozzle Neck Thickness Check 
 

 
Required per UG-45 is the larger of tr1 or tr6 = 0.37 in 
 
Available nozzle wall thickness new, tn = 0.96 in 
 
The nozzle neck thickness is adequate. 
 

= 3.268 in2

= 5*(tn - trn)*fr2*t
= 5*(1.27 - 0.0772)*1*1.25
= 7.455 in2

= 5*(tn - trn)*fr2*tn
= 5*(1.27 - 0.0772)*1*1.27
= 7.5743 in2

A41 = Leg2*fr2
= 0.3752*1
= 0.1406 in2

Area = A1 + A2 + A41
= 3.268 + 7.455 + 0.1406
= 10.8636 in2

Wall thickness per UG-45(a): tr1 = 0.2022 in (E =1)

Wall thickness per UG-45(b)(1): tr2 = 1.3282 in

Wall thickness per UG-16(b): tr3 = 0.1875 in

Standard wall pipe per UG-45(b)(4): tr4 = 0.37 in

The greater of tr2 or tr3: tr5 = 1.3282 in

The lesser of tr4 or tr5: tr6 = 0.37 in
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Reinforcement check in the plane parallel to the longitudinal axis 
 
 
Reinforcement Calculations for Internal Pressure 
 

 

 

 
Limits of reinforcement per UG-40 
 

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

 
Required thickness tr from UG-37(a) 
 

 
Area required per UG-37(c) 
 
Allowable stresses: Sn = 20000, Sv = 20000 psi 
 
fr1 = lesser of 1 or Sn/Sv = 1 
fr2 = lesser of 1 or Sn/Sv = 1 
 

 
Area available from FIG. UG-37.1 
 
A1 = larger of the following= 0.2359 in2 
 

 

 
A2 = smaller of the following= 7.455 in2 
 

UG-37 Area Calculation Summary (in2)
For P = 740 psi @ 100 °F 

The opening is adequately reinforced

UG-45 Nozzle Wall 
Thickness Summary (in)

The nozzle passes UG-45

A 
required

A 
available A1 A2 A3 A5

A 
welds treq tmin

4.9090 7.8315 0.2359 7.4550 -- -- 0.1406 0.3700 0.9600

Weld Failure Path Analysis Summary 

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

UW-16 Weld Sizing Summary

Weld description Required weld 
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.2500 0.2625 weld size is adequate

Parallel to the vessel wall: (Rn + tn + t )= 4.56 in

Normal to the vessel wall outside: 2.5*(t - C) = 3.125 in

trn = P*Rn/(Sn*E - 0.6*P)
= 740*2.04/(20000*1 - 0.6*740)
= 0.0772 in

tr = P*Ro/(S*E + 0.4*P)
= 740*33/(20000*1 + 0.4*740)
= 1.2032 in

A = d*tr*F + 2*tn*tr*F*(1 - fr1)
= 4.08*1.2032*1 + 2*1.27*1.2032*1*(1 - 1)
= 4.909 in2

= d*(E1*t - F*tr) - 2*tn*(E1*t - F*tr)*(1 - fr1)
= 4.08*(1*1.25 - 1*1.2032) - 2*1.27*(1*1.25 - 1*1.2032)*(1 - 1)
= 0.191 in2

= 2*(t + tn)*(E1*t - F*tr) - 2*tn*(E1*t - F*tr)*(1 - fr1)
= 2*(1.25 + 1.27)*(1*1.25 - 1*1.2032) - 2*1.27*(1*1.25 - 1*1.2032)*(1 - 1)
= 0.2359 in2

= 5*(tn - trn)*fr2*t
= 5*(1.27 - 0.0772)*1*1.25
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As Area >= A the reinforcement is adequate. 
 
UG-45 Nozzle Neck Thickness Check 
 

 
Required per UG-45 is the larger of tr1 or tr6 = 0.37 in 
 
Available nozzle wall thickness new, tn = 0.96 in 
 
The nozzle neck thickness is adequate. 

= 7.455 in2

= 5*(tn - trn)*fr2*tn
= 5*(1.27 - 0.0772)*1*1.27
= 7.5743 in2

A41 = Leg2*fr2
= 0.3752*1
= 0.1406 in2

Area = A1 + A2 + A41
= 0.2359 + 7.455 + 0.1406
= 7.8315 in2

Wall thickness per UG-45(a): tr1 = 0.2022 in (E =1)

Wall thickness per UG-45(b)(1): tr2 = 1.3282 in

Wall thickness per UG-16(b): tr3 = 0.1875 in

Standard wall pipe per UG-45(b)(4): tr4 = 0.37 in

The greater of tr2 or tr3: tr5 = 1.3282 in

The lesser of tr4 or tr5: tr6 = 0.37 in
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SOUTH HEAD
BOTTOM DEAD CENTER CIRC

H01 1.405in G01 1.407in F01 1.408in E01 1.332in D01 1.240in C01 1.410in B01 1.413in A01 1.417in
H02 1.408in G02 1.408in F02 1.407in E02 1.160in D02 1.160in C02 1.316in B02 1.415in A02 1.419in
H03 1.409in G03 1.410in F03 1.410in E03 1.147in D03 1.161in C03 1.417in B03 1.415in A03 1.419in
H04 1.406in G04 1.411in F04 1.412in E04 1.410in D04 1.408in C04 1.416in B04 1.416in A04 1.419in
H05 1.409in G05 1.416in F05 1.414in E05 1.405in D05 1.402in C05 1.416in B05 1.422in A05 1.419in
H06 1.405in G06 1.412in F06 1.412in E06 1.391in D06 1.394in C06 1.419in B06 1.420in A06 1.419in
H07 1.410in G07 1.412in F07 1.414in E07 1.408in D07 1.406in C07 1.415in B07 1.417in A07 1.423in
H08 1.410in G08 1.411in F08 1.408in E08 1.405in D08 1.345in C08 1.400in B08 1.416in A08 1.416in
H09 1.406in G09 1.410in F09 1.392in E09 1.357in D09 1.394in C09 1.409in B09 1.417in A09 1.422in
H10 1.409in G10 1.407in F10 1.226in E10 1.357in D10 1.409in C10 1.411in B10 1.417in A10 1.419in
H11 1.408in G11 1.410in F11 1.244in E11 1.351in D11 1.407in C11 1.413in B11 1.419in A11 1.419in
H12 1.406in G12 1.409in F12 1.385in E12 1.386in D12 1.406in C12 1.396in B12 1.418in A12 1.420in
H13 1.400in G13 1.409in F13 1.195in E13 1.389in D13 1.411in C13 1.412in B13 1.416in A13 1.421in
H14 1.407in G14 1.402in F14 1.323in E14 1.360in D14 1.407in C14 1.414in B14 1.418in A14 1.419in
H15 1.407in G15 1.402in F15 1.259in E15 1.224in D15 1.397in C15 1.179in B15 1.415in A15 1.415in
H16 1.398in G16 1.409in F16 1.281in E16 1.151in D16 1.371in C16 1.277in B16 1.417in A16 1.406in
H17 1.398in G17 1.399in F17 1.257in E17 1.378in D17 1.369in C17 1.392in B17 1.416in A17 1.418in LONGSEAM

H18 1.384in G18 1.385in F18 1.385in E18 1.332in D18 1.398in C18 1.388in B18 1.396in A18 1.392in
H19 1.386in G19 1.387in F19 1.388in E19 1.389in D19 1.392in C19 1.396in B19 1.396in A19 1.399in
H20 1.375in G20 1.389in F20 1.389in E20 1.392in D20 1.393in C20 1.397in B20 1.399in A20 1.402in
H21 1.391in G21 1.389in F21 1.391in E21 1.392in D21 1.389in C21 1.399in B21 1.397in A21 1.399in
H22 1.391in G22 1.391in F22 1.394in E22 1.396in D22 1.389in C22 1.401in B22 1.402in A22 1.403in
H23 1.390in G23 1.392in F23 1.393in E23 1.395in D23 1.399in C23 1.401in B23 1.403in A23 1.399in
H24 1.391in G24 1.391in F24 1.394in E24 1.395in D24 1.399in C24 1.401in B24 1.405in A24 1.398in
H25 1.390in G25 1.391in F25 1.392in E25 1.388in D25 1.390in C25 1.400in B25 1.404in A25 1.402in
H26 1.389in G26 1.392in F26 1.391in E26 1.395in D26 1.390in C26 1.400in B26 1.403in A26 1.401in
H27 1.389in G27 1.390in F27 1.393in E27 1.393in D27 1.394in C27 1.391in B27 1.396in A27 1.401in
H28 1.385in G28 1.390in F28 1.392in E28 1.386in D28 1.394in C28 1.397in B28 1.402in A28 1.400in
H29 1.384in G29 1.388in F29 1.393in E29 1.371in D29 1.397in C29 1.394in B29 1.399in A29 1.395in
H30 1.386in G30 1.386in F30 1.388in E30 1.390in D30 1.397in C30 1.394in B30 1.395in A30 1.393in
H31 1.374in G31 1.370in F31 1.378in E31 1.377in D31 1.379in C31 1.397in B31 1.391in A31 1.388in CIRC

BOTTOM DEAD CENTER
NORTH HEAD

ZZ1 1.384in BOTTOM NORTH HEAD 3" WATER OUTLET NOZZLE 1.225in LONG NECK FORGED FITTING
ZZ2 1.386in BOTTOM NORTH HEAD 2" DRAIN NOZZLE, CLOSED 0.273in 2" SCH. 160, 0.343" NOM. SMALL ID PITTING
ZZ3 1.385in BOTTOM NORTH HEAD 4" LEVEL CONTROL NOZZLE 0.673in 4" XXS NOM. 0.674"
XX1 1.382in BOTTOM SOUTH HEAD 3" HLSD NOZZLE 0.836in
XX2 1.381in BOTTOM SOUTH HEAD 4" LEVEL CONTROL NOZZLE 0.667in 4" XXS NOM. 0.674"
XX3 1.382in BOTTOM SOUTH HEAD 4" OIL OUTLET NOZZLE 1.367in LONG NECK FORGED FITTING
QQ1 1.397in BOTTOM SHELL BELOW MANWAY

QQ2 1.392in BOTTOM SHELL BELOW MANWAY

QQ3 1.395in BOTTOM SHELL BELOW MANWAY

QQ4 1.397in BOTTOM SHELL BELOW MANWAY

QQ5 1.398in BOTTOM SHELL BELOW MANWAY
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